E37EEH
2017 £ 8 A

BGEHL) RS R RE SRS B S A L

G ETFEHE R
(1. A XE BATRFR LA EF 210096;2. T AL AHFHRLKE, LK 100192)

Vol.37 No.8
Aug. 2017

% 2 & % iR S

Electric Power Automation Equipment

WE., AR B R Fh— R ORAA T X RTINS ARSI, 5554
GAALLLE) B A B3 H (AGC) W, B T 4 Jb b [X 69 4 B IR - AMEBUE 3R 8 T AE R SRR AL 40 4% Ak Tk
bR R FEE 5k, B ARIBHE T AGC AR K, 162 L R ATk R AW HE R 3
TG AR G H oy ok | R R R AR AR WO AL Fe KR BB I B AR A T Ak b Kok R BT, B T 2E K AR AR 69 42 R
Fhr HAT BAF kA ORISR MR T R AR SO EME 25T A RERRY

B AR 2R A5 AL B AR AL RGBT AR S s R % e AT G ALALEY AGC K AR AT 3E e AT 5F R R
EZo#AH ki LR TAAR TG RLEE, SRAY RS TR FRIAAY K TR

A 26 RS &
KR . Qﬁﬁ%#ﬁ%‘], 'f%ﬁ%,
FESES. T™ 761 XERFRINAD . A

0 518

KA H RE U5 A OF X 22 i 1 H g Bk H AR
B B4 18] BCPE FIUAS B 2 P 275 H I %) i Jo ey o 17 ™
AR U2 AR AR Dy R BT Y — T AR A
XL RGN E BT A B R B4 7R
B, K KA R ) R i EE IR =, H
S G M 7 FUORS A PR AN BB 58 A 2 Y
T AR B

SBREAE A — PB4 00 7=l 76t e R 45 T 3
FRE] T MOk vz Ik a8 [ N AME £ 2 X
G Re VR O 2 T F 29T SOk [9 38 i 2 B s B
AR e R SR A 43 i 43 BC 45 i e Y TR
PEAT RS , Sk [ 10748 H T AR IR 6 e 19 3h S s A
Bl &k BT (AGC) fig J7 R B 56 Fidse L A1) i 5y 2 A
W | I 38 kA E B T 6 BB A U A B ) I R Ao A%
GERAIHLAL . SCHR[ 11-12 7948 T — B 3k 4007 4 ol
WM B RERE B AGC MR J5 ik | A B U 3 w1
R DX 358 458 il A 22 (ACE) it 25 Tl R 38 KB 2 5 08 0t
AT ROEGERE R W HaE T, SCER[13 R
L P b R 2 PR 2 TR G B BB 43 0 e N R e 0 R
A % Bl

fith 8 1Y PR & e A 15 35 T BOR 9 3R 3T 4
o, B AN Z2 A UK I AR LA S 2 5 I A1 1) fit B
A CHEAR TR RS A, £EM
890,755 S ¥A LN T it e mT 48 AL R A AR 55 O K AR
A B ] 42 05T AR 2 M DX 4 R AT P RE 48 AR g AT

Wi BEE.2017-04-14; 1B BHI.2017-07-19

EL£TWH . BREMAaHAREAB (NYT1-16-040)

Project supported by the Science and Technology Project of
State Grid Corporation of China(NY71-16-040)

EHRE, R, AREE

DOI: 10.16081/j.issn.1006-6047.2017.08.007

AR AR R S < ROR AT B TR () A BE UK
AR 2009 4 (AE AL X a5 W & HL T gl B R 55
A5 ST i A0 U] Y AN (A L DX ek e L T O s A A B
Jit 24 0 Lo (TR (2 A A Y ) A AT P 520 ) H
I AGC T BB I 2 B H SR AT 3%, S il it BE 5 B
AAEGRT XHLE G, 25 K% ie177, 2013 4F
Jeat A A 2 MW B 2 7 H Tt % i R T TR
ARG HEMIE AT | X2 P E S — A6 AR 4R AL i 9 A5
k45 B syam B isi7—4FE 2 A SR RR A
RO RAF  AGC PEREFE bR RIR B2 = 5L H AGC P
REZ A6 s K, (HHER A3 2.8 ZE A 1T 211
4.6 I£h B Eik 5.0 UL b R SR A AS 2R i R
Tt SCHR 18 TEF X H RLML L IR A5 A 64T 4 ) B4
e E LT RAMm R TIRG MR ER A%
SHLA S5 AGC 1 78 L 3R W FN i fE 4 1 I B T T
Ik,

AR SCERRT R B REVR 2 AT eSS 5 &
GEATCR IR AT LA K5 W AL B A 56 TR 0 F —
SE BYF ST ABAT A7 AE — L[] 8T 2R ARG RN 58 3%

a. A SCHR R Z AR I8 U8 0UA 5 5239 70 I fif 8 A
HORUHLLL W T X R B Y T R e A
KR 8l 3 HAR 256 BUAT (A PR A0 UK

b. Atk it BE 0L IR PR B FR 2o A
() 75 B HL 23 52 T it BE 0 A3, IR Y SR B b %
FEAE BE A B B VR T 2 Br B R

AR SCHEXT (2 A 240 Wy R AT fife e ) b b o
XFA5 T AGC % A8 b TR T WL AT 5T SR 5 T
X HH L B 2% A2 A8 b Bt 22 A6 R T L R I 5
T B REAN Z ShAE XS 75 52 e 57 T A R RE L
GErER H bR B, e, 1 ad ELRSA I B A e RE %



% 8

AT 46, 45 . 38 L 9D I 0 kS0 W 7 5 0 ik g (53]

AREETH RPN AGC TERE I8 2 22 43 4k DE
(Differential Evolution ) 158 h H R L5 & |

1 EBJ AGC MrEERHITERITE

QAN AGC TERES 4545 K, 2 1Y
B PRTORE EE o 1 A ) 2R A R B =K (D) PR

K,=K,K,K; (D
Ho Ky Ko K 23 0 1 s AR AR 8 TORG BE R AR |

M S B [ 5
TR A — UL B AGC ML R A 4 ] i
B (AN 1R ) B 4345 TG bR A 307 15

Ty ;] T,
Bl 1 88 AGC MAR SIEHTE
Fig.1 Typical setting-point control process of AGC unit
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a power plant
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Table 1 AGC performance of unit

without energy storage

fif ] K, K, Ks K,
RIS 1.19 1.83 1.65 3.58
ERPN 1.17 1.83 1.69 3.62
H3K 1.09 1.84 1.64 3.28
H 4K 1.26 1.84 1.71 3.96
EEPN 1.25 1.82 1.76 4.00
% 6K 1.28 1.85 1.79 424
TR 1.21 1.83 1.78 3.94
ERPN 1.37 1.85 1.80 4.58
E XN 1.33 1.84 1.78 437
%10 K 1.40 1.86 1.80 4.69
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Table 2 AGC performance of unit with energy storage
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H1R 1.70 1.93 1.87 6.13
EHPN 1.70 1.93 1.88 6.18
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4R 1.73 1.93 1.87 6.23
HSK 1.73 1.92 1.88 6.25
EHPN 1.53 1.90 1.90 5.52
EXNIPN 1.60 1.89 1.90 5.75
RPN 1.75 1.92 1.90 6.41
FoXR 1.74 1.92 1.89 6.31
%10 K 1.77 1.92 1.88 6.41
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Table 3 Threshold settings
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Table 4 Parameters of energy storage system

EXil ZHH
fith BE 70 HL 0K 0.837/0.837

e WA/ [T IT - (MW +h)™] 372
YA/ (T 76 -MW™) 108.5

i By e 1% 8 B AR /[ T I8 - (MW +h) '] 18.6
BATHEY A /[T IC- (MW -a)™'] 124
FeHL A /[ JG- (KW -h)™'] 0.5

fiti & 454 /a 10

HE A B 10000

K HE 3 R AGC 54 FALA 1 1E R 5 iR
B, b TARIESS R B T SEME SR DE B9E 4T 5
Wi 5 PRI e KR RE A . Zad i1 it
HLAL L B 1 RE e A 5 8.2 MW/16.4 MW -h, i
Kilkesih 33.5 1ot

ST G M AIE O i E A O RS AGC T RE
LT Em RS & N R I s
FIMLALMERE a3k 5 Fim , AN[F A& T I AGC % #%
il ss n i 7 FioR

T R GRS A 225 SUHS 3 K
B it HE 25 e T B 465 SRR e T B e A e e AN L
FAREM:, HREZA R 365 d S, W38 R
it K BT PAA Sk B A AT 4 AT 4 S AL H )
Bl AR A B ECE , FAE, R DE &
AR J B AN 4 AR H I R AUAE RS G
BN T.6 MW/152 MW -h, # Z i — 82 m Ak

R 5 fEBE AGC E Rz M AR A

Table 5 Benefits and costs of energy storage
by AGC assessment

it B D) R4 1 c/HiTt K, K, K K
2MW/4 MW -h 19.6 1.40 1.92 1.89 5.06
4 MW/8 MW -h 27.0 1.66 1.93 1.89 6.05
6 MW/12 MW -h 32.8 1.86 1.95 1.89 6.85
8§ MW/16 MW -h 33.4 1.91 1.96 1.89 7.07
10MW/20 MW-h  33.1 1.92 1.97 1.89 7.12
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14 MW/28 MW-h  30.5 1.92 1.97 1.90 7.15
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Strategy and capacity of energy storage for improving AGC
performance of power plant
CHEN Lijuan',JIANG Yuxuan', WANG Chun?
(1. School of Electrical Engineering,Southeast University,Nanjing 210096, China;
2. China Electric Power Research Institute, Beijing 100192, China)

Abstract: With rapid charge/discharge characteristics,energy storage technologies have gradually entered the
ancillary service markets of many countries as a new way of frequency control to participate in the AGC
(Automatic Generation Control) of traditional unit. Based on the compensation policy of ancillary services in
North China,a charge/discharge strategy and a capacity configuration method of energy storage are proposed
to improve the AGC performance of power plant. According to the definition of AGC assessment index K, of
the policy,methods for calculating the adjustment rate,adjustment accuracy and response time are proposed
and a charge/discharge strategy of energy storage for enhancing the adjustment performance and reducing the
response time is developed. An off-limit regression scheme of SOC(State Of Charge) is set to extend the
lifetime of energy storage. Based on the cost and benefit analysis,an economic energy storage model with the
maximum net income as its objective function is established. With a practical example,the AGC performances
of a unit before and after applying this strategy are analyzed and compared,and its optimal energy storage
capacity is calculated with differential Evolution algorithm. Results show that the proposed strategy
significantly improves K, with obvious frequency control benefits.

Key words: automatic generation control; energy storage; control strategies; economic evaluation; optimal

capacity



