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Research on Optimal Configuration of Grid-forming Energy Storage Based on
Scenario Generation

LI Ming, YAXIAER Tuerhong, FURIFU Cairen, ZHENG Yunping
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Abstract: Large scale renewable energy sources such as wind power and photovoltaic are connected to the power
grid. Grid-forming energy storage, as a key emerging technology to assist renewable energy power generation, has
promising applications in peak shaving and valley filling of the power grid. In this paper, the scenario analysis is tak-
en as the basic theory and historical power generation data as the typical data to generate application scenarios. On
the basis of application scenarios, the scenario generation technology that takes into account the time correlation is
proposed. Finally, an optimal configuration method for grid- forming energy storage under different application sce-
narios is proposed.A unified life model of energy storage battery and a comprehensive benefit model for the optimal
configuration of grid-forming energy storage considering multiple factors are set up. It is shown through example
analysis that the comprehensive benefit obtained by the expected value model based on multiple scenarios is higher
than that obtained by the determined scenarios. The effectiveness of the proposed method is verified.
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R 5% FH A0 B A 5 Pova, SR 68 FH A58 BE VR % HEL
PR Pova, HHTREVR A FLIY L TIR ; Py WA RE R GE
(R4 TR IEAE R FEH , SRR 5 P i T e D)
Ry NYTR B T KA, AL AR 365/12,

it R A L WA TN R Ge i 17 9 2% SR itk
RERGE N A FFan A 7R3 AN A I Y, 5 28 7% GE
BN Ak A5 DR 2R 6 S AR s PR L A =T afe
LT R y=(1+a)/(1+B), o B3 Jy H il B2 I Ak %
W ELR 7 BIBUE A 0.2% .0.5%, 4h, 3 (28)Hif
KT o H A A3 A EOR [R A 2R AL, Horp
WA 2% 3 o) FEL A 2 FH L o 0 AR LIS A8 o3l
L2 — R LA TR RS o el T HR,  —JedE T L BRAL
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R EL , ANAE R B, W B bR AR, SEAT I FLAfY
A FITFHETT ], 785301 FHI 2 FnRR IR
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AN LA AR B T R A A (BRI
322 HREM

I SC B A RE 2R G AS BEKS R RE ik 21 HEL MY
PRI , R s 220 PR 3R ) 36 0 KT I B ) 7 g
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(27)
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SOC i <SOC,, <SOCy .. (32)
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FHCL SR 5 Ae S RAE B 8] 6] B 5 Pis.o M B RE R GE
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Table 1 Time-of-use electricity price

— 1:00- 9:00- 13:00- 18:00- 22:00-
8:00 12:00 17:00 21:00 24:00
Mrk&oC 03200 11002 0.660 1 1.1002  0.660 1
F2 HtSH
Table 2 Battery parameters
R BT Li-ion  NaS VRB  PSB VRLA
CJOG-kW™) 2600 2600 2300 950 600
Ce/[JG-(k-Wh)'] 1500 1800 900 450 950
Cul[ L+ (kW) 65 60 60 60 70
w!% 90 85 75 60 80
T/a 9 15 15 10 5
N 4000 4500 10000 5000 800

W ELA A 1 IT/AWh, B R A L T 2
B FR2, K2 C WERE RGN TR,
TG/ T B 5 Co A it RE 2 G 19 FRA 25 8 UAR , I8/ T B
It s Co MAEBE 2R G 10 BT 8 4 AR, J0/ T BLAF 50 4
REEAOCR ; T A A RE L M G BR 54, 47 N N it B
CERUNINFEINY € @8

7 B4 UL I S AR 4 o AR L L AR R
1 000 Y5, SR G AT S se A0, s AR s i AR
FEH5 4 Kantorovich FEES . 78 AR 1 000 ~37 5 2]
H SRS R 1, W4k 375 3 R bR 3 5 B R
BN 0~1 Z[E A (E, B BB 1, 4805 M7 = 1
F RN
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Fig. 5 One year’s load data curve
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Fig. 6 The probability distance corresponding to the

number of different scenario
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Table 3 User benefits under different energy
storage capacities

THREA R E ENEiEZ el e IEpipn LULEN VL]
(kWh) S, S, S S Tt
5200 -287  -10.86 256 2.6 -0.21
5400 3.08 -11.17 329 329 1.94
5 600 3.83 -1149 4.04 4.04 2.60
5 800 4.59 -11.80 479 479 3.26
6000 5.36 -12.10 536 536 3.80
6200 5.92 -1241 613 6.13 442
6400 6.70 -1272 691 691 5.10
6 600 6.59 -13.04 679 6.79 4.97
6800 6.47 -1335  6.65 6.65 4.82
7 000 6.33 -13.66 650 6.50 4.66
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Fig. 8 User benefits under different energy storage power

and capacity
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Table 4 Comparison of configuration results and benefits

of different battery algorithms

e WERELTL

w wE P gy wEn LT

KIkW e HG KW " Jiot
kWh kWh

Li-ion 800 6 400 5.65 900 7 200 4.20
NaS 800 6 400 2.27 850 6 800 1.40
VRB 800 6 400 5.50 900 7 200 4.50
PSB 800 6 400 4.99 900 7 200 4.53
VRLA 900 7200 2.56 950 7 600 2.15

H P 50 A RN AR 07 B A L 1000 4>
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Fig. 9 The probability distance corresponding to the
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Table 5 The probability of 20 scenarios happening

S, 0.077 Si 0.008
S, 0.063 Si. 0.075
S5 0.042 Sis 0.024
S 0.056 Su 0.032
S5 0.073 Sis 0.04
Se 0.067 Sie 0.045
S, 0.072 Sk 0.069
Ss 0.054 Sis 0.038
Sy 0.032 S 0.061
S 0.034 S 0.038

DA 1 r o 4], AR RE A & T P I
W 6,76 AL T RI 10 SR AR B

RESEREN R A HIZ . LISERETI R P=200 kW Xy
i), AR RS B A T IS BUR R R B T, fERE R
g Far RN IR ES , 2 6, LA 104135
BT TR E ., 533 4 NMEL, 5105
He U A £8 X6 17 (A A BE 25 B8 TR TR) , KB o 5
(RIS A S ST e, AN S, S, %5 s A Y 3 S Wi s
— BN, TS, H R B A/ A RE T R (A
#5 TCIEARTH H A s A e i 35 2 AR R A9,
SiS7 S, H T F PR R B A RE A P2 R 200 kW,
TEX S 50T /MY DR B T ERE R E 2
Wezs, SRS MR . 2 6 Wi E —5 R
R T A Y R AR I RER Y RE A BN
1 600 kWh it , S ERICEE X B RE A T B A 2L

*6 ATEfEBEFETHPKE
Table 6 User benefits under different energy storage capacities
A4k EAW AR RIS F WA ET G
Si S, S S, Ss Se S Ss S, S

600 -12.36 -13.11 -1739 -11.59 -11.59 -11.59 -11.59 -12.27 -11.59 -11.59 -12.020

800 -7.91 -995 -17.06 -7.43 -7.43 -7.43 -7.43 -8.38 -7.43 -7.43 -8.070
1 000 -3.43 -6.74 -1694 -2.69 -2.69 -2.69 -2.69 -3.93 -2.69 -2.69 -3.660
1200 1.61 -4.15 -17.02 2.57 2.57 2.57 2.57 0.97 2.57 2.57 1.167
1400 7.14 -2.66 -17.40 8.30 8.30 8.30 8.30 6.29 8.30 8.30 6.330
1 600 13.13 =225 -19.13 1444 14.44 14.44 14.44 10.96 14.44 14.44 11.690
1 800 11.27 -4.52 -21.31 14.70 14.70 14.70 14.70 10.96 14.70 14.70 11.510
2 000 11.53 =540 -23.87 1345 13.45 13.45 13.45 9.57 13.45 13.45 10.340
2200 10.29 =726 -26.49 11.95 11.95 11.95 11.95 7.96 11.95 11.95 8.790
2400 8.81 -9.28 -29.15 10.25 10.25 10.25 10.25 6.16 10.25 10.25 7.030
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FEPIRRIE L, BT 3O i RE S Fu 1 ) FL N i 15 2
AL O B i Re e D DR AR TR )R TR
10:00-13:00, 3 GE WL L 9 H A (K T H s A, et
A 5B RE IR, FR A A3k B ) 7R
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P50 el 38 4 7 A LD HR I ) /L 1 7 =X
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Fig. 11 User benefits of different energy storage power

and capacity
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Fig. 12 Running curve in optimal configuration
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T 24.29%~52.87%
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Table 7 Comparison of configuration results and benefits

of different battery algorithms

e WV AR
= P —
kW kWh A kW kWh R
Li-ion 750 6000 3.25 800 6400 2.50
NaS 750 6000 2.67 800 6400 1.80
VRB 750 6000 3.07 800 6400 2.47
PSB 750 6000 2.93 850 6600 2.29
VRLA 850 6800 2.40 950 7600 1.57
4 £t

ER AT 5 e WO ik 2 T R G IR M
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R B REDLALBC BT R IR LU 45 -

D5t M al Ao S SoctE s M 2 ook
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IS B AR HEA T I LA R Az 59
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A HIFE— B RE TR A FU - 0F LE 1 3 R B A 4544y
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