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Current Status of Strategic Energy Plan in Japan

 4th Strategic Energy Plan has been determined by the
Government on April 11, 2014 to provide basic lines
of energy policy with a view to an energy supply-
demand structure for the mid to long term for these
20 years.

 “Nuclear power is an important baseload 
electricity source.”

 Long Term Plan on April 27, 2015

 Contribution of nuclear power in 2030
: 20-22% of total electricity source
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Situations Surrounding the Use of Nuclear Power in Japan
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2025 2030 2050

Interim Storage Facility

Reprocessing

MOX Fuel Processing

Fast Reactors

Electric Market Reform

Nuclear Power
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Nuclear
Fuel
Cycle

Related to the Accident 
at Fukushima Daiichi
Nuclear Power Station

Response to the New 
Regulation Standards

Related to Climate Change

Voluntary Efforts
to Improve Safety

Decommissioning

Strategic Energy Plan
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Enforcement of
New Regulatory
Standards (July 8, 2013)

Accident at Fukushima Daiichi 
Nuclear Power Station 
(March 11, 2011)

Fuel Debris Removal

Completion of the Decommission

Completion of the Mutsu Interim Storage Facility

Completion of the Rokkasho MOX Fuel Processing Plant

Full Retail Competition

Legal Unbundling of Transmission and Distribution Sectors

Practical application of fast reactors

2nd commitment period of the Kyoto Protocol

Establishment of the Organization for Cross Regional Coordinationof Transmission Operators

Greenhouse gas reduction 
Whole world: half
Developed counties: >80%

Completion of the Rokkasho Reprocessing Plant

Practical Application of
Fast Reactors

Restart

Decommissioning

Safety Improvement Evaluation

Submitting Intended Nationally Determined Contribution before COP 21

Total capacity of nuclear Power in the world :to grow by about 10 to 90% by 2030 about 10 to 190% by 2050 (IAEA) 
and by about 60% by 2040 (IEA)

Establishment of Japan Nuclear Safety Institute (JANSI) (Nov. 15, 2012)
Proposals for Voluntary and Continuous Improvement of Nuclear Safety (May 30, 2014)

Establishment of Nuclear Risk Research Center (NRRC) (Oct. 1, 2014)

Basic line of Energy policy with a view to an energy supply-demand Structure for the Mid to Longterm (20 years)- - -
4th Strategic Energy Plan (April 11, 2014)

(end of 2015)

Establishment of a Proper Risk Governance Framework
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The NRA (Nuclear Regulatory Authority) implement new regulatory 

systems stipulated in the amended Nuclear Regulation Act ;

Regulation taking severe accidents into consideration

• Legally request severe accident measures to the licensees

 Introduction of back-fitting system : Regulation applying latest 
scientific/technical knowledge on safety issues to existing facilities

• Apply new technical requirements to existing licensed nuclear facilities as a 
legal obligation

 An operation limit of 40 years to deal with aged reactors

• As an exception, extension (<20 years) will be approved, only when compliance 
with the regulatory standards by the Government Order is confirmed.

 Special safety regulation in Fukushima Daiichi

New Nuclear Regulation Systems in Japan 

Became Effective from July 8, 2013
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Prevention of Core Damage

Seismic/Tsunami Resistance

Natural phenomena

<Previous Requirements>

Reliability of power supply

Function of other SCCs

Ultimate heat sink

Fire

Seismic/Tsunami resistance

Ultimate Heat Sink

Fire

Function of other SCCs

Reliability

Natural Phenomena

Prevention of CV Failure

Suppression of Release of 
Radioactive Materials

Specialized Safety Facility

Reliability Reliability of Power Supply

<Current Requirements>
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3rd Layer 
of DiD

Requirements for Beyond DBA

4th Layer 
of DiD

New Regulatory Requirements:
Basic Structure
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On outage or stopped:  40 units

PWR In operation : 3 unit

BWR In operation : 0 unit

Under construction :     2 units

Planned : 10 units

decommissioning : 14 units 

Shikoku EP Co./ Ikata

Hokkaido EP Co./ Tomari

Tohoku EP Co./ Onagawa

Tokyo EP Co./ Fukushima Daiichi

Tokyo EP Co./ Fukushima Daini

JAPCo./ Tokai & Tokai No.2

Hokuriku EP Co./ Shika

Tokyo EP Co./
Kashiwazaki-Kariwa

JAPCo./ Tsuruga

Kansai EP Co./ Mihama

Kansai EP Co./ Ohi

Kyushu EP Co./ Genkai

Kyushu EP Co./ Sendai

Kansai EP Co./ Takahama

Chubu EP Co./ Hamaoka

Chugoku EP Co./ Shimane

EPDC Co./ Ohma

Tohoku EP Co./ Higashidori

Chugoku EP Co./ Kaminoseki

Tohoku EP Co./ Namie･Odaka

Tokyo EP Co./ Higashidori

Under application for restarting the operation; 22 Units

Nuclear Power Plants in Japan as of February, 2016 
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Start of Commercial Operation

Nuclear Power Plants in Japan
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BWR : 22 units,
PWR : 21 units,

BWR (Permanent Shut-down) : 10 units 

1F-1

1F-2 1F-3

1F-5

1F-4

1F-6

1F : Fukushima Daiichi
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PWR (Permanent Shut-down) : 3 units 

8

Sendai-1

Sendai-2

Hakahama-3
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Construction of the Roadmap for Light Water Reactor 
Safety Technology and Human Resource

Advisory Committee for 
Natural Resources and Energy

WG on Voluntary Improvement of Safety, 
Technology and Human Resource

• Industries
The Federation of Electric Power Companies of Japan 
Plant Manufacturers

• Academia
Universities, JAEA

• Government as observer
Agency for Natural Resource and Energy in METI

• Nuclear 
Regulation 
Authority
(NRA)

Science Council of 
Japan

Architectural 
Institute of Japan

Japan Association for 
Earthquake Engineering

IAEA

OECD/NEA

Organization in 
Other countries

Nuclear Standards 
Committee of JEA

The Public

Safety Technology and 
Human Resource Roadmap

International Community

Nuclear Energy Subcommittee 

METI

AESJ : Atomic Energy Society of Japan

Original Plan of 
the Roadmap

Request to draft 
the Roadmap

Basic Energy Plan in Japan

Positioning of Nuclear Power in Energy Policy
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AESJ’s Special Committee on 
Nuclear Safety Research Roadmap



Proposals for Voluntary and Continuous 
Improvement of Nuclear Safety (May 30, 2014)

Recommendations on Desirable Efforts for the Future Activities and R&D 

Implementation of Risk Management under an Appropriate Risk 

Governance Framework

Activities required to be implemented with Lessons Learned from 

the Accident at TEPCO’s Fukushima Daiichi NPS
• Implementation of exhaustive and comprehensive risk assessments 

including low-frequency events

• Reduction of residual risk through strengthening “defense in depth”

• Identifying the accident sequences and cliff edges at each plant, focusing 

on external events, and improving resilience

• Reorganization of research for improving the safety of light water reactors 

and reinforcement of research coordination

Report by the WG on Voluntary Efforts and Continuous Improvement of Nuclear Safety,

Nuclear Energy Subcommittee, the Advisory Committee for Natural Resources and Energy in METI
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As a result of the above
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1. Utilization of Risk Information for existing and future light water reactors

Eight Categories of Challenges for Improvement of Safety, 
Technology & Human Resource

Safety Measures for the Existing Reactors from Design 
to Decommissioning

2. Reduction of Risk of existing light water 
reactors

3. Measures to prevent on-site 
damage from expanding in 
the event of an accident

4. Measures to minimize off-
site damage in the event of 
an accident 5
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7. Development of Innovative Technologies applicable to light water 
reactors, which are beyond conventional ideas

Continuous contribution

8. Maintenance and development of Human Resources required for 
safe and continuous use of light water reactors
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Lessons Learnt from the Fukushima Accident,
Current Technology and Human Resources

Continuous 
improvement 
and progress

A B C D E

Latest Knowledge 
and New Findings 

in Other Countries 
and Related Fields

Objective and Pillars in the Roadmap for Light Water 
Reactor Safety Technology and Human Resource

Nuclear power plants are continuously utilized
as important energy resource to fulfill 3Es,

ensuring safety with the trust from the people
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Sharing and 
expansion of 

safety foundation

[Long-term Objectives of the Roadmap

Safety Foundation

Energy security
Economic efficiency
Environment

3E
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Continuous improvement of risk assessments of power plants in operation 
(MII02,LI07)

Provide risk information for more effective disaster prevention, 
strengthen collaboration with external assistance organizations to 

contribute to community disaster prevention (SII10,SII07)

Re-awareness of nuclear risks based on 
Fukushima accident experiences, and set risk 

reduction goals (SIII03,SIII02,SIV08)

Reflect risk reduction measures based on the lessons learned  
from Fukushima accident (SIV04,SV08,SIV02)

Create a resilient organization capable of 
responding to large-scale disasters and 

emergency situations (LI05,LI08)

Operate systems that make use of risk 
information

(MIV04,MI03,MI01)
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Entrench risk culture (SII04,SII09)

Develop human resources in Japan 
capable of making use of risk 

information (SII11,SIII04,MIV04)

Contribute to wide-area disaster prevention (MIV05,LII03)

Share the lessons learned from the 
Fukushima accident internationally (SVI01)

Improvement of  tsunami risk assessment 
strategies (SI14)

Improvement of earthquake risk 
assessment strategies (SI15)

Develop strategies for assessment of 
large-scale, low-frequency disasters 
and share them with regulatory 
authorities and society 
(MI01,MI02,MI04,MIV01)

Develop risk assessments for accidents other 
than earthquakes and tsunamis (SI13)

Constantly update assessment 
strategies for large-scale disasters and 

emergency situations (LIII01)
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Inform the international community of the assessment and organizational structure that reflect the 
lessons of the 1F accident, thus contributing to improved worldwide nuclear safety (MV01,LＩV01)

Consider systems to make use of risk 
information (SIV09,SIII04,SI12,SII06)

Reflect the latest knowledge on large-scale, low-frequency disasters onto hardware 
(SII12,MI02)

Continue developing hardware capable 
of responding to large-scale disasters 
and emergency situations (LII06,LI07 )

Reduce operator risks through automation and other measures 
(LI04)

Engage in sincere dialogs 
with society on risk 

reduction goals based on 
risk information (SIII03)

Share risk 
reduction goals 

with society 
(SIII03,MIV02)

Constantly share risk information with society and continually update risk reduction 
goals (MIV01,LIII03)

Accept human resources training regarding the use 
of risk information from abroad (MV02)

Develop human resources capable of providing on-
site direction in nuclear newcomer countries (MV02)

Maintain a pool of human resources 
who can play active role internationally 

in risk information utilization (LI02)

Examples of the AESJ Roadmap : Risk Information and Management
(Draft Version)
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“Defense-in-Depth” Protection 
against External Events

 Tsunami height for design base was underestimated. 

 Site level was not high enough to prevent inundation of tsunami as 
the 1st layer of Defense-in-Depth. 

 Common cause failure by the Tsunami;

• Equipments as 3rd and 4th layers of Defense-in-Depth lost their 
functions by the Tsunami.

Report on the Fukushima Accident, March 2013
The Nuclear Safety Division of the Atomic Energy Society of Japan

Report of Seminars to Investigate the Accident
at the Fukushima Dai-ichi Nuclear Power Station

– What were wrong? What should be done from now on?
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Earthquake

Shut down

Loss of External 
Power Supply

Start-up EDG and 
Core cooling system

Tsunami

Loss of EDG

Loss of DC

Loss of Core cooling 
system

Core Damage

Hydrogen Explosion

Loss of Communication,
Instrumentation and 

control system

External Power Supply

Core Cooling / Injection 
System

Prevention of CV Damage 
and Hydrogen Explosion

Control and 
Measurement system

On-Site Power Supply

Prevention of Long-Term Loss of External 
Power Supply caused by Earthquake

Prevention of Loss of Onsite Power Supply 
By Common Cause Failure /

Enhancement of Emergency Power Supply

Prevention of
Loss of Core Cooling System

Prevention of Early Damage of CV / 
Prevention of Uncontrolled Release

of Radioactivity

Enhancement of Plant Controlling 
Function and Monitoring function

Measures 1 to 4
Ex : Improve reliability of external 

power supply and grid

Measures 5 to 11
Ex : Enhance emergency DC supply

Measures 12 to 17
Ex : Enhance UHS at a time of accident

Measures 18 to 24
Ex : Enhance diversity of PCV cooling

system

Measures 25 to 30
Ex : Prepare emergency command center

30 Measures that Should Be Addressed to Regulation 
Identified in NISA Report in February 2012
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Importance of Design and Management
and Communication between Stakeholders

 Communication for Safety Improvement 
Experts for Nuclear and Non-Nuclear Fields
Stakeholders (Regulatory Bodies, Utilities, Plant Fabricators & Fuel Fabricators,
Research Institutes, Academia, Media, Local Government, Public, ….
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Level 1
Normal 

Operation

Conservative design and high 

quality in construction and 

operation

Level 2
Operational 

Occurrences

Control, limiting and 

protection systems and other 

surveillance features

Level 3
Design Base 

Accidents

Engineered safety features 

and accident procedures

Level 4
Beyond Design 

Base Accidents

Complementary measures and 

onsite accident management

Level 5
Significant off 
site release of 
radioactivity

Off-site emergency response 

and accident management

 Safety Provisions and Defense-in-Depth
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Inadequate Consideration of
Beyond Design Basis Accidents (BDBA)

Inadequate Assurance of Core 
Cooling Capability for BDBA 

Scenarios in the Design

Inadequate Consideration of 
BDBA in Accident Management

Failure to 
ensure core 
cooling in 

BDBA 
conditions

Failure of 
plant 

indication in 
MCRs and 

ERCs

BDBA 
documented 

guidance 
inadequate

Insufficient 
classroom 

training, drills 
and exercises

MCR : Main Control Room
ERC : Emergency Response Center 19

Summary of Root Causes of Fukushima Accidents:
Insights from Beyond Design Basis Considerations

Resilience of Complex Systems

ANL/DIS-12-1 Resilience: Theory and Applications (Jan. 2012)

Relationship between Components of Resilience and Resilience-enhancing Measures

Crisis
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Time

New Equilibrium

Recovery

Response

Preparedness        

Mitigation
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Safety Margin and
Relevant Essential Characteristics of Resilience
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Safety boundary

Tolerance
System behavior 
near a boundary

Buffering Capacity
Size of disruptions 
that system can absorb

(Resilience triangle)

(Graceful degradation)

Flexibility
Ability to restructure itself
in response to changes

Adaptation

Margin
How closely operating 
to a boundary
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Resilience and Safety

Safety
Accident and 

Incidents

Resilience
Everyday Actions and Outcomes –
Risks as well as Opportunities

Erik Hollnagel, “Safety-I and Safety-II” p. 148 (2014, ASHGATE Publishing)

Safety-II

Safety-I
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Summary : Future Direction of Research

• Resilience of Complex Systems

• Resilience of Energy Portfolio
– Flexibility of Adjusting (increase or decrease) Share of Nuclear 

Power, depending on situations/needs

• Resilience of Society
– Public Participatory System for Decision Making
– Sharing the common directions with Complicated stakeholders
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Thank you very much for your attention




