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Abstract

The situation of current research on power losses allocation in bilateral electricity markets is
presented. Based on cooperative game theory, a novel nucleolus theory-based method for
power losses allocation under the bilateral-transactions model is put forward and compared in
detail with the Shapley-value-based allocation method. The impacts of different market
players on network power losses are taken into account. With the new method, network
power losses can be allocated to each transaction reasonably. The allocation results would not
be affected by the sequence that each transaction is formed and be active. The method
answers for the open, equal, and impartial principles of electricity market and can be easily
understood and accepted by market players. Numerical tests validated the equity and validity
of the method.
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Start R X B Rated Value
Node (p.u.) (pu) | (pu.) (MVA)

| 0.02 .06 (.0 200
0.08 0.24 0.0 200
0.06 0,18 0.0 80
0.02 0.18 0.0 200
0.08 0.12 0.0 200
0.01 (.03 (0.0 200
0.03 0.24 0.0 200
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Transaction Quantity

P IMW) £ (Mvar )
67.5 41.83
60.0 37.18

0.0 55.77

User Supplier
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Transaction

Combination

Active Power

Losses(MW)

Reactive Power

Losses (Mvar)

I 1.757 5.724

1.793 6.353

3 5.946 12,472
1&2 3.532 13.653
1&3 8.830 19.325
283 H.H27 19118
1.2&3 13.735
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V({1}) =v({1}) —v({1})=0

V({{2}) =0

V({3})=0
V({12}) = v({12}) —v({1}) — v({2}) = —0.315
V({13}) =v({13}) —v({1}) — v({3}) = 0.830
V({23}) = v({23}) — v({2}) — v({3}) = 1.088

V({123}) = v({123}) — v({1})
—o({2}) — v({3}) = 3.942.

Vobe 07217 6,051 L

( min €
Y1, 4z2,43 )
S.L. Y+ 2 +ys = 3.942

m Mo m

™

>
>
>
€2
>
>

m

y2 = 1314 yy = 1.314.

1Al (0 p) Djge 4 Ay ol e Bl BT jarass T be
Tro = 3.107 13 = 7.260.
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0!+ 2!

i1 = L2 (1) — ({1} — 1))
Er 2 h{12)) - vi({2)]
1'+1! s o
({13}) — v({3})]

+ 7
[v({123}) —v({23})]

91 0

T3

= 3001,
D9 o0 Ao 3 aloyly lawgs VoV awg olo BNl javazs

o = 2,959, p3 = 7.685

Nucleolus Value Shapley Value

Active Loss Reuactive Loss | Active Loss Reactive Loss
(MW (Mvar) (MW) {Mvar)

| 3.170 9409 3.091 9417

2 307 9g.002 2.959 9110

7.2610 15.121 7.085 15,005

Sum 13.735 33.532 13.735
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) = 3.368 4 79.409 = v{1} = 2.054 + j6.760

1} =2
T2 = 3.107 + 79,002 > v{2} = 1.793 4 j6.353
T3 = 7260 + j15.121 > v{3} = 5,946 + j12472.

Al (o s jO Sg>g0 (g g ol BT I 155 sa ¢ olo I jo w5 old o BT fgeme

1 +xe = 6475+ 718.051 > v{l, 2}
— 3.532 + 713.653

w1+ 13 = 10,628 + j24.530 > v{1, 3}
— 8830+ §19.325

72+ 13 = 10367 + j24.123 > v{2, 3)
= 8,827 + j19.118.

(Jlo sl 095 (oo Ll 90 (i) o 4 el (IS Jarasti( Sl S (o9 Jotns(C

T+ 22+ o1y = 13,735+ 733,532 = v{1,2,3}.

053 oo Y @l gl 5z sl celio oS5 ol 2 Canass s,

(B b VF 55 g alllas Sl

Gl oo odls VI Jga jo aites g ols @le Mol .ol sais sols VI Jga o siteccws sl

. The transaction data are given in Table VII.
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tradeS

b WY Slg i logesY SO

,:“]::L Rip.u.) X(p.u.) B/2 (pu.) Eltftt\i
0.01938 0.05917 0.0264 T3
0.04699 019797 0.0219 300
0.05811 0.17632 0.0187 300
0.05403 0.22304 0.0246 300
0.05695 0.17388 00170 300
0.06701 017103 00173 300
001335 004211 0.0064 300

0.0 0.17615 0.0 300

0.0 0.11001 0.0 300
003181 0.08450 0.0 100
0.09498 0.19890 0.0 100
0.12291] 0.15581 (.0 100
006615 0.13027 (.0 100
012711 0.27038 0.0 100
008205 0.19207 0.0 100
.22092 0.19958% 0.0 100
0.17093 034802 0.0 100

et b [ — fr2 |12

4
7
5

oob VP s gl ol a3l glayialyly -V Jga

Rated

Start R X Transf. Up- Down- .
Current

Node (p.u.) (p.u.) Ratio Limit Limit _
(p.u.)

4 0.0 0.20912 | 0.978 .10 0.90 (.65
4 0.0 (0.55618 | 0.969 .10 0,90 0.40
0.0 0.25202 | 0932 1.10 0.90 0.65
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Trans. ] . Transaction Quantity
i Supplier -
No. P(p.u.) Qip.u)
| 4 3 0.478 -0.039
5 1 0.942 (119
4 3 (0.295 0.166
12 6 0.135 0.058
14 2 0.149 (1.05

Sum 1.999 0.503

Trans. Nucleolus Value Shapley Value
No. Active Loss Reactive Loss | Active Loss Reuactive Loss
(MW [ Mvar) i MW {Myar)
0.212 -2.931 0.230 -3.497
2 1377 (1,205 1.613 0.663
3 1.359 1.781 1.384 0.312

4 -0.001 -3.690 0.060 -3.286

5 1.748 0119 1.608 0.637
Sum 4895 -5.170 4.895 -5.171

ool VPt sl B9, 99 Larass @mlbs . VI Jgus

O plipsS aylas lul 10,5 0 Ojgo Hlojed Shgar b wiw g 0l 90,10 8929 o8 (! jo Wik g 00 D
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