E365F2H
2016 £ 2 A

Vol.36 No.2
Feb. 2016

% 2 & % iR S

Electric Power Automation Equipment

M TR MTE DAY Dt — X — g —fidt
PR IEAL AL p e

¥ OB RS et 2 EWAe g e
(1. e HhRF 2F5FRFR LT 102206,
2. el A RF HBRLHALEBRELLERET LT 102206)

WE. Rd@dRSE RN A48 FTR 6 WA T2 R B2t 5378 ) & 4] AL F) A 69 3 85 £
Sk gk B E KM e m AR AR RS AR AR R A ARA R A TR FEA R R R R A
5 R H AR A A B AT R R R - R AR AR R AR A R AR 0 % B AR AR T ARRAL S B B A4
WA R HE XM T RE LT ZARAA T LR, BT I RBER LR FREHEN ARER

MFRARS ZFALE N FTRAHES @O ELEM

K, TRMKR, SMMAFM, %8 FETFEREEE, £, BE, AFEE, #i

RESZES: TM 862 XERFRIRAS . A
0 38

FEGRE AT B ) R G — A IR R 5,
RV i ol B ey BAT BEALAE AN TR i r
JI MRS AL 020 RO B A R n] AR B R A T
W L BE AL 8 55 3 , F ) AR e RV 5 A2
“KUMBEHLFRSE” %™ H 0 T L) R % 4

UEAEK | B A T R A8 B TAE B AT oK
0 A7 B A B AN W S | PP 08 R SR 1 AT R B
AT AT AT BB B — R AT PR SRR, g
e R SR Rt g 2 9 < UM BT AL ™ R 7 25 DA Az P 0
i SR T . —J7 T R 75 R 0 B A A L5 3k
AR A5 A 0 B Rl e A DA T g o 20 I R A AT
B MR (4l e 2 G gy A AE | T v BT 47 i 45 B¢
U AR DA 5 A% 0 A ILAS | SEBLU  F HR G
ARG AT 5 o5 — 5 TR 2206 (4 e i g AL 55 XU RS
BLAL DEIR K i S5 A T 45k AL AR &5 45 dad 3 32
ER=ES W 4RI L:OE PO IR GO Bol D s = 3
AE f1% 52 B AL 7 28 S8R BUI PR e e PR UE L T &R
G0 % ARG Ja E B SRR LR T P A RE IR A L Y

Wt BEE.2015-06-01;1&E B H5.2015-12-11

ELWAH . B Z&HAFH LT XA B (20126XS4B064) ; B £
BARAFE R TR A (51277067,71271082) 5 F = &AL A
ABF AL 4% F R T A F R B (2015X843) ; B £ & W A 5] A
FHAR B AT B ARG LRER A F RKIAN R A b
B - TR 2 F KM F BRI AR R LA AR
Project supported by the National Soft Science Research
Plan of China(2012GXS4B064 ) ,the National Natural Science
Foundation of China (51277067,71271082) ,the Fundamental
Research Funds for the Central Universities (2015XS43) and
the Science and Technology Program of SGCC (Models for
Global Power Demand Forecasting based on Carbon Emission
Reduction-Sub-theme2-Simulation  Technologies for Demand
Side Management)

DOI: 10.16081/j.issn.1006-6047.2016.02.017

FIHIZCR

FE] A AT O SR A8 B BIF S 2 BB b T A2
it R G R 4 A A B[R] -0 R P IR 5 9 4 i X
P28 AT AR RE TR I TR 4 7120 2 R S A e 3 ) R
N ARG e str T I, SCHR[ 16 14 70 A
AR H BT fERE 3 28BS URAE D ) SCRR SR BT U
P T B SR B s AT AR R A SCHik [ 17 38
R A S T B R RN B A 2 )R s 4
R AT 3 P DX 3 A 194 e K B A SCHK [ 18 TR H
AT SR A B PR A PR BT, S T R HE R 2R
DU JE R 3 B RO R B | SCHR [ 19 1M A T 458
B 7 TE T R B R R 25 A I I B 5L ) B B ML 4L 41
FRERL SCHR[20 192 ) 1 2k T AR U 1 7 1 B REFE Y
PP B Sl e A B2 4 B By 53 BE VR 2 FEAHESE

FT, B NSO T o RGN 8 B8 17 5%
7 W B 5T T B R A R G s AT MR AL AL
7T AR A3 7 XU B 014 By 3 mT 44 O A
FEXGE, B LU BTS2 B AR SORF B e b H
it I 00 W IO ASE TR HEY L A B 4 o SR A Bl 2y
S FL A AL, O L 3 KR AR e Fi 2 T A
RE A A v A PN 1 22 2R TR L B DR Y e Je 1
HELARA 15 G HE /A S A pR 2R < I - 19 -
A7 — ik ™ BI DIG A JR] FEEASE RY3 ied 3 AE R S B R g R
G2 XU B E A, I 3R H AR N 9 22 F AR T R AT
PSR AT SR A G T 5 A SR o 137 % 52 B R
B GE R AT 5 AR

1 R M iz A

1.1 EEAEEHIReE
ARSOKE FER B 4% T 42 6l DLC (Direct Load
Control ) 77 ¥ S sl 25 73 B L Af of 52 80 H P i 75 oK A



E2H BN S SR R B U < o T i P 9 A1 A 9 A AR @

Mo O L R AR DLC a2

T H BT F DR 23 A1 P, v e 40 ) 43k Fl s, )
J R 1) FL R 2 5 LA /NS 7 £ i B AN, P
SR E ot N S I WS AN VA 3 DR N
Ty M, B — I EI e o DL A — R S
ZORERE R He e G, AT SE PR B A e d ) 4%
WRAFE AN o3 FOW S IH &8 T2 & 9, 41 P B far HIl ek
o Dy B A EEALR 10132 F P 324 pi DY J6 (I
H/NT D BREASAE %) Bl Di<di<D{ B}, %
ﬁﬁF’i’H(d,ﬁ—Dé)pHpéDéﬁ,ﬁilﬂﬁ%’é?&o R PO 8
HILAG 4 2 B P A A S B g 11 i | DTG 380 vy i 435
DLC X 5 J H S R t71 4 s i, DLC 38 AR /] LA
Wt (1) —(4) K FoR

di=Di,, (1)

Di.<d|<Dj (2)

Qd(i,t)=k§0di (3)
podi. di=D;

(di-Do)pi+poDo  Di<di<Di

n-1
Ca(i,t)= kzop;;D;+p;1(d;'—Dz,l) Dj <di<Dj,1<k<n

kZOpiD;’L di=D,=D.

(4)
Herp D, P i AR 1R]BE ¢ i B8 £ A4t ) B /DN B0 £
HIUE A 5 Q, (i ye) A AERS TR BE ¢ P, T i B8 97 47
WA 5 Co i, ) I o B 0BR B0 Ay 1 S A5 pi 9
H SR HR AT 5 Dl 9 1 1R B R0 77 )l

A ) i
Do

Ds
Dy s —
D,

D,

0

1 2 3 4 - n-1 n Y

| RR&EHEIRE
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Table 1 Mean and standard deviation of solar irradiance

BB BE/(W-m™) brifE2z || BB ¥I{E/(W-m™2) brifE2E
5 13 0.043 13 655 0.249
6 84 0.101 14 538 0.202
7 125 0.131 15 404 0.189
8 275 0.148 16 348 0.154
9 377 0.161 17 224 0.139
10 421 0.192 18 111 0.118
11 548 0.217 19 72 0.062
12 661 0.256
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Fig.3 CDF of wind power output
and photovoltaic power output
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Fig.4 Comparison between predicted and
real wind power outputs
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Table 2 Data of generators
L R aliAs / BATRA K AN (p/pa) /
KR [JG- (kW -h)™'] [JG+ (kW-h)™'] JI/MW J1/MW (MW-h")
A 0.22 0.09 300 200 90
B 0.19 0.07 500 300 120
C 0.17 0.05 600 350 150

T2 DX A P it R 5 A T2 A P T A R A S AT
W2 F L AR |2 A RE DL A O B R AR LR 3,
M 3 s al LU 2 2RI AR REAE 20 ms IHF
N0 4 TF Z AR R IR 2% I B R BE A PR IE A
Git R BT R AR R R P
*®3 fEREEEHIE

Table 3 Data of energy storage devices

ZH B AEREAN YR LI AR SE AR

BT U1/ MW 0.5 1
B/ (KW-h) 800 500

LR Y A p
FER AR /% 90 95
HE R 75 1 / UK 1700 3000

SOCe 0.95 1

SOCoin 0.15 0.1

B RAN R T 42 M 5 AT
PR A SCHT A DLC J5 58 A 53 i s A J5 58 5
ARG v 2 X o I AR R AN SR 4 P
%4 HHENE
Table 4 TOU prices
A/ [(J8- (kW -h)™]

5.2.1

H 19:00—23:00
11:00—18:00  06:00—10:00 =" "
Kl 0.65 0.78 0.70
J R 0.45 051 0.46
— TR 0.61 0.82 0.69

DU A3 B H Y 6 A1 1.1 15 TP A DLC TR g o ik
filh | 283 AR SC Y IR AR R TR R AR A B TR B A B
faf AR AL B ANE 6 s
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Fig.6 Load shedding under DLC and
original TOU pricing mechanism
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Fig.8 Load shedding under DLC and
dynamic TOU pricing mechanism
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Table 5 Load shedding and average payment
for different periods

o B MR MW SR/ (kW b))
06:00—07:00 10.25 0.83
18:00—19:00 5.24 1.25
19:00 —20:00 7.20 0.98
20:00—21:00 6.20 0.77
21:00—22:00 2.77 0.63
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Fig.9 Power outputs and load,when demand-side
resource is not invoked
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Fig.10 Result of power output calculation



o B

Ny | S5 SHE A 0 SR T LAY 05— o) — iy i I 980 ) A 980 P A AR @

W, SEAR & HL AL B bR AN | K LZE I R 2R AT
TR JEE RIS (14155 D0 RE A 19 A2 25 15 18] B 1) T Pl 97 £
AR A 2R 5 ] T SR RS B T LA
o B S AniE 11 Bras  KURL RO AR e L Y S 67 A
PR R DL AT 12 FR

00:00 06:00 12:00 18:00 24:00
i} Z)
—— KB, —— etk it
—a— K A ALy | —— S

B 1l AASEKMNERERTNAE DR AE
Fig.11 Power outputs and load,when demand-
side resource is invoked
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Fig.12 Comparison among wind power output,
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Fig.13 Charging and discharging of
energy storage device

R 07

<06

£ 05

£ 04

03

= (0.2

£ 01

E 0 . . . )

E 0 00:00 06:00 12:00 18:00 24:00

I %1
B 14 RS RAREFEHZAH

Fig.14 Payments for energy storage device invoking
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Table 6 Comparison of total cost -

J.
WL KRB BITEAS DLC AR e A 2 488 AR
8 75 =R |
1}11)41:50;?{}] 52983.11 14141.35 28369.51 63759 101869.87
R
ES N

56632.81 49633.15 0 0 106265.96

it SR B
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Table 7 Comparison of pollution emission

, SRR / kg
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Optimal dispatch model based on coordination between
“generation - grid -load - energy storage” and demand-side resource
ZENG Ming',YANG Yongqi',XIANG Hongwei'?, WANG Lihua',ZENG Bo®
(1. School of Economics and Management,North China Electric Power University, Beijing 102206, China;
2. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University,Beijing 102206, China)

Abstract: A concept of improving the controllability of the coordination between demand-side and generation-
side resources is proposed to cope with the bilateral randomness problem of power system,based on which,the
demand-side response model,the SOC model of energy storage device and the power output prediction model of
wind farm and photovoltaic station are established. An optimal generation-grid-load-energy storage system dis-
patch model with the minimum system cost and pollution emission as its objective is built and the corres-
ponding multi-objective particle swarm optimization algorithm is proposed. The case analysis is carried out to
compare the system cost and pollution emission between with and without the demand-side resource,which
verifies the scientificity and rationality of the proposed model and algorithm and the important role of demand-
side resource in system stability improvement,energy saving and emission reduction.

Key words: demand-side resource; bilateral randomness problem; multi-objective particle swarm optimiza-

tion algorithm; optimization; dispatch; electric load management; energy storage
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