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Estimation of the Appropriate Output of Diesel Generator for Microgrid
System in Chuja Island
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Abstract. This paper proposes a method to estimate the appropriate minimum output of diesel generator in the
microgrid system that composed of renewable energy, diesel generator and energy storage systems. While
maximizing the output of the renewable energy in the microgrid, to maintain the power system stability is very
important. To analyze the effectiveness of the proposed method, simulation is carried out by using the
PSCAD/EMTDC program with past weather and power load data in Chuja Island located in the south area of Korean
peninsula, respectively. In the simulation result, power quality of Chuja Island power system under variable
renewable energy generation is stable. The proposed method is useful for operating the isolated microgrid system.

1 Introduction
In order to solve the energy supplying problem for
isolated area, the use of microgrid has been promoted all
over the world. The microgrid is an integration of wind
turbine, photovoltaic (PV), energy storage system (ESS)
and diesel generator [1]. The most important objectives
of microgrid are minimization of operating diesel
generator and grid stability [2]. Therefore the microgrid
must be designed to meet these conditions. There are two
types of microgrid. One is on-grid type of microgrid,
which is connected to main grid. This microgrid is
operated by renewable energy sources and conventional
source from main grid. In this case, if the load of
microgrid is higher than renewable energy sources, the
microgrid will receive the demand power from main grid.
If the load of microgrid is lower than renewable energy
sources, the microgrid will transmit the redundant power
to main grid [3]. Another is off-grid type of microgrid,
which is isolated system and always operates stand-alone.
Because this microgrid cannot share electric power with
main grid, the diesel generator can be supported for grid
stability by sustaining minimum operation. Therefore
elaborate energy management system is essential to this
microgrid. Recently, the government of South Korea has
a plan named 'Green and energy self-reliance Island', the
objective of the plan is to make off-grid type microgrid
for isolated islands by using non-pollution energy. In
South Korea, two islands named Gapa and Gasa were
already installed to off-grid microgrid from this plan [4].
Jeju Special Self-governing Province will make another
microgrid system in Chuja Island by 2019. From this
point, this paper proposes the estimating method of
a

operation range for diesel generator focused on Chuja
Island to minimize air pollution and grid stability. The
operation of microgrid system in Chuja Island will be
verified by using PSCAD/EMTDC simulation program.
PV and wind turbines output power will be calculated by
using matlab program.

2 Overview of microgrid system in Chuja
Island
Chuja Island is located in the north of Jeju Island in
South Korea. Presently, the power grid on this island is
only operated by seven diesel generators with the total
capacity of 5.5 MW. However, the government has a plan
to install microgrid system in Chuja Island by 2019 as
illustrated in Fig. 1. In this plan, the capacity of
components for microgrid system in Chuja Island is
already determined. The components of Chuja Island
microgrid consist of PV system with the total capacity of
1.6 MW, ESS with the total capacity of 12 MWh, wind
turbines with the total capacity of 2.4 MW. The demand
load of this island is estimated about 1.24 - 2.74 MW.
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Figure 1. Configuration plan of microgrid system in Chuja Island
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3 Modeling of microgrid system in Chuja
Island
The microgrid system in Chuja Island is designed by
PSCAD/EMTDC simulation program [5]. Line
impedances of Chuja Island distribution grid will be
applied by actual line model. The actual parameters of
transformer are also considered for simulation. The
distribution voltage for microgrid system in Chuja Island
is 6.6 kV.
3.1. Energy storage system

Figure 4. Equivalent current source model in PSCAD/EMTDC

In order to simulate proposed method, the ESS is
modelled by shepherd nonlinear battery model referred to
SAFT's model as shown in Fig. 2. The capacity of a basic
lithium ion battery is 5.4 Ah and the nominal voltage is
4.2 V. Through series and parallel connection of the
batteries, its capacity and system nominal voltage is
calculated. The state of charge (SOC) of ESS is set from
0.2 to 0.8. Power conversion system (PCS) of ESS plays
a role as a DC/AC inverter. The PCS is made from two
level voltage source inverter. In this study, it will control
for active power and reactive power based on current
controller as illustrated in Fig. 3 [6].

3.3 PV system
The PV system is made from controlled current source
similar with wind turbine simulation model [7]. Since it is
based on DC source, its equivalent model will only
generate active power. The generation power data of PV
will be calculated from actual radiation data on Jeju
Island nearby Chuja Island by matlab program. Gradient
of PV panel is assumed at 30 degrees..
3.4 Diesel generator
The diesel generator is modelled from PSCAD/EMTDC
library model as shown in Fig. 5. It uses actual parameter
of thermal plant in Chuja Island. There are two type of
diesel generator in Chuja Island. One is 0.5 MW. Another
is 1 MW. The diesel generators consist of diesel engines
and generators.

Figure 2. Battery equicalent model in PSCAD/EMTDC

Figure 5. Diesel generator model in PSCAD/EMTDC

4 Estimation of appropriate output of
diesel generator

Figure 3. Schematic diagram of controlled current source in
PSCAD/EMTDC

Generally, one of the important points of microgrid is
operation of diesel generator. It can support to the
stability of microgrid more than any other sources
because the diesel generator has the biggest moment of
inertia. It also has robust characteristics for fluctuation of
frequency and voltage. Although the diesel generator has
many advantages for stability of microgrid, but the
microgrid must operate with minimum diesel generator
capacity in order to minimize air pollution from using
fossil fuel.
Thus, this paper proposes the method of estimating

3.2 Wind turbine
The wind turbine is designed by controlled current source
based on ENERCON's model with the each capacity of
0.8 MW as shown in Fig. 4. The generation power of
wind turbine will be calculated from its power curve by
actual wind speed data on Chuja Island. From this
process, the input data of controlled current source in
PSCAD/EMTDC will be gotten in advance by matlab
program.
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appropriate output for diesel generator applied to
microgrid for one day. This method is based on
calculating renewable energy and consumption on
demand load. The appropriate output for diesel generators
will be calculated by using actual data of wind speed and
solar radiation. Consequently, the wind and solar powers
are calculated in advance. The diesel generation will be
estimated in accordance with average load and renewable
energy sources at specific date on Chuja Island.

power of diesel generator will depend on SOC of ESS
because renewable energy sources have high intermittent
characteristic and ESS capacity is limited. In this case,
ESS will adjust the power balance between generation
power and demand load. Therefore, it is essential to
maintain the operation range of SOC. If the SOC is lower
than 0.3, the diesel output must be increased to 200 kW.
If the SOC is higher than 0.7, the diesel output must be
decreased to 200 kW.
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Table 1. Calculation results of microgrid on Chuja island at Dec.
13.
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Result

Load

2,477,565 kWh

Wind Turbine

1,319,417 kWh

PV System

185,511 kWh

Diesel Generator
Operation Capacity
of Diesel Generation

972,636 kWh
648 kW

Table 1 shows the calculating results. From this point,
the renewable energy sources and demand load are
calculated for power demand per one day. The output
power of diesel generator is estimated. Therefore, the
diesel generator will be operated with a constant power of
648 kW. (u) for vectors. The order for brackets should be
{[()]}, except where brackets have special significance.
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5 Simulation results
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The Fig. 7 shows the active power of microgrid system in
Chuja Island. The ESS, PV and wind turbines are
operating to response to the demand load. The diesel
generator maintains the appropriate output as base
generation for high stability of grid and reduction of CO2.
In the duration time of 0:00 - 6:00, the output power of
wind turbine is stable. The PV output power is almost
zero. However, renewable energy sources increase in the
duration time of 7:30 - 12:00. Therefore, the ESS charges
for the demand load comparing with distributed resources.
In duration time of 19:00 - 23:00, the output power
fluctuation of wind turbine is highest. However the ESS
charges power of wind turbine for grid stability.
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Figure 6. Flow chart of estimation for diesel generator output power

Because there is no radiation measuring device on
Chuja Island, the solar radiation data on Jeju Island will
be used for calculating the PV power on Chuja Island.
The ESS plays a role as power balancing controller on
grid. Fig. 6 shows a calculation process of appropriate
output for diesel generator. In order to achieve a
reliability, the past weather data at Dec. 13, 2015 will be
used for calculating diesel appropriate output, because
that date has highest fluctuation of output wind power in
2015. The appropriate output of the diesel generator is
calculated as follows.

ADG  ARES  ADL

(1)

where, ADG : Diesel generation [kWh]
ARES : Renewable energy [kWh]

Figure 7. Active power of microgrid system in Chuja Island

ADL : Power consumption [kWh]

The frequency of microgrid system in Chuja Island is
illustrated in Fig. 8. The maximum frequency of this
microgrid is 60.14 Hz, the minimum one is 59.89 Hz. It
means that this microgrid system is achieved the

Although the appropriate output of diesel generator
will be calculated from renewable energy sources, it can
be changed according to the SOC of ESS. The output
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When the load is higher than the generation power, the
ESS discharges the power for the demand load. Thus, the
SOC is decreased. It is also increased in contrary case.
The voltage total harmonics distortion (VTHD) of this
microgrid is shown in Fig. 11. the VTHD is lower than
0.5%. It means that the power quality is achieved the
VTHD standard of South Korean government for 5%.

frequency standard of South Korean government for 59.8
- 60.2 Hz [8]. Although the fluctuations of renewable
energy sources are very high in the duration time of 07:00
- 17:00 and 19:00 - 23:00, the grid frequency maintain in
stable state. The grid voltage of Chuja Island is seen in
Fig. 9. The maximum voltage of this microgrid is 6.66
kV, the minimum one is 6.57 kV. The operation of this
microgrid system is achieved the voltage standard of
South Korean government for 6.0 - 6.9 kV [8]. The grid
voltage stays in stable range.

6 Conclusion
This paper proposes the method for estimating
appropriate output of diesel generator in microgrid
system in Chuja Island. With the proposed method, the
microgrid system in Chuja Island can operate stably as
the demand load. Although the renewable energy sources
are variable, grid voltage and frequency are also stable
and achieve the standard of Korean government. The
VTHD is recorded less than 0.5%. It means that
reliability of this microgrid system is quite reasonable in
spite of inverter systems operation. The calculation result
shows that the diesel generator operates at a constant
power. Then, the ESS operates with range of SOC from
0.2 to 0.8 as setting point. In the future, by using the
weather forecasting data, this method will be useful to
estimate appropriate output of diesel generation in
microgrids.

Figure 8. Frequency of microgrid system in Chuja Island
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Figure 9. Grid voltage of microgrid system in Chuja Island
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