Power system damage, recovery
and challenges
from Great East Japan Earthquake

Makoto Toyoma

The Federation of Electric Power
Companies of Japan

February 4, 2013

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.




Contents

1. Outline of the Great East Japan Earthquake
2. Power demand and supply after the Earthquake

2.1
2.2
2.3

2.4
2.5

State of power outage

Disruption of power supply

Effects soon after the Earthquake and response
to the station

Rolling blackout

Measures for steady power supply last summer

3. Damages to power generation facilities and recovery

3.1
3.2
3.3

Damages to the facilities
Efforts to restore facilities
Recovery of power supply

4. Future challenges of power system

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.




1. Outline of the Great East Japan Earthquake (1)

* Time and date of occurrence: 14:46, March 11, 2011

- Size of earthquake: Magnitude 9.0, Centered in off the coast of Sanriku (38.0° N, 142.9° E, depth of
approximately 24 km)

The focal area ranges from off the coast of Iwate Prefecture to off the coast of Ibaraki Prefecture
with the length of more than 400 km and the width of approximately 200 km.

- Maximum seismic intensity: 7 (at Kurihara City, Miyagi Prefecture)

= Tsunami: More than 8.5 m at Miyako city, lwate prefecture, more than 8.0 m at Ofunato, Iwate
Prefecture, more than 7.6 m at Ishinomaki City, Miyagi Prefecture, and more than 9.3 m at Soma,
Fukushima Prefecture. Run-up exceeding 30 m was observed at Miyako City, Iwate Prefecture.

- State of quake: Duration of quake was longer than that of past earthquakes.

: The peak of quake period continued for 0.1 to 1 second. It was 1 to 2 or 3 seconds in the case of
the Southern Hyogo prefecture earthquake in 1995.

2011 the Great East Japan Earthquake
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1. Outline of the Great East Japan Earthquake (2) :

Distribution of IMA Seismic Intensity Observed Tsunami

Date and Time: Soma, Fukushima: >9.3m
11 March 2011 14:46 JST Ishinomaki, Miyagi: >7.6m
Magnitude: Miyako, lwate: >8.5m
9.0 (interim value) Ofunato, lwate: >8.0m
(the largest earthquake
recorded in Japan)
Epicenter:
N38.1, E142.9 Depth 24km
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プレゼンター
プレゼンテーションのノート
昨年３月１１日午後、マグニチュード９の巨大地震が東北沖で発生し、東北地方から関東地方にかけて、長時間の強い揺れに見舞われました。



地震の後には、１０ｍにも及ぶ、従前の想定をはるかに超える巨大津波に襲われました。


2. Power demand and supply after the Earthquake

2.1 State of power outage

B On the day of the Earthquake,
power outage occurred in a broad
area that covered Tohoku region,
which was close to the epicenter,
and Kanto region.

B Maximum number of households
with power outage

- Area supplied by Tohoku Electric
Power Co.:
Approx. 4.66 million households
(15:44, March 11, 2011)
(Approx. 70% of all households in

the area)

-Area supplied by TEPCO:
Approx. 4.05 million households
(15:30, March 11, 2011)
(Approx. 20% of all households in

the area)

5
Occurrence of power outage on the day
of the Earthquake -
(at 20:00, March 11, 2011) Yo I™\ ’ 5.‘.}""
N\ o
Number of “f ANV
suArelied households G N
pbp with power Yt S
y outage A
FRALY
Tohoku B R
Electric APProx. 4.5
million
Power
TEPCO Approx. 4.0
million

Power outage rate
(by prefecture)

mm 80~100%
60~80%
40~60%

I 20~40%
1~20%

[Source: Material distributed at the 2nd meeting of Electric Facilities Earthquake Countermeasures Working Group, Subcommittee on Electric Power Safety]
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[Ref] Overview of Japanese utilities °

Encompassing All of Japan-The Ten Electric Power
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プレゼンター
プレゼンテーションのノート
Japan is divided into ten service areas with one  power company operating in each region since 1951.

TEPCO’s service area is the Kanto region, which includes the Tokyo metropolitan area. 

Though it accounts for only one-tenth of the landmass of Japan, it’s electricity consumption 

amounts to one-third of Japan’s total consumption.




2. Power demand and supply after the Earthquake 7

2.2 Disruption of power supply

B Changes in power supply capacity before and after the Earthquake

[Area supplied by TEPCO] [Area supplied by Tohoku Electric Power]
Approx. 52,000 MW

50000 - [ T )
A Approx. 21,000 MW
S Approx. 40%
S 40000 - (Approx. 40%)
= Approx.
P 31,000 MW
' 30,000 -
©
Q
O]
> 20,000
> ’ i
S Approx. 14,300 MW A Approx.
S ~“Approx.” W~ 5,300 MW
O 10,000 9.000 M Approx. 40%)
|
Before the Earthquake After the Earthquake  Before the Earthquake  After the Earthquake
Major power stations that were forced to reduce the supply capacity after the Earthquake
[Area supplied by TEPCO] [Area supplied by Tohoku Electric Power]
*Nuclear power stations (Fukushima Daiichi and Daini, Nuclear power station (Onagawa)
Tokai Daini) - Thermal power stations (Hachinohe, Sendai,
- Thermal power stations (Kashima, Hirono, Hitachi-Naka, etc. ) Shin-Sendai, Haramachi, Joban, Soma, etc.)
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2. Power demand and supply after the Earthquake 8
2.3 Effects soon after the Earthquake and response to the situation (1)

<Frequency of Tohoku/Tokyo system>

- Immediately before the Earthquake: 50 Hz <Electricity provided from other areas>

- Significant decrease in frequency due to
a demand-supply gap caused by power station’s

stop, etc. Support for power supply through
1 Hokkaido and Honshu
- Automatic response of the corresponding interconnecting line

frequency supporting equipment of other areas

(See the right fijuref

- The demand-supply gap was not resolved.
Frequency continued to decrease (to 48.5 Hz or
less).

- Five minutes after the Earthquake, frequency O

recovered to 50 Hz as a result of automatic stop
of supply to some demands and increased
output at continuously operated stations.

Avoid disruption of power supply (blackout) in the
entire Tohoku and Kanto system

Support for power supply through
Tokyo-Chubu interconnecting line with
FC (frequency conversion equipment)

[Source: Created based on the document released by Electric System Council of Japan in the special Earthquake session at the
conference of Electricity/energy segment, 2011 The Institute of Electrical Engineers of Japan Conference]
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2-Power demand and supply after the Earthquake 9
2.3 Effects soon after the Earthquake and response to the situation (2)

B Frequency fell to 48.44 Hz due to the loss of power supply.

N Tk;e s).ystem blackout was avoided by UFR (under frequency load shedding
relay

B By UFR and increasing the output of the generators of ongoing operation,
Frequency was recovered in about 5 min.
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~"
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49.40 /
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49.00 Ml
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プレゼンター
プレゼンテーションのノート
こちらは、地震直後の周波数の状況です。

供給の減少により、周波数は４８．４４Hzまで低下し、UFRが動作し、ブラックアウトは回避しました。

その後、UFRと運転継続発電機の出力増加などにより、５分後に周波数は回復しました。


10

Z.Ebower demand and supply after the Earthquake
2.4 Rolling blackout (within the area supplied by TEPCO)

Approximately 10,000 MW demand-supply gap was expected to occur on weekdays

N ' :
after the Earthquake.
"Rolling Blackout" was conducted for 10 days between March 14 and March 28

| ing
affecting a total of approx. 70 million customers.
After that, rolling blackout could be avoided thanks to a decreased demand due to
temperature rise and recovery of suspended units.
Example of blackout groups

Decrease in demand
due to the earthquake

(MW) Peak demand before
50,000 the earthquake

*/ 6,000 MW
40,000 k-
‘BOJmO - 31’000
20,000 F
10,000 F
| Power supply I a.,-|.:| v Y .,,__m: , R

Expected Demand
of March 14 capacity
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プレゼンター
プレゼンテーションのノート
金曜日の午後に地震が起き、週末は電力需要が低かったが、平日は約１０GWの供給力不足が予想されました。

そこで、需給逼迫が予想された１０日間に延べ約７，０００万軒のお客さまに対して計画停電を実施しました。

３月末以降は、気温上昇による需要低下や停止ユニットの復旧により計画停電は回避しました。




2. Power demand and supply after the Earthquake 11
2.5 Measures for steady power supply 2011 summer (1)

Implement countermeasures in terms of supply and demand toward the peak demand
time in Summer.

[Response to supply] [Response to demand]
M Early recovery of damaged power source M Request customers to save electricity
M Resumption of operation of un-operated M Expand the demand-supply contract
thermal power stations based on the long-term M Issue an electricity use restriction order
plan (Government)
M Installation of urgently-installed power source
[TEPCO] [Tohoku Electric Power]
60,000 1 60,000 MW
50,000 -
=
S 40,000 - Demand-supply gap
> Approx. 31,000 MW -
& 30,000
o
S
> 20.000 14,800 MW
a 1
o
® 10,000 Approxiﬂ)l'v'_vy -

Supply capacity Demand Supply capacity Demand

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.




Zg%wer demand and supply after the Earthquake 12

2.5 Measures for steady power supply(within the area supplied by TEPCO)

M As the result of utmost efforts by the cooperation of the relating section in

TEPCO and affiliates, supply capacity of 20 GW was secured by the end of
August 2011.

(MW)
Day before 4 months 5 months
the E:rf';[ﬁ r L:‘ie 2 \;foeerks 1 ?ﬁc;r;th after (End | after (End
Earthquake d of July) of August) Remarks
0 4,240 7,090 9,460 18,660 19,580
Recovery from stop due to TEPCO's facilities: 8 locations
the Earthquake (In_cludlng 0 2.440 3,790 7.160 16,010 16,010 and 18 units o
recovery of repair stop Other companies’ facilities:
power sources) 14 locations and 19 units
Resumption of operation of
un-operated thermal power 0 0 0 0 870 870 | Yokosuka 3T, 4T, 1GT, 2GT
station on a long-term basis
Installation of urgently- GT, GE, DE
: genty 0 0 0 0 370 1,290 | 1.71 million kW by the end of
installed power source
September
Further utilization of
generating facilities of auto 0 100 800 800 1,100 1,100
producers
Electric power interchange
by other companies for 1,700 2,500 1,500 300 300
support

(Note) Total doesn’t necessarily equal to the sum of the figures due to the rounding method.

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.



プレゼンター
プレゼンテーションのノート
供給力の確保では、震災により停止した電源の早期復旧、長期計画停止火力の運転再開、緊急設置電源の設置などに取り組みました。関係各所の協力を頂き、８月末までに２０GWの供給力を確保しました。


Zgwwer demand and supply after the Earthquake 13

2.5 Measures for steady power supply(within the area supplied by TEPCO)

(1) Request for saving electricity

BRequest to the customers for saving electricity
Requested the customers to save electricity with mail and telephone

MElectricity forecast

Visualized electricity demand and supply on the Electricity Forecast
page in the website. Transmitted information in collaboration with
mass media, etc.

(2) Expansion of demand-supply adjustment contract

BPlanned adjustment contract

Contract to shift non-business days to weekdays in summer (except for weekdays in the period during the
Obon holidays)

BDemand-responsive adjustment contract

Contract to reduce the use of electricity in response to the notice when electricity supply is tight against
demand

(3) Issue of electricity use restriction order (Article 27 of Electricity Utilities Industry Law)
...Demand-supply countermeasures taken by the Government

WTarget: Commercial-scale customers (with contract electricity of more than 500 kW)
BMPeriod and time of day: 9:00 to 20:00 in July through September 2011 (weekdays)
M Specific details

In general, the upper limit of electricity use shall be 85% of the maximum electricity use (per hour) in the
above period and time of day last year.

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.



プレゼンター
プレゼンテーションのノート
需要面の対策として、

お客さまへの節電のお願いを行いました。ホームページでは「電気予報」において電力需給の見える化を実施しました。

需給逼迫時が予想される場合に電気の使用を抑制して頂く、需給調整契約の拡大を進めました。

また、７月～９月の間に、最大電力を１５％削減する電気使用制限令が政府から発令されました。


Z%ower demand and supply after the Earthquake 14

2.5 Measures for steady power supply(within the area supplied by TEPCO)

B Secured the supply capacity of 54.6 GW at the peak time when the
maximum electricity use occurred last summer.

B Thanks to the customers’ efforts to save electricity, demand was lower than
that of two years ago by 9 to 10 GW.

B Secured the steady electricity supply as a result of countermeasures for
demand and supply.

(MW) Power Supply

60,000 r
54,600 / 59990

50,000 |

Only after
40,000 F 5 months!
30,000 31000
20,000 F
10,000 [

0 Power supply Peak demand and power Peak demand
capacity just after supply of last summer of the summer
the earthquake before last

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.



プレゼンター
プレゼンテーションのノート
以上の取り組みにより、昨夏の最大電力発生時には、５４．６GWの供給力を確保しました。需要は、お客さまの節電効果などにより、一昨年と比べて９～１０GW低い水準となりました。

需給両面の対策により、昨夏は安定供給を確保することが出来ました。


3. Damages to power generation facilities and recovery 15
3.1 Damages to the facilities (1)

M For both Tohoku Electric Power and TEPCO, their electrical power stations,
power transmission lines and distribution lines were extensively damaged due
to earthquake, tsunami, and liquefaction.

Tohoku-Electric Power

TEPCO

Nuclear power facilities

Stop of 3 units (Approx. 1,350 MW) *1

Stop of 7 units (Approx. 6,400 MW)

Thermal power facilities

Stop of 12 units (Approx. 4,950 MW)

Stop of 13 units (Approx. 8,500 MW)

Hydraulic Dam 0 2 locations
power _ _
facilities Water way 19 locations 3 locations
o Steel tower (Collapsed, 46 towers (40 towers) 15 towers
Transmission | broken, etc.)
facilities
Insulator (Damaged, 17 units 41 units
etc.)
Transformer 90 units (23 units) 147 units
Trans_f(_)r_mlng Breaker 177 units (171 units) 33 units
facilities
Disconnector 403 units (331 units) 268 units
Distribution Poles (Inclined, .
facilities collapsed, etc.) 36,048 (27,523) poles *2 14,288 (8) poles

(Note)1l. Figuresin () are posted again to represent damages by tsunami.

(Note)2.
(Note)3.

*1: Unit 2 of Onagawa Nuclear Power Station stopped during the operation of the nuclear reactor.
*2: Figures compiled on August 1, 2011

Source: Material distributed at the 2nd meeting of Electric Facilities Earthquake Countermeasures Working Group, Subcommittee on Electric Power Safety

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.
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[Reference] Locations of major power Stations(1)

Noshiro Thermal | W Higashidor_i Nuclear
Power Station (1200) P0W<|9r Station (1100)
Akita Thermal Power iﬂ Hachinohe Thermal

Station (1300) . Power Station (250)

T

| ;/’“’N |
Higashi-Niigata Thermal .- Onagawa Nuclear
Power Station (4600) Power Station (2174)

Sendai Thermal Power
Station (446)

Niigata Thermal Power

Station (250)
|

Kashiwazaki-Kariwa Nuclear
Power Station (8212)

Shin-Sendai Thermal

Power Station (950)
I

Haramachi Thermal
Power Station (2000)

@® Thermal power
station with
stopped unit

Fukushima Daiichi Nuclear
Power Station (4696)
@® Nuclear power : '
station with /(J'i’ A Fukushima Daini Nuclear
| A, -
stopped unit = Power Station (4400)

( ): Output (MW)

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.
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[Reference] Locations of major power stations (2)
e —_—
: " Hirono Thermal

Shinagawa Thermal £ ‘ :
Power Station (1140) H | Power Station (3800)

: ~ Tokai Daini Nuclear
Ohi Thermal Power Power Station (1000)
Hitachi-Naka Thermal

/_ Power Station (1000)

Station (1050) || ff‘“\
Kashima Thermal
/ Power Station (4400)

Kawasaki Thermal
Chiba Thermal

Power Station (1500)
Power Station (2880)

Higashi-Ogishima | H
Thermal Power ‘

Station (2000)

| I i,

Yokohama Thermal
Power Station (3325)

Goi Thermal Power
Station (1866)

Minami-Yokohama Thermal |
Power Station (1150)

Yokosuka Thermal f
Power Station (0)

® Thermal power station
with stopped unit ¢ Futtsu Thermal Power

® Nuclear power station Station (5040)
with stopped unit

Anegasaki Thermal
Power Station (3600)

Sodegaura Thermal
Power Station (3600)

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.




[Reference]

18

States of nuclear power stations after the Earthquake

I .-'/ ""'H-\._?
</' [N
| _/ﬁ|
J IIII‘_‘-_II -\\‘\\_F'I |

IIII ™y

o

Higashidori Nuclear Power Station,
Tohoku Electric Power Co., Inc.

Unit 1
O

Onagawa Nuclear Power Station,
Tohoku Electric Power Co., Inc.

Unit 1 Unit 2 Unit 3
O O @)

O: Automatically stopped due to the
Earthquake and be brought to cold
shutdown.

[0: Operation is suspended due to the
regular inspection at earthquake.

X: Automatically stopped due to the
Earthquake but was not brought to cold
shutdown.

(Brought to cold shutdown in
December 2011)

* Unit 2 automatically stopped during the regular inspection (with the reactor in operation).

Fukushima Daiichi Nuclear Power Station, TEPCO

p Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6
L +

- g Epicent X X X O

:‘9/? "'.II pieenter (Decommissioned) (Decommissioned) (Decommissioned) (Decommissioned) H o

- /.'I Fukushima Daini Nuclear Power Station, TEPCO
f Unit 1 Unit 2 Unit 3 Unit 4
'! o o o o
1 \ Tokai Daini Nuclear Power Station, The Japan Atomic Power Company
» 4 o

* Units 1 to 4 were decided to be decommissioned.

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.



34 Damages to facilities (2)

19

Case of Fukushima Daiichi Nuclear Power Stations

* Nuclear fission chain reaction was stopped by automatic shutdown with all control rods inserted

at the same time of the earthquake

» Off-site power was lost due to the impact of the earthquake, etc. and emergency generator
started up. However emergency power became unavailable due to flooding by the tsunami

except for Unit 6.

 Finally the “Cooling” function for the reactors and spent fuel pools of Units 1 to 4 were lost due to
the loss of AC power supply and seawater systems, etc. caused by the tsunami.
» Given that high level contaminated water has been found in turbine buildings, “Containment”

function is presumed to be impaired.

apent Fuel Pool (SFF)

inflowed

4 Cooling
Finally the “Cooling”
function for the reactors
and spent fuel pools
were lost due to the loss
of power supply |, etc,

| inundated H.“Lt:ausen::iI:Jk_ﬁrthe tsunami.

e

Feactor Bulldin

Reactor Pressure

Vessel [RPV)

Shutdewn
Muclear fission chain
reaction was stopped by
automatic shutdown with
all control rods inserted

g

/ Containment \“
Given that high level

contaminated water has

been found in turbine
buildings, "Containment”
funcﬂon IS presumed to
be impaired. -/

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.



プレゼンター
プレゼンテーションのノート
福島第一原子力発電所では、地震により、原子炉は安全停止しました。地震による設備被害により外部電源は喪失しましたが、非常用発電機により安全機能は保持しておりました。

しかし、その後の想定を上回る津波により、全電源、冷却機能を喪失し、炉心損傷に至ってしまいました。


[Reference] State of resumption of thermal power 20
generation facilities after the Earthquake

[Tohoku Electric Power)

Resumption state (Number of stopping units)
State before the Earthquake State after the Earthquake 3 days End of End of End of End of
after March April June October
| Continued operation 8 - - - - -
Thermal/geothermal n.
power station located 01;:)6erat_|on Stopped due to the 3 0 _ _ _ _
along the Sea of Japan (16 units) Earthquake
(18 units) - -
Under suspension* (2 units) 2 2 2 1 0 0
) In Continued operation 0 - - - — -
Thermal power station operation 1d .
located along the Pacific ; Stopped due to the
Ocean (4 units) Earthquake 4 4 3 3 3 3
(6 units) - -
Under suspension* (2 units) 2 2 2 2 2 2
Total 24 8 7 6 5 5
[TEPCO]
Resumption state (Number of stopping units)
State before the Earthquake State after the Earthquake 3 days End of End of End of End of
after March April June July
In Continued operation 50 - - - - -
Thermal power station operation S
; topped due to the _ _ _
located %Igrlljgni'[g)kyo Bay (56 units) Earthquake 6 2 0
In operation* (13 units) 13 9 6 0 — -
. In Continued operation 0 - - - - -
Thermal power station operation
located along the Pacific ; Stopped due to the
Ocean (7 units) Earthquake ! ! ! 3 2 0
(12 units) . :
Under suspension* (5 units) 5 5 5 4 2 0
Total 81 23 18 7 4 0

* Suspended operation or preliminary suspension due to regular inspection, etc. (excluding thermal power station in long suspension)
[Source: Material distributed at the 2nd meeting of Electric Facilities Earthquake Countermeasures Working Group, Subcommittee on Electric Power Safety]

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.




3. Damages to power generation facilities and recovery 21
3.2 Efforts to restore facilities (1)

B Tohoku Electric Power and TEPCO worked on early recovery with
power generation and transmission & distribution departments
working together soon after the Earthquake with the cooperative
companies supported by other electric companies.

Number of personnel for recovery (at peak time)

TEPCO Tohoku Electric
Power
Thermal power
generation Approx. 7,000 Approx. 2,000*
department
Distribution
department Approx. 7,000 Approx. 7,000

* As of October 2011. Will be increased toward full-scale recovery.

[Source: Material distributed at the 2nd meeting of Electric Facilities Earthquake Countermeasures Working Group,
Subcommittee on Electric Power Safety]

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.




3. Damages to power generation facilities and recovery 22
3.2 Efforts to restore facilities (2)

<Change in number of recovery personnel in transmission & distribution
department (TEPCO)>

M Put approximately 36,000 people in total by March 18
when the power outage due to the Earthquake was resolved.

000 r 6690 Total number of personnel
M Other electric power companies
5000 F 5770 M Cooperative companies
’ h3g7 B Employees

o000 4416
4000 | 3796 3565

3148 3045
3,000 F
2000 F
1,000 F

[:] [ [ [l [ [l [ [ | i
Mar. 11 Mar. 12 Mar. 13 Mar. 14 Mar. 15 Mar. 16 Mar. 17 Mar. 18

* Transforming and transmission departments posted the figures by March 14 and March 16 respectively when the system was restored.

[Source: Material distributed at the 2nd meeting of Electric Facilities Earthquake Countermeasures Working Group, Subcommittee on Electric Power Safety]

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.




3. Damages to power generation facilities and recovery 23
3.2 Efforts to restore facilities (3)

<Change in number of recovery personnel in transmission &
distribution department (Tohoku Electric Power)>
M Put approximately 277,000 people in total by June 18

when all the power outage was resolved in the areas to which the
Company could transmit electricity.

60,000 r Total number of personnel
54120 M Other electric power companies
M Cooperative Companies
50,000 B Employees
40,000 | 35169 34814 o094
|| o |
20,000 F 26723
22654

20,000 F 1864/ 16887 17252
14038
[:] 2 a » 2 » » a » » -

Mar.12-Mar.21 Mar.22-Mar.31 Apr.1-Apr.10 Apr.11-Apr.20 Apr.21-Apr.30 May.1-May.10 May.11-May.20 May.21-May.30 May.31-Jun.9 Jun.10-Jun.18

[Source: Material distributed at the 2nd meeting of Electric Facilities Earthquake Countermeasures Working Group, Subcommittee on Electric Power Safety]

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.




3. Damages to power generation facilities and recovery 24
3.2 Efforts to restore facilities (4)

B State of support among electric power companies

To compensate the damaged distribution facilities, the electric power companies provided their 50/60
Hz electric power generating vehicles and personnel. The supporting companies arranged water,
foods, lodging to support life from experience of the past disasters.

(Reference) Support from other electric companies at Tohoku Electric Power (Distribution of electricity)

Hokkaido Tokyo Hokuriku Chubu Kansai Total
Operating 622 454 439 2,458 203 4,176
person-day
Number of
generating vehicles 17 —_ 3 19 2 41
(vehicles)

[Source: Material distributed at the 2nd meeting of Electric Facilities Earthquake Countermeasures Working Group, Subcommittee on Electric Power Safety]

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.




[Reference] Temporary recover of external power supply
to Fukushima Daiichi Nuclear Power Station (1)

B To recover the power supply to Fukushima Daiichi Nuclear Power Station,
the transmission & distribution department helped the recovery efforts.

|'. ||‘ IIHIII ||'||'|||

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.



3. Damages to power facilities and recovery efforts 26

3.3 Recovery of power supply (within the areas supplied by Tohoku Electric Power)

B Within the area supplied by Tohoku Electric Power, the problems of supply were
resolved at 20:00, March 19, 2011 except for the areas where they couldn’t start the
recovery work due to the effects of Tsunami, etc. Although partly affected by the

aftershock on April 7, the problems of supply were completely resolved on June 18
except for the areas where they couldn't do the recovery work.

Number of :
household with (Main quake occurred (Aftershock occurred  (Aftershock occurred
at 14:46, March 11 . ; . ;
power outage 50 - ) at 23:32, April 7) at 17:16, April 11)
(10 thousand « Max. 4.66 million household 4.01 million household
hOUSGhO|dS) (15:44, March 11) (2332 Aprll 7)
400 — L 3
*
L J
. L J
300 4 *
* *
4
200 *
\ .
100 ® e Completed
: recovery work on
§ June 18
0 TGN nantennnnn s e e \»‘.ooooo.....“
e 2R SN RIRRRERRR NIRRT R YRR R 2R NER
SIS EII ST <993295535355535855535%
SEESEE88ESEE8E5SE8888E882525222228882583838¢888¢8¢8
i Y T - - i T T - i T e B N T O ) oo o oo o oo OO0

[Source: Material distributed at the 2nd meeting of Electric Facilities Earthquake Countermeasures Working Group, Subcommittee on Electric Power Safety]

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.



3. Damages to power generation facilities and recovery 27
3.3 Recovery of power supply (within the areas supplied by TEPCO)

B The supply problems were resolved at 22:10, March 18, 7 days after
the Earthquake, within the area supplied by TEPCO.

Number of household with power outage
(10 thousand households)

S00 |(The Earthquake occurred at 14:46, March 11.)|
Approx. 4.05 million households
‘ (As of 15:30, March 11)
400 4
2
300 &
*
L 2
200 ”
L
DA At 22:10, March 18, power outage due to
100 - \ the Earthquake was resolved completely.
0\
000
0 |

3/11 3/12 3/12 3/13 3/13 3/14 3/14 3/15 3/15 3/16 3/16 3/17 3/17 3/18 3/18 3/19 3/19 3/20
12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00

Note: The number of households were the figures announced by TEPCO at the press conference (The number affected by rolling blackout is excluded.)

[Source: Material distributed at the 2nd meeting of Electric Facilities Earthquake Countermeasures Working Group, Subcommittee on Electric Power Safety]

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.




[Reference] 28
Comparison with recovery state of other infrastructures (1)

Recovery rate of other infrastructures on March 19
when the power outage of TEPCO had been resolved | |

-Gas: Approx. 9% === Electricity (Tohoku
- Fixed-line telephone: Approx. 70% Electric Power)
*Mobile phone: Approx. 75% _
0% - - 4w -=- —: -1 -Water supply: Approx. 38% i Electricity (TEPCO)
| Gas
. W R _
20% o

© —=— Fixed-line telephone

-

(]

= R o | —4*— Mobile phone

> 40%

@

E Water supply

O | B T {1

o 60%

o

80% -\ "L T
e ‘—o
100% I ' : :
March 8 March i.8 March 28 April 7 April 17 © April 27 May 7 May 17 May 27

[Source: Material distributed at the 2nd meeting of Electric Facilities Earthquake Countermeasures Working Group, Subcommittee on Electric Power Safety]

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.
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4. Future challenges of power system

[Challenges of damages and recovery of electric facilities]
B Preparedness of electric facilities for future earthquake and tsunami

- Reflect knowledge obtained from this experience on design of newly constructed
and renewed facilities

- Evaluate the impact of possible tsunami and consider the measures to mitigate
damages

B Further speeding up of recovery of power supply
- Consider the use of satellite imagery

- Strengthen the cooperation with local governments and other organizations to
prioritize the recovery of infrastructure equipment

[Challenges around power demand and supply]
M |deal interconnected line among areas
B Measures to promote steady power demand and supply in terms of demand

B Response to a large-scale introduction of renewable energy power source
B Countermeasures against demand for this summer

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.
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[Reference] Basic ideas of securing seismic capacity

O Seismic capacity category of electric facilities and seismic capacity

to be secured
Based on the concept of the basic disaster prevention plan (decided by Central Disaster
Prevention Council in July 1995 ), the seismic capacity of electric facilities (except for
nuclear power stations) shall be ensured according to the following two categories.

Category | Dam Category Il Power station building, turbine, boiler,
5 LNG tank Rk Transforming facilities, Transmission ;
i Oil tank Rk facilities, Distribution facilities, Load i
T TTTTTTTTTTTTTTTmmmemmmmmmeemmo oo ' dispatching center, Electricity security !
A. In case of general earthquake vibration, | communication facilities, etc.
significant problems shall not occur with | |7 77T e T
each facility. A. In case of general earthquake vibration, significant

: : problems shall not occur with each facility.
B. Even in case of high-level earthquake _ _ o
vibration, it shall not give any significant C. Even in case of high-level earthquake vibration,

alternative measures and functions of the system
shall be ensured comprehensively with multiplexing
So as to avoid significant (long and extensive) supply
disruption.

impact on human lives.

*1 General earthquake vibration: General earthquake vibration that is expected to occur once or twice during the service period.

*2 High-level earthquake vibration: Higher-level earthquake vibration caused by an inland earthquake or ocean-trench massive
earthquake, although a probability of occurrence is low.

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.
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[Reference] Basic ideas to respond to tsunami

[Tsunami with high frequency (Tsunami that occurs once or twice
during the service period)]

B Penetration of tsunami into demand areas (urban areas, etc.) is
expected to prevent by shore protection facilities.

B For the facilities that may give a significant impact on human life once
they have lost their functions, a fundamental policy is that
countermeasures shall be taken for each facility to avoid causing
significant problems to their functions.

[Maximum level of tsunami (Maximum level of tsunami that extremely
rarely occurs)]

B To construct facilities that can prevent damages is not practical from a
standpoint of cost.

B A fundamental policy is that countermeasures to reduce effects of
tsunami shall be taken so that damages may be reduced to the extent
possible or recovery may be facilitated, in consideration of the level of
Impact that damages to the facilities give on electricity supply.

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.




= 32
4-1 Ideal interconnected line among areas

B Since Japan has the comb-like power supply system, which connects the areas
supplied by different electric companies with interconnecting lines, there is a
limit to use the supply capacity in a wider area.

B We are planning to prepare for the risk of suspension of multiple large-scale
power sources and to strengthen the interconnection between east and west

Japan.

Frequency Converter Stations (1035 MW) :
-Shin-Shinano: 300 MW x 2 Hokkaido

-Sakuma: 300 MW
*Higashi-Shimizu: 135 MW

Enhance to 900 MW (2100 MW) with a target Hokuriku : iRl
year set at 2020 [
Then, to 3000 MW as early as possible A
Chugoku >
Kyushu Chubul-/plq Tokyo
Shikoku >id

60Hz <¢sssm | mm) 50Hz

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.



プレゼンター
プレゼンテーションのノート
続いて、供給面におけるリスク低減についてです。

供給面では、大規模電源の複数停止による電力供給リスクが顕在化しました。日本は、各電力会社地域を地域間連系線で結んだ「くし形系統」のため、供給力の広域的な活用に限界がありました。

このため、大規模電源の複数停止リスクへの備え、また、再生可能エネルギーをはじめとした分散型電源の導入促進の観点から、地域間連携線等の強化を計画しています。


4= Measures to promote steady power demand and 33
supply in terms of demand

M To deal with the significant shortage of supply capacity, we had to reduce demand with
the rolling blackout and the electricity usage restrictions. We could not fully utilize
originality and ingenuity for reducing demand of consumers.

M We consider to introduce a new fee menu and services, working to improve a smart
meter so that a peak cut and peak shift are promoted by consumers when supply is
tight.

B We work to introduce a smart meter to 80% of the customers in the next five years.

<Image of effects expected with a linkage of smart meter and energy management system>

<Peak cut/shift of power demand>

Electric

"1 (A): Communication for remote
meter reading

Efi';

l. |

e
i

—
ll
i

Smart meter

LL. -
- ] I e

y o O 11 <Visualization of electricity usage, Control of

(B): Communication for HEMS

# - Home Energy Management System

(1): Remote meter reading and
opening/closing to improve work efficiency

2 Document No. 3 delivered at the 11th Smart Meter System Study Meeting
All rights reserved, The Federation of Electric Power Companies of Japan, 2012.



プレゼンター
プレゼンテーションのノート
需要面では、供給力の大幅な不足に対して、計画停電や電力使用制限による需要抑制をせざるを得なく、需要家の需要抑制への創意工夫が活かしきれませんでした。

需給逼迫時に需要家のピークカット、ピークシフトが促進されるよう、スマートメーターの整備を進め、新たな料金メニューやサービスの導入を検討する必要があります。

スマートメーターは現在、技術検証を実施中であり、２０３０年度までに全戸への配備を計画しています。


4-3 Response to a large-scale introduction of renewable

34

/

the efforts in union.

power source (1)
@ To expand the introduction of wind power generation, electric power companies promote

£ ¢

1

1
1
1
!
1
!

[[

Respond to the expansion of wind
power generation by securing the

adjustment capacity against
fluctuation in output of wind power

IIIII

N -_
5%{%

" Hokkaldo .:'

\/Ermhde Expansion of wind power generation is
expected in the future.

" (Especially, locations where we can

introduce wind power generation are

mainly in Tohoku and Hokkaido. )

1

/
! o
! 0

Hokuriku | 'TOhOkEf'
i(ﬂ% ‘ fovide
' @P;owdé Tokyo In the areas, where a significant
4<ansa| Chubu .“.": increase in wind power generation is
R expected, secure the adjustment
capacity against fluctuation in output of
wind power by utilizing interconnected

Company with
extra adjustment
capacity

lines and providing electricity mutually

among companies.
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4-3 Response to a large-scale introduction of renewable
energy power source (2)

<Qverview>

® Accumulate the output data of solar power generation, which serves as a base for technological development, and
analyze and evaluate a fluctuation in output so as to ensure a steady electricity supply even in case of a large-scale
introduction of solar power generation

<Verification items>

(1) Accumulate data such as solar power (2) Analyze a fluctuation in output of solar power
generation output generation

Install actinometers and thermometers at - Analyze a fluctuation in solar power generation output

321 locations nation wide (at 116 and smoothing effect
locations of which, we also collect solar - Develop a model to estimate a fluctuation in solar power

power generation output data) generation output
- Estimate and evaluate a fluctuation in solar power

generation output

i A
: 4- Estimate an W ﬂ ?
! A output N

- u
4 a
. »+° " fluctuation
[ B ) " - TT T T T ~~o - & N "
@ Locations where Ppray A V- AN 1 Long-period fluctuation |
meters are installed ) = " N 5 p
) ) II/ \\\ E ,‘5,
Pictures are taken from the website of the manufacturers ; !\_ ’\ 3 % 8
.’ L & V|28
-2 '. ;| S8
- L . A ;|5
= - PN x AU
- e. .E- R Z =— o ' ﬁ ‘
Global solar Thermo Solar power [0} Q:OO
radiation meter meter generation output Tt

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.




4-3 Response to a large-scale introduction of renewable
energy power source (3)

<Qverview>

® Preparing for the technical issues in operating electric power system, develop and verify the technology to address
the issues

- Develop control technologies and equipment that can reduce fluctuations and deviation in voltage in the
distribution system due to a large-scale introduction of solar power generation

+ Develop and verify countermeasure technologies against surplus electricity that is generated in the lighter load
periods (such as the golden week and weekends in spring and autumn)

* Demand creation and shit and evaluation of effects on demand-supply operation, etc.

<Verification items>

(1) Development of voltage fluctuation reduction technologies of distribution system

(2) Development of equipment with low electromagnetic noise, loss and cost utilizing the next-generation
transducer technologies

(3) Development of control technologies responding to the state of system for demand side equipment
(4) Consideration of demand-supply plan/control and communication infrastructure across the system

Oliaporatio a ONg ed D > O Olall power generatio alld de A0 e depenad 0 O a ale O > >
I S Control interface
Monitoring/control € =) .
Monitoring/control — g E > (Smart interface)
) (~D) (-2 Subfstation
or Controllable
| Load
distribution ‘ PCS H oa ‘ load
Large-scale Voltage control Transformer | T T
ower station equipment

negy
1S rdeg i

Batteries

E
\'J

equipment equipme_ntvyith
~  (~)Mega solar

ater wind farm * T T

pumping |
Upper system
Transmission system
Voltage control

T Voltage control Communication

E
[k

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.
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4-4 Demand-supply countermeasures

[Response to supply]

B Resumption of operation of un-operated thermal power stations, New
additional power generation facilities

B Maximum mutual electricity provision

B Resumption of operation of nuclear power stations on the main premise of
safety

[Response to demand]

B Request for saving electricity to consumers

B Expansion of demand and supply adjustment plan
M Preparation of rolling blackout

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.




[Reference] Current state of nuclear power stations 38
N Japan (For commercial use: As of end of December 2012)

Higashidori Nuclear Power Station,

. . . . Tohoku Electric Power Tomari Power Station, Hokkaido Electric Power
Kashiwazaki-Kariwa Nuclear Power Station, TEPCO —

[ e Y e
[ Yo N e [ e ¥ e i . e

1z (s ]fa s ]le ][]

Shiga Nuclear Power Station, Hokuriku Electric Power . .
Onagawa Nuclear Power Station, Tohoku-Electric Power

—~ D

—
Tsuruga Nuclear Power Station,
The J=22an Atomic Power Company

—

Mihama Nuclear Power Station, Kansai Electric Power
— [ Y e
qE1E]

Ohi Nuclear Power Station, Kansai Electric Power

Fukushima Daiichi Nuclear Power Station, TEPCO

sEEEEE

Fukushima Daini Nuclear Power Station, TEPCO

BB

Takahama Nuclear Power Station, Kansai Electric Power

[ e Y e Y e
EfEEIE ’

Shimane Nuclear Power Station,

Chugoku Electric Power
— ®

Genkai Nuclear Power Station,
Kyushu Electric Power

nRak

[ Yo
B ENER Y

Tokai Daini Nuclear Power Station, The Japan
Atomic Power Company ﬁ

Hamaoka Power Station, Chubu Electric Power

[ Y e

/e

Sendai Nuclear Power Station,
Kyushu Electric Power Ikata Power Station, Shikoku Electric Power

GE ARG
Units 1 to 4 at Fukushima Daiichi Nuclear Power Station were decommissioned on April 19, 2012.
Output scale ﬁ In operation er::rgftirrso f TOt?I:A(\)/\L/J)tpUt
5 O - ,
Le?than Less than 1,000 MW @ Suspended Iguoszzr:(tjl:;‘ 428 423?13
500 MW 1,000 MW or more Total 50 46,300

Source: “Nuclear Power 2010,” Resources and Energy Agency

All rights reserved, The Federation of Electric Power Companies of Japan, 2012
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Thank you for your attention.

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.




Distribution of seismic intensity of 40
The Great East Japan Earthquake _

-

» Transforming facilities @

Epicenter o
P Transmission facilities )

MDSendai Thermal
Power Station

: \Transmission facilities
Do L § ~@wa
Transformin@fadi'tiﬁe @ ®@Haramachi

Thermal Power
Station

Intensity 4
Intensity 5 lower
Intensity 5 upper _ :
Intensity 6 lower Y
Bl Intensity 6 upper ff/ \\\_F,
Bl Intensity 7 M

=

Power Station

*Data of intensity is in accordance with the data of Japan Meteorological Agency.

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.




@) Sendai Thermal Power Station
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@ Sendai Thermal Power Station

" %
.l
'y ¢
. L
rl
- .‘l. _--.

Inside the administration building of Sendai
Thermal Power Station

(First floor of the administration building
flooded and damaged by Tsunami)

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.




@ Haramachi Thermal Power Station
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| Before the Earthquake |
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—Tohoku Electric Power Transmission facilities Q) —

Broken supporting insulator

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.



—Tohoku Electric Power Transmission facilities @ —

Tsunami damage (Collapsed steel tower)

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.
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—Tohoku Electric Power Transmission facilities @) —

Tsunami damage (Broken steel tower)

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.
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—Tohoku Electric Power Transforming facilities @ —

IIIIIIIIIIIIIIIIIIIII-IIIIIIIIIIIIII.

Tsunami damage

Situation of the site

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.
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—Tohoku Electric Power Transforming facilities @ —

Damaged transformer bushing

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.
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-Tohoku Electric Power Distribution facilities -

Pole inclined due to damage to the road
(Fukushima City, Fukushima Prefecture)

All rights reserved, The Federation of Electric Power Companies of Japan, 2012.
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