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This article presents a comparison between using the power tracing
method and game theory method to calculate the wheeling charge. The
power tracing method uses downstream-looking algorithm, while the
game theory method uses Shapley value for allocating the transmission
line usage cost. PowerWorld Simulator was used to simulate the power
flow of the test system; the results are shown both in terms of the mag-
nitude and direction of real power flow in each transmission line. Then,
a MATLAB program was created to calculate the transmission line usage
cost using both the power tracing method and Shapley value. The test
system consisted of 5 buses, 7 transmission lines with 2 sources, name-
ly, Provincial Electricity Authority (PEA) and Small Power Producer (SPP).
Loads at buses 2 and 3 were the customers of SPP, while the others were
the customers of PEA. The results showed that both methods have
different advantages and disadvantages. The game theory method is
easier to understand and yielded reasonable and fair results. However,
the same theory method must run the load flow program for many times,
so it may take more computational time for a larger system. On the
other hand, the power tracing method is more complex and requires
many steps to find the solution; the load flow program needs to run only

once, however.
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1 {1} 17 {1,2,3}
2 13 18 {1,2,43
3 2} 19 {1,2,5}
4 {3} 20 {1,3,4}
5 {4} 21 {1,3,5}
6 {5} 22 {1,4,5}
7 {1,2} 23 {2,3,4}
8 {1,3} 24 {2,3,5}
9 {1,4} 25 {2,4,5}
10 {1,5} 26 {3,4,5}
11 {2,3} 27 {1,2,3,4}
12 {2,4} 28 {1,2,3,5}
13 (2,5} 29 {1,2,4,5}
14 (3,4} 30 {1,3,4,5)
15 (3,5} 31 {2,3,4,5}
16 {4,5} 32 {1,2,3,4,5}
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L1:30.0 MW
(PEA Customer)

L5: 0 MW
(PEA Customer)

PEA: 30 MW

Bus1 & Bus 5

4.29 MW

4.29 MW

857 MW §
L Bus?2 17.14 MW [ ]
] Bus 4
¥ :
L2 oMW (D) spp:zomw
’ L4: o MW
(SPP cust ") (PEA Customer)

3U17i 6 wa Power Flow ﬂuamaqmﬁﬁ 8: §=11,3}

NANNSANWIMNNERAIUNTS AR P Alvany
avdsnazidulugslvanUaniee dae Shapley Value
wanglARIn5197 6

A15199 6 Wa P Alualuasdsnazidulldalranaie
75 Shapley Value

awds|  Ardslwiaedinuaeds i-j (MW)
i'j Load 1|Load 2| Load 3| Load 4| Load 5| Total
3-1 | 1.91 [-0.00 | 0.00 | -0.00 | 0.00 | 1.90
32 |-0.08 | 3.25 |-1.51 | 3.09 | 0.00 | 4.76
4-2 | 1.19 [10.72| 5.47 |-2.14 | 0.00 | 15.24
4-3 | 191 | 3.18 | 7.94 | -2.54 | 0.00 | 10.48
5-1 [18.57| 0.95 | 2.86 | 5.72 | 0.00 | 28.10
53 | 7.14 | 1.90 | 571 [11.43| 0.00 | 26.19
5-4 | 238 |-0.48 |-0.96 |14.76| 0.00 | 15.71
Total |33,02|19.52 [19.52 | 30.32| 0.00 |102.38

199

nanisliaves P runnanedludslvanta 1, 2,
3, 4 wag 5 Wiy 33.02, 19.52, 19.52, 30.32 Waz 0
MW anuasiu Genuindmnuuanansiunaiilaainis
Downstream-looking waganuas 3-1 Qﬂ‘l“ffa'ﬂ Plilvan
a1 iesdadien dauanedaududu q fnsldousudy
voslvaauane e uonaninailéannguiinuunsani
Afinay Faunennudn n1stelnveslransieturile
fiemanisluaves P aumafulvanay nsdiavdnas
Reszuvdniesntieiiudnmuaninsalunisasas
Iihwosanedaduiiu daugldlniida 5 Golvihan nvin,
Fangiiva 5 wileutuFsifinmsdshuidelnimuameds
uln 115197 7 wansdndau P fideuanedsusazidy
Uglnantasing o Weuiu P saummaiidesiussuy

A15197 7 % P Aibvaluanedsludalwaniioudu P
VINUANIERUTEUUIINTTNG BN

anede| dadrumdalniinaSediinuansds i-j (%)
U] |Load 1 Load 2 |Load 3| Load | Load 5| Total
3-1 1.86 | -0.00| 0.00 | 0.00 | 0.00 1.86
3-2 |-0.08 | 3.18 |-1.47 | 3.02 | 0.00 | 4.65
4-2 | 1.16 | 10.47| 5.35 [-2.09 | 0.00 | 14.89
4-3 (186 | 3.10 | 7.75 |-2.48 | 0.00 | 10.23
5-1 |18.14| 093 | 297 | 5,58 | 0.00 | 27.44
5-3 | 698 | 186|558 [11.16 | 0.00 | 25.58
5-4 | 232 | -0.47{-0.93 [14.42 | 0.00 | 15.34

Total |32.25| 19.07|19.07 (29.61 | 0.00 |100.00

dofinsannaitldlunsei 3 wagasisit 6 wui
1 P llarinuanedsvesi 2 38 uansnefustuiina
WaHASRIVINY + Y38 - 935 Power Tracing léka P
Huvuaniiaman 109910334 Run Power Flow 1iiesnds
eudnhanildluduam lae Pillvasiumodausas
dudu P rwavidvesanedaduiy Seileuaniiniy
drumguiing 9 Run Power Flow %iaeasinunsdu
nquANsITlveiau wuElau (am) unesrevili
Ui Pyaavisiilvalumedsnaduanasld iesann
fimnenisinaves P lussfidumetiuifiamaauiy
Fiausnedu 1 ehudlorhnsudmaussleniviends
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nsliuselevdanedslvinudiauusagse el
seduldFuduiinsliaedsidafnay feiauild
duutsinauil msldfuduandiuinislianeds

woNIINY WaTBIMgnuNUI1 Power Flow wes
nsdliffiauiiosneiieife Tuandail 4 lunagmsil 5
(5 =1{4)) fauansluguil 7

L1: 0.0 MW
(PEA Customer)

L5: oMW
(PEA Customer)

PEA: 40 MW

Bus 1 Bus 5

22.86 MW

22.86 MW

5.71 MW
3L 11.43 MW
Bus 4

12: 0 MW SPP: O MW

(SPP customer)

(PEA Customer)

3UN 7 Mmslvaves P vesnagnsil 5 (=) nsdil
Traava? 4 s1eLfen

it vanglluseiinslimedmnduio
Surdslndhann nvln. usnadiléann Power Tracing Tu
M1597 4 wud1 andad 4 dnislianeds 54 Wsadu
iy Sehsanuavemguiinalumesd 6 fvan
¥a 4 duiinslmedmnidu nsdlguilvilmandetan
vieldudinnfideauinsaedenedus 16

dlothnaands Power Tracing Tums1s7i 3 wax 4
wFsuiisuiunainisnquiinalumssil 6 uag 7
a¥ldnauansfamsnsd 8

=] = =~ | aa .
M99 8 N1SUSHUNBUNATENINID Power Tracing
wAEIINg UYL

Power Tracing Game Theory
Load
(MW) (%) (MW) (%)
L1 32.03 31.29 33.02 32.25
L2 28.73 28.06 19.52 19.07
L3 32.06 31.31 19.52 19.07
L4 9.56 9.34 30.32 29.61
L5 0.00 0.00 0.00 0.00
Total | 102.38 | 100.00 | 102.38 | 100.00
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Nnnwadtlilumssdl 8 axisiuin Inandldlndisuiin
YOUATNUINITEUUANGITIgnaInTs Power Tracing Ao
andai 3 Sulinveuailduinissyuuds 31.31% 289
anldanesmun sesasnie Wandad 1, 2 way 4 U
RAYBU 31.29%, 28.06% way 9.34% MUa1RU d3uio
yuinuiulvangldlniioa 1 SuinsouatssudigeTian
32.25% seda9nie Wantadi 4 Sullnveu 29.61% Lo
Tnandail 2 uas 4 Sullnwouhiuie 19.07% wazlnan
Uadt 5 Tgoliiihann nwa. %ﬂﬁ%@@jﬁﬁa 5 1 uLReniy 39
Lyifinsldanedadulaae naildaini 2 353sldesiu
AUl uSN1STEUUEs

TnonadndiunisSuinveumUsNssEUUamaN
238 T3 8 loiadiumnsinadu ennnisanewinuin
Bgufnudanulusdla wavlusssuivlvaadlilvyn
Ua flosandnnsiansannisiansdewasszuulunisas
gl lugsTnaniis 32 nsdl aun1sed 5 e3uneleg
aﬂﬁaasmﬂszﬁnaqwﬁ‘ﬁ 5(s=i4 ) Wunsalfiilnanva
i 4iuizUULﬂaﬂmam@mmmgUﬁ 7 \Wiguniuis Power
Tracing lugufl 4 wuin mnlsiflvastaduuenainda 4
nslwaves P lunguiinuaszdiianisnisivaluuiseans
ﬁqﬁﬁﬁﬂmamumqﬁugﬂﬁ 4 loun aneds 3-1, 4-2 uag
0-3 lunsdimuil Bvquinuliivsslonivesidulan
Ua 4 WWandudianlunisuaauelddae lng
finsaauslovddnvarsinanuivedwaniidasun
fiunduiuaunusionmn 32 nsdl dafuls Power
Tracing finATldUSAssvUVASTBInsdeafe nydl
fiinlvanluszuy Jansefiunagnsi 32 ves¥snguj]
nufissnagnsifen deiunadildanisvgudinudee
winaukaLazanusaandefiveildusinluszuy
1% Tnonsneit 9 uanedeldiudou-Bowssuvesi 2 33
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A519% 9 UalalUTeu-ldeLUIuuvsId Power Tracing
WAz BN BNy

Power Tracing Game Theory
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9

NHANTNARDIMAUUUINTTURATRUALIUINNS
JPUUAIMEIT Power Tracing uar3snguinu nsallyl
Anfdaluihgaydelussuvdamuin noudinanuisig
UszdvBnmannn Inefimsfinsansadssleviiilan
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« 38 Power Tracing fielsiusaune davainlunis
Lﬁ‘usﬁaga Power Flow t{18$97n3n15 Run Power Flow
disseduien wiiidedaiuisuludumeinsdiunidy
Foumnn fvanetunou warlfaunisiunannn
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eluszuy

- Byquinuiitelsiuievde WuAsadlade 1
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