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Fig.1 Time line for primary, secondary and
tertiary control period after a disturbance
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Fig.2 Hierarchical structure for multi-area
cooperative control
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Fig.3 Example of dynamic scheduling (power transfer)
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Fig.4 Forming process of wind-only balancing authority



WML BT IE DX G 22 Y 2 X R R R - () RSl IR 5 kR L

Y WBA 4 ACE m3H8E ik .
M
Exmgo™ = D VP es + Pace — I 4)

AP By WBA I X ACE; Py, 9 12 il
X7 S XU By s MO B KR 3 Y X e
%&;IS ﬂﬂ WBA E‘Jﬁ?}ﬁ%ﬁ‘ﬁu ;PA(;Cj":’J\ﬁ WBA V‘]ﬁls
RPN AGC AL ST,
2.2.4  ZIXBIKA

ADI F H X B 1 22 54 DS & X 8 ) % 50 4%
18 S B PHAT T3 2K 485 G 33 T R R 8 R e 8 43 4
X 7] % A % #l X Bt 4 (consolidated balancing
authority, CBA) FE AR, U R H, 9t A5 25 0L 1K) 4 A
B, CBA 2B 08 P9 A LA E B 428 i X
BAE— RPN B ny R, s TR
(149 43 DX ST i 45 A4, 1) P DX d 2 S 4 ok S B K Y TR 1
PEACRC S . CBA B #2205 98 B2l 55 48 v 31 i e B —
DX 30 P 8 BE AILAS) , A AT g 7 — A R BE AL B T
D ) 2 fEL T I 4 o L 28 B R R O Ak B TR T M Y
A,
2.2.5 EWHFEZHE AN

AR SCK AR A LI 3 A ACE L 36 B M 1 DS
AT R, RAE B ACE Hl DS 78 B AR 1 52 3 B
B b2 ABAEAR 2 75 T AR A7 AR 22 5 BT 43O LA
TILA.

DARGEAFEARTR . SEBr R T DS — 2 AR 4
B DX 3R X A 6 4% 2 1) AT A% i 2 i CATC) SR
RE 5 W13 [ A9 BT B A% 22 B W (ISO New England) /&
i B AR Oy 2 R ISR BOE 1 R GRSk
fli T DI 22 ) e R A R A Y, M sh &
ACE J& 7€ 4 X 115 [l PN 422 B — 22 14 e 481 0 i, 3 B4R
IR B A e 45 DX A DA

2)BF [ RN, DS 1 $AT B Be AR X 3l 25
ACE % 13 £, ndb 22 M 75 # B ™ ( Western
Electricity Coordinating Council, WECC) 7& 4 [
5 min 24X IR0 B A 4 4 2 R4 00 R 2 () AT
— K DS & IE# 4 XA ACE™™ s 1fii 3h & ACE #§
S I [A] AH X R 7 R 2R S i S S TR SRS
A RIVSE H AE SRR R A LS 30~45 min Z 4 #
IR T S B ) A A R R S e B A
L A5 53 P BEE 0 68 38 15 2y 38 04 % IR B4k IR — i i
D) CAn At XoF X A1 B gt P A 4 BT B 9D 48 i Rl 9
e &,

LB R AR, 1% ACE L& E RN
53 TE o 9 e = B o8 L R 4 BOA Fe g o)
J5 AR G SR AT A TR A A DS B A (5
221> DXl ] 1% v, 5 28 B o 3 3 i DX 3R] A A 1 B
W H DS B SeRETE H i A 92 i i 3 o AT I 3K A

RAEFER DS AT HI T, T DS I 45 26 3 7t 52
B T 26 % 1 3% Bl 9 (transmission load reliefs TLR)
FEF ORI L ) DS H B H A 422348 25 41 56 X 38 AH B
1) 55 BI R 55 1 2 S

DR E, sh7Zs ACE B AE & 4 H 7
BRI ZE B I A R LA B T 3 DA B A
iR DS M F 2R TR LR, meA
HLLE A & X H I R4 H L4 Gointly-owned unit,
JOU il LA RS (8FR AGO) 485 H il s H
SN [R) FH & 1 £ FH 3 =2 R4 | )5 0 I 2 B 45, 8K
BT 22 DXk H g H e Y R
2.3 DUBRSE & ThEI=H h BHiRRE$ R B§
2.3.1 BB SR HI I /A AGC i

D = e QT DTN e B B o O <0 < | )
SR ELT 22 X 358 B ) 3 o 06C 26 £ Utk 2 1 1) 45 1 R
W B R E AR R ACE 7E S AT Z 1,
[l B iR B2 AE ACE Hp B Sz i 4 g 1 B 245 26 Ty S5
Bl B 43, 3 () AR P AR v R IR (] B 4% 2k T 9 D Bh Y
WA TIAE. R ACE 5 % & B 4% 42 0% o) &
AP oy 9 5 To) — B0, W% X 8k A 55 AT, o H R R
ACE JIE UM IE )5 1) ACE Jy .

K k;
f (| APynv |[— K,L) (5)

;

EACE/ =FEac: +

KK, MK, BB ENESRS5GRE HA
AT 10 45 DX B A R R AR B Lo o TR 00
f5 1.
2.3.2  REBRKL UM 7)E AGC KW

SRy AR A o B ] IR £ 2 U P BE A H R
32 AGC s, Ho ACE i JLAS 43 & 2 01 A% .
O 2 B 40 5 A 22 43 o CAE 45 4 IX 1) ACE 35
s Q% G 0 8 43 O AS S X3 4 A8 H i 25 L T
S DX P S PR & L S R A B D 22 5 O B AN IX
B ACE "1 A5 VG BIE 5 f (90 X6 &0 BB 28 28 18] 37 i 25 $4¢
HE 0 EL A7 (%) B 2

W—KAf U — 12O+ Ef: (®)
Eﬁﬁixg[éikH$1$W+APm}
(7)
AP, — —10BAS + AP —
DI — 1) — P, (8)
S B 7 BE 4 o 1 o) 3 4% 558 X 0 ACE G
88 25 s T DX o T A BL AL 6 5 B % 30

T T Ry XN A AL ) & 3t R Bh 3R B
P BB LIRS e ACE 2385 F, MIXE S 515
AP M 15 TR B 2 2 110 O 725 31 R 5 B M A R iy

http://www.aeps-info.com 91



2017, 41CD)

I F B s AP spar N VU BEZF HL I P 09 S5 B & HL L
R & B AR 2 5 P o N B TR B 45 28 1 1 R
T

537 ACE KA, Exé it B iy K2 5 W
T F oy IF N2 [ 58 18 . 02 AR 4l 74 BE 28 o I Py A 4
LW T 100 38 5 45 31, 4 B X3l | e i) m] it
R T B FH A R T O A% DX S o i L A
2.3.3 )7 HRER LA 2= 1 1 Y o B B

FEALHL B Y T Bk 4% 2k (generalized tie-line,
GTL) ™R F X 43 P A 43 oo g JE LA )
B 22 A 3 4, 24 GTL R ff A 45 9 38 e 8L I8k
Bl A 22 B, PR b 43 e i 4 DX A IXO A
A8 W X O P DO Y 2 5 s, Hoh £ 045
il X ACE W 7 HoRHH 89 GTL fi 22 &

2.3.4 BHZED A E B

T AR 56 AR Tz Al AT AR S H
(Eastern Interconnection, ED{#i F ) 32 #t 43 75 11 5
(interchange distribution calculator, IDC)™*, DI J&
WECC HL ¥ Br ok H /9 i & 31 %0 3 i Hl s
(unscheduled flow mitigation, UFM)BY4E AR ,

IDC W8 A~ ET R R0 P 4 5 8 W 1 (& B 2
KD, B R — B ) R A S A
(power transfer distribution factor, PTDF) ,— H
S OGS T IR A AR T AR, ) IDC AR Y 23 A 3 H s —
SE Y e iR G LT DS) . it B G XY
ACE BIEAF N

Kopros, I
D Kror, I

KA K proe, AT RS 0 A0 T, 8 ST A X 35k
() % i Ty AR Ak isF 5 | RS 04 W T L O 1) B AR
R g N BHZEWT IR R 55 1, MRS it Rl .

UFM 5 IDC 25400, A SCAS FAE BAR A 41
2.3.5 FEHALES

A DX 38 B R ik 2 OB 1T 30 O 45 o T, A0 P B 2
BT 55 9 [ ) 5 ) IR 4% 2k L AR b X I 5 A vh 2 ]
AR RS TR 4 2 IR B P AL i M i L £ 2 9%
PR REFR T ) IR 45 42 1 I A 2 8 o 0 O K B 4%
25 Ty ZE R Y o — RE R TRy 1R A il 3 A% X R
ACE ", FE8 19 ACE F . 45 X 35k 9 I 38 o F2 e %
SRR S R 4% 3 U U Bl AT R

Je i R B IDC A UFM 280 T4 48 i i
G 8 P R 2P b — g 6 4 N Y 5 48 b e A B O G,
FLAE X6 St U T 4% o) %) o R P 25 A T O X ACE
46 1E , AT R B U 2 Xk B A TS A s ) A R
A% DX P ) M BB VAN B A . (X B vk —

92

E sce.m f = E aceon = Rk 9

- HHEEFE -

e ) 1 K 29 2 2 A8 T ) %) B s A BRORS B E AL
Dy (25 A JE 2 AR 5 T 3 AL ik ACE 1918
IESER . B, 3 4 i O AR R R T A g T
S BRH A (LMP) 1 M2M (market-to-market) fp
[Fi] 32 47 2k Ak 24T 1 BHL 2 ) R0 AQ) AF 52 08 AN 7 58 3%

3 XTELA R G B B R

3.1 #E=HIBfRETH

AT B A0 3 RTIG 24% 24 D) 3 P ol A LR 3,
F B 25 Y 25 2 P T 45 ) SR s AL R — F AR
TEIFAT S . SCHR36 ] i $2 i e CPS JZ 1 1)
Hopt R MR 3 bR a9 & 17 5406 J7 2 I R
B e b A S PR R o DA S e ek
T X E G 1 AGC #EHIRmE . To IR 2 MR
IR IR 245 2 Ty A Al 22, A 14 O IR L I 4 A 1 H
B 22—, SR R ot — 3 R R AR . P, 7R
BT AR R 22 DX Il P[] 2 ) SR s I 2 () I e JB At
S50 S B W T 0 9 4 ) S AR R AR AR 8 — 42
I Al TR R Ak B
3.2 MRABERFEN

S 3 ] 2 ol SR w9 1O T 37 St T LA B o R
WMAEZR AL W SR R 3 A ACE % F il e 5 1
DX I P ] 2 {FL R 257 B DX i oL o o R — 2P 0
Ty H T 32 3 A P DX A 32 L 22 D KR AR I RE TR K
A ik IS 2 5 32 i v 0 ) 9 0 ol A5 MR A A 0
20 & H 4 5, A 1 A9 X AR R vy i Sl ik b
R AR B R A0 A8 B T A 2 I 3 [R] R HE TE 4 AY X
G A5 E AT D 1) T 000 P 2 i3S J= TR BT RS
RE T 2 S I ] ) BEOR 5 75— I T8I, 37 B I A 18] Ak
IS B R P 3 ol B — DX 8 A 75 oK H i 1
o 2SI ) g G L S S L AR A 5
Prig A7 EudE 3 15T, 40 2R RE A5 4 i X AR B A KT
Wt 5 BT RE U575 28 25 1) AN I 412 55 L ) 8 T ) 75 5K R
B . DR, 5 BB 3h A ACE B0 2 (LAY 4 i £
AR T8 18 V8 N I B ) 9 B A, AN ASCm] A D
H a7 rp B — DX 9 98 3 67 $H L 3 A% 4 X s
4 TG B 14 8 A P A R T R IE HRL I 22 B AT Y
RS2 T . 48 i Fas AT 2 5 bk
3.3 BERBRGEEL

B 22 119 BIp [7) 5K s 1R FH — 7 5[] BE P4 [ € 114 7
AR GRS L IF AN RE MR U8 52 1Y L Rz A R i 2
EIE. Bl sy DS P E 3 ACE &VUBEF
A2 AGC 3w, #8 R HT 1 %E /9 73 BE L 4] 2l 2
ACE B 1E 1 155 82— I 18] ]OBEAN S, 2R A $h AT o
RS 45 G i G2 A7 45 1k 52 I8 E R A6, g &
SEBR A AT R A P A BT T AT A A S R B



WML BT IE DR 22 00 £ DX R R R (O 3RS BR S R R

IEA X ACE, I 3§ % 4% 22 X 38 by [a] 2 il 149 40
B AR L BB AT T REE

4 Z5iE

Ap ] 2 ) 87 5 AR i 5 B DX I ) 4 o 4
DX I P 7K S 4 TR R R N S O DB R Y T B
It . AN SO IR T T 52 B DB A 20 2 X4 1
LER AT TE A A H R S B 08 Y 22 DX 3B [ 4
B AR X LEF AR AL LB T H H a8 17 v #
TAT R EL AN R B 4 A A o 8 R X
o A 0 IB 45 2 I R i 22 AT 20 DX IR T S AT 20
B v 1 R ) S I [ 47 o 64 KF
SR 1A A BIp [7] 42 ) 36w AT) S8 A7 1 — L& ) T
5 B TR AN RE S S B A AR R 2% R D) R 2
E#‘Tﬁ}ﬂ}"‘ﬁﬂ By e S 5 A B T ) A UL S B
T A Y S I TE (LA IS ST A OGS .

2 % XMk

[1] ELA E, GEVORGIAN V, TUOHY A. et al. Market designs
for the primary frequency response ancillary service: Part 1
motivation and design[J]. IEEE Trans on Power Systems,
2014, 29(1): 421-431.

(2] o fn, B B 8 /N B LR ) CPS A e N 19 3l & v 2 1

Femg[J]. A R 55 A Bk, 2005,29(19) :40-44.
GAO Zonghe, TENG Xianliang, ZHANG Xiaobai. Automatic
generation control strategy under control performance standard
for interconnected power grids [ J]. Automation of Electric
Power Systems., 2005, 29(19) . 40-44.

[3] VEAER AR M IAT CPS IR R I I R A Mk,

2000,24(8) :41-44.

WANG Dexing. Study of CPS standards in East China power

grid[J]. Automation of Electric Power Systems, 2000, 24(8)

41-44.,

YRR S D0 AR TR B s, AR S 0 A A o B o o T TR A A B G

s E R [T 1 &5 A ik, 2015, 39 (18): 1-7. DO

10.7500/ AEPS20150416003.

TAN Chao, DAI Zemei, TENG Xianliang, et al. Development

[4

[}

of frequency control performance standard in North America and

its implication to China [ J]. Automation of Electric Power

Systems, 2015, 39(18): 1-7. DOI. 10.7500/
AEPS20150416003.

(5] o o Fn, M Wt 5 5K /0N 1L 365 07 R R ASE IR H 402 AL 11 B R Fl 0 A )
PR O RO R G A B4k .2010,34(17) :37-41.
GAO Zonghe, TENG Xianliang, ZHANG Xiaobai. Solution of
active power dispatch and control scheme for interconnected
power grids with large-scale wind power integration [ ] J.
Automation of Electric Power Systems, 2010, 34(17): 37-41.

[6] IRISARRI G D, LATIMER J R, MOKHTARI S, et al. The
future of electronic scheduling and congestion management in
North America [ J]. IEEE Trans on Power Systems, 2003,
18(2): 444-451.

[7] B k6. 2014 4F 5 BRI W 2% R B R G GE : RSB IB1T &

FEREARLT) R RE A SI1E.2015.39(10) : 1-
AEPS20150403003.
TAO Hongzhu. A review of CIGRE 2014 on system operation

5.DOI:10.7500/

and control[J]. Automation of Electric Power Systems, 2015,
39(10): 1-5. DOI: 10.7500/ AEPS20150403003.

(8] WRp<, At 8, ARuk 55 . B 48 U 1 5 o WOT R 1) R 2 s L £ 4%
il A6 7 L] A A L 2016, 40(4) 1044-1050.
CHEN Qing, ZHOU Haigiang, ZHU Bin, et al. Coordinated
emergency load shedding control optimization algorithm for
economic cost and accident assessment [ ] ]. Power System
Technology, 2016, 40(4): 1044-1050.

[T B F=. 9 7 L I B IR MLAL AGC WF 5t [J]. 4k i 8 . 2008, 36 (7)
54-58.
ZHAO Xuanyu. Research on AGC for generations directly
controlled by CSG[J]. Relay, 2008, 36(7): 54-58.

[107] 3R/NFT, o R R B 0K 55 H AGC 52 SR 22 W7 Tk B fr) 90

AN IE 5 LT ] W P 4R L 2005,29(19) £ 55-59.
ZHANG Xiaobai, GAO Zonghe, QIAN Yumei, et al.
Implementation of preventive and remedial control for tie line
overload by use of automatic generation control [ ]J]. Power
System Technology, 2005, 29(19): 55-59.

[11] United States Department of Energy. Transmission constraints
and congestion in the western and eastern interconnections,
2009—2012 [ EB/OL ]. [ 2015-08-05]. http://energy. gov/
sites/prod/files/2014/02/17/TransConstraintsCongestion-01-
23-2014 % 20.pdf.

[12] ENTSO-E. Phase shift transformers modelling [ EB/OL J.
[2015-08-05 ]. https://www. entsoe. eu/Documents/CIM _
documents/Grid _ Model = CIM/ENTSOE = CGMES _ v2. 4 _
28May2014_PSTmodelling. pdf # search= phase % 20shifter.

[13] EGIDO 1. FERNANDEZ-BERNAL F. ROUCO L. The
Spanish AGC system: description and analysis[ J]. IEEE Trans
on Power Systems, 2009, 24(1). 271-278.

L1407 oz A0, BRI A% 75 0 46 R Ry T E0 K Pl IO I0G 245 2R o R 4% o
(—)AGC F I SEms[T]. 1 J1 R 48 A 314k - 2009, 33(15) :51-55.
GAO Zonghe, CHEN Gang. YANG Junfeng, et al. Active
power control for tie-lines in UHV interconnected power grid:
Part one  AGC control strategies[ ]J]. Automation of Electric
Power Systems, 2009, 33(15): 51-55.

[15] Regional Group Continental Europe and Synchronous Area
Great Britain. Solar eclipse 2015 impact analysis [ EB/OL].
[ 2015-08-07 1. https://www. entsoe.
Publications/SOC/150219 _ Solar _ Eclipse _ Impact _ Analysis _
Final.pdf.

(167 Mt se, mss AL Rl , 45 0 A v I 98 B2 42 3 R 48 AGC F 3R 43
Br B CHEEOR LT ] ) R 48 A 34k, 2015, 39 (1) : 81-87. DO
10.7500/ AEPS20141008020.

TENG Xianliang, GAO Zonghe, ZHU Bin, et al

Requirements analysis and key technologies for automatic

eu/Documents/

generation control based on smart grid dispatching and control
system [ J]. Automation of Electric Power Systems, 2015,
39(1): 81-87. DOI: 10.7500/AEPS20141008020.

[177] JA B B AR AR AR L I gl 2 X Bl s o 152 22 g R A0 M [0 0. 8 R
45 [ 31k ,2010,34(8) :106-110.
ZHOU Yi, QIAN Xuedong. Applications analysis of dynamic

http://www.aeps-info.com 93



2017, 41CD)

ACE in East China power grid[J]. Automation of Electric
Power Systems, 2010, 34(8): 106-110.

[18] North American Electric Reliability Corporation ( NERC).
NERC operating manual [ EB/OL]. [ 2014-11-10 ]. http://
www. nerc. com/comm/OC/Operating% 20Manual% 20DL/
opman_20140825.pdf.

[19] NERC ACE Diversity Interchange Task Force. Reliability
guideline: ACE diversity interchange[ EB/OL]. [2015-04-18].
http://www. nerc. com/comm/OC/Reliability % 20Guideline %
20DL/ADI_Reliability_Guideline_Final_12-13 %202012. pdf.

[20] ETINGOV P V, ZHOU N, MAKAROV Y V, et al. Possible
improvements of the ACE diversity interchange methodology
[C]// 1EEE PES General Meeting, July 25-29, 2010,
Minneapolis, USA.

[21] ENTSO-E. Supporting document for the network code on load-
frequency control and reserves [ EB/OL J]. [ 2015-08-05 .

https://www. entsoe. eu/fileadmin/user _ upload/_ library/

resources/ LCFR/130628-NC _ LFCR-Supporting _ Document-
Issuel.pdf.

[22] ZOLOTAREV P, GOKELER M, KURING M, et al. Grid
control cooperation—a framework for technical and economical
cross-border optimization for load-frequency control [ C]//
CIGRE 2012, August 26-31, 2012, Paris, France: 13p.

[23] ENTSO-E. Supporting document for the network code on
electricity balancing [ EB/OLJ. [2015-07-05]. https://www.
entsoe. eu/Documents/Network% 20codes% 20documents/
NCY%20EB/140806_NCEB_Supporting_Document. pdf.

[247] US Department of Energy. Analysis methodology for balancing
authority cooperation in high penetration of variable generation
[EB/OL ]. [ 2015-08-05 ]. http://www. pnl. gov/main/
publications/external/technical_reports/PNNIL-19229.pdf.

[25] DIAO R, SAMAAN N, MAKAROV Y, et al. Planning for
variable generation integration through balancing authorities
consolidation[ C]// IEEE PES General Meeting, July 22-26,
2012, San Diego, CA, USA.

[26] ZHENG T, LITVINOV E. Contingency-based zonal reserve

[

modeling and pricing in a co-optimized energy and reserve
market[ J]. IEEE Trans on Power Systems, 2008, 23(2):
227-286.

[27] California Independent System Operator. Energy imbalance
market: draft final proposal[ EB/OL]. [2015-08-087. http://
WWW. caiso. com/Documents/EnergylmbalanceMarket-
DraftFinalProposal092313.pdf.

[28] Pennsylvania-New Jersey-Maryland ( PJM ). PJM dynamic
transfer business rules for generators[ EB/OL]. [2015-08-087].
http://www. pjm. com/~/media/etools/oasis/system-
information/ pjms - business - rules - for - dynamic - transfer - of -
generation.ashx.

[29] LOUTAN C. MENSAH-BONSU C. HOFFMAN K T.
Pseudo-tie generator model implementation for California ISO
operations and LMP markets [ J]. IEEE Trans on Power
Systems, 2011, 26(3): 1156-1163.

[307] w2415, 25 3 7, L UR W, 55 R 55 FR 38 Uit /s 1 TR 42 5 4L
HLR AGC SR B9 e[ ] IR . 2010,34(9) :31-34,
SHANG Xuewei, LI Lixin, ZHUO Junfeng, et al

94

- HEEFE -

Improvement of strategies of AGC in North China Power Grid
after UHVAC pilot project operation [ J ]. Power System
Technology, 2010, 34(9). 31-34.

[31] MIGUELEZ E J, CORTES I E, RODRIGUEZ L R, et al. An
overview of ancillary services in Spain [ J]. Electric Power
Systems Research, 2008, 78(3): 515-523.

[32] 5KEE W AL 5, FhFRR 55 B T SCIR 45 42 9 4 Blh ] 1) 74 o B

e g T R ALL ] ) R A B4k, 2015.39(6) : 128-133.
DOI:10.7500/ AEPS20140606006.
ZHANG Yantao, REN Jing, SUN Xiaoqgiang, et al. Two stage
generation scheduling model based on coordination of regional
and provincial power grid generalized tie-line[ J]. Automation
of Electric Power Systems, 2015, 39 (6): 128-133. DOI.
10.7500/ AEPS20140606006.

[33] MULLER N, IRISARRI G, MEDINA J, et al. NERC IDC:
managing congestion in the North American eastern
interconnection[ CJ]// IEEE PES Power Systems Conference
and Exposition, March 15-18, 2009, Seattle, USA.

[34] Western Electricity Coordinating Council ( WECC). 2013
unscheduled flow mitigation plan—combined documents[ EB/
OL]. [2016-02-02]. https://www. wecc. biz/_ layouts/15/
WopiFrame. aspx? = /Reliability/2013 %
20USFMPY%  20Docs%  20Combined.
default& DefaultltemOpen=1.

[35] LUO Cheng, JIANG Lin, WEN Jinyu, et al. Real-time

sourcedoc

docx&.action =

market-to-market coordination in interregional congestion
management[ C]// IEEE PES General Meeting, July 26-30.
2015, Denver, USA.

[36] #ak i, B 5, 5% K B, 55Tk 26 28 ) 8 45 1 1 68 07 ¢ A v 99 52

HEJr=C L], B g1 & 58 A 8 46, 2015, 39 (10): 100-106. DOI:
10.7500/ AEPS20140609007.
YANG Yonggiang, BA  Yu, WU Yugiong, et al
Implementation mode of tie-line power control performance
assessment standard [ J ]. Automation of Electric Power
Systems, 2015, 39 (10): 100-106. DOI. 10. 7500/
AEPS20140609007.

[37] HIRTH L, ZIEGENHAGEN 1. Balancing power and variable
renewables: three links[J]. Renewable and Sustainable Energy
Reviews, 2015, 50: 1035-1051.

[38] LIU Jinsong, LI Xiaolu, LIU Dong. et al. Study on data
management of fundamental model in control center for smart
grid operation[ J]. IEEE Trans on Smart Grid, 2011, 2(4);
573-579.

#OAA91), F @ AL, LTS @8
N R Y% H A 55 4745 4, E-mail: tanchao @ sgepri. sgec.
com.cn

WA (1973, % AR A A BHRA LA, EZHRH
W M E BB AR,

BWEQ78) . B AR RAAHE LA, EEHR T
e M E B S H R BTN,

(wmE 50

continued on page 116)

(T#% 116 ®



(E#% 94 W continued from page 94)

Technologies for Coordinated Control Among Multiple Control Areas Based on ACE Correction
Part One Driving Force, State of the Art and Development Proposals

TAN Chao'*, DAI Zemei'* , TENG Xianliang'*®, GAO Zonghe'*
(1. NARI Group Corporation (State Grid Electric Power Research Institute), Nanjing 211106, China;
2. State Key Laboratory of Smart Grid Protection and Control, Nanjing 211106, China)

Abstract: Recently, with power systems operating in increasingly complicated environment and influenced by wide area
phenomena, a strategy based on the existing coordinated control between multiple control areas has aroused considerable
interest in achieving reserve sharing and helping ensure higher level of control areas cooperation. The concept and driving force
of coordinated control and a scheme for coordinated control technologies applied in different countries are discussed. Then, the
state of the art of coordinated control technology is analyzed in two aspects of system frequency control and tie-line power
control. Based on a review of various methods, problems and further research areas are pointed out.
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