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Abstract— Unit commitment (UC) is the scheduling of on-off
operation of a power plant unit to meet the demand for electrical
power over a certain period of time in order to obtain an
economical total cost of generation The PL method is used for
scheduling and the AG is optimized using DOE for ED
problems. The results obtained from the research that there are
still improvements in the calculation of ED problems using load
flow constraints and can be corrected. The results of the
comparison of the total percentage cost of IEEE 6 buses used in
ED problems without considering the load flow constraints with
those considering this problem amounted to 26.30%. The result
of the comparison of the total percentage cost of IEEE 14 buses
used in ED problems without considering load flow constraints
with those considering this problem is 11.55%. The load flow
calculation using Newton-Rapshon uses a smaller number of
iterations and a shorter time than Gauss-Seidel.

Keywords— unit commitment, genetic algorithm, priority list,
design of experiment, load flow constraints, economic dispatch.

|I. INTRODUCTION

In line with the increasing population and economic
growth, domestic demand for electrical energy continues to
increase from year to year. With the increasing demand for
electrical energy, the supply of electricity by generators
maintained by government and private companies must also
increase. The electric power system is not supplied by just one
generator. In the case of electric power systems, the total load
on the system will be higher during the day and at dusk when
industrial loads are high, lights are on, etc., and low during late
at night and early morning when most people are not active
[1]. Why not easily fit in enough units to cover the maximum
load and let it run?

Therefore a program is carried out that provides a schedule
to minimize operating costs without reducing the efficiency of
a system, namely the unit commitment (UC). UC is a system
where the generator makes scheduling for its generator to do
power outages and livelihoods [2]. This UC aims to get the
maximum efficiency so that energy can be channeled properly.
This UC also aims to minimize generation costs and fuel costs
by not violating the restrictions imposed by a system.

In this UC development, there have been various
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of conventional iterations such as integer programming,
dynamic programming, priority list (PL), lagrangian
relaxation, etc. [3] [4] [5]. As technology advances, this
method is often trapped in local optimal and various other
optimization methods are introduced in the form of
metaheuristics such as genetic algorithm (AG), fuzzy logic,
ant colony, etc. [6]. This method uses multi-searching points
to find an optimal solution, so that the output obtained can be
close to the optimal point [7].

In this study, the IEEE (Institute of Electrical and
Electronic Engineering) case 6 and 14 bus standard test data
will be used. The unit commitment issue will be divided into
two parts, namely the problem of scheduling the generating
unit (on off unit) and the problem of economic dispatch (ED).
In the second case, it will be divided into two, namely UC
problems by considering load flow constraints with UC
problems without considering load flow constraints.

In scheduling problems, the PL method is used, because
this method is simple and fast for the solution obtained. In the
ED problem, the method used in this problem is genetic
algorithm (AG), because in the search for a solution, AG will
work without requiring exact information so that the solution
obtained can approach the global optimal solution. The
parameter values generated by the AG will be optimized by
the design of experiment (DOE) method.

A. Notations
Soi = cold start-up cost of the i generator unit
Di, E—i = the coefficient of start-up cost of the i

generating unit

Toffi = offline time of the i generating unit (hours)

Tdowni = minimum time offline for the i generator to be
restarted (hour)

PLt = total power losses supplied at time t

SRi = spinning reserve that must be fulfilled at time t

Pmaxi = the maximum limit of active power that canbe
generated by the unit generator i

Pmini = the minimum limit of active power that can be

generated by the unit generator i
Tion = minimum up time of the i generating unit

R . o Tioff = minimum down time of the i generating unit
optimization methods to solve this UC problem. Initially, the .  liga b . . . i
method used is a conventional and simple method in the form X!on ® _ I!fe time from the.' generating unit to t-time

Xioff (t) = time off from the i generating unit to time t
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Qmini = minimum limit of reactive power by the i unit
Qmaxi = maximum limit of reactive power by the i unit
Qit = reactive power by the i unit at time t

PLtk = power delivered to the k channel at the t-time,

PLmaxk = maximum power that can be delivered on the
k- channel

Vminb = the minimum limit for the voltage value on the
b-bus

Vmaxb = the maximum limit of the voltage value on the
b bus

Vib = bus value of the b- bus at time t

tmink =the minimum limit of the transformer tap value
on the k-channel

tmaxk =the maximum limit of the transformer tap value
on the k-line

ttk =the value of the transformer tap on the b
channel at time t

FLAPC = full load average production cost

FF = fitness function

FPv = active power penalty function

FPQ = reactive power penalty function

FPpsw = swing bus power penalty function

FPPsal = line voltage penalty function

B. Unit Commitment

Basically, UC problematics can be formulated as large-
scale non-linear optimization, integers with binary and
continuous variables. UC is defined as a function of the on /
off schedule of the generating unit in order to minimize the
total production costs such as the balance of the power system
[8]. The formulation of the problem is divided into two broad
outline, namely:

e  Obijective Functions

a. Fuel Function

b. Start-up Cost Function
e  Constraints function

a.  Unit Constraints

b. System Constraints

c. Security Constraints

1. Objective Function

To solve problems on UC, the objective function must
first be defined in order to have a goal. The objective function
is the total cost of generating all existing generating units
during a certain time span [8]. It can be defined as follows,

T N
D D IR +5iUf = FCP!, UD

t=1i=1
The objective function (1) includes two cost formula
functions the first is the fuel function which is defined as
follows,

N
Fi(Py) = Z [A; + BiPy + C;P,”]
=]

The fuel cost function is a function that shows how much
it costs to generate power in each generating unit. The second
is a start-up function which is defined as follows [9],

Torr,
Sit = (SOi (1 — Di exp <— %))) + E,:
own;

The start-up cost will be expensive if the unit is turned on
in cold start, and the cheaper it is when the unit is restarted

when it has just been turned off which is known as hot start
unit [9].

2. Constraints

Restraints or constraints are divided into three, the first is
a system constraints which consists of a balance of power to
the system connected to the transmission line which has the
following functions,

N
Zpitzpm"‘ Py

i=1
Spinning reserve which has the following functions [10],
N
Z Ui (Pmax;) = Ppy + SR, 1<t<T
i=1
The second is unit constraints, unit constraints include
minimum and maximum power limits, minimum up / down-
time, and initial conditions for each generating unit [11]. the
minimum and maximum functions of each generating unit are
as follows [12],

Pmin; < Py < Pmax;,P; €R
The function of the minimum up / down time for each
generating unit is as follows,

TP < XPM()
T_Off < Xoff (t)

The last one is security constraints, which consists of the
limits on the channel which include the upper and lower limits
of reactive power which have the following functions [13],

Qmin; < Qi < Qmax;
Then the active power limit on the channel which has the
following function equation [9],

PL{, < PLmax
Then there is the voltage value for each bus. Therefore we
need a function of the maximum value and minimum value of
the voltage on the bus with the following function equation
[14]7

Vmin, < V{ < Vmax,
And the last is the value of the transformer tap on the
transmission line which has the following equation function
[14],

tmin, < tf < tmaxy
The constraints above are the limitations used in the
transmission system model that is applied.

Il. METHOD

In completing this UC settlement, there are two problems
that will be carried out to solve the problem, namely
scheduling problems and economic dispatch (ED) problems.
Scheduling problems will be solved using the priority list
method, while ED problems will be solved using genetic
algorithms. The flow of the method explanation can be seen in
detail like the flow chart below,
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Figure 1. UC flowchart

1. The simulation will be carried out with two scenarios
which will be compared on the results, namely UC by
considering load flow constraints and UC without
considering load flow constraints.Scheduling Problems
To solve the UC problem, first a generator scheduling will

be carried out using the PL method. In this section, scheduling
of generating units will determine the conditions of on / off a
generating unit in the system by taking into account the
constraints applied. The aim of this is to minimize the start-up
costs of the generating unit. This problem depends on the
value of the full load average production cost (FLAPC) which
has the following function equation,

FLAPC = F;(Pmaks.i)/Pmaks.i

2. The FLAPC value will determine which generating unit

will be turned on to meet the existing load and meet the

MUT and MDT constraints on the system.Economic

Dispatch Problems

ED problems will be solved using the AG method with real
coding. The variables used in general are active power, voltage
and transformer taps. To solve ED problems, scheduling
problems must first be done. As explained above, the
scheduling will be completed using the calculated FLAPC
value. After getting the results from scheduling the generating
unit, one of the results will be selected to be the initial
chromosome of the GA which has a value of 1 or 0 indicating
the condition of the generating unit (0 indicates that the unit is
off and 1 is on).

The representation of AG is a three-dimensional matrix
with rows representing the scheduling time to the nth time, the
column representing the number of generating units to the nth
unit and the contents of the rows and columns consisting of 1
and 0 which are genes. for more details, can be seen in the
image below [15],

at
1 chromosome 314 chromosome

Figure 2. Representation of AG

A random population will be created from the scheduling
results in order to find the best individual in the parent
selection process. This population will be randomly generated
by making scheduling improvements to meet MUT / MDT
limits before proceeding to the economic dispatch process. If
it is in accordance with the given limits, then the individual
will be given a penalty value and will enter the selection
process through the fitness function that has been defined
below,

1

" a+F;(Py) + FP, + FPy + FPyg, + FPogy

The fitness function used is inversely proportional to the
fitness formula given, this function has information that the
higher the fitness value of a chromosome, the chromosome
will have a higher chance of being selected as an individual
parent. After the fitness value of each chromosome is known,
it will be evaluated which one has the greatest fitness value
and will be used as the parent to proceed to the reproduction
process of the genetic algorithm.

FF

A. Parameter Optimization Using DOE Method

To optimize the parameters, the method of design of
experiment 4 factors 2 levels is used which refers to the
Taguchi's Table. Which can be seen in the table below,

TABLE 1. THE EXPERIMENTAL TESTING METHOD FOR DOE 4 FACTORS 2

LEVELS
Symbol Price
A B C D Tral-1 Tral-2 Tral-3 Rata2
1 -1 -1 -1 -1 al al a3 a
2 -1 -1 -1 1 bl b2 b3 b
3 -1 -1 1 1 cl cl c3 c
4 -1 1 1 1 dl d2 d3 d
5 -1 1 -1 -1 el e2 e3 e
6 1 1 -1 1 f1 2 3 f
7 -1 1 1 1 gl g2 23 £
g -1 1 1 -1 hl h2 h3 h
9 1 -1 1 1 il i2 i3 i
10 1 -1 1 -1 il j2 j3 j
11 1 1 -1 1 k1l k2 k3 k
12 1 1 1 -1 11 12 13 1

There are 12 type of combination and 3 times trial for
each hour of the simulation. Symbol 1 on the DOE table
indicates the maximum limit, and symbol -1 on the DOE table
indicates the minimum. The simulation will be carried out 3
times to get the average cost for each combination. The lowest
total cost result is the optimal solution.

11, RESULT AND ANALYSIS

Simulations will be carried out on two systems, namely
IEEE 6 bus and IEEE 14 bus with two scenarios, namely UC
by considering load flow constraints with UC without
considering load flow constraints, the following is a graphical
result of UC settlement.

A. |EEE 6 Bus System

Generator Time Generator Time . .
T R X T2 N The IEEE 6 bus system consists of 3 generator units, 7
Gl 1 1 0 1 Gl 1 1 1 1 - - . .
N I 0 @ 111 1 transmission lines, 6 buses, 3 load units, and 2 tap transformer
S ’ SRR R - units. The results of the simulation can be seen in the table as
GN 0 1 0 0 GN 0 0 1 0 fO”OWS
204 chromosome 44 chromosome '
' Generator Time Generator Time
1 2 3 N 1 2 3 N
Gl 1 1 1 1 Gl 1 1 1 1
G2 1 0 0 0 G2 1 1 1 0
G3 1 1 0 0 G3 ] 0 1 1
Gy [0 110 ) G 1o [ 11 0
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Figure 3. UC IEEE 6 bus simulation without load flow constraints

In the picture above, you can see the results of scheduling
problems and ED for UC without considering load flow
constraints, the parameters used are not based on DOE, so for
the population size is 50, the maximum total is 200
generations, the probability value of crossing over is 0.9, and
the value mutation probability 0.12. A value of 0 on the
generator indicates that the generator is off. Whereas a value
of more than 0 indicates that the generator is running and
producing power as in the table above.

ED_UC Simulation With Load Flow Constraints
350
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Figure 4. UC IEEE 6 bus simulation with load flow constraints

TABLE 2. RESULT OF SCHEDULING AND ED UC IEEE 6 BUS WITH LOAD
FLOW CONSTRAINTS

14 1 1 0 149.01 100.0 0.0
15 1 1 1 134.31 100.0 20.0
16 1 1 1 151.46 100.0 20.0
17 1 1 1 170.79 100.0 20.0
18 1 1 1 132.15 100.0 20.0
19 1 1 1 131.35 100.0 20.0
20 1 1 1 122.52 100.0 20.0
21 1 1 1 122.47 100.0 20.0
22 1 1 1 112.06 100.0 20.0
23 1 1 0 98.40 100.0 0.0
24 1 0 1 171.11 0.0 20.0

TABLE 3. RESULT OF DOE 4 FACTORS 2 LEVEL FOR CASE IEEE 6 BUS

PARAMETER
No Cost Cost Cost Cost
XL| X2 | X3 ) X8 qiaqg) | Tral2($) | Trial3(9) A"f;;"ge

1 -1 -1 -1 -1 47.438,15 47.436,48 47.437,59 47.437,41
2 -1 -1 -1 1 47.428,38 47.427,39 47.429,37 47.428,38
3 -1 -1 1 1 47.429,21 47.424,38 47.429,62 47.427,74
4 -1 1 1 1 47.426,80 47.427,30 47.429,63 47.427,91
5 -1 1 -1 -1 47.438,33 47.428,81 47.429,92 47.432,35
6 1 1 -1 1 47.422,94 47.428,21 47.427,60 47.426,25
7 -1 1 1 1 47.427,64 47.425,59 47.431,51 47.428,25
8 -1 1 1 -1 47.436,93 47.427,83 47.436,42 47.433,73
9 1 -1 1 1 47.429,47 47.423,91 47.426,98 47.426,78
10 1 -1 1 -1 47.428,21 47.428,28 47.435,35 47.430,61
| 1 | 1 | 1| 1 | 4742281 | 4742232 | ara2813 | 47.424,29
12 1 1 1 -1 47.428,37 47.424,14 47.428,01 47.426,84

In the Figure 4 and table 2, you can see the results of
scheduling and ED problems for UC by considering load flow
constraints, the best parameters used are based on DOE
optimization that labeled green (table 3), so for the population
size (X1) is 50, the total maximum generation (X2) is 200, the
crossover probability value (X3) is 0.5, and the value mutation
probability (X4) 0.12.

Table 3 above shows the cost of each combination of
DOE parameters, three times the trial cost and the average
cost. The results obtained will then be used to find the
predictive equation function using Microsoft Excel 2010
software. After being processed in the form of Microsoft Excel
2010, a prediction equation is obtained as follows,

R = 47.431,09 — 1,316 — 0,824X, + 0,2264X; — 2,219X,

To get the best DOE parameter value between 1 and -1,
the value of the parameter will be entered into the prediction
function equation. The value of the equation function will be
the minimum value at the value of X1 =1, X2 =1, X3 = -1,
and X4 =1 with a value of R =$47,426.51. This combination
value can be seen and validated then you will get three times
the trial cost and the average cost in Table 4.

After three trials, the total production costs used in the
IEEE 6 bus system are as follows,

TABLE 2. COMPARISON RESULTS OF THE TOTAL COST OF UC IEEE 6 BUSES

UC with load UC without load
Method - .
flow constraints flow constraints
Fuel cost $47.233,73 $34.759,81
Start-up cost $200 $200
Total cost $47.433,73 $34.959,81

It can be seen in the table above, that the results of UC

Condition (1 and 0) Power (MW) R R .

Hour ["Gent | Gen2 | Gen3 Gen1 Gen2 Gen3 with load flow constraints are more expensive than UC
1 1 0 1 159.05 0.0 200 without considering load flow constraints. Although the total
2 1 0 1 148.76 0.0 20.0 . - . .

3 T 5 T 13 o0 00 cost of_the UC by considering Ioad_ flow constraints is more
4 1 0 1 138.10 0.0 20.0 expensive than those that are not, this UC solution is arguably
2 L 9 L 13843 0.0 200 stable and efficient and feasible to be used as a solution to meet
6 1 0 1 143.98 0.0 20.0 . . .

7 1 0 1 15701 00 200 the load of this UC problem, because there are no violations
8 1 1 0 98.54 100.0 0.0 of the limits used. The percentage ratio of the total cost
9 1 1 0 110.03 100.0 0.0 B

10 1 1 0 123.96 100.0 0.0 bg%eﬁ;&%ﬂ;g tW§3I4S’959 81
e e e (MR oo - 2630%

' : : $47.433,73

13 1 1 0 147.57 100.0 0.0 !
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B. IEEE 14 Bus System

The IEEE 14 bus system consists of 5 generator units, 20
transmission lines, 14 buses, 11 load units, and 3 tap
transformer units. The results of the simulation can be seen in
the table as follows,

ED_UC Simulation Without Load Flow
Constraints

300.00
_ 25000 il
& 20000
& 150.00 | | |
T 100.00 | | |
$ 90t (T
3 000 !
< | 1 |
-50.00
_10000 1/21314|5|/6|7|8|9/10/11/12/13/14/15/16/17/18/19/20/21/22|23|24
mGen 5 |45/45/45|0. |45|45/45(45(0.10./0./0./0./0.{0.{0.]0./0.|45|45/45{0.{0.|0.
mGen 4 |45|45[45(0.10./45/45/45|0.10./0./0./0./0./0./0./0./0./0.{0.{0.{0.|0.|0.
Gen 3 /80/80/80180/80/80/80(80/80180/80/80/80180/80/80/80(80/80/80/80/80/80/80
mGen 2 50{50/50/50/50{50/50/50{50/50/50}50{50/50/50}50/50/50/50{50/50/50}50{50
mGen 1 |-3|-4/-6|-2|-4|-6/-3]-1/86/10/10/91/80/70/10/10/94/10|72/82/88/10/99/86

mGenl mGen2 mGen3 mGen4 mGen5

Figure 5. UC IEEE 14 bus simulation without load flow constraints

In the picture above, you can see the results of scheduling
problems and ED for UC without considering load flow
constraints, the parameters used are not based on DOE, so for
the population size is 50, the maximum total is 200
generations, the probability value of crossing over is 0.9, and
the value mutation probability 0.12. A value of 0 on the
generator indicates that the generator is off. Whereas a value
of more than O indicates that the generator is running and
producing power as in the table above. In the simulation
results above, it can be seen that the generating unit 1 from the
1st hour to the 8th hour is still in the negative domain,
therefore it is necessary to improve the scheduling and
increase the limitation to improve this.

ED_UC Simulation With Load Flow Constraints
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Figure 6. Simulation of UC IEEE 14 buses with load flow constraints

TABLE 4. RESULT OF SCHEDULING AND ED UC IEEE 14 BUS WITH LOAD
FLOW CONSTRAINTS

102.6 50.0 0.0 0.0 0.0

54.6 50.0 0.0 0.0 0.0

81.2 50.0 0.0 0.0 0.0

107.9 50.0 0.0 0.0 0.0

54.0 50.0 80.0 0.0 0.0

29.3 50.0 80.0 45.0 0.0

39.8 50.0 80.0 45.0 0.0

55.8 50.0 80.0 45.0 0.0

58.5 50.0 80.0 45.0 0.0

45.1 50.0 80.0 45.0 0.0

34.6 50.0 80.0 45.0 0.0

23.9 50.0 80.0 45.0 0.0

88.5 50.0 0.0 0.0 45.0

55.8 50.0 80.0 45.0 0.0

61.1 50.0 80.0 45.0 45.0

47.8 50.0 80.0 45.0 45.0

12.7 50.0 80.0 45.0 45.0

25.9 50.0 80.0 45.0 45.0

36.5 50.0 80.0 45.0 45.0

41.9 50.0 80.0 45.0 45.0

15.3 50.0 80.0 45.0 45.0

rl=l=le === === === R == R = -
rl=l=le === === === == R Rl R = -
NN R EEEE
NN R R R EEEEE
SN EEEEEEEEE R EEEEE

7.4 50.0 80.0 45.0 45.0

TABLE 5. RESULT OF DOE 4 FACTORS 2 LEVEL FOR CASE IEEE 6 BUS

PARAMETER
A B c D Cost Cost Cost Cost

Trial-1($) | Trial-2($) | Trial-3($) Average ($)
1 -1 -1 -1 -1 57.847,32 58.043,13 59.882,34 58.590,93
2 -1 -1 -1 1 54.767,96 58.831,19 54.535,55 56.044,90
3 -1 -1 1 1 53.427,70 57.848,92 55.139,98 55.472,20
4 -1 1 1 1 55.930,49 53.728,51 55.924,84 55.194,61
5 -1 1 -1 -1 56.656,01 53.858,45 55.245,59 55.253,35
6 1 1 -1 1 55.712,29 55.089,64 55.821,08 55.541,00
7 -1 1 1 1 51.813,80 58.748,82 55.087,63 55.216,75
8 -1 1 1 -1 58.905,88 53.545,95 53.429,75 55.293,86
9 1 -1 1 1 52.995,49 52.961,36 52.208,52 52.721,79
10 1 -1 1 -1 54.474,00 50.869,06 53.578,47 52.973,84
11 1 1 -1 1 51.310,07 51.237,69 56.200,43 52.916,06
12 1 1 1 =il 52.608,18 52.705,13 51.312,45 52.208,59

In the Figure 6 and table 4, you can see the results of
scheduling and ED problems for UC by considering load flow
constraints, the best parameters used are based on DOE
optimization that labeled green (table 3), so for the population
size (X1) is 50, the total maximum generation (X2) is 200, the
crossover probability value (X3) is 0.9, and the value mutation
probability (X4) 0.04.

Table 5 above shows the cost of each combination of
DOE parameters, three times the trial cost and the average
cost. The results obtained will then be used to find the
predictive equation function using Microsoft Excel 2010
software. After being processed in the form of Microsoft Excel
2010, a prediction equation is obtained as follows,

R = 54.936,44 — 854,32X, — 182,99X, — 1.239,69X; + 133,05X,

To get the best DOE parameter value between 1 and -1,
the value of the parameter will be entered into the prediction
function equation in (4.4). the value of the equation function
will be the minimum value at the value of X1 =1, X2 =1, X3
=1, and X4 = -1 with a value of R = $ 52,526.39. This
combination value can be seen and validated then you will get
three times the trial cost and the average cost in Table 5.

After three trials, the total production costs used in the
IEEE 6 bus system are as follows,

TABLE 3. COMPARISON RESULTS OF THE TOTAL COST OF UC IEEE 14 BUSES

UC with load UC without load
Method - .
flow constraints flow constraints
Fuel cost $58.390,97 $51.623,66
Start-up cost $200 $200
Total cost $58.59,97 $51.823,66

It can be seen in the table above, that the results of UC

Condition (1 and 0) Power (MW, R R .
Hour [“Gen | Gen | Gen | Gen | Gen | __ | Gen | Gen | Gen | Gen with load flow constraints are more expensive than UC
t {2 f 3 1 4 1S I - S L .- without considering load flow constraints. Although the total
1 1 1 0 0 1 88.5 50.0 0.0 0.0 45.0 . . . .
2 1 1 0 0 1 776 | 500 | 00 | o0 | #5.0 cost of the UC by considering load flow constraints is more
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expensive than those that are not, this UC solution is arguably
stable and efficient and feasible to be used as a solution to meet
the load of this UC problem, because there are no violations
of the limits used. The percentage ratio of the total cost
between the two is,

<$58.590,97 — $51.823,66

0 — 0
$58.590.97 )XlOO/o 11,55 %

V. CONCLUSIONS

The PL method and the AG method can be used to solve
UC problems with or not considering load flow constraints on
the IEEE 6 bus and IEEE 14 bus systems by optimizing the
AG parameters using DOE for UC by considering load flow
constraints. Comparison of the total cost for a UC system
taking into account the load flow constraints of the IEEE 6 bus
is 26.30% more expensive and for the IEEE 14 bus system it
is 11.55% more expensive than the UC without the use of
constraints.

Although the UC IEEE 6 and 14 bus systems using
constraints are more expensive, they can meet the load
requirements without breaking any restrictions and are more
feasible to use.
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Figure 8. Single line diagram case study IEEE 14 bus (P. Dey, et al 2018)
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