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Abstract

In electric business, costs that support production called with allowable electric cost or basic cost
of electricity. Therefore, the basic cost of electricity has to get more attention seriously from the electric
company in order to be trusted by consumers. In determining of the costs must be transparence and do
the optimizing in calculating process because of revenues from customers have to be able to cover the
basic cost of electricity so that the electric company does not go bankrupt. This paper will create concept
and formulations for determining the basic cost of electricity in a region. There are a few different
characteristics of each region will influence the costs. The basic cost of electricity can be different among
regions that were caused by generating, investment and losses in the region. Later has been done a
numerical simulation to simple power system and the results are matching with desired expectations.
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1. Introduction

Electric business begins from natural monopoly, integrated system, controlled by
government. In last three decades, several countries have changed their electric business into
forms more efficiency and transparence, i.e. competitive system [1, 2, 3, 4, 5]. Another
developing of the integrated system is separated to be a few regions that is called electric
regionalization [6], and every regional have independence own authority.

Region authority will be obligated to meet demand with optimal electric cost. So, every
region can be distinct its electric cost that suitable with the region condition. In this context, the
regions of surplus energy can sell their energy to the regions of minus energy. In the
regionalization context, this paper proposes determination basic cost of electricity, or cost. The
calculation used in determining the cost will adopts electric and economic formulations.
Furthermore, this paper creates a cost concept and formulations for a region. The concept of
the cost proposed has been simulated on the simple power system and the results have met the
desired expectations.

2. Research Method

2.1. Terminology and Concept
A. Terminology

There are three terms that need to be considered here, namely cost, price and the tariff.
The three thing is something different from one and other, and they will be explained the
following.

Price is the value determined by the supply and demand. In determining the price is not
directly related to production costs. In a market system, when occurs surplus supply then the
price will go down, and vice versa. In this case the supplier could get profit or loss. Thus the
concept of the price should be in the form of the business market, such as competition.

Tariff states the real price charged to consumers. Usually the tariff is influenced by the
ability of (economic and social) of consumers, corporate profits and the government's subsidies,
and also influenced by the political will in doing the decision-making. In determining the electric
cost is generally defined by compromise (reconciliation) between the parties concerned.
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Thereby, the tariff is not only influenced by purely technical but also influenced by the political,
economic and social.

While the cost is just a technical nature, i.e. all costs that supports the production of
electrical energy from power plants to the region. In this case, the costs are not supporting
production process or unallowable cost, such as non-technical energy losses, will not be
involved. So, all costs that support the production process is defined as basic cost of electricity
in this paper.

B. The Concept of Cost

As for the costs that will be determined here are for the regions of generation,
transmission, distribution, medium voltage and low voltage distribution such as shown by Figure
1. The Figure shows the model of the electric power system that has two types of power plants,
namely IPP power plant, independent power production, with the cost of purchase, IPP price,
has been determined before, as fixed production costs, and power plants with production costs
change every time. The power plants can be connected to the ultra/extra /high voltages or
distribution voltage both primary and secondary. Furthermore, the cost can be determined on
each consumer, whether the consumers of ultra, extra, high, primary or secondary voltages. In
addition, the electric power system can also be divided into several regions, for example Java,
Madura and Bali system or JAMALI system, divided into 4 regions, Jakarta-Tangerang, West
Java, Central Java and East Java.
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Figure 1. Model complete electric power system

2.2 Electric Power System
Referring to Figure 1 above, the electric power system by function can be divided into
three sections, namely:
e Generation
e Transmission
e Distribution
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A. Generation

Power plant can be differentiated into two groups, private, IPP, and the state, like PT
PLN in Indonesia, companies. Especially for IPP, electricity production costs stated in the
purchase price. IPP can be connected to various places in the electric power system, either on
the transmission or distribution networks. Cost on the power plant terminal is the production
costs before energy transmitted to a grid.

In an electric power system, there are several state power plants connected to the grid
in various regions. To determine the amount of power generated by generators at a certain load
will be determined based on the optimal power flow so the production cost of power plants to be
minimal. Cost determination based on the optimal power flow will use the cost characteristic of
power plant in the following equation.

Bi(ﬂ):CieriPi"'aiPiz (1)

Where,

Bi(P)) is basic cost per hour of generating i.

c¢i, biand aiare generating constants

Piis active power produced by generating i.
Suppose there are N buses, total system load is P, and total power of IPP is Ppp then the
formulation optimization is

i iti

N
Objective: min B = Zci +b.P +¢,P?
i=1
Subject to : 1. Generator : P™" < P < P
N
2.Load : zPi = Pross = Pus = Prpp
i=1

3.Line 108, < S;‘a"

4.Voltage Vimi" <V, <V

Need to remember that the loads will vary each time so the daily load duration curve will be
different every day. Experiences show that for working days the curves are almost similar,
whereas for red dates and holidays the curve are also quite similar. In the cost calculation will
use annual load duration curve of the next year, because the cost will apply for the next year.
The annual load duration curve used is the average of the daily load duration curve in one year.
Where this curve is estimated from the results of load forecast within the one year ahead. Then,
be stated that load every hourly is not change so there are 24 variations of the load in one day.
Furthermore, it can be calculated cost each power plant based on estimates of the annual load
duration curve through equation 3.

24
Bo(R)=; 2 B/ (P) (3)
=

B. Transmission

Transmission can be consisted of high, extra and ultra -voltages. The transmission
causing cost is due to investment of the transmission network. In the facts, the components of
the transmission was built in the times that are not same, there are old components, some
components are newly built and some components have been retrofitted. These all must be
calculated under annual investment costs based on the economic principle. It should be noted
that the outlived components of the economic life will be valued zero in determining the
transmission cost. The economic calculation results must be able to determine the annual cost
of each component involved in the transmission network. This is very important because in the
cost calculation in a region will be determined by the transmission components in the region.
But when the components are in the two regions, each region will bear half of cost of the
components.
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C. Distribution

Whereas the distribution of distinguished to be two groups, namely the distribution of
medium and low voltages. Calculation of the annual cost of this distribution will be identical to
the calculation of the annual cost of transmission that have been described above.

2.3 Cost Components

As a consequence of the functions of generation, transmission and distribution in an
electric power system, the cost will appear on each of these functions. They will emerge in the
power plant as costs of the fuel, assets and O&M, or operation and maintenance, whereas in
the transmission and distribution networks will emerge costs of asset, O&M and loss energy.
Thus there will five cost components, namely:

1) Fuel

2) Assets

3) Operation & Maintenance (O & M)
4) Loss of energy

5) Buying and selling of inter-region

A. Fuel

Fuel is only found in the power plant only. This component is a mixture of different types
of fuel, fuel mix, where power plants involved in electric power systems using various fuels, like
water, coal, diesel/MFO and natural gas. Because of the price of each type of fuel and cost-
characteristic of each power plant are not same and then it needs to be optimized. Thus here
need optimization method to determine the optimal fuel mix in serving total load of system from
all power plants connected to the electric power system.

The best optimization method until now is the optimal power flow method. Conceptually,
this method is very superior because all constraints have been accommodated in it. But it is less
robust in its operation. The robustness will depend on the method used, for example simplex,
linear, quadratic, and interior point methods. In the practice of the interior point method, [7], is
superior because it is faster and more robust.

The very robust method is economic dispatch, ED. However, this method does not
involve constraints of voltage and transmission line so the issue of losses can't be
accommodated. As the consequences, it may not operational because of if the ED results are
applied will possible be a few constraints violated, such as the transmission line overloaded.
Because of this method is very robust, in practice the losses can be predicted, i.e. 2.5%, and
the possibility of the load is not too large, it is advisable to use this method in determining the
cost for each component of the robust grid.

B. Asset

Asset is the entire investments from power plant to distribution. Providing asset
depends also on the reliability level desired. The more assets will be more reliable, but it will
cause the higher costs. For example two generating unit working on a system would be more
reliable when using one unit and so on. Relationship between asset cost provision and reliability
is shown by Figure 2. On the Figure, for reliability approaching one requires additional very
much asset in order to improve the reliability of a very small.

Reliability cost

» Cost

Figure 2. Reliability and asset costs
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Generally, procurement of assets are based on the level of reliability to anticipate the
component failures, such as n-1, this means that despite of the failure of one component, the
system is not collapse. In the rules of the economic, the assets are generally determined by how
much depression every year. The depression is dependent on investments, interest rates,
construction and economic life of the asset. The issue of these assets is the design desired to
power system based on the quality of service electricity desired. It depends on the ability of the
financial government in the responsibility to supply the electricity affordable by the communities.
Because of the electric power system is managed by PT. PLN and owned by the government.
Obviously this system is a monopoly system by the government.

C. 0&M

In the management of electricity should provide the cost of O&M in order to get good
performance. The cost is intended to long operations so there is no problem in the future. It
consists of fixed and variable costs. Fixed cost will be related to employees, maintenance, fixed
and life cycle, and insurance. While the variable costs consist of startup / start down, oil, fuel
additives and chemicals. Determination of the cost is influenced by the real condition of the field
in the form of historical data.

But in the reality it is difficult to find this data so it must do the approaches in
determining the cost. Besides, it is also influenced by the overall operation plans. The influence
of these costs to the overall electric power system is so small with varies between 2-5%, in
practice is often taken 4%.

D. Energy Losses

Energy losses are determined only on the network, both on the transmission and
distribution networks. While the power plant is considered supplying to the network with net
power. Cost calculation of the energy losses can be derived from Figure 3, which is the
transmission line with the current flows to the consumers and grid.

Po P

P P
@ i > H " Grid
Dy
Consumers

Figure 3. Model of determining the cost of energy losses

From Figure 3, it can be shown that the energy production, in one hour, is equal to the costs
received on the bus consumers in the same time. If energy cost is same for all regions, i.e. pe =
Pa, the cost of energy losses will be

PeFG = po(P+ Fp) (4)

Where,
P, is energy cost
Pg is active power into line
Pris line losses

P is active power at receipt the consumer bus
So the cost of energy losses in one hour it is

Br =pcPr (%)
Then, from the consumer bus the seen powers flow in two directions, to the consumers, Dy, and

the grid, D;, which meet equation P = Dy + D;. Furthermore, loss cost will be bear by consumers
and determined based on the following approach.
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E. Buying and Selling between Two Regions

In developing the electric business and meet the demands of customers, each region
can sell / buy electrical energy from other regions. Surely, for regions as exporter must have
surplus energy and vice versa. This illustration can be seen in Figure 4, where region 2 buys
energy from region 1. Before transaction, cost in region 1 and region 2 are respectively p1 and
p2. Power is transferred to region1 is Py.,. While the power produced by region 1 itself is Pg;.
So the balance of power in the region 1 is

P, +P,

rans

=D, +P, ()

Where D4 and P4 are demand and losses in region 1, respectively.

Region-1

Region-2
%)

D1

Figure 4. Transactions between two regions

So, cost in the region 1 will change influenced by the cost differences between the two regions,
transmission cost and losses cost. So cost after the transaction on region 1 can be calculated
as follows.

new ,0 Fo + p Pmns
pl = L T + IOTran.v + IOLU.\‘.\‘ (8)

D,

Where py.n and pjoss are transmission cost that connects both the regions and the cost of losses
caused by the power into region1.

3. Simulation and Analysis

3.1 Simulation

Here simulation calculation of electric cost described above will use a simple system in
Figure 5. This system is divided into two regions, i.e. region 1 on the top and region 2 on the
below. There are four transmission lines connecting the two regions and one IPP is in the region
2. Data of system can be seen on the section A consist of data of generation, channel, voltage
limits, and others.
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Figure 5. Five bus system

A. Data
Table 1. Generating Table 2. Transmission line
Generating ¢ b a Prmin Prax Bus-i Bus-j R X Y (pu) Smax
(pu)  (pu) (pu)  (pu) (pu)
G1 0 1774125 0,171 0,3 1,0 1 2 0,15 0,26 0,030 0,75
G2 0 15 0,0015 0,05 0,25 1 3 0,17 0,30 0,035 0,75
G3 0 850 0.03 0,02 041 1 4 0,17 0,30 0,035 0,75
G4 0 382,788 0,3808 0,05 0,5 2 3 0,14 0,15 0,020 0,75
IPP 0 1850 0 0,05 0,2 2 4 0,15 0,18 0,020 0,55
3 4 0,13 0,12 0.015 0,60
Table 3. Bus voltage Table 4. Load forecast in MW
No. bus Region Vmin (pu) Vmax(pU) hour  load hour load hour load
1 R-1 0,9 1,05 1 90 9 110 17 160
2 R-1 0,9 1,05 2 80 10 115 18 145
3 R-2 0,9 1,05 3 90 11 130 19 143
4 R-2 0,9 1,05 4 110 12 120 20 145
5 115 13 100 21 145
6 120 14 110 22 130
7 110 15 120 23 100
8 90 16 130 24 90

Notes :  Ratio of free days to work days is 0.8
Ratio of Saturday to work days is 0.85
One year equal to 365

B. Calculation Results

Table 5. Optimal fuel mix and energy losses Table 6. Cost of energy losses at distribution
Item / Fuel cost Energy-losses cost Iltem / Primary Secondary
Region  [RP/kWh] [RP/kWh] Region  [RP/KWH] [RP/KWH]
R-1 834.90 22.76 R-1 35.30 21.51
R-2 863.40 17.81 R-2 24.36 13.66

Table 7. Investment and O&M costs

Item Power plant Transmission MV LV
Region Inves/O&M Inves/O&M Inves/O&M Inves/O&M
R-1 30.87/4.14 10.92/2.09 18.14/2.62 22.07/4.19
R-2 38.21/5.32 14.37/4.04 17.97/4.76 37.93/8.98
Note: in million Rp/day

MV: medium voltage
LV: low voltage

Determining Basic Cost of Electricity on the Regionalization System (Yusra Sabri)
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Table 8. Basic cost of electricity of each region

Region Power plant Transmission MV LV
R-1 869.91 905.69 961.75 1009.52
R-2 906.93 943.16 990.24 1050.81

Note: in Rp/kWh

Table 9. Energy consumption of each region

Region Transmission MV LV Sub total
R-1 97.36/20.0 146.05/30.0 243.41/50.0 486.82/100
R-2 71.10/15.0 189.60/40.0 213.30/45.0 474.01/100

TOTAL 168.47/17.5 335.65/34.9 456.72/47.5 960.83/100
Note: in kWh/%

Table 10. Yearly recapitulation of cost and revenue

COST : [Million Rp] REVENUE : [Million Rp]
Fuel : 813254.1 From HV 1 1565241.9
Investment 1 115987.7 From MV 1 328214.0
O&M 1 24086.0 From LV 1 469871.9
Total : 953327.8 Total : 953327.8

3.2 Analysis

The method developed has been able to perform calculation of the basic cost of
electricity, for a region on each of its voltage level. This is shown by simulation for the system
bus 5. The simulation results showed that the cost of fuel each region is very dependent on
existing power plants in the region itself, and if this region is still lack of power, then owner of the
region can purchase energy from other with surplus energy. Accordingly with the formulations
above, the energy cost can vary from one region to another and also the cost of losses incurred
each region, as shown by the Tables 5 and 6. These differences depend on the characteristics
of generation costs in each region, purchasing of power from other regions and the line
resistance. Typically, a region has a cheaper energy price is as a surplus region, as shown by
those tables, i.e. region 1. While region 2 is as a minus that buys energy from region 1.

If it is involved the cost of investment and O & M in Table 7, it is obtained the basic cost
of electricity in Table 8. From this table looks the cost of fuel is very dominant. Generally, the
cost of fuel component is around 80% of total cost. This indicates that fuels is absolute to be
optimized for reducing the basic cost of electricity. By optimizing fuels then the principles of the
least cost in operating the power system will be able to be met.

With the proposed method, the basic cost of electricity can be determined in each
voltage level of the consumer, whether it is connected to the networks of high voltage, MV or
LV, which is shown by Table 8. This table can be a concern for stakeholders because by
knowing the electric cost in the region, then they can take certain steps to reduce the electric
cost, such as adding power plants for the minus regions or repairing networks.

In addition, the concept of the proposed method ensures a balance between production
costs with revenues, which is shown by Table 10.

4. Conclusion

The cost calculation concept proposed has covered all component costs that is only
affect production, allowable cost, from power plants to consumers, which includes the costs of
fuel, asset, O&M, loss energy in the transmission and buying / selling between regions. The
calculation in the simulation states that the fuel cost in the supply of electric power is very
dominant, i.e. more than 80%. So, the calculation using optimization to get the minimal cost is
the very precise.

The cost should be calculated for one year ahead. This is caused by the price changes
for the future is very uncertain, especially for fuel prices. Besides, load forecast can also be
inaccurate for a few years ahead. The proposed cost concept has demonstrated its success in
the simulation. This is proven by the results of the calculation on the Tables 5-10. Here was
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determined the cost that does not only in each region but also individual consumer in each
region, i.e. the consumers of the high, medium and low voltages.
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