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Electric Power Companies in Japan 

10 Electric Power Companies 

 for 10 Regions 
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In Preparation for Large-Scale 

Penetration of PV Power Generation 
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Government Targets for Solar Power Penetration 

Home use: About 5.3 million homes  

28 GW (7 Gl)  

14 GW (3.5 Gl)  

Home use: About 0.32 million homes 

1.4 GW (0.35 Gl)  

About 20 times more 

than in 2005  

Technical system 

development required  

Initiation of purchase 

system  

Initiation of subsidy scheme 

for residential solar power  

Residences: 

About 80%  

Non-residential 

buildings: About 20%  

About 10 times more 

than in 2005  

Reference: Ministry of Economy, Trade and Industry. 

 
Household: 

 About 70% 

 

Non-Household  

buildings: About 30%  

PV power generation 

is installed over 

widespread area 

 

It is necessary to 

analyze how it will affect 

the power system  

Household: About 70% 
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Power Demand-Supply Balance for changes 

of PV Power Generation 

ÅIn order to provide a stable power supply, the power 

generation (supply) of generator (thermal, etc.) is finely 

adjusted according to changes in demand to maintain a 

certain frequency.  

ÅIf the demand-supply balance is lost, the frequency changes, 

resulting in problems such as abnormal operation of electrical 

equipment.  
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ÅIt is also necessary to 

maintain balance by 

controlling the thermal 

power generations, 

etc., in response to 

changes in the power 

of PV generation.  

New-type power 

demand-supply  

control system  Forecast / Estimate 

of PV power 

Forecast of Demand Power control 

Battery  Hydro Thermal 

Supply Demand 

PV Power 

Frequency 
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In Preparation for Large-Scale Penetration  

of PV Power Generation 

Å The variation of PV power generation brings about 

the issue of power quality.  

ÅTherefore, research is conducted in order to 

maintain the power quality. 
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2009 2010 2011 2012 2013 

Demonstration 

project 
 

ÅTo be stable 

frequency 

ÅSurplus 

electric power  

Reference:Report of the Next Generation Transmission and Distribution Network Research April 2010) 

Accumulation/Analysis of PV generation data 

Forecast / estimate of PV power Variation  

Micro-grid demonstration project in islands 

Power system simulator 

Development of technology for 

demand-supply balance 

Smart power system technology 
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About "Accumulation/Analysis of PV 

generation data(PV300)" 

and Variation of 

 PV power(solar irradiance) 

& Smoothing Effect 
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About "Accumulation/Analysis of PV generation 

data(PV300)" 

 R&D Items 

  ᵑ Accumulation of PV generation data 

  ᵒ Analysis of PV power variation 

Project organization 
 Hokkaido Electric Power Co., Inc.  
 Tohoku Electric Power Co., Inc.  
 Tokyo Electric Power Co., Inc.  
 Chubu Electric Power Co., Inc.  
 Hokuriku Electric Power Co., Inc.  
 Kansai Electric Power Co., Inc.  
 Chugoku Electric Power Co., Inc.  
 Shikoku Electric Power Co., Inc.  
 Kyushu Electric Power Co., Inc.  
 Okinawa Electric Power Co., Inc.  

 

Ministry of Economy, Trade and Industry project 

From 2009  To 2011(3Years) 
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In Preparation for Large-Scale Penetration of 

PV Power Generation 

ÅIn order to analyze variations in PV power generation, 

pyranometers, etc. were placed for measure & accumulate 

the solar irradiance data.  

ÅTime-synchronized data is measured every 10 seconds. 
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PV panels 

Pyranometer 
Thermometer Pyranometer 

locations (image) 

ÅPyranometers were placed 

at 321 points. 

ÅAmong them, PV power 

generation data is also 

measured at 116 points. 
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In Preparation for Large-Scale Penetration of 

PV Power Generation 

Measuring equipment 
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ÅHorizontal pyranometer 

ÅThermometer 

ÅHorizontal pyranometer 

ÅThermometer 

ÅInclined pyranometer 

ÅPV panel 

Basic system PV power measuring system 
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Characteristics of Weather and PV power variation 

Sunny without cloud 
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Sunny with cloud Rainy 
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Smoothing Effect on short term variation 

Variation in solar irradiance from movements of small clouds 
differ in every location.  So if the variation is large in every point, 
the total variation of multiple locations becomes small. It is called  
ñsmoothing effectò  and is observed by these data. 

    
 

 
      

 

  
 

 
 

    

 

  
 

 
  

 

 

 

 

 

 

 

 

  
   

 
 
 
 

 

 

 

 
 

 

Average solar irradiance 

of 42 points 

 

13 Pyranometer measuring point 

Waveform measuring point 

200          150        100      50km  

Weather condition in Nagoya 

 Sunny (cloud cover: 2-6) 

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

6 9 12 15 18 

S
o

la
r 

ir
ra

d
ia

n
c

e
(k

W
/

)

Time

1

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

6 9 12 15 18 

S
o

la
r 

ir
ra

d
ia

n
c

e
(k

W
/

)

Time

28

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

6 9 12 15 18 

S
o

la
r 

ir
ra

d
ia

n
c

e
(k

W
/

)

Time

38

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

6 9 12 15 18 

S
o

la
r 

ir
ra

d
ia

n
c

e
(k

W
/

)

Time

57

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

6 9 12 15 18 

S
o

la
r 

ir
ra

d
ia

n
c

e
(k

W
/

)

Time



© 2012 Chubu Electric Power Co., Inc. All rights reserved. 

Characteristics of Weather and PV power Variation 

Sunny then Rainy (or cloudy) 
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PV power changes according to changes in weather  
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Smoothing Effect on long term variation 

Although short term variation in solar irradiance are smaller, 
there is a significant change in solar irradiance due to the 
change in weather.  
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Weather condition in Nagoya 

Sunny then rainy 
Pyranometer measuring point 

Waveform measuring point 

Average solar irradiance 

of 42 points 
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PV generation forecasting 

technology from the perspective of 

Power System Operation  
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Requirements for PV generation forecasting 

 Generator power must 

be controlled depending 

on the changes of PV 

generation.  Demand 

PV power 

12 18 6 
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Decreased 

 PV power 

Increase 

 generators' power 

Increased 

demand 

Time 

Demand 

Demand PV power 

Ex. Decreased PV 

generation 

depend on cloud 
 

Demand 

 

PV generation 

The "The Demonstration 

Project of  Forecast 

Technologies for 

Photovoltaic Generation 

(METI project)" has been 

in place since 2011. 
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About "The Demonstration Project of  Forecast 

Technologies for Photovoltaic Generation" 

 R&D Items 

  ᵑ PV generation estimation methodology 

  ᵒ PV generation forecast methodology 

Project organization 
The University of Tokyo 

  Prof. Kazuhiko OGIMOTO 
    (Project Leader) 

ITOCHU 
      Techno- Solutions Corporation  

Solar Frontier K.K.  

Japan Weather Association  

Hitachi, Ltd.  

Mitsubishi Electric Corporation 

Central Research Institute of 
          Electric Power Industry 

 Hokkaido Electric Power Co., Inc.  

 Tohoku Electric Power Co., Inc.  

 Tokyo Electric Power Co., Inc.  

 Chubu Electric Power Co., Inc.  

 Hokuriku Electric Power Co., Inc.  

 Kansai Electric Power Co., Inc.  

 Chugoku Electric Power Co., Inc.  

 Shikoku Electric Power Co., Inc.  

 Kyushu Electric Power Co., Inc.  

 Okinawa Electric Power Co., Inc.  

Ministry of Economy, Trade and Industry project 

From 2011  To 2013(3Years) 
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Requirements for PV generation forecasting 

Time 
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Current PV power 

When PV power 

will change. 
How much PV power  

will change. 
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Approach to forecast for solar irradiance 

 Day-ahead solar irradiance forecasts using 

weather forecasting model  

  

GSM data from 

JMA 

Improvement of weather forecasting 

model to estimate for solar irradiance 
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Reference 

 GSM : Japan Meteorological Agency(JMA) http://www.jma.go.jp/ 

 Solar irradiance : Japan Weather Association (JWA) 

Caution : These figures are for 

different day 


