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Abstract 

Problems in the provision of electrical energy in the coastal areas, such as electricity 

installation networks do not exist and the cost of making the system. This paper 
presents the results of design, optimization, and control of hybrid energy system of 

wave energy and wind energy and solar power. The ultimate goal is to design clean 

energy systems to meet the demand for electrical energy on the coast. The actual 
power system results from two renewable power systems: (1) Grid solar power 

system: Solar PV / wave energy / battery / inventer system; and (2) wind turbine / 

wave energy / battery / inventer system. The results show that Solar PV power 
systems / wave energy / battery / inventer systems offer better performance. The total 

energy generated by the solar power system can meet the AC load for the electricity 

needs of the household scale with almost no power shortage. The recommended 
system for coastal homes is economically and environmentally friendly with excess 

power (0.10%) and zero noise level. 
 

Keywords— control, hybrid, solar PV, wind turbine, wave energy 

 

I. INTRODUCTION 

Global energy needs have increased due to population growth, housing sector growth, industrial 

sector. The growth of world energy consumption, such as coal, natural gas and liquid fuels reached 
78% of total consumption in 2040. [1]. The use of coal energy, natural gas, liquid fuels to fuel power 

plants used to supply electricity needs. Whereas in 2017 coal energy consumption (57.22%), natural 

gas (24.82%), liquid fuel (5.81%) and new and renewable energy (EBT) (12.5%) for generating fuel 
electricity [2]. The use of fossil fuels as a power plant increases CO2 production which has an impact 

on global warming and environmental pollution [3]. Solution to reduce the use of fossil fuels by using 

renewable energy sources for energy generation in remote areas or coastal coastal areas. Meanwhile, 
fulfillment of the need for electricity of around 1.2 billion people is still a problem, especially those 

living in remote areas, so pushing the fulfillment of electricity in remote areas continues to be driven 

by national or international institutions [4]. Indonesia is an archipelagic country that has a long 
coastline of 99,000 Km has the potential of renewable energy that has not been used optimally for 

energy sources of electricity generation in remote areas or in coastal areas. Meanwhile, East Java 

Province has no less than 79 small islands that are concentrated in the Madura Islands and a long 
coastline that covers the southern coast and north coast. The latest new energy potential (EBT) on the 

south coast can be used as an energy source for electricity generation. 

The potential of renewable energy on the south coast of east Java stretches throughout the 
Pacitan, Tulungagung, Trenggalek, Malang, Lumajang, Jember and Bayuwangi regions. On average 

the latest new energy (EBT) on the coast of Malang Regency, such as wind energy with a speed of 2-6 

m /s can be used as a driver of wind turbines, solar energy with an average of 4.8 Kwh/m2 and wave 
energy with wave height around 1.5 to 2 meter that can be converted into electrical energy. 

The implementation of hybrid power generation technology on the coast in Malang district as a 

source of electrical energy needs further research. Some obstacles to coastal renewable energy power 
generation, such as the continuous supply of electrical energy caused by weather and climate 

conditions, such as photovoltaic power plants can generate electricity during the day and the level of 

electricity production depends on changes in weather and climate. Meanwhile, wind turbine power 
plants depend on wind speed. 

Power and energy management strategy for residential solar PV systems with Li-ion battery 

storage. Performance models for PV modules, small wind turbines, and Li-ion batteries with power 
smoothing applications, MAF is considered with two windows of average time of 5 and 15 minutes. 

In both cases, the desired smoothing effect is achieved, while the battery is worn around. 3.4 and 1.5 
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full cycles, each for summer and winter. Furthermore, batteries are used to maximize the use of 
renewable energy and minimize electricity bills, by minimizing energy purchased from utility 

networks. This is achieved by calculating a 15-minute average power curve for one full day, taking 

into account the load profile of the house and the renewable energy produced [5]. 
The PV / wind / diesel power plant model with the optimal configuration of the hybrid system 

is determined in terms of total system reliability (TED = 0%) and system costs, so that it is different 

from the results of optimal net present cost (TNPC), energy costs (EC), number of hours of operation, 
fuel consumption and the amount of CO2 emitted. PV / wind / diesel / battery hybrid systems were 

obtained for configuration with the lowest number of wind turbines (01 wind turbines) and the highest 

number of photovoltaic modules (53 PV modules) due to strong solar intensity. Simulation results 
show that PV / wind / diesel / battery options are more economical than using PV battery systems / 

wind // or diesel generators only [6]. 

Applications for solar PV hybrid power plants, wind energy and wave energy in the coastal 
waters of the tamban in malang district are expected to improve the performance of renewable energy 

power generation systems. While the amount of electrical energy produced can be calculated from the 

amount of energy of each system produced. 
 

1.1 Wave energy power generation 

 
The amount of power for wave energy power plants cannot be determined with certainty. 

Meanwhile, the calculation of wave energy power by calculating the wave period. Calculation of 

wave periods is calculated by Kim Nielsen's equation. 
 

hxT 55,3                        (1) 

with: 

T = wave period (sec) 

h = wave height (m) 
 

wavelength and wave velocity can be calculated by David Ross's equation. 
212,5 T     (2) 

 
with: 

  = wave length (m)  

the wave velocity is calculated by the equation. 

T
V


    (3) 

With, v = wave speed (m/sec)  

wave amplitude can be calculated by the equation  

2

h
a     (4) 

With, h = wave height (m) 
wave kinetic energy can be calculated by the equation. 

)(....
4

1 2 jouleagwPE   (5) 

With, 

a = wave amplitude (m) 

w = wave width (m) 
ρ = density of sea water (kg/m3)  

g = earth's gravity (m/s2) 

 
meanwhile, the electrical power generated from wave energy can be calculated by the 

equation. 
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)(Watt
T

PE
Pw   (6) 

While the power that can be transferred from wave energy can be calculated by the equation: 

)(5,0
64

2

m
KWhThT

g
P eeee 




 (7) 

With, 

ρ = density of sea water (kg/m3)  
g = earth's gravity (m/s2) 

eT  = wave period (sec) 

eh  = wave height (m) 

 

The energy calculated is in the direction of wave motion with the angle α between the incoming wave 
and its direction, the density of wave energy can be calculated by the equation: 

  cosPP    (8) 

 

1.2 Solar PV power plant 
Electrical energy generated from solar energy conversion with solar PV can be calculated 

equation; 

 
scIxocout V  P 

    
(9) 

With, 

Pout = power of photovoltaic cells (watts) 

Voc = voltage open circuit (volts) 
Isc = current flowing (ampere) 

Solar PV efficiency is a ratio of solar energy that can be converted into electrical energy by 

photovoltaic cells. The amount of solar PV input energy can be calculated by measuring the amount 
of sunlight intensity with the solarmeter. 

solar

Sc

solar

m

P

I

P

I ocm VFFV
    (10)

 

With,  FF = fill factor 

 

1.3 Wind turbine power plants 

 

The principle of the conversion of wind energy to produce electricity in the power generation 
system is the kinetic energy of the wind to drive a wind turbine. The amount of kinetic energy (Ek) 

produced is determined by the velocity of the wind flow. Kinetic energy (Ek) wind can be calculated 

by the equation. 

2

0
2

1
 umEk     (11)

 

With,  

m = mass of flowing wind (kg) 
u0 = wind speed (m / s) 

 
Wind kinetic energy extracted by wind turbine blades is converted into mechanical energy. 

wind power that can be extracted by wind turbines from the Betz modeling, wind velocity u0 and 

density ρ with sweeping area of the A1 turbine rotor, can be calculated by the equation. 

)12(
2

1
 3

01 uACP pT     
 

Wind Power is the potential energy contained in the wind whose magnitude is the result of 

measurements of wind speed and specific data from the blades can be calculated by the equation. 

SUP AA

35,0 
  (13)

 

with, 
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= wind speed kecepatan angin (m/det)  

= wind speed kecepatan angin (m/det) 

  = air density (kg/m3) 

  = Span Area (m2) 

 

Turbine power is energy that can be absorbed by a turbine from the wind which is the result of 

the calculation of the measured variables such as load, height and time. turbine power can be 
calculated by the equation. 

.TPT        
(14)

 

With, 

PT   = power (watt) 

 T  = Braking torque (N.m) 

 = Turbine rotation (rps) 
Turbine efficiency (CP) is the ratio of power that can be absorbed by a turbine with wind power. 

 

A

T
P

P

P
C      

(15)
 

Turbine density ()  is the ratio of the turbine blade area to the turbine sweep area.                          

D

cN .
      

(16)
 

 With, 

N = Number of blades 

c = chord length (m) 
D = Diameter of the blade holder arm  

 

Tip speed ratio () is the ratio of the speed of the rotor tip to the free wind speed. tip speed ratio 

will affect the rotational speed of the rotor  

)17(
60v

nD
   

 The electrical power generated by the turbine obtained can be calculated by the equation. 

)18(
2

1 3

12max, vACP pTge 
 

 

1.4 Grid-tied solar PV-wind turbin-wave energy power system 

A hybrid system model that combines solar energy sources, wind energy and wave energy. The 
hybrid electrical network model can use several network models, such as; 1) the generator and battery 

systems are installed in a separate location and connected to the AC bus before connecting to the grid 

(figure 1), 2). The hybrid system converts the AC to DC voltage on the generator which produces AC 
power (figure 2), and 3). Hybrid system with electrical system with separate connections (figure 3) 
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Fig. 1. The battery hybrid is installed in a location and connected to the AC bus before it is connected 
to the grid 

 
Fig. 2. Hybrid model with DC to AC voltage converter used to feed to the grid (AC) 

 

 
Fig. 3. Hybrid system with separate network connection between plants 

 

This study aims to test hybrid systems of solar PV power generation, wind energy and wave 
energy with model 1) grid solar PV power system: Solar PV / wave energy / battery / inventer system; 

and (2) grid wind turbine system: wind turbine / wave energy / battery / inventer system. It should be 

noted that two DC-coupling sources can be realized to utilize several power supplies at the same time. 
 

2. RESEARCH METHOD  

We use experimental methods to determine the best way to assemble hybrid systems to improve 
the performance of solar PV power generation systems, wind turbines and wave energy, solar PV 

research instrument specifications for solar energy conversion of 100 Wp power capacity, wind 

turbines using H type wind turbines with the number of 6 blade blades to rotate the AC 3 phase 500 
watt generator. Meanwhile, for wave energy conversion using a float model with a hydraulic system 

to rotate a 1 KW power 3 phase power generator.  

The hybrid system model by combining power generation systems with AC power generated 
from wind turbines and wave conversion systems is converted into DC currents and fed to storage 

batteries, while channeling current to the grid in the form of AC electricity. The calculation of the 

electrical power produced by each generator by measuring the voltage and electric current produced, 
while the power that can be stored is done by measuring the battery capacity after filling the system 
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(a)  

 
(b)   

(c)  

Fig. 4. Research instrument a) Solar PV-wind turbin system, b)Wave energy conversion 

system, (c) Hybrid electrical model 
 

3. RESULTS AND ANALYSIS 

The results of the measurement of the potential of solar energy, wind and wave energy in the 
coastal areas of Malang Regency indicate energy sources that can be used as a source of renewable 

energy electricity generation. The potential value of solar energy intensity is an average in the energy 

range (100-822 w/m2) within 06.00-16.00, wind energy potential with wind speed range (0.3-5.5 m/s) 
within 06.00-19.00. while the potential for wave energy with a wave height (0.40-1.5 m). 

 

 
Fig. 5 Renewable energy potential in the coastal tamban 

 
The level of stability and periodic range of energy, the source of wave energy has the same 

level of stability of energy. Meanwhile, solar and wind energy has very little energy stability and a 

short time span. Optimal use of solar energy from 06.00-16.00 with maximum energy for 3 hours at 
822 w/m2 at 11.00-13.00. Wind energy has a velocity range of 0.3-5.5 m / s which can rotate wind 

turbines well with good stability. 
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Fig. 6. Electricity produced by solar PV, wind turbines and wave energy 
 

 The conversion of solar energy, wind energy and wave energy in the coastal area of the 

Malang Regency basin have a fluctuating level of electrical energy production based on the supply of 
available energy sources. Solar PV systems have a more optimal level of electricity production than 

system wind turbines. The electrical energy produced by Solar PV power systems / wave energy / 

battery / invaders produces an average power of 3,574 KW, while the wind turbine power system / 
wave energy / battery / inventer system produces 3,397 KW of power. While the average electricity 

consumption is 3,217 KW. The model of conversion system of coastal renewable energy Solar PV 

power systems / wave energy / battery / inventer is more peformace in the production of electricity 
compared to wind turbine / wave energy / battery / inventer with excess power (0.10%) and noise free.  

The system of Solar PV power systems / wave energy / battery / inventer economically, and 

performance can be recommended implemented as a power plant in coastal areas. 
 

4. CONCLUSION 

Hybrid power plants with renewable energy sources of solar energy, wind energy and wave 
energy in coastal areas of the Malang district can be utilized to supply the electricity needs of the 

coastal communities. Solar PV systems have a more optimal level of electricity production than 

system wind turbines. Meanwhile, the incorporation of wave energy hybrid systems in solar PV 
systems and wind turbines results in the stability of different electrical energy production. Solar PV 

power systems / wave energy / battery / inventer  generate an average power of 3.574 KW, while the 

wind turbine / wave energy / battery / inventer system model produces 3,397 KW of power. Models of 
Solar PV power systems / wave energy / battery / inventer are more peformace in the production of 

electrical energy compared to wind turbine / wave energy / battery / inventer systems with excess 

power (0.10%) and noise-free. 
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