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ABSTRACT

In order to determine the electricity price reasonably and to extend the power
market, it is important to master the principle that the energy consumption quantity
varies with the price in power market (called Demand Response principle). However,
the current retail power marker in our country has not opened and the option of the
market participants is limited. On the other hand, there are not enough technologies
and data needed by the customer’s price sensitivity analysis (called Price Elasticity of
Demand) in traditional energy sell patterns. All these have complicated the electricity
price elasticity analysis.

To solve this problem, this paper first bases on the fact that the performance of
Time of Use enables users to choose the price indirectly by choosing their using time.
And it digs out the price elasticity by using the simple linear regression method,
according to the industry consumptions in the current retail power market of province
Liaoning. Because the energy consumption quantity is affected by many factors,
multiple regression method has been used for analysis of the typical industries. The
results have reflected the relationship between energy consumption quantity and price
together with other factors. In the aspect of the tendency of price influence on energy
consumption quantity, the same results have been got from above two models. This
has proved the feasibility of the first model.

However, deeper study has proved that the energy consumption quantity is
affected not only by current price, but also by adjacent prices. Therefore, this paper
presents the constructing process of price elasticity matrix of demand, and analyses
the difference of elasticity matrix structure based on different user classes and price
sorts. Then it presents a simplified method for the elasticity matrix, and shows the
calculating process in our current retail power market by an example. The result has
shown that the self-elasticity coefficients and the cross-elasticity coefficients are
compensative. This method can not only reflect the relation between energy
consumption quantity and price more reasonably, but also enlarge the example
number by presenting a new method for data proceeding to remove the effect of place
difference and time cycle. The actual applications have proved that the models
provided in this paper can reflect the Demand Response principle in current retail
'market, and own some practical effects.

Considering that the multivariate data analysis with few observations is often
involved in current retail power market, this paper has also analyzed the advantages of
partial least squares regression in multivariate data analysis with few observations and
its application areas in retail power market. And an example is given to show its use
m cost analysis for distribution traders. The results have shown that the calculated
indexes of cost analysis are reasonable and can be used to estimate the distribution
traders.

Above methods have been used as the most important arithmetic in price
subsystem of power system analysis and decision-making system for Liaoning
Province Power Company.

Key words: Price Elasticity Matrix of Demand, self-elasticity coefficient,
cross-elasticity coefficient, retail power market, partial least squares regression
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T RHB LR RE-— N XKML, EHFHIENFR 22, O
AR (2-3). (2-4), (2-5) F0 (2-6) WEEMEE. AL (2
—2) WHRBM A TN M STAT I8 4 0 3040 10 B4 M R R s
TR RO M, 288548, -7.83 Fi-1. 08,

13



o ETIER B BURAY s RO AR
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iEH /10MWh / JT /10MWh / TG /10MWh / T
200008 865 0. 649 511 0. 607 354 0. 708
200009 865 0. 645 473 0. 619 392 0. 677
200010 874 0. 646 555 0. 606 319 0. 717
200011 1004 0. 636 582 0.612 422 0.67
200012 1048 0. 637 586 0. 622 462 0. 655
200101 822 0.632 - 462 0. 614 360 0. 656
200102 787 0. 642 469 0.63 318 0. 66
200103 880 0. 644 523 0. 629 357 0. 665
200104 979 0. 627 545 0. 624 434 0. 631
200105 878 0. 64 491 0. 624 387 0. 661
200106 911 0. 639 549 0. 624 362 0. 661
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200202 408 0. 64 240 0. 632 168 0. 652
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f(Cy=C/Y = AC(Y, PL,PC,LVSH, AVGL, LF,CD,SL,OTSH,T) (5-1)

AC=f=B,+pY+pB,Y +B,PL+ B,PC+ BLVSH
+ B LF + B, AVGL + B, AVGM + B,CD+ B,,DLL + p,,T (5-2)

Ho: C ARBA (7T

£(C) RNFEAARE (Ju/kWh)

Y AHHEHEE (J7 kWh)

PL A8 IRA (JT/A4E)

PC B & A  (Ju/kVA)

LVSH AREZE T HH (%)

LF AHRWET (%)

AVGL NRLZE P FEI B BKFE  (kWh//)

AVGM AFh L% PP AEE K FE  (MWh/ /)

CD A FEE (FE/kn)

DLL AEHELEHKE (km')
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R 52 BB A S L E

35 Bl A WEWRE 55581 H K

BRAEC HREAC BHEY PC A PL
A7 Fif [ Chse) (k/kWh) /A (JT/kVA) (Jm/AE)
1 * 1999  7269.298  5.183 140250  484.507 24975.6
B I * 2000  7852.984  5.353 146697 512.172 20078.4
B * 2001  11855.34  8.043 147394  628. 425 45748.8
2 (L * 2000 27913 3. 831 728669  854.537 19046
$5% 1Ly 2001 30266 4,132 732444 1004.27 29182
7 i 1995 15505 3.258 475834 710.767 23484
P B * 1996 17948 3.579 501476  822.233 30090
T 46 % 1997 16245 3.042 534105 717.773 34873
PN 1 * 1998 18284 3. 607 506964  687.123 42259
P i * 1999 22884 4.571 500633 807.511 38855
PAE=E 2000 32548 5.894 552269 990, 2 49776
A B * 2001 47608 8. 656 550001 1214.96 48658
73K * 1993  16417.58 7.691 213477 1018.33 500!
FF A% 1994  13716.54 6.297 217839  1148.66 8909
P 25 % 1995  18769.53  7.093 264604  1153.7 13591
P IR * 1996 23046.2  8.947 257580 1054.25 15204
FF % * 1997  23862.14  10.23 233262 869.752 16255
F+ 7 * 1998  24738.71 12.44 198854  950. 87 19606
7 %% 1999  26747.77  14.66 182476  1568.06 18727
%R * 2000  28947.58 14.33 202008 1359.46 17328
FF 2K % 2001 17313.3  10.99 157577 1833.86 29440
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R 5-2 BEBRERASHHEIE (8

KREFFT BEEFF
YJWAEH R WHEHR F/EE CD R %

BREZEFW B FFLF KP AVGL 7K F AVGM (F ¥ DLL
By ) LVSH(%) (%) (kWh/F )  (MWh//) /km®) (km®)
Heddx 0,253 0. 707 2450, 727 49859.517  12. 805 1509
kg k0. 262 0. 693 2456, 569 47504.497  13.818 1571
Meidx 0. 267 0. 705 2283.032 49214. 23 14. 985 1567
B (1) * 0. 07 0. 726 972. 8673 111422, 37 63. 22 4072
B L * 0. 07 0. 745 073.8644 95808.562  64. 292 3610
Fix  0.101 0. 86 1400. 066 396827.75  17.075 2808
Fidx  0.114 0. 87 1614. 505 405258. 5 17. 58 2845
e 0. 081 0. 84 1229. 254 209627.92  18. 168 2859
PHiEx  0.082 0. 85 1109. 194 178223.13  19. 305 2901
i 0.087 0. 86 1103. 717 150696.39  20.533 2918
Fmi*x  0.085 0. 87 1181.292 143967.63  20.912 2979
P i * 0. 09 0. 87 1154. 957 109692.23  22.938 2944
Fl 75 * 0.18 0. 83 1683. 506 81720. 42 16. 389 1374. 92
FJ 4K * 0. 2 0. 844 1820.422 78054.56 17. 197 1400. 44
F#&*x  0.167 0. 86 1711.966 93199.324 18,493 1430. 60
P+ 0,17 0.836 1588. 669 75947.808  19.91 1492. 50
F#&x 0,207 0. 834 1762.877 167506.57 18,731 1513. 82
P&+ 0.25 0.812 1689.354 134781.35  20. 046 1553. 95
F4*x  0.257 0.821 1721.553 35940.374  20. 359 1405. 30
F%ix 0,267 0.827 2010.785 41109.846  19.982 1396. 55
F&x 0. 257 0. 827 1481.484 32420.356  20. 351 1174. 31
F5-3 HEEEEASHITEER
B4 g EE R LR FH R ME
T 0. 36364 B1 0.1791
Y -0. 48704 B2 -(0. 1155
Y2 -0. 58978 B3 -(0. 1089
PL -0. 060251 B4 0.4014
PC -0. 2124 B5 ~0. 0455
LVSH 0. 026957 B6 0. 1959
LF 0. 34317 B7 0.1375
AVGL 0. 053354 B8 -0. 043
AVGH ~0. 31012 B9 -0. 1845
CD -0. 24622 B10 0. 0422
DLL -(. 66644 B11 -0, 1495

45



SHAE PEAEITEIE T

WImE 5—3, 1 HF B ME 7 HIEHR RS, RCD, ROD K.
RS=1/(1+(B1+2*Y*B2)*Y/F)=1.018

RCD=1/(1+RS+B10*CD/F)=1. 337
ROD=1/(1+RS+B8*AVGL/F+B9*AVGM/F)= 1. 299
M4 B F RS, RCD. ROD¥I KT 1, #HH:
I, EHEERRERENEK, RA%%LE T,
2. EERREFHEEMEK, BT K%L TR,
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46



BAE Gk

HANE Fik

ZENAE . BRI, MOBHIES R EE TS IAT—SRN N

T ER . O QLA A R 0N SR B B — R A S R R, W
ve L. PSR R R S P SR A B R (B A P R s B L )
X Wi, BEENTIGPRERI Y, MT-5ElE B S5 TR E R

E

), A IHE— L B TRRRE

. SR S AR AN ARSI P BT 53 I e 2 P B PR R
R HE. B PRESENOLEIIEE, RO AR A
THEL L TRATIHIROIRY, EIR—CA M EIEE, BRaT i
BAEBEBPMINE . 0 T4 5 BB H5E LU R STATVER 4 I e S
MEERAREREN.

. TEERERT, HOHARE—-m 2R S SN RN %, TR
BT AR R . B, RSO T B RS 5 4
Rimle JREELERRS B3R T — ARSI . BT ), b
i TERELEFEREINGET, SRANBUEIEEORIUTRE. 484
ViR, HEIMELT, BRMERNEE M RER AN, ZHER
{RET B AR RS B A BB SERR R, O ER L T #0S0s b i, s
BT MUK 2R AET R O, TSR T WA kAT et
HR—HHR BN B RY, SRETUNATRH TR EhE. &
bR AR B F BT R 45 .

- BTEEERAR, ERFEEITETONASBIEASOHRE. &
AT T D ZREATEMERZ TR RS, RETSEE ST
HRN S, RIS T HARERRAS R RN, SRy
KPR AE, TTLONE A TR, R A NS RA T — %
&5k

A SCHR A LB LA S R AT AR B LU T ST RS R A T

AN EREXFRE” F, KENASREBRMLFHTHPHE RN, BE
—RELANE. A, BERITHNE SRR, AR —-SNERS,
R YT SRE R A W D7 VE AT LA — 2D e 8, b 185 O B R I A B i )49t T
MRZIBBINE, ATTFFEE LR i s B i st

47



22 3Bk

[1] T/RER, B WFSF, @il dbnt: FEE7 MR, 1998, 1~50

[2] Sheen J N, Chen C S, Wang T'Y, Response of large industrial customers to electricity pricing
by voluntary time-of-use in Taiwan, IEE, Proc.-Gener. Transm. Distrib, 1995, 142(2):
157~166

[(3) Y& &, CES, WHIMHEHINTHRLEENE, B AFRME
I 2001, 3(2):24~27

[4] Bushnell James, Mansur Erin. The impact of retail rate deregulation on electricity

consumption in San Diego, University of California Energy Institute, Technical report,
2001,1~42

(5] Wt Y, B TR TAE RS, PEA, 1997, 30(11):16~18

(6] Daniel S. Kirschen, Goran Strbac, Factoring the Elasticity of Demand in Electricity Prices,
IEEE TRANSACTIONS ON POWER SYSTEMS, MAY 2000,15(2):612~617

7] Y.QHe, AKDavid, Time-of-use electricity pricing based on global optimization for
generation expansion planning, Proceedings of the 4™ International Conference on

Advances in Power System Control, Operation and Management, November 1997

[8] Rajesh Rajaraman, The effect of demand elasticity on security prices for the PoolCo and
multi-lateral contract models, IEEE, August 1997, 12(3): 1177~1184

[9] A.K.David, Y.Z.Li, Consumer rationality assumptions in the real-time pricing of electricity.
IEE, JULY 1992, 139(4): 315-322

[10] Mika Rasanen, Jukka Ruusunen, Identification of consumers' price responses in the dynamic
pricing of electricity, IEEE, 1995,2; 1182 -1187

[11] Hfirss, 2L 5FEFE. PEARKF R, 2000

(12) ¥, BAFESF, TAARNMAIFMENEXER BMEL S H e,
2002,16(3):99~103

48



[13) TTEHES, LTAaNRBFES, 2000~2001

[14] 2=, Figde, A58, =FL, P, @RS BEMHISEEE KT PN,
5 B4 Ak, 2001, 25 (8); 45~48

(15] 441X, MEBEAHEE, e X FHBGE, 2002
(16] B0, Sh W LR, SR R ST, mRHEA, 1995,19(10): 56~59

[17] Caves D W, Herriges J A, Windle R J, Customer response to interruptible and curtailable
rates, EPRI, Christensen L R Associates Inc., Technical report, 1988

[18] Daniel S.Kirschen, Demand-side view of electricity markets, IEEE Transactions on Power
Systems, May 2003, 18(2): 520~529

[19] A.K.David, Y.Z.Li. Effect of inter-temporal factors on the real time pricing of electricity,
IEEE Transactions on Power Systems, February 1993, 8(1): 44~52

[20] J-N Sheen, C-S Chen, T-Y Wang, Response of large industrial customers to electricity
pricing by voluntary time-of-use inTaiwan, [EE Proc-Gener. Transm. Distrib, March 1995,
142(2): 157~166

[21] J-N Sheen, C-S Chen, J-K Yang, Time of use pricing for load management programs in

Taiwan power company, IEEE Transactions on Power Systems, February 1994, 9(1):
388-396

[22] A.K.David, Y.Z.Li. A comparison of system response for different types of real time pricing,
[EE International Conference on Advances in Power System Control, Operation and
Management, Hong Kong, November 1991.385~39(

(23] S§.Rahman, Rinaldy, An efficient load model for analyzing demand side management impacts,
IEEE Transactions on Power Systems, August 1993, 8(3): 1219~1226

(24} Michele Benini, Mirko Marracci, Paolo Pelacchi, Day-ahead market price volatility analysis

in deregulated electricity markets, Power Engineering Society Summer Meeting, IEEE, July
2002, 3: 1354 ~1359

[26] Gerard L.Doorman, Ivar Wangensteen, Demand side provision of peaking capacity and

reserves in Deregulated power systems, Power Engineering Society Winter Meeting, IEEE,
Jan 2000, 3: 1766~1771

49



