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Abstract

Stability and reliability have become very important due to the integration of renewable energy
sources and the dynamic nature of load demand in power systems. Frequency stability is an important
indicator of power quality in electrical power systems. Load frequency control by maintaining the
system frequency at the nominal value plays an important role in the efficient operation and ensuring
the stability of the power system. Any sudden disturbance in the load can cause changes in the power
exchange in the transmission line between regions, and create frequency fluctuations in the power
system. The purpose of this research is to analyze and simulate the dynamic behavior of load
frequency control in a single-zone power system consisting of two energy sources: a thermal turbine
equipped with a preheater and a hydro turbine equipped with a transient drop compensator. The effect
of the photovoltaic system on frequency deviation changes in the power system has also been
investigated. The first-order equations of the power system are expressed in state space and the modes
of the system have been determined. The simulation results using Simulink/ MATLAB software and
model analysis using eigenvalue analysis of the system matrix show the dynamic behavior of the
power system for changes in the consumed load.
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Figure (1): Balance of mechanical and electrical torques in a production unit
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IS 3 Sy 4y 425 b Sl 5 5555 ol Jolao Joke 0028 (s sl a5y Sl e olas 1 5 55955 (o yil ~il

Dgd o0 Gl Oygo 4 w8 (29,5 (SHlKe Gl g et

Y4


https://jeps.dezful.iau.ir/article-1-524-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-25 ]

Journal of Novel Researches on Smart Power Systems - VVol. 13 - No. 2- Summer 2024

Slggid s b (21 508 s sl b 2 S (Selus 8 (sileans § Julos

ixlz—ﬁx1+ﬁxz+ﬁx5—iu1 D)
dt I N Ju I

JrS o gl ool 5 (Gl ooy e i Gl eizmen Cool (alie Sul Kb g o gyl Gloe Iu o] o oS
9 9980 e il (nl bawgi (ol Jb )3 Laaly g 39800 48,5 Sl )3 K g Ks colyo b o 5 4 )b (53
olas U b awsl ol 5o (68959 b lass [YFXO] conl o plp oS liw Jelse ggomme (ols J,uS aihie 5 o
Ll 0als ools

pll gl g w8 oo glizinl jlas cou Jl 1) (Gl 6561 a5 Casl (Sl jeee SO L s Dl s -
Sl selisns o G oy Gln B Glaces wleiee oslitul (B2 (2sr cil ) S sba)lS
o s 5w 3l pes U T9n 9w 508 18 Bu sl ys5 B slacim 5 M [¥FXY] 55 oo colil
LF -1 5o e JBu e oaims Liales Jsl 4 yo Ll yins S¥olee [YANA] sies Lo Koo

R R
ixz:—ix2+ix3+FHixsz—ix2+(i——“)x3+—“x4 )
dt T, 2 T, dt T, T, T.)° T,

a 1. .1 (f)
a > T T
ix = &xl—ix[ﬁKGz u, )

dt * TGZRPS TGZ TGZ
cdl el Re ‘uia)fu,w.; sLo) <ol Th ‘6}§)Li'.é o FH ‘JS)glf )lfd.}Lo o Ko g)j”lf ‘Ssl.a) ol Te QT 5 as
A aalyS st 0SS awgs a5 Cenl wudass alads Us (639,9 [FV] sl (o5 Sloy <l Tr g sy
908 4 yamis |, ol op)l5 a5 col &S bl lyls «591 o g, S (65,50 s glyil ol jo :@j OeP T
5 &5l 5l Sl s Qe gl il [EV] WS e pisnaes 1 bl 51 sslatdl )l o sl 95
Sdylas b of 6550 5 ol oYU bas ledly l)ls ST ols s ol oz pul i 50 00T G Slapians
-oly Sl S Oby & @l G slaasly slanes 5515 Sl 65T Gl YL cedib b laasly b avglie o oo
b ol ol gym e 5 el eizmen ot gy 3 aKd oei 4 ey @ Wl e 5 Wyl LS L i 5 3l
2 ez b LFYRE] oo 5 oSt gl p e b 5 o)l sgms Solilgst anle coglite iyagans (slas)

5 asi,be 28l 61AE a5 555l eimnys 4 bgtye S¥olae ¢ ol s Gialed sy oads el clo sl piie

[fol
- 2K
Ex5:—2x5+ix6—2ix6=—Glxl—ix5+(—+ ) Xe
dt Tw Tw dt aRpyTa1 Tw Ty oaTg #)
2 2 2K
- - ) X7 — us
aTg oaTg aTg
£X6=—LX6+LX7+E%=— KGl X, — 1 X6+( 1 _ 1 )X7+ KG]_ u, )
dt aTy aTy o dt aR,, Ts aTy oaT, aoTgy aTy
K K
d, - Sx —ix7+ SLu, 78)

a ! _RPHTel ' TGl T_Gl
38 Sloy ol To o 28l odls o Rp ool g5,0 (ylo) Tw ¢ o8l cals o a0 (8] 850 o Cmnd 0 )] j0 &S

ol Sl (SYsb L3 TR 5 5558 0502 Ke
Sl ggd pcs Joo odins Gialed Jol adpe frdlyiys S¥olee Ll e g0 QL) b S99 s -0

d d
axs =P, X3+21X9+axs_pz X8+(Zl+p1)X9+KPVu2 Q)


https://jeps.dezful.iau.ir/article-1-524-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-25 ]

Journal of Novel Researches on Smart Power Systems - VVol. 13 - No. 2- Summer 2024

VE-Y Gl —pg0 0)lods =20 juw Jls —diaigd 508 (ot jo (g8 Dlidsd 4 i

— X :_p1X9+KPvu2 )

Gl 0ol a8 F a5 s U2 pxio b asb ol o Jb olss o] o a8
oal 48,5 LA o X10 Sl yesite b Salgeid w9 (5555 aie 99 L D508 s (e JWal g < JWH g5 -0
5wl & jle o JLSG sl a8 )5 e o b Jasl oles sl s aloles ool

d

aXm:le(_Xl"'Xs) QRD)

ol Al 90y 00058 1y, i T2 ) jo &S

S lwand i -0

1858 S ) IS il 5o 5551 il a3y Slaale goailajle 5 op 555 55l 5 plipabe] bl
pobae o5 by IS5 S s 008 s 55 (6l b Sloged 4085 gt kS 5l lirabl  sagn il
Gl Az 50 g aS o S8 Lol Hb b adgi cdillae 4 o LS L Lol @l i 4 sy 5o boysil 55 (29,5 s
S5 s o Sllogs b SSL Ll Slosis b 20l b looaisS S cal izpan S e (ad |, a5
S SeeS wlg oo LaolSTy s (S 5)lb 4 pdyans

ey 65 b 5l (Sl oad il o5 90 Jold (lanml ST 8,08 i S8, (gluaned mlS Ceed (nl o
s G e Sl (Bl )38 ilepl ey @ eme @l s SRS a9 0SS e & e b
shalizee glajl cod w8 ,Slee (Db el sl osls lis )b s Gl a3 (59, Silges
el oo plomil i Slads Jlod g lite 138l 5 Sl esliiul b (g3luand )b

5 Sl Glogi )l laly Sldt & S S8 Sl Gl S (e IS oS @ ) s 2l slaasly oS (2
g o IFPTY CFAY Y W5 an s aiS e LS Sl 4 ol doly 45 By ol e ool gl e
g —[FFF CEIVYDA 05 dw s aiS e LI Ll 4 )b anly 45 By 5 og anlys —e/FYLFH]LYES.
bl Sl 6l ay lS 3 i (F) S 5 s Sl g8 i (1) US el =+ IVVYYH - JAAN S
i oo (LA ) WS o0 IS Jine ©j90 4 laaxly o7 (B 6l 2

oS jehailes .ol ol calizre &S jlie ol o l5l 4 gadgi axly g0 b slasl SO 08 g sloas (V) Jgao o
G T 4 s ((Slogi e (sloal) B> slaas by axly 150 als § ol axly 106 iuli8l b ogd oo cdalic
card Gl L alead SGop (cegmge jomme 4 e (Glugh 08) (cegge Wb (g Wled ST IS > egmge oo
et aly by jo GulS 8l Jlaae g cldls walgs cdl a edls cl o ulS 3 Jlade (Kh) of wxly o8 Lis
RPPIREAPES

30 eilS,8 Olpesd 09 oo cdpline a5 jghailen aeo oo ylid 1) addllas 5j50 Dya8 i (WilS L8 Ol ss (Q) S
maly Oless Gl a1y gadsi axly 50 (g, (Sl )l Olyed (F) S sl 00,5 oo yro Chano 4y (sodlo >
B0 oo L Oa8 pw ;o b

A


https://jeps.dezful.iau.ir/article-1-524-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-25 ]

Journal of Novel Researches on Smart Power Systems - VVol. 13 - No. 2- Summer 2024

Slggid s b (21 508 s sl b 2 S (Selus 8 (sileans § Julos

power mechanical deviation

0.8 [

steam turbine

0.6

0.4

0.2 1
hydro turbine
0 4
0.2 I I 1 1
0 5 10 15 20
time(s)

Ao wdss 0 guadsi slaasly SeilSe lgs Ol yss (V) JSSS

25

Figure (3): Changes in mechanical power of production units in separate feeding

frequency deviation
T T

0 T

-0.05 -

R
K
o

o
o
o'
o'
o
o
5
o
<
o
&
o'
o

134

steam turbine

-0.15 .
-0.2 | e
hydro turbine
-0.25 .
_03 1 1 1 1
0 5 10 15 20

time(s)

25

Gl oz a5 10 ady lasly piaw GulS 3 ol s () IS
Figure (4): System frequency changes of generating units in separate feed

\al


https://jeps.dezful.iau.ir/article-1-524-en.html

VEY Ll —pgo o lads — o0 o Jlu —aialign &y08 slapinw )0 (pgd Olidod 4y il

frequency deviation
T T T

0.02

-0.02

-0.04

-0.06

-0.08 -

-0.12

1

Journal of Novel Researches on Smart Power Systems - VVol. 13 - No. 2- Summer 2024

[ Downloaded from jeps.dezful.iau.ir on 2026-06-25 ]

1

1

20

25

-0.14

10

15

time(s)

Sl578 wms  5285 5 5 b s (7,5 IS8 i (0) S
Figure (5): Changes in the system output frequency considering the effect of the photovoltaic system

power mechanical deviation
T T T

1.4
12§ 0% 1
10 1
i 3 / steam turbine
08 i 1
o6fF & .
04 i 1
02fi
0 J hydro turbine
0.2 1 1 1 1
0 5 10 15 20 25
time(s)

aslas S)y90 ‘:’)&é (o ) 6‘)*]9-’ ‘*"5 2T é.ulia Q‘?S U‘J""-’“ (%) JSW’

Figure (6): Changes in the mechanical power output of each generation unit in the studied power system

Ty


https://jeps.dezful.iau.ir/article-1-524-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-25 ]

Journal of Novel Researches on Smart Power Systems - VVol. 13 - No. 2- Summer 2024

Slggid s b (21 508 s sl b 2 S (Selus 8 (sileans § Julos

Table (1): The effect of participation coefficients on single-zone power system modes
Gl SO 3508 pagw sbos 5 oS lie ol 36 (V) Jeux

walrs Kw=0.3 Ks=0.5 Ky=0.7

J)Lwo Ks=0.7 Knx=0.5 Ks=0.3

0.0342 -0.0429 -0.0580

ﬂ -0.4606 0.4607 -0.4610

slaas 2.0523 2.1952 -2.3256

; -4.0000 -4.0000 -4.0000

" -4.7591 -4.7755 -4.7928
-0.6406+).7227 | -0.5565+j0.6188 | -0.4750+j0.5061

S5 Az -F

b5 4l onge 2 S 0l 5 5255, Sl S 5 b ulS 3 S il st ks b5 B 5 50351 ol S
Do oligS Jolbs 4 aF Cenl D508 s 50 (S IRl cn et 5 Se b G2 Sl 8055 5l eans
s S 53 e hlin o $3508 0I5 oS sl gm3le eI S S e KaS 53 5 55
b1y 508 g uilS 8 pdas o l)d JpuS witen ol ol ilS )8 iloaSs coli jelaie 4 diwga v 4 &5y08
ST D58 s S (Seolos (L8, Lo Baa allie (pl o aes se pll e b Sl @ gl jo adgi et
OmP 3 S eg 99 b D)8 e G S9) 2 addllae (nl el Slgets it ST (8 Sl 0 b slaU

(1]

[2

(3]

[4]

(5]

(6]

[7]

(8]

(9]

Syl 35 i ddlaie SO o ‘SJ

References

&=
M. Ranjan, R. Shankar, "A literature survey on load frequency control considering renewable energy
integration in power system: Recent trends and future prospects”, Journal of Energy Storage, vol. 45, Article
Nimber: 103717, Jan. 2022, https://doi.org/10.1016/j.est.2021.103717.
M.R. Aboutalebi, S. Yaghoubi, "Design a 100 kW photovoltaic power plant in isfahan- Economic and
environmental study", Journal of Novel Researches on Electrical Powe, vol. 11, no. 1, pp. 47-56, June 2022,
http://dorl.net/dor/20.1001.1.23222468.1401.11.1.6.8.
B. Guan, H. Li, H. Yang, T. Zhang, X. Liu, X. Wang, "Leveraging cost-effectiveness of photovoltaic-battery
system in metro station under time-of-use pricing tariff", Journal of Cleaner Production, vol. 434, Article
Number: 140268, Jan. 2024, https://doi.org/10.1016/j.jclepro.2023.140268.
H. Xiao, W. Lai, A. Chen, S. Lai, W. He, X. Deng, C. Zhang, H. Ren, "Application of photovoltaic and
solar thermal technologies in buildings: A mini-review", Coatings, vol. 14, no. 3, Article Number: 257, Feb.
2024, https://doi.org/10.3390/coatings14030257.
S.N.H. Mousavi, H. Barati, "Direct power control simultaneously in the rotor side converter and grid side
converter of DFIG for wind turbines with elimination of network current harmonics", Journal of Novel
Researches on Electrical Power, vol. 8, no. 3, pp. 37-51, Dec. 2019, http://dorl.net/dor/20.1001.1.23-
222468.1398.8.3.4.9.
Y. Wang, Z. Wang, H. Sheng, "Optimizing wind turbine integration in microgrids through enhanced multi-
control of energy storage and micro-resources for enhanced stability”, Journal of Cleaner Production, vol.
444, Article Number: 140965, March 2024, https://doi.org/10.1016/j.jclepro.2024.140965.
F. Fardinfar, M.J.K. Poure, "Increasing PV-STATCOM penetration using optimal management of energy
storage and considering demand response program", Technovations of Electrical Engineering in Green
Energy System, vol. 4, no. 3, pp. 94-113, Dec. 2025, https://doi.org/10.30486/TEEGES.2025.1127469.
S.B. Masikana, G. Sharma, S. Sharma, "Renewable energy sources integrated load frequency control of
power system: A review", e-Prime- Advances in Electrical Engineering, Electronics and Energy, vol. 8,
Avrticle Number: 100605, June 2024, https://doi.org/10.1016/j.prime.2024.100605.
S. Li, T. Hu, Y. Li, "Reliability improvement to UPFC with routine test to the abnormal state”, IEEE Trans.
on Power Delivery, vol. 37, no. 6, pp. 4612-4622, Dec. 2022, https://doi.org/10.1109/TPWRD.2022.315221-
0.

£


https://doi.org/10.1016/j.est.2021.103717
http://dorl.net/dor/20.1001.1.23222468.1401.11.1.6.8
https://doi.org/10.1016/j.jclepro.2023.140268
http://dorl.net/dor/20.1001.1.23%1f222468.1398.8.3.4.9
http://dorl.net/dor/20.1001.1.23%1f222468.1398.8.3.4.9
https://doi.org/10.30486/TEEGES.20%1f25.1127469
https://doi.org/10.1016/j.prime.2024.100605
https://jeps.dezful.iau.ir/article-1-524-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-25 ]

Journal of Novel Researches on Smart Power Systems - VVol. 13 - No. 2- Summer 2024

VE-Y Gl —pg0 0)lods =20 juw Jls —diaigd 508 (ot jo (g8 Dlidsd 4 i

[10]C. Lenka, P. Ray, S.K. Panda, "Load frequency control of a hydrothermal hybrid power system using
evolutionary optimization algorithm”, Journal of The Institution of Engineers, vol. 105, pp. 959-970, Aug.
2024, https://doi.org/10.1007/s40031-024-01021-2.

[11]D. lzci, S. Ekinci, E. Celik, M. Bajaj, V. Blazek, L. Prokop, "Dynamic load frequency control in power
systems using a hybrid simulated annealing based quadratic interpolation optimizer", Scientific Reports, vol.
14, Article Number: 26011, Oct. 2024, https://doi.org/10.1038/s41598-024-77247-3.

[12]R.R. Shukla, M.M. Garg, A.K. Panda, "Driving grid stability: Integrating electric vehicles and energy
storage devices for efficient load frequency control in isolated hybrid microgrids”, Journal of Energy
Storage, vol. 89, Article Number: 111654, June 2024, https://doi.org/10.1016/j.est.2024.111654.

[13]G. Shankar, V. Mukherjee, "Quasi oppositional harmony search algorithm based controller tuning for load
frequency control of multi-source multi-area power system", International Journal of Electrical Power and
Energy Systems, vol. 75, pp. 289-302, Feb. 2016, https://doi.org/10.1016/j.ijepes.2015.09.011.

[14]1H.H. Ali, A. Fathy, A.M. Kassem, "Optimal model predictive control for LFC of multi-interconnected
plants comprising renewable energy sources based on recent sooty terns approach”, Sustainable Energy
Technologies and Assessments, vol. 42, Article Number: 100844, Dec. 2020, https://doi.org/10.1016/j.se-
ta.2020.100844.

[15]T. He, S. Li, S. Wu, K. Li, "Small-signal stability analysis for power system frequency regulation with
renewable energy participation”, Mathematical Problems in Engineering, vol. 2021, Article Paper: 5556062,
April 2021, https://doi.org/10.1155/2021/5556062.

[16] T. Baskarad, N. Holjevac, I. Kuzle, "Photovoltaic system control for power system frequency support in
case of cascading events", IEEE Trans. on Sustainable Energy, vol. 14, no. 2, pp. 1324-1334, April 2023,
https://doi.org/10.1109/TSTE.2022.3197687.

[17]L. Zhang, T. Zhang, K. Zhang, W. Hu, "Research on power fluctuation strategy of hybrid energy storage to
suppress wind-photovoltaic hybrid power system”, Energy Reports, vol. 10, pp. 3166-3173, Nov. 2023,
https://doi.org/10.1016/j.egyr.2023.09.176.

[18]S. Rajamand, "Load frequency control and dynamic response improvement using energy storage and
modeling of uncertainty in renewable distributed generators”, Journal of Energy Storage, vol. 37, Article
Number: 102467, May 2021, https://doi.org/10.1016/j.est.2021.102467.

[19]R. Shankar, S.R. Pradhan, K. Chatterjee, R. Mandal, "A comprehensive state of the art literature survey on
LFC mechanism for power system", Renewable and Sustainable Energy Reviews, vol. 76, pp. 1185-1207,
Sept. 2017, https://doi.org/10.1016/j.rser.2017.02.064.

[20] D.D. Rasolomampionona, M. Potecki, K. Zagrajek, W. Wroblewski, M. Januszewski, "A comprehensive
review of load frequency control technologies", Energies, vol. 17, no. 12, Article Number: 2915, June 2024,
https://doi.org/10.3390/en17122915.

[21]M.M. Gulzar, S.T.H. Rizvi, M.Y. Javed, D. Sibtain, R.S. Din, "Mitigating the load frequency fluctuations of
interconnected power systems using model predictive controller”, Electronics, vol. 8, no. 2, Article Number:
156, Feb. 2019, https://doi.org/10.3390/electronics8020156.

[22]W. Jinpeng, Y. Qinxue, Z. Bo, Jeremy-Gillbanks and Z. Xin, "Study on MPPT algorithm based on an
efficient hybrid conjugate gradient method in a photovoltaic system”, IEEE Access, vol. 11, pp. 4219-4227,
Jan. 2023, https://doi.org/10.1109/ACCESS.2022.3233826.

[23] K. Ullah, M. Ishaq, F. Tchier, H. Ahmad, Z. Ahmad, "Fuzzy-based maximum power point tracking (MPPT)
control system for photovoltaic power generation system", Results in Engineering, vol. 20, Article Number:
101466, Dec. 2023, https://doi.org/10.1016/j.rineng.2023.101466.

[24]D. Taheri, G. Shahgholian, M.M. Mirtalaei, "Analysis, design and implementation of a high step-up multi-
port non-isolated converter with coupled inductor and soft switching for photovoltaic applications”, IET
Generation, Transmission and Distribution, vol. 16, no. 17, pp. 3473-3497, Sept. 2022, https://doi.org/10.10-
49/gtd2.12537.

[25] M. Ali, M. Ahmad, M.A. Koondhar, M.S. Akram, A. Verma, B. Khan, "Maximum power point tracking for
grid-connected photovoltaic system using adaptive fuzzy logic Controller”, Computers and Electrical
Engineering, vol. 110, Article Number: 108879, Sept. 2023, https://doi.org/10.1016/j.compeleceng.202-
3.108879.

[26] M. Hashemi, S. Javadi, "Design of maximum power point tracking in solar array systems using fuzzy
controllers”, International Journal of Smart Electrical Engineering, vol. 2, no. 4, pp. 237-244, Dec. 2013,
https://dorl.net/dor/20.1001.1.22519246.2013.02.4.8.7.

[27]D. Revathi, G.M. Kumar, "Analysis of LFC in PV-thermal-thermal interconnected power system using
fuzzy gain scheduling”, International Transactions on Electrical Energy Systems, vol. 30, Article Number:
€12336, Feb. 2020, https://doi.org/10.1002/2050-7038.12336.

o


https://doi.org/10.1038/s41598-024-77247-3
https://doi.org/10.1016/j.ij%1fepes.2015.09.011
https://doi.org/10.1016/j%1f.se%1fta.2%1f02%1f0.100844
https://doi.org/10.1016/j%1f.se%1fta.2%1f02%1f0.100844
https://doi.org/10.1155/2021/5556062
https://doi.org/10.1109/TSTE.2022.3197687
https://doi.org/10.1016/j.egyr.2023.09.176
https://doi.org/10.1016/j.est.2021.102467
https://doi.org/10.3390/en17122915
https://doi.org/10.3390/electronics8020156
https://doi.org/10.1109/ACCESS.2022.3233826
https://doi.org/10%1f.10%1f4%1f%1f9/gtd2.12537
https://doi.org/10%1f.10%1f4%1f%1f9/gtd2.12537
https://doi.org/10.1016/j.compele%1fceng.2023.108879
https://doi.org/10.1016/j.compele%1fceng.2023.108879
https://dorl.net/dor/20.1001.1.22519246.2013.02.4.8.7
https://doi.org/10.1002/2050-7038.12336
https://jeps.dezful.iau.ir/article-1-524-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-25 ]

Journal of Novel Researches on Smart Power Systems - VVol. 13 - No. 2- Summer 2024

Slggid s b (21 508 s sl b 2 S (Selus 8 (sileans § Julos

[28] G.Q. Zeng, X.Q. Xie, M.R. Chen, "An adaptive model predictive load frequency control method for multi-
area interconnected power systems with photovoltaic generations", Energies, vol. 10, Article Number: 1840,
Nov. 2017, https://doi.org/10.3390/en10111840.

[29] S.M. Abd-Elazim, E.S. Ali, "Load frequency controller design of a two-area system composing of PV grid
and thermal generator via firefly algorithm", Neural Computing and Applications, vol. 30, pp. 607-616, July
2018, https://doi.org/10.1007/s00521-016-2668-y.

[30] M. Mokhtar, M.1. Marei, M.A. Sameh, M.A. Attia, "An adaptive load frequency control for power systems
with renewable energy sources", Energies, vol. 15, Article Number: 573, Jan. 2022, https://doi.org/10.33-
90/en15020573.

[31]A. Rahman, L.C. Saikia, N. Sinha, "Load frequency control of a hydro-thermal system under deregulated
environment using biogeography-based optimised three-degree-of-freedom integral-derivative controller”,
IET Generation, Transmission and Distribution, vol. 9, no. 15, pp. 2284-2293, Nov. 2015, https://doi.org/1-
0.1049/iet-gtd.2015.0317.

[32]D.T. Trinh, Y.K. Wu, M.H. Pham, "A novel load frequency control strategy for a modern power system by
considering state-space modeling and stability analysis”, IEEE Access, vol. 12, pp. 115085-115101, Aug.
2024, doi: 10.1109/ACCESS.2024.3445180.

[33] G. Shahgholian, A. Fathollahi, "Analyzing small-signal stability in a multi-source single-area power system
with a load-frequency controller coordinated with a photovoltaic system”, AppliedMath, vol. 4, no. 2, pp.
452-467, April 2024, https://doi.org/10.3390/appliedmath4020024.

[34]M. Tavakoli, E. Pouresmaeil, J. Adabi, R. Godina, J. P.S. Cataldo, “Load-frequency control in a multi-
source power system connected to wind farms through multi terminal HVDC systems”, Computers and
Operations Research, Vol. 96, pp. 305-315, Aug. 2018, https://doi.org/10.1016/j.cor.2018.03.002.

[35]P. Gopi, N.C. Alluraiah, P.H. Kumar, M. Bajaj, V. Blazek, L. Prokop, "Improving load frequency controller
tuning with rat swarm optimization and porpoising feature detection for enhanced power system stability",
Scientific Reports, vol. 14, Article Number: 15209, July 2024, https://doi.org/10.1038/s41598-024-66007-y.

[36]E. Aghadavoodi, G. Shahgholian, "A new practical feed-forward cascade analyze for close loop
identification of combustion control loop system through RANFIS and NARX", Applied Thermal
Engineering, vol. 133, pp. 381-395, March 2018, https://doi.org/10.1016/j.applthermaleng.2018.01.075.

[37]C. Celis, G.R.S. Pinto, T. Teixeira, E. Xavier, "A steam turbine dynamic model for full scope power plant
simulators™, Applied Thermal Engineering, Vol. 120, pp. 593-602, June 2017, https://doi.org/10.1016/j.appl-
thermaleng.2017.03.131.

[38]D. Wang, D. Liu, C. Wang, Y. Zhou, X. Li, M. Yang, "Flexibility improvement method of coal-fired
thermal power plant based on the multi-scale utilization of steam turbine energy storage", Energy, vol. 239,
Article Number: 122301, Jan. 2022, https://doi.org/10.1016/j.energy.2021.122301.

[39]10.J. Khaleel, F.B. Ismail, T.K. Ibrahim, S.H.A. Hassan, "Energy and exergy analysis of the steam power
plants: A comprehensive review on the classification, development, improvements, and configurations", Ain
Shams Engineering Journal, vol. 13, no. 3, Article Number: 101640, May 2022, https://doi.org/10.101-
6/j.asej.2021.11.009.

[40] A. Basem, M. Moawed, M.H. Abbood, W.M. El-Maghlany, “The design of a hybrid parabolic solar dish—
steam power plant: An experimental study”, Energy Reports, vol. 8, pp. 1949-1965, Nov. 2022,
https://doi.org/10.1016/j.egyr.2021.11.236.

[41]W. Tan, S. Chang, R. Zhou, "Load frequency control of power systems with non-linearities”, IET
Generation, Transmission and Distribution, vol. 11, no. 17, pp. 4307-4313, Nov. 2017, https://doi.org/10.10-
49/iet-gtd.2017.0599.

[42] M. Riahinasab, N. Behzadfar, H. Movahednejad, "Analysis and simulation of load frequency control in
power system with reheater steam turbine", Journal of Applied Dynamic Systems and Control, vol. 5, no. 1,
pp. 84-90, June 2022, https://dorl.net/dor/20.1001.1.26764342.2022.5.1.12.0.

[43]W. Guo, D. Zhu, "A review of the transient process and control for a hydropower station with a super long
headrace tunnel”, Energies, vol. 11, no. 11, Article Number: 2994, Nov. 2018, https://doi.org/10.339-
0/en11112994.

[44]J. Hu, J. Yang, X. He, Z. Zhao, J. Yang, "Transient analysis of a hydropower plant with a super-long
headrace tunnel during load acceptance: Instability mechanism and measurement verification", Energy, vol.
263, Article Number: 125671, Jan. 2023, https://doi.org/10.1016/j.energy.2022.125671.

[45]W. Ma, Z. Zhao, J. Yang, X. Lai, C. Liu, J. Yang, "A transient analysis framework for hydropower
generating systems under parameter uncertainty by integrating physics-based and data-driven models",
Energy, vol. 297, Article Number: 131141, June 2024, https://doi.org/10.1016/j.energy.2024.131141.

[46] G. Shahgholian, "Power system stabilizer application for load frequency control in hydro-electric power
plant”, Engineering Mathematics, vol. 2, no. 1, pp. 21-30, Feb. 2017, https://doi.org/10.11648/j.engm
ath.20170201.14.

s


https://doi.org/10.3390/en10111840
https://doi.org/10.1007/s00521-016-2668-y
https://doi.org/10.3390/appliedmath4020024
https://doi.org/10.1016/j.cor.2018.03.002
https://doi.org/10.1016/j.appl%1ftherm%1faleng.2017.03.131
https://doi.org/10.1016/j.appl%1ftherm%1faleng.2017.03.131
https://doi.org/10.1016/j.energy.2021.122301
https://doi.org/10.1016/j.asej.2021.11.009
https://doi.org/10.1016/j.asej.2021.11.009
https://doi.org/10.1016/j.egyr.2021.11.236
https://dorl.net/dor/20.1001.1.26764342.2022.5.1.12.0
https://doi.org/10.1016/j.energy.2022.125671
https://doi.org/10.1016/j.ene%1frgy.2024.131141
https://doi.org/10.11648/j.engm%1fath.20170201.14
https://doi.org/10.11648/j.engm%1fath.20170201.14
https://jeps.dezful.iau.ir/article-1-524-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-25 ]

Journal of Novel Researches on Smart Power Systems - VVol. 13 - No. 2- Summer 2024

VE-Y Gl —pg0 0)lods =20 juw Jls —diaigd 508 (ot jo (g8 Dlidsd 4 i

! Fossil fuels

2 Renewable energy sources

* Photovoltaic system

* Wind turbine

® Greenhouse gases

% Sooty tern’s optimization algorithm
" Scheduled power

% Reheater

® Transient droop compensator

v

Low i)



https://jeps.dezful.iau.ir/article-1-524-en.html
http://www.tcpdf.org

