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Analysis of damping characteristics of an integrated energy system with

hybrid wind-fuel cells integrated
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(School of Electrical and Information Engineering, Zhengzhou University of Light Industry,Zhengzhou 450002, China)

Abstract: The integrated energy system can integrate multiple kinds of energy sources and effectively improve the utili-
zation efficiency of renewable energy generation, and represents a significant means to promote the sustainable devel-
opment of energy. The research on the impacts of multi-energy connected on the power system has become an essen-
tial part for the development of the integrated energy system. In this paper, the damping characteristics of an inte-
grated energy system with hybrid wind-fuel cells integrated are studied. The mathematical models of wind turbines
and fuel cells are constructed and the stability analysis model of small disturbance then derived. The damping charac-
teristics of the interconnected power system with wind power units and fuel cells under different operating conditions
are studied for a sample power system, including different capacity ratios, different access modes, and different levels
of tie-line transmission power, using the eigenvalue analysis and time-domain simulation. The research results can
provide a reference for the integrated energy system to accommodate renewable energy and operate stably.
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Figure 1 Illustration of a DFIG-based wind turbine

generator integrated in a power system
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Figure 2 Illustration of a SOFC integrated in a power system
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Figure 6 Damping ratios of the system oscillation mode under different capacities
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Figure 9 The variation of damping ratio under different transmission power of line
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Figure 10 The variation of damping ratio under different transmission power of line

4 GEiE

R HRGE O IRCHL A S0 A BB PR 1 25 5 B
TR 22 G0 0 B HE T 2R 48 1 B JE R R i [ A 3% 3C
#F DFIG #1 SOFC kK M R B AL, & T &
DFIG fil SOFC ) H J1 & 4 /N T 3 /o e B 7, LA
IEEE PUMLP X 38k 3 45 ok 61 % — 3 1) 25 o B 1L L 42
A7 3 e Z2 eIk 4% A% iy ) R 1 A2 A0 3R G BHLE 4
PE B 52 me 4T 53 A, A5 SRR B

DIERFZ #E T % DFIG 1 SOFC 3t [F]
eI i , DFIG Fl SOFC 145 A 21K & 48 1
JeH L HMGE RGN R E M, B E & A =0,
WO ] B

2)DFIG Fl SOFC [F] B 42 A 3% A 55 43 0 3 A
% FEL ) FNAZ BN B L 2 R A T SR RBIE R R G
BHJE L, 5 5 3R Gofa g Pk L A LB 34 4 A% v 0 9 2
iy T

3) B B K 45 2 A2 By ) 3 0 34 K, X PN R DX B
(] 119 i 37 155 5 BHLJE B 23 32 B () B B AN [ e 341
), (2R 48 B AR AR A 22

S k-
(1] 24, 57 0 - B SR, 5 ) SURERE Y DX B 25 fiE IR

[2]

[3]

[4]

RGN BTHIELT]. MR, 2019,43(9): 3130-
3138.

LI Hongzhong, FANG Yujiao, XIAO Baohui. Research
on optimized operation of regional integrated energy
system considering generalized energy storage[ ] ]. Pow-
er System Technology,2019,43(9):3130-3138.

(/AT SR S < N T W1 e A o= B - RS R =D A
ARG RS REL]] I R G A B, 2018, 42 (4)
11-24.

YANG Jingwei, ZHANG Ning, WANG Yi, et al. Multi-
energy system towards renewable energy accommoda-
tion: review and prospect [ ]J]. Automation of Electric
Power Systems,2018,42(4) :11-24.

B A I E SRR RE R AL
WG], AT A AR, 2019,37(8) :1229-1235.
GONG Feixiang, LI Dezhi, TIAN Shiming.,et al. Review
and prospect of core technologies ofintegrated energy
system[]]. Renewable Energy Resources.2019,37(8):
1229-1235.

AP BT BB L 45 2 XU DG AR R L K 25 G g TR
REWMARH IR G L], B 5 HR # 40, 2019, 34
(1):20-27.

HE Ping. WU Xinxin, CHEN Jie, et al. Low {requency

oscillation of an integrated energy system with wind and



5535 & 1 W Al

P A T XU A ERRE L b Y £5 4 BE VR 2R GE R R O3 T 23

(5]

[6]

7]

[8]

(9]

(10]

[11]

solar power generation[J]. Journal of Electric Power
Science and Technology,2019.34(1):20-27.
HE Ping, WEN Fushuan, Ledwich G, et al. An investi-
gation on interarea mode oscillations of interconnected
power systems with integrated wind farms[]]. Interna-
tional Journal of Electrical Power and Energy Systems,
2016,78:148-157.
DU Wenjuan. WANG Haifeng, CAI Hui. Modelling a
grid-connected SOFC power plant into power systems
for small-signal stability analysis and control[]]. Inter-
national Transactions on Electrical Energy Systems,
2012,23(3):330-341.
WANG Li,CHANG Chehao, KUAN Binglin, et al. Sta-
bility improvement of a two-area power system connect-
ed with an integrated onshore and offshore wind farm
using a STATCOM[]J]. IEEE Transactions on Industry
Applications,2017,53(2) :867-877.
DU Wenjuan, WANG Haifeng, ZHANG Xiaofeng,
et al. Effect of grid-connected FC generation on power
system oscillation damping[C]//2009 International
Conference on Sustainable Power Generation and Sup-
ply. Nangjing,China:IEEE, 2009.
Bhushan R, Chatterjee K. Effects of parameter varia-
tion in DFIG-based grid connected system with a
FACTS device for small-signal stability analysis[ ] ].
IET Generation, Transmission&:Distribution, 2017, 11
(11) . 2762-2777.
FEIC, E LRI R R AL F a5 A 2 e R
R I AR E LT DL K 91 K, 2019545 (9) - 130-
134.
WANG Shuaifei, WANG Weiging, KANG Zhi, et al.
Improving the stability of large-scale wind grid with
grid topology[ J]. Water Power,2019,45(9) ;130-134.
Sedghisigarchi K, Feliachi A. Control of grid-connected
Fuel Cell power plant for transient stability enhance-
ment [ C]//2002 IEEE Power Engineering Society
No.

Winter Meeting. Conference Proceedings (Cat.

02CH37309). New York, USA:IEEE,2002.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

WU Guiying, SUN Li, Lee K Y. Disturbance rejection
control of a fuel cell power plant in a grid-connected
system[ ] ]. Control Engineering Practice, 2017, 60:
183-192.

Taher S A, Mansouri S. Optimal PI controler design
for active power in grid-connected SOFC DG system
Lyl
Energy Systems, 2014, 60: 268-274.

International Journal of Electrical Power and

Farooque M, Maru H C. Fuel cells-the clean and effi-
cient power generators[ J]. Proceedings of the IEEE,
2001, 89(12) . 1819-1829.

Li Y H, Rajakaruna S, Choi S S. Control of a solid
oxide fuel cell power plant in a grid-connected system
[J]. IEEE Transactions on Energy Conversion Jun,
2007, 22(2) . 405- 413.

Sedghisigarchi K, Feliachi A. Dynamic and transient
analysis of power distribution systems with fuel cells-
Part 1. Fuel-cell dynamic model[J]. IEEE Transac-
tions on Energy Conversion, 2004, 19(2). 423-428.
T B, KK XU AR B IR A R R R T R
SFHERILD]. KU W R, 2011,

ZEAW BT, EWE 55, AN R XA LA I X )
R EABEREE ] B R SRAR¥
1R ,2016,31(2) :16-21.

LI Ziming. YAO Xiuping. WANG Haiyun. et al. Influ-
ence of different wind turbine generators integration to
power system transient voltage stability[ J ]. Journal of
Electric Power Science and Technology,2016,31(2):
16-21.

Gebregergis A, Pillay P. Bhattacharyya D, et al. Solid
oxide fuel cell modeling[J]. IEEE Transactions on In-
dustrial Electronics, 2009, 56(1): 139-148.
Ghanavati G, Esmaeili S. Dynamic simulation of a
wind fuel cell hybrid power generation system[ C]//
2009 World Non-Grid-Connected Wind Power and
Energy Conference. Nangjing, China:IEEE.2009.
Kundur P. Power system stability and control[ M ].

New York: McGraw-Hill Inc,1994.



