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ABSTRACT: [Objective] Under the "Carbon peaking and carbon neutrality" goals, as a critical technology for adapting
power systems to high proportions of renewable energy, the application advantages of grid-forming energy storage
(GFMES) have not been fully exploited. Therefore, there is an urgent need to clarify its active support mechanisms and
planning methods across multiple scenarios in the new power system. [Methods] This paper summarizes the voltage
support, frequency support, and inertia support mechanisms of GFMES from the perspective of grid-forming control.
Planning methods are then reviewed for normal operating conditions, small-disturbance conditions, and large-disturbance
conditions. Combined with engineering demonstrations, the planning roles, key requirements, and multi-condition
coordination issues of GFMES are further analyzed in renewable energy export systems, HVDC receiving-end nearby grids,
and microgrids. [Results] Existing studies have established condition-oriented planning frameworks: normal-operation
planning mainly emphasizes techno-economic performance; small-disturbance planning focuses on system strength and
frequency stability; large-disturbance planning highlights whole-process coordination of prevention, fault ride-through, and
post-fault recovery. Meanwhile, the functional role, dominant constraints, and planning requirements of GFMES differ

significantly across application scenarios. [Conclusions] GFMES planning exhibits strong scenario dependence and multi-
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condition coupling. System strength, voltage/frequency security margins, and fault recovery requirements are the key

constraints governing siting and sizing. Future work should develop coordinated planning methods that jointly consider

technical constraints and economic performance.
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Fig. 1 Control logic of grid-forming storage

FT A vl AL 47 o] SR s A ) 2R i B k4 2 B0 52
PEDIREAAZ L o TR 2 BT A T 4 o) SR s 2 e P R
HARA) R T S Bl o, 22 I a4
[7] 2 % HL HL (virtual synchronous generator, VSG) %
il . T 2 [6] 25 45 il (power synchronization control
PSC) . J& L IE 17 o8 ¥5 1 (virtual oscillator control,
VOC)ZERT B 7, H T 322 LAF 42 ] F1 VSG £l

HE.
1.1.1 FaEEEH
X A8 I AU i BE Y T AR B A K EFSY
1986 2007 2011

HEAUI] B
(virtual synchronous
machine, VSM)

AR
(load-frequency
control of BESS)

B ESEPE AT

control, PSC)

(power synchronization | (DC voltage self-

B an, SCERL 14 T3 T 5 T 000 3T 2 19 A 1) AU g
FE T2 1 S W&, 43 BT 1 ) D R i fiE T i 4 ] b g R
S5AE DAY K F ; SCHk [ 18 142 th — B A H K 421
BELAC w025 9 2l i T 2 455 1 5F i, HE 8 42 T 4 I Y
it BE B T R Ay BO RS B o BRI, BSR4 ) 7
B ] A0 AL — Wk R IR AR I R, R R R AP L
5L RN B S RRAE , 5 1 il 2R G0 A R i 3 AR R
0 BB 08 42 BT T I iy 2R, X i BB s A T
A3 TC L) 2 3255 mil 45 ), SRm 5] B AT 5, AR R
JyFRGe iz T A X R A R A 4
R
w=w,+K(P,-P)
v=v,+K(0,- Q)

KPPy Qg oy vy 53 A DTN TeI 5 M
RIS % (H v 0 53 30 LR RV S5 E K,
AT R EGK Y)Y 3R
1.1.2  JRURIE L

AR, VSG & A 4 19 78 i fiE 4 1] A9 32 0 7
PP N, SCERC21 1R R T VSG 1 sh A8 L
LT T HXTH ) RGERE B TR ; SCER[22 ]
PR T I T UG VSG G- B R 4R S S e A
RAE B ' AR R T i B0 X6 I X B2 HL R RIS 3 1 5
M), GRS L, VSG 45 il 38 2o A Dy By 58 -5 4R 45 5l R G
Ty 238 - v He g o, B8 T 0 s 6 by S A T 74 £ e
)25 J F AL L G S5 AILAR R M A, (045 5% Fas 3l
— YR VR ATT L K Sty 0 R Ak AR A5 A X TR i i
HAAR G R AL 5 5 | BHJE R A e e S £ Rg T -
BRI VSG FE il B A R
dw P,-P
E (wo) - D(a) - wo)

v=v,+K (Q,- Q)

Kb D NFHIE R B T s .
1.1.3  F IR AR XS L

Fe 1EERT Y T D9 AR AL O R AE AR Bk
RMGE Y SR AT T XL

2017
L E A

(1)

J

(2)

2021
R LA
(hybrid synchronous

synchronous control) control, HSC)

e

(droop control)

RERLMA] AL L
(virtual synchronous
generator, VSG)

1993 2008

R s
(virtual oscillator
control,VOC)

2016

AR E AU 5 A 4
(dispatchable virtual
oscillator control,dVOC)

2017

E2 tamizEREE Rz

Fig. 2 Development of grid-forming control
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Table B1 Application guidelines for short-circuit ratio indicators in grid-forming energy storage planning
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