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AsTrACT. The photovoltaic (PV)/wind/biogas hybrid microgrid system with a battery
system is designed with a PV eapacity of 30 kWp, wind 1250 kW, and biogas 1.175 kW.
The type of battery used ts Lithwum-Ion, with a capacity of 4900 EWh. The base load
served in Rong@RSouth Buton is 156 kW, and the peak load is 312 EW. I’ﬂrtiacoﬂimd 18
carried out on the wind turbine with blade pitch control to adjust the speed of the wind
bine generator to produce constant output power. The battery system also controls
the state of charge (SoC), charging an@¥lischarging of the battery, and modeling using
MATLAB Simulink 2020a. The results githe speed control of the wind turbine generator
in this hybrid microgrid system have an impact on the efficiency of battery use. The
same system without using blade pitch control on a wind turbine, requires a battery with
a capacity of 5800 EWh for the energy storage system generated by a PV /wind/biogas
generator. In contrast, after using blade pitch control on a wind turbine and battery
control, only a battery with a capacity of 4900 kWh is needed for energy storage systems
generated by PV /wind/biogas generators.
Keywords: Microgrid hybrid PV /wind/biogas, Blade pitch control, Battery efficiency,
WT control

1. Intmiuction. The use of renewable energy that is not yet optimal in the implemen-
tation of energy conservation encourages the development of a renewable energy-based
power generation system to meet the community’s need for energy based on government
policies. The microgrid system is a solution for areas not reached by electricity utility
services by utilizing local renewable energy sources available in each region. With differ-
ent intermittent supply patterns of renewable energy sources but different intermittent
patterns, it is often possible to achieve a better overall supply pattern by integrating two
or more sources [1,2]. Renewable energy generation (diesel, wind, etc.) is intermittent.
Battery energy storage systems (BESS) and other reservoirs such as biogas energy sources
have the potential to be integrated with renewable energy sources to ensure sustainable
access to electrical energy and safety [3,4]. Energy storage can increase fluctuating renew-
able energy output and ensure that the power generated by renewables can be reliably
released and delivered on-demand. In addition, it allows the energy produced L@e stored
when demand is low and supplied when demand is high. It can stabilize the power grid
with a high penetration rate of renewable energy [5,6].
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Some problems 9battery energy storage systems on microgrids are intermittent, poor
power quality, high capital costs, and energy imbalance between supply and dmmld. Re-
search on microgrids’ energy storage systems [7-12] discusses optimization and control of
battery energy storage systems, energy man nent strategies using several optimization
methods, and backstepping control desigmgl power systems and energy storage. The
control structure of the microgrid varies depending on the integrated source, load, and
rating [13]. Some studies are related to the control of the microgrid system: [14-16] dis-
cuss the multilevel microgrid control system (MMCS) to optimize the performance of the
microgrid system, control MPPT gming several types of algorithm methods, and control
wind turbines, and [17-19] discuss E;e design of a bladem pitch controller (BPC) for a wind
energy conversion system (WECS) application with a hybrid ntrol technique based on a
combination of RI-RH/RL and Kharitonov’s Theorem (Kh), coordinated control of blade
pitch angles of wind turbine generators and vehicles electric plug-in hybrids (PHEVs) for
frequency control of microgrid loads using model predictive control (MPC), coordinating
blade pitch controllers with battery storage systems. Blade pitch control is essential in
the overall wind turbine control system. Blade pitch control reduces hazardous turbine
structural loads from spatially variable and temporarily unstable incoming winds [20].

Research related to energy storage systems and microgrid control mentioned in the
previous paper only discusses energy management and optimization of battery storage
systems using several optimization algorithm methods. As for the research related to mi-
crogrid control systems and wind turbine control, the previous paper only discusses mi-
crogrid control for system performance, MPPT control with several algorithms, and blade
pitch controller. For blade pitch control, the last article only discusses control model de-
sign with hybrid control technique and coordination of blade pitch controller with battery
system. There has been no discussion on controlling the PV /wind /biogas/battery hybrid
microgrid combination by partially controlling the wind turbine, which has an impact on
the efficiency of battery use.

In this paper, blade pitch control regulates wind speed so that the power output pro-

wced by the wind turbine remains constant. The results of the blade pitch control on
the wind turbine can increase the efficiency of the battery used in the PV/wind/biogas
hybrid microgrid. In addition, the SoC control, charging, and discharging is also carried
out as an energy management strategy and as a control to increase the battery life used
in this hybrid microgrid system. The simulation of blade pitch control on a wind turbine
in a microgrid hybrid PV /wind /biogas resulted a total power output of 693.87 kW using
a Li-ion battery with a capacity of 4900 kWh. Battery control manages SoC 30% to 80%.
The charging process occurs when the SoC level is below 30% and the discharging when
the SoClggvel is at 80% to 30%.

This paper is organized into several sections. Section 1 consists of introduction and
research studies related to the energy storage system, hybrid microgrid control systems,
wind turbine control, and blade pitch control; Section 2 shows the configuration design
of PV, wind, biogas, and battery systems on a hybrid microgrid; Section 3 consists of the
results and analysis that present a graph showing the results of a hybrid microgrid control
system and a comparative study of battery efficiency used in systems with and without
control; and Section 4 is a conclusion consisting of several important conclusion points.

2. Configuration of Microgrid Hybrid PV /Wind /Biogas/Battery Control Sys-
tem. The control system design on the PV, wind power, and biogas hybrid microgrid with
a battery system is divided into two control parts, namely partial control on gle wind
turbine (WT) and control on the battery system in the form of SoC control, charging,
and discharging the battery as shown in Figure 1. In this study, the biogas generator is
constant and also stable. PV input is radiation and temperature, wind input is wind
speed, and biogas input is cattle population to calculate biogas potential. The PV output
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FIGURE 1. Hybrid microgrid control system design

is direct current (DC), directly stored in the battery system. While the output of wind
and biogas is alternating current (AC), gt must be rectified first and then stored in the
battery system. Before being supplied to the load, all the energy output stored in the
battery system is converted to alternating current (AC) by using an inverter.

The data input used in this system is actual data taken in Rongi South Buton, Southeast
Sulawesi, as shown in Table 1. Irradiance data shows the irradiance peak of 1000 W /m?
occurs at 12:00, the wind speed reaches a peak of 14 m/ 14:00, the base load is 156
kW, and the peak load is 312 kW from 17:00 to 22:00. The output of PV system and
wind generator is integrated with biogas plants and battery system according to the actual
input data.

2.1. PV model. The PV capacity of 30 kWp consists of PV caells commected in parallel.
The PV input in the form of irradiance and temperature calculates the current and then
models mathematically. The PV current is connected to the generator to produce the
power output. This system is designed to monitor the input irradiance and temperature
as well as to monitor the output power generated by PV. The PV model is designed as
shown in Figure 2(a).

2.2, Wind power model. The technical information of wind power in this study is
provided as follows. The total output power capacity is 1250 kWggvith specifications of 3-
blades horizontal axis wind turbine of NE-400m2. Furthermore, the rated power of single
wind turbine is 400 W and maximum power is 500 W vwggh the rated voltage of 12/24/48
V. Meanwhile, this type of wind tuige can be start-up at a speed of 2 m/s and be algryto
reach the rated wind speed at 11.5 m/s. Figure 2(b) shows the control design of the wind
turlgye model. The wind speed input is connected to the wind speed transducer. Then
the blade pitch control is carried out to adjust the speed of the wind turbine generator
so that the resulting output follows a predetermined power output value.

2.3. Biogas povggr model. The capacity of the biogas generator used is 1.175 kW. The
biogas generator model is shown in Figure 2(c). The biogas input is the cow population.
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TaBLE 1. Data input of PV system, wind power, and load

Time Irradiance Temperature Wind speed Load

(W/m?) (°C) (m/s) (kW)
0 0 21 7 156
1 0 21 6 156
2 0 21 7 156
3 0 21 4 156
4 0 21 6 156
5) 0 30 6 156
6 130 5l 6 156
7 350 52 7 156
3 700 54 6 156
9 800 56 8 156
10 650 58 5] 156
11 850 60 8 156
12 1000 61 9 156
13 875 61 9 156
14 650 60 14 156
15 780 59 11 156
16 350 58 6 156
17 175 Yl 6 312
18 120 Dh 3] 312
19 0 25 9 312
20 0 24 4 312
21 0 23 8 312
22 0 22 9 312
23 0 21 5 156

The cow population calculates how much biogas potential can be produced by the biogas
generator and the output power produced by the biogas generator.

2.4. Battery control model. The Ettery control model is shown in Figure 2(d). The
battery inputs are PV, wind, and biogas power. SoC control, charging, and discharging.
The battery management system charges and discharges the battery only partially, from
30% to 80% [21].

Battery model during charging and discharging state follows in [22].

Charging model (i* < 0) is shown as follows in (1).

Q Q ‘
s — _ P F PRI B —Bit
Viar: = By — Ri hit—[).lQr’ K (—Q_it)r,t—kfle (1)
While discharge model (i* > 0) shows as follows in (2).
; ; QL\; Bt
Voar = Eo — Ri — K i — K it + Ae” ™" 2
batt o — Ri Q—ita (Q—it i+ Ae (2)

where Ej is the constant voltage in Vol{ZlR is internal resistance in Ohm, ¢ is current in
Ampere, i* is filtered current in Ampere, K is polarization constant in Volt (Ampere-hour)
or polarizat fff resistance in Ohm, ¢ is time in second, () is capacity in Ampere-hour, A is
exponential voltage in Volt, and B is exponential zone time constant in (Ah)~!. The type
of battery used is Lithium-Ton, with a capacity of 4900 kWh. The additional information
of the usage battery regarding the nominal voltage and rated capacity is 200 V and 24500
Ah, respectively with 30% of initial state of charge and 1 second of battery time response.
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FIGURE 2. Control design

1

The battery systemgontrols the SoC, charging, and discharging. The initial condition of
the battery will be associated with the charging system and the load system with memory
condition 1. The memory condition aims to remember the last events that occurred in the
system. When the battery is low or at 80% level with memory condition = 1 which means,
the battery is connected to the charging system, and the control system will disconnect
the battery from the charging system to stop charging. This condition also changes the
memory state to 0 which means there is a discharge condition on the battery, so even
if the battery SoC drops to a level of less than 80%, the system will not connect to the
charging system because the discharge condition w1ll be carried out until the battery
capacity remains 30%. Charging conditions will occur when the battery SoC reaches 30%
to 80%.

For load control, the initial condition of the battery will be connected to the load
system with memory condition 1. When the battery is low, or the SoC is at 20% level
with memory condition = 1 which means the battery was previously connected to the
load system, the control system will disconnect the battery from the system, load to stop
the use of the battery by the load (discharging). This condition also changes the memory
state to 0 which means the battery is disconnected from the load, so even if the SoC rises
to a level of less than 25%, it will not connect to the load because it will discharge to
25% battery capacity. Extending the battery life can be done by reducing the battery
charging and discharging with load conditions that remain optimally serviced. The load
state will be connected to the battery system when the battery SoC reaches a 25% level.
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@In ﬁe wind turbine generator, blade pitch control is used to control the speed begfpre
the cut-in speed and reach the rated speed point until the cut-out speed condition. The
power generated by the wind is as in (3), and the power generated by the generator is as
in (4) [23].

Pu:in.d = %‘4{)1/3 (3)
P,

gen — Pw:'nd Cphrglr\!b (4)
where A is the cross-sectional area, p is the wind density of 1.225 kg/m®, V' is the wind
speed, (), is the performance coefficient with a theoretical maximum of 0.59 Betz limit,
N, is the generator efficiency of 85%, and N, is the gearbox efficiency @§95%.

The speed control scenario is designed for a wind turbine generator. The wind turbine
'a not spinning when the wind speed is less than 2 II? The wind turbine will rotate
when the wind speed is more than 2 m/s to 25 m/s. At wind speeds of 11.5 m/s to 25
m/s, the control system will maintain the wind Ll.lI'l'JiI]t’m)&E‘-l'l so that the power output
will be flat. The characteristics of wind turbine are as shown in Figure 3. The cut-in
system is at a wiggy speed of 3 m/s until it reaches a rated speed of 11.5 m/s. The control
will maintain a wind speed of 11.5 m/s to 25 m/s, so the power output will be flat at
674.8 kW,
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Ficure 3. Wind turbine characteristics
28

The hybrid PV, wind, and biogas microgrid models are connected in parallel to the
battery and load system. The PV generating capacity is 30 kW, wind generator 1250
kW, biogas generator 1.175 kW, and battery 4900 kWh with a base load of 156 kW and
a peak load of 312 kW. In WT, partial control is carried out in the form of installing
a limiter that functions to regulate the speed of the W'T' generator so that the output
produced is not over current and over voltage which will affect the efficiency of battery
use. The battery system will be disconnected from the charging system when the SoC
reaches 90% and recharges when the SoC is at 30%. The load will be disconnected from
the battery system when the SoC is below 21% and will be reconnected when the battery
SoC is above 25%. The power generated by PV, WT, and biogas plants will be stored in
the battery system and distributed to the load. The load served is 400 kW with a base
load of 156 kW and a peak load of 312 kW from 17:00 to 22:00. Each generator produces
an output voltage of 200 V DC, connected in parallel to the battery system and load.
Microgrid hybrid PV, wind, biogas with battery and load are shown in Figure 4.
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F1Gure 4. Microgrid hybrid PV, wind, biogas with battery and load

3. Results and Analpsis. In the microgrid hybrid PV, wind, biogas with batteries, and
loads are controlled on ge wind turbine to increase the efficiency of the battery used. The
system can monitor input and load conditions, the power output of each hybrid generator
(PV, wind, biogas), battery condition, and load.

3.1. Input monitoring. Irradiance input, temperature, wind speed, and load are mon-
itored every hgg from 00:00 to 23:00. Irradiance and temperature peaked at 12:00 with
an irradiance of 1000 W/m? with a temperat f 61°C. Wind speed monitoring shows
that the wind speed reaches its peak at 14:00 with a wind speed of 14 m/s. Load mon-
itoring is carried out to see the peak load conditions where at the base load, the power
consumption is 156 kW, and the peak load power Conmnnpu')n is 312 kW occurring from
17:00 to 21:00. Monitoring input irradiation, temperature, wind speed, and load is shown
in Figure 5(a).

3.2. Output power monitorin PV peaked at 12:00 ith a power output of 20.82
kW, wind output peaked at 14:00 with a power output of 674.82 kW, biogas output with
a constant power of 1175 kW, and the total output of the microgrid was 693.87 kW.
Monitoring the power output is shown in Figure 5(hb).

3.3. SoC, charging and discharging control. Graph of battery condition on the SoC,
charging and discharging battery control monitoring is shown in Figure 5(c¢). SoC battery
is from 30% to 80%. When the SoC is below 30%, the system will automatically carry
out the charging process until the battery condition reaches 80%. When the battery
condition is at 80% level, the system automatically disconnects the battery with the
charging system, and the discharging process will occur until the battery condition is at
30% level.

3.4. SoC and load control. SoC control graph and load is shown in Figure 5(d). When
the SoC battery condition is at a 20% level, the battery control system will automatically
disconnect the supply to the load (disconnect). The system will automatically connect to
the load (connect) when the SoC battery condition is at a level above 25%.

3.5. Analysis. Comparative analysis of the efficiency of battery uses in the same system
without using the control obtained differences in the use of battery capacity where in the
system without control, it takes a battery with a capacity of 5800 kWh for the energy
storage system. In comparison, a system with control only takes a battery with a capacity
of 4900 kWh.

Comparative analysis of the efficiency of battery uses in the same system without using
the control obtained differences in the use of battery capacity where the system without
control requires a battery with a capacity of 5800 kWh for its energy storage system.
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FiGure 5. Simulation results of microgrid hybrid PV, wind, biogas with
battery and load

In comparison, in a controlled system, only a battery with a capacity of 4900 kWh is
needed. Analysis of the power output is generated by the generator in an uncontrolled
system for a 1217.ggkW peak wind turbine and a total peak power output of 1234 kW
microgrid system. While the power generated by the generator in the control system for
the peak wind turbine is 674.82 kW, andathe total peak power output for the microgrid
system is 693.87 kW. The total output power generated by the microgrid with control
is smaller than the total output power generated by the uncontrolled microgrid. The
total power output generated g the microgrid with control is smaller because the blade
pitch control works to regulate Ele speed of the wind turbine generat that the power
produced is evenlgglistributed according to the provisions. Partial control of the wind
turbine generator has an impact on increasing the efficiency of the battery used in this
hybrid microgrid system.

4. Conclusions. The hybrid PV /wind/biogas microgrid system with battery and load
is designed with a PV generation capacity of 30 kWp, wind 1250 kW, and bhiogas 1.175
kW. Partial control was carried out on the wind turbine generator and battery control
in the form of setting SoC, gharging, and discharging to serve a base load of 156 kW
and a peakggnd of 312 kW. The control of the wind turbine generator is in the form of
controlling the speed of the wind turbimmﬂ.nerator to regulate the output of the wind
turbine so as not to over current and over voltage to increase the efficiency of battery use.
Control the battery by setting the SoC from 30% to 80%. Emptying the system (connect
load) occurs when the SoC is at the 80% level until it reaches the 30% level. At level
30%, the system will automatically fill (disconnect the load). The charging process will
occur until the battery level reaches 80%. Charging and discharging settings are intended
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to extend battery life by reducing %& charging and discharging conditions of the system
with optimally serviced load conditions.

The future work of this research is the control design on the side of the biogas generator
to increase the production of biogas produced by the generator due to considering the
nature of the intermittent solar and wind energy sources and biogas as a backup system.
With the design of biogas control as a backup system, @ process of discharging the
battery to the load can be reduced, so that it will impact the battery life and reduce the
capacity of the battery used in the system.
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