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Design of the Electricity Spot Market Model Based on Renewable Energy Quality Quantificationn
LEI Xia, YANG Jian", CAI Changlin
(School of Electrical and Electronic Info., Xihua Univ., Chengdu 610065, China)
Abstract: In order to solve the problem that the traditional electricity market mechanism can’t fully reflect the characteristics differences between
renewable energy generations and conventional generations, a spot market trading model of the electricity market with high renewable energy pro-
portion was proposed in this paper. Firstly, the renewable energy generation attributes were divided into resource attributes and load attributes,
and the difference of the settlement between the real-time market and the day-ahead market caused by renewable energy generations was defined
as the system balance cost. By analyzing the impact mechanism of renewable energy attributes on the system balance cost, the accuracy index and
correlation index were used to describe those attributes. The renewable energy power quality index was further presented using the improved cross-
entropy method. Combining this index and the system balance cost, the renewable energy power quality price was obtained for quantifying the
power quality of the renewable energy. Secondly, the clearing model of the PJM market in the U.S. was improved. Renewable energy generations
were added with the power quality price and cleared together with conventional generations. A market trading environment with competition on
the same platform was established and the incentive-compatible settlement rule was proposed. Finally, an improved IEEE 30-nodes system ex-
ample was used to verify the effectiveness of the proposed model. The case results showed that the proposed clearing method can achieve a prior-
ity consumption of high-quality renewable energy, reduce amounts of power deviation between the day-ahead market and the real-time market,

decrease the system balance cost and the market average electricity price. Moreover, conventional generations can get extra income during the
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peak load period and the strategic bidding of renewable energy will increase its loss by an average of 9%. The research reflected that the proposed

model is in favor of the improvement of renewable energy quality and fair competitions. The proposed model provides a solution to the fixed cost

recovery of long-term marginal units, guides future capacity investment of conventional units and provides capacity guarantee for the construc-

tion of new power systems.
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Fig. 2 Improved IEEE 30-bus test system
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Tab.1 Operation parameters of units
KRR A R E N # R RS
dOEMWT) - HOEMWT) el (GE-MWh™)  76/MWh
Gl KHL 160 50 37.5 1.17 206.21 5638.83 8 13.236 1.921 —
G2 kHL 100 25 30 0.81 260.81 6777.16 4 10.318 1.637 —
G3  kH 60 15 15 0.22 219.51 7525.12 2 10.532 1.708 —
G4 KL 40 10 15 0.14 204.28 9772.91 3 8.539 1.779 —
G5 kL 40 10 15 1.17 206.21 5638.83 1 8.183 1.637 —
w1 JHH 100 0 100 — 0 — 140
W2 X 80 0 80 — 0 — 145
w3 R 50 0 50 — — 0 — — 150
R2 RGEEEHRA *=3 REmBENE
Tab.2 System balance cost Tab.3  Quality price of wind generation
MR ERBOE CPBUE SRBUT BOTHIRAT R By PHBY BBy
D3 —1232.090 3917.5890 0 2 685.499 O MWRY ) oMW ) UMW) )
wi 574127 4.867 5 —43.063 1
D2 -430.797  1084.6030 0 653.806 Wa 45.690 0 2766 7 310087
D-1 1698874 1233218  —566.5881 1255.608 W3 13404 77810 39945 8
0.6 ¢ SWI aW2 aW3 4.2 Mifna RN SIS HLLE PR E RIS
0.5 | 30T B A% G H A AR ORIA ST B BN &b 5T
o 04 F & Ji i RS TR AR Y rp bR g 2R, T LR AR
E\é 03 L B RHLAE BSR4 IRAS AT B A TR, i 4P s o A4
o, | T LA H e 2500 XU BILZE B n H, gt BT e A S, 7
o1 | I 7 ST RIS RS TR 16: 00K 4= 24k, fnl&(4
0 RS FE TR s AR TAR G B 45 R A SO iy
W I B3 F B I B HEET GSHLATE17: 004 FFHLIEAT
I B4y T 7E16: 000 GSHLAH B SR A5 IR A , Kt )s
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Fig. 3 Wind power quality index
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Fig. 4 Results of the start and stop status of the unit
between different clearing methods
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Fig. 6 Changes in the bid-winning output of units between
two clearing methods
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Fig.7 Comparison of day-ahead and real-time electricity
prices between different methods
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Tab.4 Comparison of electricity price between tradition-
al clearing and improved clearing

SN HAf- Pt/ PR, e

yE

HE 7 (E-(MWhy 1) G- (MWh) 1) % E/MWh
15 Hig 393.660 401.971 425.333
ARG 385.922 394.584 417.966

x5 EGHBESATHFETRGR AL

Tab.5 Comparison of system cost between traditional cl-

earing and improved clearing
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2787 619.374 5124.681 688 2792 744.056

2 787 564.904 —7268.138195 2780 296.804

Fr R E/MW
s 8
g ]
ey | _
i
|
s =5
e —
hy g e |
g
o
o
]
ay

El 8 AREEHFEFXTFHFRISL

Fig.8 Comparison of abandoned wind between different clearing methods
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Tab.6 Income comparison of different bidding strategies

of wind power under traditional clearing

TREEHRAN FIARM R HRAEAY
I & b 55/ Wz /ot W38/t
i :30% 4178255524 4350182314
BF50% 458 577.3889 409 541.5356 430 876.223 0

i K:70% 391 947.6909 426 983.364 9

1o n] R, ELSLARAT B A B 1 B sUAS i i BT
AR AT Fe R o W LR R i i i, AR KUELAT)
it A B O BR AR Y o W LEERE DL T B B 1 bRk
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TR EOL, PR FRAR o 25 WL £ LR T
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Tab.7 Income comparison of different bidding strategies

of wind power under improved clearing
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