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Introduction
Background
• The electric supply in the remote island is forced to depend upon diesel-• The electric supply in the remote island is forced to depend upon diesel-

based power generation, because of its special composition of power
supply.pp y

• Necessity of reducing CO2 emission 
• Responding to the issues arising when introducing Renewable energies.

PV generation/wind power generation (new energy)remote island (Diesel 
power generation)

issues 

• Small-scaled, and 
independent electric 

• They are unstable powers whose output 
fluctuates with the weather

PV generation/wind power generation (new energy)power generation)

independent electric 
power system

• The specific CO2 

fluctuates with the weather.
• If such energy is introduced in the small-scaled, 

independent power system, frequency 
bl  t  i  ( ki  th  t  

p 2 
emission is high. problems, etc. may arise (making the system 

unstable).



Introduction
4

Objectives of the Project
• To utilize renewable energy sources such as PV 
power and Wind power

• To evaluate the influence on the electricity grid 
from renewable energy sources

• To demonstrate the stabilization methods of 
electricity grid with renewable energy sources 
b t b ttby storage battery
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Overview of Miyako Island Micro Grid

【Micro Grid characteristic 】
I d d t t

y

• Independent system on
a Remote Island

• High Generation Cost 
due to fuel cost of 
Thermal power

Naha
Thermal power

• Introduction of large‐scale 
renewable energy

Approx.300km

Okinawa Tokyo

Miyako lsland

Area : Approx 160km2

Approx.2,000km

Okinawa
Area : Approx.160km
Population : Approx.55,000

Miyako lsland

Naha

Miyako island is in the southwest part of Japan and two thousand kilometer away from 
Tokyo
Miyako island is  three hundred kilometer from Okinawa island. 
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Overview of Miyako Island Micro Grid

Ikema Ialand

y

Demonstration Research Facility

Mi k Wi d U it Ⅵ

Ogami Island

Existing Power Staion

Wind Power Staion

Miyako Wind Unit Ⅵ     
600kW

Karimata Wind Unit Ⅰ，Ⅱ
2,400kW Distribution Tower

Irabu Island

Miyako Power

Miyako Power 
No.2 Station
40,000kW

Miyako Gas Turbine
Power Station 15,000kW

Transmission line 22kV

Transmission line 22kV

(underground cable, Undersea cable)

Transmarine cable 6 6kV

Shimoji Island

Miyako Power 
Station19,000kW

Transmarine cable 6.6kV

Sadefune Wind UnitⅠ,Ⅱ
Brief Summary
Start Date of Operation:

1,800kW
Start Date of Operation: 
15th October 2010

PV generation: 4,000 kW

Kurima Island Miyako Island Mega-
Solor Demostration 
Reserch Facility
PV 4 000kW

Total Demand : approx. 50MW 

Population      : approx. 55,000

Approx.15km

PV 4,000kW
Battery 4,100kW
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Overview of Miyako Island Micro Gridy

Optical Network 
Terminal

Optical Network 
Terminal

Central Control 
System

Optical Network 
Terminal

Optical Network 
Terminal

Terminal

Distribution Control 
System

Consumer Control 
System

Hub

Optical Network 

Demonstration 
Research Facility

Terminal

3,000kW‐PV
4,000kW‐NAS
1,000kW‐PV Consumer Research Facility
100kW‐Lithium‐ion Battery
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1MW PV : photovoltaic 

generation

150kW PV : photovoltaic

4kW PV : photovoltaic 

generation

150kW PV : photovoltaic 

generation

NAS : Sodium-Sulfer

b ttbattery

LiB : Lithium ion 

Battery

SVR : Step Voltage 

Regulator

SVC : Static VarSVC : Static Var

Compensator

Load 150kW : Simulated 
loadload

Load 4kW : Simulated 
load
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Configuration of Miyako Island Mega‐Solar Demonstration Research Facility

NAS‐PCS
1MW‐PV‐PCS

Transformer 
cubicle

NAS

Battery
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Existing Wind Turbine Generation  Miyako No.2 Power Station 

Central control room of Miyako No 2 Power Station Central Control SystemCentral control room of Miyako No.2 Power Station  Central Control System 
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NAS PCS MW PVNAS PCS MW PV

NAS Battery
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1. Smoothing‐Out Effect of the Output Power g p
of PV

2 Smoothing Out Effect of the Frequency by2. Smoothing‐Out Effect of the Frequency by 
storage battery
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4 Optimal Control Hierarchy Using Test‐use4. Optimal Control Hierarchy Using Test‐use 

Power Distribution Lines
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1) Smoothing‐Out Effect of the Output Power of PV
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) g p

Objective
• To test the control functions that will smooth the 
precipitous variations of PV, and to show the optimal

j

p p , p
capacity of the storage battery.
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1) Smoothing‐Out Effect of the Output Power of PV) g p

(1) Validation of the output 
fl t ti  t l ff t fluctuation control effect 

We validate the control function 

W
]

that stabilizes the PV power 
supply, by smoothing abrupt PV 
output fluctuations, using a 

Ou
tp

ut
 [k

Wg
combination of PV and storage 
battery. This validation confirms 
the smoothing effect that varies the smoothing effect that varies 
with storage battery capacity. 
Through such validation, the 
optimum storage battery capacity 

(1)V lid ti  f th  t t fl t ti  t l ff t
Time[ｈ]

optimum storage battery capacity 
is determined, and an ideal 
method of its control is developed.

(1)Validation of the output fluctuation control effect
(Measured value)



2) Smoothing‐Out Effect of the Frequency by storage battery
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Objective
• To test the frequency adjustment functions of the 
combination of PV and storage battery in addition to 
the frequency control of existing power sources andthe frequency control of existing power sources, and 
to show the optimal capacity of the storage battery.
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2) Smoothing‐Out Effect of the Frequency by storage battery

(2) Validation of the frequency 
fluctuation control effect ]fluctuation control effect

We validate the frequency 
stabilizing function of the 

f eq
ue

nc
y [

Hz
]

combination of PV and storage 
battery (means for actively 
supporting frequency control), with 
the frequency control of the existing 

Fr
e

the frequency control of the existing 
power source. The frequency 
fluctuation control effect is evaluated 
both in the normal state and b. Validation of the frequency fluctuation control effect

(Measured value)ut
 [k

W
]

emergency (assuming entire failure 
of PV power generation due to a 
system accident). Based on the 
evaluation results  a storage battery 

Ou
tp

evaluation results, a storage battery 
control technique is developed for 
improving the frequency control 
effect, while the optimum capacity of (2)Validation of the frequency fluctuation control effect

Time[ｈ]

the storage battery is determined. (2)Validation of the frequency fluctuation control effect
(Measured value)
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Conclusion

• The demonstration research was started in Oct. 2010,
and the following action was performed
– Smoothing‐Out Effect of Output Power of PV
– Smoothing‐Out Effect of the Frequency



22

Following Action

D i i l i f h b

g

• Determine optimal capacity of the storage battery
• Test the contents of the Demonstration Research as following

Scheduled Operation of PV– Scheduled Operation of PV
– Optimal Control Hierarchy Using Test‐use Power 
Distribution LinesDistribution Lines

• Carbon‐dioxide and electricity cost reducing by promoting the 
introduction of renewable energy in remote island with a 
f d h f b l d f l ffinding technique for stabilized  of electric power system from 
demonstration research.  

• Expect to spread findings out Pacific counties out too• Expect to spread findings out Pacific counties out, too.



Power system stabilization ‐ Future Possibilities

Demand SideDemand Side◆Demand side approach

Supply Side

El t i
Heat Pump and Heat Pump and 
Thermal Storage SystemThermal Storage System

BatteryPV Electric 
Power Plant

Electric VehicleElectric Vehicle

Stabilized 
t

◆Power system stabilization
PV Battery

Heat Pump, EVHeat Pump, EV

+
+

power systemp,p,
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Thank you for your attentionThank you for your attention


