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Improving of Transmission Cost Allocation Method to
Accelerate the Investment Recovery for Transmission lines in
Deregulated Power System

Abstract. In the electricity supply industry are more imporfant fransparency and accountability on all participants in the grid with considered
transmission usage on the load. In the restructuring and deregulation of the power system, many problems are faced by the power industry players
espedially with investment in transmission costs. To accelerate investment recovery in transmission lines, it is important to have a way of increasing
the income for investment recovery based on an analysis of construction costs in the long run and an analysis of the high level of risk involved in the
investment. This paper will propose a new algorithm for allocating the transmission pricing that considers the power factor comrection coefficient
(CLF) as an incentive factor fo determine transmission cost. To justify this proposal, the MW-Mile method improved will be compared with an existing
method to determine each line of users for two case studies; the sixth test bus and the 30 IEEE bus system. The result of the proposal shows that
the transmission operator will get an additional charge when the load do not use the transmission effectively. The fransmission owner can make a
further profit by increasing more energy transfer and also from the generafor to load. If also indicates the positive signal with an incentive investment
in transmission lines operation in deregulated power system.

Streszczenie. W branzy elektroenergetycznej wazniejsza jest przejrzystosé | odpowiedzialnosé wszystkich uczestnikow sieci przy uwzglednieniu
wykorzystania przesylu na obcigzeniu. W procesie restrukturyzacji i deregulagii systemu elektroenergetycznego wisle problemow napotykajg gracze
energetyczni, zwlaszcza w zakresie inwestygi w koszity przesytu. Aby przyspieszyc odbudowe inwestycji w linie przesyfowe, wazne jest posiadanie
sposobu na zwiekszenie wpfywow z odbudowy inwestycji w oparciu o analize kosziow budowy w dfugim okresie oraz analize wysokiego poziomu
ryzyka zwigzanego z inwestygg. W ninigjszym artykule zostanie zaproponowany nowy algorytm alokaci cen transmisfi, ktory uwzglednia
wspofczynnik korekcji wspdfczynnika mocy (CLF) jako czynnik motywujgcy do okreslenia kosztéw transmisf. Aby uzasadnic te propozycje,
ulepszona metfoda MW-Mile zostanie pordwnana z istniejgcg metodg okredlenia kazdej linii uzythkownikéw dla dwoch studiéw przypadku; szésta
magistrala testowa i system magistrali 30 IEEE. Z wyniku wniosku wynika, Ze operator przesyu otrzyma dodatkowg opfate, gdy obcigzenie nie
wykorzysta efekiywnie przesyfu. Wiasciciel przekfadni moze osiggnac dodatkowy zysk, zwiekszajgc transfer energii, a fakie z generalora do
obcigzenia. Wskazuje to rowniez na pozytywny sygnaf zachety inwestycyinej w prace lini przesylowych w rozregulowanym systemie
elektroenergetycznym. (Doskonalenie metody alokacji kosztow przesylu w celu przyspieszenia zwrotu inwestycji w linie przesylowe w

zderegulowanym systemie elektroenergetycznym)

Keywords: Transmission Cost, Investment recovery, deregulated power system.
Stowa kluczowe: Koszt przesytu, zwrot inwestycji, zderegulowany system elektroenergetyczny.

Introduction

In the restructuring and deregulation of the power
system, many problems are encountered by the power
industry players especially in regards with the investment in
transmission costs. Although in the deregulated systems,
the transmission planning has remained control of the
operator, therefore the incentives must be offered to
encourage the private sector to invest in transmission
projects [1]. So, in power system deregulated, it needs
accountability and faimess to determine of transmission
charge for all participants in grid. Generally, the
determination of transmission cost method have been
classified into two approaches; namely, based on
embedded cost and capacity used cost. Although almost all
method using approach based amount of transmission
capacity used and unit cost on each line. One of the main
problems in the power quality, especially the power factor
rate is to determine transmission charge to consider in
investment of transmission line. The power factor can be
caused power delivery in transmission will decrease, so
impact to voltage stability [2]

Several countries (regulator) have established about
power quality standard ectthe power factor (standard)
through a charged penalty. For instance; National Electricity
Company in Indonesia has standardized on the power
factor of the user is less than 0.95 lagging [3]. It have been
if any user has poor power factor (less than reference
power factor, 0.95), company will charge an additional fee
in accordance with the amount of reactive power.

Currently, transmission development growth is
increasing rapidly in line with the construction of new power
plants. In the restructuring and deregulation of the power

system, many problems faced by the power industry players
especially related to investment in transmission costs [4]. In
order to accelerate investment recovery in transmission
lines it is necessary to have a way of increasing the income
for investment recovery based on an analysis of
construction costs in the long run and an analysis of the
high level of risk involved in investing. However, in practice
that investors' income, in investment is not only limited to
the use of transmission, but there are additional benefits
that investors get from energy production, namely how to
reduce risk. The MW-mile method is considered as practical
and appropriate method and is commonly used to
determine transmission costs in order to accelerate
recvering investment costs.

Several methodologies has report utilization network
facilities cost due real and active power flows [1-4]. This
method introduces a uniform measurement for transmission
service usages by active and reactive powers, however this
method cannot be able to see the correlation efect power
factor varies on load. This paper proposes a new scheme
which includes the power factor parameter in the cost of
transmission usage. The MW-mile mechanism is used for
the investment recovery of transmission projects. The
results indicate that by making an investment in certain
transmission lines, the transmission owner can make further
profit by increasing more energy transfer and also from
generator to load.

The paper is organized into five sections. In the first part
contains an introduction of the method to be propose. Then
in the second part, containing about methods of
transmission costs that already exist. In the third part is a
proposal which outlines the contribution method of power
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factor in the formulation of an existing method. While in the
fourth section is an example use case with the discussion of
results. Then in the last part is the conclusion of the
propose method.

Research Method

The concepts of transmission pricing paradigms and
methodologies to better illustrate how transmission costs
are transformed into transmission pricing [5]. Application of
the MW-MILE methodology to allocate the transmission
supplementary charge to real and reactive power loads
have been describe in ref [7,8]. To avoid counter flow
problem, a negative flow-sharing approach to allocate
transmission transaction charges among users of
transmission service [25]. Active and reactive power flows
are converted into monetary flows by using nodal prices.
The MW-mile methodology is a technique to allocate the
use of the electric power transmission system among the
various beneficiaries [5-24]. It may be regarded as the first
pricing strategy proposed for the recovery of fixed
transmission costs based on the actual use of transmission
network.

Many methods have been proposed to accelerate the
recovery of investment in transmission line development,
among them the method that presents a structural model
that consists of joint planning for the short term operation
and to verify the profitability of the investment in the
transmission construction project. Providing the planned
transmission is completed earlier than the scheduled time,
congestion is reduced, which improves the accessibility of
the Generator to consumers. The objective function
consists of the additional expected return from energy
production, the investment recovery from the MW-Mile
method, and the transmission investment costs [26-28]. In
order to accelerate investment recovery in transmission
lines it is necessary to have a way of increasing the income
for investment recovery based on an analysis of
construction costs in the long run and an analysis of the
high level of risk involved in investing. However, in practice
that investors' income, in investment is not only limited to
the use of transmission, but there are additional benefits
that investors get from energy production, namely how to
reduce risk. The MW-mile method is considered a practical
and appropriate method and is generally used to determine
transmission costs in order to accelerate recovering
investment costs. This method also allows investors willing
to invest in transmission lines [27-29]. Many economists
prefer this concept because it encourages the efficient use
of the transmission facility and, further, the expansion of the
system.).

Electric power that transmit can be expressed as:

(1) ?

 =1]R,
Electric energy transmitted through the line is expressed as
follows:
P =P+ IE‘RI.
(2)

The smaller the line current, I_ the smaller the line loss is
also reduce. Thus, the transmission line carrying capacity
can be optimized.

For a circuit k, relationship between power factor and
active power each load. Defines: Power factor (PF) or

cosqé is the ratio of working power to apparent power [2],
that follows:
Active power

(3 cosg=
Apparent power

Therefore, the equation [2] can be obtaned ;

(4) MW = MVA .cos ¢

6 aya="

cosg,

Propose Method
According to [1], Let, expressed cCO0S aﬁf as power

factor line, where this factor is a parameter used to
determine the wvariation of load power factor of the power

factor reference. function cos @ (@, . )i B.is

power factor reference (according to regulation), and
gbm, as power factor real on load.

(6) MVA=flMW g, .$..]
(?) 'Mﬂ; aer = C iF MH; ref
Where :

® Co = flp, 6]

By define C,r as power factor correction coefficient, that
follows;

If Cir is less than one then the user transmission pay
more for an additional cost beyond the power factor
reference with considere power factor in these equation ,
therefore:

x L.F.P'
@ C,=C,,. ZE—IT

Based on [9], trasmission owner will get additional charge
(Caaq) if the power factor as follows:

(10) C,u=C,C,

0.8
0.6

04

Coefisient of power factor |CLF)

0.2

1 0.95 0.9 0.85 08 0.75 0.7
Load power factor

Fig.1 Coefficient power factor base on reference

Case Study for Graver’'s Test system

In order to verify this method as illustration, we have
been tested above on Graver's test system.

From the table [1-2], that showing users (load) which
has the power facto 0.95 (lagging) will obtain a reduction of
13.1% of transmission costs, and if the user the power
factor is 0.7 (lagging) it will pay increase of 11.1%. Similarly,
if the users (industrial) uses a capacitor bank compensation
so that the lagging power factor will have a reduction in
transmission costs.
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Fig. 2. Bus test Graver's

Table 1. Line data for the graver's bus system

From To Xl{ohm),pu L(km)
1 2 0.4 40
1 4 0.6 60
1 5 0,2 20
2 3 0.2 20
2 4 0.4 40
3 5 0,1 20
2 6 0,15 30

Table 2. Coefficient power factor base on load characteristic

Load Factor Reference, Load Factor
. =080 Reference, é. =09
Load factor Load factor Load factor | Load factor
lagging leading lagging leading
b | Ce | buw | Co | bou | Ce | b | Co
110833 1 1,25 1] 0,009 1111
095 | 0869 | 095 | 11764 | 0,95 | 0952 | 0,95 | 1,052
0.9 | 0,909 09 | 11111 0.8 1 0.9 1
0,85 | 0952 [ 0,85 | 1,0526 085 | 1,052 | 0,85 | 0,952
0.8 1 0.8 1 08 [ 1111 08 | 0909
0751052 | 075 | 09523 | 0,75 [ 1176 | 0,75 | 0,869
07 | 1111 0,7 | 0,9090 0.7 1,25 0,7 | 0,833
065 | 1176 | 065 | 0.8695 | 065 | 1.333 | 0.65 0.8
06| 125 0,6 | 0,8333 06 [ 1428 0,6 | 0,769
055 | 1333 | 055 0.8 055 | 1,538 [ 0,55 | 0,740
05 ] 1428 0,5 | 0,7692 05 | 1,666 05| 0714
Table 3. Coefficient power factor base on reference
Cos
phi=0,95
Numb | (reference cos cos
er ) phi=0,7(lagging) phi=0,8(lagging)
Reference % cos %
(kS) addition | phi=0, | addition
Load k$(real) | al cost 7 al cost
L1 3,825 4,402 131 4,891 11.1
L2 8.312 9,565 13.1 | 10.627 11.1
L3 1,497 1,723 131 | 1,9145 11,1
L4 8.495 9,775 13,1 | 10,861 11.1
L5 12,628 | 14,532 131 | 16.145 11.1

Table 4. Coefficient power factor base on ref power factor load#1

Contribution Original
to Load L1 (k$) Pr (k$)
cos
cos phi=0,8 phi=0,95 cos phi=0,7
L1 (ref) lagging laggin
20247367 | 202 4736704 | 1759496196 | 224 06848952
137,36154 | 137,3615406 | 119,3671788 | 152 6224078
302,27005 | 302,2700521 | 2626726753 | 3358522549
48.457843 | 48,45784261 | 42.10986523 | 53.84150892
3,5687984 | 3566798386 | 3.101285797 | 3,965291886
302,27005 | 302,2700521 | 2626726753 | 3358522549
150.44703 | 1504470294 | 130.7384686 | 1671616944
140,93034 140930339 | 122 4684646 | 156,5876997

.,|
3
3
-

IS (0] 61 [0 (X1 N
o oo |en| B e |en| & |ma|O

This proposal has demonstrated a treatment difference
for users who use the power transmission based on the
power factor reference [table 4]. Customers who use power
with a power factor below the reference value is greater

CLF. As for the users that have a power factor above the
reference, or leading, the CLF will decrease, Fig [4-7].
Consequence of the CLF will affect the cost of transmission
usage at each load. This proposal has also given clear
information to any user of the transmission to operate under
the required conditions. Customers who take advantage of
the power with the same level of power factor with
reference to the factors CLF=1, transmission price will
decrease.

400
350
300
250

200 -
150
100
]
o -_..
1 2 3 4 5 6 7 8

MNumber of line
Fig. 3. The relationship between total costs (C,.F,.L;) of the power

factor on each line that contribute to the load # 1
1200

o cos phi=1

kS

m cos phi=0,8 (ref)
® cos phi=0,95 lagging
m cos phi=0,7 lagging

w

1000
800
W cos phi=l
2 600
W cos phi=0,8 (ref]
A0 W cos phi=0,95 lagging
200 ' mcos phi=0,7 lagging
o MM w a A0l
1 2 3 4 5 6 7 8

Number of line
Fig. 4. The relationship between total costs (C..F..L.) of the power
factor in each line that contribute to the load # 2
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100
“ 80
60
40 '
0
c_u Ml
1 2 3 4 5 6 7 8

Number of line
Fig. 5. The relationship between total costs (C,.F..L.) of the power
factorin each line that contribute to the load #3
1000

= cos phi=1

W cos phi=0,8 (ref)

®

® cos phi=0,95 lagging

® cos phi=0,7 lagging

m

900 ¢
800
700
600 +
W cos phi=1
2 s00
200 o cos phi=0,8 (ref)
300 M cos phi=0,95 lagging
200 mcos phi=0,7 lagging
L
0
1 2 3 4 5 6 T 8

Number of line
Fig. 6. The relationship between total costs (C..F..L.) of the power
factor in each line that contribute to the load #4
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Fig. 7. The relationship between total costs (Cs.Fe.Ls) of the power
factor in each line that contribute to the load #5

From case study using examples case 6-bus Graver's
test systems in table [4] that shows the contribution
generator in each line. Based on the result of the tracing
generator to the loads and flows in the power system
network has become a main issue since the deregulation of
the electric power system. It is necessary for the operation
of the system, congestion management, competition of
transmission pricing, ancillary services and related issues.
Based on the graphic that shows in the figure shows the
power factor equal to the reference (cos phi = 0.8) then the
use of the transmission (ie: Line 1 to 2) for k $ 202.47367
(reference). However, if the user the power factor (cos phi =
1) to the transmission cost is reduced to 168.721 k $.
Conversely, if cos phi = 0.7 lagging, then the user pays is
224.968 k $. These costs indicate that the user will pay for
the use of the transmission when working with poor power
factors.

In this propose will be make an investment cost in
transmission lines which are determine with distance and
power factor quality all user in transmission line. The
analysis must be conduct all user in transmission line are
carried out by the transmission operator to identify the most
profitable plans for investment. The MW-mile mechanism is
used for the investment recovery of transmission projects.
The results indicate that by making an investment in certain
transmission lines, the transmission owner can make further
profit from increase more energy transfer and also from
generator to load. By the selected type contract with
consider power factor will be get the accelerate investment
recovery method.

Case study for the 30 IEEE Bus systems.

The proposed method has been further tested using
the IEEE 30 bus system to further highlight its advantages
in providing incentive charges to the users. The data for
generators bus are as follows: G1 = 117.73 MW; G2 =
60.97MW; G14 = 37TMW; G22 = 21.59MW,; G23 = 19:20
MW and G27 = 29.91 MW. Total loads amounted is 283
MW (the system is considered without loss).

Figure 5, shows the user's transmission cost for a
power factor of 0.8 and the reference power factor is set
as 0.9 and 095 respectively. It can be seen that the
transmission cost for users with the load power factor is
less than the reference power factor receives an additional
charge. For example, by using MW-Mile method the load #
L2, obtained a transmission cost of k$§ 16,4725 but if the
power factor is set at 0.95 power factor reference, then the
load #L2 pays k$ 19,561, which an increase of 18.75%.
However, if the reference power factor is set as 0.9,
load#L2 pays by k$ 18,531, which an increase of 12.5%.

MW MILE METHOD
™ PF_REF-0.95
100 1 PFREF=0-0

Transmission cost (k§)
o
2

0 |
,,If-l I;'l'll.ll‘[lIl'itﬂl

L2 L3 L4 15 L7 L8 L10002014L15L16117 118119 12002123 24126129130
Load for actual cos phi=0.8
Fig. 8. Transmission cost of each load with actual power factor of
0.8

= MW MILE METHOD
100 = PF REF-095
 PF REF=09

Transmission cost (k$)

20 | E
oI.l II][[I-':I;I:II.I

L2 L3 L8 L5 L7 18 LIOL12L14L1SL16L17L1BLI9L20L21L23124126129L30
Loadior actual cos phi=0.9

Fige 9. Transmission cost of each load with actual power factor of
0.8.

140
B MW MILE METHOD

100 = PF REF=0.95

# PFREF=09

Transmission cost [k§)

N E ||l|n.|.l.|.|..l

L2 13 L4 LS L7 LB L1I0L12L04L1SLI6LITLISLI9L20L21023L24L26129130
Load for actual cas phi=1 [unity]

Fig. 10. Transmission cost of each load with actual power factor of
unity

Figure 9 show the user’s transmission cost for the load
factor of 0.9 and the reference power factor is set similar as
before. It can be seen that the transmission cost with the
power factor consideration is higher than the one calculated
using original MW-Mile method. For instance, load with
actual power factor of 0.9 pay same charges with the one
using MW-Mile method. However, the user has to pay an
additional charges when the references power factor is set
to 0.95.

Fig.10, shows the load power factor is set to cos @ = 1
(unity). I£an be seen that the proposed method can be
reducedihe transmission cost of the user which is not in
case of the MW-Mile method. By setting a reference power
factor to 0.95, then there is a reduction of 5% on every bus
load. However if the regulator sets the reference power
factor by 0.9 the cost reductions will be higher with 10% in
average. Cost reduction of 5% based on the assumption
that the calculation does not take into account the
transmission distance and a cost per -mile.
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Conclusion

The paper proposed a modified MW-Mile method based
on power factor quality that has presented correlation
transmission usage cost by considering the power factor
quality effect on the load. The advantage of this method has
been shown on several conditions of power factor. Users
who use electricity at a lower power factor of the reference,
then it will cost you use a higher transmission than the cost
to be paid. Conversely, if the user is using electric power
with a higher power factor than the reference (or to be
leading), then it will obtain a reduction in the transmission
usage costs compared with costs to be paid. This proposal
can be applied for countries that apply a standard factor in
determining the cost of power or transmission rate. The
results indicate that by making an investment in certain
transmission lines, the transmission owner can make a
further profit from increase more energy transfer and also
from the generator to load. The increase in cost as a
penalty for the use which has a low power factor can be
used as an incentive for transmission investment costs.
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