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Research on Day-ahead Scheduling of Power System Including CHP and Wind Power
Considering Hydrogen Storage Access
LIU Yongjiang, WEI Chao, GAO Zhengping,JIAO Xiaofeng
(Inner Mongolia Electric Power Research Institute , Hohhot 010020, Nei Monggol , China)

Abstract: In recent decades, the integration of renewable energy sources had greatly increased, taking into
account environmental concerns and the lack of fossil fuels. Due to their uncertainty, this integration has presented
new challenges in the power system. Hydrogen energy storage systems (HES) play an important role in the power
system by converting additional wind power into hydrogen using power to hydrogen (P2H) technology. In
addition, emerging technologies such as combined heat and power (CHP) units can effectively improve the
efficiency of power systems. A day-ahead scheduling scheme for CHP-HES-based power networks was proposed
with a high degree of integration of wind power resources. The effectiveness of the proposed model was
investigated through its implementation on IEEE 6-bus system. The effect of heat load increment on generation
equipment scheduling, wind power scheduling and system operating costs were investigated. The simulation results
demonstrate that the operating cost of the system and the curtailment of wind power generation are reduced by using
HES technology.
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Tab.1  Cost coefficients of the CHP-TS
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CHP 0.0345 1450 11041 0.03 42 0.031
G, 0.0010 32.63 129.97 0 0 0
G, 0.0050 17.70 137.41 0 0 0
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Tab.2  Technical parameters of CHP-TS
P,/MW P /MW H, /MWth H,_/MWth LIRS
CHP 68 207 0 150 1
G, 10 100 0 0 0
G, 10 20 0 0 1
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Fig.3  Output of generating units in dispatching time interval
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Fig.2  Wind power forecast and heat load forecast
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Tab.3  Influence of heat load increment on power dispatching
of power generation equipment
LA AT B 114 AT BN Y
] LR /MW BT EZ/MW
G, G, G, G, G, G,
1 105.59 0 0 105.59 0 0
2 89.57 0 0 81.00 0 0
3 82.67 0 0 81.00 0 0
4 86.12 0 0 81.00 0 0
5 86.12 0 0 81.00 0 0
6 86.12 0 0 81.00 0 0
7 82.67 0 0 81.00 0 0
8 94.90 0 0 94.90 0 0
9 115.36 0 20.00  115.36 0 20.00
10 129.60 0 20.00  129.60 0 20.00
11 12941 0 20.00  129.41 0 20.00
12 113.30 0 0 113.30 0 0
13 111.58 0 0 111.58 0 0
14 121.20 0 20.00  121.20 0 20.00
15 150.86 0 20.00  150.86 0 20.00
16 191.97 11.81 20.00 19347 10.31 20.00
17 191.63 40.36 20.00  192.60 39.39  20.00
18 191.28 27.45 20.00 19285  25.88 20.00
19 191.28 24.68 20.00 19285 23.11 20.00
20 191.28 21.06 20.00 192.85 19.49  20.00
21 190.942  20.36 20.00 19254  18.76  20.00
22 151.14 0 20.00 151.14 0 20.00
23 99.05 0 20.00  119.05 0 0
24 12475 0 20.00  124.75 0 20.00

67



wAEF 2021F £51% F204

X AL, 4 AR AR A ROR 89 A BR F A G B TR AT L

S ——
SRR AR
L AR KU A 0

al
2

IXUHL I B 1) % PIMW
3 3
S S

[SS TR
oS O

=4

5 10 15 20 24
Hit il #/h
Tl 4 AT for Xt XL EEL R R L T R A S )

Fig.4 Influence of heat load increment on wind power

dispatching and power plant dispatching
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Tab.4  Characteristics of hydrogen energy storage system

al(¥- b/(¥- /(¥ P P
(MW2)"1)  (MW)1) h) min Lmax T
Generation 153.4 15.60 0.0027 30 10 0.8
Storage 0 1.41 0.1250 30 10 0.6
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Fig.5 Hydrogen energy storage operation status under scenario 2
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Tab.5 Wind power dispatch in case scenario

. AL LI LMW
i) - -
Y1 Y5e2
2 84.150 103.200
3 77.670 97.670
4 73.730 93.730
5 74.060 94.060
6 79.480 95.600
7 92.390 112.390
4 — UG T T
40 — - %G
= 35
23
.E,
25
H I
EZO— !
215 !
& H
! |
5 ! L
0 _. LI I
0 5 10 5 20 24
I E]o/h
6 kLR 2 G,
Fig.6 G, output in scenario 1 and scenario 2
3 %Z®

ASCEEH T — B TR B HLAL 5 K
A0 o P A R A R RE 2R G0 10 I 28 29 B H i U
()R i 1 AR R B o — TR A B RIE
LNEGRFE , 7E GAMS P58 T R H DICOPT K fiff #i
HATR M RXNA T —FAMHRERS B 2R
KRR AL N AR, PR AR e S <. Y
IUREBAR IS, 45 A4t O RE £, SR 05 1 2 T
AR L e, g b &
W1, R G0 PR f 55 SR 4 3G TRt 338 im JXURR, 4 #1980
RGBITIARARRIE . AN, X HES &40
YRR A TE B, 2% iS5 HES R 40, /b T KU
) F BRI 2R 6 )2 7 AR

S5 30k

[1] R34 . T AL AR L ) 2R 45 0 7 P 45 Ak o0 108 B8 7 v
FEJ]. AL RS T AR TR, 2019,35(12) : 60-66.

[2] AR, AT, 578 28 S TR A i B 1 10 X H 30k sl )
SEMET]. A BHAE2AAR ,2019,40(11) :3204-3212.

[3] FEHRIT, BEER BRHOME A KA AU AR S IL T 2 e
B ARG S A D). R R A 2016, 42
(9):2748-2755. (T#F747R)



wAEF 2021F £51% F204

SRE 5 B BALE SRR R R AR RFGRA T AR

WA SC I B0 £ 235 S 0 SCHR 1311 bl 2 245
a5 T RA B PLOCIROK E RS, W 8aa 1T
B, HKIE /K i it 3 5912 13.7 m¥/h A113.2 m/h,
FEHAS I LY I PR At 1 A R A 542

5 4k

AR SR Y SAR FL LG IR K A2 S R
375 1 AT LAT5 /e BR324 v 52 BE AR HL ML Y
RIS AT S HOR 5, 3mSR g
ARG SN S8 2 SR LA PR U B PW ML S T A b
27 Al DU A 0 5 A B 3 R SR 4L LR
HE T2 B 3 R S8 4 v R . BFSE 0T T
R SR A F T LA 152 22 oF B AH R ATL P 2 i A 2 6
AR IR AIE , 42 A e 2 e /N D R Ik sl =ik
A LA AN FR BAH FEL AL A I LG A, 32 7 S 30
RLHLIZ AT A A 2 B SE 2 AL AR e B
AR THOR . AT T RGN BRI SL 5
I, SEEA RN T Ik Al AT PE AR 2

Sk
(1] WREZE, BB . T HAR O i /OB IR K R G TT

K], KBHAEE2AHR ,2018,39(2) : 529-530.
[2] AR 3 TS RN L Bl ML S ik 4[] 25 e 2 A0 528 )

WEFE). S AL 3, 2005,35(7) :17-18.

[3] SKIPJE kA%, EIRA, 55 . SVPWM 7E B 5 25 o WL AR St i
M R[] BEPYH T, 2014,42(4) :89-92.

[4] Holmes D G, Kotsopoulos A. Variable speed control of single
and two phase induction motors using a three phase voltage
source inverter[C]//Conference Record of IEEE-IAS Annual
Meeting, 1993:613-620.

[5] BAROEAR . S 2 HLATL Y A O FR AR BRI ()], FL T F T4
AR,1998,32(2): 11-12.

[6] SB4hg . BAR S 2 ML S B S 4 5 SR A A I A b i
] 7 ). h/NELAL, 2000,27(5) 1.

(7] AFEIRL . 25 I 5 d S AR LE 2 )], AL, 1992,
25(2):29-30.

[8] VEZZH, JHAL, BT o, 5 T DSP 546 d s LG i 4 il R
Giln IS IR )], %80, 2017,47(6) : 14-15.

(9] WRAIHS . SZ WA R GE (M. A AT BB Tl At 1999 1-
110.

[10] XM, S 3CHE, TR B —Fh L i S ML RS TR S 80
WA EHETT AN FB TR 4, 2015,30(5) : 44-46.

(1] Bl 5% . WA AL AL A 7 T B B9 BEFE (D). LN - BT
K2#,2004.

[12] BA% 8 5 AL . AR A R LR R 1 2
BOHHRIT ] R AL, 2012,45(2) 1 11-12.

[13] PN TR, — ol B H 25 F AL A8 3 5 3 0], 74 i Al R
2£412,1999,34(5) : 524-527.

Wk H 4:2020-05-18
B R H 191 :2020-06-01

3333333 IFIFIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIBIBD

(L4568 7)

[4] ZREAE ALAE,E e, 5. BT A ES RO R B R
GEARL TR ABTRE#,2016,37(10) :2451-2459.

[5] wmowzii, BhTE, 2 T AR IR S AR n A
FIOLALTEELD]. f 2%, 2019,40(4) :42-48.

[6] ZFaE 47T M . BT X in] A M Y 5 SUf e XU RIBR 21
K HLIBE S AR BE LT, H RHA, 2020, 44(9) :3297-3306.

[7] Zoss T, Dace E,Blumberga D, et al. Modeling a power-to-renew-
able methane system for an assessment of power grid balancing
options in the baltic states'region[]J]. Applied Energy, 2016,
170:278-285.

[8] Gotz M. Renewable power-to-gas: a technological and economic
review[J]. Renewable Energy,2016,85:1371-1390.

[9] Mukherjee U, Walker S, Maroufmashat A, et al. Power-to-gas to

74

meet transportation demand while providing ancillary services
to the electrical grid[C]//Smart Energy Grid Engineering, IEEE,
2016.

[10] B M AT, Je RS, 45 5 Ak 25 BEALLE A AU T 2 51
PLATAL AT T RS A 21k, 2018,42(19) :41-53.

(1] B8 2, ok . 258 A SO AR I R 5 RE IR R 48
ZILAHRERUZ AL B E AT S)]. 7T FAEREIR, 2019,37(10) :
1524-1532.

[12] A — DU, 50, D53, 45 . 25 B A I 7 el g = 5l P ) HL A
RN, W RS A 81K, 2019,43(19) :42-54.

Wik H 4 :2020-09-30
&k H 19 :2020-10-16





