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Losses allocation resulting from generation rights trade based on superposition principle and
Aumann-Shapley method
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Abstract: Generation rights trade will change the power flow of the grid as well as losses, and then affect the transmission service
costs of the grid. Therefore how to take such influence into account effectively and make the corresponding compensation to power
grid are the problems to be solved. Firstly, this paper studies the losses allocation method for the section network. A cross-section grid
network is equivalent to a linear circuit. Generators and loads are modelled as current sources and the relationship between current
sources and branch losses is then established based on the superposition principle. Based on the first step, the relationship between the
quantities of generation rights trade and the variations in losses of the network is established. Moreover, losses allocation can be seen
as a cooperative game problem that investigates the allocation of surplus obtained by agents of a coalition through cooperation. The
Aumann-Shapley is used to allocate the losses and provide fair and reasonable allocation with good economic coherence. Finally,
illustrative numerical results with the IEEE 9-bus test system is presented to prove the validity.
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Table 1 Voltage amplitude and injection current and

comparison with the trend results

WA WS ASORLRTE AL
5 MURRG R S e
1 1.040 1.038 8 0.397 -0.150
2 1.025 1.024 2 0912 0.111
3 1.025 1.024 1 0.472 0.100
4 1.026 1.024 6 0 0.000
5 0.996 0.994 3 -0.703 0.340
6 1.013 1.0115 -0.501 0.203
7 1.026 1.024 8 0 0.000
8 1.016 1.0149 -0.571 0.191
9 1.032 1.0313 0 0.000
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Table 2 Branch loss and comparison with the trend results

W K A RS
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Moy B : F F

1 1 4 0 0 0 0.000 0
2 2 7 0 0 0 0.000 0
3 3 9 0 0 0 0.000 0
4 4 5 0.006 7 -0.004 1 0.002 6 0.002 6
5 4 6 0.008 5 -0.006 8 0.001 7 0.001 7
6 5 7 0.026 -0.003 0.023 0.023 0
7 6 9 0.0152 -0.0017 0.0135 0.0135
8 7 8 0.007 8 -0.003 0.004 8 0.004 8
9 8 9 0.007 8 -0.007 0.0009 0.0009
Sell 0.072 -0.0256 0.046 5 0.046 4
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Table 3 Coupling power loss of each current source of the branch

b 1 2 3 4 5 6 7 8 9 JEyil
1 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 0.001 1 0.001 1 0 0 0.003 6 0.000 9 0 0.000 1 0 0.006 8
5 0.001 8 0.000 3 0.000 4 0 0.003 2 0.002 8 0 0 0 0.008 5
6 0.0013 0.012 0.000 4 0 0.009 1 0.000 5 0 0.002 7 0 0.026
7 0.001 4 0.001 4 0.003 8 0 0.001 2 0.005 2 0 0.002 2 0 0.0152
8 0 0.004 6 0.000 5 0 0.000 8 0 0 0.001 8 0 0.007 7
9 0 0.003 3 0.001 5 0 0.000 2 0.000 3 0 0.002 4 0 0.007 7
S 0.005 6 0.022 7 0.006 6 0 0.018 1 0.009 7 0 0.009 2 0
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Table 4 Current source coupled to each power loss of branch 9
LR 1 2 3 4 5 6 7 8 9 AL
1 0 -0.000 3 0.000 2 0 0.000 1 -0.000 1 0 0.000 3 0 0.000 2
2 0 0 -0.004 5 0 -0.001 3 0.001 9 0 -0.0052 0 -0.009 1
3 0 0 0 0 0.000 8 -0.0012 0 0.003 4 0 0.003
4 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 -0.000 5 0 0.001 3 0 0.000 8
6 0 0 0 0 0 0 0 -0.001 8 0 -0.001 8
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0
pugil 0 -0.000 3 -0.004 3 0 -0.000 4 0.000 1 0 -0.002 0 -0.006 9
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Table 5 Apportionment of mutual coupling power loss of the branch

XK 1 2 3 4 6 7 8 9 puvil
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0.000 5 -0.0022 0.000 1 0 -0.000 6 -0.002 3 0 0.000 4 0 -0.004 1
5 -0.000 1 0.000 3 -0.001 1 0 -0.005 5 -0.000 7 0 0.000 2 0 -0.006 9
6 -0.006 3 0.004 4 0.002 6 0 0.004 1 0.002 6 0 -0.0103 0 -0.0029
7 -0.005 4 0.003 0.003 2 0 0.002 4 0.002 5 0 -0.007 4 0 -0.0017
8 0.000 4 0.000 1 -0.002 1 0 -0.002 6 0.000 2 0 0.001 0 -0.003
9 0.000 1 -0.004 7 -0.000 6 0 0.000 2 -0.000 9 0 -0.001 0 -0.006 9
puyil -0.010 8 0.000 9 0.002 1 0 -0.002 0.001 4 0 -0.0171 0
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Table 6 Apportionment for each branch of power loss of current source

X% 1 2 3 4 5 6 7 8 9 Sl
1 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 0.001 6  -0.001 1 0.000 1 0 0.002 9 -0.001 4 0 0.000 5 0 0.002 6
5 0.001 7 0.000 6 -0.000 7 0 -0.0023 0.002 1 0 0.000 2 0 0.001 6
6 -0.005 1 0.016 4 0.002 9 0 0.013 2 0.003 1 0 -0.007 6 0 0.0229
7 -0.004 0.004 4 0.007 0 0.003 5 0.007 8 0 -0.005 1 0 0.013 6
8 0.000 4 0.004 6 -0.0016 0 -0.0018 0.000 2 0 0.002 8 0 0.004 6
9 0.000 1  -0.001 4 0.000 9 0 0.000 4 -0.000 5 0 0.001 4 0 0.000 9
puvil -0.0053 0.023 5 0.008 6 0 0.0159 0.0113 0 -0.007 8 0
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Table 7 Loss comparison of the current source 1 and 2 before and after the mutual coupling loss sharing

3 PRI PR IR 5 RS I 0 45 I3 e 5 FLL IR K
S RHEHR LSRR

1 2 112 1 2
1 0.000 0 0 0 0 0 0 0
2 0.000 0 0 0 0 0 0 0
3 0.000 0 0 0 0 0 0 0
4 0.002 6 0.006 3 0.002 3 0.000 9 0.000 5 0.002 6 0.001 2
5 0.001 7 0.004 2 0.003 2 -0.000 4 -0.000 3 0.003 -0.000 5
6 0.0230 0.008 2 -0.007 -0.009 6 0.001 8 -0.006 1 -0.008 7
7 0.0135 0.006 1 -0.005 4 -0.002 7 0.000 6 -0.0051 -0.002 4
8 0.004 8 0.002 7 0.000 7 -0.002 6 -0.000 2 0.000 6 -0.002 7
9 0.000 9 0.002 4 0.000 1 0.001 3 0.000 1 0.000 2 0.001 4
puyil 0.046 4 0.0299 -0.006 1 -0.0131 0.002 5 -0.004 8 -0.0117
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Table 8 Each branch loss before and after transactions and the comparison of loss of the current source 1, 2 and 3
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Table 9 Comparison of the loss of the current source 1, 2 and 3 before and after mutual coupling loss allocation
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