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In recent periods the world, we have seen the required need for an increase in the
demand for the production of electric power and the increase in the expansion of
building electric power production stations and electric transmission networks by a
large rate of 50% in recent years, as well as the problem of frequency identification
and frequency disturbance that occurs within the network transmission lines. And the
value of the impact that occurs on the systems of producing electric energy from the
systems of gas turbines and thermal turbines and the increasing demand for clean
renewable energies, and it also has problems that cause symptoms in the conduct of
transmission and production processes and interconnected electric power systems
and provides a frequency equation by building interconnected electricity networks
with equal and stable frequency and its solution and return to the natural frequency,

and the relationship between production and consumption must be properly managed

[1]
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The output is higher if the frequency goes up, and if the frequency goes down, then
the net is stable. In the end, the frequency stays constant. The active electrical
outputs of the power generation system are controlled for regulation in such a way
that load frequency management or automatic output control are terms used to
describe the regulation [2,3]. Load frequency control consists of two systems: basic
and auxiliary frequency control. The main frequency control loop of a synchronous
generator consists of a speed limiter and a control circuit [4]. The error caused by
deterioration in frequency and connecting line power can be managed solely by the
primary control. The obtained speed regulator is given a second control by adding a
signal proportional to itself and its integral. to control load frequency on an electrical
system. In this research, a single-zone electrical system was studied, then a two-zone
electrical system, despite the great limitations in increasing and decreasing electricity
production during regular activity. To enhance the response of the basic control of
the electric power production system [5].

This progress should be successfully represented in the use of gas turbine models as
well as power system simulation tools. The study adds to a comprehensive study of
engine frequency control concepts for power generation systems (vertical engines
and gas power turbines), as well as advances in their design in the traditional analysis

of power systems tools [6].

In this research, a gas turbine power system diagram model is built for one and two
regions to show the comparison with the addition of a PID controller in its usual state
and without the PID controller by using the MATLAB controller program. Adding a
building model integrating the battery energy storage system BESS with the gas
turbine system simplified to demonstrate the idea of solving the frequency problem
in the future by using the charging and discharging system in case of frequency
disturbance, restoring the frequency to the normal state, and extracting and
comparing the results of frequency equality must be provided to connect
interconnected electricity networks today to ensure equality and maintain a balance
between production and electric power transmission networks. When frequency
disturbance increases a lot, production will decrease in order to preserve the safety of

production systems from falling. Control units lose active power in the case of



synchronous generators to keep the turbine from activating the protection system to
prevent damage and protect the equipment. This configuration is referred to as load
frequency control or automatic production control. The load frequency control loop
consists of the main and auxiliary frequency control cycles. The main frequency
control cycle involves the use of a synchronous operation generator to regulate the
speed limiter. Because the main management is insufficient, power line hesitation
and contact deterioration occur, and it is integrated with a fault signal proportional to
the speed regulator by adding a secondary control. This paper considered how to

control the load frequency of the electric power systems of gas engine installations

[7]1

It was unclear which had greater performance in an electrical power system. The
proportion of energy from renewable sources (RS) in electricity networks has
increased in recent decades. New electricity systems will have less inertia and be
more difficult to regulate because of sporadic and changeable green energy that is
challenging to send because of its shifting characteristics. As a consequence, greater
grid flexibility is needed to maintain system dependability. To satisfy this demand,
new technologies that include energy storage systems using batteries BESS are being
extensively discussed [8]. It's thought that it's highly advantageous to provide a quick
and accurate response in frequency control services with BESS, especially in inertial
situations. Changes in power networks have a significant impact on the sizing,
charge-discharge control, and lifespan of a BESS offering frequency control service.
As a consequence of this, deciding throughout the investment phase is a very hard
subject [9].

In our research, the network frequency data was evaluated by evaluating the optimal
size, age, and technical economy of the BESS that provides the load frequency
control (LFC) tool. First, the BESS design with an LFC power system was created
for this purpose. Secondly, the developed technology calculates the number of charge
and discharge cycles of the BESS as well as the life of the BESS and the ability to
degrade depending on the frequency deviation. Finally, the economic analyzes of
BESS in the light of investment were carried out in one of the research chapters.

Finally, the main objective (LFC) is to control the electrical power generation of a

Vi



generator within a given area in response to changes in system frequency and turbine
line load. (LFC) helps to maintain the planned system frequency and link line power
transmission with other locations within the mentioned limits. Conventional
controllers are slow and do not enable the controller builder to adapt to changes in
the working conditions and linearity of the generator unit drive. When the load
requirements of a unit of production change, there is a short-term imbalance in the
real power input and final output. Externally, they are energy storage batteries
system BESS [10]. The mechanism is used to compensate for the imbalance of
electricity. Battery energy storage systems can successfully reduce frequency
oscillations caused by large load disturbances [11-12]. Power devices that store
energy are affected by sudden load changes in energy needs. This paper contrasts
conventional controls with a BES system both qualitatively and numerically in LFC
for a normal two-zone connected power system. This study confirms and discusses
the superior performance of BESS over conventional controllers.

Key Words : LFC Load Frequency Control, Gas Turbine, AGC Automatic
Generation Control, PID Controller, Secondary Frequency Control,
Power Plants, BESS (Battery Energy Storage System).

Science Code : 90514
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OZET

Yiksek Lisans Tezi

BiR GAZ TURBINLI ELEKTRIK SANTRALININ BiR AKU ENERJi
DEPOLAMA SISTEMINDEKI (BESS) ANI BIR BOZULMAYA MUDAHALE
OLARAK YUK FREKANS KONTROLU

Kawa Abbas NADER

Karabuk Universitesi
Lisansusti Egitim Enstitlsu
Elektrik ve Elektronik Miihendisligi Anabilim Dah

Tez Damismanai:
Prof. Dr. Necmi Serkan TEZEL
Temmuz 2023, 136 Sayfa

Diinyada son donemde elektrik enerjisi iiretimine olan talebin artmasi ve bina
elektrik tlretim istasyonlar: ile elektrik iletim sebekelerinin son yillarda %50 gibi
biiyiik bir oranda yayginlagsmasi i¢in gerekli ihtiyaci gordiik. sebeke iletim hatlarinda
meydana gelen frekans tanimlama ve frekans bozulmasi sorununun yani sira. Ve gaz
tirbinleri ve termik turbin sistemlerinden elektrik enerjisi lreten sistemler (izerinde
meydana gelen etkinin degeri ve temiz yenilenebilir enerjilere olan talebin artmasi ve
ayrica iletim ve {liretim siire¢lerinin yiiriitiilmesinde semptomlara neden olan sorunlar
ve birbirine bagh elektrik gilic sistemlerini esit ve sabit frekansta birbirine bagh
elektrik sebekeleri kurarak frekans denklemini saglar ve bunun ¢oziimii ve dogal

frekansa doniisii ile iiretim ve tiiketim arasindaki iliskinin dogru yonetilmesi gerekir

[1].
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Frekans yiikselirse ¢ikis daha yiiksektir ve frekans diiserse ag kararlidir. Sonunda,
frekans sabit kalir. Gii¢ iiretim sisteminin aktif elektrik ¢ikislari, diizenleme i¢in yiik
frekans yonetimi veya otomatik ¢ikis kontrolii gibi terimler diizenlemeyi [2] [3]
acgiklamak icin kullanilan terimler olacak sekilde kontrol edilir. Yiik frekans kontrolii
iki sistemden olusur: temel ve yardimci frekans kontrolii. Bir senkron jeneratoriin
ana frekans kontrol dongiisii, bir hiz sinirlayici ve bir kontrol devresinden olusur [4].
Frekans ve baglant1 hatt1 giiclindeki bozulmanin neden oldugu hata yalnizca birincil
kontrol tarafindan yonetilebilir. Elde edilen hiz regiilatoriine kendisi ve integrali ile
orantil1 bir sinyal eklenerek ikinci bir kontrol verilir. Bir elektrik sistemindeki yiik
frekansini kontrol etmek i¢in. Bu arastirmada, diizenli faaliyet sirasinda elektrik
liretimini artirma ve azaltmadaki biiyiik sinirlamalara ragmen, tek bolgeli bir elektrik
sistemi, ardindan iki bolgeli bir elektrik sistemi incelenmistir. Elektrik enerjisi iiretim

sisteminin temel kontroliiniin tepkisini arttirmak [5].

Bu ilerleme, gii¢ sistemi simiilasyon araglarinin yani sira gaz trbini modellerinin
kullaniminda basarili bir sekilde temsil edilmelidir. Calisma, gii¢ {iretim sistemleri
(dikey motorlar ve gaz giicli tiirbinleri) i¢in motor frekans kontrol kavramlarinin
kapsamli bir ¢alismasina ve ayrica gii¢ sistemi araglarinin geleneksel analizindeki

tasarimlarindaki ilerlemelere katkida bulunur [6].

Bu arastirmada, bir ve iki bolge icin bir gaz tiirbini gii¢ sistemi diyagram modeli,
MATLAB kontrol programi kullanilarak normal durumda bir PID kontrolor
eklenmesi ve PID Kkontrolér olmadan Kkarsilastirmasint  gdstermek  igin
olusturulmustur. Batarya enerji depolama sistemi BESS't gaz tiirbini sistemi ile
entegre eden bir bina modelinin eklenmesi, frekans bozuklugu durumunda sarj ve
desarj sistemini kullanarak gelecekte frekans problemini ¢6zme, frekansi normal
duruma getirme fikrini gostermek icin basitlestirilmis, ve bugiin birbirine bagh
elektrik sebekelerini birbirine baglamak icin frekans esitliginin sonuglarinin
cikarilmasi ve karsilastirilmasi, esitligi saglamak ve iiretim ile elektrik enerjisi iletim
sebekeleri arasinda bir denge saglamak i¢in saglanmalidir. Frekans bozuklugu ¢ok
arttiginda, tdretim sistemlerinin giivenligini diismekten korumak i¢in {retim
azalacaktir. Senkron jeneratorlerde, tlirbinin koruma sistemini devreye sokmasini

engellemek ve ekipmani korumak igin kontrol tniteleri aktif giicii kaybeder. Bu



yapilandirma, yiik frekans kontrolii veya otomatik {iretim kontrolii olarak adlandirilir.
Yiik frekansi kontrol dongiisii, ana ve yardimci frekans kontrol dongiilerinden olusur.
Ana frekans kontrol ¢evrimi, hiz smirlayiciyr diizenlemek i¢in senkron ¢alisma
iiretecinin kullanimini igerir. Ana yOnetimin yetersiz olmasi nedeniyle gii¢ hattinda
tereddiit ve kontak bozulmasi meydana gelir ve ikincil bir kontrol eklenerek hiz
regiilatorii ile orantili bir ariza sinyali ile entegre edilir. Bu makale, gaz motoru
kurulumlarinin elektrik gii¢ sistemlerinin yiik frekansinin nasil kontrol edilecegini ele

almustir [7].

Bir elektrik gii¢ sisteminde hangisinin daha yiiksek performansa sahip oldugu belli
degildi. Elektrik sebekelerinde yenilenebilir kaynaklardan (RS) elde edilen enerjinin
orani son yillarda artmistir. Yeni elektrik sistemleri daha az atalete sahip olacak ve
degisen Ozellikleri nedeniyle gonderilmesi zor olan diizensiz ve degisken yesil enerji
nedeniyle diizenlenmesi daha zor olacaktir. Sonu¢ olarak, sistem giivenilirligini
siirdiirmek icin daha fazla sebeke esnekligi gerekir. Bu talebi karsilamak igin, pil
kullanan enerji depolama sistemlerini (BESS) iceren yeni teknolojiler kapsamli bir
sekilde tartisilmaktadir [8]. BESS ile frekans kontrol hizmetlerinde 6zellikle atalet
durumlarinda hizli ve dogru yamit vermenin olduk¢a avantajli oldugu
diisiiniilmektedir. Gii¢ aglarindaki degisikliklerin, frekans kontrol hizmeti sunan bir
BESS'in boyutlandirma, sarj-desarj kontrolii ve kullanim 6mrii {izerinde 6dnemli bir
etkisi vardir. Bunun bir sonucu olarak, yatirnm asamasi boyunca karar vermek

oldukga zor bir konudur [9].

Arastirmamizda, yiik frekans kontrol (LFC) aracini saglayan BESS'in optimum
boyutu, yas1 ve teknik ekonomisi degerlendirilerek ag frekans verileri
degerlendirilmistir. Ik olarak, bu amagla bir LFC gii¢ sistemine sahip BESS tasarimi
olusturuldu. Ikinci olarak, gelistirilen teknoloji, BESS'in sarj ve desarj dongii sayisini
ve ayrica BESS'in dmriinii ve frekans sapmasina bagli olarak bozulma yetenegini
hesaplar. Son olarak BESS'in yatirimlar 1s13inda ekonomik analizleri aragtirma
boliimlerinden birinde gergeklestirilmistir. Son olarak, ana amag¢ (LFC), sistem
frekansindaki ve tiirbin hatt1 yiikiindeki degisikliklere yanit olarak belirli bir alandaki
bir jeneratoriin elektrik enerjisi Uretimini kontrol etmektir. LFC, planlanan sistem

frekansinin ve diger konumlarla baglanti hatt1 gii¢ iletiminin belirtilen sinirlar i¢inde



tutulmasina yardimci olur. Geleneksel denetleyiciler yavastir ve denetleyici
olusturucunun jeneratdér lnitesi slirliciisiiniin  ¢alisma  kosullarindaki  ve
dogrusalligindaki degisikliklere uyum saglamasmma olanak saglamaz. Bir iiretim
biriminin yiik gereksinimleri degistiginde, gercek gilic girisi ve nihai ¢ikista kisa
streli bir dengesizlik olur. Harici olarak, enerji depolama pilleridir sistem (BESS)
[10]. Mekanizma, elektrik dengesizligini telafi etmek i¢in kullanilir. Pil enerji
depolama sistemleri, biiyiik yiik bozulmalarinin neden oldugu frekans salinimlarin
basarili bir sekilde azaltabilir [11-12]. Enerji depolayan giic cihazlari, enerji
ihtiyacindaki ani yiik degisimlerinden etkilenir. Bu makale, normal bir iki bolgeli
bagh gii¢ sistemi i¢in LFC'de hem niteliksel hem de sayisal olarak bir BES sistemi
ile geleneksel kontrolleri karsilagtirmaktadir. Bu ¢alisma, BESS'in geleneksel

kontroldrlere gore iistiin performansin1 dogrulamakta ve tartismaktadir.

Anahtar Kelimeler : LFC Yuk Frekans Kontroll, Gaz Tirbini, AGC Otomatik
Uretim Kontrolii, PID Kontrol Cihazi, Ikincil Frekans
Kontrol, Enerji Santralleri, BESS (Pil Enerji Depolama
Sistemi).

Bilim Kodu 190514

Xi



ACKNOWLEDGMENT

It gives me great pleasure to communicate my feelings honestly. | am grateful to my
advisor for Prof. Dr. Necmi Serkan TEZEL his counsel and support during this
study, and | would like to express my utmost gratitude to him for being very
supportive and encouraging throughout the entire project since the day | enrolled in

the master's program.

I would also like to thank you for my studies. He provided me with the tools that |

needed to choose the right direction and successfully complete my dissertation.

To my family, which challenges me to be courageous. | am dedicated to them for
their continuing love and prayers, as well as for being my pillar of strength, which
has helped me overcome all obstacles and problems in finishing this thesis, and to all

of my friends for their understanding, support, and collaboration.

Xii



CONTENT

Page
APPROWVAL ..ottt sttt sttt bbbt neanas i
A B ST RA CT e e e e e e e e e nrree e v
(074 = [ OO O T OO OO U UURRRRRRRON viii
ACKNOWLEDGMENT ...ttt et e e nee e nee e Xii
CONT ENT Lt e e nne e b e e snneene e Xl
LIST OF FIGURES ...ttt e Xvii
LIST OF TABLES ..ottt XXi
SYMBOLS AND ABBREVIATIONS ... XXIi
PART L oottt r bRt e R b e e b e re e 1
INTRODUCGTION ...ttt st e e ae e e sna e e e nna e e sneeeenes 1
1.1. MODEL OF CONTROL GAS TURBINE ......cccoviiiiiiirieiee e 1
1.2. CONTROL OF GAS TURBINES .......cooiiiiiee e 2
1.3. GAS TURBINE CONTROL FUNDAMENTALS MODEL V64.3A
SIEMENS ... e e et e e e e e anee e 4
1.4, BASIC CONTROL ..octiiiieiiiiiteiietse ettt 5
1.5. TURBINE CONTROL ...cctiiiiiii e 6
1.6. SFC/SES CONTROL .....ooiiiiiiiiieieiee et 7
1.7. SPEED RUN-UP FUNCTION.......ciiiiiiiie e 7
1.8. SPEED CONTROL ..ottt sttt anas 8
1.9. LOAD CONTROL ..ecitiie ittt e e e e annee e e 9
1.10. TEMPERATURE CONTROL ....ccooiiiiieiiieieeseeeeie e 10
1.11. FREQUENCY INFLUENCE........ccooi e 11
1.12. CONTROLLER OF SUBGROUPS........cccoiiiiiieictsesee e, 12
1.13. SUB LOOP CONTROLLERS ... 14
1.14. OTHER FUNCTIONS ..ottt 14
1.15. SGC STEP SEQUENCES. ...t 15
PART 2 ittt ettt et a b et e raars 16
A REVIEW OF THE LITERATURE........coi ettt 16



2.1. RESPONSE TO LOAD FREQUENCY ......ooiiiiiiiiienieeie e 16
2.2. WORLD DISPENSER EQUIPMENT-ISOLATED SYSTEM ......cccccoovnuune, 19
2.3. VEHICLE-TO-GRID COMMUNICATION ..ot 23
2.4. ENERGY BATTERY STORE WITH LFC MANAGEMENT ......cccccovvnine, 29
P A RT B bbbttt 33
AUTOMATIC CONTROL OF DEMAND FREQUENCY IN ELECTRICAL
SYSTEMS ...ttt bbbt 33
3.1. CONTROL OF LOAD FREQUENCY ....cociiiiiiiieiieieeniee e 36
3.2. THE DYNAMICS OF THE ENERGY DESIGN .......ccccoiiiiiiiiiriiiee 37
B3 TURBINE ...t e s 37
3.4, GENERATOR ..ottt e 38
3.5, GOVERNOR ... .ottt e e anneas 40
3.8, LOAD ... bbb 41
R A I | = RSP 42
3.8. REGION MANAGEMENT PROBLEM .......ccooiiiiiiiiiieeniee e 43
3.9. FUNCTION OF THE IT DIRECTIONS GENERATOR .....cccooiiiiiiiee 44
3.10. ALFC MODELING ..ottt e 45
3.10.1. Modeling For Frequency Change ...........cooeieieieiene e 45
3.10.2. THE-LINE .t 46
3.11. DESIGN MODEL FOR DIFFERENT SYSTEMS.......ccccoiiiiiiiiieiieee 48
3.11.1. System With @ ONE-ZONE........c.cccveiieieiieie e 48
3.11.2. System With @ TWO-ZONE ......ccciiiiririiiisiesieeeie e 50
3.11.3. System With @ Three-ZONe.........cccoveveiieiece e 54
N G SR 56
LOAD FREQUENCY CONTROL(LFC)...cciiiiiiiiieieiriee e, 56
4.1. LOAD FREQUENCY CONTROL IN A GAS TURBINE IN A POWER
SYSTEM ..ttt 56
N G I TP 67
LOAD FREQUENCY CONTROL(LFC)...cciiiiiiiiiriiirieeseeesee e, 67
5.1. ASYSTEM OF BATTERY ENERGY STORAGE FOR LOAD
FREQUENCY CONTROL ..ottt 67

Xiv



5.2. THE BES MODEL ......coitiiiieieieiese sttt 71
5.3. INVESTIGATED SYSTEM ...ooiiiiiie e 77
5.3.1. Formulation Of A BIOCK DIagram ..........ccoecveeerieeneniniienieseesieesie e 78
5.4. OPTIMIZE AND INTEGRATE CONTROLLERS USING THE

INTEGRATION SQUARE FAULT (ISF) APPROACH .......cccoviviieieienn, 80
5.5. FUNCTIONS FOR THE BES MECHANISMS.......cccooviiiiniiieeeee, 81
PART B ..ttt bbb bbb bbbt 92

WORKING PRINCIPLES BATTERIES STORE ENERGY SYSTEM (BESS) IN
ELECTRICITY GRIDS ...ttt 92
6.1. THE FUNDAMENTAL BESS FUNCTION ......cociiiiiieiecece e, 95
6.2. TEST OF FULL POWER DISCHARGE .......cooeoiiiiiiiiiieiese e, 97
6.3. CHARGE STATE AND CELL VOLTAGE.......ccooiiiiiiieecreeeee 101
6.4. CAPACITY WITH PERFORMANCE .......ccooiiiiiiiienese s 105
6.4.1. Efficiency Of INVEITEr .......ccoiiiiiieeeee e 105
6.4.2. Capacity FOr ENErQY .......ccoeiveiiiieieesie ettt 106
P A RT 7 ettt e ettt e ettt enreareaneere e e ee e 108
RESULTS AND DISCUSSION .....ooiiiiiiiiiieienie s 108

7.1. SIMULATION MODEL OF MULTIPLE REGIONS CONNECTED TO A
GAS TURBINE CONTROL MUDLE .......cccoiiiiiieeeee e, 108

7.2. SIMULATION MODEL OF A ONE-ZONE INTERCONNECTED TO A
GAS TURBINE SYSTEM WITHOUT AN INTEGRATED PID
CONTROLLER ..o 108

7.3. SIMULATION OF A ONE-ZONE INTERCONNECTED TO A GAS
TURBINE SYSTEM WITH AN INTEGRATED PID CONTROLLER .... 110

7.4. SIMULATION OF A TWO-ZONE INTERCONNECTED TO GAS
TURBINE SYSTEM WITHOUT INTEGRATED PID CONTROLLER... 112

7.5. SIMULATION OF A TWO-ZONE INTERCONNECTED TO GAS

TURBINE SYSTEM WITH INTEGRATED PID CONTROLLER........... 114
7.6. LFC IS INTERCONNECTED TO THE GAS TURBINE SYSTEM
INTEGRAL PID CONTROLLER AND USES BES. .........ccoovevviievve 118
7.6.1. Simulation Model of a One-Zone Interconnected to A Gas Turbine
System With BESS........cocoiiiiii s 119
7.6.2. Simulation Models for Two-Zone Systems Connected to Gas Turbine
Systems USiNg BESS ..o 120

XV



PART 8 .. 124
CONCLUSIONS ...t s 124
REFERENCES........o oo s 126
RESUME ... e 136

XVi



Figure 1.1.
Figure 1.2.
Figure 1.3.
Figure 1.4.
Figure 1.5.
Figure 1.6.
Figure 1.7.
Figure 1.8.
Figure 1.9.
Figure 2.1.

Figure 2.2.
Figure 2.3.
Figure 2.4.
Figure 2.5.

Figure 2.6.
Figure 2.7.
Figure 3.1.
Figure 3.2.
Figure 3.3.
Figure 3.4.
Figure 3.5.
Figure 3.6.
Figure 3.7.
Figure 3.8.
Figure 3.9.
Figure 3.10.

LIST OF FIGURES

Page
Simplified diagram of a single-shaft gas turbine............ccccccocovvvervenenne. 1
Gas engine System HUSTrAtioN. .........cccooeiiiiiiiieee e 2
The control schematic for a gas engine. ........cccccveveveeveeiesee v, 3
BasiC turbing CONEIOL.........ccooiiiiiiiiee e 6
Simplified speed controller (Speed Run-Up Function). ............cccccveneane. 8
Simplified speed CONtrolIer. ..o 9
Simplified 10ad CONtroller. ..........coooeiiiiicce e 10
Temperature Limit FUNCION. ..., 11
SGC SEEP SEUUBNCE. ..eevvvieiriee ittt ettt e e 15

Demonstrates the load regulation frequency reaction with a sequence of

UNAEr-freqUENCY BVENTS........ocveieeee ettt 23
Successfully provides V2G control utility within 4 -H in AGC
frequeNCY MONITOTING. ....ocveeieiie e 26
V2G control service is restricted by the SOC of the battery throughout
the 24-H PErIOQ. ...c.veoieieieceee et 26
A three-vehicle schedule over 24 hours modifies the duck curve and
provides ramp capability. ..........cccocooeiiei 28

Shows an engine-vehicle charging and discharging plan for battery

safety while administration.............cccccevveiiiic i 28
Peak shaving profiles for vehicle (dis)charge.........ccccoevviieiiiiciiennnn, 29
Depicts periods for frequency regulation techniques. ...........ccccceevvenen. 32
Depicts a block design for (LFC) and (AVR), which is synchronizing. 36
Block schematic of continuous power regulation of frequencies........... 37
Generator block diagram. .........cccoveiiieiiiiiii e 40
GOVErning SPEEd SYSLEM. .....ccuiiiieieieie et 41
Generator and load diagram. .........ccccceeiieiii i 42
Generator and 10ad diagram. .........ccoeeiirininineee e 42
Generator parallel operation block diagram. ..........cccccoevviviiiiiciiecnenn, 44
Intelligent load control of the frequency SyStem. .........c.ccocvvvvvviieienen, 45
Electricity transmission by conduction.............cccceevveiieiiecsie e, 46
ALFC system for a one-zone using no additional management............ 49

XVii



Figure 3.11.
Figure 3.12.

Figure 3.13.
Figure 3.14.
Figure 5.1.
Figure 5.2.
Figure 5.3.
Figure 5.4.

Figure 5.5.

Figure 5.6.
Figure 5.7.
Figure 5.8.
Figure 5.9.
Figure 5.10.
Figure 5.11.
Figure 6.1.
Figure 6.2.
Figure 6.3.
Figure 6.4.

Figure 6.5.
Figure 6.6.
Figure 6.7.
Figure 6.8.

Page
ALFC model with one-zone and auxiliary management. ............c........ 50
Two-zone structure diagram without any auxiliary and basic cycle

MANAGEMENT. ... s 52
Model of a two-zone system with a secondary loop control. ................ 53
A three-zone system model incorporating a supplementary loop. ........ 54
Schematic representation of the BES plant. ............cccooevviiiieinienn, 72
BES SIMIAr CIFCIES. ..oveieeeiieeee e 72
A structural representation of incremental BES design is displayed..... 76

Schematic blocks of a two-zone LFC station for a setup reconstructed
USING BES. .. oottt 80

Depicts the system response in the first scenario and with and without
BES (a) one-zone of variance in frequencies (471), (b) two-zone of

variance in frequenCIes (Af2). ..o 83
System response for the first scenario with and without BES (c) 4 Ptie,
EITOF, (0) APGL. ..o 84
System response for the first scenario with and without BES (e) 4Pg2,
(F) PGS, e 85
System response for the first scenario with and without BES (g) APg4,
(N) AP DESL. ..o s 86

System response second scenario with and without BES (a) frequency
disturbance one-zone (4f1), (b) frequency disturbance two-zone (4£2).88

Systems response for second scenario with and without BES (c)
AP, error , (d) APgL. ..o

System response for the second scenario with and without BES (e)APg2,

(F) APG3. et 90
The BESS electrical system's general type of energy storage

tECANOIOGY. ..o 92
() An alternating current switch panel, (b) Automatically activated
circuit breakers, (c) Bi-directional INnVerter. .........ccccoovevvvieniveriveinnnnns 93
(a) The three-rack battery system, (b) The controller system HMI screen
local , (c) Voltage and current tranSAUCETS. ........ccovverveeiereereeieseeneenns 95
BESS electrical system is a general type of energy storage

TECANOIOGY. ..oveiiiieii 96
For a 20 KW battery, check the DC battery power Curves.................... 96

For a 20 KW battery, check the voltage and battery power curves....... 97
(RMS) Inverter phase voltages for a 20 KW battery, checking. ........... 97

BES electrical system configuration is a general type of energy storage
tECNNOIOGY. .eiiiii e 98

xviii



Figure 6.9.

Figure 6.10.
Figure 6.11.

Figure 6.12.
Figure 6.13.

Figure 6.14.
Figure 6.15.
Figure 6.16.
Figure 6.17.
Figure 6.18.
Figure 6.19.

Figure 6.20.
Figure 7.1.

Figure 7.2.
Figure 7.3.

Figure 7.4.

Figure 7.5.
Figure 7.6.

Figure 7.7.
Figure 7.8.
Figure 7.9.

Figure 7.10.

Page

Active power at the inverter (point F), electrical network (point K) ,
loads (point N) is measured during the full de-energization check....... 99

Battery power period Full power discharge check. ..........cc.cooviinen 99
(RMS) inverter terminal voltage during the maximum power discharge

LS S PP R U PRTOPPROPPPTR 100
RMS network voltages through complete energy discharge check..... 100
Batteries voltage and status of charge (SOC) filled the power's
discharging check Period. .........ccccecveieiiieiieie e 101
Battery cell voltage following a complete capacity discharging
EXPEIIMENT. ...ttt re e e e 102
One rack of the LG Lithium-lon battery container with 14 power slots.
............................................................................................................. 103
The battery section controller (BSC) limits battery power, and the
charge, with everything unpacked and checked throughout shipping

L] 11O PR 104
Performance of inverter efficiency for a 20 KW charging check........ 105
The inverter's performance efficiency from a complete energy
disCharging ChECK. .........cccvoiiiiiiiecece e 105
Battery voltage and battery state of charge SOC during the full
dIiSCRAIgE CHECK. ... .cviiiieciic e 106
Inverter AC and battery DC during full discharge check. ................... 107
One-zone connection with a gas turbine without an integrated PID

(010 1 (0] | [ SRS 108

One-zone connect-line controls without an integrated PID controller.109

Variation in the frequency for one-zone controls without an integrated
PID CONIOIIEL. ..ovviieieiei et 109

One-zone connection with a gas turbine with an integrated PID
(o101 (] =T PSSR

One-zone connect-line controls with an integrated PID controller. .... 110

Variation in the frequency for one-zone controls with an integrated PID
(010 1 (0] | - SRS 111

Two-zone connection with a gas turbine without an integrated PID
(010 1 (0] | 1< SRRSO

Variation in the frequency for two-zone controls without an integrated
PID CONIOIIEL. ..ot 112

Two-zone connect-line controls in turbine 1 without an integrated PID

(010 1 (0] | 1< SRRSO 113
Variation in the frequency for two-zone controls in turbine 1 without an
integrated PID CONErOHEr. ......ccoviiiiiiiceeeee e, 113

XixX



Figure 7.11.
Figure 7.12.
Figure 7.13.
Figure 7.14.
Figure 7.15.
Figure 7.16.
Figure 7.17.
Figure 7.18.
Figure 7.19.
Figure 7.20.
Figure 7.21.
Figure 7.22.
Figure 7.23.
Figure 7.24.
Figure 7.25.
Figure 7.26.

Figure 7.27.

Page

Two-zone connect-line controls in Turbine 2 without an integrated PID
CONEIONIET ..t e 113
Variation in the frequency for two-zone controls in turbine 2 without an
integrated PID CONIOIIEr. ......coveiieeie e 114
Two-zone connection with a gas turbine with an integrated PID
CONEIONIET ..t 114

Variation in the frequency for two-zone controls with an integrated PID
CONEIONIET ..ttt 115
Two-zone connect-line controls in turbine 1 with an integrated PID
CONEIONIET ..ttt 115
Variation in the frequency for two-zone controls in turbine 1 with an
integrated PID CONIOIEr. .......ccveieiieiicce e 116
Two-zone connect-line controls in turbine 2 with an integrated PID
CONEIONIET ..t 116
Variation in the frequency for two-zone controls in turbine 2 with an
integrated PID CONIOIEr. .......ccveiiiieiiece e 117
Simulink model of one-zone interconnected gas turbine system with
BE S S s 119
One-zone connect-line controls for BESS with an integrated PID
CONEIONIET ..t 119
Variation in the frequency of one-zone controls for BESS with an
integrated PID CONIOIEr. .......ccveivviieiicce e 120

Simulink model of a two-zone interconnected gas turbine system with
120

Variation in the frequency of the two-zone controls for the BESS with
an integrated PID controller. ..........ccccoooveiieie i, 121

Two-zone connect-line controls in turbine 1 for BESS with an integrated
PID CONIOIIEL. ..o 121

Variation in the frequency in turbine 1 for BESS for two-zone with an
integrated PID CONIOIEr. .......ccveivviieiicce e 121

Two-zone connect-line controls in turbine 2 for BESS with an
integrated PID controller. ... 122

Variation in the frequency in turbine 2 for BESS for two-zone with an
integrated PID controller. ... 122

XX



Table 6.1.

Table 7.1.

Table 7.2.

Table 7.3.

LIST OF TABLES

Page
The test results are shown in electricity supplied by the AC connections to
the rectifier remained below the level for the batteries. .........cc.cccovneee. 107

Contrasts Peak deviations and setting time activated energy while
frequencies for LFC disturbance power systems in one zone with and
without PID controller SyStems..........ccccoveveiiiiiiie e 111

Max variations with periodicity preparing connect-line controls regarding
the LFC electrical interruption controller in two-zone, without PID
controller, and with PID controller system. .........cccccevvvieiiienesieseennnnn, 117

Contrast peak deviations and setting times from frequencies with the
connection line for the LFC disturbance power system in two zones
without PID control and with PID control and the BESS system. ......... 122

XXi



SYMBOLS AND ABBREVIATIONS

SYMBOLS

K : 1/Droop

L : Load

F . Frequency

Af : Variance in Frequencies
APV(s) : Turbine i/p

APO : Variations in Load Demand

APY(s) : Turbine o/p

Aw : Creating a Problem that Incorporates Rotational Variation
APV(s) : Generator o/p

APQ(s) : Generator i/p

Tg : The Generator's Time Constant

APg (s)  :Governor Input

APref (s) : The Signal of the Reference

R . Steady or Drooping Control

APg (s)  :Governor Output

AF (s) : Speed-related Difference in Frequency

APL : Evolution in Grid-Frequency Sensitive Demand

D Aw : Variation in the Frequency of Responding to Demand

X12: Areas 1 and 2 Participate in Numerous Instances of Reaction
V1| |V2| : Amplitude for Volts in Zone 1 and 2

Pk : Energy within the Connection Zone

AVBOC  : Battery Voltage

Ps : Scheduled Electricity Swap

Aw(s) : Signal Returns from the Regulated to Pref

APm : Balance Actual Electricity from Motor Flow Control
F, : Fundamental Frequency

XXii



Fact : Real Frequency

ACE; : Region Control Error for One-Zone Equals

ACE, : Region Control Error for Two-Zone Equals

ACE, : Region Control Error for Three-Zone Equals

a’y . Is the Converter's Firing Delay Angle

Rgp : Represents Discharge Opposition

Cgp : Represents Inductance of Batteries

cof : Contract Participation Factors

KT : Single Acquisition Factor

Ts : Fixed Velocity Regulator Frequency

Tr : Frequency Constants of the Proportional VValves for Gas Turbines
Tgc : Timing Stability for Turbine Gas Valve Controls

Tf : Fixed Energy Combustion Duration

Tcd : Fixed Compression Discharging Duration

Tt : Thermal Regulator Integrating Frequency

Ti . Integrating the Frequency of the Intake-Guiding Turbine Actuator
Ki . Intake Guiding Turbine Actuator Fixed

Tav : Runtime Average for the Intake Guiding Turbine Actuators

Pgt : The Electricity Generated by the Fuel Engine (for each unit)

Tor : Temperatures Acceptable for Flame

Ta : Temperatures in the Environment

Trc : Emission Temperatures of a Compressor Heat Correction with External
N : Velocity (for each unit)

Tx : Temperatures of Emission Gases

Wx : Flows of Emissions the Gases (for each unit)

Ligv : Size of the intake guiding blade (for each unit)

Pk : Energy within the Connection Zone (when from range).

Ps : Electrical Exchange Programmed

xxiii



ABBREVIATIONS

VIGV
AC
SP
BESS
PID
LFC
IGV
LS
AE
RC
PC
PGS
MF

ISF

Pl

SFC
FCV
EHC
SES
SGC
SLC
LCD
ETS
GSS
LSS
AGC
ALFC

: Variable Inlet Guide Vanes

- Alternating Current

: Setpoint Per- unit

: Battery Energy Storage System
: Proportional Integral Derivative
: Load Frequency Control

- Inlet Guide Vanes Angle

: Logic Software

: Active Energy

: Reactivity Capability

: Power Component

: Power Generation System

: Machine Frequency

: Speed

. Integration Squared Fault

: Torque

: Proportional Integral

: Temperature

: Governor

: Static Excitation System

: Fuel Control Valve

: Electro Hydraulic Converter

. Static Excitation System

: Sub Group Controller

- Sub Loop Controllers

- level Crossover Detection

: Energy Thermal Storage

: Gravity Size Strategies

: Load Size Strategies

: Automatic Generation Control

- Automatic Load Frequency Control

XXiv



SOC : State of Charge

EVs : Electric Vehicles

ETS : Energy Thermal Storage

QPLL : Quadrature Period Locked Loop Turbine
CIAC : Compressor Inlet Air Chiller

GTG  : Gas Turbine Generator

GCs : Generation Companies

DTis : Distribution and Transmission

AVR : Automated Voltage Regulation

PM : Participating Matrices

BMP  : Batteries Manager Program

BSC : Battery Section Controller

MW  : Megawatt

V2G  :Vehicle-to-Grid

BMS : Battery Management System

GSS  : Gravity Size Strategies

CBs : Circuit Breakers

DC : Direct Current

ESV  : Emergency Stop Valve

EPRI  : Electric Power Research Institute

PV : Photovoltaic

CAISO : California's Autonomous System Operators for Power Generation System
BOCV : Battery Open Circuit VVoltage

OLB : Over-Voltage of the Battery

RIC : Represents Impedance of the Connection
RIR : Represents Internal Resistance

VBOC : Represents Battery Open Circuit VVoltage

XXV



PART 1
INTRODUCTION
1.1. MODEL OF CONTROL GAS TURBINE

Reliable electrical power system models of electrical components are essential to
ensure reliable operation, and the electrical energy market for electrical components
and renewable energies is committed to the extensive use of gas turbines in planning
for commercial operation. The gas turbine engine consists of many independent and
interconnected parts. Compressors, turbines, and combustion chambers, for example,
are constructed on this basis [13]. Horizontal pressure is the essential component of a
gas engine, turbine, or generator. The open-loop Brayton break cycle is used to drive

the armature cylinder and rotor [14] is shown in Figure 1.1

COMPRESSOR

/

Fuel system

Figure 1.1. Simplified diagram of a single-shaft gas turbine.

These three components comprise the thermal block, which is completed by airflow
entry and exhaust. The air is pulled into the axial compressor by the stator and rotor
blades and compressed in phases [15]. The pressurized air from the axial compressor



is then combined with fuel in the combustion room, where the process of combustion
takes place. The heated gas generated is extended to power the generator and
compressor using a multi-stage turbine. The fuel flow of a vehicle determines its
power output [16]. The power production of the gas turbine is determined by fuel
movement. The fuel and air flow combined determines the firing temperature, which
is the gas temperature at the combustion chamber's exit. To maintain the combustion
temperature below a design limit, both air and fuel flows are changed based on
combustion and compressor pressure ratio data. The compressor pressure ratio is
derived using input and discharge air pressure readings from the compressor
(typically 15 to 20 for the complete axial compressor). Modifying the rotational
location of the changeable intake guidance blades may result in a change in
ventilation. Inside the axial compressor assembly, these vanes symbolize the initial
phase of the stator blades [17]. The variable inlet guide vanes (VIGV) are wide open
when the gas engine is nearing maximum load. A VIGV angle, compressor input
temperature, ambient pressure, and shaft speed all influence airflow [18]. The

interdependence of gas turbine outputs and inputs is depicted as Figure 1.2 shows the

mechanism.
fuel flow — : ) >
A » Mechanical power (Py)
air flow  ——>
§ilit ir taoaritie GAS TURBINE }V——— Measwed exhaust gas temperature (T,)
tmospheric air pressure N » Measured shaft speed (@)

Figure 1.2. Gas engine system illustration.

1.2. CONTROL OF GAS TURBINES

In stabilization research, a basic engine system contains four types of management:
LFC, temperature management, speed control, and accelerating regulation, start-up

control, air control Figure 1.3 displays a gas turbine control scheme.
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T Temp. Limit
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L it
VIV FTan p. Control Loop set-point
Inlet Guide (el arges as a_ function of pressure ratio)
Wanes

Figure 1.3. The control schematic for a gas engine.

Additional control sequences and logic steps were added to the start-up and
termination control elements, enabling the machine to be ramped up over starting as
well as turned down through downtime [19]. Before loading the turbine The startup
settings guarantee adequate purification of the gas routes, flame formation,
accelerating control, and appropriate hot channel warming. These controls have
limited relevance to power system research. Because its starting point is the
accelerated loop of control, it is frequently active and changeable through startup and
stops [20]. To initiate and propel the gas turbine ta o working speed, the starting
control sets fuel commands for firing, warm-up, and acceleration limits. A starter
control sets the fuel stroke reference for the fuel system. Accelerated control controls
the rate of expansion of the gas turbine during the shift to operating speed [21]. The
strength of the speed control is restricted by the low fuel level for flare management.
When the gas turbine is not synchronized to the power source as well as when the
user chooses frequency control in a multi-machine connected system, the speed
control regulates the speed of the gas engine at the employed speed. The minimum
fuel restriction makes speed management difficult. In typical parallel processing,
load control is used. The emission heat control changes the gas to produce a
controlled environment that increases as well as declines, as well as a maximum
operating temperature [22]. The sum of all of the thermocouple readings, ordered
from greatest to lowest, is used as the exhaust temperature input. On a timer, the

input guidance vane IGV control adjusts the IGV inclination [23].
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The adjusted speed is determined by the inlet temperature of the compressor and the
beginning speed of the gas engine. In addition, by adjusting your IGV orientation at
half load, the IGV management keeps a high emissions temperature. Because of the
higher emission temperature, the weight forces the IGV position to widen. The
simple cycle operation type selected determines the IGV control software [24].
Operation as well as operation with a mixed cycle shutdown control decreases when
the generator breaker is released by ramping. The heat fatigue obligation placed on
the heated gas route sections in the present fuel cycle comparison is equal to the
minimum fuel limit, followed by a ramp to the fuel cutoff in a predetermined state
[25].

1.3. GAS TURBINE CONTROL FUNDAMENTALS MODEL V64.3A
SIEMENS

Controlling a combustion turbine is a difficult and precise process. Some of the

components that must be precisely regulated are as follows:

Active Energy

Reactivity Capability

Power Component

e Power Generation System
e Machine Frequency

e Speed

e Torque

o Rates of Increase

e Temperature

Before the introduction of distributed control systems, combustion turbines were
manually controlled. Transistors, resistors, capacitors, switches, potentiometers, and
rheostats were thought to be cutting-edge [26]. Control rooms were dominated by
walls of panels containing switches, dials, buttons, knobs, meters, lights, and gauges.
The greater the number of panels, the more the operator was required to employ to

manage, monitor, and protect the systems. Hundreds of circuit boards used to
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regulate combustion turbines have been replaced by computers and processors. A
single processor may perform the responsibilities and operations of hundreds of
circuit boards, and the computer (logic software) has largely replaced control
hardware [27].

1.4. BASIC CONTROL

The microprocessor that controls a combustion turbine is known as the gas turbine
controller. The gas engine controller is sometimes known as the governor is the true
mastermind. A combustion turbine is a method. Process control is used to operate a
combustion turbine. In turbine control, the same types of control schemes or routines
that are utilized in other industries are used. P-proportional, Pl-proportional integral,
and PID-proportional integral Derivative control has instances utilizing these control
techniques [28]. We won't go into detail about the control schemes, but as we go
through the different controllers, we'll see routines like speed loops and position
loops. The synchronization of the generator is an example of a speed loop. The goal
IS to synchronize the frequency in the generator with the frequency in the grid before
shutting the breaker. To adjust the speed of the generator, the controller changes the
speed of the turbine. Because speed is proportional to frequency, altering the pace
will cause frequency variations [28]. The fuel control valves are an example of a
position loop. To increase or decrease the amount of fuel entering the combustion
chamber, the controller will modify the position of a valve. If the position is changed,
the fuel flow changes, causing the flame to get hotter. As the temperature of the
flame rises, the hot gas expansion in the turbine increases, boosting the weight

movement through the turbine [29].

A rise in the flow of the turbine through the turbine increases either the speed or
power of the turbine. The load will grow if the generator is turned on. If the

generator is not turned on, the frequency of the generator will rise [30].

What keeps the generator's speed or frequency from growing when it is under load
simultaneously with the rise in mass flow through the turbine is that the controller in

the SES (static excitation system) increases the field current to the generator, which



increases the magnetic field and stops the speed from increasing [31]. The turbine
works harder to increase speed, but the SES works harder to keep the speed from
increasing. The expanded field and increased torque increase the amount of current

flowing through the generator stator, increasing the load (active power) [32].

1.5. TURBINE CONTROL

Combustion turbines are managed during all phases or modes of operation, from
standstill to full load and back. As illustrated in Figure 1, there are five fundamental

forms of control for a gas turbine generator [33]:

e SFC/SES Control
e Speed Run Up

e Speed Control

e Load Control

e Temperature Control

Refer to Figure 1.4. for the following descriptions.

0% Speed
14 % Speed
=36 % Speed
70% Speed
=100 % Speed
oMw
=5MW
=30% Load
@Base Load Temperature
Base Load
Temperature Limit

Control

{

Controller Load

1 | I

SES On
Synchronizer On
o

Speed Controller ——p

Generator Breaker Closes

Initial MW Jump —

Fuel ESV Opens
Main Hame On
Switch to Premix
IGVs Begin Opering

Figure 1.4. Basic turbine control.



1.6. SFC/SES CONTROL

Combustion turbines are managed during all phases or modes of operation, from
standstill to full load and back. As illustrated in Figure 1.4, there are five

fundamental forms of control for a gas turbine generator.

SFC/SES control is used during the turbine's first startup phase. The SFC/SES
control mode acts as a motor to start the combustion turbine. It supplies the torque
required to accelerate the combustion turbine during startup until it reaches self-

sustaining speed.

The SFC (Start-up Frequency Converter) controls the turbine speed from a standstill
by activating the generator's stator [34]. The SFC (Static Excitation System) is used
by the SFC to deliver a field to the generator's rotor. In this manner, the generator is
transformed into a motor, supplying the torque required to start the combustion
turbine's revolution. Until around 1902 RPM (35% speed), the SFC or SES will be
the primary controller in operation. The gas turbine controller will now engage the

speed run-up controller [35].

1.7. SPEED RUN-UP FUNCTION

When the natural gas ESV is opened and the turbine is operated at roughly 510 rpm,
the combustion turbine is incapable of accelerating on its own up to the nominal
speed. As a result, the SFC/SES will continue to run the generator to help the unit
accelerate. The SFC/SES will run until it reaches 70% speed (3780 RPM). The SFC
and SES are shut off at this point, and the turbine will continue to accelerate on its
own [34].

The speed run-up function will be activated at roughly 35% speed. The SFC/SES
control mode is used in conjunction with the speed run-up mode. At this point, there
should be a main flame, and the speed run-up controller will begin controlling the
fuel control valve to raise the quantity of fuel in its burning chamber in order to ramp

up to the nominal speed. The SFC/SES control As the speed run-up function



gradually increases its control (increases the amount of fuel), it gradually reduces its
control over the turbine (amount of torque supplied by the generator) [30]. Figure 1.5
displays a simpler speed run-up control method. The speed run-up function compares
the actual turbine speed to a speed setpoint. 100% Speed is the speed setpoint
(referred to as nominal speed). The output of the speed run-up function will require
more fuel within the turbine's restrictions until the actual speed approaches the
setpoint. The output of the speed run-up function reduces as the actual speed
approaches the setpoint [34]. The speed run-up brings the turbine up to speed. The
output of the speed run-up is converted by the valve controller to an analog electric
signal, which is supplied to the EHC Electro Hydraulic Converter. To regulate the
proper FCV Fuel Control Valve, the EHC Electro Hydraulic Converter transforms

the electric signal into a hydraulic signal [34].

Speed
Setpoint 100%

Speed Run Up EHC Electro
Actual : o Valve n i
and Protection Limiting Hydraulic
Speed ) Controller
Function Converter

Figure 1.5. Simplified speed controller (Speed Run-Up Function).

1.8. SPEED CONTROL

The speed control mode of operation controls the quantity of fuel supplied to the
combustion turbine to keep it running after it has achieved nominal speed but before
it is loaded. (The generator breaker is open). The speed control mode will also be
utilized to increase or decrease the gas engine's speed, enabling the power plant to be
synced with the grid. For synchronization, in speed control mode, the gas engine
turbine controller activates the motion/load processor, deactivates the speed run-up
controller, and reactivates the static excitation system (SES). Figure 1.6 shows a
simplified depiction of the speed controller during the unit's synchronization [36].
The synchronizing mechanism controls the velocity of the turbine to match the speed
and frequency of the power source to that of the grid. A speed setpoint is provided by

the synchronizing unit depending on the grid frequency. The speed can be changed



from 95% to 103%. The load/speed controller monitors the turbine's actual speed and
adjusts the fuel control valves to match the speed setpoint of the synchronizing unit
[36].

Speed
Speed »| Setpoint
Setpoint 100% Control
Actual Load/Speed - Valve o EHC EI?CUO
Limiting » Hydraulic
Speed Controller Controller
Converter

Figure 1.6. Simplified speed controller.

When the generator and grid frequencies match within the generator's allowable
synchronization parameters, the synchronizing unit closes the generator breaker, and
the gas turbine controller switches from speed control to load control. The load
controller will automatically switch to the minimum load setpoint, which is normally
5 MW, this prevents an exhaust gas temperature drop and reduces the turbine's
thermal stress. The load controller will then ramp up to the base load at the pre-

selected gradient to the load setpoint [37].

1.9. LOAD CONTROL

The Load Control mode modifies the generated load based on the load setpoint and
other parameters. The SES controller is used in load control to produce and adjust the
load. Load control is more difficult than speed run-up or control. If certain
circumstances are met, the gas turbine controller can switch from load control to
speed control or temperature control at any time [38]. These circumstances will be
explained further below. The gas turbine controller also includes numerous turbine
protection features. These safeguards can keep the generator load from exceeding the
load setpoint. A simplified load control diagram is shown in Figure 1.7. The manual
load setpoint, for example, 67 MW, is set by the operator. Whatever the setpoint, the
generator load limit function will limit the load setpoint within the generator's design
capabilities [38].
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Figure 1.7. Simplified load controller.

The setpoint adjuster is the next function that occurs. If the humming or acceleration
detection detects an unsatisfactory value, this function will lower the setpoint. The
load surged to typically 5 MW when the generator breaker closed, which is
controlled by the load setpoint control. The load setpoint control will then modify the
setpoint based on the gradient selected before startup, with a normal gradient being
the desired rate. These values are determined during commissioning and are taken
from the control settings list [39]. (Normal Loading = 7 MW/Min), (Fast Loading = 7
MW/Min), and (Slow Loading = 0.5 MW/Min) are the rates. The gradient is
influenced by the base load/peak load ratio, which will be addressed more below. To
attain the 67 MW setpoint, the generator's output (currently at 5 MW) must be
increased by 62 MW. The load setpoint controller will raise it by the standard
loading rate (normally 7 MW/min). The generator will take roughly 9 minutes to
attain the 67 MW load [39].

1.10. TEMPERATURE CONTROL

The ultimate control of the turbine is temperature control. A turbine is powered by
the growth of heated gas as it passes its turbine. Controlling the exhaust temperature
guarantees that the gas turbine's temperature limits are not exceeded [40]. The

temperature regulation will maintain and restrict the ambient temperature of the
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emission gases. The adjusted output temperature limit for simple cycle natural gas
operations at base load is 578C A temperature controller will restrict the capacity
based on the adjusted outlet temperature. This is done to safeguard the turbine. When
the adjusted outlet temperature reaches 578 degrees Celsius, the load is limited, and
the load control system cannot raise the burden. If the circumstances change, the
rectified output temperature controller will allow the load control system to raise the

load setpoint or the new limit of the temperature controller [40].
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Figure 1.8. Temperature Limit Function.

1.11. FREQUENCY INFLUENCE

The frequency of the combustion turbine affects its regulation. The control system is
set up to allow for some volatility before attempting to fix the gas turbine's speed
(frequency). Gas turbine control is related to two distinct frequency functions:
frequency limit and frequency fluctuation. To maintain synchronization, the gas
turbine controller will normally allow the generator speed to drop between 5130 and
5562 rpm. The generator breaker will trip if the speed droop exceeds the 5% limit.
The frequency limit function is always enabled and cannot be turned off during
regular operations [41]. When the frequency influence feature is enabled, the
frequency will only be allowed to fluctuate between 5373 and 5427 rpm before
trying a correction; this is a much tighter control of the frequency. This permits the
gas turbine controller to accommodate minor frequency fluctuations by adjusting the
power output; the maximum power output adjustment is limited to +/- 24 MW from

the setpoint. If this limit is surpassed, the generator breaker will trip [42].
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1.12. CONTROLLER OF SUBGROUPS

The SPPA-T3000 controls the real tasks of starting, halting, controlling, monitoring,
and protecting the turbine. Anyone could not operate the combustion turbine
generator by hand; there are far too many jobs that must be completed [43]. For
example, the following is a simplified list of actions that must be completed to start

the turbine:

e Close Turning Gear Valve

e Turn on Lube Oil Pumps

e Test the Emergency DC Lube Oil Pump

e Turn on the Lift Oil Pump

e Turn off the Lift Oil Pump

e Turn on the Lube Oil Tank Vent Motor (Vacum Pump)
e Turn on the Hydraulic Oil Pumps

e Open-Inlet Air Damper

e Open Blow-off Valves

e Turn on the Fan Cooling Turbine Oil

e Turn off the Fan Cooling Turbine QOil

e Turn on the Fun Generator Cooling Water
e Turn off the Fun Generator Cooling Water
e Adjust Speed

e Turn on Ignitions

e Open Fuel Gas (ESV)

e Adjust the Fuel Gas Control Valve

e Turnon SFC

e Turn off SFC

e Adjust the Fuel Gas Control Valve

e Close blow-off Valves

e Turnon SES.

e Adjust the Voltage and Fuel Gas Control Valve

e Turn on the Synchronizer
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e Close Breaker
e Adjust the Load and Fuel Gas Control Valves

The tasks listed above are only a subset of the entire number of tasks performed at
startup. This excludes the monitoring and verification of the various systems and
components. to ensure good operation. The majority of these chores must be
completed at a certain time. If they are not completed, the engine may sustain

significant damage [43].

A subgroup controller is an actual function that supervises the startup procedure. A
subgroup controller (SGC) is a function that sends a series of commands to devices
and functions to do a certain task and then waits to see if the work was completed
within the time frame specified. If the work is not completed within the allotted time,
the SGC will halt the entire process and commence the shutdown sequence. If the
work is completed, the SGC will go on to the next phase in the sequence to send out

more directives [44].

The SGC is divided into phases, with each step issuing a different set of directives. A
single step can issue one or more commands (or none) that are required to complete
that step. Within that same stage, there are actions or statuses that the SGC must
confirm have been completed. Permissions are tasks that must be completed before
moving on to the next level. Steps 1 through 50 are often used for a startup sequence,
and steps 51 through 100 are typically used for a shutdown process [43]. The SGC is
part of the power control center's control cabinets. Several SGCs are employed to

control the plant; some of these subgroup controllers are as follows:

e SGC Gas Turbine

e SGC Lube and Lift Oil System
e SGC Natural Gas

e SGC Turbine Gas Purge

e SGC Turbine Googling

e SGC Turbine Protection

e SCG Turbine HV and LV
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1.13. SUB LOOP CONTROLLERS

Sub-loop controllers (SLC) are another critical component of combustion turbine
generator control. When activated, an SLC runs in a continuous loop, constantly
checking the status of a device or function. If that status necessitates a specific action
or job, the SLC will complete that activity while continuing to monitor the situation
for changes. SLCs can be disabled because there are instances when the SLC's
behavior or duty would be inappropriate [44]. For example, depending on the
temperature in the lube oil tank, the Oil Circulation SLC switches on and off both
lube oil pumps. When the turbine is not working, this task is utilized to keep the lube
oil tank temperature stable. It would be inappropriate to switch on both lubrication
oil pumps while the turbine is running, and it would be even more inappropriate to
transmit a "Turn Off" signal to the lube oil pumps while the turbine is running,
regardless of what other operational signals advise having to do with lubrication oil
pumps continue to run. Furthermore, when the turbine is running, it is not necessary

to run the lube oil pumps to keep the lube oil tank temperature stable [40].

1.14. OTHER FUNCTIONS

More functions monitor statuses or conduct tasks, and there are approximately 4000
of them. These functions are distributed throughout the TXP cabinets. Some
functions execute complex arithmetic computations, regulate motors, open or close
valves, monitor an analog signal for a specified value, and so on. Some functions just
receive a value and pass it on to another function. Functions can send a command to
another cabinet to accomplish a task, and they can receive the same. That is why
dedicated cabinets with distinct purposes exist [39] This course does not cover all of
the many functions; only be aware that there is a lot more going on than what is
taught. The SGCs and SLCs discussed in the next chapters have been reduced to
provide an understanding of the order of the major activities and actions that occur
during combustion turbine generator operation. The sophisticated features of the

control system are neither planned nor teachable[45].
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1.15. SGC STEP SEQUENCES

Appendices contain the subgroup controller step sequences. The sequence drawings
are designed to seem like a flow chart. These drawings include all of the steps,
commands, permissiveness, and conditions. As illustrated in Figure 1.9, each stage
may have a variety of commands and permissive. The boxes to the right of the step
number block represent commands, whereas the boxes to the left of the step number
block represent permissive and/or feedback[46]. Each step is coupled with a wait
time and a monitor time. These times are shown by the numerals at the top of the
step number block. The number on the left represents the wait time (2 s), while the
number on the right is the monitoring time (30 s). A task's completion is not
necessarily instantaneous. Many operations, such as opening a valve or damper, take
time to complete. The "Wait Period" specifies how long the SGC will wait (2 s in
total) after getting an instruction before verifying for permissiveness. This waiting
period prevents false "monitoring time exceeded" faults from interrupting the startup

sequence and initiating the shutdown sequence [46].
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Figure 1.9. SGC step sequence.
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PART 2

A REVIEW OF THE LITERATURE

2.1. RESPONSE TO LOAD FREQUENCY

This article conducts a literature survey of physical models and actual systems that
use load management to provide response times and other grid services. Balancing
electrical demand and production becomes more difficult as electricity networks use
larger amounts of renewable energy, such as dispersed wind, which introduces
additional fluctuation and ambiguity in the net load [47]. Failure to rapidly balance
the power system can lead to undesirable frequency excursions and costly mitigation
strategies that necessitate the rapid start of non-spinning generators. This is
particularly true in distribution networks, island microgrids, and separated grids,
where individual demands and fluctuating renewable energy sources such as
scattered wind account for a significantly greater percentage of energy output or
consumption. Traditionally, fluctuating green generation has been decreased or
traditional electricity production has been raised to support grid frequency stability.
Artificial turbine-frequency load-shedding (UFLS) relays currently remove entire

feeders during frequency drops in bigger networks [48].

This is inconvenient because it causes pervasive outages and separates DERs, or
distributed energy resources, from the dropped feeder, worsening the frequency drop.
As a consequence, there is increasing interest in other grid stability methods, such as
efficiently and effectively regulating loads. For a better understanding of the
relationship between velocity and demand, consider that a rapid increase in load
lowers system frequency, whereas a sudden decline in load raises the frequency.
Resources can be employed to regulate and improve grid frequency control and

stability with this concept if they are large enough and capable of being controlled
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rapidly. Aside from scholarly and modeling studies, there are few sources on massive
field component research or actual practical physical systems that use load
management for frequency response, which we address here. We examine four areas:
1) experimental load control trials; 2) isolated microgrids with load control; 3) bigger
grids with load control; and 4) V2G (vehicle-to-grid) systems with electric cars
(EVs) [47].

The number and type of grid-feeding mechanisms had a significant effect on the
control of frequencies. For instance, smaller electrical networks with little inertia and
significant possible fluctuations in the flow of energy from variable renewables like
dispersed wind will require a quicker energy reaction than larger networks with more
inertia. Due to the fact that bigger networks frequently have generation buffers in
addition to a large number of pipes for distribution and loads, frequency control is
less specific and more generation-centric. They are frequently intended to shed entire
distribution circuits during low-frequency events, and they are controlled at the
substation level by utilities using pre-programmed, independent relay controls. An
approach that is more detailed and takes into consideration the many renewable
energy sources scattered throughout the grid might improve such rules. Loads could
be controlled by intelligent control systems within or outside safety and switching
devices. This work is being done as part of the U.S. Department of Energy Wind
Energy Technologies Office's Microgrids, Infrastructure Resilience, and Advanced
[49]. This study is being carried out within the scope of the US Department of
Energy's Microgrids, Asset Resilience, and Emerging Technologies Program. | think
that harnessing the power of customizable inputs to guarantee the stability of the grid
might make wind incorporation in scattered situations easier. Experiments were
carried out in the lab to verify the load control techniques used in controlling
frequency. It is the initial tangible move toward demonstrating load management
strategies that can aid in the operation of actual dispersed wind structures. In a
turbine-grid configuration, | developed and verified a load management program.
The island network is made up of solar energy sources, an alternator, lighting
fixtures, and a regulated power bank [50]. If the disparity between the load potential
and the PV power exceeded a certain level, their threshold algorithm separated the

load bank from the electricity grid, preserving generation-load balance and correcting
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voltage and frequency breaches due to differences in solar energy. Current variations
happened as a result of an absence of coordination between the data-gathering
system's physical timing and the application's timing, but these variations were

reduced by introducing a time delay to the programs [51].

A load control device for grid-connected homes was developed in the UK in 2012.
The pair utilized smart meters to monitor how often the frequency loss occurred and
to switch off and on different loads as required to maintain the grid's average
frequency at 1% of the nominal level [47]. They claimed that in order for smart
meters to engage in grid basic response, they need to identify the system's frequency
as soon as possible (within two hundred milliseconds, depending on the
configuration). Someone showed a functional device using commercially available
components. Others created a one-of-a-kind controller to measure the system's power
and frequency. It favored using a level crossover detection (LCD) method to spot
frequency excursions because it did multiple frequency approximations and various
voltage sample readings per cycle. The approach was tested in a single-phase
turbine-kilowatt machine (kW), 230 (V) 50 (Hz) micro hydropower station capacity
near engines UK. Even with severely distorted waveforms, the technique had an
average frequency measurement error of 0.04 HZ and a reaction delay of 175 m/s.
For stabilizing the system frequency, they used a fuzzy control of load technique,
which avoided two main issues in grid-based load controllers: asymmetrical load

delivery and difficulties finding fix lines [47].

This typically results in instability and necessitates more modifications to steadiness.
The controller with fuzzy logic accomplished +/- 0.2 HZ frequency control at an
identical micro hydro site, but it battled to sustain system stability in another
structure operated by a single 60 kW wind generator. That was possibly due to a
wind power plant's significantly larger size and very changing wind ramps
throughout trials, as well as a coarse degree of load management [52]. Others have
demonstrated rapid initial frequency reactions on a household scale via coordinated
dispersed power sources and adjustable loads. Specific loads were controlled by a
central master controller, which directed the best dispatch choice for dispersed power

sources and turbine loads instead of deferrable loads acting independently to provide
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frequency maintenance. This allowed for much quicker frequency control within 10
alternating currents. Even though the control aim was to decrease total load delay
while meeting a frequency response goal to electricity grid disturbances, other
objectives could be supported [53]. The tests, which included the inverter and four
household appliances, were carried out across the country at the Renewable Energy
Laboratory's power generation system scale as well as at a controller test site. Among
the tools were a 120-volt refrigerator, a stack of 15 120-volt bulbs, 120-volt
electricity, and a 240-volt oven. To identify frequency disruptions, a quadrature
period locked loop turbine (QPLL) method tailored for delivering precise, stable
measurements within 13 AC periods for each of the test scenarios was used. Based
on the most current research examined in this piece, the QPLL has emerged as the
most effective method for quantifying frequency. Everyone's frequency anomalies
went away in 143 milliseconds. In the future, this technology will be scaled up and
collaborated on in sync engines to provide extra features [54].

2.2. WORLD DISPENSER EQUIPMENT-ISOLATED SYSTEM

Some of the research presented here is based on working small power plants that use
load management for response to frequencies, with some of them incorporating
distributed renewable sources. As a result, they emphasize the resilience advantages

of load management in networks with high renewable usage [55].

It has also been used by researchers, and the Commission of the European Union
contributed to their funding. The microgrid consists of 10 KW of photovoltaic (PV)
solar power, a 53-kW battery banking institution, a 5-kW diesel engine, a power
inverter for each battery or PV array, or 12 load turbine-equipped residences [56].
The loads are controlled to protect the batteries from severe depletion. When the
charge on the battery is insufficient, the grid frequency falls, or the battery can't
manage to provide the discharge needed to increase the frequency. Load regulators
shock the loads during these times, enabling generation-load equilibrium and quick
frequency enhancement. Alternatively, if the battery charge hits a crucial level, the
diesel may be triggered rather than or in conjunction with the load management,

though this was not explored in the paperwork related to this actual system. Control
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has been used in isolated networks located in Alaska since the beginning of the
2000s in an investigation of frequency regulation via restricted load. The majority of
systems have depended on specialty thermal load devices, frequently heating
systems, to provide under-frequency assistance by reducing thermal loads or over-
frequency assistance by raising thermal loads during times of surplus production
[57]. In another study, swiftly responding heat loads were defined in a diesel station
to disperse surplus energy in prompt systems like the high wind addition system and
were occasionally integrated into the diesel terminal thermal system. Extra heating
elements were added at the community school, which could be triggered during times
of surplus renewable energy. The thermal demands did not control system frequency;
instead, they devoured surplus wind energy production, enabling the local delayed
demand and battery storage device to handle frequency whereas the diesel engines
were turned off [47-55].

In another study, a comparable wind power plant with a significant contribution was
built. In this case, staged resistive elements, essentially a quick-acting controlled
discharge load, were introduced in an electric burner to utilize surplus wind energy
while controlling system frequency. When the wind equipment provided a greater
amount of power than the building needed. The heating system supplied heat to a
manufacturing facility, allowing it to operate for prolonged stretches of time despite
having to wait for exterior transportable power. In subsequent research, the power
system will only switch off the diesel generators and use the electronic furnace for
frequency control when there is a significant surplus of wind power production,
indicating that wind power contributes more than 100% of the power capacity. A
synchronous capacitance was employed to regulate system voltage or reactive power.
when dispersed generators were not accessible. Load regulators were additionally
developed to help power networks with higher wind inputs. Once more, thermal

burdens were prioritized over direct frequency control [58].

On the power generation system in the state of Alaska, a device-contribution wind
facility with a pair of primary generators and gasoline motors was built as part of a
green energy experiment. This project aimed to provide frequency regulation by

combining huge dispersed heat loads with battery-based energy storage. Due to
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technical difficulties, the system was unable to function correctly; however, the
technological idea was fully validated, and an additional study was conducted on the
idea of expanding the system to include shared warming as an assigned load to
manage periods that have substantial energy production [59]. The latest study on
controlling frequency in tiny standalone power systems has focused on the use of
dispersed geothermal energy systems for frequency control. Intelligent Energy
Systems conducted research in which they put energy thermal storage (ETS)
radiators into three tiny, independent, high-contribution energy sources in Alaskan
communities. ETS modules are placed in houses all through the community in each
system in order to offer quick-acting cargo. With the substitution of a local energy
source for foreign thermal energy, the system becomes highly controllable,
interruptible, and distributable. Direct supervision by the ETS devices allows for the
regulation of wind power, while electrical demand aids in energy management. This
is primarily dictated by wind availability. The movement of energy to all ETS units
has been controlled by an Innovative Energy Systems-designed tailored controller,
which gets a utility radio action notification every 14 seconds for 12 seconds. The
previously turbine-interactive processor changes the ETS rate of operation to balance
a wind method's output, enabling frequency management for adjusting the electrical
demand to meet fluctuating energy source generation [60].

Figure 2.1 depicts the immediate effect of using wind-powered ETS to satisfy
thermal energy requirements. Initial research was carried out to see if frequency
management might be achieved using those scattered thermal resources alone
together with wind turbines, as had been performed with centrally located thermal
loads; however, the somewhat slow control and transmission velocity paired with the
rapid reaction needs for small microgrid infrastructure demonstrated ineffectiveness.
When the dispatchable generators in the villages were turned off, storage for batteries
was utilized for fine-frequency assistance. According to talks with the project creator
and structure employee, it could be possible to accomplish proactive frequency
modulation without requiring extra battery storage by installing faster control and
transmission hardware and utilizing restricted, whispered disconnects. Load
regulation was employed in another study to enhance frequency reactivity in large

power networks. While inertia mitigates variations in frequency in such vast
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networks, keeping the frequency stable will continue to become increasingly
challenging when further changeable renewable resources, such as dispersed winds,
are engaged. Another factor that can aid in load management is the power constraints

on local sources [61].

In another search, when demand exceeded a feeder's capacity, the Washington Coast
was supplied through a 750 KW feeder with two reserve diesel generators. It further
enabled the gasoline engines to rapidly satisfy demand when they briefly surpassed
supply capacity. The technique proved straightforward and popular for clients, with a
controlled connection to the internet, adaptable involvement, and simplicity of
control change on the end-user side. Customers' energy savings were added to a
"shadow marketplace" consideration, giving an obvious incentive for savings [62]. In
response to under-frequency indications in overloading device regulators, 50
household hot water heaters as well as 150 house dryers were changed. These new
machines were distributed to citizens in a number of Pacific Northwest communities.
If the grid frequency fell below 59.85 Hz, the standard 60 Hz frequency, the
processors told the machines to decrease their power consumption within 250
milliseconds. It is a lot smaller than the 57 HZ alternator-frequency load reduction

cutoff automatic under frequency load weeping [47].

Response with a brief frequency drop may avoid bigger falls in a network of
frequencies, averting under-frequency. Total load reduction of lines for distribution
is possible in a grid-connected setting due to an abundance of loads, and generators
offer an exceptionally secure system. With frequent excursions above this barrier,
management at this strict benchmark would be difficult in a grid setting. The
controllers also reacted to peak-shaving demand-response queries and notified clients
using a machine indication. Clients may easily overcome minimization requests. The
equipment was not stripped of all of its electrical load, enabling it to stay functioning
and go back to full operation when the frequency was restored to regular, rather than
closing down and needing a user reset. According to participant polls, they were
ignorant of load management and seemed unconcerned about it, so they would
purchase appliances equipped with the turbine-friendly gadget control system.

Typical station switch action, on the other hand, resulted in failures for many end
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users across complete feeder networks, which such grid-friendly goods could assist
in preventing. A further benefit of conventional techniques is the ability to even out
the reaction to system frequency drops and better alleviate disruptions if they are
spread all over the system, ensuring a number is close to the cause of the disturbance.

At last, it may be possible to reply to turbine-response searches [63].

The results of the previously mentioned research are depicted in Figure 2.1. When it
fell below 59.95 Hz, load management was triggered and brought back up to 59.95
Hz. As shown in the graphs, the degree of load management varied depending on the
frequency decrease height above the point of triggering and the speed of variation
about the frequency turbine (ROCOF). Larger activities required more load

limitations for an extended length of time [64].
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Figure 2.1. Demonstrates the load regulation frequency reaction with a sequence of
under-frequency events.

2.3. VEHICLE-TO-GRID COMMUNICATION

Large battery packs for electric vehicles (EVs) are capable of offering additional
features to the power grid, bound to a few restrictions (e.g., permission from the

consumer to connect and interact via the battery, safety reasons, the consumer's
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usage of the auto, and the limits that their mobility needs a place on the application
of maintained power). Vehicle-to-grid refers to the use of EV batteries to deliver
supplementary services (VG). Aside from certain nontechnical and infrastructure
factors, supplementary services demand substantial capacity and quick response time
from a technical standpoint, but with low overall energy. EV batteries, of which there
are many, have been well-suited to provide these ancillary functions, particularly
transmission using automatic generation control (AGC), brief ramping, and vibration

dampening; any of those are essential to frequency reactivity [65].

According to one research study, when it has substantial EV adoption, considerable
merged ability, and a platform, it is possible to provide both generating reserves in
reaction to network emergencies or interruptions as well as future energy storage for
green energy, preventing curtailments and meeting big gradients. With the ability to
both pump power into the grid and regulate power consumption, VG may be able to
be a better instrument than traditionally controlled charges. Although no instances of
VG in small power plants or disconnected grids have been found, frequency
stabilizing features will be even more essential in such networks, where stability is
particularly challenging to sustain [66]. Electric vehicles are bound to be included in
such systems as they spread across the market for automobiles, and they may
contribute to assessing the viability and possibility of electric cars (EVS) generating
responses to frequencies on the electrical grid. A lot of other people and groups
participated in the project in the United States of America. The EV charges when the
electrical system's frequency is greater than the standard and discharges while it is on

a lower grid (up/down regulation) [67].

In this study, electricity delivery instructions were transmitted to the automobile at 4-
second periods, meeting the International Organization for Standardization's
automatic generation control (AGC) along with frequency-control system
specifications. Significant physical changes were needed to permit electric vehicles
(EV) to send electricity back to the grid, including the setting up of the subsequent
AC150 transmission with reversible grid interconnection and the introduction of a
wireless connection for the distant deployment of VG services [65]. On a web-based

platform, customers were able to choose when they wished the electric vehicle (EV)
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to have power available for control and the minimal battery condition of charge
(SOC) desired at the end of the subscription period (depending on each customer's
transportation requirements). The daily energy flow generated by management was
of the same order of magnitude as daily travel and battery heating, which had been
negligible [68]. Rather than immediately computing the necessary power from the
generating asset, the owner of the grid transmits a power instruction to the creating
component in order to regulate the output frequency. They mentioned that the
region's distribution system must be equipped to handle the additional load brought
in by the EV, or the EV will collapse. The electronics in the controller ought to be
mindful of the transmission capability constraints; however, when producing
electricity. The EV will decrease the grid load. Their companies emphasize the
significance of turbine-island management during network outages in order to
safeguard electricity when utility workers are on site, while the systems have all
cleared turbine-island evaluations [69].

In successful research, as shown in Figure 2.2, the electric vehicle's batteries reacted
effectively to control the frequency impulses. Electricity correction from the car
charge occurs soon following the AGC signal being sent at the 4s primary y-axis.
Given the quantity of power consumed (+/- 10-kW), the impact on the battery's state
of charge (SOC) had been negligible across the 4-h study span (as witnessed by the
secondary y-axis). The research also successfully showed the capability of the
second version to react to AGC impulses and offer controlled service uncertainty.

You ought to point out that, via any substantial unique resource and location,
administrators and transporters have worked together to utilize (VG)
communications for frequency adaptation because the fast charging and discharging

pacing is the ability for deteriorating shipping line electrical performance [70].

The distribution distributor must be changed as required to handle the high-power
fluctuations that VG exhibits through responses to frequency. The electrical vehicle
provided suitable up-regulation (power supply) for a full day but was occasionally
restricted in reducing power consumption because of getting to its highest (SOC)
level, as shown in Figure 2.2. If the SOC goes too low, the power source will be

unable to provide control. In a few years, when there is an adequate amount of EVs
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on the scene, the data collector may transmit them to align the battery systems of
record with the regulations, and EVs may feature preset charge and discharge fees as
well as a distinct control signal. ISO can send variable impulses to vehicle batteries

at a much quicker but equal rate than typical control [65].
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A new investigation headed by the EPRI (Electric Power Research Institute) and
performed by the State of California's autonomous system operators for power
generation systems (CAISO) utilized VG electric car technology that satisfies safety
standards, according to the conclusion of regulatory organizations. It verified the
EV's specifications and effectiveness in a variety of scenarios involving peak
demand reduction and cost-cutting for clients, overgeneration prevention, and
starting generation support [71]. The present research excluded response times and
rule offerings rather than concentrating on versatile building amenities that allowed
power plants to satisfy turbine-load lifts, which usually end up in significant
immediate price rises and the initial installation of pricey turbine-fired power plants
or stress machines. As a consequence, batteries could play a significant role in
offering boosting facilities in turbine-limited environments. These ratcheting
amenities contribute to stability on the grid by boosting production to satisfy needs.
The outcomes are depicted in the images in the sections that follow. Figure 2.4
shows modeling findings where EV transportation is used to lower the notorious
duck trajectory in California. The swan gets its name from the distinctive shape of
the turbine-load arc at the end, whether from abundant sunlight over the day before
or a greater demand at nightfall when photovoltaic production is nil. Recharging the
battery packs and thus normalizing the net burden, as well as reducing sunrise and
sunset peaks through the use of electric cars, elevates the engines' midsection. In this
instance, electrons decrease the womb for the mallard contour from about 21 KW of
power to 10 KW [72].
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Figure 2.4 shows experimental findings where an electric vehicle delivery to earn a
trio of EVs is paired to guarantee fueling happens inside the converter limit on
capacity. 15-KV in this case. Lacking the transfer, the conversion maximum was
surpassed at 7.1 KW.
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while administration.
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Figure 2.6 shows both EVs with a startling peak of shaving throughout high-load
overnight for a while, as determined by energy (SOC). The second car was chosen to
serve first due to its higher starting point (SOC). It finished grid connectivity when it
hit the lower SOC maximum of 25%. Vehicle 3 began assistance later and ended it
when it hit 25% SOC [73].
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Vehicle 3 SOC Vehicle 3 discharge rate

Figure 2.6. Peak shaving profiles for vehicle (dis)charge.
As a result of the gap between standards and current approaches, the results indicate
that EV-grid communication needs modification. The hardware, on the other hand, is
equipped to provide grid functions. As per I1SO standards for AGC and frequency
response, the feedback loop period needs to be 4 s if a video assistant referee is
needed to control frequencies her hand, is equipped to provide grid functions. As per
ISO standards for AGC and frequency response, the feedback loop period needs to
be 4 s if a video assistant referee is needed to control frequencies. Before it can be
considered a viable solution for frequency reaction with greater auxiliary offerings,
the impact of G's on battery deterioration must be considered. Although this is an
ongoing research topic that requires additional testing, it appears that VG algorithms
that do not account for battery deterioration may increase it. (VG) algorithms, on the
other hand, optimize and can increase energy life [74]. Such approaches need to be
developed so that VG is viable and common, and users (EV) do not need to
compensate for either. The full benefit of their complementary solutions must be
defined, as well as any detrimental impacts on life in energy, as should regulatory
standards and structures for anonymity, data collection security, and accountability,
as well as the interconnection between vehicles or infrastructure to accommodate

fueling (EV) requirements for users [65].

2.4. ENERGY BATTERY STORE WITH LFC MANAGEMENT
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According to a previous study on the battery structure and the answer via the
frequency arrangement, energy market reform, as well as the global community's
ongoing efforts to minimize the consequences of international climate shifts, have
resulted in a quick improvement in the use of sustainable vitality sources such as the
breeze and solar energy power. The abundance of natural materials was extremely
volatile. As a result, incorporating those into an electrical ecosystem remains a
dangerous endeavor with bad repercussions for the security of the structure. The
electricity method's frequency reliability was vulnerable to abrupt discrepancies in
production and consumption. As a result, unfavorable frequency fluctuations are

imposed by irregular renewable energy [75].

According to another study, the regulation process is liable to return overall energy
for its expected valuation once there is a mismatch between production and
consumption in energy deviance from the expected valuation. This is called load
frequency control (LFC). As a consequence, effective and rapid LFC methods are
critical. Energy battery storage (EBS) was a single power source solution applied to
enhance LFC efficiency due to its unique properties of rapid response and great
energy density. This research aims to provide a concise but thorough overview of the
literature on different techniques and strategies for using rechargeable electricity
reserve systems for LFC applications. For this investigation, numerous research
articles were examined, classified, and interpreted [76]. Papers on related topics The
BES scale determines location and management. control and cooperation with the
present system operator the two fundamental kinds of strategies are gravity-size
strategies (GSS) and load-size strategies (LSS). (LSS) There are two divisions within
the LSS category: coordinated independent techniques and controlled collective
organizations [77]. The poll broadly examined the scientific advantages or
disadvantages of every group. The equilibrium across production and consumption
has to be kept. continuously through a constant state of functioning of interlinked
utility relationships. This engine-demand relationship is responsible for keeping the
structure frequencies and engine-line electrical transmission among regulated regions
at their planned levels. Besides, excessive energy and turbine-line electric variations

may have a substantial impact on electrical source reliability if they are not quickly
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decreased. Within a utility structure, a disparity across production and interest can
appear in all moments related to variations upon their output line if among or greater
yielding machines fail as well with a request phase while overwhelms are applied to
the infrastructure. These burden changes can happen at any moment or are
challenging for forecasts, nonetheless via precise immediate workload projection.
Green energies make up a significant percentage of sporadic strength production in
the present-day utility grid [78]. As a consequence, a machine has to deal with
challenging frequency variations. Equilibrium abilities, overall, keep the equilibrium
within production or interest in energy regulation by employing serving regulation
structures: primary essential, supplemental, and auxiliary authority, all of which
operate under a specific period. This temporal frame schedule for each regulating
method alongside the rate management method is shown in figure 2.7.

Auxiliary management, likewise defined when LFC conducts research, has some
essential regulation approach whose predominant goal is to modify their strong
production for one particular influence region towards keeping total energy while
connector accordance capacity is shared at those preset levels. This LFC regularly
uses m-to-m management, which returns the accordance rate for the predetermined
amount following all interruptions throughout each day. Equilibrium as well as
resonance adjustment [78]. A typical LFC technique works from live managing a
number to producing machines that interact via the network or add to the required
delivery. The region of regulation mistake, also known as an input signal, is formed
by adding a frequency variation as well as the electricity interchange variance of the
adjustment wire. At a minimum, such errors transmit a conditioned energy indication
toward the LFC components, instructing them how o modify the power they produce
[79].

Thus, its LFC tendency will encounter inevitable socio-economic and operational
obstacles such as higher infrastructure administration and upkeep expenses, along
with decreased effectiveness in producing modules caused by incomplete
performance. Furthermore, the LFC reacts in 1-10 moments because of the device's
centrifugal response, so it's insufficient in some operational scenarios. Controlling
the cadence while maintaining equilibrium [78]. As a consequence, many scholars

have discussed different kinds of controls to better measure the efficacy of demand
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frequency regulation in order to endure rapid and abrupt imbalances between
quantity and quality. One method to boost LFC function is to employ turbine-
responding battery supplies capable of absorbing these speedy shocks introduced into
a system. In the study, various techniques for storing energy, including high-energy
spinning wheels, circulated reservoirs for water, pressurized air, magnetic retention,
or batteries, are able to sustain the security of the power grid in various ways. Due to
competitive features such as high energy density and fast dynamic reaction, battery
energy storage (BES) infrastructure, as a crucial answer to such features, has made
avenues for BES to serve a crucial part with frequency control programs, alongside
advancements in electrical technology components [80].

The use of BESS in the LFC received plenty of notice. An in-depth examination of
the LFC was conducted, and the issues were highlighted. Models of LFC dynamics
for various energy sources They also discussed the LFC for Renewable System
Integration and BESS. However, no information about the use of BESS can be found
in the LFC. Attempt this search. Examine many categories from the list of LFC
strategies with BESS, comparing their benefits. The pitfalls and their technical
aspects are discussed [80].

Power
~

Primary Control Secondary Control Tertiary Control Time Error Correction

10-60 s

1-10 min 10 min-Hours

v

Time

Figure 2.7. Depicts periods for frequency regulation techniques.
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PART 3

AUTOMATIC CONTROL OF DEMAND FREQUENCY IN
ELECTRICAL SYSTEMS

(LFC) is a type of electrical system control mechanism that divides responsibility
between two frequencies to maintain a generally stable frequency. The tie-line while
management of both generators' interchange plans Given that the typical frequency is
50 Hz, frequency load controllers are essential. It either decreases or increases by
less than 47.5 Hz. The turbine blades will rotate quicker than 52.5 hertz to prevent
the generator from stalling. Here are some model samples. How to Control the Load
Frequency of an Electrical Source Area frequency and tie are two Kkinds of
intermittent power demands. (Load Frequency Control) Line power exchange and
line power exchange are two main components that vary over time (LFC) [81].

Because the goal is to reduce this fluctuation, the concept of load frequency control
(LFC) is inextricably related to any previously stated elements. The primary
objective is to maintain a constant condition at zero. Practical control methods such
as active interference elimination regulation (LFC) were created in this manner. The
primary sources of frequency and voltage bifurcation in power networks are active
and reactive powers. Voltage is determined by active power, whereas frequency is

determined by reactive power (load frequency control) [82].

Load frequency management is a combination of power management and frequency
control. Modern power systems are classified into different types. There are many
stations, and each of these areas is usually associated with the surrounding area. Link
lines are transmission lines that connect one location to another. These
interconnection lines allow power to be shared between two regions. Load frequency
management, as the term implies controls the flow of electricity among many

locations while keeping a steady frequency [79].
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The rest of the document is structured this way: The first part investigates and
contrasts the formulation of single-domain and multi-domain issues. The second part
employs computer simulations on testing equipment connected to singular and
multiple domains to demonstrate the suggested AGC technology's technical
performance. Section 1V concludes with the findings, arguments, and
recommendations for future research. When the wind turbine generated more
electricity than the required equipment a manufacturing burner was fueled by the
steam furnace plant, enabling extended periods of functioning in the absence of a
requirement for a dispatchable generator. Because St. Paul's strength structure lacked
electricity preservation, that might just switch away the fuel algorithms while
utilizing a powered furnace with time oversight while having been essential over
from turbine-based strength results, suggesting one breeze vitality role well above
entirely their wiring demand. If transportable sources seemed unavailable, some
synchronized rectifiers became utilized for regulating circuit output and residual
electricity. The following addition, The Arctic Country Energy Company encounters
developed demand regulation mechanisms regarding assisting electricity networks

alongside greater windy input. Under typical operational circumstances [83].

This normal machine velocity is affected by what is known as the disparity between
produced electricity and immediate capacity consumption. When their sum of
generated power is less than the amount requested, the generator units' speed and
frequency begin to decrease; likewise, the opposite happens. As a result, the figure
derived from concurrent generator production made sense for frequency fluctuations
within the known electricity system in order to maintain that equilibrium [84].
Details: Velocity changes by around 5% between light and full load circumstances. If

a load change is handled by both devices operating in tandem, as illustrated beneath:
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Load Load

When the modification in demand occurs at S1 or S2, and the production in S1 is
only being controlled by adjusting that modification until it retains the same
frequency, this type of modulation can be referred to as steady-state frequency
control. Another possibility for sharing the burden of fluctuation is for each S1 and
S2 to change those before them while remaining frequent and steady. It is regarded
as simultaneous control over frequencies. A power source means a particular region
handles shifts in a particular place, ensuring turbine-line flow stays consistent.
Alternator-tie path overloading management involves a type that regulates power
production while keeping frequencies stable [85]. Because all of the engines in such
an area form a cohesive group, they all accelerate and decelerate at the same time
while maintaining their respective braking ratios. This has been designated a
management zone. The boundaries of the control region aren't always the same as
they are in a single electrical system company. The majority of alternating current
motors run at rates proportionate to energy. The velocity and cause of the electricity
in the ability circuit may change due to variations in how frequently the electrical
system operates. When working at rates less than 49.5 Hz, certain rotor states in
some kinds of steam engines experience excessive vibration, and the shift within the
cadence may trigger battery chargers to fail by generating oscillations. In order for
turbines to be coordinated across multiple reactors, the connection's frequency must
remain consistent. Many grid-connected devices will only work properly if they are
charged [86].
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3.1. CONTROL OF LOAD FREQUENCY

The LFC's operational goals are to maintain a generally consistent frequency, divide
and manage connection switching plans, and distribute power for engines. This
velocity is when a true voltage concerning the equalizer wire is acquired for figuring
out the shift in rotary direction and what needs rectifying. The fault impulses are then
increased, merged, and transformed through an actual power command signal that is
sent to their kindergarten motor in order to seek an applied torque boost in a
particular area. Keeping the system's rate within a small bandwidth is less expensive
than having every device accept a broader frequency spread. The switching
frequency determines the inductance of the inductive elements (e.g., the
transformer). Changes in frequency will produce output disruptions and may even

cause the supply's control system to become unstable [87].

Excitation Automatic voltage
system regulator (AVR)

|_\Gj:‘fﬁ| Voltage sensor

Steam i Y
e
>< || Turbine :[D:@ v
I
Py Y
- APg, AQc
WValve control A Pye
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APc L.oad fret]:luenc Frequency
control (LFC) [~ sensor

Figure 3.1. Depicts a block design for (LFC) and (AVR), which is synchronizing.

As a result, most important mover causes D. P change in the generator output, which
changes D. f and D. Ptie numbers are inside the specified range. The mathematical
modeling of a control system is the initial step in its analysis and design. The
transferred function technique has each of the prevailing methods, while the state
vector methodology has both. The state variable method can be used to represent
both linear and nonlinear systems. The system must first be linearized before using
the transfer function and linear state equations. The mathematical equations

representing the system are linearized using appropriate assumptions and
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approximations, and a transfer function model for the following components is
created[87].

3.2. THE DYNAMICS OF THE ENERGY DESIGN

This automated power-time management cycle typically connects to big engines.
One of the goals of automatic load frequency control (ALFC) is to keep that
frequency constant. Turbine-variable rate, in order to spread loads between sources
and control interconnect line energy transfer based on tabulated values. The different
parts of the automated frequency control of the load cycle are depicted in Fig. 3.2
[88].

O e 5] AF (2]
Goweernor Turbine .| Loadand

Fowersyste

Droop ”

Figure 3.2. Block schematic of continuous power regulation of frequencies.

3.3. TURBINE

The turbine operates within electrical networks to convert mechanical energy into
electrical energy, especially gas or hydrogen, thermal fuel or any other source by
producing electricity, which is easily supplied to the engine. The most common types
of generators used in electrical systems are current transformers at the generator
output to raise the voltage on the synchronous grid and turbines powered by steam,
gas, or some other source, all of which can be planned and constructed using
production, lift, and transmission operations in the grid. These turbines are described
as primary components by an amount described as the latency that occurs between
the times the unit load power turns over while the turbine produces power. Equipping
generators with protection units, because the gas pressure varies with its rise and fall

when the frequency is disturbed. Gas turbines are classified as machines with fewer
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phases than turbines due to frequency instability in the electrical system. We have
examined and studied tandem turbines with one fixed gain time factor, KT [89].

A turbine is represented in the model as :

AP, (s) 1
APg(s) ~ 1+sTy

3.1)

The turbine model necessitates a link between changes in the energy generated by the

gas turbine and differences regarding the openings.

Where;

APy (s) = Turbine i/p
APg (s) = Turbine o/p

The transfer function of a power generation system gas turbine engine via only one
rise component KT and just one one-time parameter TT is defined as follows:

AXE(S) Ko AP(S)

1+STy

A period characteristic TT ranges from 0.2 to 2.0 seconds.

3.4. GENERATOR

The generator transforms vibrations around the rotors into electricity. But we are
more interested in the rotor speed than the power transformation. That turbine's
movement relates to an electricity technique's velocity. You have regulated an
equilibrium between what energy is produced and the electricity requirements of our
customers since energy isn't produced in vast amounts while the burden fluctuates.
The torque output of a turbine rotor is inconsistent with the electricity manufactured

by the engine, creating a problem that incorporates rotational variation (Aw) and an
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imbalance in the frequency ( Af =2Aw). Electrical workloads can be classified as
resistance loads (PL), and these can be set as the rotors vary owing to electrical loads
that vary via demand performance. If the force of gravity stays the same, the engine
capacities must adjust for a load difference at a rotation cadence that differs
significantly compared to what was expected [90].

Scientifically

AP, (s) _ 1
APy(s) 1+s Ty

(3.2)

AP\(s) = Generator o/p
APgy(s) = Generator i/p

T = The generator's time constant

And we have obtained the swing equation for the synchronous machine with modest

perturbation.

2H d% AS

WSdT = APm - APe (3.3)

or in terms of minor speed variations

an2

ws 1
o LA, — AR) (3.4)

We have defined every system, yet there is an insufficient formula.

dA 1
d—t‘“ = — (0P, — AR) (3.5)

It find the Laplace transform

AQ(s) = = (AP, (s) — AP, (5)) (3.6)
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Figure 3.3. depicts the aforesaid relationship in block diagram form.

APp(s) st > AQ(s)

AP,(s)

Figure 3.3. Generator block diagram.

3.5. GOVERNOR

Governors are used in electrical systems to control all unit systems and to identify
and remove frequency instability caused by changes in demand by changing and
controlling turbine parameters such as speed control characteristic (S) and regulator
rate value. When demand varies without directing work, some fluctuations can be
easily accommodated by adjusting the turbine control and protection regulator and
giving the unstable and stable variation data to be resolved, while the rest may appear
as a change in frequency. indecision. As a result, the basic load setup is able to alter
turbine locations so that all load variations are canceled out to control power output

rather than the corresponding variation in frequency[91].

Scientifically,
APg(s) = APref(s) — —AF(s) (3.7)
Where;

APyg4(s) = governor output
APret(s) = The signal of reference
R = Steady or drooping control

AF (s) = Speed-related difference in frequency

It detects speed via rotating flyballs and responds with mechanical motion to changes

in speed. If the generator's energy usage is impulsively raised, the output of
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electricity exceeds its internal capacity intake. This lack of strength is compensated
for by the dynamic motion conserved by the turning device. As the force of rotation
decreases, so does spinning speed and, as a consequence, engine frequency. Its
control system senses a velocity and activates its intake valves to modify the
mechanical force result, returning the velocity to an equilibrium level. The Watt
governors were the first governors. However, most current governors employ
electrical techniques to detect variations in speed. Figure 3.4 depicts the essential
elements of a standard Watt governor, which include the following important

components [92].

To governor-
= 1 Lower controlled
= valves

To close

T Hydraulic To open
amplifier

Figure 3.4.Governing speed system.

3.6. LOAD

The load of the power system consists of several devices controlling the unit in
electrical output. And the electrical power in which the loads are subject to change
due to the change in the work requirements, and the frequency capability of the
device is determined by a set of the power generation system and the load
characteristics of each operating tool [88].

The speed-load feature of a mixed weight can be calculated using:

APe = APL + DAw (3.8)

( APry= Evolution in grid-frequency sensitive demand

(D Aw) = Variation in the frequency of responding to demand
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Variation in L

Variation in F

L=is a load

F=is a frequency

Where indicates an intensity shift that isn't time-responsive and shows a turbine-
sensitive demand alter. D feedback can be obtained by dividing the percentage
fluctuation of energy across the percentage difference in periodicity. D = 1.6, for
example, if the demand on resources varies by 1.6 percent for every 1% shift in
velocity. Putting loads into a generator structure results in the block design displayed

in fig 3.5. When the basic cycle is removed, the component layout shown in fig 3.6 is

created.
APL(s)
AP (s)— : i AQ(s)
D
Figure 3.5. Generator and load diagram.
APp(s)
APn(s) 'L/ 37D >~ Af)(s)
Figure 3.6. Generator and load diagram.
3.7. TIE-LINE

Several branches within an integrated electrical network may link to different
locations using tie-lines. If a couple of locations with totally distinct wavelengths are
linked together by connection paths, that is a voltage exchange. It is the duty
generated by regional tie-line exchange and also its coordinating force. As a
consequence, you receive the sum of the frequency difference among both points,

which was a numerical mistake induced within the tie-line. Its objective for tie-lines
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is that they should exchange electricity in neighboring networks and places where
operation expenses are low enough to make the exchange affordable. Furthermore,
despite knowing that nothing flows via tie-line for each adjacent network or area, a
generator within the networks suddenly breaks. In these cases, the frequency for all
devices that have an interconnection changes, enabling the intended frequency to be
restored [93].

Suppose there are three areas of responsibility, while authority has been moved about

only one.
P, = 2 sin[s, — 6, (3.9)

If 1 denotes authority zone 1, and 2 denotes authority zone 2
X12 = Zones 1 and 2 participate in numerous instances of reaction

|V1| |[V2| = Amplitude for volts in zone 1 and 2
3.8. REGION MANAGEMENT PROBLEM

LFC isn't followed by eliminating transmission mistakes at any place; additionally, it
enables planned electricity swaps given the tie-line. Since the mistake caused by tie-
line strength represents the sum of variation in frequencies among every combination
of regions, once a frequency variance is set to 0, everything within it that has a static
flaw causes tie-line strength mistakes. As a consequence, the control input must be
taken into account when the tie-line voltage fluctuates. Below is a representation of a
control mistake. The ACE indication is regarded as the vegetation's production in
each power-producing region. Frequencies when mistakes in tie-line powering the
structure occur are completely insignificant, putting each ACE in the negative across

all places.
ALFC handles each energy exchange throughout its areas within the electric grid

using the actual voltage ratings of all interconnect lines as they exit the site before
subtracting a fixed exchange to calculate the wrong number. Adjacent coordination

43



excess (ACE) is fully explained as the full power exchange raised by increasing B
(MW/0.1 HZ), also known as the frequency bias factor, using spectral divergence.

ACE = YK_. Pk — Ps + B(Fyer — F)) MW (3.10)

Where,

Px = Energy within the connection zone (when from range, +ve).
Ps = Scheduled electricity swap.
F, = Fundamental frequency.

F,..= Real frequency.

Affirmative ACE suggests something has exited this region.

3.9. FUNCTION OF THE IT DIRECTIONS GENERATOR

If a number of power generators are currently active at the same time, backup
electricity might have been installed with ease. The properties of the matching
engine's inertial stability, pressure attenuation stability, and frequency response
might be presented. Communication according to the fluxes or rate decreases
exhibited across associated energy regions are examples of associated features
resulting from the simultaneous activity of an alternator. Everyone If the area
maintains the speed of the common thing applied by the departments, in the end, is
added via stacking. The governor drop speed characteristics of the two parallel
generators are quite distinct. Since it is possible to communicate within a tandem,
their energy exchange forces these individuals to synchronize shared frequencies
[91].

Tieline

Bus Bus

Figure 3.7. Generator parallel operation block diagram.
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3.10. ALFC MODELING

3.10.1. Modeling For Frequency Change

Take separate automated control of the load frequency cycle from a dedicated
apparatus to investigate both the fluctuating and steady-state feedback. The one
shown in Fig. 3.8 below allows the Pref(s) to express a variable speed preset, while
the AP, denotes the modulation in amplitude requirements. Consider an example
where the velocity modulator has a fixed value, i.e. Pref(s) = 0 while each load
requirement is different. It is commonly referred to as the independent regulator
function” [94].

AB(3)
AP AP
AP@,—(S) l..-’/_ -\‘\,II g(s) 1 F(S) I ' /_ -\\ K AF(S)
—» L L > — £ >
Y, 1457, 1457 / 1457,
NS
¥ AP(9)=AP(8)

IR

F

Figure 3.8. Intelligent load control of the frequency system.

This constantly changing system results from moving differences in consumer

demand; therefore, AP, (s) = A'% is acquired for such a process as follows:

Kt
{APref(S) ——AF( )}m APp(s )(1+ o) AF(s) (311)
This implies that,
AF(s) = —KpAPp(s)/s(1+sTp) (3.12)

(KtKP)(1+sTh)(1+sTt)(1+sTp)

We get after simplifying,
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AF(s) = A% (3.13)

Where are [ the features of the area frequency response?

—KpAPp(s)/s(1+sTp)

AF =
(s) (FEE) (@ +sTR) (1+5TE) (1+5Tp)

(3.14)

Assuming that the responses of the amplifier and turbine were identical, i.e. , Tt =
Th = 0,and Kt = 1, We've got

—___~Kp  A4Pp
AF(s) = (1+sTp)+Kp/R s (3.15)
After simplification,

_ —RsKp(1+sTh)(1+sTt) APp
AF(s) = Rs(1+STh)(1+sTt)(1+sTp)+(s+RK)Kp s (3.16)
3.10.2. Tie-Line

Assume the following scenario: One zone has additional electricity, which is

subsequently given to two zones via the jumper.

Tiali
Control l=line Control

Y

area 1 area 2

Figure 3.9. Electricity transmission by conduction.

P;, = represents the electricity transmitted from Zone 1 to Zone 2 through the

connections. The tie-line is then described in the power transfer equation as follows:
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_ nlinl

APy, = o cos(6; — 6,) (A8, — AS,) (3.17)

Where 1 and 2 it has power ratios corresponding to the V; and V, levels of the

corresponding device.

X, represents the tie line's reaction.

| V1 |or| V2| The volts were within zones 1 and 2. Further design indicates that the
junction-induced energy transfer was adequate across one to two. The strength of the
composite path fluctuates with slight differences in degrees between those presented

by 1 and 2, respectively:

AP, = %cos(& — 8,)(A8, — AS,) (3.18)
AP, = T°(AS; — AS,) (3.19)
e

APy () = T (8fi(5) — Afo(s)) (3.20)

T° = W(cos(é2 — &,)) = Generated A torque
12

The increased power (AP;-APp) was measured within the discrete test regions to
increase the protected motion resulting from a significant increase after the frequency

was increased. This was energy produced from the connecting lines across each

region:
AP, (s) = APy5(S) + @y APy (S) (3.21)
AP,(s) = APy, (s) + az; APy, (s) (3.22)
APy (s) = APy () + ty; APy, (s) (3.23)
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The regulation of conduction imbalances is intended to eliminate the instability error
caused by the power added to the capacitance transmission formed through the
interconnect lines. This means that in order to increase confrontation across an
individual's unique total energy exchange, all areas of management must contribute

to frequency control.

e region control error for one-zone equals ACE;.
e region control error for two-zone equals ACE,.

e region control error for three-zone equals ACEj.

ACE,, ACE2, and ACE; It appears to arrange its continuous frequencies by

imprecise transmission of the connecting line in the following ways:

ACE1 = AP12 + b1 Afl (324)
ACE2 = AP23 + bz Afz (325)
ACE3 = AP31 + b3 Afg (326)

Where b1, b2and b3 They are defined as imbalances with the region frequencies of
one region, two regions, and three regions, respectively. They are defined as
imbalances with the region frequencies of one region, two regions, and three regions,

respectively.

3.11. DESIGN MODEL FOR DIFFERENT SYSTEMS

3.11.1. System With a One-Zone

ALFC (Automatic Load Frequency Control) cycle as shown via Fig. 3.10. This load-
dependent frequency is compared to the standard performance value. By aligning

demand and supply with the thermostat administrator, who controls heat control as
generator efficiency increases, the frequency of operation will be adjusted to the
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level of preference. Its primary or basic function is to balance actual electricity from

motor flow control based on variations in load demand.

by "'-7-\\-._3 - ™ : A (s
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Figure 3.10. ALFC system for a one-zone using no additional management.

The one-zone structure illustrated in Fig. 3.10 has a specific transmission operation:

1

1
KG(s)G(s) = E(ZHS+D)(1+1:gs)(1+1:ts) (3.27)
Aw(s) _ (147gs)(1+tts)
—API(s) ~ (2Hs+D)(1+1gs)(1+7ts)+x (3.28)
Aw(s) = —APy(s) T(s) (3.29)
In this scenario, where their stress does not depend on frequency (D = 0),
Aw(s) = (—APy)R (3.30)

The above formulas can be used to calculate the steady-state statistic for the newly
added frequency, which is smaller than the starting value. However, we must create
the frequency drift Aw(s). Using an additional ring, adjust the appropriate number

and range focus for stable operation. It is shown in Figure 3.10.

The regularity of stable state changes as this responsibility shifts Aw(s) so, in

addition to the primary loop, another cycle is needed to replace how frequently the
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load change starts. The proportionality is placed in an additional loop and is

responsible for reducing the frequency deviation to zero.

As a result, the signal returns from the regulated Aw(s) to Pref via an integrated
instruction (1/s) APref that brings the estimated number of times with stable state.

Result Aw (s) = 0, the full effect is under the control of the auto-tuning. of APref

making Aw(s) = 0. As a result, this change has been designated as an instantaneous
large charge. Start Resonance Management Transmission Formula via a prerequisite

company is used, and that appears across formulas beneath.

1
@0=— [AP,of — APy (3.31)
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Figure 3.11. ALFC model with one-zone and auxiliary management.

3.11.2. System With a Two-Zone

Electric current to the tie-line is supplied from a two-zone interconnected device
connected to tie-lines, as shown in Fig. 3.12. Allow additional notes.. A P;, and APy,
represent the variation of weight within one zone, while the overall velocity varies

between each of the zones.

Aw = Aw, = Aw, (3.32)

Let X;, is the conduction line reactance, then the power is transferred from region 1

to region 2
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__|Eql|E2| .
Py, = —. sin 612
12

Whlle X12 = Xl + Xtie + XZ and 512 = 61 - 62

The following equation can be liner:

d
AP, = ﬁ/&z , A81, = Ps Aby;

The power deviation at the tie-line:
Api, = Ps(AS; — Ady)

Let Aw = Aw; = Aw,

For the one-zone

AP, — APy, — APy, = Awpy
AP, = —AP,, = AP;, = Awp,

For the two-zone

—-A
AP, = R—l‘"
APy, = =2

R2

51

(3.33)

(3.34)

(3.35)

(3.36)

(3.37)

(3.38)

(3.39)



(3.40)

LA ]
1
l 3

- CE1 - 2 lA 'I(SJ
I I3 N S [ & | * N ,1 b
LB E E Tra | " T | L E ) | 2@ D,
- _ bt A

A s -

. £
] | ....\k
- R : bt Y - A fa)
ACEL 'T watl
x|
R
B
I
Figure 3.12. Two-zone structure diagram without any auxiliary and basic cycle
management.
_ —AP01pB1
APy, = B1+B2

Thus, a rise in demand within one zone raises the frequency within two zones,

causing connecting line electricity to move.. If AP;, When this number was

unfavorable, electricity moved via area two toward zone one, and the burden within

zone two altered as a result. AP,,.

—-DPO2
Aw = B1+p2
_ _ —AP02B1
AP, = —APy = =22
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Figure 3.13. Model of a two-zone system with a secondary loop control.

Secondary control essentially restores balance by keeping the frequency at the
scheduled value and connecting each load-generating area. Figure 3.12 shows an
example of how, when the amount in one zone differs from what is carried in two
zones, the auxiliary regulates rather than two zones and regulates faults in space

(ACE). ACE is divided into two zones, which are outlined below:

In the case of the one-zone:

ACE, = AP;, + BAw (3.43)
In the case of the two-zone:

ACE2 = AP21 + f2Aw (3.44)

It overall demands shift for AP, In two-zone systems, the steady-state frequency

variation varies as follows:

—API1 _ -APl1
(%+D1)+(%+D2) T p1+p2

Aw = (3.45)

A few ALFC may be given to each management space in a multi-zone, connected

structure. This operational impulse, known as an ACE, has settings that change
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common power presets. This way AP;, and Aw upon achieving a stable state, the
value becomes zero.

Regularity and line errors were combined to create an ACE for each region.

3.11.3. System With a Three-Zone

As seen in Fig. 3.14, management within a three-zone structure seems comparable
when compared to management within a three-zone strategy. Three-zone methods
additionally apply combined management, which appears in one-zone and one-zone
structures. The steady-state frequency changes as the load changes. So, in addition to
the primary loop, another cycle of delivery is necessary with their original number
before a pregnancy disorder occurs. In the auxiliary function, there's a fundamental
system that's responsible for reducing frequency fluctuation in the negative. A three-
zone, interrelated structure is made up of several interwoven management regions.
On the connecting path, electricity moves if electrical demands fluctuate due to
routes constructed among oversight areas. As a consequence, regardless of frequently
occurring fluctuations in capacity alongside demand shifts, system-level equilibrium

remains intact.

Figure 3.14. A three-zone system model incorporating a supplementary loop.
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The following was the incidence variation over each zone:

R1Kp m1 (s Tg+1)(sTt+1)

Afl (S) - Kp(s+Kil R1)+R1s(sTg+1)(STP+1)(sTt+1)
_ R2Kp m2 (s Tg+1)(sTt+1)

Afa(s) = Kp(s+Ki2 R2)+R2s(sTg+1)(sTP+1)(sTt+1)
R3Kp m3 (s Tg+1)(sTt+1
Ay(s) = e

N Kp(s+Ki3 R3)+R3s(sTg+1)(STP+1)(sTt+1)

Power flow between three locations is as follows:

2mT®

APy, (s) = S [Af; (s) — Af2(s)]

2mT®

AP35 (s) = T[Aﬁ (s) = Af3(s)]

2mT®

AP,3 (s) = S [Af; (s) — Af3(8)]
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PART 4

LOAD FREQUENCY CONTROL(LFC)

4.1. LOAD FREQUENCY CONTROL IN A GAS TURBINE IN A POWER
SYSTEM

This chapter's topic is generally related to gas operation control systems and
methods. Turbine, more specifically, frequency disturbance and its impact on electric
power plants, as well as a system for improving gas turbine response. Although each
generator is connected to an electricity transmission and distribution network, or
"grid", and these generators are synchronous to the grid, do not operate individually,
each generator is limited by a single main factor that allows it to operate as part of a
team of on-grid generators. Frequency is the main factor that the network and all
individual generators have in common. Although grid frequency varies, the goal is to
keep it within a narrow range for transmission network system stability. The
permissible variations in the grid frequency are restricted to a very narrow range of
+0.5 Hz or less. With this in mind, it is reasonable to assume that at any one time, all
of the generators linked to the grid are running at the same speed or in a
"synchronized™" manner. 50 Hz is used to maintain frequency stability. Grid codes, as
a standard, require a 4%—6% increase in generated output in 4-5 seconds when the
frequency falls below a specified threshold, such as 49.5 Hz for a 50 Hz system.
These regulations also require that power output be kept to a predetermined level,
such as 48.5 Hz for a 50 Hz system. Furthermore, if any additional frequency fall or
rise occurs, less than this value or an increase in this value in the output by 5%, a
frequency of 47.5 Hz or 50.9 Hz is delivered. The turbine and generator protections
kick in to protect the machine while the network recovers and stabilizes [95].

Those skilled in the art will be appreciated. This notion also applies to 50 Hz systems

with typical 1% frequency regulation requirements that have low or high frequency
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ratings, including a frequency ranging from 50.1 hertz to approximately 50.9 hertz or
49.1 hertz to about 47.5 hertz. A non-fixed frequency can be simply defined as a shift
in the direction of current flow in an AC (alternating current) system. Grid frequency
is directly related to generator rotation speed and is also indicative of typical
oscillations in the balance of power generation and consumption. For example, with
50 Hz systems, the generators revolve at 3000 rpm because the rotor in the generator
has two poles, and so 3000 rpm is 50 revolutions per second, or the single magnetic
field cuts the stator coils 50 times each second. If numerous turbine generators are
unable to increase speed owing to capacity constraints, other generators on the grid
will be forced to compensate. When all of the generators' grid supply or contribution
capacity is reached, or if there is a loss of generation or a significant rise in load, the
grid can begin operating at a lower frequency. This indicates that the grid is
overloaded, and modifications in demand and generator output are required to
maintain grid stability. A drop in rotational speed, in turn, results in a decrease in
volumetric flow or mass flow by the gas turbine compressor and a decrease in gas
turbine output. When this happens, suitable measures are usually put in place right

away to compensate for the behavior.

For example, to meet the induced power output at a frequency above or below it, gas
turbine OEMs are employed to meet the increasing standards. Several steps can be

quickly performed to increase the power output [96].

The standard method is fast to boost turbine speed, and open the compressor's inlet
guide vanes (IGVs) while increasing fuel flow. However, this traditional response
can only give a 1%-2% boost in power and is dependent on the turbine generator's
loading base load or part load at the time of the disturbance, as well as the turbine's
ability to surpass its firing constraints by peaking or overfiring. Gas turbines are
typically connected to the electrical power grid or network in droop mode (4%
standard), with the primary purpose of supplying appropriate power while keeping
the grid frequency within established operating limits for grid operational stability.
Grid instabilities caused by major losses or increases in a connected generation or
loads have a considerable impact on grid frequency. The system frequency will either

rise or decrease depending on the nature of the load or generation change. In droop
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mode, variations in grid frequency increase or decrease power generation for the gas
turbine to maintain the appropriate grid frequency. Generators tend to operate at low
speeds with less electrical load and more load in the grid due to instability. Regular
frequency control mechanisms, such as gas turbine controls, compensate for this by
giving extra fuel to the turbine while regulating airflow to the compressor, which

increases speed [97].

The former unit response systems operating for low frequency and high frequency,
for example, use the inherent benefits of full compression to achieve increased power
through increased mass flow derived from the injection of atmospheric air into the
compressor chamber and combustion chamber to increase air mass flow and reduce
air temperature. The cooling effect makes the air denser due to the rise in heat, which
increases the pressure ratio by means of "wet compression”. The turbine can then be
run at full speed with the air density artificially increased to boost power. When there
is a grid disturbance necessitating more power generation, the turbine controls in
wet-pressure systems are configured so that, in addition to simultaneous fuel and air
boost, a mist of temporarily demineralized water is injected at the inlet filters to
reduce the heat entering the turbine (up-stream system water skid). Evaporation of
the treated water cools the airflow entering the compressor inlet. Because of this
cooling, the bulk of this injected treated demineralized water increases the air density
and the load output of the unit increases in the summer, and as a result, the mass flow
of cold air through the compressor. However, the rapid activation of these types of
systems makes it difficult for the control systems to maintain optimal control because
the increase in power output can only take effect in a short time if the gas turbine
control and water injection are perfectly synchronized. Furthermore, conventional
airflow augmentation systems generally do not increase airflow fast enough to meet
the standard reaction timing criteria mentioned above. On the other hand, study or
research shows a control method to prevent delayed feedback due to differences in
compressor airflow. The system determines the deviation of the network frequency
from the conventional network frequency value. Modulates fuel flow from a portion
of the fuel circuits while maintaining a relatively constant airflow from the

compressor to help control fuel-to-compressor discharge[98].

58



Charging pressure ratio to ensure that the combustion condition is not disturbed.
Airflow lag varies when combustion responds to network frequency deviation, so the
combustion flame is not lost. During a grid over-frequency incident, fuel flow to the
gas turbine is lowered in order for the turbine to match the grid's reduced power
demand. A fall in grid frequency caused by lost generation or the addition of a
significant load, on the other hand, may result in an under-frequency event. To
address this issue, gas turbines will generate additional power for grid stability. In
such a situation, the fuel supply to the gas turbines must be increased to prevent gas
turbine instability. When gas turbines are connected to the grid at their maximum
production capacity, their ability to provide additional active power to support the
grid during low- or high-frequency conditions is limited. In such a situation, when
the gas turbine reaches its "full capacity", it must be overheated or fired at peak in
order to meet the specified percentage demand for increased grid output. Overfiring a
turbine, on the other hand, has a negative influence on emission compliance,
combustion stability, and Hot Gas Path (HGP) component life due to, for example, a
negative impact on the metallurgy of the turbine's internal components. Grid
response margin and frequency regulation are both managed. Numerous regulatory
authorities across the world have dated it. This is the margin. Typically, this is
accomplished by peaking the gas turbine. base load, allowing for an extra 2-5%
output above, dependent on cycle arrangement, the nominal base load rating (either
simple or mixed cycle). In some circumstances, however, the gas turbines are not
capable of peak fire, and a significant percentage of these units must be de-rated
below base load due to their age. capabilities in order to conform to regional grid

codes, for example, in order to avoid overheating a gas turbine [99].

Grid requirements in under-frequency or high-frequency circumstances It's quite
common. Reduce the gas turbine rate to allow for a spare margin (e.g., 5%) to allow
for reinforcement when needed to resist quick grid power generation ramp rates
under frequency or over-frequency signals. Lowering the gas turbine rating, on the
other hand, will result in gas turbines being less efficient and more expensive,
creating unwanted allies. An enhanced method and system for improving gas turbine

under or over frequency grid response capacity and, more specifically, methods and
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systems for operating a gas turbine to deliver improved, faster grid under frequency
response Thus, assistance without de-rating the gas turbines is sought [100].

Operation of a gas turbine in frequency support mode It is about gas turbine
operating methods involving upstream of the compressor's inlet means for cooling
the air sucked by the compressor, the steps of sucking in ambient air, compressing
the intake air in the compressor, supplying fuel to the compressed air, and burning
the fuel-air mixture to hot gas in at least one combustion chamber while the hot air
expands inside the compressor. Permanent gas-powered power plants and steam
turbines are often utilized to generate electrical energy. The gas turbine power
generator plant transforms movement into electricity while in operation. This method
of power production Power flows through a supply system at a frequency of 50 Hz or
60 Hz, which is the standard frequency for utilities. Network administrators for these
networks are required by national network requirements, often known as grid codes,
to keep the grid frequency as constant as possible. However, the actual network

frequency is determined by the load being investigated at that time [101].

A high electrical load in a power distribution network can, for example, lead to
power frequency disturbances. Any increase in the energy provided by the power
stations in this case would compensate for the decrease or rise in the frequency of the
network. To support network frequency, multiple operating modes are distinguished
in this scenario. After the base frequency backup process, to decrease emissions,
generators are capable of swiftly adjusting their electrical energy production to the
shift in network frequency. The control system monitors the network frequency and
reacts if it becomes too high. The adjustment of the power plant output directly from
the setpoint frequency is referred to as primary control. If the frequency lowers too
much, the power plant's output power is boosted as rapidly as possible, and it is

reduced if the frequency rises too quickly.

Slope AP =, u=1% (A ") =required change in performance and

An = frequency deviation.
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Typically, the national grid code is used. The secondary frequency support operation
is a second frequency support operation mode. The function of the power plan is to
reset the frequency for normal use. When the secondary control is enabled and the
frequency error is minimized due to the adjusted power, the primary control will

reduce the power. This will free them up for the next time they are used [102].

If it is anticipated that the secondary control power will become active during an
extended period of time, a minute reserve (known as high-frequency control or high-
frequency boost) can be manually activated, causing the power from the secondary
control to automatically decrease. Power plant operators that run their plants in
frequency support mode will receive more compensation, as they will face some
drawbacks. The power plant, on the other hand, must run under partial load and be
able to continuously raise its production capacity when the frequency is disturbed,
thereby maintaining a power reserve. The power reserve maybe 10% of the power
plant's nominal load, requiring the operator to operate his power plant in frequency
boost mode with a partial load of 90% or less. A power plant, on the other hand,
produces less power even at lower efficiency since partial load efficiency is always
less than rated load efficiency. However, the compressor mass flow, and thus the
turbine mass flow, is greatly elevated as it helps increase efficiency by adjusting the
degrees Fahrenheit of the environment it enters, as long as ambient temperatures and
ice in the compressor are consistently avoided. Preferably, the inlet air cooler should
be a heat exchanger positioned right after the gas turbine intake air filters. Is often
referred to as a compressor inlet air cooler, or in English as "Compressor Inlet Air
Chiller" (CIAC), or Up-Stream Water (USW), and is often referenced to those gas
turbines that are installed in warmer climates. Lowering the relative humidity
associated with inhaling air increases its density, which raises the circulation
expander, which improves the combustion engine's efficiency [103].

Development depends on discovering this: no matter how it works, the combustion
engine may operate within a frequency range support mode at nominal load, and that
at least some thereof On rare occasions, assistance is provided for needed efficiency
improvements by lowering the intake compressor air temperature. In this scenario,

nominal load means that the steering vanes are fully open and, taking into
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consideration the compressor inlet temperature of the maximum flow of fuel mass
into the gas turbine, are burned to this state without increasing the gas turbine's
burning. As a result, even though the operating mode frequency is supported, at
about its minimum capacity, the combustion engine control unit can operate the
combustion engine. The gas turbine achieves improved efficiency while still
providing the power reserve required for the frequency-assisted primary mode of the
frequency-assisted process. In general, variable fuel mass flow is used to change gas
turbine power, while variable compressor mass flow is used to adjust gas turbine
exhaust gas temperature. The latter is also affected by the degree of opening; this
includes the compressor's variable quantity routing blades. Indicates the degree of
opening of the adjustable vane in relation to the grid frequency. If the network
frequency is equal to the nominal network frequency, the proportional compressor
mass flow is 100%, indicating that the compressor's inlet guide vanes are fully open.
If the network frequency goes below the decommissioned bottom limitation, the
network collapses and requires a boost in gas turbine power. To do this, the heat
exchanger is provided with a corresponding compressor inlet temperature across the
whole line. The temperature converter assists in reducing the compressor's inlet
temperature to the required inlet temperature. Lowering the compressor input
temperature raises air density, causing the compressor to absorb more mass flow than
previously. As a result, the air mass passes through the burner and combustion
chamber. If the fuel mass flow remains constant, the flame temperature and turbine

inlet temperature will fall, which is undesirable [104].

Because the gas turbine will continue to run at the appropriate turbine intake
temperature, the fuel mass flow increases automatically to maintain the ideal turbine
inlet temperature. As a result, the power of the resulting gas turbines increases. This
power boost is used to support the network frequency. If the grid frequency reaches
the upper limit of the dead range, the compressor blades reduce the gas turbine power
as usual, as does the fuel mass flow. The first is represented by opening degree
values that are less than 100%. In general, a method is chosen for running a gas

turbine in a frequency support mode.
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To be able to operate the gas turbine with relatively high efficiency while
maintaining sufficient power reserve for the frequency support condition, it is
suggested that lowering the warm flow of the airborne particulate generator can limit
its height. in the gas turbine energy released during this time. The gas turbine is made
at the beginning of the inlet of the compressor device to cool the air that can flow
into the compressor through the following steps: taking in the ambient air,
compressing the compressed gas kept and consuming the composition within the
refrigeration system in not less than one combustion chamber in the hot gas,
expansion of the heated gas In the turbine steps distinguish. To achieve the required
increase in gas turbine power generated by reducing degrees Fahrenheit of the
atmosphere passing through the refrigeration system and converting it to gas, it must

be operated in frequency support mode.

As system gas turbines (GTs) account for an increasing share of generation capacity
in an island electricity system, understanding the usual behavior of organizations
becomes important, especially in terms of regulating frequency. for GT to investigate
its reaction to frequency perturbations. Recently, combinations of gas turbines have
been studied, and there are already proposals for many other turbines. This calls into
question the impact of these modifications on the existing power system, especially
when it comes to frequency control. It has been shown that when GTs make up a
large part of the generation propagation, their response has a significant impact on
how it reacts to disturbances, which can result in huge energy variations. As a certain
number of GTs grows, so does a method's reaction to perturbations, and so does the
importance of their response. When the system frequency is changed, it has a large
impact on the GT unit. As a result, this section undergoes a centrifugal response. The
amplitude of the resulting response is controlled by its acceleration and frequency.
This interaction becomes vital to every structure since gravitational interactions from
the production of components, as well as feedback from aggregate demand are
essential when the original frequency perturbation is canceled. The result of
overclocking in the GT system is a reduction in turbine power. The ventilation
decreases proportionally to the compressor's output pressure. Because of the reduced
compressor output pressure, the gas engine rate is low. As a result, gas turbine blades

produce less electricity. This fuel-to-air proportion rises as the flow through the
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ignition chamber decreases, which raises the temperature. However, the turbine's
maximum efficiency was restricted due to machine operational restrictions. These
limitations may be surpassed over short periods of time; however, temporarily, they
will shorten the device's life. In this case, the temperature controller is triggered, and

the fuel flow is lowered correspondingly [105].

As a result, it is evident that temperature control will limit most generating energy
from a GT part throughout oscillation disturbance. When the GT is running at idle, it
Is unable to produce and maintain increases within the total capacity. Indeed, when
indecision gets out of hand, the humidity controllers will react appropriately. In fact,
it reduces the demand for fuel and the production of energy from gas. The turbines
will be removed. As a result, the unit's output remains less than its rated output until
the repeat order returns to normal. When operating at less than full load, the GT unit
can increase in reaction to decreasing frequency, generating less energy [103].

It has been shown that when GTs make up a large part of the generation propagation,
their response has a significant impact on how it reacts to disturbances, which can
result in huge energy variations. As a certain number of GTs grows, so does a
method's reaction to perturbations, and so does the importance of their response.
When the system frequency is changed, it has a large impact on the GT unit. As a
result, this section undergoes a centrifugal response. The amplitude of the resulting
response is controlled by its acceleration and frequency. This interaction becomes
vital to every structure since gravitational interactions from the production of
components, as well as feedback from aggregate demand, are essential when the
original frequency perturbation is cancelled. The result of overclocking in the GT
system is a reduction in turbine power. The ventilation decreases proportionally to
the compressor's output pressure. Because of the reduced compressor output
pressure, the gas engine rate is low. As a result, gas turbine blades produce less
electricity. This fuel-to-air proportion rises as the flow through the ignition chamber
decreases, which raises the temperature. However, the turbine's maximum efficiency
was restricted due to machine operational restrictions. These limitations may be

surpassed over short periods of time; however, temporarily, they will shorten the
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device's life. In this case, the temperature controller is triggered, and the fuel flow is
lowered correspondingly [105].

The characteristics mentioned above modulate the effectiveness of this response;
additionally, there is a reduced maximal attainable voltage compared to that normal
frequency. In some instances, the reaction might have been initially unfavorable.
Modifying the unit with fast-acting inlet guide vanes is a possible choice over
avoiding a GT's early energy generation decrease. These work to counteract the
natural decrease in airflow caused by a decrease in compressor speed. This will only
help when the unit is operating at less than full capacity. Adjusting a GT that doesn't
cause the normal reaction, on the other hand, results in extra expenses. Subsequent
GT implementations are impossible to adjust differently when another type of

inducement exists for modifying these gadgets [106].

When there is a periodic fluctuation in electricity production, the reaction of the
turbine will be affected, and the chance of showing numerous GTs regarding a
standalone entity is vexing for every mechanism worker. Instead of assisting with
decreasing each decline and increasing even the speed at which this changes, the
component's reaction may worsen the issue by causing accidents while transferring
burdens. In the event of an emergency on the power production system of electric
power units, the analog frequency is used, meaning back to the nominal frequency,

which is usually reached after a certain period of time.

As a result, the mechanism showed an instantaneous response, which is critical. That
incident will have little effect on the overall system frequency in a larger system.
However, in this system, this is not the case. In this paper, a typical GT consists of
one column, A gas turbine with constant speed and adjustable inlet guide blades, as
well as a three-phase synchronous generator, which regulates the flow of air to
compressors and thus the pressure ratios and turbine temperature of the exhaust.
When the gas turbine efficiency is at its peak, the maximum temperature of the
exhaust gas is permissible. This IGV is adequately closed at partial load; as a result,
the temperature remains at this level. Increased energy production above a given

input of gasoline. In these instances, the pressure ratios of airborne objects
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approaching the propeller after filtration are assumed to be equal. Further, evidence
about moisture conversion processes from the ventilation system to electrical unit
operations enabled the blades to be adapted. In addition, since the rotation of the
gases has become much smaller than the spatial motion Since normal temperatures
have a significant impact on turbine performance, The calculated engine emissions,
as well as the reported gas temperature turnover and the gas heat turnover, all include

an adjustment for environmental conditions [106].

Assumption represents power; the GT is in a steady state position prior to any
frequency disturbance. However, for conditions that accumulate between Fahrenheit,
each parameter across an organization listed below corresponds to each unit of

energy, generating less energy [103].
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PART 5

LOAD FREQUENCY CONTROL(LFC)

51. A SYSTEM OF BATTERY ENERGY STORAGE FOR LOAD
FREQUENCY CONTROL

The operation of linked electrical systems depends critically on second management,
commonly referred to as “demand frequency management,” frequency control, or
interconnect line interactions between several regulatory domains. A variety of
countries have begun the process of transitioning from centralized, remotely
controlled providers of electricity to a market of robust companies providing
discounted separate power. Power frequency management becomes critical with
power supply designs to improve electrical and electrical conductivity conditions.
One way to improve the performance of LFCs is to install storage facilities during
periods of high demand, especially battery-powered power banks. BES can be used
to improve the efficiency of load frequency control because it may provide fast
electric power correction. BES also enhances supply reliability during periods of
high load. Capacity adjustment, component modification and the ability to start the

vehicle on a dark morning are other benefits of storage facilities [107].

At the moment, in the electric power industry in many countries is moving from a
field with connected utilities offering electricity for regulations to a segment with
fierce competitors offering separated energy for reduced prices. There will be
numerous market participants in the dynamic electric market. (GCs) Companies in
the generation, (DTis) distribution, and transmission industries, especially
independent operators, are examples of such entities. With the development of
electrical construction, frequency regulation has become essential to facilitate power
transmissions and to develop greater opportunities for energy handling. For the

purpose of increasing efficiency in such market environments, academics have
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focused on trying, for the past two decades, to apply LFC technologies to
unregulated electricity grids. LFC's decentralized plan Building from an evolving
hybridized fuzzy (PI) controller method for quadratic multidimensional equations
Algorithms and censorship based on evolutionary algorithms and exponential
matrices of inequality are examples of current research on the topic in question.
Installing warehouses, especially an electric power holding facility, around times of
high demand has been a potential approach to increasing LFC efficiency. BES can be
used to improve load frequency efficiency because it provides real-time power
correction. In addition, BES increases resource reliability during times of high
demand. Transformation equilibrium is a complementary adaptive feature of
conservation systems: efficiency start, rotation protection, area supervision, queue
stability, efficiency adjustment, etc. Based on the mentioned activities, the use of
BES in each area effectively suppressed the frequency error. However, an evaluation
of the post-privatization research found that nothing had been done about the electric
grids [108].

Power system frequency stability on the electricity grid is increasingly affected by
developments in the field of electricity. Storage of energy: this study examines
capabilities as a means of mitigating the impact of increased electric power
penetration. Improved capacitance response in high-power equipment with the
application of energy conservation. Conclusions from the research are used to assess
the likelihood or impact. Operators with wide saturation and environmentally
friendly power sources use batteries to improve frequency response. The capacity of
renewables is being augmented in many countries through the production of
electricity from the vegetation of gas turbines, wind farms, and solar energy
installations [106].

To stop the conventional units and increase the production of electrical energy in
them, the frequency response capacity of the electrical system networks will
deteriorate. They are unable to provide additional power while their frequency
changes as they work around their limitations. To reconcile the advantage of
reliability with the potential expense, a decision had to be made in terms of

increasing frequencies. Aside from generator power limits and gas turbine generation
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in power plants, energy storage (ES) is an issue. Possibility of improving network
frequency response. As battery technology becomes more affordable, coherent
frequency regulation that uses it becomes commercially viable. Different
technologies that involve conserving electricity and managing frequency have been
investigated in the literature. For example, employing control droop during batteries
as a new way to increase revenue through capacity optimization as well as energy
conservation measures. Others claim that these relatively slow droplet responses may
result from large differences in frequency in significant situations. Time derivative
frequencies increase disruption to address such a problem in frequency regulation. In
addition, the common inertia of traditional droop power control emulation Storage
frequency control Regional electricity storage reference using rechargeable cars To
control frequency, use adaptive drooping control. To constantly seek out optimal
parameters, create a control strategy that is adaptive and self-regulating. Reduce
frequency variance as frequencies shift up while reducing information reserve
circulation by using this method to supervise energy conservation. Techniques for

imprecise regulation have been developed to improve robustness [109].

It is used to coordinate the distribution of electric power in power generation, energy
storage, and electric vehicle batteries. When auto-generated control (AGC) for multi-
zone systems is used, fuzzy logic controller targeting is used. The main goal of the
LFC was to control the sources that generate electricity inside a specific area. The
responsiveness of the mechanism to changes in pressure in the connecting line
contributed to ensuring that they operated at their expected frequencies, including the
exchange of energy in the link line with the surrounding parts within the specified
limits. Conventional controllers were slow, especially wasteful, which prevented the
programmed controls from taking into account potential linearity along with
transitions from the state of the actuation generating sets. The actual electrical input
and output are unbalanced for a limited time while the amount of load required by

the electricity supplier changes [110].

For electrical inequalities, an additional BES structure is used. Fast-responding
devices for storing electricity, batteries, and electrically powered devices, for

example, can successfully reduce frequency fluctuations caused by large electrical
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disturbances. Energy storage structures divide the equipment used to accommodate
abrupt variations in power requirements. A qualitative explanation is offered in that
section. Analyze the differences between conventional BES controllers also in terms
of numbers. Interconnected electrical infrastructure using two typical load frequency
control (LFC) zones. The outperformance of this search, BES, is distinguished and
discussed above standard consoles. Natural energy is converted into electric power
via power systems. They deliver electricity to enterprises and homes to meet a
variety of power requirements. To maximize the efficiency of electrically powered
objects, it is essential that you ensure the reliability that electricity provides. Since
these include both stability and frequency indices as well as electricity, balancing
active and reactive energy requires sustained continuity. In general, these parameters
must remain consistent during the immediate commissioning of the electricity
systems in order for the electrical infrastructure to be of an excellent standard. Due to
electrical imbalance, frequencies as well as voltage values fluctuate with changes in
fluctuating demand. Appropriate regulator electronics should be used in such a
scenario to minimize the consequences of erratic loads while keeping the voltages

and frequencies at equilibrium [111].

Despite the fact that responsive electrical systems affect voltages and frequencies
simultaneously, difficulties with frequency control and voltage may represent
fragmentation. The power amplitude greatly affects the vibration rate because the
energy they interact with affects the level of electricity. As a result, there are various
management concerns that electrical substations must deal with. Electrodynamics
with frequency regulation is referred to as frequency regulation (LFC). Automated

voltage regulation (AVR) controls the reactive power and voltage [112].

The main task of the LFC is to control the inaccuracy of the connection point
transmission by keeping the frequencies under arbitrarily changing electrical
requirements. Frequent workload shifts constantly prevent facilities from operating
normally, creating problems with LFC in electrical structures. Matching the
generation speed requires changes at the frequencies as well as the equalizer line
power to remain within permissible limits. Mechanical input controls the generator's

output power. Each load disturbance creates a critical LFC dilemma within an
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interconnected electrical network that would disrupt the frequency of other locations.
While the consumption of the obstetrics department fluctuates, the actual electrical
input and output are temporarily out of balance. The ability retained by spinning
elements provides this discrepancy. The variation in oscillation occurs as a result of a
decrease in velocity as momentum increases. The mechanism that controls the speed
of notes transmitted on a periodic basis was changed while the main driver width was
changed, thus removing the harmonic shift. The use of different processor
architectures with demand regulation has frequently been highlighted by research in
the past few decades. With multi-district power grids, the proposal and other ideas in
the study provide an efficient distributed load frequency regulator. Traditional PID
technology has been widely used to modify the load periodicity [113].

Fuzzy logic and neural networks were later used to solve the shortcomings of
traditional controllers. In the year 2001, BES -related development for LFC
applications Aditya et al. used BES to manage the load cycle of a combined
mechanical unit to reheat. The researchers previously looked at how its LFC
interacted with the BES device in an unsupervised setting. In this section, another
console structure is used because an additional battery that stores electricity is used
instead of the traditional interface. A comprehensive computational model using a
daily integrated two-zone electrical network is used to evaluate the efficiency of
BES.

5.2. THE BES MODEL

Figure 5.1 depicts the BES station is shown in the diagram. A matched battery with
both serial and parallel connections is a key component of the BES infrastructure.
Connected batteries, a total of twelve transmitted pulses Connection circuits
connected to Y /A-Y converters, with commands. The perfect scenario for max

current discharge. The voltages for 12-pulse transformers are specified by:

6V6
Epo = Epo1 + Epoz = — Vi (5.1)
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As shown in Fig 5.1, Similar circuits of the devices within the BES can be described
with reference to a conventional linked conversion. An electrically comparable
system indicates the Battery Open Circuit Voltage Represent (BOCVR), Represents
Over-Voltage of the Battery (ROLB), Represents Impedance of the Connection
(RIC), Represents Internal Resistance (RIR). As shown in Eqn, the ideal no-load
maximum d.c the voltage of the 12-pulse converter is stated as Eqn (1). Where Vt is
the r.m.s. voltage from the line to neutral. This BES's comparable circuits are
occasionally depicted using a conversion connected with a comparable battery with

the comparable batteries connection [110].

3 POWER

SYSTEM
Y-A/Y
12-PULSE
—t—€ BRIDGE BATTERY
’ CONVERTER
—3¢
POWER s
TR. PT/CT
CONTROL
SCHEME

Figure 5.1. Schematic representation of the BES plant.

COMNVERTER BATTERY
Figure 5.2. BES similar circles.
This equation applies to compute the corresponding battery terminal magnitude:

3v/6

VBT = EDO COS“O - RC IBES = TVt (Cosaol + Cosaoz) - %XCO IBES (52)
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Were, a°, is the converter's firing delay angle i, X, is an abbreviation with an order
to commutate response. Izgs represents DC electricity approaching the batteries, R,
represents the capability to store excess electricity, Cg; represents the ability to
withstand excess electricity, Rgp represents discharge opposition, and Cgp represents
the inductance of batteries. The expression with electricity going into the batteries
directly can be written from the analogous circuit of BES (Fig. 5.2) as :

_ (VBr—VBoCc—VB1)
IBES - Rgr+RBs (53)
Whel’e y VBOC = M I (54)

(Rpr+Rps) BES

(1+sRpy Cpy) BES

After any evaluation of the exchanger, the spent acting and reacting capacity of the
BES equipment is provided as follows Pgrs, & Qpgs This is provided with equations
(5.6) & (5.8) .

3v6

PBES = TVtIBES (COSC(01 + cos aoz) (56)

3v6

QBES = TVt IBES (Sina01 + sin aol) (57)

Two ways to regulate are PQ modulator and P-modulator. However, in load
frequency regulation, only incremental active power is considered, hence we use P-

modulation in this research.

In the case of P-modulation a®; = — a®, = a®. Therefore
6v6 0
Ppps = — Vi Iggs(cosa”) = (Epo cos @) Iggs (5.8)
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And Qgzs =0 (5.9)

Let us suppose,
Veo = Epo cosa® (5.10)

where, V., = d.c. without overlapping voltage.
We can deduct from Egs. (8) and (10) that

Pges = Veolpes (5.11)
We obtain the incremental BES power by linearizing Eq.11.

APggs = Vo Alpps + 1% AVgo (5.12)
While it Alggs It happens to be a continuous charging setup, BES will be negative
due to the increase in battery voltage AVgo- and AVg,. With BES structures, the
constant current function is particularly effective, however, with the LFC, they
changed the moment of impact direction to a®, this could be AV, for any BES in
continuous electricity configuration.

Allow them divide AV, separated from one another parts, which are

Thus obtain using Equations (12) & (13)

A Pgps = V0o Algps + %5 AVy + 1%g5s AV, (5.14)

The second part of (Eq . 5.14) IOBESAVf compensates for difference in responsibility
generated from Alzzs Unlike the following period I°sAVy is to responds to system

disturbances. As a result,
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We presume:

VOCOAIBES + IOBES AVf =0

Epo cosa®

. _ V%o _
/e I°BES Alggs = —

Alggs (5.15)

1°pEs
From Egs.(14) and (15) We get
APggs = IOBES AV (5.16)

This damping indicator subsequently AV, , defines the application using BES during
LFC.

K
AVs = — Asignal (5.17)

1+sTgp

When Kgzp and Tgp the breadth of control loops with variants presents ample
opportunity for the measuring instrument and, correspondingly.The information
provides an important input into the energy supply. that provides dampening. In this
scenario, frequency error (fi, i=area) is employed as a signal for BES system control.
Figure 5.3 Complies with BES' progressive approach created by combining the

preceding equations.
During the peak load time, which is the discharging mode, energy is released from
the BES system. The ignition angle used for BES functioning in discharging mode is

B (B° = m — a®) regarding the responsibility demand of the converters with the
BES.

66

_ 0
Pgps = - Vilggs cos B

Where,
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AVaoc
SIGHN Jr
I 4] .J.'
BES

,80 =17 — CZO
“ Pggs = —Epo Iggs cosa® = =V Iggs (5.18)
In discharging mode, the same outcome is obtained as
APgps = _IOBES EpoAs (5.19)
In general APggs = (sing)1°grs Epo AV; (5.20)
AVy  AVT
ASignal [ Kgp | [ -COS&
1+5Tgp _‘I" + I pos
Alpes
Yi 1
- REpz+R BT
AV .
) Rp| :
BPges * 1+SR gy FI-

Figure 5.3. A structural representation of incremental BES design is displayed.

Usually they sign of the battery is in fig 5.3, the incremental BES model can identify

the with signal = -1, charge method, Batteries pack started if recharged. Due to the

presence of DC separators that protect the batteries from high waves. Batteries have

a voltage variation has a limited service life. There is also a restriction on AV due to

Veo< Epo-
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5.3. INVESTIGATED SYSTEM

To investigate how it affects the services provided by BES, computer modeling
representing a two-zone LFC network under de-organization conditions is used. This
article discusses how to draw a schematic view regarding the structure of two regions
in an environment with editing with such a new setup. GCs the generation companies
and DTCs the distribution and transmission companies at cheap rates compared to
any traditional arrangements. With effect, DTCs remain allowed to select their GCs
during agreements. In reality, this allows for a variety of GCs - DTCs contract
combinations. That method introduces another idea of a DTC's participating matrices
(PM) for use with agreement representation. PM is an array inside a framework
representation with the same few partitions equal to the number of GCs and

partitions equal to the number of DTCs[105].

Every component contained in these arrays can be thought of as a percentage of the
total workload being committed by the DTCs (column) compared to the GCs (row).
In these arrays the mix of everything within each partition is one. A phrase like
"participation matrices" refers to the role of DTCs in an agreement that uses GCs.
PM is made up of "contract participation factors” (cpf) = (cpf I, j), is the percentage
of average power to load by DTCs( j) from GCs( i). Each entry across the columns
adds up to 1. PM with respect to a two-zone system with a pair of GCs and DTCs in

all regions forms the following result:

i = Real Axis = GCs( i)
j = Imaginary Axia = DTCs( j)

cpfll cpfl2 cpfl3 cpfl4d

_|cpf21  cpf22  cpf23  cpf24
PM = cpf31 cpf32 cpf33 cpf34 (5.21)

cpfdl cpfd2 cpfad3 cpfa4

Assume DTCss requires (0.1) pu megawatts with GCs; providing (0.025) pu
megawatts, GC, providing (0.025) pu megawatts, GC; providing (0.035) pu
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megawatts, and GC, providing (0.015) pu megawatts. The entries in column 3 of (32)

are therefore readily defined as :

cpf13 =222 =025, cpf 23 =222=0.25, cpf 33 = === 035, cpf 43 = 2> =

1 . . 0.1

0.15

To retrieve the complete PM, other (cpf) are defined similarly. It should be

emphasized the mathematical equation

2 P fij=1-
5.3.1. Formulation Of A Block Diagram

Figure 5.4 presents the architecture for obtaining deregulation for two-zone LFC
systems. While other DTCs require modifications, this appears in else's request in the
area in which the DTCs correspond. These relate to the local requirements APL1 and
APL?2 that will need to be represented by the electrical system circuit interface in the
LFC module component diagram to edit the regulation. Because each area has a large
number of GCs, the FRC (Fault Region Controlling) communication should be

distributed to recipients in line with how they participate in the LFC.

" Involvement components” (ICs). It is worth noting that 3.7, apfj -1 ,

" FRC " coefficients are those that distribute FRC to many GCs.

Which is the total amount of GCs through a given set of GCs should have the
following loads specified for the DTCs, special pointers that represent identical
requests require transmission through a DTCs to a specific GCs. Requirements are
designed using cpfs (PM Components) with megawatt power DTCs. These indicators
specify that specific GCs must comply with an operation that has been requested
using DTCs. Compared to the usual layout, The real power line connection includes
requests through DTCs in a certain area between GCs of different organizations;

Parameters that redistribute the FRC across a large number of GCs were identified as
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'FRC sharing variables' (apfs). This expected stable electrical supply has been

determined by the connection as follows:

APtie 1 — 2, scheduled =( Requirement for DTCs in Zone 2 by GCs for Zone 1)
=( Requirement for DTCs in Zonel by GCs for Zone 2) (5.22)

Electricity through a conflicting connection fault may occur at any time

APyio 1-2 error as defined by:

APtie 1-2 error — APtie 1-2,actual — A Ptie 1-2,scheduled (5-23)

As the (APyje 13 error) During a continuous circumstance, the current of reality

matches a predetermined electric current. As in the standard example, signals are

used to produce the appropriate ACE signals.

ACEl = BlAfl + APtie 1-2,error
ACE;=B,Af2+APyic 21 error (5.24)

. _ Pri
Which was APtie 2-1,error — ~ Pr2 APtie 1—2,error& Prl ! Pr2 are the

evaluated abilities sections 1 and 2 should be read in this sequence.

Therefore is :

_ _ Pr1
ACE; = BAf, + aqp APpie 15 error OT where a;; = I

T2

Figure 5.4 depicts the LFC block diagram in a deregulated system. It is built on the
concept structurally. The demand signals are represented by dashed lines. Specific

pressures appear for zones 1 and 2. APy; ;oc & APy, 1oc ON sequence.
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Figure 5.4. Schematic blocks of a two-zone LFC station for a setup reconstructed
using BES.

54. OPTIMIZE AND INTEGRATE CONTROLLERS USING THE
INTEGRATION SQUARE FAULT (ISF) APPROACH

In each of these privatized environments involving equal zones, two-zone systems
can be modified due to their operational variables for optimal performance. The
primary regulator is the result of a variable (K;). The most effective amount is
determined by the spending mechanism used during optimization (K;). To ascertain
the sensitivity parameters of the control-equipped integrated BES units. The
integration squared fault (ISF) method applies. With such an instance, an efficiency

indicator was used.

ISE = [)"(APue )* +o¢ (Af)* + y((Af)*dt (5.25)
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The a & vy are the reflections affecting the fluctuations in frequency across each
component. For this investigation, both were considered to be the same. Genetic
algorithm application for quantitative optimization K; allows additional systematic
techniques for efficiency. Methods for maximizing the usefulness of a redundant

controller include those described below:

e While the genetics technique examines random pairings with characters,
randomized sequences are produced depending on necessity, while decrypted
meanings are additionally stored, determining the greatest allowable
production frequency tmax.

e The conversion rules are employed for maintaining the translated numbers'
related K1 levels.

e These KI parameters are utilized for calculating the physical activity variables.

e Twine replication technique is successfully transported, establishing a breeding
environment.

e These procedures are also performed on the sequences with coefficients of 0.8
and 0.05, consequently.

e Assuming criteria are satisfied, the KI quantity exhibiting the smallest the

functional quantity has been determined as the most suitable.
5.5. FUNCTIONS FOR THE BES MECHANISMS

BES systems drain during periods of high demand and recharge during times of low
demand. As a result, the performance of unloaded BES was investigated exclusively
within LFC loops. During the simulations, a two-zone architecture is used, where the
two zones with the controlling turbine units are considered to be identical. During the
simulations, the concept of the responsibility system includes the dead range of the

regulator with frequency limits defined.

This dead range limiter parameter is 0.06%, while the generation frequency is :

dAPgi

” | <0.1 pu /min = 0017 pu/sec.

p.u. per minute. i.e |
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The first scenario:

Assume a specific scenario DTCs contribute from each component LFC equally.
Consider two generators in each section of the two-zone system. So, in this case,
there are four generators in total, with just every part of it containing only two GCs
DTC,, and two DTCs in each zone. Every GCs participates in LFC in accordance
with the following zone participation factors (apfs): apfi = 5 with i=1,2,3,4. Let's
assume that the equipment used occurs exclusively within the first region. As a

result, only DTCs , and DTCj , are requesting the load.

The following load variations are taken into account : AP;;= 0.005, AP;,= 0.005,
APp110c = 0.001, and there is no disruption in zone 2 . It is assumed that the PM

matrix is,

0.50 0.50 0.00 0.00

pM = [0-50 0.50 0.00 0.00
0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

Because DTC,; and DTC,, do not request electricity everywhere GCs, their
involvement variables (columns three and four) have a value of zero. DTC,, and
DTC,, place identical orders with their respective local GCs, viz, DTC,, and
DTC,, . Without BES, include the optimal benefit identified by the proposed genetic
method (K;= 0.4719) and (K,= 0.4313). Figures 5.5-5.8 (a to h) shows differences in
regularity for the two regions, Py 1-2 error» and the generated powers of several
GCs with and without BES systems using the same optimized integral gain constant.
It is obvious from Fig.5.5 that the use of the BES system Peak deviations of Af;, Afs,
and AP;;, are significantly reduced, and the settling time is relatively short. Since the
negative PMs are still zero, the expected continuous consumption of electricity
through conduction is zero, right now, there aren't enough agreements connecting
GCs in one region with DTCs of a different country, for example. The conduction

line electricity drops below zero.
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Figure 5.5. Depicts the system response in the first scenario and with and without
BES (a) one-zone of variance in frequencies (4f1), (b) two-zone of
variance in frequencies (472).
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The second scenario:

With the above scenario, both GCs perform LFC identically, apfi= 0.5 where (i=1,

2, 3, 4), as in the first scenario. Basically believed that the PM matrix is:

0.50

0.20
0.00

0.30

PM =

0.25

0.25
0.25

0.25

0.00

0.00
1.00

0.00

0.30

0.00
0.70

0.00

The following load variations are taken into account: AP,; = 0.001 pu, AP;,= 0.002
pu, AP;3=-0.005 pu, AP;,= 0.001 pu, APy 10c = - 0.01 pu, and AP, ;o¢ = 0 pul.

Without BES, Include the most effective benefits identified using the proposed

genetic algorithm include , K;= 0.7750 and K, = 0.6750. The system's reaction to

such enhancements will be weighed against the reaction using the identical ideal

significance. K; and K, with BES. Figures 5.9-5.12 (a to h) is depicts frequency

variations in two control areas and Ptiel-2, error, and produced powers of various

GCs with and without BES systems using the same optimized integral gain constant

With BES, response times are exceeded or settlement periods are reduced.
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PART 6

WORKING PRINCIPLES BATTERIES STORE ENERGY SYSTEM (BESS)
IN ELECTRICITY GRIDS

BESS was a special type of energy storage technology that used cells as the primary
means of storing information. Battery storage systems are important for electric
power grids, but they also need other components to connect the battery to an
electrical network. An inverter is the most important piece of machinery because it
transfers electrical energy between AC voltages and DC voltages at battery
connections, as well as enabling energy to travel in both directions when you charge
and discharge the electricity source. Other separation transformers, safeguards
(which include circuit regulators), and cooling mechanisms. It may additionally be
included in the BESS, in addition to a centralized management structure to maintain

how each system unit operates [114].

(LA
ol wi b (5 ]y Bl
Distribution c,1 Meowile Tast Platfarm -
Lirne @ Gn-: - - .t"w. Lacal Ly
- i" e Load
M i (Embedded
n I-;,l Tie az Profection Microgrid)
F-lnla Ralay
Gl::r l.,mlmn Bus T_@'] H Load
@ Bank
r'"'-'f 51 T A Loads (2000W)
G-'r LB "_"5' 24 and Critical
Diesal Isalating Aux Loads
Een Transformesr
E
Saolar F
Py o o [
5= | uain fo Critical
Irremriz “ -
, DUT — A Loads
(Spara] B ". LT
! — Invarter
'\.lll.l':-\_ﬁ'
T L2
} --.nr’-
External
Battary _| 1 Internal
ouTy — — Baftery

Figure 6.1. The BESS electrical system's general type of energy storage technology.

92




Figure 6.1 depicts a general design of optimized electrical design for storing
electricity. This collapsible structure houses the electrical backup, including adaptive
AC switchgear as well as safeguards (upper part of Figure 6.1). Inverters feature
disconnect transformers, internal batteries and connections, and SCADA systems,
including hot-plugging and multi-channel communication recording systems. The
main contractor and the generator contactor comprise the switchgear. The main line
includes equipment with the tight operation and protection connected to the upward
LV network and downward feeder (loads or customers). The safety mechanisms are
constructed from several automatic breakers (Q1, Q2, and Q3), which operate

through a pair of safety switches.

The primary component is the main circuit breaker which controls the main network
breakers Q1 while breaking the production line circuits Q2. The additional part is a
distributor safety relay that regulates the Q3 and enables the distributor or next load
to continue to be removed. The two interconnected relays may interrupt the electrical
power line breakers while connecting the supplies (which include the electrical
device with batteries) to the networks on demand. This interfacing switch may
trigger a circuit breaker, allowing the entire network to disconnect from the networks
and create an isolated community. In such cases, the generator network provides only
sufficient electricity to supply the downstream feeders, including those that
require[115].

ic)

Figure 6.2. (a) An alternating current switch panel, (b) Automatically activated
circuit breakers, (c) Bi-directional Inverter.
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The battery inside is a 273 KWh lithium-ion battery constructed using triple racks of
battery cells located within the storage compartment shields. The inbuilt battery of
the mobile test platform can also be bypassed and an external battery utilized ABB
PCS100 inverter isolation transformers (270 KW) connect the battery to the
generator link. The inverter can convert AC power to DC rectifier can convert
electrical energy required by DC direct current (rectification) to charge batteries, as
well as convert direct current (DC) into current (reverse as well as rectification
within inversion) within the necessary drain for the batteries while supplying current.
As for the structure for building a renewable energy station on the island, it works on
the electric power method, which dilutes the electricity source and produces the
standard frequencies and voltages for the station. On the other hand, a standard
domestic PV inverter is limited to the direct current operation of alternating current
capability (power transmission in one direction) as well as current generating
function. To work, a consistent grid voltage must be present. These are inverters that
are unable to operate in the absence of a functioning electrical source (they cannot be

isolated) and therefore may not operate through a power outage[116].

The dispersed design connects an excellent and adaptable management system to
each component, Batteries manager program (BMP), transducers controlling
components, and several security controls were included, The security switch has a
separate SCADA connection, which allows connected controllers to instantly
orchestrate network components. While system functions can be handled manually
using a remote SCADA connection, This advanced management system additionally
includes self-regulatory capabilities that may react to electrical events (such as peak

demand reduction, electrical backup).
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Figure 6.3. (a) The three-rack battery system, (b) The controller system HMI screen
local , (c) Voltage and current transducers.

Electricity Ratings, temperatures and outdoor conditions are recorded through a rapid
connection to multiple channels of communication and information-gathering
technology built into the equipment. Figure 6.1 depicts a Node identification for each
group of transducers. There will be three transducers for every AC terminal (one for
each phase of the 3-phase system) . The DC switching points consist of a transducer
linked to the other system elements (D, B, and C), for a total of three collective
transducers. All AC nodes (E, F, G1, G2, G3, G4, H, J, K, M, N) a set of three
transformers (three transformers for each phase of the three-phase systems) red

points), for a total of thirty-three power transformers.

6.1. THE FUNDAMENTAL BESS FUNCTION

Figure 6.4 to 6.7 show its operation with a (20 KW) process charging . Below is a
preliminary explanation of how it works. When the electrical device was instructed
to completely shut off a bit of absolutely and then recharge its batteries, the voltages
crescendo. The working range is (20 KW) and this is approximately 7.4 % to the

inverter's capacity.
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Figure 6.4. BESS electrical system is a general type of energy storage technology.

Figure 6.5 depicts the direct current (DC) electricity within the pack of batteries as
computed using points B and D using the circuit depicted in Figure 6.4. The circuit
breaker had been directed to use no electricity from the electricity supply before the
beginning of the evaluation. Although the electrical device needed electricity for
operation, it obtained it from the bank of batteries, which caused brief periods
without their batteries. Within minutes, the transducer was instructed to draw
electricity in connection with the battery charging hull, with the electricity density
gradually increasing above 20 KW. Although the transformers were not fully
efficient because they had certain distortions, the real electric current entrusted to the
electricity source remained lower compared to the 20 KW inverters required across

the electrical infrastructure[117].
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Figure 6.5. For a 20 KW battery, check the DC battery power curves.
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Figure 6.6. For a 20 KW battery, check the voltage and battery power curves.
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Figure 6.7. (RMS) Inverter phase voltages for a 20 KW battery, checking.

The battery power recorded at position C in Figure 6.4 grows at a consistent pace
while using the stable frequency charging technique. Figure 6.7 depicts the AC
terminal voltage of the inverter at every one of the stages for which this condition
was determined within the electrical equipment with inverters, point E is shown in
Figure 6.4. Apparently, it experienced a slight power drop during the charging

initiation while the electrical system started to load from the electrical connections.

6.2. TEST OF FULL POWER DISCHARGE

A BES electrical system is a generic type of energy storage technology, with a grid

setup that includes a demanding financial institution on the side, as shown:
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Figure 6.8. BES electrical system configuration is a general type of energy storage
technology.

Figures 6.9 to 6.12 show the test results of the integrated inverters followed by the
batteries that produce the electricity in this configuration. Batteries are charged up to
just over 91 % state of charge. for a brief period before evaluation. The full capacity
discharge test begins immediately after the highest available duration when the 100
KWh loading banks are energized. The first example simply uses electrical power
from the grid. Following the commencement of running the electricity institution or
loading the voltage converter had been programmed for operation around a little
below its maximum capacity. This voltage converter produces 258 KWh, including
the 113 KWh used plus the 143 KWh upstream. The lack of 2 KWh was due to
inefficiencies within the decoupling generator, load interfaces link the power supply

to the electrical system [118].
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Figure 6.9. Active power at the inverter (point F), electrical network (point K) , loads
(point N) is measured during the full de-energization check.
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Maximum direct current (DC) voltage measurements were made at points B and D,

both of which are described in Figure. 6.8 during the test was -264 KW, representing

power flowing out its electrical system. Not all rechargeable batteries power Due to

transformers and transformer losses, it flows out of the network. The electricity

provided by the batteries excess is not transmitted to the electrical system, so the

temperature generated at the loading interconnections is wasted and should be

discharged through the charging system, inverter, and transformer air conditioning

systems.
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Figure 6.12. RMS network voltages through complete energy discharge check.

Figure 6.11 depicts AC termination voltages of the inverter in this case it can be
determined at point E. Figure 6.8. Figure 6.7 depicts a voltage drop While the
inverter connections to the grid to charge the batteries. VVoltage surge converters
discharge batteries to the network as well as loading. Grid voltages (measured at
point J in Figure 6.8) because of the isolated transformers this possesses the same

structure with a variety of voltage values as shown in Figure 6.12.
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6.3. CHARGE STATE AND CELL VOLTAGE

The average amount of electricity in the batteries cell - its current capacity - was
obtained during each step of the electrostatic discharge test shown in Figure. 6.9 -
6.12. Figure 6.13 depicts the battery voltage as well as charging status. The batteries'
voltages were evaluated immediately from the DC connections of the inverter (point
C in Figure 6.4), However, the storage systems are programmed across each charger

cabinet determined the level of charge[119].
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Figure 6.13. Batteries voltage and status of charge (SOC) filled the power's
discharging check period.

To more correctly assess the stored energy in the rechargeable battery's capacity for
charging requires a complex algorithm. Despite the fact the battery's energy was
inversely proportional to proportional this fails to give an accurate state of charge.
Assessment on its own. for example, when the inverter begins charging virtually
doubles the amount of energy in the battery pack, however, the charging amount
cannot be increased immediately (the electricity needed to get something done is still
not in the batteries; therefore, it takes some time for their passion to flow through the

cells).
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Figure 6.14. Battery cell voltage following a complete capacity discharging
experiment.

Figure 6.14 depicts the battery's cell voltages, the smallest, largest, typical, and then
lowest values are displayed continuously. Each battery module measures each cell
voltage individually, then information is gathered using the method for managing the
batteries of each battery rack (BMS).

The massive, expensive-power batteries are built using a sequence of lower-voltage
batteries. The initial value for rechargeable batteries is 3.7 V. Living tissues are
interconnected to ensure that voltages from the distinct particles build up into
sufficient power during use with grid-based batteries. Every battery's component has
14 series-connected organelles, yielding an average modulating energy of 51.8V.
Energy storage racking at the end uses triple-connected stacking of 14 components
that produce a default power of 725V. A maximum of 196 Li-ion batteries have
connections in sequence in every racking system[120].
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Figure 6.15. One rack of the LG Lithium-lon battery container with 14 power slots.

Batteries that accumulate maintain a comparable entire voltage (that's for 196
batteries) and therefore hold 91 KWh or electrical power (126 Ah / 725 V). A triple
rack links together at once to give an aggregate of 273 KWh of electricity. Each
battery's shelf has a 1C number on it, This means that each 91 KWh rack is designed
to release electricity within a minute or more, more precisely, it is designed to
generate more than 91 KWh of electrical energy. A smaller C assessing indicates
smaller electrical efficiency with a given resource capacity, while an increased C
assessing denotes improved load performance. For instance, it is capable of
producing a maximum of 91 KWh of electrical energy, and a battery pack with an
operating temperature of more than 1C can consume up to a full kilowatt-hour of

energy in just a few hours.

A battery pack's C rating is an approximation for a battery's entire actual capacity
loading, which fails to reflect or indicate a legitimate electrical capacity for any

condition, including charging stages. While a pack of batteries reaches 99 % charge,
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it can't be powered at maximum capacity and requires being recharged at a rate that
is far more gradual. Figure 6.16 represents the battery's charge during a single
duration However, with simultaneous charging and discharging, performance
limitations. The system for handling batteries within every stand, plus the charging
department manager, who regulates both cell stands, establishes such limitations with
immediate effect. Above 100 KWh, batteries begin to charge. However, as the level
of charge rises, it automatically dips below this. The high-level control system
automatically controls this loss in charge power by coordinating its rectifier's voltage
instructions in reaction to the quantity from the responsibility for its electrical
system. Its rechargeable energy capacity decreases while its full state improves

(around 90%). This limit does not climb again until the charge state is reduced.
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Figure 6.16. The battery section controller (BSC) limits battery power, and the
charge, with everything unpacked and checked throughout shipping
time.

Due to these power constraints, networked batteries can't collaborate properly when
their amount of energy remains excessively excessive or inadequate. Grid
applications such as electric assistance and resource imbalance (charging while
electricity is inexpensive, discharging while it gets costly). The encouragement of
dynamic electrical reactions in addition to peaking necessitates an amount of

charging that permits relatively substantial charging and releasing at all times.
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6.4. CAPACITY WITH PERFORMANCE

Efficiency measures the amount of electricity and thermal energy it consumes in
comparison with the considerable electricity it generates. Every element in ESS for

batteries has expenses, which fluctuate based on the manner in which it is used.

6.4.1. Efficiency Of Inverter

The immediate power loss in relation to the power flow via the inverter is
represented by inverter efficiency (while you are on charge as well as draining). Fig
6.17 displays the performance of the charging during the 20 KW charging
experiment and fig 6.18 displays the inverter's performance during the entire

electrical discharge examination, including simultaneously supplying and removing.
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Figure 6.17. Performance of inverter efficiency for a 20 KW charging check.

100 ———=

- - = o LN N mew me e gy P C—

“‘-‘—’n; B "?'"
S T -

80 - ‘* e

60 i

Inverter Efficiency (%)

40

20

[ } ' } ' f ' } . } ' : } : : : Proc
-250 -200 -150 -100 -50 0 50 100 (KWW)

Figure 6.18. The inverter's performance efficiency from a complete energy
discharging check.
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Figure 6.17 depict that the electrical device operates at only 7.4 % of its nominal
effect, its effectiveness becomes low (large losses in relation to energy generation)
utilized with reduced energy settings. It's standard rate performance, and it
emphasizes the significance of carefully fitting the inverter for the application to
minimize losses. With 10 % ratings of electricity (>95% to 100%) and recommended
capacity (>98.5% effectiveness), Figure 6.18 depicts a generally flat, high-efficiency

working zone.

6.4.2. Capacity For Energy

Electricity metering can be used to determine the performance of electricity storage
after the batteries are completely depleted. Figure 6.19 illustrates the electrical
energy and situation in energy from the very beginning with the entire capacity
discharged operation (95.5% SOC) to its completion with that comprehensive
discharging experiment (0% SOC) the following morning. Figure 6.20 depicts
displays the inverted AC plus the capacitor-reversed DC current measurement over

the same duration.
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Figure 6.19. Battery voltage and battery state of charge SOC during the full
discharge check.

106



Battery DC
Inverter AC

ha ha
(=] o
=] ]
I
1

150

Energy Output (kWh)

-
fo=]
(=]
]
1

n
=]
I
1

0+ Time
18:00 20:00 22:00 00:00 02:00 04:00 06:00 08:00 10:00 (hh:mm)

Figure 6.20. Inverter AC and battery DC during full discharge check.

The testing process is shown in Table 6.1. The electricity provided by the AC
connections remained less but the electricity provided by the mains electricity. It's
from the inverting expenses as well as the supplemental generator's resting power
(this resulted in a slight drop in energy level after that). The experiment confirms that
92.5% of the energy left is equal to the 242 kWh of producing electricity stored in
the battery pack, or the 232 KWh that will be generated by the inverters.

Table 6.1. The test results are shown in electricity supplied by the AC connections to
the rectifier remained below the level for the batteries.

Charging status (%) AC Inverters Power (KWh)  Batteries Power (KWh)

92.5 0.421 0.416
0 232.445 242.213
Total differences: 322.123 238.836

107



PART 7

RESULTS AND DISCUSSION

7.1. SIMULATION MODEL OF MULTIPLE REGIONS CONNECTED TO A
GAS TURBINE CONTROL MUDLE

Researchers can investigate a system's capabilities by extracting them using
simulation models. The various system simulation models are depicted below, with
their reactions time-dependent. We utilized MATLAB Simulink to simulate how to
build the regulation of demand frequencies for a typical gas system of turbine
engines using transfer functions with a PID controller. We have taken a simulation
model of a large area connected to a gas turbine system with integrated PID
controller.

7.2. SIMULATION MODEL OF A ONE-ZONE INTERCONNECTED TO A

GAS TURBINE SYSTEM WITHOUT AN INTEGRATED PID
CONTROLLER
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Figure 7.1. One-zone connection with a gas turbine without an integrated PID
controller.
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The MATLAB simulation project was implemented to search for a solution to an
electrical power network’s frequency problem by building a simplified diagram
model for gas turbines. In this case, we use a PID controller technique using
parameter changes at additionally defined uniform frequencies and stability results.
And not to add the PID control system and compare it in the same project in the gas
turbine system in this project and display the curves of load frequency control LFC
and unstable signals. The difference of the signals in the absence of a PID controller

and the results are like this, and for one-zone connect line control's instability.
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Figure 7.2. One-zone connect-line controls without an integrated PID controller.
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Figure 7.3. Variation in the frequency for one-zone controls without an integrated
PID controller.
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7.3. SIMULATION OF A ONE-ZONE INTERCONNECTED TO A GAS
TURBINE SYSTEM WITH AN INTEGRATED PID CONTROLLER
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Figure 7.4. One-zone connection with a gas turbine with an integrated PID controller.
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Figure 7.5. One-zone connect-line controls with an integrated PID controller.
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Figure 7.6. Variation in the frequency for one-zone controls with an integrated PID
controller.

Figs. 7.1 and 7.4 depict a Simulink model for a single area. The gas turbine systems
have the ability to deliver 100 MW. Give the value of 50.5 Hz as an approximate
value to know the difference and compare the cases where the technique's reliability
Is determined by the fundamental amount and numerous parameters are utilized in
models based on 100 MW. The one-gas gas turbine system has been thoroughly
researched. The standard break-even bias control approach Consider the least number

of gas turbine units to produce practical replies.

Table 7.1. Contrasts Peak deviations and setting time activated energy while
frequencies for LFC disturbance power systems in one zone with and
without PID controller systems

Without a PID controller with a PID controller
peak deviation  setting Peak deviation setting  time
time(sec) (sec)
Pite(pu MW) 58 10 90 10
Frequency in 50.487 10 50.494 10

one-zone (HZ)
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7.4. SIMULATION OF A TWO-ZONE INTERCONNECTED TO GAS
TURBINE SYSTEM WITHOUT INTEGRATED PID CONTROLLER
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Figure 7.7. Two-zone connection with a gas turbine without an integrated PID
controller.
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Figure 7.8. Variation in the frequency for two-zone controls without an integrated
PID controller.
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Figure 7.9. Two-zone connect-line controls in turbine 1 without an integrated PID
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Figure 7.11. Two-zone connect-line controls in Turbine 2 without an integrated PID

controller.
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Figure 7.12. Variation in the frequency for two-zone controls in turbine 2 without an
integrated PID controller.

7.5. SIMULATION OF A TWO-ZONE INTERCONNECTED TO GAS
TURBINE SYSTEM WITH INTEGRATED PID CONTROLLER
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Figure 7.13. Two-zone connection with a gas turbine with an integrated PID
controller.
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Figure 7.14. Variation in the frequency for two-zone controls with an integrated PID
controller.
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Figure 7.15. Two-zone connect-line controls in turbine 1 with an integrated PID
controller.
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Figure 7.16. Variation in the frequency for two-zone controls in turbine 1 with an
integrated PID controller.
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Figure 7.17. Two-zone connect-line controls in turbine 2 with an integrated PID
controller.
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Figure 7.18. Variation in the frequency for two-zone controls in turbine 2 with an

integrated PID controller.

Figures 7.7 and 7.12 depict a Simulink model for two zones. The gas turbine in the

structure operates at full capacity for 100 MW. Give a value to the frequency of 50.5

Hz as an approximate value to know the difference, and compare the cases that

verified its operational reliability with the numerous parameters utilized in models

based on 100 MW. The two-zone gas turbine system has been thoroughly researched.

The standard break-even bias control approach considers the least number of gas

turbine units to produce practical responses.

Table 7.2. Max variations with periodicity preparing connect-line controls regarding
the LFC electrical interruption controller in two-zone, without PID
controller, and with PID controller system.

Without a PID controller

With a PID controller

peak deviation  setting Peak deviation setting  time

time(sec) (sec)
Ptielin 58 10 88 10
turbine  1(pu
MW)
Frequency in 50.485 10 50.494 10
two zones in
turbine 1 (HZ)
Ptie2in turbine 59 10 90 10
2 (pu MW)
Frequency in 50.485 10 50.494 10

two zones in
turbine 2 (HZ)
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7.6. LFC IS INTERCONNECTED TO THE GAS TURBINE SYSTEM
INTEGRAL PID CONTROLLER AND USES BES

Regarding the paragraphs, they will discuss a method for fixing issues and aiding the
process of restoring the frequency disturbance to its normal frequency. Consider the
difficulties of managing turbocharged engines. In addition to the problem of network
frequencies, the generators have protection from high or low frequencies by
protecting the turbine from sudden falls, LFC for controlling the regularity associated
with electricity demand with PID controllers utilized in engine plants with electricity
stations, governor control, and synchronizing the generator with the network with an
increase or decrease in frequency. To safeguard the turbine and address this problem,
governors decrease its rate as a generator as well as a proportion for fuel
expenditures. We have put forward the idea of a storage system that can be
compensated by using the battery storage system in the electric transmission network
by using charging and discharging in frequency regulation and linking it to the
network to compensate the load for frequency disturbances that happen when an
error within an electrical structure occurs. Introducing the idea for constructing an
integrated battery system and storage system, simulating the network connected to
the battery using MATLAB Simulink, and using the battery controller based on

states regarding energy during recharging with draining batteries.
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7.6.1. Simulation Model of a One-Zone Interconnected to A Gas Turbine System

With BESS
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Figure 7.19. Simulink model of one-zone interconnected gas turbine system with

BESS.

A simulated model was created to investigate the impact of BESS. Figure 7.17

depicts the LFC for a gas turbine system in one area, with a 100 MW system in the
first area and a 50 Hz frequency. When determining how it affects using the building

energy system for network efficiency, only the building energy simulation was

employed.
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Figure 7.20. One-zone connect-line controls for BESS with an integrated PID

controller.
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Figure 7.21. Variation in the frequency of one-zone controls for BESS with an
integrated PID controller.

7.6.2. Simulation Models for Two-Zone Systems Connected to Gas Turbine
Systems Using BESS
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Figure 7.22. Simulink model of a two-zone interconnected gas turbine system with
BESS.
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Figure 7.23. Variation in the frequency of the two-zone controls for the BESS with
an integrated PID controller.
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Figure 7.24. Two-zone connect-line controls in turbine 1 for BESS with an
integrated PID controller.
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Figure 7.25. Variation in the frequency in turbine 1 for BESS for two-zone with an
integrated PID controller.
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Figure 7.26. Two-zone connect-line controls in turbine 2 for BESS with an
integrated PID controller.
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Figure 7.27. Variation in the frequency in turbine 2 for BESS for two-zone with an
integrated PID controller.

Table 7.3. Contrast peak deviations and setting times from frequencies with the
connection line for the LFC disturbance power system in two zones
without PID control and with PID control and the BESS system.

Without BESS control With BESS and PID
and PID controller controller feedback
feedback
peak setting Peak setting time
deviation time(sec) deviation (sec)
Ptielin turbine 1 58 10 88 10
(pu MW)
Frequency in two 50.485 10 50.494 10
zones in turbine 1(HZ)
Ptie2 in turbine 2 59 10 90 10
(pu MW)
Freqguency in two 50.485 10 50.494 10

zones in turbine 2 (HZ)
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For the purpose of investigating the applicability of the BESS systems in load
frequency regulation, a comprehensive quantitative scheme of their components was
constructed. According to the analysis, the application of ACE for BES control
significantly minimizes maximum frequencies when connecting line power variables
as well as access. It may be concluded that using a BESS with equipment that
changes the demand recurrence for networked energy enhances its responsive

efficiency.
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PART 8

CONCLUSIONS

This thesis refers to LFC's primary management approach in considering the study,
research, and design of electric power models for a large-scale gas turbine generating
facility globally. The frequency of demand for power connected to the network
enhances its efficiency in responding and simulating devices to verify the behavior of
power generation in light of the various frequency disturbances that occur in the
network when they affect the loads and the production of megawatts for these
sources and the generation of electric power. The use of the latest equipment and
developments in gas turbine technology shows us the simulation and knowledge of
when frequency perturbation has affected the turbine and the output generated,
causing instability that is not desirable at the normal frequency. This study presents a
practical comparison of performance analysis and dynamic combustion engine
simulation with control of electricity generation while evaluating the electrical
network by designing a simplified gas turbine model. Data and practical results are
obtained by simulating efficiency and frequency response by linking the PID
controller with the turbine model or without the PID controller for one and two zones
using MATLAB SIMULINK software, extracting the results, and comparing them in

both cases of load and high and low frequency.

Due to the difficulty of a practical solution within these stations with protection for
the turbine and the generator from sudden frequency disturbance, the failure of the
turbine, and the preservation of the work of the turbine because these generators are
synchronous with the closed national network, any frequency disturbance affects
loads of the electric power production units. The response of the system to the load
leads to the instability of speed and temperature and the descent of the load at a rate
of 50 to 25 megawatts less or more until the frequency stabilizes, which makes an

influence on active power for units and the difficulty of controlling it. This problem
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was simulated, as it shows us in Figures 7.1 to 7.6, and it turns out that the results are
signals and fixed values in the characteristics of the speed control unit and load and
frequency, such as shown in the figures. 7.5 to 7.6. And gas turbine engines, through
this study, evaluation of response efficiency, and comparison of simulations, show
that the response of the gas turbine and the response of the open-cycle power plant
change the frequency to an almost constant state. The frequency deviation will be the
regulator’s difficulty, and it is added and subtracted from the turbine frequency

through the governor.

Among the results presented in the seventh section of this research, when we
simulated the case of the MODEL V64.3A SIEMENS open-cycle gas turbine unit
model, only a large number of units can help the system reach a semi-steady state.
Equilibrium in the interconnected network In the first case, this is possible because
of the frequency difference between the combustion engine equipment used in the
electrical network and any electrical power product connected to the electrical
network in the power system. The idea of building a battery storage power source
with a modern integrated system was proposed to solve the problem of frequency
disturbance and compensate for frequency stability through charging and discharging
systems. A model of the BESS battery storage energy system was integrated into the
MATLAB SIMULINK software for one and two regions and the results for
frequency, load, and frequency response were extracted for the normal state, which
makes it possible to balance the load loss and solve the problems of LFC frequency
perturbation and frequency response. We have mentioned the details of the BESS
battery power that was connected to national grids in the context of electricity, which
were mentioned in the previous chapter. As a result, energy storage systems,
including BESS, help enhance how they interact with the entire structure with low
and inexpensive overhead while preserving the LFC. And restore the frequency to its
normal position and avoid slipping the frequency in the electrical system. With

research, we can conclude and achieve the goals in practice.
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