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Abstract: Participation of demand response load in power grid
dispatching can promote the development of power system
towards the direction of high efficiency, economy, green and
low carbon. However, when there is a large power shortage such
as UHV DC blocking in the power grid, in order to improve the
recovery capability of the power grid in emergency situations, a
higher quality and faster response load is required. Therefore, to
improve the motivation of demand response and the utilization
efficiency of resources, this paper defines the rapid demand
response load according to the characteristics of demand
response, and proposes the grading utilization method of demand
side resources according to the load quality characteristics. In
addition, combined with the market calling method of demand
response load, this paper designs a rapid demand response
market mechanism based on load quality grading utilization,
and puts forward reasonable suggestions for demand response
compensation fees, providing theoretical support for the rapid
demand response load to participate in the market, prompting
rapid demand response from policy-oriented to market-oriented
shift.

Keywords: rapid demand response; market incentive; grading
utilization; calling method

O RN AT S R B REAS LG ) R G
B G s ARBRIT IR ARG, (H 5 R B T R
PHBTAE R D) ARG, Oy 1 e Pl IO 7 55 U 0 T O A2
1o R B R AT R A R N T o R j@?ﬂﬁ
SR WA L P AR 45 B A R AR S X SO Bz A

H2IMB: B R & M8 A3 B (SGIS0000DKIS1700263) o
Science and Technology Foundation of SGCC (SGJS0000
DKJS1700263) .

SCT PR FTRIF RL G FEARIE ST b SRR T R R
G RA Tk S5 G R R AT i I 7 2,
T TR it SR ORI PR A5 SR 157 T AL, xS
e R 1AM B R A B o S PR SR e B A A 2 5
TP ERIE S, e el R o8 SR i [ phy B3 5 1) B ) i 7
AL

KuEE): POETSRN TG BYORIT T

TR (demand response, DR) JEFE7EH 1T
ik, R R4 RUE BT, SRAAR B
Ttk s PR AT R, DLR B s 5 A rg—Fp
fromtl,

Bl A OESE R AT F A B IR 1Y T st T, H
BEALYE . gl Pk 4 i I AR is A T R L I . %
St FL R T Rl A AL R BRER AT, Y B
TR R A b i, AREE Y K B U5 A ORI R
P L A B, A AT 3E A 67 e s P SR A 5
Dy =GR AR HT . T R, GBS R
DY A, BRI YD A R 1At 2 A E§§§A“
SR ACHR o R AR PR T ) R YR, [N iE
R T .

FE A R b Jre s B, JF AR 3 1R R
J132H, RERERAMER (DLC) i H LIt
T40 24, I HBIDLCH H st 22 . HUKE %
F LA e R AR T o 4 3 [ 45 M (9 AT rp i 171



296 SIEKEEREEL N

F2k B3

M IT A AR, N AT sh I G 22D A2
TR SR 8T R WA PIMEY ] rp g 67 i 23
AR LR 28 5 G707 O o RN (RIS, S S
FTHRUEHLAT « 43 FL A A0 S P A 5 SR o A 1™ -
Hh R SR RS S, I EL R e AL A HE
AR ML DXCSEAT 1A 23 I LA AT R T T 20
Ho JmAER, w65 A 5 BOR 3 7 SR i N ) &
J&, AR, RigSEHIX ORGSR T i 51,

IR LR HLT R R R T, HoROK
R =R TN CH IR SN 47N IS L P
FaSEIBAT, T A S A IR 1) A R S R R
st s P VS NI S i TR S S SR (E
ST INAE S22 B AR IR0 i B AE TR Al R B
Mgt T R 9 SR I 12 R B L, D) 7 i )
WK RARE , XX RO BT IRAR T B Y 20K,
it TR M) PO A AR B )y 5 B R A SR 0 5
We

Anmg e e it B R SR U, A far i e 2 5 R
k5 157 2 e, g X i i T SR W AR T
*h, HRRAE R a2 IR IR, R
DRGSR IR, AU AT A R,
Y- WAL DTS TN =1 SO SIS E2S e R i i A e S 1)
WA T R P 2 DAL e LA A 75 3R o o7 A6
AEARERE L S TS EOR, &2 EHH AR
BRHBLT . PPAG IR AN S A A R T i
TRl BIL ) % i 17 7 £ ) 45 5% [ 4% o

1 PR F K M R 52 a7 7E X

el A AR 75 I 17 S B A IR I 1T P 0
B far H A DU MR BE T R A R G e P
HLBNIRA . = BURSSF R A BRI R [
i, Rl AE R AT N Z B2 T R, e
W5 BB E S T RERE T 225 B i M b B gl
Ko PRI, H IR P A SRR L H A B R
A R, {ELERAS B R R B4 677 e R BE AN
A, R G — R A .

7R SCRE PR SR Wi R B RE SR R ST 32 T R R
SE Y B A 3] ek 8] )URE w1 BE 7 A9 P 47 A
T, R A R BRI AR R 2 B B DI 4 £
AT RN DO S5 L W R A A A3, I ) A S B
PIVKE RGBT o (PR A SR [0 21K 1) 5 i R A
B, WEMEAMREER L, X

FESH A TR, S B AE R e 5 ffar B
ZIAIRY LS, LAGRER AR B AR B L I (] N 7 SR T R
FL 19 22 [) XL ] 7 5

2 FTRMFRmMBHRRFI AT E
2.1 FRMZRmEEBRF BRN

ANTE R PREAT AR B, R L iz
P RO A SR OB IR AR RO G IR
— i RPN 2Y, AT RO b
GRITT S0 AR B8 S i 00, SR AN ) i
B D RO B i R Rt L AR R A2 A7, LI BRI BT
P wmah L, RS B HA, R . &
SRAM G5 2R T — T77 1 m] LS BB 8 e o AU
I3 —T5 AT AT R R P 25 F R T U

T SR M B D WA

T v ROR I 5

RN, (TR R

Rt BERA T o

WL AT SEHE 54T
B 1 FRWEEEERR AR

Fig. 1 Grading utilization of DSM resources
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Table 1  Evaluation index for DSM resources quality
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Table 6 Evaluation result

N IEIR dy’ i Gy
L1 0.0156 0.0425 0.732
L2 0.0414 0.025 0.377
L3 0.0328 0.0305 0.482
L4 0.0246 0.0353 0.589

5.4 ETERNHNmEAFFELE

i ffarLd. L2f5 A M FHfmiLl. L3. 4
PR B A 19 DA i /N AU, ZR B e L it AR A5 FH AL
XL L2dEAT 9L, faffLl. L3UEITREK, 3k
PRy S i B e . Cu> C> Co> Cso

5.5 FXRMTELELRFIA

AR L B AT S 1 O S SR AT BCHE Y, S
GRS, A5 7SR BT IS A ISR, 2R 4R
SR NINAAR T S RS V6 NP E ST S
T A I HL I S AN P 2B

i
i
nn
LY
- T R T
A Boksh#hk: L4

| O 4 55 )
y Rk d: L1, L2
|| EEEESEL)

iR, L3
il BEA B HL 9 S i 2
B2 FRMFFEHREFAER
Fig. 2 Grading utilization results of DSM resources
6 it

ARSCHRAE S AT s TR, 2 T
BRI AAR cP  DAE  WN  2VIU N EE R RED
B HAIRAE DT I Bt 1 PO R 3 T S L s i
Xt it SR AN IEUBR M 7 ik B SR, R RAAS LR
45t

1) AR SCHE S 19 75 SR 5 R SR 5 1 A —
SE BIRFEAE S ST AT RS IR AN [R] it B 7 R A ¢
TRA s RO

20 TR DR T VP 61 A1 5 32K
S, T AR A SO T T 3R R
WU AT MEIE . ASCRF TR I 7
XA TAE, (AR, ER

BRI SR ZAL
3) fEWMGIET , SR FR RGP HA
—J7 A B TR B MR SR S 00 PR 22 gk

Biag, B— A MBERESHPS 5050
P, PR R B T .

S 3Lk

[1] BSE, Ah, T/RE. BT i B G e R

07 5 R B VEBEVEAM [I]. IR A, 2009, 33(19):
72-78.
Zhao Hongtu, Zhu Zhizhong, Yu Erkeng. Demand response
performance evaluation and basic load calculation method for
customers in electricity market environment[J].Power System
Technology, 2009, 33 (19): 72-78(in Chinese).

(2] BSCH, T, L, & M R IR R ST
BETS9E]. B ARG AL, 2012, 36(20): 74-79.
Yang Wenxuan, He Guangyu, Wang Wei, et al. Design and
implementation of user energy management archetype system
[J]. Automation of Electric Power Systems, 2012, 36 (20): 74-
79(in Chinese).

[3] Wang J, Biviji M,Wang W M. Case studies of smart grid
demand response programs in North America[C]//2011 IEEE
PES Innovative Smart Grid Technologies. Hilton Anaheim,
CA:IEEE,2011:1-5.

[4] 2R, WA, EW G, SF R T Zahm
REFEFIPIHRL]. )T RGEA SIE, 2018, 42(8): 22-30.

Li Weidong, Jin Cuicui, Wen Kerui, et al. Active frequency
response control under high-power loss[J]. Automation of
Electric Power Systems, 2018,42 (8): 22-30(in Chinese).

[5] whok, WReRE, JRERZE, SF. GRS R R R R 2

iy FEL D) L 30 P BB O PR T 0], L R SE AL alidk, 2016,
40(18): 1-6.
Han Bing, Yao Jianguo, Yu Yijun, et al. [J]. Discussion on
active load response at receiving end power grid for mitigating
UHVDC blocking fault[J]. Automation of Electric Power,
2016, 40(18): 1-6(in Chinese).

[6] #s%, XMRH, B, % d WG IR AT i
AT SRS AITFE (). Ly A Sk ss, 2008(10): 19-23.
Du Liang, Liu Junyong, Yang Ke, et al. Research on second-
order interruptible load invocation strategy in power market
environment [J]. Electric Power Automation Equipment,
2008(10): 19-23(in Chinese).

(7] EM8, XURL 7R AR SR R AR (1] 8 2 Tk A
2018, 8(7): 115-118+125.



Vol. 2 No. 3

XS . ET e mEkb ] BRIR R RIGR BRI 301

Wang Peng, Liu Min. Review of demand response technology
[J]. New Industrialization Straregy, 2018,8(7): 115-
118+125(in Chinese).

(8] %, TAekh, 1L, S [E SRR TS SR
[7]. AT RAAS B, 2014, 16(5): 62-64.

Dong Jun, Wang Bingjing, Feng Qi, et al. Demand response
research and practice at abroad[J]. Power Demand Side
Management, 2014, 16 (5): 62-64(in Chinese).

[91 W2, TA, H=2€, 45 FEAME RN HARTE 3 S AL
FEL P R I [, H D A sRAMAS B, 2015, 17(2): 59-60.
Xie Zhenjian, Yu le, Gui sanrong, et al. Application of foreign
demand response technology in active distribution network [J].
Power Demand Side Management, 2015, 17 (2): 59-60(in Chinese).

[10] K& B, Brati, M, 45 FRET R m N AE B A b i
PCBUIR B 2 SR F[T]. UM AR, 2018, 42(4): 1183-1190.
Zhang Zhichang, Chen Jingsheng, Li Bin, et al. Present
situation and development tendency of standardization demand
response information of exchange in China [J]. Power System
Technology, 2018, 42 (4): 1183-1190(in Chinese).

[11] Gehring-KaL. Can yesterday’s demandside management
lessons become tomorrow’s market solution?[J].The Electricity
Journal, 2002, 15(5):63-69.

[12] 3kEL, T, skAE. BET R BrRER Y SR ma B B I 7

B FRERTTE ). R (FERHED, 2018, 48(10):
1450-1466.
Zhang Kai, Wang Hui, Zhang Shaohua. Investigating the
market-based operation mechanism of DR resources using the
equilibrium model [J]. Science in China(Information Sciences),
2018 (10): 1450-1466(in Chinese).

[13] 2t Biomtde, 20, 5. R St SO ML RERE SR iy b frY)
SCHE R EIAT 5 R EELT]. R, 2019, 43(2): 694-704.
Li Bin, Chen Jingsheng, Li Dezhi, et al. Analysis and prospect
of key issues in in China’s demand response for further large-
scale implementation[J]. Power System Technology, 2019,
43(2):694-704(in Chinese).

[14] WA, ZEME, AL SC B M i & 1F 1 3 FE 7 Rl

PR Z 5 g s EALE AL )] o, 2016,
37(3): 112-116.
Zhao Yan, Li Bosong, Jiang Chuanwen. Operation mechanism
suggestions of demand-side resources in electricity market
under retail power market deregulation in China [J]. Electric
Power Construction, 2016, 37 (3): 112-116(in Chinese).

(15] T—, FEZL0y, ARARE, SE. T AL ) o SR 32 8l o
BRI T RERL BT[], e REE A Sk, 2017,
41(14): 2-9.

Ding Yi, Hui Hongxun, Lin Zhenzhi, et al. Design of business
model and market framework oriented to active demand
response of power demand side [J]. Automation of Electric
Power Systems, 2017, 41 (14): 2-9(in Chinese).

[16] PHIRAR, AT B3 . oK I, A B B 42 1 s (0], /i 00
5V, 2012, 49(3): 59-63+76.

Feng Qingdong, He Zhanyong. Tactics of direct load
control in demand response[J]. Electrical Measurement &
Instrumentation, 2012, 49 (3): 59-63+76(in Chinese).

(17] JIW, ZRPed, ARG, d 3 miisg s SR04 3 52 it

HUHIRIER[T]. A, 2005, 29(5): 5-11.
Zhou Ming, Li Gengyin, Ni Yixin. A preliminary research on
implementation mechanism of demand side management under
electricity market[J]. Power System Technology, 2005, 29 (5):
5-11(in Chinese).

[18] Clark W G. Then and now: the perspective of the man who
coined the term ‘DSM’ [J].Energy Policy,1996,24(4):285-288.

[19] Rahmat A, Nosratallah M, Hadi M, et al. Power system
reliability analysis with emergency demand response
program[J]. International Journal of Smart Electrical
Engineering, 2013,2(4):231-236.

[20] Rahmani-Andebili M, Abdollahi A, Moghaddam M P. An
investigation of im-plementing Emergency Demand Response
Program (EDRP) in Unit Commitment prob-lem[C]// Power
and Energy Society General Meeting. IEEE, 2011:1-7.

[21] E0g, TR, A8 SR A RN PR A N LS R

[7]. 1624577, 2013, 41(7): 1416-1420.
Zeng Ming, Wang Liang, Li Na. Application of power demand
side resource in america and its enlightenment to China
[J]. East China Electric Power, 2013, 41 (7): 1416-1420(in
Chinese).

i5 HEA: 2019-03-05; &M@ EH: 2019-04-15,
EE BT

x| F A (1979), B, @1#iz, #F
R WA E N RGBT, AT,
AR Z XM, E-mail: liudunnan@163.
COmo

EME (1995), 4, MEHR
2, ARG @AY AT, E-mail:

ncepu_meibaowang@163.com.

(TR KM



