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Integration Method for Intermittent Renewable
Energy Source 1n Isolated Microgrids System

Ignatius Rendroyoko, Member, IEEE, Ngapuli I Sinisuka, Vincent Debuschere, Senior Member, IEEE
and Deddy P Koesrindartoto

Abstract—Integrating renewable energy generators with
existing electric power systems is essential in developing renewable
energy generation in electric power systems in islands and remote
areas. The high penetration of renewable energy sources (RES)
and the possibility of working in a connected mode with the
existing electricity grid are significant problems that must be
overcome. With the many RES implementations, a proper
integration method is needed between RES plants, which have
intermittent characteristics, and existing power generation
systems so that the electrical system remains stable, continuous,
and reliable. One of the power plant integration schemes is unit
commitment (UC), a daily scheduling method to achieve
optimization goals while still meeting various operational,
environmental, and technical constraints. UC method
development is needed to maintain system stability, resilience, and
minimize operating costs, especially for small systems for electrical
development. Therefore, it is necessary to develop a new
optimization method in the UC scheme for microgrid power
systems.

This paper discusses the development of an optimization
method to integrate power generation from intermittent
renewable energy using a UC scheme in a microgrid system. The
algorithm used is a combination of improved priority list
techniques and genetic algorithms, where the improved priority
listis run first for scheduling optimization and then a combination
of the algorithm priority list and genetic algorithm for economic
dispatch solutions to obtain the lowest operational costs. The
generating unit's capacity to operate per capability segment is also
taken into account in the operation scheduling and affects the
number of iterations in the genetic algorithm's operation. This
method has been simulated in the electrical system in Eastern
Indonesia, which is a developing power system and has an
intermittent characteristic of RES power plants.

Index Terms— Integration, intermittency, unit commitment,
optimization techniques, priority list, genetic algorithm.

I. INTRODUCTION

CCORDING to the Indonesian government's program to
develop the eastern part of Indonesia, the need to provide
electricity supply in Sulawesi, Moluccas, Papua, and Nusa
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Tenggara has increased significantly. For this reason, the
government of the Republic of Indonesia has implemented an
electricity system development program by utilizing all
available resources. One of the agenda is to develop and utilize
local energy potential using renewable energy sources (RES)
[1]. That is needed in many regions and islands in Indonesia
that require electricity at an affordable price and low carbon
intensity [2, 3].

Efforts to provide electricity infrastructure in developing
countries like Indonesia, especially for islands and remote
areas, are generally carried out by building a microgrid system
with diesel generators [4, 5]. A microgrid system consists of
several generator units, electrical loads, and other supporting
equipment to manage operations independently by an
intelligent control system [6, 7]. Generally, most island
microgrid power systems rely on diesel generators for their
electricity supply. These generators are usually very flexible,
with high lean capability, short start-up/shutdown times, and
low minimum technicality, but their operating costs tend to be
high [8, 9]. However, nowadays, along with the development of
RES generation technology and the incessant reduction in fuel
oil consumption programs, the use of RES has been intensified.
In operation, renewable energy power plants are usually
interconnected with other generating units in the existing
microgrid power system.

Moreover, in some cases, the RES generator can cause
instability in the power system due to its intermittency
characteristics [4]. As the RES penetration of many microgrid
systems increases in the future, the need to study its impact on
power system operation will be increasingly needed. Therefore,
a strategy is required so that the power system to be robust and
flexible enough to deal with RES generators' uncertainty and
fluctuating power supply [10].

One method that can be used to create operational flexibility
for the power system to vary the supply of RES generators is
the unit commitment (UC) method [11, 12, 13]. The UC method
regulates the electric power system's operation by determining
the operation and production schedule of electricity for each
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generating unit in the electric power system, including the RES,
to meet electricity load needs with minimal costs. In its
operation, UC must meet several system demands, reserve
requirements, and other limitations optimally and keep
operating costs low. On the other side, changes in the power
system load also cause variability and uncertainty, impacting
UC settings. Considering the conditions of variability and
uncertainty that may occur on the generation side and the load
side of the power system, UC must be required to regulate and
ensure the availability of continuous, and reliable generators to
meet the load requirements during the operating period.

The problem of UC in microgrids systems is quite different
from large electric power systems [7] [14]. Microgrids usually
consist of thermal generators, diesel engines, micro-hydro, and
some variable renewable sources such as wind turbines (WT)
and solar photovoltaics (PV). The uncertainty of the variable
RES generator's primary energy availability can cause
instability in the microgrid power system. The variable RES
generator characteristics are very different from conventional
generators, which will complicate UC problems' resolution.

The UC scheme requires a technique to optimize the
problems that arise between objective functions and constraints.
The optimization technique is the process of minimizing or
maximizing an objective function while still fulfilling the
constraints. The main objective is to minimize total operating
costs. Several optimization techniques have been developed to
find a suitable solution for implementing the UC: Priority list,
Dynamic programming, Lagrangian relaxation, Genetic
algorithm (GA), etc [11, 15, 16]. From several previous studies
on the implementation of UC, many researchers use genetic
algorithms combined with other techniques to solve UC
problems [17, 18]. The GA technique has been cited as the most
successful evolutionary programming method, and it is suitable
for optimizations with wide variations and uncertainties, such
as the intermittency characteristics of RES generators. The GA
technique is used because it is flexible, has the right
convergence level, and is characterized by multi-search-no-
single-point.

This paper is focused on discussing the use of the UC method
in the integration of the variable RE generator into the existing
microgrid power system. The technique used in this UC
implementation solution is a GA, which is intended to
overcome the considerable variability of load changes and the
uncertainty of the RES generator output fluctuation in the
microgrid system. To improve GA implementation, PL
techniques are used to help determine the initial population [7,
17]. Several parameters and constraints have been applied in
this algorithm, allowing GA to avoid local optima traps and
accelerate solution convergence. For this purpose, a microgrid
system simulation model was built based on the Timor electric
power system to test the new algorithm as a sample reference
for the development of UC for islands microgrid power system.

This paper is structured as follows. The Concept of unit
commitment is described in Section 2, including renewable
energy conditioning and optimization algorithms for unit
commitment. Section 3 presents the application of the unit
commitment in the microgrid system. The UC procedures based

on the PL and GA algorithms are described in Section 4. The
simulation studies results are described in Section 5, along with
an analysis of computation time, reserve requirements, and
operating costs. Conclusions are given in Section 6.

Il. THE CONCEPT OF UNIT COMMITMENT (UC)

A. Unit commitment

UC is a method of scheduling power plant units' daily
operation to fulfill load requirements while meeting various
operational, environmental, and technical limitations [11, 13].
Optimization of the UC implementation is subject to several
global constraints such as power balance, spinning reserves,
and several individual constraints such as unit output limits,
maximum ramp rates, and minimum up/down hours. The UC
scheme in power systems with RES variable generation is
shown in Fig. 1 below.

Data of generator units
connected to the electric
power system

The sequence and
schedule of the power plant
to meet the load
requirements with minimum
operating costs for the
power system

——

Forecasted data
on primary energy ————
availability

Unit Commitment
Process

Electric load data on the
electric power system

Constraints
A :Pow

IEIEl

B
[«
D
E
F
G
H

Fig. 1 Unit commitment in electric power system

In microgrid power systems, the main objective of UC
implementation is to minimize the total generation cost,
denoted by TOC [10].

TOC = Z Z Z(ak,n Penge + Brn-Veni)
t n k (1)
£ (Sen €5
t n

In the compilation of UC, several terms or notations are
commonly used. Some of the notations used in this paper are
as follows:

TOC  Total operation cost of power generation

P.nyr  Power output

Venr  ON/OFf status of unit n, at time t, and at segment k
Qe cost coefficients of segment k of unit n

Brn cost coefficients of segment k of unit n

Stn start-up status of unit n at time t
CS, start-up cost of unit n

D, Total demand

U, maximum output of unit n

n power generating units,

t, T time, total period of time

k segment of power generation,

Uit On/off status of the i unit at time t, if the unit is on

then Uit = 1, and if the unit is off then Uit = 0,

fuel cost function of the i-th unit, with output of Pit
generator, at the t-time, with i-th unit start-up cost at
t-hour, where ai, bi, ci coefficient of unit fuel cost,
Pit, generation output from the i-unit at t-hour,

Fit(Pit)
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In UC, several objectives can be formulated as follows:
Total operation cost (TOC):
T N

MinTOC = " Uy Fu(P) + U S) @)
t=1i=1
In equation (2) above, there are two functions used; first is the
fuel cost per MW, which can be formulated as follows:
Fie(Py) = a;P§ + biPy + ¢ ©))

And the second is start up cost of generator unit ;
HSC;,if MDT; < T,z5; < MDT; + T,

Sit = { CSCi; if Tdown,i < MDTi + Tcold,i (4)

In UC implementation, besides fulfilling the main objectives
above, some constraints must still be fulfilled as follows:

A.1. Power balance

In this constraint, the power of generation should always keep
equal to the customer’s electricity load. The mathematical
equation can be seen in (5).

Z Z Peyy = Dt )
n k

A.2. Spinning reserve (SR)

The total generation must be greater than the load plus the
spinning reserve needed to guarantee the stability of the power
system. The total SR must be larger than 10% of demand.

Z Z(Un. Vin — Pen) = 10% D, ©6)

t

N
Z(Uit-Pmaksi) 2 (loadt + SR:); 1<t<T (7)

i=1

A.3. Power generating limit

Active power generated has max and minimum limits:
Ln-Ven < Pen < Up-Vip
Prin; < Pit < Praks; P €R (8)

A.4. Minimum up/downtime
Before being operated, the generating unit must meet the
minimum time for on/off.

Tou(i,t) = MUT(Q), if U(i, +1) must be of f 9)

Topr(i, t) 2 MDT (i), if U(i, +1) must be on (10)

A.5. Ramp up/downtime

This constraint is the generating unit's time limit to be ready for

full operation (ramp-up) or time to go inoperative (ramp down).
Py — Pty SUR, if power increase (11)
P 1—P<DR;, if power decrease. (12)

A.6. Must run units

According to the forecasted output, the RES power plants are
treated as a must-run unit and directly calculated into the power
supply mechanism for the power system.

Pre(t) = Poutput(t) 0<t<24 (13)
A.7. System’s Frequency and voltage
Limits of system frequency and voltage are :
Vmin <V < ymax (14)
Fmin < F < Fmax (15)

B. UC with intermittent RES power plant

Electric power systems with renewable energy sources
(RES), such as solar PV and wind power plants, the operating
arrangements of each generating unit are formulated in the form
of constraints as above, adjusted to its primary energy
availability. The constraints are consist of generator power
limit, minimum up/downtime, ramp up/downtime, and unit
restriction status. Regarding the limitations and characteristics
of the availability of its primary energy sources, RES power
plants are classified as must-run units. Solar photovoltaic power
plants are characterized by sharp temporal fluctuations, which
can have considerable variability.

In preparation for the implementation of UC, the RES power
plant must also be considered according to its availability. For
intermittent RES, weather forecasting, historical data, and
analysis are critical in preparing the generation schedule. With
accurate weather forecasting, the UC of the RES generating unit
can be performed with proper accuracy. In calculating the total
operation cost, we will also calculate the solar PV cost
according to the estimated selling price per kwh. The output of
solar PV can be presented:

0, G < G
Py=d G G <G < Grase (16)
Prate: G > Grate

Where Py is the power output of solar PV, Gi, and Ga. denote
the minimum and rated insolation, and p is a coefficient of the
solar panel.

The output from the solar PV can be included in the net load
calculation concept. The net load concept simplified the
formulation of the UC problem [10].

Net load = load — Py 17)
Due to the energy sources' intermittency, it is necessary to
predetermine a schedule that meets the netload. Based on the
predicted values, hourly random loads and solar power are
considered in each scenario.

C. Optimization Method for Unit Commitment

UC has two main interrelated parts: scheduling the order of
operation of the generating unit and economic dispatch. Here,
an optimization technique is needed to manage the UC in order
to produce the best results. The objective function of the UC is
to minimize the total operating cost while meeting the
constraints: power balance, spinning reserve, power generation
limit, maximum ramp rate, and minimum up/ downtime.

The optimization techniques used to solve the UC can be
divided into classical, stochastic, and hybrid techniques.
Moreover, several optimization techniques have been
developed to find suitable solutions for implementing the unit
commitment, such as priority list, dynamic programming,
Lagrangian relaxation, genetic algorithm, etc. GA is a
population-based search algorithm that follows the principle of
"survival of the fittest" and is a stochastic technique that can be
used to provide solutions to UC problems. UC is a non-convex,
large-scale, non-linear, and mix-integer blend optimization
problem, with several limitations. The non-convex condition is
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due to the binary on/off condition of the generating unit, and the
non-linear characteristic comes from the non-linear generation
cost curve. Therefore, the GA technique is believed to be a
suitable solution for large non-linear engineering optimization
problems such as UC. GA continues to be developed by
combining it with other techniques for increased performance
and accuracy.

Priority list (PL) techniques have been implemented in many
existing optimization methods to solve the UC problem [19,
20]. The method is simple and fast but produces less optimal
solutions. The PL algorithm can be easily programmed and is
suitable for handling UC problems involving multiple
generators, and Delarue (2017), in his paper, proves that PL
works well in electric power systems with intermittent RES
generators under low load conditions [17]. On the other hand,
GAs are characterized by exhaustively explore the search space,
thereby ensuring the possibility of finding a close to the
optimum solution. As one of the stochastic methods, GA relies
on a population of candidate solutions. Therefore, determining
the candidate solution population as the initial population will
make the GA process to achieve its convergence faster.
Furthermore, we can accomplish this after the PL method's
scheduling results are used as the initial population of the GA
process [7, 17]. Therefore, the combination of the PL and GA
methods could be a new option for UC optimization.

The Timor power system is an electrical system that supplies
the electric power needs of the Timor island, in East Nusa
Tenggara province, Indonesia [1]. This electrical system was
developed based on a microgrid system with a diesel-powered
power plant, strengthened by coal-fired steam power plants, and
currently with RES-based power plants. The fuel mix ratio in
the Timor electric power system is 65.09%, which means that
most of the power plants still use fuel oil, so RES is still very
potential. Since 2015, Timor power systems operate 5 MWp
Solar PV plants and contribute to electric power production.

OVERVIEW OF TIMOR POWER SYSTEM

g €S

intermittent RES generator output fluctuation. In this study, we
built a simulation model of an electric power system with
reference to the electric power system of Timor, East Nusa
Tenggara, Indonesia [4]. The Timor electric power system was
chosen as a case study because the electricity system is rapidly
developing and has the most potential for utilizing solar power

in Indonesia.

TABLE | Power generations data of Timor power system [1]

Ul U2 U3 U4 us
Pmax(MW) 16 16 5 6 6
Pmin(MW) 10 10 0 3 3
a($/Jam) 1000 1000 - 100 100
b( $/kWh) 16,19 16,19 1500 1500
c($/kW"2h) 0,00048 | 0,00048 - 0.022 0.022
MUT(jam) 8 8 1 1 1
MDT(jam) 8 8 1 1 1
HSC($) 4500 4500 - 50 50
CSC($) 9000 9000 - 100 100
CS(jam) 0 0 0 0 0
1S(jam) -1 -1 -1 -1 -1

U6 u7 us U9 u10
Pmax(MW) 6 6 3 3 3
Pmin(MW) 3 3 1 1 1
a(Rp/Jam) 125 125 125 125 50
b(Rp/kWh) 1500 1500 1500 1500 40
c(Rp/kW"2h) 0.025 0.025 0.025 0.025 0.001
MUT (jam) 1 1 1 1 1
MDT(jam) 1 1 1 1 1
HSC(1000 Rp) 50 50 50 50 20
CSC(1000 Rp) 100 80 100 100 50
CS(jam) 0 0 0 0 0
IS(jam) -1 -1 -1 -1 -1

Information: U1, U2: steam generated power units, U3: Solar
PV, U4 — U10: Diesel power units

In addition to system data, the forecast data for the power
output of solar PV plant is shown in TABLE Il below:

TABLE Il Output of a solar PV plant [1]

Hour 1 3 4 5 6 7 8
PV (kw) 0 0 0 0 460 1733
Hour 9 10 11 12 13 14 15 16
PV (kw) 2534 2907 2883 3800 3805 3420 | 2500 1600
Hour 17 18 19 20 21 22 23 24
PV (kW) 100 0 0 0 0 0 0 0

B B
E.L ..h Accurate .
HE Hg forecast
Steam PP |, L '“I- of irradiance | ",
R
|
Bus 1 5 i
Diesel PP —
‘ Photovoltaic
‘ Bus 4
Al v
Bus 2 Business % PIAN
Customers
+ Residentials 3
J7 customers Bus 5
[ i
™ Busa Diesel PP .
Industrial I " Indusirial
customers + b Industria

.
[y

e

Business

o

|
Residentials Business

Customers
customers

Customers

Bus 6

Fig. 2 Timor electricity power system [1]

customers

The single line diagram of the Timor power system can be

seen in Fig. 2, and the list of generating units is described in
TABLE I. It is necessary to adjust the generating unit operation
schedule in daily system operations to compensate for the

Load Demand Profile of Timor Electricity System

Fower {MW)

12 3 456 7 8B 910111213141516 17 18 19 20

2122 23 4

Hour

Fig. 3 Load profile of Timor electricity system [1]
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Timor electric power systems' load profile is shown in Fig.
3, which shows the typical characteristics of electricity use in
developing areas with the domination of residential customers
and few industrial and business customers with slow growth.

IV. PL & GAALGORITHM FORUC OPTIMIZATION IN
MICROGRID SYSTEM

This section discusses applying the GA technique to unit
commitment problems in power systems with RES. This
optimization process for UC begins with the PL technique to
get the population initials and continues with optimization
using the GA technique. Following are the steps for
implementing the PL and GA methods for UC solutions [7, 17]:

1. Initialization

The generation of the initial solution is essential, mainly for
the UC problem. The initial solution is usually generated at
random. The selection of the candidate solutions in this study
was carried out using the priority list (PL) technique.
2. Evaluation
Stage of evaluating the fitness value of the initial population
candidate solutions.
3. Selection
Selection allocates more copies of those solutions with higher
fitness values and imposes the fittest mechanism's survival on
the candidate solutions.
4. Recombination / crossover
combine parts of two or more parent solutions to a new possible
better solution. A properly designed recombination mechanism
will determine success.
5. Mutation
The mutation is a genetic operator used to maintain genetic
diversity from one generation of a GA chromosome population
to the next.
6. Replacement
Replacement of parent populations with offspring populations
made by selection, recombination, and mutation

Make a list ot generating units
and their operating status

I

‘ Priority List Method |

I

‘ Determine Initials Population

Chromosome evaluation: Objective function and
—>{ constraints processing, remove the bad samples
and find out the best

No

penalty check ? Penalty = Penalty +1

Yes

’ Calculate the lowest generation cost ‘

b

‘ Calculate Cost for fitness function ‘

Generate new population by selection

sssssss

No
Convergence check

Yes

[ End l

Fig. 4 Flow chart of PL and GA for UC in microgrid system

The flow chart of the optimization process for implementing
UC in the microgrid system is shown in Fig. 4. The novelty of
this algorithm is to use PL and GA techniques, with PL is done
first for UC to get the initial population, then continue to
dispatch with PL + GA, where one individual GA in the initial
population stage uses the dispatch value from PL to accelerate
the convergence of lowest operating costs.

For solving the UC problem, the first step is to use the
priority list (PL) technique to obtain the initial population. The
priority order of the generating units in TABLE | can be
obtained based on each unit parameter. Generators with a
higher capacity and lower heat rate (HR) will receive higher
priority. For machines with low capacity and higher HR will
have less priority. The PL and calculated heat rate are shown in
equations (18) and (19) [17, 20].

- Fi(Pimax(t))
Pimax (t)

COSti = HRL X FiPih

The PL method results are shown in Erreur ! Source du renvoi

introuvable. (output power in MW) and will be used as the

GA's initial population. This operating schedule is obtained

from the PL calculation process based on the heat rate to meet
the electrical load.

HR, (18)

(19)

TABLE I1l Generator scheduling from PL

Hour/

Unit P1 P2 | P3 | P4 |P5(P6|P7| P8 |P9
01:00 | 1 1 1 1/]0|0]|0] O 0
02:00 | 1 1 1 1({0|0|0]| O 0
03:00 | 1 1 1 1/]0|0]|0] O 0
04:00 | 1 1 1 1/]0|0]|0] O 0
05:00 | 1 1 1 10|00 O 0
06:00 | 1 1 1 1/]0|0]|0] O 0
07:00 | 1 1 1 ojlo|ofo]| 0O 0
08:00 | 1 1 1 olojo|o]| O 0
09:00 | 1 1 1 1]/0|0]|0] 0 0
10:00 | 1 1 1 11|00 0 0
11:00 | 1 1 1 1|1]0]0] 0 0
12:00 | 1 1 1 11|00 0 0
13:00 | 1 1 1 1|1]0]0] 0 0
14:.00 | 1 1 1 1 (0|00 O 0
15:00 | 1 1 1 11|00 0 0
16:00 | 1 1 1 1|1]0]|0] 0 0
17:00 | 1 1 1 11|00 0 0
18:00 | 1 1 1 1|1]0]|0] 0 0
19:00 | 1 1 1 1({1|1|0]| 0 0
20:00 | 1 1 1 1|1]1]0] 0 0
21:00 | 1 1 1 1 |1]1]0] 0 0
22:.00 | 1 1 1 11|00 0 0
23:.00 | 1 1 1 1|1]0]|0] 0 0
00:00 | 1 1 1 1 (0|0 |0]| O 0

Once the initial population has been created, we must evaluate
the fitness of each candidate solution. In the process, all
constraints are checked. First, the spinning reserve (SR) limits
will be reviewed hourly using the schedule from the initial
population. If any SR is breached within one hour, the penalty
count will be added to the penalty function. Second, the
minimum up/downtime constraints must be met so that
individuals can enter the load dispatch stage. If these constraints
cannot be met, the individual will be given a calculated penalty.
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After the load dispatch stage is completed, each individual will
enter the process of calculating the fitness function. The penalty
function is the multiplication of the penalty factor and penalty
count (20. The penalty function, start-up costs, and fuel costs
obtained from the load dispatch stage will be added to get each
individual's fitness value in the population (21).

Penalty function = penalty factor X penalty count (20)
L (21)

Fitness =
startup cost + fuel cost + penalty func

After evaluating all individual populations and calculating
their fitness value, the selection stage can be carried out. The
method used is the "roulette wheel™ method due to the wheel's
proportion being assigned to each of the possible selections
based on their fitness value. Therefore, the best individual will
be kept to be used in the next generation. The next stage is
recombination, where several individuals are recombined to
make new offspring. This process consists of selecting two
individuals at random and recombining them with probability
Pr.

In the proposed Priority List - Genetic Algorithm method, the
one-point cross-over is used between two large groups of
parents from individual candidate solutions (Fig. 5). In this
case, the cross-over site is randomly selected on the string's
length, and then the parts of the two strings outside this point of
intersection are exchanged. The individual chromosome for this
recombination comes from two major groups: the father's
chromosome and the mother's chromosome, cross-over to
obtain new possible better solutions.

individuno2 [16,5 16,5 51 3,0 00 00 00 00 00]
individuno3 [14,0 16,3 52 3,0 00 00 00 00 00]

for every g in individu

convert population in integer (pl =165 , p2 =140) format to binary format:

pr=[1 0 1 0 0 1 0 1]
p2=[1 0 0 0 1 1 0 0]
single point crossover, random point, for example 3:

c1=[1 0 1.0 11 0 Q

c2=[10 0.0 0 1 0 1]

Fig. 5 Population chromosome in GA

While recombination operates on two or more parent
chromosomes, the next stage of mutation is carried out to add
diversity to the population and ensure that it is possible to
explore the entire search space. The cross-over process shown
by genes in both individual parents will be exchanged based on
the cross-over point Fig. 5.

After recombination, the next stage is mutation. The
mutation is a technique that moves randomly, approaches the
optimal point, and possibly moves away. The purpose of
mutation is to add diversity to the population and ensure that it
is possible to explore the entire search space. The mutation
performed is a variation of the well-known “bit flip” mutation
where each bit in the string is converted from 0 to 1 or vice
versa with probability Pn. The primary function of these
mutations in GA is to avoid the local optima trap.

In the final stage, the offspring population made through
selection, recombination, and mutation replaces the original
parent population. The steps are repeated in an iterative process
until stopping conditions are reached. During the evaluation
process, the best individuals are saved from being reintroduced
to the next generation. Thus, convergence is accelerated, and
the best individuals' information is preserved to get the string
with the lowest value of total operating costs.

This computational process is coded and simulated in
MATLAB R2016a. The results of the convergence check will
produce the optimal value of the UC implementation.

V. SIMULATION RESULTS

A microgrid system simulation model has been prepared to
test the proposed UC algorithm. The simulated microgrid
consists of steam generating units, dispatchable diesel engines,
and a solar PV plant. The implementation of the unit
commitment is set based on the generating unit's capability and
availability, and the dispatch arrangement is based on the
lowest operating cost of the generating unit. The cost rate for
each generator is modeled by the quadratic function for fuel
costs and start-up costs. The energy cost of PV generation is
also modeled by the multiplication of kwh of production and
the selling price rate. The operating costs of all sources will be
calculated using formula (1), and the characteristics of each
element of the grid are listed in TABLE 1. The time-based solar
photovoltaic power output forecast is used to calculate the UC
setting (see TABLE I1). The optimal UC schedule together with
dispatch is shown in TABLE IV and Fig. 7, and here it can be
seen that the obtained UC schedule meets all constraints and
produces a quality solution.

TABLE IV Best dispatch power production of generator units

"l'Jon“i[/ PL |P2 |P3 |P4 |P5 |P6 |[P7 | P8 |P9
01:00 16,50 16,50 | 5,39 | 3,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
02:00 16,50 |16,50 | 3,55 | 3,00 | 0,00 | 0,00 | 0,00 { 0,00 | 0,00
03:00 16,50 |16,10 | 3,00 | 3,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
04:00 16,50 |15,60 | 3,00 | 3,00 | 0,00 | 0,00 | 0,00 { 0,00 | 0,00
05:00 16,50 |15,30 | 3,00 | 3,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
06:00 16,50 |15,00 | 3,00 | 3,00 | 0,00 | 0,00 | 0,00 { 0,00 | 0,00
07:00 16,50 |16,50 | 3,74 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
08:00 16,50 |16,50 | 3,53 | 0,00 | 0,00 | 0,00 | 0,00 { 0,00 | 0,00
09:00 16,50 |16,50 | 5,12 | 3,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
10:00 16,50 |16,50 | 5,66 | 3,00 | 3,00 | 0,00 | 0,00 { 0,00 | 0,00
11:00 16,50 |16,50 | 6,81 | 3,00 | 3,00 | 0,00 | 0,00 | 0,00 | 0,00
12:00 16,50 |16,50 | 6,41 | 3,00 | 3,00 | 0,00 | 0,00 { 0,00 | 0,00
13:00 16,50 |16,50 | 6,53 | 3,00 | 3,00 | 0,00 | 0,00 | 0,00 | 0,00
14:00 16,50 |16,50 | 7,46 | 3,00 | 0,00 | 0,00 | 0,00 { 0,00 | 0,00
15:00 16,50 |16,50 | 6,78 | 3,00 | 3,00 | 0,00 | 0,00 | 0,00 | 0,00
16:00 16,50 |16,50 | 5,85 | 3,00 | 3,00 | 0,00 | 0,00 { 0,00 | 0,00
17:00 16,50 |16,50 | 6,45 | 3,00 | 3,00 | 0,00 | 0,00 | 0,00 | 0,00
18:00 16,50 |16,50 | 7,61 | 3,00 | 3,00 | 0,00 | 0,00 { 0,00 | 0,00
19:00 16,50 |16,50 |8.00 | 7,95 | 3,00 | 3,00 | 0,00 | 0,00 | 0,00
20:00 16,50 16,50 | 8,00 | 6,84 | 3,00 | 3,00 | 0,00 { 0,00 | 0,00
21:00 16,50 |16,50 | 8,00 | 5,40 | 3,00 | 3,00 | 0,00 { 0,00 | 0,00
22:00 16,50 |16,50 | 8,00 | 4,23 | 3,00 | 0,00 | 0,00 { 0,00 | 0,00
23:00 16,50 |16,50 | 8,00 | 3,09 | 3,00 | 0,00 | 0,00 | 0,00 | 0,00
00:00 16,50 |16,50 | 7,97 | 3,00 | 0,00 | 0,00 | 0,00 { 0,00 | 0,00

In this case, the spinning reserve is specified as 10% from the
load, mutation probability 0.8, and maximum iteration 500
times. The iteration process will achieve convergence to get the
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least total operating costs of the microgrid system with the RES
generator shown in Fig. 6. It has been shown here that the
process of obtaining low operating costs is carried out properly
using genetic algorithm techniques.
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Fig. 6 GA convergence for the interconnected configuration

The results obtained for implementing the PL + GA algorithm
in managing the unit operating schedule to meet the electrical
load requirements are shown in Fig. 7.

Generation schedule of Timor electricity system
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Fig. 7 Generation schedule of Timor Microgrid system using PL+GA
optimization
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As a comparison, the PL and GA algorithms' efficacy and
efficiency are then compared with the PL algorithms. The
results of calculations using the two algorithms are shown in
TABLE V, which shows that using the PL and GA algorithms
gives the least operating costs, even though the time is a little
longer. These results can prove that to optimize unit
commitment implementation on the island power system with
the RES generator, PL and GA algorithms may be used for
better and more accurate results in a relatively short time.

TABLE V Comparison of optimization techniques

VI. CONCLUSIONS

In this paper, we propose a unit commitment solution using an
optimization algorithm of the improved priority list and genetic
algorithm, considering the contribution of renewable energy
generation in the microgrid power system. In the microgrid
system, to obtain appropriate and better optimization results for
implementing the unit commitment, the priority list algorithm
and genetic algorithm are applied. In order to simulate the
effectiveness of the PL + GA algorithm, computation time and
operating costs are compared with other optimization methods
for deterministic cases. Here, the PL + GA algorithm shows
better performance compared to other optimization methods.
For this reason, the use of a combination of this optimization
algorithm can be suitable for application in microgrid systems
with renewable energy generators. As the regulator, the
government can also determine and recommend this method as
a solution for supplying electricity in remote areas and islands.
In this study, it can also be seen that the penetration of
renewable energy sources can help alleviate the cost of
supplying electricity and stringent reserve requirements.
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