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Fig. 1 Flow chart of real-time active power dispatch
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Fig.2 Modules in spot balancing trading

3.1 EMFEZHHIEERE

B RGN RS A — A7 mi b i1y
— W Taylor J&JTA] 15 3 2k Pk AR R

S - T e HORI T 4 58 B A R S RE AT
PR R T A R 3 B A2 S BERINT

min f(AP) = > C,(AP) (D
i€ Ng

s.t. D AP, = APy )
i€ N
AL = S* AP (3)
AG = AAL 0
AL, << AL < AL,,, (5)
AG,i, < AG < AG,,, (6
AP, < AP < AP, (7

K AP NHLAH YK 55 N AP AW
5 :C (AP LA @ B 3G AP, B 38 i i 1
A 5 AP ey 04 P I #R 3% 5 AL FIL AG 43301 &
$E6% 0 U T 1 7 T A8 Ak s AL, R AL, N 2R B
R R 55 AG,,, T AG,,,., h W T 1 B 48748
R 5 AP, B AP, A HLAL Y 7 1 B 24 3
K (BT R AR ;S W REIEH AN
VT T — 2 S5 DX B A o

LHPER R (1) ~ K (7)), A R 2Rk 3 ik
KA HARRE B . iU, e LA
oy Bt K 4R 2R, A () AR 7R SRy B 2 R R A

LT v 2 R e PO 22 4 24 O R B A A 2R I AR
S A FEL R 1T ) B S AR E AR PR, T SRR E AR R A
BT A R AR A O ) A AR PR G
Gooe o SCHTUR JE v, AR T OC 14 38 15 2 W7 48 % 2 15
BAT NI PR A E 12 47 7 20T A I T B e b B

K (2) ~ (7)1 B 2 o] AR T IR
I AR R P AT B E R,

N( b

APyr = F4+X— > Py, (8
i=1
AP, = P, — P, (9
AP, = P.,.—P, (10)
AL, =— L.« — L (1D
ALy = Lo, — L, (12)
AG,, =— G, — G, (13)
AG,.. = G,.. — G, (14)

AR F e 400 6 Ay T 00 A 60 A £ 5 X2 DX I 4
R P2 H AT & B TR Ly MG 23 59 2 0 B R
AT E BT THT A W0 U 5 L o 2R 8% PR E LY R
8 5 G o M G S IR THT I 1) 052 [0 85 28575 8 B R
3.2 AT TFERHYE

H1 T ) R GEAE /N R N AR AL I AL T AR 4 )



- IRENMMA -

SRS AF T R SE IR R A T RE S Ak 101

LN RP AL i 2 PR T 2 By b AT LA A B LS
P RGER A T &AM p i RORERL  (HJ2, i T3
WL R TSR0 AR E — At T A P Y
SO A R AR AR RE AL i RO B LUE 3U(3)
THA R B 2R B8 O A A& L PR oL, Ik, A
SO A ey P RO, SCERC 10042 i T HERR S R
TR 25 BT A AL A — R BURRE 24 A TR
S IN  Lb FTAT AL ZE S ) HH DA T e 3 3 53 A1 A
BHL, AT B E SN 58 5y e — A TR R S AL
A Tyt T e S 1 B R AL AR B G R L B B ok
Vi K B ATLAT D3 T 0 9 AR BT A A Y AR Al ok
PR A B OGIE  EE  v I R R A A A
A RSP 1Y AN A TR R TR A
WAEMAL BB A KR T, e, 6 BT G 1 A
14 R ABORE R A IE R v RBHRE L LA B AR AR Y A9
) V- R B B A SR AR R S AR AR Y
IR A SR AT DUTE SN 52 B i S R A AR AU
AFEAEAL T g R AT R,

B R R AT I TR S, S
JLER S Rl @ X ;B A i B R O A [ T
(AT AR R AR v, A X R R 5 370 %) N AL
M. NG SCRURTTE PR Z N 5 ih REUE

TESE I - 105 52 5 v, vl ILAT S 1 728 AL 5 4 A
AR o B SR RO A9 TR KR

>1S,AB:

FENY,

> AB,

kE Ny
A S, JE e h R ; S o A F- 8 R N
A AR S EA AB, 2T S kA S AR
A 2 Y AR

KA FES AN 2 WER RGN0 EL—4
PR 2R BE 0 AR Ak, B 0 A RS T A T
25— A S AR XA TG R R
RIS S 1 WA NS LR T & AL N
— AR [R) IR 2R 5 67 At 26 i — A B 2k B
TR A, & EAHLTE A R G0 (A
(A S5 Tl 45 52 S SR st Ty sk B0k,

AR 2 (15) #E  Hh A for 1 17 58 SO A B

. SABe"
S S+ SYan, (16)
K AB ST A AR AR A R A K e S H
BN A 1 PR E,

=X Q6 & E 1 R B A (3) 1158 5
TR K EATLRESS I 1 AN B A A B R B s Y AR
W STt 0 38 0 AR AN MR T Rt Y s e B, R R
FAHE 5 G oy -7 R AR X HE S R L 6.1 YA,

S* — S]’, + (15)

Ji

e B R A AT AN AT AR SO O IR I
N Sl G DR B A WL L TS AE B AR AR 2 (2
ERUIETIDY ORISRV NS . R4 ST A AR e

4 RHHEE

T g S S B 2R G A S S AT A8 S A B i 4R 1L
ZR AL Gy Bk . 28 5 T T B AR Stk BRI A AL B
AP T B T R A L AR RE 40 IR LA L (B
AR 2E . TESEBRE TR R R A T
PR F 3, AL U B Pt & V4, 45 5 1l
JE AR, TS A AR AR, 28 5 45 R T RE A
TE 1 P 4 (out-of-merit dispatch)™, P4k 38 )y i
ASRE X 39 7 8 25 A R L A8 Bt R B o B,
510 an 354 fin H T B 5 R 9 ML AL I O SR A A LAY L B
D T AN R G SR ALA . AR
ARANRRZS R R R R W I T A TF LA IE
70 TC I 5K L 2 B2 2y R BE 4R AL I 4
T i A0 YR e 6 T A AR B b i T 30 e R R Y TR IR

LR T B (merit-order-based dispatch)* 3
U8 F P 20 5 R 3 rp 1 A5 f i o o R AR
P I H G L i P AGC R s 1)
R, T, 3 R R A W] AE S
ARV BEESS S T B TR T A 2% S
MR AR B D& o), A SCXT e 5 i
DA B 00 1 ) i A5 AL oy, i DA A 30 S i
RGO A, B3 RIh S5 vk T % 09 I R HE
£

TR
LA M

B3 ERRFERE
Fig. 3 Flow chart of merit-order-based method

W EE, B AP=0, BHRZE—4, 8
(3) A () T B30 2 6 R O T %0 380 O R A S B 22 A
MeAZ NP 3 FiR . 24 H BT 28 (5) B (6) Y
LA R, 0 53 T R B AL 2 A R Y 2 % s T L £
TiEE R AR, B, & 4 APLA AR
M H2e 5 0] LLE B UOF 1k 45 0 30 ) R 4



102 2 » £

h, A &

2006, 30(2)

B R R S AR AT SN W A

2003/08/29 10:15 -
VML < 7 #1> B, B <1 EL% > B!
VAP < T #2> BF, RE <1 KEL > BRE!
2003/08/31 11:45 --
VAREHLAL < W 45> B, Wi < Bh-Be > 8RR
VREEHLAL < TP 42> B, Wi < Bh-Bed > 8RR

4 HMAZEFRERIFIZR

Fig. 4 Field log of out-of-merit generation dispatch

5 PREEHE

S I - A7 52 b 2 e MR R L S TS A L T S
/N S IR N U B e N T
B, H P42 42 A SR H Ny B S B, SE i A A B
Ab BEAL AR TS LA B BT 5 1 S 443 19 S
S BRI, i B 32 B4 2 B 28 A B

S I V-85 52 oy R B AR AE e e A R AL T
2% 2R ARTE L RS2 A7 HR L A7 AT RE H B OB R 1 15
DL, SIS VR B 2R G s AR LR AT 9 v BT A DT Y
IBATNGE L o SR R 100 B % & W A T R R

ASSCRH 26 BRI SR TSR A 9 R sTe
BRI A R R 2 B AL R ) AR
HEOTHBR TR st SO R UL R 55 shd ] LA
Wy R AN AT AT AR A B0 5 ol R R U LR b 1 % PH 26
2L 1 R BRE , 224 HH B 2 2 A () B PR, 45 0k L E
T 45 A BIR D 3R i R ) S B 0 A A it P R A 90 A T
SR P 6 L PR 7™ 1) S L 2 Z RS A g
B T A SO A BHL2E . BH 8 B s A Oy

min f(AP) = > | AP, | an
i€ N

s.t. D AP, =0 (18)

AL; = SiAP< AL;.,max 19

AI’min < AP < APmax (20)

H bR sRECH SR B ) /I, v B HE AR R
st Ao h et Bir, FX40L2)
AT BRI RN 0, I (18), HwEX A H
T 1 KL AHR,S, BmS B 7R &,

24t BT T A R PR T R R AT B
Fe it AL W o) R, N GOHRAK ).

AG = ASAP 2D
T 52 AT LAAS B AL Sy 808 W 180 9 U 1) RO
S(; = AS (22)

6P 3 X W TR R AEOE S - A 19 3 LA
AT LA oK fige 3 W T 90 9 0o 28

6 SEEREBISH

6.1 LMZXZHMATFERYE
FHTIT T v PO EEK 245 £ DT 1 3 42 o) 554910 A A 36 e

2 R 1 A7 Ao - i R O R R . BT 5 BR T
¥ H P fRT AR B Pl e B T ) g bR S
HEAE KRR WA 2 42500 kV R CH L) 3 4
220 KV e (A0 4R) £ ) 40 & op o sk TR L 5
SNEWT 5 AN BINLE L) VS REAE JL L XU
AL F PEEB L IF B F AR EHB L i Wk L F R .

s
TR
s | mog |pagm BEE

E ik
KEL

5 AT R W L E
Fig.5 A simplified graph of Henan power grid

BRSO L, R OV EEN A
W) N AR R B, SR 1 LSH
2SO RBUEME, P AER S, Bl
T4 BT T A 22 BCRE o fR bk 2 MM 2R LR R AR
12k AR 2 i A S RBUE AN

®1 RHFTEENRBREE
Table 1 Original sensitivity

&g/ R

Wi %) 6% MEE1ES WE1IS WE25 HH29
K 1 I _
o o2k 0.000 0 0.001 1 0.295 4 0.3229 0.317 0

fElELE 0.000 0 —0.000 6
Mk 0.000 0 —0.000 8
KFEL 0.0000 —0.000 7
Bab-#%
e 7 T

—0.1020 —0.1114 —0.117 2
—0.1235 —0.1355 —0.149 8
—0.1837 —0.1072 —0.0989

0. 000 0 0.0001 —1.0000 —0.9999 —0.9999

145 R i BT ST B Y sl R U A L
AN B M5 ¢ 28 )X T AT AT 4 1 SRR R
05 ALHBEL T &2 T F0 A BE ) X 74 AL 35 o Wi 1T 119 3R A
JETY 05 ATEALER B L ) OO, Bk o AT ) X B
- gy REOE R —1, X402 h T
W HLER] 72T s, X h RBUE JEAT 0 fr -
BIE AR WK 2, R, &4 KB 25 A L%
T THD ) 79 5% A2 91 L 4505 B, P BT 6 IR &R 4 £
AR T A TR A W ) 22 A 8 A A R

x2 AEFEHEEERHNREE
Table 2 Load balanced sensitivity

2%/ R

Wil ) 6% FEE1S XK1Y &5 2%
k1
% o % 0.2151 0.2162 —0.0803 —0.1078 —0.1019
Lk 0.0714 0.0707 —0.0306 —0.0401 —0.0458
Mi#igk 0.1018  0.1010 —0.0217 —0.0337 —0.0480
Kigk 0.0745  0.0739 —0.1091 —0.0327 —0.0244
fij;ﬁ;% 0.6779  0.6780 —0.3220 —0.3221 —0.3221




- IRENMMA -

SRS AF T R SE IR R A T RE S Ak 103

6.2 LM FETHHIAERR

SR B A AT AR R H R T ) 52 e
W —>S2hrt 717, ARAEEHRIACR K 6 A TR A
PLAL 1 d Wis AT 00, oy BRI 3 2R £k, kAT
TR OR . S TR R A IR R AR ARt
), SEBR SR ALAH AT LRI E R, B
ZINWE B 2l B SR UL B S Bt T, B R R S
.,

240

210} TU . —
180} :

0:00 4:I00 8:IOO ]2:00 16;00 20I:00 24‘:00
, i ,
—HL Tty s B SER R s === ) H AR

6 EHARBRIEITHERME

Fig. 6 Daily operating curve of a generator
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Functions and Algorithms in Real-time Active Power Dispatching System Applied to Henan Grid
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Abstract: Real-time active power dispatching system is designed for on-line monitoring and automatic adjusting of generation
and transmission flow. In order to coordinate security and economy, the functions in the system are divided into two modules:
spot balancing trading module and real-time security management module. The former module matches generation with demand
periodically subject to security constraints, while the later module deals with exceptional network events, such as congestion
and generation outages. In spot balancing trading module, the incremental power flow model is adopted for its robustness. A
new load-balanced sensitivity is used to improve original sensitivity, which makes the incremental power flow independent of the
location of the slack bus. The merit-order-based method is used to solve the spot balancing trading model, which not only
ensures economy and security, but also makes power market fair and transparent. This model is modified slightly to fit into
congestion management, and then solved by synchronous conjugated adjustment method. The operation practice of the system

applied in Henan power grid shows that the models and the algorithms are effective and practical.

Key words: real-time dispatching system; spot balancing market; incremental mathematics model; sensitivity; congestion

management





