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Fig.3 Principle of meta model optimization algorithm
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Table 1 Comparison of calculative results between two

energy storage configuration modes
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Bi-level optimal configuration method of hybrid energy storage system based on
meta model optimization algorithm

HE Jungiang'*?,SHI Changli"*,MA Ming*,HUO Qunhai'?,XIN Kefeng’, WEI Tongzhen'?
(1. Institute of Electrical Engineering,Chinese Academy of Sciences,Beijing 100190, China;
2. School of Electronic, Electrical and Communication Engineering, University of Chinese Academy of Sciences,
Beijing 100049, China;3. School of Electronic Information Engineering, Taiyuan University of Science and Technology,
Taiyuan 030024, China;4. Electric Power Research Institute of Guangdong Power Grid,Guangzhou 510080, China;
5. Development Research Center,China Datang Corporation Renewable Energy Science and Technology Research Institute,
Beijing 100040, China)
Abstract: Hybrid energy storage has the advantages of both energy-type energy storage and power-type energy
storage. Aiming at the configuration problem of hybrid energy storage in wind power smoothing, a bi-level
optimal configuration method of hybrid energy storage system based on meta model optimization algorithm
is proposed. Firstly, the original data of wind power are decomposed by wavelet transform to obtain the
power needed to be smoothed by hybrid energy storage. Then, aiming at the influence of power allocation
strategy on capacity configuration of hybrid energy storage, a nested bi-level optimal configuration method
of hybrid energy storage is proposed. The inner layer of the method is the optimal strategy of power alloca-
tion, which takes the minimum overall charging and discharging power of the battery as the objective func-
tion,with the state of charge and charging / discharging power as the constraints,so as to improve the service
life of the battery. The outer layer takes the minimum capacity and the minimum power as the constraints,
and the minimum annual life cycle cost of hybrid energy storage as the objective function. The multi-varia-
ble,nonlinear and compute-intensive bi-level optimization method has the problems of complex computation,
long computation time and so on,so an optimization method based on meta model optimization algorithm is
proposed. The example results show that the proposed method can not only maintain the optimal economy
of hybrid energy storage, but also effectively avoid the frequent charging / discharging of the battery, thus
improving its service life. Compared with the traditional heuristic method,the optimization method based on
meta model optimization algorithm has faster calculation speed and more accurate optimal configuration results.
Key words:wind power smoothing;hybrid energy storage;power allocation;bi-level model;meta model optimi-

zation algorithm;optimal configuration



SMEHA)
I
m%%Mm%&,ET i LR
(D) 2) 2+ 1-n AN
SRIGRBF
PR
[z &%%W2Aﬁ| L
ERDEIER T 4 :
> 1
1
1
:
1
ﬁ i [EanaRe e RsaEE
1
1
]
1
:
1
! [ComukEmties
R H IR AN R ANES R

SRAFRSMAYJE B 5/ ME A

RARF RS ZATE
ST &R ERS

1
1
]
1
]
1
]
1
1
]
1
]
1
]
1
i
]
L
:
]
1
]
1
]
1
1
1
1
1
]
i
1
‘EL&%ﬁﬁWﬁ%ﬂ%ﬁWﬂAﬁ, |
T
]
1
1
1
]
1
1
1
1
1
1
1
1
)
)
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

E Al RBHREANEEBENRIZE

Fig.A1 Flowchart of solving nested two-level model
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&ﬁ%@%ﬁumxm$%«mkwu 1000
BB BN AR ILA coo/[T0- (KW -h)'] 30000
HALF B B ALY AR cmainsr/[TG (KW -h)'] 50
BN BB RS A cmainsc/[ 76 (KW -h) 1] 50
& Hijth SOC EFR SOCET max 0.8

Z i SOC TR SOCET min 0.2

B A SOC FFR SOCsc max 0.9
2% SOC TR SOCsc min 0.1

é% 7AW Tw/a 20

FEAR NIy 0.05

fEREERIFHEA 0.7

S5 i JE Y176 2 PR A B R 1




‘ I AL T

— G|

¥ i |

ThEF{HW

: . .
0 200 400 600 800 1000 1200 1400 1600
AL

B A2 JNRSERT. REVTIEITEE

Fig.A2 Power comparison before and after wavelet decomposition
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Fig.A4 Results after ten calculations of four algorithms
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