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Japan s Energy Supply Prospect (METI 2010)

1. Impact of Scenario Selection
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11%

13%

Renewable
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21%
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Supply(70%)

Zero 
emission
Supply
(34%)

Half of the import fuel 
is targeted to be 

from owned source.
(About70%)

Self-supply
(About40%)

After the quake, in order to revise the Basic Energy Plan, there are 
broad discussions on the future energy mix of Japan including 
nuclear scenarios in several government committees and among 
various non -governmental entities.        
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Assumption for the analysis

ẊAnalysis Period: 2011 -2030

ẊBase Line toward 2030

Japan Government s  ¬Long term energy outlook (2009)º and ¬Basic Energy 
Plan (2010)º

ẊAssumptions of Generation facilities and operation

Power Supply Plans of Power utilities

Demand: variation according to ambient temperature, EV, HPWH and Batteries

Coal and NG Power Plants:40 year life, expansion with reserve margin criteria

Oil fired power plants : No addition, no retirement excluding announced ones

PV and, wind: Hourly variation of generation, reduced implementation cost for PV

Hydro: Monthly variation of generation

Interconnection: No expansion, fixed operation

Fuel cost: assumed to be stable at the level in January, 2011

ẊAnalysis tool: ESPRIT
For details, refer to ǬưǈǊǎǐǕǐƁǆǕƏǂǍƛƁA preliminary study of the long -term best -mix of power

demand -supply in Japan, IEEJ Joint Technical Meeting on Power Engineering and Power Systems 
Engineering , PE-11 -135 PSE-11 -152, ƉƓƑƒƒƊǺ

1. Impact of Scenario Selection
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Assumed Nuclear Scenarios

National Energy Plan
before the quake
53GW PV,10GW Wind
in 2030
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1. Impact of Scenario Selection

160GW PV,
160GW Wind
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Assumed Nuclear Scenario

1. Impact of Scenario Selection

Kazuhiko Ogimoto, Yuichi Ikeda, Kazuto Kataoka, Takashi Ikegami: A preliminary study of the long-term best-mix of power demand-supply in Japan, 
IEEJ Joint Technical Meeting on Power Engineering and Power Systems Engineering, PE-11-135 PSE-11-152 (2011)
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Assumption of Cost of PV and Wind 

Å PV deployment was assumed by 
existing and new houses, and large -
building integration and Mega -solar.

Å The cost of PV in 2030 is assumed to 
be :100 k \/kW for new houses 
assuming building integration, 200 
k\/kW for existing houses including 
installation cost of 100 k \/kW, for 
commercial buildings and mega -solar

Å The cost of wind generation is 
assumed to be constant at 150 
k\/kW for wind assuming balance of 
cost reduction of equipment and cost 
increase due to site condition. 

Å The distribution of PV and Wind 
deployment  among power system is 
assumed based on power demand for 
PV and resource availability for wind.

PV installation  share  in residential  sector          

PV cost by installation  type     
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1. Impact of Scenario Selection

Kazuhiko Ogimoto, Yuichi Ikeda, Kazuto Kataoka, Takashi Ikegami: A preliminary study of the long-term best-mix of power demand-supply in Japan, 
IEEJ Joint Technical Meeting on Power Engineering and Power Systems Engineering, PE-11-135 PSE-11-152 (2011)

New houses
Existing houses
Non residential
Average
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Assumption for thermal and nuclear

Å The development cost of thermal power plants: 250000yen/kW for coal 
fired, 150000 yen/kW for NG fired

Å The fuel cost of NG and coal: constant at the levels of January 2011. 
The price increase in the future is not included.
(In the Japan government s Cost Verification Committee has adopted 
the fuel prices from the scenarios of World Energy Outlook 2011.)

Å The fuel cost of nuclear : 1 yen/kWh

1. Impact of Scenario Selection
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Kazuhiko Ogimoto, Yuichi Ikeda, Kazuto Kataoka, Takashi Ikegami: A preliminary study of the long-term best-mix of power demand-supply in Japan, 
IEEJ Joint Technical Meeting on Power Engineering and Power Systems Engineering, PE-11-135 PSE-11-152 (2011)
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Power Supply Capacity and Generation

Å The figure of Supply Capacity indicates the assumed supply capacity 
scenario.

Å When the nuclear generation decreases, thermal generation takes the 
major substitute, due to the limited contribution of PV, wind of around 
15% share in scenario 2a through 4a.

WŀǇŀƴΩǎ tƻǿŜǊ {ǳǇǇƭȅ ŎŀǇŀŎƛǘȅ  ƛƴ нлол                          WŀǇŀƴΩǎ  DŜƴŜǊŀǘƛƻƴ ƛƴ нлол               
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Share of 
Nuclear 

Share of PV 
and wind is 
around 15%.

1. Impact of Scenario Selection

Kazuhiko Ogimoto, Yuichi Ikeda, Kazuto Kataoka, Takashi Ikegami: A preliminary study of the long-term best-mix of power demand-supply in Japan, 
IEEJ Joint Technical Meeting on Power Engineering and Power Systems Engineering, PE-11-135 PSE-11-152 (2011)

PV 53GW,
Wind10GW
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Security: Supply reliability and stable operation 

Å The indicators of Expected unserved energy (EUE) and Loss of Load 
Probability (LOLP) shows the unsecured situation when nuclear plants 
are stopped within 5 years.

Å The  difficulties in demand -supply balancing of a power system 
operation will cause a part of RE generation curtailment, which reduces 
the benefits of RE deployment

Supply Reliability(TopEUE, BottomLOLP)                          
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RE Generation Curtailment 
due to shortage of balancing capability                 

1. Impact of Scenario Selection

Kazuhiko Ogimoto, Yuichi Ikeda, Kazuto Kataoka, Takashi Ikegami: A preliminary study of the long-term best-mix of power demand-supply in Japan, 
IEEJ Joint Technical Meeting on Power Engineering and Power Systems Engineering, PE-11-135 PSE-11-152 (2011)
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Annual fuel cost
(Fixed fuel prices as of spring, 2011)

Annual fuel and capital cost
(IRR of 5%, Life of 10, 20,40 years for PV, wind and others )   

Å Even with the assumed penetration of PV and Wind, reduced 
nuclear generation will cause a substantial increase of fuel cost for 
increased coal, natural gas, and oil.

Å The total cost of fuel and annualized capital shows the pessimistic 
economy for aggressive RE penetration in 2030.

Generation cost: Fuel, Fuel+Capital

1. Impact of Scenario Selection

Kazuhiko Ogimoto, Kazuto Kataoka, Takashi Ikegami, Yusuke Udagawa, Makoto Akai: Study of Best Mix of Long-Term 
Power Demand and Supply(2), JSER Annual Conference, 1-1 (2013)
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Å The CO2 emissions, indicating almost the same trend as that of fuel cost, 
increase between 50Mt -CO2/year and 250Mt -CO2/year in Scenarios 2a, 
2b, 3a, and 4a for the year 2020. 

Å In 2030,  as compared to Scenario 4a, Scenario 4b with reinforcement of 
thermal power plants shows no major improvement in emissions. CO2 
emissions decrease drastically in Scenario 4c with huge RE deployment 
under the expense of the RE capital cost.

Outlook of Power System: CO2 Emission

Annual CO2 Emission from Power Sector

1. Impact of Scenario Selection

Kazuhiko Ogimoto, Kazuto Kataoka, Takashi Ikegami, Yusuke Udagawa, Makoto Akai: Study of Best Mix of Long-Term 
Power Demand and Supply(2), JSER Annual Conference, 1-1 (2013)
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Self-sufficiency ratio of Generation

Å RE and nuclear being indigenous and semi - indigenous, the self -
sufficiency ratio of primary energy for power production decreases when 
the nuclear generation decreases from scenario 1 through 4a.

Å The self -sufficiency of the total energy supply is far more smaller.

Self-sufficiency  ration of power generation in 2030

1. Impact of Scenario Selection

Kazuhiko Ogimoto, Kazuto Kataoka, Takashi Ikegami, Yusuke Udagawa, Makoto Akai: Study of Best Mix of Long-Term 
Power Demand and Supply(2), JSER Annual Conference, 1-1 (2013)
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Long -Term Planning
Å Demand and Generation option dentification 

and analysis

Å Transmission and distribution option 
identification and analysis including power 
system interconnection

Å Demand activation option identification and 
analysis

Å Re-Confirmation of the Energy Policy, S+3E .

Å Establishment of executable plan

1. Impact of Scenario Selection

Reference , Vo.91,pp141-145(2012)
, Vol. 54, No. 7, p02-03 (2012)

, 12 _p7-12 (2012)
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The Implication by an Extreme Case

Å The variation of RE generation brings about the issue of 
demand -supply balance . 

Å The countermeasures  for the issues are more sophisticated 
operation existing and new technologies in  operation and new 
asset portfolio.

Å Image of equivalent system demand under PV penetration of 
4,8,12,16,20% of the assumed total generation of 2030

April 1st April 20th

2. Variability: Issues of balancing capability

Fine day Rainy day
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Variable Nature of RE Generation

Fig. 24hour PV output variation in 90days  in summer

Fig. PV output variation at 14:00 in 90 days in summer

PV generation has a variable nature due to time and changes
of weather, although the variation is predictable to a certain
extent .

2. Variability: Issues of balancing capability
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Hourly system load, PV generation, and an equivalent load 

VThe ultimate impact of PV Penetration on a power system is 
the difficulty of supply and demand balance.

VIncreased variation under reduced regulation capability and 
Increased variability are the two risk factors of the stable 
power system operation.

Minimum balancing 
capability at 
minimum equivalent 
system load with 
maximum variationo

2. Variability: Issues of balancing capability
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The day with the minimum net load and 6 days before and after the day

Net Load Analysis

Å Wind power 28 GW in Japan, 
9.1GW in Tohoku System, 1.0 GW,  Tokyo System

Å PV               80 GW in Japan, 

7.7 GW in Tohoku System, 26.5 GW in Tokyo SYstem

Tohoku

Tohoku  ṧ
Tokyo

Kazuto Kataoka,Takashi Ikegami,Yusuke Udagawa,Kazuhiko Ogimoto,Takashi Oozeki,Tetsuo Saitou: Analysis and 
evaluation of variable renewable generation and demand , IEEJ Workshop, FTE -12-52,MES-12-23 (2012)

2. Variability: Issues of balancing capability
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Å Based on the current n -1 criteria, the severest variability of net load is 
with the failure of the maximum generation capacity of 1.35 

Å Under a large weather change in a broad area variable RE has a possibility 
of large ramp down of its generation, which may cause a critical impact on 
a power system operation.

Å It is important to analyze  the net load and to forecast a critical Ramp.

Kazuto Kataoka, Takashi Ikegami, Yusuke Udagawa, Kazuhiko Ogimoto, Tetsuo Saito: Preliminary 
Analyses of Wind Power and Residual Load Ramps, IEEJ Annual Conference, 6 -143,pp259 -260 (2013)

Impact of Large Ramp
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2. Variability: Issues of balancing capability




