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Fig.1 System framework based on aggregator business
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Fig.2 Schematic diagram of HVAC system
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Table 1 Bidding power and quotation of Aggregator A
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11:00 1.574 23.0 0 12.0
11:15 1.654 25.0 0 125
11:30 1.692 255 0 125
11:45 1.756 255 0 14.0
12:00 1.830 28.0 0 13.0
12:15 1.904 28.0 0 13.0
12:30 1.650 28.5 0 135
12:45 2.006 28.5 0 135
13:00 1.300 29.0 0.150 15.0
13:15 1.300 29.0 0.150 15.0
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Table 2 Bidding power and quotation of Aggregator A

under independent sequential clearing mechanism
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11:45 1.482 275 0 11.5
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12:15 1.604 28.0 0 12.0
12:30 1.650 28.5 0 12.5
12:45 1.706 28.5 0 12.5
13:00 1.700 28.0 0 13.0
13:15 1.300 28.0 0.323 13.0
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Table 3 Total bidding power and earnings of Aggrega-
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Table 4 Control strategy of HVAC in Hotel 2

s GdiEy SCop
i} ;:J Tow/ Ta/  my,/ m,/ o/mw.. )
A °C °C (kg-s") (kg-s") Qc/kW Q/Pyyic

11:00 433  13.00 32.66 5.04
11:15 445 13.00 34.14 5.24
11:30 443 13.00 33.83 5.13
11:45 4.17  13.00 30.84 4.54
12:00 4.00 12.83 29.27 4.09

2386.51 5.11
2460.88 5.15
2445.37 5.15
2296.61 5.07
2179.69 4.98
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Fig.4 Indoor temperature of each building
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Table 5 Response load and obtained compensation

of Mall 1
FPAGEEURE manith man AT G ARREE BT BTIRRME
JaH s C far /KW U LEB] S % #ME /S i/ %
24.0~24.5 405.80 2.40 739.06 3.40
24.0~25.0 587.13 3.45 1250.34 5.65
24.0~25.5 696.54 4.43 1735.57 8.98
24.0~26.0 959.81 5.27 2846.23 10.66
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Bidding strategy of air conditioning load aggregator for
energy-reserve multi-variety power trading
WU Xinhong',PAN Lingling’, WANG Zerong',ZHOU Jing’, WANG Yong’
(1. State Grid Zhejiang Integrated Energy Service Company,Hangzhou 310014, China;
2. China Electric Power Research Institute,Nanjing 210003, China)

Abstract: The opening of bilateral electricity market provides a new opportunity for the heating, ventilation,
and air conditioning (HVAC) load of public buildings to participate in the electricity market as demand-
side resources. In order to explore the regulation potential of air conditioning load in the peak periods of
power consumption, according to the operation principle of HVAC and based on the energy conservation
law, the thermodynamic principle,the principle of mass conservation,and so on,the physical model of HVAC
in public buildings is established and the flexible control strategy of HVAC is put forward. Considering
that air conditioning users participate in the energy market and reserve market under the unified coordina-
tion of load aggregators,a bi-level bidding model of load aggregators for energy-reserve multi-variety power
trading is constructed. The upper level is the bidding model of load aggregators and the lower level is the
clearing model of electricity market. Based on KKT condition and duality theory, the bi-level optimization
problem is transformed into a single-level optimization model with equilibrium constraints to achieve efficient
solution of the model. The simulative results verify the effectiveness of the proposed bidding model.

Key words:air conditioning load;load aggregators;multi-variety power trading;energy market;reserve market
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Table C1 Parameters of buildings and their HVACs

BE 5 HLZH.

PR . B A A LA R
% SHREIC HIEH B TR (W) 2 B0 LT IRA AL R AL
7R 23 12 1230%2 0.0115
72 24 12 1580x2, 1230x1 0.0125
TS 1 24.5 19 1580%2, 1230x2 0.012
TS 2 23 13 1580x2, 1230x1 0.011
G 3 24 12 1580x1, 1230x1 0.0115
IGES 03 24.5 19 1580x2, 1230x1 0.012
SES"p) 23 13 1580x1, 1230x2 0.011
GE8 K] 24 17 1580x1, 1230x2 0.0115

*C2 RAW BHRRINERMEERMN
Table C2 Bidding capacity and price of Aggregator B

-~ ReE Y # M
BRI /MW REEIRN/[S/(MW-h)]  BARIHE/MW & HIRN/[$/(MW-h)]
11:00 1 23 0.2 7
11:15 1 23 0.2 7
11:30 1.1 23.5 0.225 7.5
11:45 1.1 23.5 0.225 7.5
12:00 1.2 24 0.25 8
12:15 1.2 24 0.25 8
12:30 1.1 23.5 0.225 7.5
12:45 1 23 0.2 7
13:00 1 23 0.2 7
13:15 1 23 0.2 7
xR C3 RA® CHRIRNEMEERN
Table C3 Bidding capacity and price of Aggregator C
-~ e i %M
BRI /MW RERIRMN/[S/(MW-h)]  BERIIR/MW % HHRO/[S/(MW -h)]
11:00 1.2 25 0.25 9
11:15 12 25 0.25 9
11:30 1.4 25.5 0.275 9.5
11:45 1.4 25.5 0.275 9.5
12:00 1.4 25.5 0.275 9.5
12:15 1.4 25.5 0.275 9.5
12:30 1.4 25.5 0.275 9.5
12:45 12 25 0.25 9
13:00 1.2 25 0.25 9

13:15 1.2 25 0.25 9
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Table C4 Bidding capacity and price of Aggregator D

52 AEE T &M
BRI /MW AEEL AN /[$/(MW -h)] B R /MW & RN/ [S/(MW - h)]

11:00 1.4 27 0.275 11

11:15 1.4 27 0.275 11

11:30 1.5 27.5 0.3 11.5

11:45 1.5 27.5 0.3 11.5

12:00 1.6 28 0.325 12

12:15 1.6 28 0.325 12

12:30 1.5 27.5 0.3 11.5

12:45 1.5 27.5 0.3 11.5

13:00 1.4 27 0.275 11

13:15 1.4 27 0.275 11

&k C5 RAHENRIFNEMESRM
Table C5 Bidding capacity and price of Aggregator E
- Res Tl %M
Pbr T /MW RE RN /[S/(MW )] Bhr T /MW # A RA/[$(MW-h)]

11:00 1.6 28 0.3 12
11:15 1.6 28.5 0.325 12.5
11:30 1.7 28.5 0.325 12.5
11:45 1.7 28.5 0.325 12.5
12:00 1.7 29 0.35 13
12:15 1.7 29 0.35 13
12:30 1.7 28.5 0.325 12.5
12:45 1.7 28.5 0.325 12.5
13:00 1.6 28 0.3 12

13:15 1.6 28 0.3 12

FzCo RATFNRARIIRMEERN
Table C6 Bidding capacity and price of Aggregator F
52 AEE T wHi
Bhr 1% /MW BEE AR/ [S/(MW-h)] Bhr % /MW # RN /[S(MW-h)]

11:00 1.7 29 0.325 13
11:15 1.7 29 0.325 13
11:30 1.8 29.5 0.35 13.5
11:45 1.9 30 0.375 14
12:00 1.9 30 0.375 14
12:15 1.9 30 0.375 14
12:30 1.8 29.5 0.35 13.5
12:45 1.8 29.5 0.35 13.5
13:00 1.7 29 0.325 13
13:15 1.7 29 0.325 13




FEHNRE/C

340
335 1 1 1 1 1 1 1 1 ]
11:00 11:15 11:30 11:45 12:00 12:15 12:30 12:45 13:00 13:15
i %1
EcCl =EEEM

Fig.C1 Outdoor temperature curve
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