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1. Impact of Scenario Selection

What happened to the power system ?

O 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.

O The damaged plants are:

In the Tohoku area, In the Tokyo area,
Hachinohe 250MW  Fukushima(1F) 4700MW
Sendai 440MW  Fukushima(2F) 4400MW
Shin-Sendai S50MW  Hirono 3800MW
Haramachi 2000MW Nakoso* 1630MW
Shinchi* 2000MW Hiatchinaka 1000MW
Kashima 4400MW
Kashima* 1400MW

SumikinKashima 630MW

* Cooperative Thermal Power Company

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




1. Impact of Scenario Selection

Japan’s Energy Supply Prospect (METI 2010)

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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1. Impact of Scenario Selection

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

Assumption for the anal

# 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

Assumed Nuclear Scenarios

No. Scenario Shape in 2030
2010 Plan The outlook before 3.11 disaster, which is based on
1 the long-term energy outlook in 2008 and the
basic energy published Plan in 2010.6. The
nuclear development of fourteen units are
assumed by 2030 with 90% utilization factor.
23 Continued Continued Nuclear development with some delay.
Development PV8OGW, Wind 28GW
~ 1 | Continued Nuclear | Continued Nuclear development with some delay.
2b Development, Existing nuclear units are demolished after 40
40 year life vear operation.

PVS0OGW, Wind 28GW

3a

No Nuclear
Development, 40
vear life

No new nuclear development
Existing nuclear units are to be demolished after

40 year operation. PV of 80GW, Wind of 28GW

4a

Abolition in 5 years

No new construction. Existing nuclear units are to
be demolished in 5 years PV8OGW, E 77 28GW

4b

Abolition in 5 years
and aggressive
thermal
development

No new construction. Existing nuclear units are to
be demolished in 5 years 37.5 GW coal and NG
fired power plants are additionally developed to
compensate the reduction of nuclear.

PV of 80GW, Wind of 28GW

4c

Abolition in 5 years
and aggressive PV
Wind

and
development

No new construction. Existing nuclear units are to
be demolished in 5 years.
PV of 160GW and wind of 160GW to compensate
the reduction of nuclear.

Fukushima Daiichi and Daini units are out of operation excluding Scenario 1.

National Energy Plan
before the quake
53GW PV, 10GW Wind

in 2030
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1. Impact of Scenario Selection

Assumed Nuclear Scenario
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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)




1. Impact of Scenario Selection

Assumption of Cost of PV and Wind

O PV deployment was assumed by

g
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O The cost of PV in 2030 is assumed to
be :100 k¥/kW for new houses
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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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1. Impact of Scenario Selection

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

O 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.)

O The fuel cost of nuclear : 1 yen/kWh
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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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1. Impact of Scenario Selection

Power Supply Capacity and Generation

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

O 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.
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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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1. Impact of Scenario Selection

O

O

Fuel Cost (1000 Billion Yen)

Generation cost: Fuel, Fuel+Capital

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.
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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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1. Impact of Scenario Selection

Outlook of Power System: CO2 Emission

O The CO2 emissions, indicating almost the same trend as that of fuel cost,
increase between 50Mt-CO2/year and 250Mt-CO2/year in Scenarios 23,
2b, 3a, and 4a for the year 2020.

O 1In 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.
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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,
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1. Impact of Scenario Selection

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
Optimization of interconnection

Interconnected
,\ ) system
— 1 at
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. Issues of Future Energy System

The Implication by an Extreme Case

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




2. Issues of Future Energy System

Two Factors of Reduced Balancing Capability

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

v Increased variation under reduced regulation capability and
Increased variability are the two risk factors of the stable
power system operation.
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2. Issues of Future Energy System
Issues of Balancing Capability:

Common issues in Low Carbon Energy Supply

v'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.

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

the world.

Gas combined generation

PV, Wind

Source of figures: CoolEarth Innovative Energy technology Program




2. Issues of Future Energy System

Counter measures for Balancing issues

O Supply side :

» Reinforced balancing capability by flexible thermal plants

» Reinforced balancing capability by flexible hydro operation plants
O 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
O Energy Storage
» Pumped Storage, Variable speed pumped storage
> Battery
» Other energy storage technology

O Operation
> RE Generation forecast

> RE Generation curtailment
» Centralized (transmission) system
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3. Demand Activation

Demand Activation by Distributed EMS

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 \ U
supply/demand balance W
é\z\‘f\z

Additional adjustments at
existing generation facilities

—_—

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

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

o Additional adjustment If the demand side can take on
<> : Stabilization ?t eIX|st|ng generation part of the regulation of the
acilities

. ) supply/demand balance,
‘ : fluctuation _ economy can grow while
Storage batteries  reducing the use of resources




3. Demand Activation

Distributed EMS

Home, Building, and Area Energy Management

v 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
v The distributed EMS such as Including Renewable Eneroy Resources and Sophisticated Butteries

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

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




3. Demand Activation

Harmonization of

centralized and distributed energy management

1-day-ahead weather
and insolation forecast )

h Dispatch Area

Decentralized
(- Energy Management™ )

1-day-ahead power price,
energy demand forecast,
PV generation forecast,
power storage capacity,
hot water storage capacity
| |

*Ambient Quality

Opt'm‘,‘m *Economy
Operation | «harmonization
with grid

= =

1-day-ahead scheduling
of storage and operation
of home appliances
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Centralized
¢/~ Energy Management ™\
weather forecast,

demand forecast
| = |
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1-day-ahead power price

I Optimum Load Dispatch

)

or direct appliance control
1o 8

1-day-ahead
operation planning

Optimum Controller
of Appliances,
Storages and DGs
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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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Balancing capability: Unit commitment

O Generation is scheduled to meet the system demand including
variable generation of PV and wind, and activated demand by one-
day ahead scheduling.

O 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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3. Demand Activation

Activation of Heat Pump Water Heater

O 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.

O 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.
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PV:17GW PV systems of 3 to 4 kW, 3.4 kW on average, are
deployed in a power system.
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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.
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3. Demand Activation

Activation of EV Charging

O Under the dynamic pricing reflecting the variation generation and

generation forecast of RES, the charging of EVs can be optimized to
minimize charging cost.

O 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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3. Demand Activation

Demand Activation in a wind-rich Power system

O The variation of RE generation affects unit commitment schedule of
system generators.

O 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.

O With demand activation, the leveling of load for dispatchable generator
recover the reduced economy of the system.
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3. Demand Activation

Beyond Energy: the Future of HEMS

O The HEMS/BEMS will realize more values in fields other than energy.

Informatidn [Quality, Efficiency
5 Gathering[-———— and Economy]
— 3 . [ — . | Air Qonditioner  Amenity
I Utility cost saving
" Measure ) Ep \tNater CO2 reduction
Internet ment cater .
Cloud Hemne < (cCP~ ’ Power monitoring
Data L@ Temperature/Humidity
Center Rooms /7 —.....
Visyialization = ﬁ: [T monitoring
- [Additional Benefits] (7 ﬁj Water and gas use
g = Security @ monitoring
> iél‘i Safety = 1 Appliance Control
7 PC, Tablet M= & - Services
| j_. (Browser) . Medical Service @'ﬁ - EV Charging Control
L_/ Consumer h - Health Service
= > Education
- Consultation e Security service
- Facility Management + Crime protection

- Research - Disaster prevention




3. Demand Activation

Necessity/applicability of batteries

O 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)

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

O 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

O 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

Possibility of Community Energy System

« 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.

el RBIMNERE YL
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4. Energy System Integration

Energy System Integration

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

O 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.

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

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

O 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 - _ _
Government’s Cost Verification Committee

Generation cost
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Fig. 37 Generatlon Cost of Major Generation Type
—— Report of the Cost Verification Committee (2011




4. Energy System Integration
Government’s Cost Verification Committee

Physical Potential and economic resources of RES
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Report of the Cost Verification Committee (2011




4. Energy System Integration

Maximum Optimization and Constraints

O 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.

0 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
O Demand activation in a house, a community, which is realized
by distributed energy management, is the key to the future
energy system.
It is important to include lessons learned from the quake.

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

Practices of Energy Technology Strategy (2004-)

Technology strategy > Technology strategy > Technology strategy

Technology strategy
map 2008 (29 fields)

map 2005 (20 fields) map 2006 (24 fields) map 2007 (25 fields)
Energy technology vision 2100 H Technology
October 2005 inventory
Technology
inventory
_Energy technology strategy 2006 Cool Earth—
(Nov2006 tentative) Energy innovation
----------------------- Technology roadmap in each field technology plan
Technology > Energy conservation, fuel-related, P+ March 2008
inventory » Electric power, gas, etc.
5policy objectives “ Energy technology strategy 2007 “
April 2007 (updated April 2008)
New national energy ;r:\fz:t%lffy
Strategy May 2006

Basic energy plan
March 2007

Long-term energy supply &
demand outlook May 2008




Energy technology strategy

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.
Fossil fuel ]
fbogether with carbon caphmre 00% =Advantage=
and sequesiration (CCS)) - Potential of reduction in
A fossil resource consumption is
<Advantage= high.
+ Reduction is certain if + Technology shift is easy.
technology is established. - Cost may be reduced.
<Disadvantage= <Disadvantage=
- (Quantum leap in technology - Uncertainty due to factors other
IS necessary. Current status than technological factors.
Renewable energy
(together with Nuclear power
ulimate energy saving) i ” i T
100% Tl cycles)




Energy technology strategy

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.

Res/Com 2000 2030 2050 2100
Total energy demand 1 time 1.5times 2.1times
Energy supplied from Residential 45% 60% 80%
transformation sector*Commercial 32% reduction 5500 reduction mreductron
CO, intensity Residential 3.5 t-CO,/household (1 time) 1,91-CO,/household(1/2times)l.1 t-CO/household|1/3 times) 0t-COy/household

Commercial 118 kg-CO,/m? (1 time) 77 kg-CO,/m? (2/3 times) 40 kg-CO,/m?* (1/3 times| 0 kg-CO/m?

\
\

*The percentage of reduction of energy per unit should be supplied from the transformation sector, compared with total energy demand

Energy saving increases in proportion to GDP.
| Efficiency improvement of equipment I
Lighting with less heat loss Equipment with less heat loss
E ne rgy Eff | C | en Cy ; afﬁmho" unl J buﬂdinoj T e Active control of sun shading and thermal insulation
Wwﬂua Y Efficient heat transfer, preheating by unused energy
E v x = 21, o Self-sustaining
Improving electric power conversion efficiency - Electric power conversion with least loss
Food storage at room temperature
E C . Utilization of ubiquitous energy Energy saving enables equipment using little energy
ne rgy reation (minute pressure, temperature difference, vibration = R
creation ubiquitous energy
radiowaves, etc.) Energy from 0t-CO,/household
Photovoltaic generation ' Installation in all places such as PV paint
Installation in windows 0 kg-CO,/m?
Installation in curved surfaces
Energy creation Efficiency improvement and increase of durability
e PEYTITATIAgE MENT
% BEMSeHEMS I Self-sustainable housing and building
Ene rgy Mana gement Demand management-> Management of demand and energy creation —»  Energy accommodation in community

(Energy supply in community) —  Supply end storage management in community—Supply and demand management in community

STy g Sty —

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




Energy technology strategy

Energy Technology Vision 2100

Residential/Commercial Sector

Res/Com

Energy
saving

g High efficiency lighting

Use of natural light

HVAC & hot water supply

High perfarmance construction
material for housing and buildings

High efficiency HWAC system

Distributed power generation
using Tossil fuels

High efficiency hot water supply

Kitchens _ _
High efficiency cooking
Power and
others Information appliances
(Big screen display etc.)
Common

technelogigh efficiency devices
(edectic power conversion etc.)

Encray Unused energy
sion to electricity

ele.

Fhatoveltaic generation

 [Errovmensgeren

HEMS/BEMS
TEMS

(Energy managerment
gystem in community)

Energy storage and network
{Electncity, heat. and hydrogen)

2030

High efficiency LED |Organic EL lighting

Advanced use of solar light (high effickency light focusing and

i i
1 1
Low hent loss & high efficiency !
1 1

Light storage, bio-chemical Bght emission

I
I
I
L
I
I |
P AN = |

ng.h thesmal insulation, Enprovemsent pf
indoor ar emviropment, improvement of

Active controlable consiruction
TETTETIE

i

High efficiency heat p1.tmp1hmn||1 stormge ar-gonditionmg. use of sl:-la.rbi:'m or umsed exhmusted heat

Fuel cell cogenemtion

High elciency beal [.llnn].'l:
LT

Wacuum imsulabion storage

]
1
1 1
1 1
| FCAGT hybrid system (commercinl wse)] (Ultra-high efficiency FCusing hydrogen) |
1

High efficiency cooking equipment!

Tew technology for cooking

i
i
Lo power consumption PDPLOD, high-capacity opticsl

{food) Long time freshness of foods Long-term preservation
1 RT

] 1
| LEDVEL display

Rl ot s st

" = = TEOTEITSOTRE
I(High deflistion large scree, low power
icomsumption])
45nm process siC Cial, AN, CNT tramsistor/dinmdnd semiconductor Single electron bemsistor
L ' ' '
. 1 1

Thermoelectric conversion

Illllllll.i.'..lllllllm

i
Thin film type

D_\'é-xz'n.-c'l:imd e, organic thin flm type,

FPiezoelectric magnetostrictive bie-photovoliaic
L

Super-high efficiency new type

Costreduction, high efficiency, msm;rﬁ-:-n facilitation
|
1
Mon#oring C'r.hnp-m:{'inrl. with the grid

Dﬂ'rnnrﬂ forecastmg {Comtrol inchuding hifsstyle anc,

1
1
1
1
L
I
I
I
i
i
I
i
|
IFIII"II
]
1
1
1
1
1
1
-
i
i
"

L:g:-pcrntbn with

Copperation with
power and energy grid

1
Energy abcommadation
|Lithium battery  New rechargeable batlery, thermal storage

CIRTEY stordge system

Local energy, network (LEN)

| Summary-48

Hydrogen foel cell Distributed energy stormg

100, Institute of Applied Energy and METI (2005)

Source: Energy Technology Vision 2




“Energy Technology Strategy Map 2007"

(1) Improvement of

overall energy efficiency

High efficiency lighting

'V High efficiency fluorescent lamp
'WHigh efficiency LED lightin
'WOrganic EL lighting

'V Next-generation lighting

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

ergy-conserving housing/building
'V Advanced insulation housing/building

High efficiency water heater
'WHigh efficiency heat pump water heater (
'V High efficiency water heater

'V Latent heat recovery water heater

'V High efficiency air-heater

'V Advanced airtight housing/building

nergy-conserving electric

home appliances

'V Energy-conserving refrigerators

'V Reduction of standby power
consumption

(4) Utilization of nuclear

igh efficiency kitchen equipment
'V High efficiency gas burner cooking equipments w High efficiency heat pump
'V High efficiency induction heating (IH) cooker

High efficiency air-conditioning
'V High efficiency absorption chiller-heater

'V Ultra-high performance heat pump

Energy-conserving display Energy-conserving
'V Low power consumption PDP  induystrial process
'V Low power consumption LCD  W/LS| production
‘VLED display process

energy and secured
safety as premises

'V Organic EL display
Energy management
VWHEMS
VBEMS

'V Energy-conserving information equipments

High performance devices

VSi devices
VSiC devices

'V Nitride devices (GaN, AIN)
'V Diamond devices
'V CNT transistor

Energy-conserving network communication
'V High-capacity high-speed network
/ optical network communication
High-efficiency power transmission/transformation
'WEnergy conservation transformer
High performance power electronics
'WHigh efficiency inverter

High-efficiency generator

'V Superconducting generator

Electric power storage
'V OVariable-speed pumped storage generation

Electric power storage
V- CINasS battery

ectric power storage

'V Energy-conserving LS| systefhs

¥ <O Co-production
'V OHigh-efficiency industrial furr

W< Integration and collaboration between industries

Utilization of LP gas

'V OHigh-efficiency LPG
burning appliance

High-efficiency natural

gas power generation

V¥ OHigh-temperature GT

V QAHAT

W OFC/GT hybrid power

generation

o

'V O OHigh performance
aircrafts

High-efficiency co-generation Voowgp;@;':;;yemarme
'V OGaslpetroleum engine co-generai

V¥ OGT co-generation

V kNew advanced power supply systel

V #SMES
V7 Superconducting flywheel
'V #rRedox flow battery
Electric power conversion of
unused micro-scale energy
V 7« Thermoelectric conversion
V v« Piezoelectric conversion
Power system control " e y—
BRI 'V rLatent heat transport
. 'V Sensible heat transport
Power system control \{ /rHeat transport by

storage power g
CUnderground pul
storage power-gel
CICompressed air enexgy
storage (CAES)

Energy management

Energy-conserving
housing/building
V - Passive housing/building

Heat storage generation

V rLatent heat storage

JcPower control absorption/adsorption
if;%uffg\f,ﬁﬂ%?' High efficiency air-conditioning

'V 5rGround source heat pump

pEROviesyselstehilization V' Utilization of snow ice cooling

 Wide area monitoring and control
JrRestoration Utilization of solar thermal energy Hydrogen utilization

+rSolar thermal power generation ¥ Hydrogen combustion turbing
+rHot-water supply by using solar thermal energy

+rAir-conditioning by using solar thermal energy

Wind power generation

“ Suppressing influence of wind power systems to grid

Wind power generation
 Crystalline silicon solar cell “ Onshore wind power generation
“ Thin-film silicon solar cell “* Offshore wind power generation
“JCompound-crystalline solar cell JMicrowind power generation
 Thin-film CIS-based solar cell

% Dye-sensitized solar cell

PV power generation

 Suppressing influence of
photovoltaic systems to grid

PV power generation

(3) Promotion of new energy development

W #rLocal energy managemen
¥+ Microgrid ¥ - OFuel celi co-generation

Power system control
'V Utilization of distribute

V5 Sensible heat storage V- Utilizing cryogeniy
of snow and ice

High-efficiency co-generation

Clean energy vehicles

Fuel cells
V@ OPEFC
VO ODMFC

=T

Utilization of biomass and waste enery
Ok Biomass resource supply

Transportation and supply of hydroge

O+ Transportation and supply of compressgd hydrogen
O Transportation and supply of liquid hydjogen

O - Hydrogen pipelines

@ 't Safety technology for hydrogen gas jefueling stations

Hydrogen storage

O+ Inorganic materials fprhydrogen storage

O+ Alloy materials fgefydrogen storage

O+ Carbonacegue’materials for hydrogen storage
O+ Organigaaterials for hydrogen storage

O/ byeiogen storage container

2) Diversification of transport fuels

ing train:

The colored symbols specified in front of the technologies indicate

the policy objectives to which these technologies would contribute:

'V Improvement of overall energy efficiency

O Diversification of transport fuels |
¥ Promotion of new energy development and introduction

[ Utilization of nuclear energy and secured safety as |
premises N
< Stable supply and efficient clean use of fossil fuels I
Technologies that make great contributions to policy objectives are |
accompanied by pasted symbols (¥ @ * H ) for the relevant

policy objectives and specified with underlined red letters.




Energy technology strategy

Energy Technology Map for

RES and Distributed System

Objective  Class Energy Technology Technology

(3®New Energy Development and Dissemination For Environment For Security

— Cross Cutting Technology \ Energy

4‘ 21 Energy Management 1211F _HEMS JETEEEN

1213F Area Energy Managemeny

\;

12215 @BEE
{12225 x@%iﬁ% |
— 55 EhiR% |—‘—|3553F Bt RT L |
— 56 E8 —[3562F BB RTL |

:|u+

— 22 EMEELE I

1 EHEAREE |—2us \(JUorEDE | Transmission/
ChiE distribution
New Power Supply System i g
Power storage system ! /
—i 50 New Power Supply System /H/{SlF Demand system Technology ‘
; 3502B Distribution system Technology
k for DG interconnection
; 3503K Transmission system Technology
\ for DG interconnection /

—i 54 Power storage system H35410EW

3544M Lithium lon Battery Technology
3545M Fr/8 % |

35460 157 [ Energy
3547F 8 A
¥—| BEEHEE | Storage

Source: METI technological strategy map (2009) 354K EAREATNHRCAES) |
http://www.meti.go.jp/policy/economy/gijutsu_kakushin/kenkyu kalhatu str2009.html




Energy technology strategy

Cool Earth energy technology innovation plan (2008)

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

/gx __________________________________________________________________ I.m___p__r_g__v__e_d ______ ef_f_|__g__|__e_n_.(;_y ___________________________________________________________________________ Low.carbon
o 1) Highly efficient,
= cGIe :e.;att'?n/ nzatul o éaes tlﬁleer?n Al ?) I-Sgtf:]Iy eff'f'em coall t 3) Carbon 2) Innovative \ 5) State-of-the art
= Istribution | hower plant LU MEROWE RN capture and solar nuclear power plant
Q. i G storage
” ; o o L
> ) e ey
(@) ' 6) Superconductive 11 1
CTJ power distribution AN
c
W_ 7)ITS 8) Fuel-cell car
] ) "‘;;‘.@"
o '

11) Innovative materials,
manufacturing and

processing technologies Technological

development
and accelerated
deployment are
crucial

13) Energy-efficient 14) Next-generation
HSi0 /bundmgs super-efficient
lighting

17) Energy-efficienf(IT <
equipment and

cvctona

Energy us

ToTITO

|_—T9) High-performance
#ﬁiﬁﬁ(iﬂrfc power storage

3) CCs
(see above)

20) Power 21) Generate, transport,
electronics store hydrogen power

Management System Source: METI Cool Earth energy technology innovation plan report




Thank you for your attention.

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

http://www.ogimotolab.iis.u-tokyo.ac.ijp/
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In PP related contents are oo 1 T_EmR i’*i}*w:‘:—/zf
available in Engllsh and Japanese. : @;’;géﬁfﬁi’”iL’Q:xi’“@%rilzgxg?ésﬂgu
i - 89 CNMSDIFR) TZxRHEHTI,
http://nippon.com/en/in-depth/a00302/ http://eco.nikkeibp.co.jp/article/column/20110328/106234/
Mitsutsune Yamaguchi (Ed.), University of Tokyo, Japan .
?* The description of “1. Impact of
: i+ ian: B Scenario Selection” is available
Climate Change Mitigation: g s o this book which is Just

i Mitigatio
A Balanced Approach to Climate Change g published July, 2012.

Part of Springer’s Lecture Notes in Energy series

Scheduled publication date: July 2012
ISBN: 978-1-4471-4227-0
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