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Abstract- the increase in electricity demand in Selatpanjang, Meranti Island Regency, Riau continues to occur. However, the
availability of diesel fuel types is increasingly scarce and the price is increasingly expensive. Therefore, another generator is
needed, namely a relatively cheap coal-fired power plant and the availability of coal reserves in the Sumatran region. One of
the problems in the economic operation of a generating system is economics dispatch, which is how to obtain minimum
operating costs while meeting existing and reliable limits. For this reason, an economic dispatch analysis is needed for the
optimal generating system by using the linear programming method. This economic dispatch analysis uses operational cost
as a parameter and is done by using software assistance in the form of Matlab. Based on the results of loading with the same
variation, the power generation based on economic dispatch calculations has an average load factor smaller than the average
load factor based on unit commitment improvement calculations. Thus, the generation with economic dispatch has a higher
specific fuel consumption (g/KWH) than the unit commitment improvement so that the fuel consumption price is issued

higher.
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l. INTRODUCTION

Electricity needs in the Selatpanjang area, Meranti

Island Regency, Riau continue to increase with an average
of 6.54% per year and until now only supplied by Diesel
Power Plants (PLTD) [1]. At the same time, the
availability of diesel fuel types is increasingly scarce and
the price is relatively expensive. Therefore, the use of
alternative power plants is needed so that electricity needs
in the Selatpanjang region, Meranti Island Regency, Riau
can be fulfilled. The alternative generator is considered
relevant if applied in the Selatpanjang area, namely coal-
fired Steam Power Plant (PLTU). This is due to the
availability of coal resources in the Sumatran region in
2017, which is 36.72% or 45,969.24 million tons of total
national coal resources, while coal reserves are around
40.88% or 9,909.1 million tons [2]. Plus the price of coal
fuel is lower than natural gas in the interest of electricity,
which is USD 70 / metric ton with a calorie level of 6,322
kcal/kg GAR, equivalent to USD 3.08 / MMBtu, while the
natural gas price of the region 2 (southeast Sumatra and
south), which is USD 6.05 / MMBtu [3].

The limited availability and high prices of fossil fuels
for this need to be carried out by the operating system
management of the generating system. Where one of the
problems in the economic operation of a power plant is
economics dispatch, which is how to get a minimum
operating cost while still meeting existing and reliable
limits [4-9]. To solve all these problems, it is necessary to
do an economic dispatch analysis for generating systems
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that are suitable for the Selatpanjang, Meranti Islands
Regency, Riau.

Il. METHOD
In this study, economic dispatch analysis was carried
out using linear programming methods and assisted by the
Matlab application. The output of linear programming is
in the form of incremental power.
A. Economic Dispatch

Economic Dispatch is the process of determining the
output power produced by a unit or system unit to supply
the specified load by minimizing the total fuel cost [4-9].
The amount of the total power produced by the power
generation system must be the same as the load demand.
In simplified cases, transmission losses are ignored. This
makes the task procedure solution easier. The practice,
transmission losses must be considered [4].

Figure 1 shows the configuration of this system which
consists of N power generating units connected to a single
busbar that supplies the Pioaq electric load. The input for
each unit, shown as Fi, represents the cost rate of unit i.
The output of each unit, P, is the electrical power
produced by unit | itself. The level of the total cost of this
system is the sum of the costs of each unit.

1) The cost function
The fuel cost function is usually estimated as a
quadratic equation, this is the objective function [5]:

Fi= Z;V:l(ai +b; P + d; P) 1)
Where:

F  =fuel cost

N = total number of units
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i = unit index a,b,d = coefficient of function of fuel cost
P = output power
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Figure. 1. N units committed to serving a load of Pjsq. [4]

2) Equality constraints
The total amount of power generated by the

generating system must be equal to the load supplied,
along with its objective function [4] [9]:

1L1(P) = Load (2)
Where:
Load = total load system
Pi = output power of unit i

3) Inequality constraints

Each power output is limited by the following
upper and lower limits [4] [9]:
Pimin < Pi < Pimax (3)
Where:
Pi min = minimum power limit of unit i
Pi max = maximum limit of unit i

B. Linear Programming ( LP)
Linear programming, also called linear optimization is
a method for achieving the best results (such as maximum
profit or lowest cost) in a mathematical model whose
requirements are represented by a linear relationship [10].
Linear programming is one of the preferred methods for
optimizing power system problems. The size and
complexity of such multi-variable, multiconstraint
problems call for the use of LP solvers [11] [12]. The
following steps are for doing linear programming:
1) Linear Model
The objective function of linear programming to be
used is the sum of the fuel cost curve approach.
However, in minimizing this objective function, the
first term, namely F(Pimin) Will not be included in the
linear programming formulation. This is because
F(Pimin) is a constant value so that it does not have an
influence on the values of decision variables in linear
programming. However, if to value or express the
objective function of the total fuel cost used, then the
value of F (Pimin) must be put back into the objective
function of fuel costs [4].
A quadratic function can be carried out by a linear
function approach as a series of straight-line segments
shown in Figure 2 [4] [13]. Three segments for

generator i will be represented as i1, i2, and i3. The Pi
variable is replaced by three new variables Pi1, Pi, and
Pis. Each segment will have a slope designed as Ci,
Ciz, and Cis. Thus, the objective functions of the linear
program are shown as 'Z' values as follows [4]:

Z= Y, Yo Coc X Py 4

Cik — F (Pik max )~ F(Pik min) (5)
Pik max ~ Pik min

Ciy < Ciz <Cj3 (6)

Where:

Z = total incremental cost

C =slope

k = segment

j = total segment

If expressed in the form of a matrix, the function Z
becomes as follows:

P11
Py
Py
7 = [ Cll ClZ C13 Cil CiZ Ci ] (7)
Py
Py
’Pi3’
Where;
L e ®
So that the matrix Z with C and X becomes as follows:
[C11 IZEh
Ciz P,
Cis Pi3
7= || x= |~ ©)
Cil Pi
CiZ Pi
'Ci3- 'Pi3—

So, the total fuel cost function becomes as follows:
LiF (P) =X [F (Pomin) +

2?212221 Cikx Pik )] (10)



2) Upper and Lower Bound

The determination of the lower limit must consider
that all variables at the level of generation must not
have a negative value. Where in reality it is impossible
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to have a value of increasing negative generation.
However, an increase in pp generation can be obtained
between zero and the upper limit. While the upper limit
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Figure. 2. Nonlinear cost function approximated by straight-line segments [4]

is the maximum increase limit by each level of unit |
[14].

This limit value is obtained from the result of the
reduction of BreakPoint 2 (Pik max) by BreakPoint 1 (Pix
min) Which is used as the upper limit of the first level of
increase in Unit i. Thus, each level of generation per
Unit | will have a lower and upper limit in the form of
a matrix as follows:

0 P11 _P11 max Pll min |

0 Py, Piomax = Piamin

8 P13 P13 max P13 min

0| < < (11)
0 :

0 Pi Pilmax - Pilmin

0 Pi PiZmax - PiZmin

-0- »Pi - -Pi3max - Pi3min -

3) The Modified Power Balance

Power balance is a limit of equations where the
total amount of power generated by all units i must be
equal to the amount of load supplied. It may appear
that the number 3 * PN which is a new variable must
also be equal to the total load supplied. However, this
statement is not quite correct, because the number
3*PN which is this new variable is incremental power,
where P;i min for each Unit i is not included in the
calculation. Therefore, there must be a reduction in the
load supplied by the total Pimin from each Unit i.
Thus, equality constraints to 3*PN which are new
variables are as follows:
Pyp+ Py + P+ .+

R Pil + PiZ + Pi3: (Load - (lein + -+ Pimin) (12)

The matrix form of the above equation is as follows:

r1 : 17rPiq [Load — (le=71 Pimin)]

0 : 0f|Pp 0

N | KEE 0

P _ o (13)
0 : oll~ 0

0 : ol|lP 0

L0 ¢ 0dLPs] . 0

So, the total output power for unit i become as
follows:
P; = Piin + Piy + Pz + Pi3 (14)
C. Engine Load Factor

ISO-8528-1 stipulates the ability of an average 24-hour
load factor of 70 percent for standby generators and prime
generators unless a higher average is approved by the
engine manufacturer. In an emergency standby
application, this means that the average load factor that
can be sustained by most generators during extended
outages of 24 hours or more cannot exceed 70 percent of
the standby rating nameplate, a factor that affects the size
of the generator set. 1ISO-8528 defines the output power
generator set category as follows [15] [16]:

1) Emergency Standby Power (ESP) Rating is the
maximum amount of power that can be produced
by a set of generators and is usually used to supply
facility power to variable loads in the event of a
blackout.

2) Prime-rated Power (PRP) generators are available
for an unlimited number of hours per year in
variable load applications, as long as the average
load factor does not exceed 70 percent of the
nameplate rank unless the manufacturer allows a
higher average load factor.

3) Continuous Power Rating (COP) is used for
applications where there is no electric power and
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the generator is set for all power needs. This
ranking generator can supply power at a 100
percent constant rated load for an unlimited number
of hours per year.
In this study, the engine load factor is set between the
range of 65% to 85%.

D. Running Code

At this stage, the program that has been made in the
Matlab report is then run. The output value that comes out
of this linear program is the incremental power (Pik) value
of each Unit i. In this program, incremental power is
symbolized by the letter 'X". This 'X' value is then used as
a new input to find the total power that must be generated
for every Unit i. Furthermore, the power values of each
Unit | (Pi) obtained are used as input to find the total costs
incurred to generate power for each Unit I by substituting
the value of Pi into the function of the fuel curve equation
of each Unit i. Thus, the expected final input is in the form
of the power value of each Unit i and the fuel costs
incurred in the R-day period.

294

E. \Validation

The linear program that has been created is applied by
Matlab, then the validation process is carried out by using
the Octave application. In the validation process, one
example scenario 1 is taken with a load of 18828 KW in
the year 2026 19th hour. Where after comparing the
results of the validation in the form of total fuel costs
incurred the difference or error is obtained by
0.0023604%. Thus, a linear program can be declared valid
where the error that occurs is considered very small or not
even up to 1%.

I1l. RESULT AND DISCUSSION

In this study, based on the projection of electricity
demand in the Selatpanjang, the Meranti Island Regency
Rau shown in Figure 3, the completion of the economic
dispatch system of the power plant which is then
compared to the commitment improvement unit is divided
into three cases as follows:

Projection of electricity demand
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Figure. 3. Histogram projections increase electricity demand

A. Casel

In case 1, an analysis of the existing generator system
consisting of 17 units of diesel power plants on the R-day,
the 20th hour in 2026. The results of the economic
dispatch problem solve by linear programming

methodology and comparison with unit commitment
improvement are given in Table 1. Then, the results of the
1st to 24th-hour calculation as a whole are shown in
Figure 4.

TABLE 1.
COMPARISON TWO METHODS BY LINEAR PROGRAMMING FOR LOAD IN 2026

Economic Dispatch

Unit Commitment Improvement

Uniti Power  Load Factor SFCP Power  Load Factor SFCP
(KW) (%) (IDRIKWH)  (KW) (%) (IDR/KWH)
1 390 65 1729 - -
2 1020 85 1550 1020 85 1549.7
3 1020 85 1550 1020 85 1549.7
4 1020 85 1550 1020 85 1549.7
5 940 78.3 1542 1018 84.8 1537.7
6 940 78.3 1542 1018 84.8 1537.7
7 940 78.3 1542 1018 84.8 1537.7
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8 940 78.3 1542 1018 84.8 1537.7
9 940 78.3 1542 1018 84.8 1537.7
10 1292 85 1416 1292 85 1415.8
11 1292 85 1416 1292 85 1415.8
12 1292 85 1416 1292 85 1415.8
13 1292 85 1416 1292 85 1415.8
14 1292 85 1416 1292 85 1415.8
15 1292 85 1416 1292 85 1416
16 1292 85 1416 1292 85 1416
17 1292 85 1416 1292 85 1416
Total 18484 - 25417 18484 - 23664
Table 1 is a sample of case 1 in the form of power  factor of 81.85%, while the calculation of unit

scheduling generated by Unit i in the R-day period, the
20th hour in 2026. At the 20th hour, where economic
dispatch calculations have the smallest load factor of 65%
and the largest load factor 85 % with an average load

commitment improvement has the smallest load factor of
84.8 and the largest load factor of 85,00% with an average
load factor of 84.94%.

Average Load Factor Unit i
Economic Dispatch Vs Unit Commitment Improvement

Load Factor (%)
= N w H wu (o] ~ 0] o
o o o o o O o O O

o

0 2 4 6 8 10 12 14 16 18
Uniti

Economic Dispatch Unit Commitment Improvement

Figure. 4. Graph of comparison between economic dispatch and unit commitment improvement in the R-day period of 2026.

Based on Figure 4 that based on economic dispatch
calculations with the smallest average load factor 65.00%
is owned by Unit 1 and the largest load factor average is
68.39% owned by Unit 10 until Unit 17 with an overall
average load factor of 67.63%, while electric power
generation is based on unit commitment improvement
dispatch with the lowest average load factor of 65.00%
owned by Unit 1 and the largest average load factor of
84.13% is owned by Unit 10 until Unit 17 and with an
overall load factor average 80.29%.

B. Case?2

In case 2, the analysis of the hybrid generator system
consisted of 17 units of diesel power plants and 2 units of
coal-fired steam power plants on the R-day, the 20th hour
in 2033. The results of the economic dispatch problem
solve by linear programming methodology and
comparison with unit commitment improvement are given
in Table 2. Then, the results of the 1st to 24™-hour
calculation as a whole are shown in Figure 5.

TABLE 2.
COMPARISON TWO METHODS BY LINEAR PROGRAMMING FOR LOAD IN 2033

Economic Dispatch

Unit Commitment Improvement

Unit i Power  Load Factor SFCP Power Load Factor SFCP
(KW) (%) (IDR/KWH) (KW) (%) (IDR/KWH)
1 390 65.0 1729 - -
2 900 75.0 1563 982 81.8 1553.1
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3 900 75.0 1563 982 81.8 1553.1
4 900 75.0 1563 982 81.8 1553.1
5 780 65.0 1564 900 75.0 1546.1
6 780 65.0 1564 900 75.0 1546.1
7 780 65.0 1564 900 75.0 1546.1
8 780 65.0 1564 900 75.0 1546.1
9 780 65.0 1564 - -
10 1236.4 81.3 1415 1292 85.0 1415.8
11 1236.4 81.3 1415 1292 85.0 1415.8
12 12364 81.3 1415 1292 85.0 1415.8
13 1236.4 81.3 1415 1292 85.0 1415.8
14 12364 81.3 1415 1292 85.0 1415.8
15  1236.4 81.3 1415 1292 85.0 1416
16 1236.4 81.3 1415 1292 85.0 1416
17 1236.4 81.3 1415 1292 85.0 1416
Total 16881 25557 16881 - 22170
Table 2 is a sample of case 2 in the form of power  factor of 74,50%, while the calculation of unit

commitment improvement has the smallest load factor of
75,00% and the largest load factor of 85,00% with an
average load factor of 81,70

Average Load Factor Unit i
Economic Dispatch Vs Unit COmmitment Improvement
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Figure. 5. Graph of comparison between economic dispatch and unit commitment improvement in the R-day period of 2033

Based on Figure 5 that economic dispatch calculations
with the lowest average load factor 65.00% are owned by
Unit 1 and the largest load factor average is 67.42%
owned by Unit 10 until Unit 17 with an overall average
load factor of 66.30%, while electricity generation is
based on unit commitment improvement dispatch with the
lowest average load factor of 78.35% owned by Unit 2 and
the largest average load factor of 84.20% is owned by Unit
3 and Unit 4 where Unit 1 and Unit 9 are not operational
so they have an overall average load factor of 81.54%.

C. Case3

In case 3, the analysis of the hybrid generator system
consisted of 17 units of diesel power plants and 4 units of
coal-fired steam power plants on the R-day, the 20th hour
in 2033. The results of the economic dispatch problem
solve by linear programming methodology and
comparison with unit commitment improvement are given
in Table 4. Then, the results of the 1st to 24™-hour
calculation as a whole are shown in Figure 6.
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TABLE 3.
COMPARISON TWO METHODS BY LINEAR PROGRAMMING FOR LOAD IN 2038
Economic Dispatch Unit Commitment Improvement
Uniti Power  Load Factor SFCP Power  Load Factor SFCP
(KW) (%) (IDRIKWH)  (KW) (%) (IDR/KWH)
1 390 65.0 1729 - - -
2 780 65.0 1585 900 75.0 1562.7
3 780 65.0 1585 900 75.0 1562.7
4 780 65.0 1585 900 75.0 1562.7
5 780 65.0 1564 884 737 1547.8
6 780 65.0 1564 884 73.7 1547.8
7 780 65.0 1564 884 737 1547.8
8 780 65.0 1564 - - -
9 780 65.0 1564 - - -
10 1132 745 1418 1292 85.0 1415.8
11 1132 745 1418 1292 85.0 1415.8
12 1132 745 1418 1292 85.0 1415.8
13 1132 745 1418 1292 85.0 1415.8
14 1132 745 1418 1292 85.0 1415.8
15 1132 745 1418 1292 85.0 1416
16 1132 745 1418 1292 85.0 1416
17 1132 745 1418 1292 85.0 1416
Total 15689 - 25643 15689 - 20658

Table 3 is a sample of case 3 in the form of power  factor of 69,50%, while the calculation of commitment
scheduling generated by Unit i in the R-day period, the  has the smallest load factor of 73,70% and the largest load
20th hour in 2038. At the 20th hour, where economic  factor of 85,00% with an average load factor of 80,40%
dispatch calculations have the smallest load factor of 65%
and the largest load factor 74,00 % with an average load

Average Load Factor Unit i
Economic Dispatch Vs Unit COmmitment Improvement
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Uniti
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Figure. 6. Graph of comparison between economic dispatch and unit commitment improvement in the R-day period of 2038

From Figure 6 that based on economic dispatch  an overall average load factor of 65.56%, while electricity
calculations with the smallest load factor average of  generation is based on unit commitment improvement
65.00% owned by Unit 1 and the largest average load
factor of 66.17% is owned by Unit 10, until Unit 17 with
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with the lowest average load factor of 74.44% owned by
Unit 5 and the largest average load factor of 84.57% is
owned by Unit 16 and Unit 17 where Unit 1, Unit 8 and
Unit 9 are not operational at the moment, so they have an
overall average load factor of 79.02%.

D. Cost Analysis of Economic Dispatch Calculation
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Based on Figure 7 is a graph of the comparison of fuel
consumption price (FCP) between using the economical
dispatch calculation, unit commitment improvement, and
existing. Data on total fuel consumption price with the
existing method obtained from the monthly report of the
PLN Selatpanjang was taken based on the load in
February 2018

Comparison of Fuel Consumption Price
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IDR 14.000.000.000
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IDR 10.000.000.000
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IDR 2.000.000.000
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Fuel Consumption Price

Existing

Economic Unit
Dispatch Commitment
Meotode

Figure. 7. graph of the comparison of fuel consumption price

Based on Figure 7, it can be seen that the largest fuel
consumption price comes from economic dispatch
calculations, which are around 14.65 billion rupiahs and
the smallest Fuel Consumption Price comes from unit
commitment improvement, which is around 7 billion
rupiahs. When compared with the existing calculation
with an FCP of around 8 billion rupiahs, it will save FCP
expenses by around 12.5% if the unit commitment
improvement is implemented. However, when compared

IV. CONCLUSION

Economic dispatch calculations have a smaller average
load factor compared to the average load factor unit
commitment  improvement.  Economic  dispatch
calculations for existing electricity generation systems,
stage | and Il hybrid power generation systems have
caused existing power plants to decrease line in average
load factors from 67.63% to 66.30% and 65.56%
respectively. Whereas by using the unit commitment
improvement calculation, the average load factor from the
existing power plant system increases in the addition of
the number of stages | power plants, which is 80.29% to
81.54% and has decreased to 79.02% in stage I1. Thus, the
generation with economic dispatch will have a higher
specific fuel consumption (g / KWH) than the unit
commitment improvement so that the fuel consumption
price will be higher.

to economic dispatch, it will suffer a loss of around
83.12%. This is because power generation is based on
economic dispatch calculations has the average load
factor is smaller than the average load factor unit
commitment improvement. Thus, generation with
economic dispatch will have a higher specific fuel
consumption (g/KWH) than the unit commitment
improvement so that the fuel consumption price will be
higher
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