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ABSTRACT 

Electrical energy is one of the vital needs of 

the coastal communities, especially in coastal 

areas that are not affordable electricity 

network. To meet these needs energy 

diversification efforts are undertaken, such as 

the utilization of the energy potential of ocean 

currents. The aim of this study was to 

determine the seabed morphology and 

properties of hydro-oceanography as a 

reference the exact location in the utilization 

of the energy of ocean currents. Location of 

research in the territorial waters of East Java. 

Research methods such as measurement of 

currents, tidal observation, observation of 

meteorological parameters and conditions of 

the seabed morphology and the coastal area of 

research. The study was conducted to estimate 

the potential energy of ocean currents are 

spatially and temporally by utilizing a 

hydrodynamic model simulation results and 

the results of current data measurement in the 

field, and convert them into power unit. Which 

will ultimately produced maps of potential 

energy from ocean currents of East Java 

waters territory. In comparison, there are 

several advantages of ocean current energy 

utilization compared to other energy 

generation, such as the production of 

electricity generated by ocean currents each 

year tend to be stable and more 

environmentally friendly because without 

using fuel. Potential sites for power plants in 

East Java waters of the ocean currents are 

respectively Madura Strait Region, Southern 

Water of East Java, and Bali Strait water. 

Keywords: Ocean Currents, Energy, East 

Java 

1. INTRODUCTION 

Indonesia is a maritime country. According 

Mulyanef et al. (2006), its because the most of 

Indonesian territory is water. Republic of 

Indonesia consists of 17.508 islands, has a 

land area of 1,9 million km2 and a coastline of 

80.791 km, as well as marine coverage area of 

3.1 million km2 (Astirin, 2000). With its long 

coastline, Indonesian Water should be utilized 

as much as possible their potential to improve 

the life of community life from a variety of 

sectors such as from economic sectors that can 

utilize the results of marine and fisheries 

resources, the tourism sector which utilizes 

the beauty of exotic beaches and under the sea, 

to the energy sector that the energy of ocean 

currents and waves potential for power plants. 

Lots of sea energy source that can be utilized 

optimally, i.e including Ocean Thermal 

Energy Conversion (OTEC), wave, tidal and 

ocean current. Erwandi (2012) stated that 

renewable energy sources from the ocean can 

be classified as OTEC, waves, and ocean 

currents and tidal. 

At present, the energy is very vital in 

life, because all aspects of public activity is 

highly dependent on energy. Whether it is fuel 

energy, and electrical energy. With the 

increasing human need for energy and limited 

itself, more attention is needed. In the 

discussion forum monthly chief editor of the 

Suara Pembaharuan (2012), stated that 

Indonesia is no longer appropriate as a country 

rich in energy and natural resources, due to the 

fact that energy reserves of Indonesia will 

expire in the next few years, even Indonesia, 

including in the poorest countries will energy 
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and oil reserves will be depleted 12 years. The 

researchers have already  

Started actively looking for renewable 

energy with related research in order to get the 

solution of the issues on the limited energy. 

Ocean currents is the energy potential as a 

renewable energy. With the power generated, 

ocean currents can generate electrical energy. 

However, the utilization of ocean currents to 

produce electricity it is still not optimal 

developed and need to study in more depth. 

Based on the territorial water profile, East 

Java is one of the provinces that has great 

potential for the utilization of ocean currents 

power plants. The territorial waters of the 

southern part of East Java which relate directly 

to the Indian Ocean, has the potential for 

tremendous ocean currents for power plants. 

While the territorial waters of northern East 

Java although it has a tendency sea currents 

are not too large, but in some parts of the 

waters potentially ocean current energy. But 

until now there has not been much researches 

on analysis of the potential energy of ocean 

currents, especially in the waters around East 

Java. So it is necessary to study in more detail 

on identification of potential energy from 

ocean currents; and analysis of the potential 

location of East Java waters for ocean currents 

power plants. Energy from ocean currents can 

be used to supply power to the regions which 

are not get electricity supply, especially for 

coastal communities in East Java. The aims of 

this study are to analyze the pattern of ocean 

currents in the waters around East Java, 

mapping the ocean currents energy potential, 

and to analyze the potential location of the 

territorial waters of East Java as the location 

of sea power plants. 

2. METHODS 

The method used in this research is 

descriptive analytic, which to analysis of the 

ocean currents characteristics and to mapping 

potential energy location of ocean currents of 

East Java Water. These activities are arranged 

matrix and map potential that describes the 

condition and the pattern of ocean currents, 

and created a map of the potential energy of 

ocean currents. In this study, it will produce an 

image pattern of movement of currents in the 

waters of East Java in order to describe the 

incidence of direction and movement patterns 

of currents in the region. The analytical 

approach used to describe the pattern of 

movement of currents in these regions using 

image maps of ocean currents analysis of 

OSCAR (Ocean Surface Current Analysis 

Real-time) which is then processed using 

software Surfer and verified using field 

measurement data. Ocean currents data input 

to the software Surfer is the downloaded from 

open access data in podaac-ftp.jpl.nasa.gov 

website. Analyzed ccean currents data is 

ranging data from the period 2004 to 2015. 

The ocean currents map from data processing 

results are then verified using the ocean 

currents data of direct measurements in the 

field. 

2.1. Location and Time Research 

This research was conducted in the 

waters around the East Java. Current 

measurements in the field carried out in four 

(4) sampling area, which is in the waters 

Brondong Lamongan, Madura Camplong 

Water, Water Pasuruan, and the Strait of Bali 

(see Figure 1). While the time of the study 

carried out starting from May 2015 until 

October 2015. 

 

Figure 1. East Java Waters with sampling 

location (Google Earth, 2015) 

2.2 Collecting Data Methods 

Data used in this research are in the form 

of primary and secondary data. Primary data 

were obtained from direct measurements of 

ocean currents in the East Java Water, while 

the secondary data obtained from the current 

modeling as well as from the website. This 

data is required for input into both the Surfer 

software. The data required in this study and 

how it was collected as follows: current vector 

data for the research area of East Java is 

obtained by downloading the data flows via 

satellite OSCAR NOAA website. The data is 
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downloaded by a period of years from 2004 to 

2015. The downloaded data of ocean currents 

from the website OSCAR is a surface current 

vector data. This vector data will be processed 

so that it will be the speed of flow through the 

application of Ms. Excel and the data is 

grouped into wet season (December to 

February), transition 1 (March to May), dry 

season (June to August) and transition 2 

(September-November) of each year. The 

velocity vector data will be input data at Surfer 

software processing. While the primary data 

in the form of ocean flow data obtained from 

direct measurements in the field. 

2.3 Procedure  

Procedure in this research are devided into 

several processes. A series process of this 

research can be explained as follows: 

1. Determine of Sampling Location 

At this stage, reference studies to 

determine the study area in the study. The 

choice of location is based on the dynamics 

of hydro-oceanography conditions, 

abundance of biological resources and the 

role of the location itself to human 

activities. 

2. Data Collecting 

At this stage of collecting the data 

necessary to study. This data collection is 

done by downloading site NOAA data 

server hydro-oceanographic data related to 

vector data flows and also with the help of 

software for bathymetric GEBCO data. 

The data collected are currents and 

bathymetry vector data in the study area 

3. Processing of Vector Data Flow with MS. 

Excel 

This stage is processing of data 

downloaded from the site NOAA data 

server. At this processing is done by 

processing the vector data flow and the 

flow velocity data in Ms. Excel that 

contains the coordinates of X and Y, the 

current vector data U and V as well as the 

currents velocity to be input data at Surfer. 

In this process also made the process of 

grouping the data stream is divided by 

division of season. 

5. Satellite Data Processing Flow using Surfer. 

At this stage NOAA satellite data 

processing flow that has been processed 

using the application Ms. Excel to generate 

patterns of direction and speed of currents 

in the territorial waters of East Java. The 

pattern that will be generated is the pattern 

of the direction and speed of currents in 

every season of the year 2004-2015. 

6. Verify OSCAR flow data with field 

measurement data  

7.  Analysis of Data 

In this step is the process of analysis. The 

analyzed data is the data from the current 

patterns of satellite data that has been 

processed using Surfer. 

8. Analysis of the potential energy of ocean 

currents and identification of the best 

location for sea power plant 

3. RESULTS AND DISCUSSION  

3.1 Sea Currents Pattern for Years 2004-

2015 

Current movement patterns in this section are 

performed data processing on average each 

year from 2004 to 2015. From the results of 

the annual average value is then created a map 

of the pattern of movement of the current year. 

Map of the annual flow of the year 2004 - 

2015 is presented in Figure 2. 

In accordance with Figure 2, the current 

velocity potential for the area around the 

power plant in East Java is covers an area of 

Madura Strait, waters south of East Java and 

Bali Strait. Of all the year, Year 2004 - 2015, 

shows that the Madura Strait area is an area of 

highest flow speed, followed by East Java's 

southern territorial waters. Followed by the 

Bali Strait. Then to strengthen the analysis of 

potential areas for regional power generation, 

performed data processing to find the average 

value of current speed and direction of 

currents from all years (2004-2015). Of the 

average value of the created map the pattern 

of movement in the waters of East Java in 

2004-2015. 
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Figure 2. The pattern of ocean currents in East Java waters per year from 2004 to 2015 
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3.2 The Average of Sea Currents Patttern for 

Year 2004-2015 

From the data speed of the average current East 

Java waters for 12 years (Figure 3), the result 

that local high-speed currents dominate the 

territorial waters of the Strait of Madura, East 

Java and South Water Strait of Bali. 

 
Figure 3. Sea Currents Pattern for years from 

2004 to 2015 

To verify the data processing flow using 

satellite CIRA map data input (OSCAR), a 

comparison with the data of direct 

measurements in the field of observation. 

 3.3 Ocean Currents Pattern from Field 

Observation 

This research should be conducted to verify the 

data direct observation and measurement of the 

flow of data in the field. Current measurement 

conducted in 4 (four) sampling location inn East 

Java Water (Figure 1). Flow measurement 

locations in the field carried out at the following 

stations: 

i) Station 1: Bodies Brondong Lamongan,  

these waters represent the data Brondong 

Lamongan East Java's northern waters. 

ii) Station 2: Bodies Camplong Madura,  

these waters represent the data Camplong 

Madura Madura Strait northern part. 

iii) Station 3: Water Pasuruan 

Pasuruan waters in this data represents the 

southern part of the Madura Strait waters. 

iv) Station 4: Strait Bali 

The waters around Bali Strait represents the 

data Strait of Bali. 

The ocean currents data from the field 

measurements are as shown in Table 1 – 4. 

Table 1. Ocean Currents data of Brondong 

Water Lamongan 

x y Average of 
Speed current, 

V (m/s) 

Direction of 
Ocean 

currents 

(degrees) 

113.3229 -7.2293 0.6667 100 

113.3229 -7.2260 0.6467 115 

113.3178 -7.2200 0.5633 90 

113.3323 -7.2299 0.7767 123 

113.3272 -7.2269 0.8722 100 

113.3175 -7.2269 0.9978 98 

113.3316 -7.2257 0.9556 135 

113.3204 -7.2289 0.7500 125 

113.3211 -7.2244 0.5389 86 

113.3192 -7.2238 0.6444 75 

113.3210 -7.2238 0.6944 70 

113.3247 -7.2241 0.6833 70 

Table 2. Ocean Currents data of Camplong 

Water Madura 

x y Average of 
Speed current, 

V (m/s) 

Direction of 
Ocean 

currents 

(degrees) 

113.3229 -7.2293 0.6667 100 

113.3229 -7.2260 0.6467 115 

113.3178 -7.2200 0.5633 90 

113.3323 -7.2299 0.7767 123 

113.3272 -7.2269 0.8722 100 

113.3175 -7.2269 0.9978 98 

113.3316 -7.2257 0.9556 135 

113.3204 -7.2289 0.7500 125 

113.3211 -7.2244 0.5389 86 

113.3192 -7.2238 0.6444 75 

113.3210 -7.2238 0.6944 70 

113.3247 -7.2241 0.6833 70 

Table 3. Ocean Currents data of   Pasuruan 

Water 

x y Average of 
Speed 

current, V 
(m/s) 

Direction of 
Ocean 

currents 
(degrees) 

112.9253 -7.6118 0.0889 200 

112.9202 -7.6097 0.0833 285 

112.9133 -7.6017 0.0889 175 

112.9077 -7.5956 0.2222 265 

112.9054 -7.5883 0.1278 60 

112.9064 -7.5837 0.0650 50 

112.9135 -7.5814 0.1556 20 

112.9175 -7.5847 0.0944 30 

112.9220 -7.5900 0.1556 15 

112.9256 -7.5915 0.2778 345 

112.9286 -7.5974 0.3556 280 

112.9307 -7.6030 0.3556 345 

112.9363 -7.5995 0.2444 0 

112.9324 -7.5964 0.2000 10 

112.9300 -7.5940 0.1778 25 

112.9289 -7.5903 0.2000 5 

112.9289 -7.5858 0.1722 45 

112.9283 -7.5829 0.2389 340 

112.9312 -7.5801 0.2889 5 

112.9338 -7.5799 0.3111 355 
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Table 4. Ocean Currents data of   Banyuwangi 

Water (Bali Straits) 

X Y Average of 
Speed 

current, V 

(m/s) 

Direction of 
Ocean 

currents 

(degrees) 

114.40260 -8.48237 0.71 130 

114.40247 -8.47772 0.68 115 

114.40138 -8.47377 0.55 80 

114.40185 -8.47112 0.50 122 

114.40237 -8.46603 0.49 135 

114.40093 -8.46077 0.61 110 

114.39858 -8.45628 0.56 135 

114.39652 -8.45340 0.64 130 

114.39242 -8.44915 0.63 120 

114.38518 -8.44623 0.78 85 

114.37997 -8.43498 0.47 98 

114.37507 -8.44805 0.54 100 

114.37240 -8.44628 0.73 110 

114.37362 -8.45010 0.62 100 

114.37140 -8.45090 0.57 40 

114.37383 -8.45390 0.62 120 

114.37567 -8.45423 0.48 110 

114.37685 -8.45632 0.36 145 

114.37803 -8.45910 0.63 125 

114.35470 -8.43932 0.54 120 

 

3.4 Energy Convertion from Sea Power Flow 

The working principle of Power Flow Sea is to 

utilize the movement of the turbine generated 

by power current to drive the generator, so that 

the generator can produce electricity and 

electrical energy is mostly channeled directly to 

the user (user), and partly stored in the power 

bank (accu ). The electrical output power of sea 

power flow can be obtained through the 

following equation: 

𝐏 = 𝟎, 𝟓 × 𝛒 × 𝐀 × 𝐕𝟑 

In this study the energy conversion from current 

speed unit is calculated into units of energy 

(watts). Conversion is done on the generator 

with the type of Darrieus turbine and Gorlov 

type. 

3.5. Conversion of Electrical Energy Using 

Darrieus turbine type 

Turbine serves to convert water energy 

(potential, pressure, and kinetic) into 

mechanical energy in the form of shaft rotation. 

Forwarded to the turbine shaft rotation axis of 

the electric generator via a transmission system 

to generate energy listrik.Tipe Darrieus turbine 

is widely used for wind turbines (VAWT-

Vertically Axis Wind Turbine) the wind turbine 

by using a large blade that extends vertically 

downwards with a curved shape (Figure 4).  

 
Figure 4. Darrieus Turbine Type 

Sea Power Flow pda's research, turbine used is 

to use the principle of vertical axis Darrieus 

turbine. This type is also widely used for wind 

turbines with the same type of axis (VAWT - 

Vertcally-Axis Wind Turbine), namely wind 

turbines by using a large blade that extends 

vertically downwards with a curved shape  

Table 5. Number for Darrieus Turbine Type 

(A) 3 m 

(ρ) 1030 kg/m3 

Flow data obtained from previously calculated 

in the range of power output to be received sea 

power flow. Potential power generated as 

shown in Figure 5. 

 

 
Figure 5. Energy Produced From Sea Power 

Flow Use Darrieus Turbine 
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3.6. Conversion of Electrical Energy Using 

Gorlov turbine type 

Gorlov turbine is one type of turbine that 

uses the vertical axis. Gorlov turbine is a turbine 

modified and developed by AM Gorlov using 

vertical axis. Using a vertical axis turbine is 

believed to better harness ocean currents than 

turbines with horizontal axis. Many uses and 

advantages possessed by the turbine vertical 

wheelbase, among which the simple design and 

simple and low cost. 

The Gorlov turbine into the classification 

of vertical axis turbine with a helical blade. 

Helical blade is a fan shape or strands of the 

helix-shaped turbine (Figure 6). 

After knowing the formula for the 

calculation of power conversion, then the value 

of the instrument is inserted into the formula 

Gorlov turbine along with the current velocity 

obtained. The value of the tool Gorlov turbine 

can be seen in Table 6. 

 

 
Figure 6. Gorlov Turbine Type 

 

Table 6. Number for Gorlov Turbine Type 

(A) 6 m 

(ρ) 1025 kg/m3 

Flow data obtained from previously calculated 

in the range of power output to be received SEA 

POWER FLOW. Potential power generated as 

shown in Figure 7. 

 
Figure 7. Energy Produced From Sea Power 

Flow Using Gorlov Turbine 

 

4. CONCLUSION 

From the research that has been conducted 

under the title "Identification of Potential Ocean 

Currents Energy Location in East Java Water" 

can be drawn some conclusions as follows: 

1. The area of potential for sea power flow in 

the waters of east java is the Madura Strait, 

Soutern of East Java water and Bali Strait 

2. For sea power flow, which have a larger 

turbine will provide power output greater 

power 
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