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Tab.1 Parameters of power generation units
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Tab.2 Results of equilibrium considering bilateral contract
amount and green certificate mechanism
THIE 1 THIE 2 THIE 3 THIE 4 THIE 5 %% 6 THIE 7
VAN I VA 7R X IV 1 DV X IV D/ N IV 1 WA VS I 1 A VIV /N = D s DV =
MW  ($-h") MW ($-h") MW ($-h") MW ($-h") MW ($-h") MW ($-h') MW ($-h")
1 155.1 3622 1579 353.8 1662 333.6 1827 3155 1434 3347 1514 3052 1675 270.1
2 68.4  134.7 68.5 1285 69.0 114.1 69.8  104.8 69.0 1383 69.6 1174 70.8 96.0
3 27.2 60.3 27.2 57.6 27.1 51.5 26.9 49.5 28.0 63.8 27.9 54.4 27.8 46.3
4 47.0 59.9 47.4 55.9 48.6 46.6 50.9 39.9 48.4 66.1 49.6 52.2 51.8 37.2
5 38.3 36.7 37.1 33.7 33.4 26.6 26.1 20.9 38.1 442 35.0 34.4 28.7 23.8
A/
[§- (MW-h)"'] 4.92 4.86 4.67 4.32 5.19 5.00 4.60
BE 336 338.1 344.3 356.4 326.9 3335 346.6
1 /MW ’ ’ ’ ’ ’ ’
SR / $ 653.8 629.5 572.4 530.6 647.1 563.6 473.4
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Tab.3 Results of equilibrium among
different green certificate prices
% p=0 p=0.5 p=1.0 p=15
£ Yy N oy R W Ty R W R W FE
MW ($-h") MW ($-h") MW ($-h") MW ($-h™")
1 166.2 333.6 153.1 313.9 151.4 305.2 149.7 296.5
2 69.0 114.1 704 120.8 69.6 1174 68.8 114.0
3 27.1 515 279 542 279 544 280 54.6
4 48.6 46.6 493 516 49.6 522 498 528
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SR A/
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0 p¥ ik
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Fig.2 Profits of power generation corporation No.l
and No.5 for different green certificate prices
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Fig.3 Profit of power generation corporation No.5
for different proportionality coefficients «

¥ 3 BT AR S50 1T B0 AL AN BT B AT A
REVR A LAY T g T a5 ks e v % g |
A A R VR & F EL )t R DR R AR R R F
A Y B B4 T A= B TR VR VA R S g I
JE VN ] A R VR BEAL M AR B R e RIS i 2
TR AR B3k B0 45 e AU DR IR S 5 0E 15 38 5 Bl
Hilfe e M EBHEAR . FA0 R GG R E PR
SEAM AT AR RRUR 09 i B WAk T kR
G
3.5 TinHEEE R BAE R B 3T bk 4 A

R T U6 AR ST HE ST T Sk e 28 S AL
14 R P L A L 5 Sk 28 W T 3 359 i A R 1) B B
T A A B 20 B SR A A ST A R A
ZH W BRI,

L SR R R /N K L R vl B S G i A
HLAT

B2 £ Kk HL A FIARE Lk kAR 4 SR
g, Horp A 4 3 S T A AL R AT R R R
HRE A G T A RIS R B R R T
W33 30 B A 45 T i S LM AL 80 7 45 LN )
DA 25 o KAk Ay Jir U)o e+ g | 4 VR S P ) R
T F b — WAk WIGREE TR A A2

AR 3 W% AR T IS, AR 5] R AR A AT
] 2% %2 HL 2N W) RIE AR Fb /N T 1 8/ h AE ISk,
Fr RS, T 3R ] A B 2 4k SR A IS, T A5 4
S BT R 45 R LA ) I SR AR O KT
HLAY

A H I 100 MW -h SR EIEB A 1.0 $ /74
B, 25 A 4SRRI DU L R A4 fe Al 8 SR L L3 4

% 4 T RSB AL O A 26 S 5 38 4 43 B 245
FEARW) G | BXE B T AR ST ST Y M B A R

x4 HEERMERERTRAERITE
Tab.4 Comparison of optimization results between
equilibrium model and simulation model

4 1 A5 Y LD R
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J1/MW  ($-h")  SI/MW ($-h)
1 151.4 305.2 152.3 302.4
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4 49.6 522 50.0 51.3
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Equilibrium analysis of direct electricity purchase

with green certificate mechanism
ZHONG Yufeng, HUANG Minxiang, WEN Fushuan, GONG Jianbo, WANG Yan
(College of Electrical Engineering,Zhejiang University , Hangzhou 310027, China)

Abstract: A math model of oligopolistic market with direct electricity purchase is established and analyzed,
which classifies the electricity producers as the price-leader,price-follower and price-recipient,considers the
bilateral contracts and introduces the green certificate system to it. With an electric power market including
five power generation corporations as an example,the influence of the bilateral contract amount,green certificate
price and green power fluctuation on the market equilibrium is analyzed. The conclusions of analysis are:along
with the increase of bilateral contract amount,the total power generation of power generation corporations
increases while their total profit,as well as the electricity price,reduces;the green certificate price should be
kept stable to avoid the serious fluctuation of electricity market and promote the development of renewable
energy.

Key words: electricity market; transaction; green certificate; renewable energy; direct electricity
purchase; oligopoly model; equilibrium analysis
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Multi-objective optimization and decision making of extended black-start scheme
considering subsequent restoration influence
CHEN Liang',GU Xueping',JIA Jinghua?
(1. School of Electrical and Electronic Engineering, North China Electric Power University, Baoding 071003, China;
2. Hebei Power Dispatch and Communication Center, Shijiazhuang 050021, China)

Abstract: With the comprehensive consideration of initial and subsequent restoration stages,a multi-
objective optimization model is built for the extended black-start schemes,which,with the constraints of unit
startup and system operation,has three optimization objectives:maximize the weighted power generation
during the initial stage,establish the system frame as soon as possible and select the black-start units
beneficial to the subsequent regulation of system voltage. NSGA-II (Non-dominated Sorting Genetic Algorithm)
and Dijkstra algorithm are applied to solve the model and obtain Pareto solutions,from which the best
extended black-start scheme is selected by applying the Vague-set multi-attributes decision-making based on
fuzzy entropy weight and combining the subjective preference of decision-maker with the objective
information of decision matrix. The effectiveness of the proposed method is validated by the case study of
New England 10-unit 39-bus power system.
Key words: electric power systems; black-start; system restoration; optimization; constraint; decision
making; Vague sets; fuzzy entropy; models
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