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A Method of Power Transmission Pricing using Power Flow Tracing

Kyoung-Soo Ro
Department of Electrical Engineering, Dongguk University

Abstract - The methodologies of power
transmission pricing are normally divided into
two categories such as marginal cost method
and embedded cost allocation method. This
paper, first, discusses the possible problems
that can occur when the marginal cost method
is applied to pricing the -transmission services.
Next, the paper proposes a method to apply the
power flow tracing to the transmission network
charge. The result of the power flow tracing
method is then used in MW-mile method to
charge individual loads for the wuse of
transmission network. Effectiveness of the
algorithm is verified by computer simulations.

1.4 £

wHaE Aye 87 AFHAFAN AR e 3o ‘3—-_1“}
AQY whaled Aol S48 HFEE FHAAMY AT T
o] opd EHAANE FA 8] W $HMH 2 8
AR 7% F88A AR EF 71 ok
Ao ¥k, FAMuxe aFE FAUGH, o
230 & $38 %L ZE o &AA FHA Fuist
E7h & $£AMEA A Fo] ALY Mula o] &
25 AAPrE BA s AFEQA 9¥E Gt
AAAAB AN FHA8FES ALEr] H8 o9 EvA
2 HEA o)A A =4(wheeling) 85 AlHH
WEo] ol&H 1 St A A7 g4E G
Zol TRt Algstnzl dod. =EHée Agdvize
ZoiAE Yl AYS Afs F= AEIA(EATH
Fd REE 99)9 $AME ol &ste ez F
g e=di(1) ute %%i‘_ FAANNE B{Ie $
Aol AW g ol &stE Aotk uwatd $HaFH
g4832 B% %ZIB‘V] gon £AaFo]l A
2o W 2FogA Hi} dutdelgtm & 4 Yot
X283 AR5y 48 GFF b Ee] AdHAL
o o5 WEEL A FBULUEEE FAHEHY
'r7l-7~]§ FEE £ J(1.2]. °F WHE CH?}
A9 vime 2344 AFE Roltk. AAFAESE
AW LW (3, 4, 5)0] Alxwle] A W 7311]7—‘1‘31
A3E AT & 7 W] Ay 2] W FA
e slgtoz $H23S AMdste WHEd JFY
2 glo} o] W e $AME| A i FANEE
gaA Fated o@gol wEd, @ §AH E]

o

u$ e @ %% (revenue
reconciliation) BAlIE AHel st ZA Yo #AZHD
A7 W Fo FA LYol AFHEE AT FAAMY 2
8EAAR Agdle o AFdFolgdne & F Ut
8, 230 LY (1, 6, 7)2 +A4u_S 34
A H4 = Jen THEII dohe FHe] o
o] We dog A Alxle] AL HH FR
-‘?"‘1‘3]'3'_ 7] W&ol AAAHQA @FHAA FHgy
£AEA REEY FEE AT dHE WP

48

Egd 2AE A, o8 L
AN B89 BALE ARste ot =
A, AAEF FAPE AYEPIAE Akl 2

Rato] $483E Foste PP Adstes RAolo

388 43¢ 4

@m;_m

2. 3V (H85)2E HFHY

LEEZR oAV 1EER AHEFNFY DEERE F
P58 He AF 7t 2 FHAHY ol & HaAM=E
FAENE 018 F = et FHA o] &ANA $A
830 FHEA FHR=ojof Ik, FHIF AP F
Ao BAE W &S $HeFos AU AP T
o] Ay oze A FRuSNEYEI AU Y
o2 v & ok o] FdAe TR e ztzho|
dalN HES F FANEHE $H8F A A4
Ao 2AFE delnz g

1 SEu|2Hi2Y

Zov) 2ul Blol e WA FHLARe Ay, 84
92 F7 Z4AuE 5 FPAMu A BFEE AW LS
dgsle] shte] v goz A g o] HEE
FHA ) RAENA FHA *}%%‘EQI el A48 uj
el Aolth, o] Wy e Lol NUEY Rt g

F& B3Y ¢ A %"433" AR & e FH
o] glo} B9 v £34E g8 de ol&Hn 3l
o, $314 ol &AEY %Z‘i’d ALEFEE ol9A FH9
ertel whel s $HeF A UHEC] AXHA
on ojgg FTH|LWEHY FTHEe FHLIH
(Postage stamp rule). A <7329 (Contract path
rule), A&FHAY (MW-mile rule) F°l Ut
g HEY AAE Wee FEF (1, 6, 7)o 43

- 424 -



5] skck.
‘n—ﬁfmn‘w FAYo] tady] dEo s EH
QA $HaF Ay shtelw Eahte FHezE A
A FAAN2HE s FIIYFHALE FAHE Alx
Hog B ¢ e Aojg. X o W A $
AA 2wle] SRR i FRE g ERA] %7] WE
of $MA o]&AEdA AARY BHAM BAYG F
BE AFdes Mol
ActAzy e $ANAHYAN AH2F F2E 7MY
FozH o] AGAzAde £ v && $A4 o) &
AsoA el Ao 2FAF ] Lol FHe] gl
oh. SR o] Wy oAl HAl FRAI2Ee] 2HEY
o gg FEE vhgslx] 23 AdEHe AL A
AHFZE Eil =& Ro| oiYa iR AYFRY
4 e $£ALYE F3o sEvj(sEzs & ¥
o 94RE) oA ALAEY FHHNY FHE
S:—%_Jag A & £ 3t
Agggay e Adse A Az At o f
AR e F Hrlole] AYE Hgoz $£AM ol &R}oA
$749u8 9 Ayt &S g@stEs A& Tk o W
T AA ALY EAAg d FELE TG EA
FalA gt 2 $ALu e Hu) o) &7 VREo $HA
€ g2yl —‘?——Era‘ii ANxdlel Hag 9%
ALY & Fudctn & § 3t
ol2g T SuiEHL @A) ZAsle $I34dd o
8 ugute pesln glon $AHY] &3 BRFHd
e BERE FASD U7 W] AAARA BHNA
By Faaolx] Hajch, WA o] WY 21%4717}
v wa £o)3ty FAdv o FApulo] dig & B
& & F dxE Ao U

2.2 stAH|EY
FAH Y 485 FAY B et At
e Wgelt. AT o] WP Fad wet tE d
E718 4 (spot pricing) ¥ =% 83 (wheeling rate)
A A fA B3, 4, 5). FaudE, 4R
‘?37% EEREF Fol Azt wit ¥s=zE g4d
Fote A Abe] dAE wEs 2ge] WAsA €
‘1} oA Ao &4 2 ASAAE & nHE
off F-of U}E TN Aage] vEA AFHA €
o "Hee @ AN AAE FHske T A G
AN a 147 Hrofjsle Relaln B 4 glepz 1@
7179 Ael7} o g4 agE AR}
g434l wrb tAFES nEe A duXE g4
gotn st HAe gH4ul g xM(He GEH Zo) g
3 AL wol o] digh SAE S0z H (3],
x(p =250 (1)
o714,
() tAIZES Bad ouAlg F(kWh).
C(d): tAEYL F434L wel F2HHL(8).
T3 AzAdzdy $AASdRH] FEEA] ge 7

5. tAEY BA kMY EHE p,(HE OEH
Zo] FHodr}

et =A=(p[1+-3L0 ) @
714,
AUD: NDEL BEUA w) WAL S,
N=" .

Lu(h): tAES G434 wel $1&4
D(D: tAFS 24 ko] A58,
olA], #4:3Ail wule]l EAde BAH so]A =4 bR
Irrrge] ouA g #wujgdcvn &8 G534 wel &
Y4 2“(He h&3 Zo] BTG (4).

()= p,()—p D (3
7] A,
ps(D: tAIEY brAMN S HEIF,
(D tATEYL s HEF,
uEkd F RAAlele] B487E 74 BAgA & @Y
o] AL AQaste vl gl oz vEidr.  TE:m
olg| g WAN LR HHHE & BAY FEVAL §
AN B ZF(optimal power flow, OPF) A4l T2
Pell oJ& A 4 Ut

2.3 T2 4Fol WAME HBe BHE
¢ BolM AFT VANERE HEE FFee A3
AEES $uA B5E B GEaT 4HE AL
@ Pyem Addgen o wyel gz $1aF
439 AgloE EARSl et
RANSUE g GELTE ALY A $A
o2 §9 g0l UE 2= 9en(5), B o el
QA2 489709 A dotn & + dgh ol
A% WA EUE olgetel 7 Fpagel FrE %
Avlsh $AE A Ra) WEd $UF 239
AE H=A AFHol . FAMEYPLeRE F £
89 o 16-30%3ETE A5Y + Aew oA
70-85%3 28 +UF 2AVANA A5t AT,
9. °} Be Hoz YANEE o8¢ HHaE 23
of SgAulze U B EE AN WIHA Foche
A7 do.
@4% (DA dYstl FANA e 4 <8
sl

=2 SE 0 -2 )
@AM 2R gEuige dBol AFE T BA
A4 $AEAA U Wol2e Aojo] e A,
te gl $2&4de) TAe] qed 00 ohd
Gaulgel 42U AT A 29T et
o $A&del fidn s ESE HHu 22 0o HA
Ach. 7 AelE gl Sl GHuI gl FHHE Aol
shiet $aedd o8 wgHgel A3He Aol €
=3

- 425 -



AR EEe BHAu2d g ¥&E Adsted 2
g4 BAY FAgu Fxuig HEE RH A
%n F RAZ 42149 Holg ol&dtm U 2
AgstA e A3 Lrdel dAv & Jlxdtd A4S
oAz il go] THHLE 22 St TIHAA
ot e F o Rdzbel $44v] Fxuie A7
gaglel =4ulgo) 2FHAE Aot

ol el A& ulo] oatw FIu|LuiE YT AN
e F ouge Zx Addg dEstn v & 5
Aok flelN AFYE FAHAE Eystn FAHEY
< FRA=d] 4‘-7@&?1 ZWA Haol g2t 9E
AARY FRE AFse d3E AUz U

TY 9 o= @ ““é‘:"i FH8FE ABse A
& 2R G}A AARNY FHdu e Fap]gol RT3
FE FEU LMY 39 ¢ PEE ﬁ%ﬁ}f Ro] &
g8 Ho } FRA 2" &AHE e AYEN
& Aol feistala AN ’5‘}21“’} = ¥
£9] ol ZTRY 27 Fxujgel ®Fo] U A
o &o] S8 &o) ALe I LMEYE 43}
€ Rl vdeget 44dd.

o] oM FREY (8)dA &/ AH2H F34

WE 2% O F ¥R AFHAR0 “%‘%Elc 73

+ #AEdzF FAYE ALy Hgdtd d
3

A $HLFE o Rzete WYL ALtn
2+ gt

A4 24%% F A zaogd o 4 Mdze 4
SHEE ANYE & glon o SUsHdER wHY

e a oz Yyold £ gz e, @
2A9 dA THEYAA 2PE £4EE 2 AL
o 29 s dHEHelstn #E 4 A0 29
W g RN AYzFe Jrte wEd ok 49
e 7Hd A8 TAALE e o) REEL

= ;JP{’_}HPRJ (5)
o714,
Pr:ojzle] gtoz v jol 74 mAdAdY,
PromlAe) gog A2 o 7P A22F
Pp o 24 9] K8t
7 AFx{7E 2A 2¥E A Eorte 2A

9 4%
Heedre dzzad v A% ) @2
TAR o2 ohE Ho] PP
e a0
agE 4(5)e e A% 2ol ehfelant,
pr- g 5 pr-py, ™
IEY; J

e JEEPPoE Yehid
AP =Py (8)
71,
Ay (NXN) 38,
N: Ax 249 A%,
Proulzle] e g s =AY e,
Py %39 WHER,
o289 7 2AAY e oo #4202 ALY
4 Sk,
P=A;'P; (9)

EE pr= ZIEA;‘}*-PR,,, (10)

ul#ld 299 (proportional sharing principle)
E olgaba, M HExg g tied Zo] A
ojd & g},

P, ‘“'""L'J‘P"N”-t‘uﬁ A7 Pra

= ;lRe—j./e'PR,k (1D

Ri_; e B2 i A22F gl e k-24 23}

9] BgAFol ol 2oz Jehjelfn}
R;-f,»=—*P;§:'[A£‘]* (12)

Zt RaRio] Ygtslaiol 3 FHoFd Y AAH
& &3 gl vehd 4 gt
= ZZ}:%-;*R;—L Pg *L._ (13)

4714,

TCy k-2Al 37t ¥gstolol @ 22T,

22, (1200 3o Hzzfol AP Rl LgA
8 ADEFIVAA ASYo2A F FHRAC
poselcl & $983¢ 7% 4 U ARNEA
()4 A8 & H2EFd UG BB
BASE Al eRudgel A4oY 2 AR
#astelo ¢ £33 78 & gdod, Zx £
PHE WAYLRA $HLIE oo PARA
9% WEZ ol #RAY £5 A& Helch

4. A 2] A

S Aol Agtd $A8F AN duES 18 19
Foi AE *I:EE.M Agsle] o1 EEAHE HHEIE
ok, AYZF Aol 8T Aade oAy 23
g2 Az tﬂﬁ} BEL BE eV %lv} R 1e A
HxF Aty A3 F FEAYe] 535S BHoFm g
ok F(+)9] e AYe FFo] 1 Eéiﬂw Uite
wekolnm &(-)9 g2 2 BHOE Eojee WIS o
vk, 2 F ogke] $o) o 89 dasdd dgwd
ot
4 (12)e] AR2N H2ZFA U Z 2l

- 426 -



gAss B 20 Foixm vt A2 149 32
2Fd dsixe ¥ 4, 5, 971 $Esn »100%
SAS$E 22 1.0, 0.511, 0.430it}. zElx

-59] Z&o A e §3 5% £t Alg
ALE 05110, B2EAFe] & uid
12 £0, 24 59 Fsigke] ooMwelng A
2 4-59) SEAY ZHIL 90%0.511<0 9
45.99MW7t B& & £ ded, o e A= 4-5
o] 257 5 BHez FYUHE #(46.01MW)TH
A9 dAEE & F Utk

E 32 4 (1E o) gdld zt £HMRe] $MQF
o g RamMo EdRy zt Ry F¥IEdol
g A4 £33 HdF3 ¢k, =AM 4, 6, 8W

S

2 H b oz e

g
o

£

4
® o  OT
| A ©
® ® Q) b
® ® oy
v v
Y 1 9-2AH 4T Ajad.
¥ 1. fEAY 380 U 2FAL Z5 (MW).

28 |7 A PEE) | PHA) | & 4

1 4 11134 | ~110.26 | 1.082

4 5 46.88 -4601 | 0871

5 6 -43.99 45.26 1.264

3 6 85.00 -8413 | 0.868

6 7 28.88 -2838 | 0499

7 8 ~71.62 73.24 1621

8 2 -16099 | 16300 | 2009

8 9 7375 -71.22 | 2529

9 4 ~53.78 55.38 1.598
X 2 ARzF A& F §3le] BdAS.
He | Rotd| 285 | 2al6| Rok7| 2318 | a9
1-4 [ 1000 0511] 00 | 00 | 00 | 0430
4-5 | 00 |0511] 00 | 00 | 00 | 00
65| 00 [0489] 00 | 00 | 00 | 00
3-6| 00 [0489] 1.0 |0284] 00 | 00
6-7| 00 | 00 | 00 [0284] 00 | 00
8700 | 00| 00 {07161 00 | 00
2-8 | 00 | 00 | 00 {0716} 1.000 | 0570
89| 00| 00| 00] 00| 00 |05
49| 00 | 00 | 00 | 00 | 00 | 0430

® 3. & Yavt REdteol ¥ HLF (§).

HE | 284 | 295 | Fol6 | Fa7| a8 | 8
1-4 22.40 12877 0.0 0.0 00 150.50
4-5 00} 251.11 0.0 0.0 0.0 0.0
6-5 0.0] 440.10] 0.0 0.0 0.0 0.0
3-6 0.0] 110031 2500, 71.00 00 0.0
6-7 0.0 0.0 00} 21584 00 0.0
8-7 0.0 0.0 0.0} 41242 0.0 0.0
2-8 0.0 0.0 0.01 250.60] 49.00] 249.38
8-9 0.0, 0.0 0.0 0.0 0.0 467.40
4-9 0.0 0.0 00 0.0 00| 650.38
&% | 22.40{930.00{ 25.001949.86] 49.00| 1367.15
& waztel An wALERY Azt A WEd
#3830 A Usgen 2et 99 ALE 42 4-9
o Wolt A W oz} BAMIY vl gAce @
o) 27] WEol Be $HRF0l FHHUL.
5.4 B
AYLAES dRAGelnel BPAAS Fn A

ggod AAAA =Yg wek T, sufd 2 B
ZAMujzo] Y FHF ¥EE MY ot A &
. & =X $34d olgd dF 28E AL
gt WS oden . gFAE MT FRAR
=o5x JNY #Fd B¢ LFFF FH8FA]
9 Ao1HE HESH N HFH8F AP L A AU
NE FANLE S FHLF BN HEE P £A
& ANEAT. AN LELS A2ge] A gg

AARY AZE AFE ¥ e FF A& 49 ol %
g1 Jov $H8F A E $UF 2FAE ¥

Ol

Ao

ghatAl sle Bgeld &1l gt ¥ EEelA
AY2F FAYE ADSFE YA Aesd $3
288 Z3%e PHE AT $3429 %1
Y 279 G 4 F3te EHEE o] &5to] FA
o) AYxFol Hydo] A FIHEL WY & 3o
o O FEe] HdRxH A BEEL d0dA, B
358 FAMu 2 B F FHu L] LoldAE A
*atgict.

o

HU rﬁ

=

#Hang#)

[1) H.H. Happ. "Cost of Wheeling Methodologies”,
IEEE Trans. on Power Systems, Vol. 9, No. 1,
Feb. 1994, pp. 147-156.

{2) D. Shirmochammadi et al., "Some Fundamental
Technical Concepts about Cost Based
Transmission Pricing”, IEEE Trans. on Power

Systems, Vol, 11, No. 2, May 1996, pp.

- 427 -



1002-1008.

(3) M.C. Caramanis et al., “The Costs of Wheeling
and Optimal Wheeling Rates”. IEEE Trans. on
Power Systems, Vol. 1, No. 1, February 1986,
pp. 63-73.

(4) M.C. Caramanis et al., “"WRATES: A Tool for
Evaluating the Marginal Cost of Wheeling”,
IEEE Trans. on Power Systems, Vol. 4, No. 2,
May 1989, pp. 594-605.

(5) R. Mukerji et al., “Evaluation of Wheeling and
Non-Utility Generation(NUG) Options using
Optimal Power Flows”. IEEE Trans. on Power
Systems, Vol. 7. No. 1, Feb. 1992, pp.
201-207.

{6) R.R. Kovacs and A.L. Leverett, "A Load Flow
Based Method for Calculating Embedded.
Incremental and Marginal Cost of Transmission
Capacity”, IEEE Trans. on Power Systems, Vol.
9, No. 1, Feb. 1994, pp. 272-278.

{(7) D. Shirmohammadi et al.. “Evaluation of
Transmission Network Capacity Use for
Wheeling Transactions”, IEEE Trans. on Power
Systems. Vol. 4, No. 4, October 1989, pp.
1405-1413.

(8) J. Bialek, "Topological Generation and Load
Distribution Factors for Supplement Charge
Allocation in Transmission Open Access”, IEEE
Trans. on Power Systems, Vol. 12, No. 3,
August 1997, pp. 1185-1193.

(9) H. Rudnick et al., “Evaluation of Alternatives
for Power System Coordination and Pooling in
a Competitive Environment”, IEEE Trans. on
Power Systems, Vol. 12, No. 2, May 1997, pp.
605-613.

{10 J.W. Marangon Lima, “Allocation of
Transmission Fixed Charges: An Overview”,
IEEE Trans. on Power Systems, Vol. 11, No.
3, August 1996, pp. 1409-1418.

- 428 -



