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Clean Energy Technology for

Stable Supply and CO2 Reduction
= after Natural Disaster




Happenings of Negative Aspects
in Front Runners of Power Markets
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Comparison of CO2 Emission in Countries
( Ke-C02 / Kwh at Generation End )

- CO2 emission in Japan is relatively low compared with other countries
- France( Nuclear centered) and Canada( Hydro centered) are the top runners in the world.
- As Germany abolished nuclear plants by national consensus, the ratio of coal plants is high.
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Current Situation of Nuclear Plants
in Japan
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Power Shortage at Peak Period
In Summer 20! 1
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m Uncertainties in Supply
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Power Supply Capability
e Tokyo Electric Power Co. sends 1.4GW to the disaster-stricken Tohoku Electric Power Co.
e Supply Capacity in Tokyo Area . 53.80GW(July), in Tohoku Area . 13.7 GW(August)
Demand/Supply Balance after accommodating power through tie lines
Estimated Peak Demands in Tokyo and Tohoku Areas . 60.0 GW, 14.8 GW
«Estimated Power Supply after Accommodations > 93.8 GW, 13.7 GW
*Necessary Electricity Saving Ratio c A10.3% . A74%
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Transition and Prospect
of Generation Mix in Japan
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Amount and Ratio of Economic Damage
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» Total Amount of Direct Economic Damages
o Damages (Trillion Yen) of Social Stocks : 5.8 ~7.1,
Enterprises’ Families: 5.3 ~7.3, Stocks: 0.6

vl al LUvisasuvti
14 ~18 Trillion Yen

Houses: 2.3~3.1,

Capitals and Stocks

Amount of Damages
(Trillion Yen)

Damage Ration

Total of 7 Prefectures

Total of 7 Prefectures

3 Prefectures 3 Prefectures
Social Capital 58-7.1 45-6.1 7.2% 21.0%
Road 11-14 1-1.4
Harbor Facility 12-13 0.6-0.9
Water /Waste Treatments K 0.5-0.6 04-06
City Parks 0.1-0.1 0.1-0.1
Culture /Education Facility 06-08 06-0.8
Afforestation/River/Coast 05-0.7 04-0.6
Agriculture/Fishery 1.7-21 13-1.7
Houses 23-3.1 23-3.1 6.4% 26.1%
Enterprise Facilities 5.3-7.3 53-7.2 6.9% 25.1%
Buildings 34-46 3.3-46
Machines /Facilities 2-2.7 1.9-26
Stocks 0.6 0.6 6.5% 23.9%
Manufactures' Stocks 04 0.4
Commodity Stocks 0.2 0.2
Total 14.1-18.1 12.6 - 17 6.9% 23.5%

% o |
Damage
Ratio
Prefecture
All Stocks
Average
Hokkaido 0.6%
Aomori 1.9%
lwate 23.8%
Miyagi 33.7%
Fukushima 12.8%
Ibaraki 1.6%
Chiba 0.7%
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Paradigm Shift to Pest Energy Mix
for Stable Power Supply in Japan

=




Contribution of Electric Power Sector
for Carbon Free Society

Supply side

Enhancement of Efficiency
Reduction of CO2

- Main streams of COz2 reduction by electric power sector are ;
- Supply side  : Enhancement of Efficiency and Nuclear and Sustainable Energy

- Demand Side : Efficient Facilities and Energy Saving by Electrification

- Practical and effective countermeasures on supply and demand sides
In cooperation with government, industries and academic organizations

Demand Side

Dn‘fusmn of Sustalnable Energy

Efficient Facilities

ergy oavulg uy Electrificatio

- Energy Saving, Energy Storage
- Heat pump, Electric Vehicles

. Stable Power Supply P

e e
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Toward Best Energy Mix
from Nuclear-Centered Generation Mix

Generation Mix based on Large Scale Plants |

Hydro Plant Resi de% ﬁ,:;]:/ ~
: T Factory I~ " Wind
—==—T  (Generation
_ i Storage Storage
Transmission Distribution _ f _
Network Substation  Distribution
Network

Energy Saving

L

Local Generation

Best Energy Mix based on Distributed Generation and Network

Generation
with Fossil Energy

e

- LNG Thermal Plant (1GW)

- Gas Combined Cycle (0.3GW)
- Gas Engine (10KW - 1MW)

- IGCC (Clean Coal Generation)
- Fuel Cell

Generation
with Sustainable Energy

Battery Energy Storage 54
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Middle Term Targets of

) )

o 4. ° 17 y — ey Y 4 ¥Y _4° ___ . T __
ousiailliapie Laergy distailalon il Japall
{2) PV Generation I 4 wind Generation
| ﬁ,?; i e 4 | - Main Stream in the World
5.310 KW - Offshore Wind Generation
- Supply during Blackout
2800
602
448
300
482
142 } > 108
2005 2010 2020 2030 2005 2010 2020 2030 ¥
Target ( x104KW) Ratio against 2005 Target ( x104KW) Ratio against 2005
2005 142 1 2005 108 1
2010 482 3.4 2010 300 3
2020 2800 20 2020 448 4.5
2030 5310 40 2030 602 ¥
Ref. - Mitsubishi Elec. Com. |
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Issues in Power System Operation by

y ...~ o__71. 7¥v___4°77_+1° __. L O___4_°_ _17_. ¥V _ . ______
Lal§€ OCall LiStiliation 01 vusSiallavll Liergy
O By large scale installation of sustainable energy such as PV generation, new problems in power grids ;

Excess energy, Voltage increase and Shortage of frequency control capacity occur.
O Necessity of power stabilization control to keep their own functionality of power networks

(96) Output Deviation of PV Generation (In Summer)
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| 2. Shortage of Frequency Control Capacity I

Sum of demand and LT A Excess of
wind output deviations ~ { control limit

Distribution
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N,

LFC (Load
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----------------------- Reverse power W 1
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Demand deviation of Total demand

- One hour >

Demand Change
(Components under 20
minutes deviartion,)

Reverse power : PV generated power flows into grids
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95v

"""""""""""""" No Reverse Powe
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Staﬁi]iza tion of Wind Generation Outputs
Dy bbSS ( Battery Energy Storage System )

Output fluctuations of Wind Constant output from

Wind Gen. and BESS

VELVANEEE

Aﬁ \ I Av/\s\ ,"I | Value Increases | D
: _ 18 - 20 cent/KWh
Wind Value is low ~ V l\_ 9
Generators | 9 =9 BRI Charge and discharge to match _annr Cuctam
~— > . . I UvVvui \)yOLCIII
outputs of wind generation
Application:
— Futanata Wind farm in Rokkasho Village

— - Generators: 1,500 kW X 34 Units
- NAS Battery: 2,000 kW X 17 Units
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Structure ana’ Comp onern ts of

Intelligent Fuel Cells
Control System

_—
—
_—
---
—

Wind Generator

Domestic
Customers

Battery Energy
A\ Storage System

< .z N
@q P\[ generation
GasEn\gi/ne,CGS Electricity/Heat Supply I;#ﬁ/-
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Features of

D"I)hﬂ(’ I’ Fnaﬁﬂ'l’f nalrrrarv ]\fnf Ili‘l’ﬂ
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Virtual Power Plant (ENCORP)

Micro-Grid (EOLBNL)
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Custom Power Park (Westinghouse) Pleasanton Power Park (Real Energy)

Commodity Power INTERGY" s -asa—-—-un-‘-'ﬁ‘g_
Power Park Concept
Project goal is to generate 100004 of site's energy needs m”m
/ \ @@ Photovoliaic solar panels @@ plans for at least one :—115’ _,—z@'
on roofs of 7 buildings rated ilding v e =
Modules: Custom Power Park 340 kow @ % 2.7 million o o - ‘-\_.\_ ey ;
Incoming Dirty Load On-Line ' T }5 e
Power Buffer and Er?grog';/t ;—t%rrrgge Monitoring @ all building= will house a
Conditioning Compensation and petire bi L
(DVR) (DSTATCOM) | | (SMES,FW Battery) Diagnostics 8 e e s I amt
3 Phase development plan by mid-2001
Long Term Load Ephase 1 ﬁphase% ﬁpha.seﬁ
Seamless Seamless Backup Management :
Isolation Transfer Option and
(SSB) (SSTS) (M/G,Fuel.Cell Optimization
Ser\“ces Installation ) Maintenance
Training Engineering
Commodity Improved Premlum Power fOF
Power Power Power Non-Linear Loads

Reference: Chris Marney, Lawrence Berkeley National Laboratory Copyright: Ryuichi Yokoyama, Waseda University, Japan




Features of Proposed Delivery Networks

Demand Area Power System (CRIETI)

Upper transmission
network

Kyoto Eco-energy Project (Kyoto,

Fuji Elec. Co.)

Dispatching control.

o

Biogas generation System developments PV generation
= Supply -400kw Sewage treatment
(. Fuel cell -250kw Comprehensive supports :
E E:] T <= Pole mounted | (Kyoto Prefecture) Dispatching
i = Transformer--| Research projects l L Control
i..l.. 2 (NRI) v
N == % Technical support
- | < Grid connection )
________ '-:)————-— -_ ‘KEPCOI
Central operating [/ supply-Demand Interface p:pﬂj‘m':_ —
system [  Loop Controller Energy = jﬁ—E!E.\ ) 110 """;-w,“
— Hioh volsge cation Demands — e e
Low voltage Communication line Y- Town office I Kyoto Wind Museuml

Hachinohe Municipal Microgrid Project

- - I——#-_-_— B'Ib‘gas engine
PV generation :50 AW

E Primary school
Wind ge

S
BAE DA |[RLE

170K\ X 3Unites
Control system

Waste timbers

)

E Middle school

Lead battery
50AW X 2Unites

Wooden biogas
boiler

PV generation :10 AWM
il N

Conventional
TR |
oiler
"IN

Y- Hospital

‘g Grid o Global Common 5
256 ' o ildi
k‘g ':“ e building
r~ Power,
PV-generation : 330AW \
Receiving
terminal
Power

| NAS Battery |

K Primary school
PV generation :10AW

/ N 1.0 ton.~h
Sublimated Gases are s ==
= = mpge—
|]]T|-|'| forJeaine
. L= p treatment oftice
City Hall and Office ¥

PV generation :10AW Tohoku Elec.

Com.

Wind generation :4AW

High temperature
Gas system

Garbage from

Aichi EXPO-2005 New Energy System (MET]I, Japan)

Timber tips from
Pavilion constrictions

| EXPO pavilions gl

City Gas

SOFC
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Implementation and Verification of
- Smart/Micro Grids in Japan




Verification Projects of Smart Community
and Related Experience

* Technology development of renewable energies (PV, WT, etc.)
» Grid-connection technology development and demonstration related to renewable energy

Up to FY2005 | Fv2005 | Fv2006 | Fy2007 | Fv2o0s | FY2009 and onward

Projects for Technoldgy Developifnent of Re:newable énergies (P:V, WT, etc.)

- New Sunshine Project - Large-scale wind power technology dlévelopment - %Advanced phot@voltaic technology
development - Future technology development! - Ultra-high;efficiency photovoltaic technalogy development

Grid-connected System
Operation and grid-connection of high penetration renewable energy or energy storage
and EMS application technology to reduce fluctuation of renewable energy output

Single renewable energy
grid-connection technology
development (such as the
Rokko Island project)

1| Demonstrative Project on Grid-interconn_ecﬁo
1| of Clustered Photovoltaic Power Generation
1| Systems (FY2002-FY2007)

Research and Development of

- - - Islanding Testing Technology for
Demonstrative Project of Regional Power 1| Clustered Photovoltaic Power
Grids with Various New Energies Generation Systems
(FY2003-FY2007) (FY2008-FY2009)

Demonstrative Project on New Powe i i
Network Systems i I
(FY2004-FY2007) - i
Verification of Grid Stabilization with Large-scale PV Power Generation
Systems (FY2006-FY2010)

Development of an Electric Energy Storage System for Grid-connection with
New Energy Resources (FY2006-FY2010()J

Development Project(FY2003-FY2007)

Y

/

Promotion of
Continuous Efforts to
Develop Smart Community
Technologies

1
1
1
1
1
1
1
1
E Wind Power Stabilization Technology
1
1
1
1
1
1
1
1
1
1

Copyright: Ryuichi Yokoyama, Waseda University, Japan 21



Demonstration Project on Grid-interconnection

of Clustered PV Power Generation Systems
(FY2002-FY2007)

e - _ wea L e e — e co——
= 3. ~ - =

.........

Number of PV-equipped houses: 553 -
Total PV capacity: 2129 KW Ota Clty De
Average capacity per house: 3.85 kW ”
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Demonstration Project on Grid-interconnection
nf NMNyratorad DV DAaviror on y aofonmo

af1n
Ul TUiuUouvi1iovu 1 4 UYru1z UUIIUI auuu U}’DIJUHID

(FY2002-FY2007)
‘ Prevention of voltage increases on distribution lines ”

Ventilation Inverter
4kVA
fan ( / Battery charging and discharging
J AES - 6
e ' 1| — PV output (kW)

—  Demand (kW)
4 Received power (kW)
Battery output (kW)
< =
X
B ,»«ld‘,);\,,wq \Vfb."
= ) - -
o
o
2 —_ - —
Control
Lead acid terminal
batteries 4
3:00 6:00 9:00  12:00  15:00  18:00  21:00  0:00

Q
S
S

Time

Battery storage
& Number of installations: 550
@ Storage capacity: 4,704 Ah (9kWh)

23
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Verification of Grid Stabilization with Large-scale PV

DPnurar (onar thn Qrfafama /FVO/)/)A‘-FVO/) I/))

4d Uy€rvi WUvuvii Ul QUL U.

€ Wakkanai site
5 MW: Most PV cells are crystalline.
NasS battery: 1500 kW-7.2hrs

€ Hokuto site
1.8 MW: 26 types of PVs
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