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ABSTRACT: In the preliminary stage of power system
restoration, shortage of black start resources delays the
procedure of restoration. With various types of resources
accessed in distribution systems (DSs), it is possible to utilize
active DSs to support transmission system (TS) restoration
through bottom-up strategy, accelerating black start. First, the
idea of coordinated restoration of TS and DSs is proposed, the
capabilities of DSs to contribute into the bottom-up restoration
strategy are analyzed, and the supporting patterns are clarified.
Second, considering the generator cranking power of TS and
generation resources of DSs, external characteristics of DSs are
defined, together with modeling of DSs external characteristics.
Then, minimizing the total starting time of generators, a
mixed-integer  linear program  of  synthetic  optimal
decision-making for parallel restoration sectionalizing and
generator start-up sequence considering coordinated restoration
of TS and DSs is built. The effectiveness and superiority of the
proposed method are verified based on an actual power grid

case of China.

KEY WORDS: black start; active distribution system;
restoration sections; generator start-up sequence; coordinated
restoration of transmission system and distribution system

S (2 MRS, T B VR Bk, T T T

HEeWHE: EXARRAEE (T EREEDIH)(62277072); HEXH
SARF A (AR 3L 410 H ) (52107067) o

Project Supported by National Natural Science Foundation of China
(General Program)(52277072); National Natural Science Foundation of
China (Young Scientistic Program)(52107067).

B E R P N 22 PSS TR A B U, AP RS FEL R R T
SCHER R IR L I R S RSP B A& AT . 200
e L AT W R R A2 B A, W I b S r 0 Pk R O TIE FE
P E &2, BEm i R E T 5, 45a
il FEL DXL L J 3l 3o A 1 D 2 5 SR FHC P DR R B RARFALE ,
SCE FRL A [ 32 L AMARR AR, 4 L TE R PR ] S 33 AR 2
Bk, wk—2, DWLAAR s SFen iy Bbr, 1875 &
i P70 [7] FR) R I SR AT Pk 5 00 X R BLAL R Bh ik 7 4 — Ak Tk
SR BRI s B, T 1 A SERRAaAC H
1, BAEZ SR IE A 2.

KR BEA SEEEN RES X HLAEEENRIT
T RV

0 3I§

AR, W S S BUR KT A5 R O
R AR TR] T FL3 ™ B A B A R A 2 R A,
KiFHJE, BMEKEOEIAES . PAEER
SRR I B 5L AR T, 020 2 3 R
PUR R s REZAE ORI 1] . Bei, IR % %
JR I RE T ROTC LR, RE S HRE H Bl A L AL 2 S
B, PRSI, B AU TR (0 AN I A
M % Ja) P FL IR (K s, C L R B AR AN B
A BB I A RBEE H IR, R e
Tk B i B A oA AT g,

2R, AR E IR IS A L U R E fL 7T &
GRS IIMER, FEE LR B A e R B
BRI I AE DA IR B B BUA BT U 3 2R,



860 ST £ N =< 1 R B =3

44 %

6 Ay Wi e A FL P R LB, DA e KR
wHON BFRKE Y LA S EL, I
Wt 71 3 2 SR SR FH G Ha R 1 28 5 2l TL2H (black-
start generator, BSG)3 i s A FH K LA &, N
T4 9E 2 E B LA (non-black-start generator, NBSG)
W . SCHR[12)7%5 k. T M e s, &
ST HEL A B A ELAL B B ARG, R
S0 1 43 A 2RO SR AR s SCRR[L3]7E B LA I,
W S 3Lk B S U I B I BN R, T
LR I IS RR M LAL S ShAs AL . R4k, SCHR[14]
MRS AR ATIZE . F R 45 7 T 3 BT Ak F PR A A 1
B EN IR ATV SCER[ASITE R E RS X
(RIS, J 372 R A P IO S P i H X ATL2EL A 5T
B,

SR, AT (R A G B0 =] VR SR RIF 9 5 20 A4 g
TC FEL VR ] I S 43 K R ) 5 L 4 R 2 A S S T
3, RIS A/ 25 R F T K R ) 43 X AT PR
[PIREIA o AN SCOKs v R T H P B Ry B R B B
SG Z Hh F JE ns  FE I LZEL RS B R . 1 S
BRI T FEL D) ) b S K R P S 7 LA 1 A B
[F77 N HESE; AR5, FRERCHMA TR, X
PC FEL D ) b dk F AR, SRS, 4530 b
2k HAE BT A D R R 2R RS, K TCH
W SMRFPEAE BN, A6 2% AT B R) 1) ERL Y AT
W53 IX ML BT S8 — Ak Y SR 1 VR A %
KRR, Fm i 52 BRI T e v ) 5491 56
E 7V 1A R

1 IR E RS RIES

1.1 afcthEREE S

1E KA FH S, 500KV K 5 =252 1 B ki
i EH T AE () DX 3 L R R AR . o A ST I
[F7 &M T84T “B Bl r, 2 XIAT” RE K
W& B %A HL 4% H i 3l RE 77T F R R F R o i L TR
() R B S VE N BREL . CHP WLAHZE RSB LA, &
5 BC XL S R B LA . T AR AR UE (renewable
energy source, RES)FIfi# B FELsl, HL I A (1 B A3 25
FEVRE AR AT, AT, AR, 7E -5 s A H
FER AR BN, A XmERSERS K
HLRE DA, TS5 R0 v T R IO 1 47 4 5

Z: 55 A L N R A H B BhRE T . H
JE B TR TR FL N R /DL % — 2 B % E B B
REJIMI A FELBEUR, W AR RIS TR] 9 3 shLE, PR

B, RN X, S 3R
P FL 58 228 M IR R ER AR RE ), BIFE A K FL TR
VERRGAERT, o] =3 Wk AR e 45 A0 v R HL 4%
s, 1) FigHIE R 5 NBSG. JH ST B W) 75 Bl 2
MR 1 B&n 2 iRIkee /), e
S A3 AT T % o R 2 B A oK B e,
2) BB EARE ST, nIiR4L)E 20 B a5 i H
A 5 AR SAE,

T U 55 Jey 350 L R R R R R, A IR i Ry S
FEL 3 e e N\ L& B S B RE D A s R B FRL R T
TREEHM RS, PR AU BT
RS S HL P A 2 AT, B — @ A,
JEfRE A,

gx b, B RSE R MR @, KEE
P F A S BB R Bl B2 U, BB Fe N NBSG J& 3li%
W H & AT

RS HRER & FIRGE I IELE M, $2i 3
P e Ry 2, W 1 R

B HL o X FFAT IR
et~ ||m——-~——————- |
| @3 1l |
I .:{ NBS [
| I |
| T @p |
I : | % % :
| P | B - R
| b Il ‘ |
L O I OFa
| § I I S
| _ I , X |
I DS R | I
(R et R E |
it S It St e |

. |
|
|
|
[
|
|
|
|

O Doy > &
e
.||
ob &
‘_
O H

t
: B oy B X E 2 =
|

IL L"E- ------ e H (V=8
A 1l
[P — qgn_n ______ J

1 Lk
R 4 e

CHEITH

E1 WmECEMEREES
Fig. 1 Idea of coordinated restoration of TS and DSs
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Fig. 2 Framework of coordinated
restoration of TS and DSs
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Fig. 3 Power output curves of DSs
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Fig. 4 Stable-increasing power support curve
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Table 1 Upward power output preparation time of DSs
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Table 2 Key parameters of external characteristics
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With various types of resources accessed in
distribution systems (DSs), it is possible to utilize active
DSs to support transmission system (TS) restoration
through bottom-up strategy, accelerating black start.

This paper proposes a synthetic optimal
decision-making method for parallel restoration
sectionalizing and  generator start-up  sequence

considering TS and DSs coordination. The idea of
coordinated restoration of TS and DSs is shown in Fig. 1.
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Fig. 1

Considering the cranking power demand of the TS
and the flexible energy storage systems in the DS, two
power output curves of the DS for supporting the TS are
defined, as shown in Fig. 2. The red curve emphasizes
the stable-increasing power support during restoration,
while the blue curve describes the capability to provide
high power to meet the power requirements of TS in
early stage. Only one curve will be chosen by TS when
making decision.

Taking two curves of DSs into consideration,

Idea of coordinated restoration of TS and DSs
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Fig. 2 Power output curves of DSs
minimizing the total starting time of generators, subject to
network flow constraints, generator start-up constraints
and restoration sequence constraints, a mixed-integer
linear program for sectionalizing and generator start-up
sequence considering coordinated restoration of TS and
DSs is built.

To test the superiority of the proposed method, a
compared strategy based on traditional parallel restoration
considering Benefit 3 is obtained. Fig. 3 and Fig. 4 show
that the proposed strategy can restart generators more
quickly with more parallel restoration sections benefiting
from the support of DSs.
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Fig. 3 Sectionalization results of different strategies
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Fig. 4 Generator capacity curves of different strategies



