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What happened to the power system ? 

 In the Great East Japan Earthquake, Generation plants along 
the pacific coast in north from Chiba have been heavily 
damaged by the quakes and the tsunami.  

In the Tokyo area, 
Fukushima(1F) 4700MW 
Fukushima(2F) 4400MW 
Hirono  3800MW 
Nakoso* 1630MW 
Hiatchinaka 1000MW 
Kashima 4400MW 
Kashima* 1400MW 
SumikinKashima  630MW 

* Cooperative Thermal Power Company 

 After March 11, we had severe shortage of power 
supply when the power demand was still high 
due to remaining winter demand for heating. 

In the Tohoku area, 
Hachinohe 250MW 
Sendai  440MW 
Shin-Sendai 950MW 
Haramachi 2000MW 
Shinchi* 2000MW 

 The damaged plants are: 

Fukushima 

1. Impact of Scenario Selection 
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Japan’s Energy Supply Prospect (METI 2010) 

1. Impact of Scenario Selection 

Generation  (100GWh) Primary Energy Supply (G litter) 

2007 
（Practice) 

2030 
（Projected) 

2007 
（Practice) 

2030 
（Projected) 

Coal 
60（23%) 

Natural G 
105（19%) 

Oil 
344（39%) 

Nuclear 
60（10%) 

Renewable 

Coal 
88 

Natural G 
81 

Oil 
141 

Nuclear 
122 

Renewable 

Coal 

LNG 

Oil 205 2% 

Nuclear 

Renewable 

53% 

21% 

11% 

13% 

Renewable 

Oil 

Coal 

Nuclear 

21% 

Zero emission 
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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Final Energy Consumption 

Japan’s Energy Outlook in 2050 (MOE 2012) 

• It is considered that 40% reduction of the final energy use and the 50% 
share of RE in the final use are necessary for the 80% CO2 emission 
reduction in 2050. 
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1. Impact of Scenario Selection 

RE Share (in Primary Energy Supply） 
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Assumption for the analysis 

◆Analysis Period: 2011-2030 

◆Base Line toward 2030 

 Japan Government’s  “Long term energy outlook (2009)” and “Basic Energy 
Plan (2010)” 

◆Assumptions 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  

◆Analysis tool: ESPRIT 
 For details, refer to “Ogimoto et.al: 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)” 

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  

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

 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 

  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.  

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

 PV deployment by installation type                             

 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 

Non residential 
New houses 
Existing houses 
2008 Plan 

Existing w/ PV 
Existing w/o PV  
New w/ PV 
New w/o PV 
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Assumption for thermal and nuclear 

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

 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.) 

 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 

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

 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. 

Japan’s Power Supply capacity  in 2030                                      Japan’s  Generation in 2030                           
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PV 80GW, 
Wind 28GW 

PV 160GW, 
Wind160GW 

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, 
Wind 10GW 



12 Collaborative Research Center for Energy Engineering, 

Institute of Industrial Science, the University of Tokyo ©2011 Ogimoto Lab. CEE 

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)               

 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. 

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

 

 

Fig.10.3.Annual Fuel Cost 

 

Fig.10.4 Annual Cost: Fuel and Generation Development 

 

Fig.10.4 .CO2 Emission (Assuming No CCS) 

 
Generation cost: Fuel, Fuel+Capital 

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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 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.  

 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 
 

 

Fig.10.3.Annual Fuel Cost 

 

Fig.10.4 Annual Cost: Fuel and Generation Development 

 

Fig.10.4 .CO2 Emission (Assuming No CCS) 

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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 Long-Term Planning 

 Demand and Generation option 
identification and analysis 

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

 Demand activation option identification 
and analysis 

 Best mix of demand and supply toward 
2020, 2030 and further. 

 Establishment of executable plan 
電力システム間連系の最適化 Optimization of  interconnection                          Optimization of   

transmission and distribution 

Optimization of  
demand and supply structure 

1. Impact of Scenario Selection 
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The Implication by an Extreme Case 

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

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

 

 

 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. Issues of Future Energy System 

Fine day Rainy day 
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Hourly system load, PV generation, and an equivalent load  

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

 Increased 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. Issues of Future Energy System 
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Reduction of fossil fuel utilization for sustainable energy supply 
the share of power in the energy demand and supply and the 
share of non-dispatchable power supply in a power system will 
increase. 

 The requirement for additional supply-demand balancing 
resources in a power system is universal in all the countries in 
the world.  

Gas combined generation 

IGCC, IGFC 
Nuclear 

Source of figures：CoolEarth Innovative Energy technology Program 

Issues of Balancing Capability: 
 Common issues in Low Carbon Energy Supply 

PV, Wind 

2. Issues of Future Energy System 
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 Supply side： 
 Reinforced balancing capability by flexible thermal plants 

 Reinforced balancing capability by flexible hydro operation plants 

 Demand side (⇒Demand Activation)： 
 Tariff System 

 Building demand activation 
   Day-ahead scheduling, real time control 

 G2V and V2G of PHEV/EV 
   Day-ahead scheduling, real time control 

 Energy Storage 
 Pumped Storage, Variable speed pumped storage  

 Battery 

 Other energy storage technology 

 Operation 
 RE Generation forecast 

 RE Generation curtailment 

 Centralized (transmission) system 

Counter measures for Balancing issues 

2. Issues of Future Energy System 
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The power supply/demand balance is currently regulated by centralized 
EMS using major generators. When RE penetrates into the system, 
distributed EMS will take a part of the balancing capability at the 
demand side through demand activation, or auto-demand-response. 

Current control of  
supply/demand balance 

Control of supply/demand  
balance through  
storage batteries 

Should storage batteries 
become economically feasible, 
the supply/demand balance 
could be adjusted via optimal 
allocation of storage 
equipment Storage batteries 

Control of supply/demand  
balance through storage 
batteries and more active 
control on demand side 

Storage batteries 

Additional adjustments at 
existing generation facilities 

Demand Activation by Distributed EMS 

: Stabilization 
 
: fluctuation 

Additional adjustments 
at existing generation 
facilities 

If the demand side can take on 
part of the regulation of the 
supply/demand balance, 
economy can grow while 
reducing the use of resources 

3. Demand Activation 
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Distributed EMS 
Home, Building, and Area Energy Management 

 HEMS and BEMS, distributed energy management systems, are the 
appropriate hub for the demand activation because they can totally 
pursue three targets:   
1) enhancement of quality of life and work environment in buildings,  
2) reduction of cost and environmental footprints, and  
3) balancing capability for a power system in harmonization with 
centralized EMS.                               HEMS: Home Energy Management System 

                                                                  BEMS: Building Energy Management System  
 The distributed EMS such as 

HEMS and BEMS 
autonomously control demand, 
energy storage and others. 

 Area EMS will be effective to 
enhance the control capability 
of demand side with more 
resources in the area. 

3. Demand Activation 
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Harmonization of  
centralized and distributed energy management 

3. Demand Activation 

Kazuhiko Ogimoto*, Yumiko Iwafune, Kataoka Kazuto,Takashi Ikegami, Yoshie Yagita: Cooperation Model of Centralized and Decentralized Energy 
Management for the Supply-Demand Adjustment in a Power System, IEEJ Power and Energy Society Conference, 8-16, (2011) 
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東北 2030 年 5 月 1 日
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需給調整力確保状況                                     当初需給バランス                           

東北 2030 年 5 月 1 日
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Scenario 2b Tohoku-System, Max generation of PV+Wind, w/ and w/o BATTERY  

Demand Supply Balance  of 24 hours  Balancing requirement /capability and curtailment 
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 Generation is scheduled to meet the system demand including 
variable generation of PV and wind, and activated demand by one-
day ahead scheduling. 

 Additional balancing capability from demand activation can be useful  
as well as all the other countermeasures such as generators, energy 
and storage so as to minimize generation curtailment of PV and wind. 
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PV：17GW PV systems of 3 to 4 kW, 3.4 kW on average, are 
deployed in a power system. 
Battery: 7.5GW-30GWh Battery systems of 1 to 2 kW, 2 to 12 
kWh, 1.5kW and 6kWh on average, with the round trip loss 
of 2 15 to 20%, 16% on average 
HPWH: 20 GW HPWH of rated Heat output of  3, 4, and 12 
kW, 4 kW on average, with a hot water tank of 200 L for 3kW 
system and 370 L for others. 

 Under the dynamic pricing reflecting the variation generation and 
generation forecast of RES, the operation of heat pump water heaters 
can be optimized to minimize power cost. 

 Sophisticated control of HPWH can contribute to level the residual 
power system load to minimize the total system cost without 
disturbing the hot water use of houses. 

Activation of Heat Pump Water Heater 

発電状況:シナリオ2 

Heat demand 

Power Purchase Price 

Original, residual, and new loads 
Charge 

Heat Storage 

Heat Production 

Takashi Ikegami,Kazuhiko Ogimoto,Hitoshi Yano,Koji Kudo,Hiroto Iguchi: Balancing Power Supply-Demand by Scheduled Smart Charging 
of Numerous Electric Vehicles, IEEJ Annual Conference,  , (2012.3) 
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3. Demand Activation 
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Activation of EV Charging 

Residual load with PV15GW, 30GW 

発電状況:シナリオ2 
火力並列ユニット数 

発電状況:シナリオ1 

Marginal Cost of Power System 

Ratio of EV on duty 

Simulate 10 million EVs with a 
battery of 24 kWh, 3.0 kW. 
EVs are assumed to drive on an 
average speed of 21km/h with 
power use of10 km/kWh. 
 

Modified Residual Demand (PV30GW) 

Modified Residual Demand (PV15GW) 

3. Demand Activation 

Takashi Ikegami,Kazuhiko Ogimoto,Hitoshi Yano,Koji Kudo,Hiroto Iguchi: Balancing Power Supply-Demand by Scheduled 
Smart Charging of Numerous Electric Vehicles, IEEJ Annual Conference,  , (2012) 

 Under the dynamic pricing reflecting the variation generation and 
generation forecast of RES, the charging of EVs can be optimized to 
minimize charging cost. 

 Sophisticated control of EV charging can contribute to level the 
residual power system load to minimize the total system cost without 
disturbing the EV use for driving. 
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Demand Activation in a wind-rich Power system 
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Wind scenario 1

Wind scenario 2

scenario 2 with DR
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Wind scenario 1

Wind scenario 2

scenario 2 with DR
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 The variation of RE generation affects unit commitment schedule of 
system generators. 

 With larger RE variation, a power system must have more dispatchable 
generators on line to keep system balancing capability, which decreases  
the economy of the system due to lower utilization of more efficient 
generators and higher utilization of less efficient ones. 

 With demand activation, the leveling of load for dispatchable generator 
recover the reduced economy of the system. 

 

Wind generation scenario 1 and 2 
(one day) 

Dispatch for Scenario 2 
Number of on-
lined thermal units 

Dispatch for Scenario 1 

3. Demand Activation 

"Yuichi Ikeda,Takashi Ikegami,Kazuto Kataoka,Kazuhiko Ogimoto: An Economic Dispatch Model of Power System with 
Demand Response for the Integration of Renewable Energies, JSER Annual Conference,  , (2012)" 

Scenario 1 
Scenario2 
Scenario 2 with DR 
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Temperature/Humidity 
monitoring 

Power monitoring 

Water and gas use 
monitoring 

【Quality, Efficiency  
   and  Economy】 

Amenity 
Utility cost saving 
CO2 reduction 

Appliance Control 
 
EV Charging Control 

Air Conditioner 

HP Water 
heater 

PV 

Rooms 

Measure
ment 

・Security 
・Safety 
・Services PC, Tablet 

（Browser） 

Router 

Internet 

Visualization 

Consumer 

・Medical Service 
・Health Service 
・Education 
・Security service 
・Crime protection 
・Disaster prevention 
 

【Additional Benefits】 

Information 
Gathering 

Beyond Energy: the Future of HEMS 

・Consultation 
・Facility Management 
・Research 

Cloud 
Data 
Center 

3. Demand Activation 

 The HEMS/BEMS will realize more values in fields other than energy. 
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Necessity/applicability of batteries 

 Commercialization of storage batteries has progressed from those 
with small capacity to those with greater economic value 

   Mobile phones 
   Notebook PCs 
   Electric vehicles (including PHEV)   

 Power storage capacity will be an essential function in the future 
as a measure to handle variation of renewable generation. 

 When will power storage become “necessary” in large quantities to 
adjust supply/demand? When will it become “possible” to use 
batteries? 

       Economy of batteries for stationary use 
       Potential use of EV batteries for stationary use 

 Charging demand for EVs in Japan is 100TWh・・・・・・10% 
demand increase in Japan 
What about the EV charging market? 
(Charging volume for mobile phones is not ¥23/kWh ) 

3. Demand Activation 
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• Optimization of energy sector and maximization of service level, 
economy and security through maximum rational utilization of 
renewable/unused energy and rational energy use. 

• In urban area, energy and utility system will be established and 
operated by building and area management system in optimized 
and harmonized manner. 

• Networks of various energies and utilities and will be managed 
through monitoring, controlling, and optimizing. 
 ↓ 
Establishment of Smart Utility System. 

 

Possibility of Community Energy System 
3. Demand Activation 
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Energy System Integration 

 Energy is essential for all the human activities. The constraints of 
energy directly affect our economy and quality of life. 

 For the sustainable  society, energy system should sustainable 
according to multiple criteria such as economy, stability and 
environment,  and stability. And uncertainties such as fuel price, 
environmental constraints, technology development and socio-
economic conditions should be considered. 

 For the sustainable energy system, it is important to integrate all 
the options of technology, institution, and change of life style for 
maximum optimization. 

 For the evolution of energy system, broad and long-term 
perspective is important including R&D and  deployment of 
technology and human development. 

 There being variety of conditions and constraints in the real world, 
the path of the energy system evolution is diversified and 
uncertain. 

4. Energy System Integration 
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Government’s Cost Verification Committee：
Generation cost 

4. Energy System Integration 

Fig. 37   Generation Cost of Major Generation Type 

Nuclear Coal    LNG    Wind    Wind   Geo    Hydro Biomas  Oil      PV     Gas CHP 

Report of the Cost Verification Committee (2011) 
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Government’s Cost Verification Committee： 
Physical Potential and economic resources of RES 

4. Energy System Integration 

Economic Deployment Physical resources 
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Report of the Cost Verification Committee (2011) 
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 By considering the total structure of energy system, we can 
expand our optimization scope: from a house, a community, a 
grid, a nation, to the world, from supply side to supply and 
demand sides including network, from electric power, all the 
kind of energies such as power, gas, oil, to all the utilities. 

 However, there are various constraints: 

  1)Technological: distribution/transmission system, interconnections 

  2)Institutional: Tariff, codes, operation condition, balancing 

  3)Conditions for reliability and security: Robustness to natural disasters, 
failures, and malicious attacks 

 Demand activation in a house, a community, which is realized 
by distributed energy management, is the key to the future 
energy system. 

 

 Furthermore, it is important to recognize that what we need is 
not energy itself, but services such as well-conditioned space. 

Maximum Optimization and Constraints 

It is important to include lessons learned from the quake. 

4. Energy System Integration 
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Practices of Energy Technology Strategy (2004-) 

Energy technology  vision 2100 
October 2005 

Technology strategy  
map 2007 (25 fields) 

Technology strategy  
map 2006 (24 fields) 

Technology strategy  
map 2005 (20 fields) 

Basic energy plan  
March 2007 

５ policy objectives 

Cool Earth－ 

Energy innovation 

technology plan 

March 2008 

Long-term energy supply &  
demand outlook May 2008 

Technology 
inventory 

Technology strategy  
map 2008 (29 fields) 

New national energy  
Strategy May 2006 

Energy technology strategy 2007 
April 2007 (updated April 2008) 

Technology 
inventory 

Energy technology strategy 2006  
(Nov2006, tentative) 

Technology roadmap in each field 
Energy conservation, fuel-related,  PV 
Electric power, gas, etc. 

Technology 
inventory 

Technology 
inventory 

Energy technology strategy 



38 Collaborative Research Center for Energy Engineering, 

Institute of Industrial Science, the University of Tokyo ©2011 Ogimoto Lab. CEE 

Energy Technology Vision 2100 
Extreme cases and possible pathways 

In 2005, METI formulated the "Energy Technology Vision 2100"  as a navigating tool for 
strategic planning and implementation of energy technology.  

The vision, being developed by back-casting the technology portfolio from the year 2100, 
consists of roadmaps of Residential/Commercial, Transportation, Industry, Transformation 
sectors.  

 

Energy technology strategy 

Source： Energy Technology Vision 2100, Institute of Applied Energy and METI (2005)  
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Energy Technology Vision 2100 
Residential/Commercial Sector 

The three domains of strategy are energy efficiency, energy creation and energy management. 
The energy management is also effective to deploy renewable energy. 
 

 

 

Energy Efficiency 

Energy Creation 

Energy Management 

Source： Energy Technology Vision 2100, Institute of Applied Energy and METI (2005)  

Energy technology strategy 
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Energy Technology Vision 2100 
Residential/Commercial Sector 

Energy technology strategy 

Source： Energy Technology Vision 2100, Institute of Applied Energy and METI (2005)  



41 Collaborative Research Center for Energy Engineering, 

Institute of Industrial Science, the University of Tokyo ©2011 Ogimoto Lab. CEE 

  

High efficiency lighting  
▽High efficiency fluorescent lamp  
▼High efficiency LED lighting  
▼Organic EL lighting  
▽Next-generation lighting 

Energy-conserving housing/building 
▼Advanced insulation housing/building 
▼Advanced airtight housing/building 

(1) Improvement of  
       overall energy efficiency 

(4) Utilization of nuclear 
 energy and secured  
safety as premises 

(5) Stable supply and efficient clean use of fossil fuels 

(2) Diversification of transport fuels 

(3) Promotion of new energy development  
      and introduction 

Energy-conserving display 
▽Low power consumption PDP 
▽Low power consumption LCD  
▽LED display  
▽Organic EL display 

High efficiency kitchen equipment  
▽High efficiency gas burner cooking equipments 
▽High efficiency induction heating (IH) cooker 

High efficiency air-conditioning 
▽High efficiency absorption chiller-heater 
▼High efficiency heat pump  
▼Ultra-high performance heat pump 

High efficiency water heater 
▼High efficiency heat pump water heater  
▽High efficiency water heater 
▽Latent heat recovery water heater 

▽High efficiency air-heater 

▼Energy-conserving information equipments 

Energy-conserving electric  
home appliances  
▽Energy-conserving refrigerators  
▽Reduction of standby power 
    consumption 

Energy-conserving network communication 
▽High-capacity high-speed network 
    / optical network communication 

High performance power electronics 
▼High efficiency inverter 

High performance devices 
▽Si devices  
▼SiC devices 
▽Nitride devices (GaN, AlN)  
▽Diamond devices  
▽CNT transistor 
▽Energy-conserving LSI systems 

Energy management  
▼HEMS  
▼BEMS 

Energy management 
▼☆Local energy management 

High-efficiency power transmission/transformation 
▼Energy conservation transformer 

Energy-conserving industrial processes 
▼◆Next-generation coke production methods 
▼◆Iron and steel process 
▽◇New reductive melting iron making processes 
▼◆Petroleum refining process 
▼◇Petrochemical process 
▽◇Cement process 
▽◇Paper manufacturing 
▽◇Nonferrous metals process 
▼◇Process of chemical raw materials 
▽◇Glass production process 
▽◇Processing and assembling 
▽◇Ceramic manufacturing process 

Energy-conserving 
industrial process 
▽LSI production 
    process 

High-efficiency generator 
▽Superconducting generator 

Light water reactor 
■Advanced utilization of light water reactor 
■Decommissioning 
■Next-generation light water reactor 

Smooth shift from light water reactor  
cycle to fast reactor cycle 
■High-decontamination process prior to 
    conversion of reprocessed uranium 

Light water reactor fuel cycle 
■Centrifuge uranium enrichment 
■MOX fuel fabrication 

Fast reactor cycle 
■Fast reactor  
■Fuel cycle 

Other innovative reactors  
□Supercritical-water-cooled reactor, 
    medium and small reactors 

Disposal of radioactive wastes 
■Shallow land disposal 
■Disposal at intermediate depth 
    enough for general underground use  
■Geological disposal Power system control  

☆Power control 
☆Frequency control 
☆Load flow control 
★Power system stabilization 
★Wide area monitoring and control 
☆Restoration 

PV power generation 
★Crystalline silicon solar cell  
★Thin-film silicon solar cell 
★Compound-crystalline solar cell 
★Thin-film CIS-based solar cell 
★Dye-sensitized solar cell 

Utilization of solar thermal energy 
☆Solar thermal power generation 
☆Hot-water supply by using solar thermal energy 
☆Air-conditioning by using solar thermal energy 

Wind power generation 
★Onshore wind power generation  
★Offshore wind power generation  
★Micro wind power generation 

Geothermal power 
generation 
☆Geothermal binary 
    power generation 
☆Hot dry rock power 
    generation  
☆Micro geothermal 
    power  generation 

Utilization of ocean energy 
☆Wave power generation  
☆Tidal and current power generation  
☆Ocean thermal energy conversion 

Hydraulic power  
☆Small and medium 
    hydraulic power generation 

Production of biofues  
★Development of solid biofuels 

Utilization of biomass and waste energy  
☆RDF/RPF 
☆Sewage sludge carbonization  
☆Direct combustion of biomass and wastes  
★Biomass/waste gasification power generation 

Coal mining 
◆Advanced technology for 
    mining and cleaning of coal 
◇Underground coal gasification 

Coal-fired power generation 
◇Reduction of trace substances emission 

Coal Utilization 
◇Combustion of low-grade coal 
◇Next-generation technology 
    for pulverizing coal 
◇Advanced utilization of coal ash 
◆Coal de-ashing technology 
◆Low-rank coal upgrading 
◇Hot coke oven gas reforming 
    without catalyst 
◇Effective use of coke oven gas 
◇Efficient coal conversion 

Coal Utilization  
○☆◇Hydrothermal 
           cracking of coal 

Development of fossil resources 
◆Exploration of oil and gas reservoirs 
◆Drilling and developing oil and natural gas 
◇Drilling and developing fossil resources in frontiers 
◆EOR/EGR 
◆Eco-conscious oil and gas development 

Development of unconventional fossil fuel resources 
◆Enhanced coal bed methane (ECBM) recovery 
◆Production and reforming of oil sand and other heavy oils 
◆Improved development, production and recovery of unconventional gas 
◆Development of methane hydrate (MH) resource 

Gas supply 
◇Gas transportation 
◇Gas storage 

Natural gas utilization 
◇Producing, transporting 
    and utilizing NGH 

Natural gas utilization 
●◆Gas to liquids (GTL) 
○◇Next generation technology for 
        producing hydrogen from natural gas 
○◇Synthesizing LP gas from natural gas, etc. 

Upgrading ultra-heavy oil and utilizing upgraded oil 
◆Upgrading oil extracted from oil sands 
◆Thermal cracking of bitumen from oil sands 
    by using supercritical water, etc. 
◆Utilizing bitumen from oil sands 

CO2 capture 
◆Pre-combustion CO2 capture 
◆Post-combustion CO2 capture  
◇Oxy-fuel combustion CO2 capture 

CO2 storage 
◆Geological storage of CO2  
◆Ocean storage of CO2 

Petroleum refining 
◇Zero-emission petroleum 
    refinery process 

Utilization of heavy crude oil 
◆High severity fluid catalytic 
    cracking and other advanced 
    technologies for heavy oil 
    processing 

Utilization of heavy crude oil 
○◇Production of high-octane gasoline from low-quality oil 
○◇Production of hydrogen from petroleum pitch and cokes 
○◆Production of synthesized diesel fuel form asphalt (ATL) 

Electric power storage 
▽□Variable-speed pumped storage generation 

Electric power storage 
▽☆□NaS battery 

Energy-conserving 
housing/building 
▽☆Passive housing/building 

High efficiency air-conditioning  
▽☆Ground source heat pump  
▽☆Utilization of snow ice cooling 

▽☆Microgrid 

Power system control  
▽★Utilization of distributed 
        generation 

▽★New advanced power supply system 

Heat storage  
▽☆Latent heat storage 
▽☆Sensible heat storage 

Heat transport 
▽☆Latent heat transport  
▽☆Sensible heat transport 
▽☆Heat transport by 
        absorption/adsorption 

Utilization of unused heat source  
▽☆Utilizing cryogenic energy 
        of snow and ice 
▽☆Utilizing thermal energy 
        of river water 
▽☆Utilization of exhaust 
        heat in urban 

Electric power conversion of 
unused micro-scale energy 
▽☆Thermoelectric conversion  
▽☆Piezoelectric conversion 

Hydrogen utilization  
▽☆Hydrogen combustion turbine 

Fuel cells 
▽☆◇PAFC 
▼☆◆MCFC 
▼★◆SOFC 

High-efficiency co-generation 
▼☆◇Fuel cell co-generation 

High-efficiency co-generation 
▽◇Gas/petroleum engine co-generation 
▼◇GT co-generation 

▽◇High-efficiency industrial furnace/boiler 

▼◇Co-production 
▼◇Integration and collaboration between industries 

Coal fired power generation 
▽◇IGHAT 
▼◇A-PFBC  
▼◆A-USC  
▼◆IGCC  
▼◆IGFC  
▼◆A-IGCC/IGFC 

High-efficiency natural  
gas power generation 
▼◇High-temperature GT  
▽◇AHAT  
▼◇FC/GT hybrid power 
       generation 

Utilization of LP gas  
▽◇High-efficiency LPG 
        burning appliance 

▼◇Advanced integration 
       in complex 

Petroleum refining 
▽◇Fuel-saving high-durability lube oil 

High efficiency internal 
combustion engine  
▼●◇Gasoline engine  
▼●◆Diesel engine 

Clean energy vehicles 
▽○◇ Natural-gas vehicles 
▼●◆Hybrid vehicles 

▽●◇Energy-conserving trains 

▽○◇High performance 
            ships 

▽○◇High efficiency marine  
            transport system 

▽○◇High performance 
            aircrafts 

Advanced traffic system 
▼◇ITS 
▽◇Modal shift in passenger transport 
▼◇Modal shift in freight transport 

Hydrogen production 
○◇Hydrogen production from 
        coal with CO2 recovery 

Coal Utilization 
○◆Coal to liquid (CTL) 

Utilization of LP gas 
○◇Utilization of LPG/DME mixed fuel 

Utilization of new alternative fuels 
●◇Utilization of GTL and other new 
       alternative fuels along with petroleum 

Petroleum refining 
○◇Advanced technology for producing 
        desulfurized liquid fuels 

Hydrogen production  
○★◇Hydrogen production 
           by gasification 

Production of biofuel 
○☆◇Dimethyl ether (DME) 
○★◇Production of BTL by gasification of biomass 

Utilization of new alternative fuels  
●☆◇Advanced technology for 
          utilizing biomass and other 
          unconventional petroleum 
          products 

Production of biofuels 
●★Alcohol fermentation  
●★Conversion of cellulosic 
        materials into ethanol 
●★Biodiesel fuel (BDF) 
○☆Methane fermentation  
○☆Hydrogen fermentation 

Utilization of biomass and waste energy 
○★Biomass resource supply 

Hydrogen production 
○☆Solid polymer water    
        electrolysis 
○☆High temperature 
        steam electrolysis 
●☆Alkaline water 
       electrolysis 
○★Hydrogen production 
        using photocatalysts 

Hydrogen storage  
○☆Inorganic materials for hydrogen storage  
○☆Alloy materials for hydrogen storage 
○☆Carbonaceous materials for hydrogen storage  
○☆Organic materials for hydrogen storage  
○☆Hydrogen storage container 

Transportation and supply of hydrogen 
○☆Transportation and supply of compressed hydrogen  
○☆Transportation and supply of liquid hydrogen 
○☆Hydrogen pipelines 
●☆Safety technology for hydrogen gas refueling stations 

Power system control  
☆□Power system protection 

Production of biofuels 
☆◇Producing biomass fuels with addition of coal 

Electric power storage 
▽●☆Nickel-hydrogen battery 
▼●★Lithium-ion battery  
▼○☆Capacitor 

PV power generation  
★Suppressing influence of 
    photovoltaic systems to grid 

Wind power generation  
★Suppressing influence of wind power systems to grid 

Electric power storage  
▽☆SMES 
▽☆Superconducting flywheel 
▽☆Redox flow battery 

Coal Utilization 
☆◆Multipurpose uses of coal gasification 

Coal fired power generation  
★◇Biomass/coal hybrid power generation 

Electric power storage  
□Sea water pumped- 
    storage power generation  
□Underground pumped- 
    storage power generation  
□Compressed air energy 
    storage (CAES)  

Energy management 
▼☆□◇Optimization of energy demand 
               and load leveling 

Clean energy vehicles 
▼●☆◆Plug-in hybrid vehicles 
▼●☆◇Electric vehicles 
▼●★◇Fuel cell vehicles  
▽○☆◇Hydrogen engine vehicles 

Fuel cells  
▼●★◇PEFC 
▽○☆◇DMFC 

High-efficiency power transmission/transformation 
▼☆■◇Large capacity power transmission 

Advanced technology for using petroleum 
○◇Hydrogen production from petroleum 
        and hydrogen transportation 
○◇New alternative fuels for vehicles  
○◇Improving vehicle efficiency and 
        promoting exhaust gas cleanup 
○◇Offroad engines with low environmental load 

The colored symbols specified in front of the technologies indicate 

the policy objectives to which these technologies would contribute: 

▽ Improvement of overall energy efficiency 

○ Diversification of transport fuels 

☆ Promotion of new energy development and introduction 

□ Utilization of nuclear energy and secured safety as 

premises 

◇ Stable supply and efficient clean use of fossil fuels 

Technologies that make great contributions to policy objectives are  

accompanied by pasted symbols (▼●★■◆) for the relevant 

policy objectives and specified with underlined red letters. Source： Energy Technology Strategy Map by Institute of Applied Energy and METI (2007) 

Energy technology strategy “Energy Technology Strategy Map 2007” 
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Energy Technology Map for  
RES and Distributed System 

Source: METI technological strategy map (2009)         
http://www.meti.go.jp/policy/economy/gijutsu_kakushin/kenkyu_kaihatu/str2009.html 

3543M  ニッケル水素電池

3541O  NaS電池

3547F  超電導電力貯蔵

3553F  熱輸送システム

3562F  蓄熱システム

55 熱輸送

56 蓄熱

22 高効率送電

共通技術

③「新エネルギー開発・
導入促進」

③「新エネルギー開発・
導入促進」

1213F  地域エネルギー
マネージメント

1221S  超電導高効率発電

3544M  リチウムイオン電池

3546O  揚水発電

政策目標 中分類 エネルギー技術 個別技術

環境適合技術 エネルギー安定供給技術

3503K  基幹系統の分散型電源
連系技術

3501F  需要システム技術

3502B  配電系統の分散型電源
連系技術

新電力供給システム・
電力貯蔵

50 新電力供給システム

3545M  キャパシタ

3548K  圧縮空気電力貯蔵(CAES)

1222S  大容量送電

2104S ハイブリッド自動車11 高効率内燃機関
自動車

1211F  HEMS

1212F  BEMS

21 ｴﾈﾙｷﾞｰﾏﾈｰｼﾞﾒﾝﾄ

54 電力貯蔵

New Power Supply  System 
Power storage system 

50 New Power Supply  System 

54 Power storage system 

③New Energy Development and Dissemination 

1213F Area Energy   Management 

3051F Demand system Technology 

Energy Technology Class Objective Technology 

For Environment For Security 

3503K Transmission system Technology  
              for DG interconnection 

3502B Distribution system Technology  
              for DG interconnection 

3544M Lithium Ion Battery Technology 

Cross Cutting Technology  

21 Energy Management 

Energy technology strategy 

Energy 
Management 

Transmission/
distribution 

Energy 
Storage 
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18) HEMS/BEMS/ regional EMS※ 

13) Energy-efficient      
housing/buildings 

14) Next-generation 
      super-efficient 
      lighting 

17) Energy-efficient IT  
       equipment and 
       systems 

7) ITS 

1) Highly efficient, 
natural gas thermal 
power plant 

6) Superconductive  
     power distribution 

3) Carbon   
    capture and 
    storage  

4) Innovative 
    solar  
     power plant 

11) Innovative materials,  
      manufacturing and  
      processing technologies 

12) Innovative steel-making processes 

8) Fuel-cell cars 

 
 

 
 

 

Improved efficiency Low carbon 

15) Stationary  

      fuel cells 
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Based on the series of studies of energy technology strategy, Cool Earth energy 
technology innovation plan was  established to 21 energy technologies. 

2) Highly efficient coal-

fired  thermal power plant 
5) State-of-the art  
    nuclear power plant 

Generation/
distribution 

Industry 

Transport 

Private sector 

E
n

e
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s
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19) High-performance 
      electric power storage 

20) Power 
      electronics 

部門横断 

10) Alternative fuels for  
vehicles  using biomass 
energy 

 21) Generate, transport, 
        store hydrogen power 

超電導導体

絶縁層

超電導シールド層

断熱管

超電導導体

絶縁層

超電導シールド層

断熱管

3) ＣＣＳ 
    (see above) 

9) Plug-in hybrids, electric cars 

※EMS：Energy Management System, HEMS：House Energy Management System, BEMS：Building Energy 
Management System 

Cool Earth energy technology innovation plan (2008) 

Technological 
development 
and accelerated 
deployment are 
crucial 

Source: METI Cool Earth energy technology innovation plan report 

Energy technology strategy 

16) Super-efficient 
       heat pumps 



 
Thank you for your attention.  

Ogimoto Laboratory, Institute of Industrial Science,  
           the University of Tokyo 

  http://www.ogimotolab.iis.u-tokyo.ac.jp/ 

In                            , related contents are 
available in English and Japanese.                  . 
http://nippon.com/en/in-depth/a00302/ 

日経BP社「ECOマネジメン」で「低炭素型エネルギーシステ
ムの将来像」を連載しました。最終回の「第12回 持続可能な
世界を目指すこれからのエネルギー計画」までを公開中です。 
http://eco.nikkeibp.co.jp/article/column/20110328/106234/ 

The description of “1. Impact of 
Scenario Selection” is available 
in this book which is just 
published July, 2012.  

http://www.ogimotolab.iis.u-tokyo.ac.jp/
http://www.ogimotolab.iis.u-tokyo.ac.jp/
http://www.ogimotolab.iis.u-tokyo.ac.jp/

