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Key Points of the Paris Agreements
• Long-term goal

• Keeping warming below 2 degrees Celsius, while pursuing actions 

to stay under 1.5 degrees.

• Reaching net zero GHG emissions in the second half of the century.

• Emissions targets

• Setting national targets for reducing GHG emissions every five 

years.

• Tracking progress towards the long-term goal through a robust 

transparency and accountability system.

• Loss and Damages

• Recognizing the importance of averting, minimizing and addressing 

loss and damage associated with the adverse effects of climate 

change.
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What we should do: Taking the Actions for LCS ASAP!



However…
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• All we know Taking Action is Important!

Why We need to Reduce GHGs!

• Less we know How We Can Reduce GHGs?

What Action is Suite for Us?

Who’s Actions are Crucial for?

Where is a Source of GHGs?

How Much does it Cost?

Science and Research could deliver Solutions and 

Roadmaps toward Low Carbon Society



Green buildings

Self-sustained city

Decentralized services

Eco awareness

Effective communication

Dematerialization

Next generation vehicles

Efficient transportation system

Advanced logistics
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Advisory board：
advice to project

60 Researchers

Propose the direction of long-term global warming policy

[FY2004-2008,  Global Environmental Research Program, MOEJ]

Research Project on Japan Low Carbon Society Scenarios toward 2050
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Depicting Socio-economic Visions in 2050:

Two different but likely future societies

Vision A “Doraemon” Vision B “Satsuki and Mei”

Vivid, Technology-driven Slow, Natural-oriented

Urban/Personal Decentralized/Community

Technology breakthrough

Centralized production 

/recycle

Self-sufficient

Produce locally, consume 

locally

Comfortable and Convenient Social and Cultural Values

2%/yr GDP per capita growth 1%/yr GDP per capita growth

Akemi 

Imagawa

Doraemon is a Japanese comic 
series created by Fujiko F. Fujio. 
The series is about a robotic cat 
named Doraemon, who travels 
back in time from the 22nd 
century. He has a pocket, which 
connects to the fourth 
dimension and acts like a 
wormhole. 

Satsuki and Mei’s House 
reproduced in the 2005 World 
Expo. Satsuki and Mei are 
daughters in the film "My 
Neighbor Totoro". They lived an 
old house in rural Japan, near 
which many curious and 
magical creatures inhabited.
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http://upload.wikimedia.org/wikipedia/commons/1/13/Expo_2005_of_Satsuki_and_Mei%E2%80%99s_House_01.jpg
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Reduction of 
service demand

Improvement of
energy intensity

Improvement of
carbon intensity

Reduction of 
service demand

Reduction of 
service demand

Improvement of
energy intensity

Improvement of
energy intensity

Improvement of
carbon intensity

Improvement of
carbon intensity

Improvement of
carbon intensity

・High economic growth, Increase of service demand per 
household, Increase of office floor (increase)
・Servicizing of industry, Decline in number of households, 

Increase of public transportation (decrease)

・Fuel switch from coal and oil to natural gas

・Insulation
・Energy use management (HEMS/BEMS)

・Efficient heat pump air-conditioner, Efficient water heater,  
Efficient lighting equipment
・Development and widespread use of fuel cell
・All-electric house
・Photovoltaic

・Advanced land use / Aggregation of urban function
・Modal shift to public transportation service

・Widespread use of motor-driven vehicle such as
electric vehicle and fuel-cell electric vehicle
・High efficiency freight vehicle
・Improvement of energy efficiency (train/ship/airplane)

・Power generation without CO2 emission
・Hydrogen production without CO2 emission

・Fuel mix change to low carbon energy sources such as 
natural gas, nuclear energy, and renewable energy
・Effective use of night power / Electricity storage
・Hydrogen (derived from renewable energy) supply

・Farm products produced and consumed in season 

GHG 70% reduction in 2050 for Scenario A: Vivid Techno-driven Society
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Our Current Challenge:

How to Mobilize People and Society?

2016/12/10 7

• Transition to the LCS needs to gain the cooperation of a 

wide range of stakeholders, including policy makers, 

international aid agencies, private companies, local 

communities and NGOs.

• However, in many cases, national solutions are solutions 

for somebody that one is not.

• For getting their concern, science and research are 

expected to establish methodologies and deliver actions 

and roadmaps effective for their daily lives and 

businesses – FOR THE CITY!



Past Experiences in AIM: 

Designing City LCS Scenario by using IAMs

8

The AIM has been developed national scenarios and sub-national scenarios such 

as Kyoto, Shiga and Iskandar Malaysia.

Shiga 

Japan	
Kyoto 

Japan	

Jilin 

China	

Guangzhou 
China	

India	

Ahmedabad 

India	
Bhopal 

India	 Thailand	Indonesia	

Malaysia	
Cyberjaya 
Malaysia	

Vietnam	 Bangladesh	

Gyeonggi  
Province 

Korea	

Khon Kaen 
Thailand	Cambodia	

Putrajaya 

Malaysia	
Putrajaya 

Malaysia 
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Holistic Design System for Smart City: New Paradigm is Needed
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• Three different but mutually interrelated designing methodology should be 
developed.

3. Project Design

2. Spatial Design
Land use zoning 
/network design

1. Macro Design of the city
・ Population, industries
・ Core developments
・ Energy locality

Alternative 
future vision

▪ Zoning and regulation
▪ District planning
▪ HEMS/BEMS/CEMS
▪ Energy grid design

Core projects for  
Smart City
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産業振興シナリオ
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▪ Land use distribution   
patterns

▪ Local energy network
▪ Location of core  

developments
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LN G基地
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新地町役場
Ｄ Ｒ イベント
参加状況の確認
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発電機
蓄熱装置

CEM S
※

Vision of the City

Area Design



Overall Structure of Integrated Research Program

PJ3 Policy	assessment
for	sustainable	society

(1)	Socio-env.	desgn
(2)	law	and	policy	system

Legal	system	analysis

（domestic	and	international）
policy	economy	evaluation
participation	and	dialogue
COP	and	Int.	Conferences

Policy	design

eco-planning

PJ1 Scenario	for	Global
and	Asian		Sustainability

(1)Global	scenario
(2)Asian	scenario

AIM,	International	comparison
Dow	scaling	of	socio-economic	

scenrio
IPCC	report

Global	and	Asian	strategies

 

 

Socio-economy
Activity

 

 

 

PJ2 Regional	
Integrated	roadmap
(1)	Impact	assessment	models
(2)	Integrated	evaluation

(3)	Social	implementation	and	

monitoring	
Regional	impact	assessment

Solution	design	for	
mitigation	and	adaptation

IPCC	report	

Bio-ecology	co-research
Adaptation	and	mitigation	

strategy	and	plans

Integrated System Research Program：development	of	multi scale	model	and	

techno-policy	assessment	development such as global, Asian, national, and urban	and	its	
application	for	scientific	scenario,	roadmap	as	well	as	solution	design	and	implementation	
to	contemplate	low	carbon,	resource	circulization and	ecological	symbiosis

Social	scenario	
roadmap

Multi-scale	quantitative	model	analysis

Policy	design/verification

Multi	scale	and	temporal	scenario	design	

Eco・Economics
and Society

Integration（ｃｕｌ
ｔｕｒｅ､､）

Integration	among	low	carbon,	resource	
circulization and	ecological	symbiosis Climate	Change	

Strategy	Office
Monitoring,	our	reach,	

policy	support

Implementation

PJ Leader:

Hijioka-san
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Overview of Regional Energy System Design Models
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(b-1) Solar and Wind 

Potentials

Energy Demand Analysis Energy Resource Analysis

Evaluation of Solar and Wind 
Potential in consideration of 
Climate Change

94%

96%

98%

100%

102%

104%

106%

108%

110%
太陽光発電

現在値

MIROC5_RCP8.5_2060

MRI_RCP8.5_2060

(NIES and MHIR)

(a-1) Spatial Distribution of 

Energy Demand

Evaluation of Current and Future 
Energy Demands by Mesh.

(NIES and MRI)

(c) Low Carbon Energy System Design Model for Region and Urban Area (Regional AIM/Enduse)

Design on Regional/Urban Area Energy System based on 
Spatial Distribution of Energy Demands and Resources, and 
Evaluation of Impacts on Low Carbon (CO2 Reduction) by 
Implementing the Designed System.

(b-2) Design on Biomass 

Distribution System

(NIES and MRI)

(a-2) Industrial Symbiosis

(NIES and Nippon Koei)

Industrial Demand and Design 
Sysmtem based on idea of 
Industrial Symbiosis

Comprehensive Design on Regional Energy System

(NIES and MRI)

Design System for Biomass 
Distribution and Evaluation 
of Supply Potential

冷房

暖房

給湯

動力・照明

冷房

暖房

給湯

動力・照明

年間総需要量
41.69 TJ

業務

住宅

(万tCO2)

11%

14%

54%

1%

20%

削減量内訳：川崎

CEMS(需給調整)

CEMS(需要抑制)

未利用熱利用

熱電併給

対策後排出量

排出量：25,631 (tCO2) 

削減量：20,533 (tCO2)

(削減率 80%)

36%

14%

6%

44%

削減量内訳：西荻窪

CEMS(需給調整)

CEMS(需要抑制)

未利用熱利用

熱電併給

対策後排出量

排出量：28,907 (tCO2) 

削減量：16,194 (tCO2)

(削減率 56%)

4%

14%

11%

71%

削減量内訳：東京

CEMS(需給調整)

CEMS(需要抑制)

未利用熱利用

熱電併給

対策後排出量

排出量：37,816 (tCO2) 

削減量：10,832 (tCO2)

(削減率 29%)

10%

14%

68%

7%

削減量内訳：千葉中央

CEMS(需給調整)

CEMS(需要抑制)

未利用熱利用

熱電併給

対策後排出量

排出量：8,651 (tCO2) 

削減量：8,018 (tCO2)

(削減率 93%)

未利用熱の大きい臨海地域： PVポテンシャルの大きい住宅隣接地域：

電力需要が大きく未利用熱源と近接しない都心部密集地域： 未利用熱と住宅PVの活用により大きな削減率が見込める地域：

駅名は必要に応じて削除

駅名は必要に応じて削除 駅名は必要に応じて削除

駅名は必要に応じて削除

(NIES and Infinity Technology)

(e) Simulation Tool for Energy Demand Management

Simulation Tool for Impacts of 
Energy Management System on 
Demand Reduction

Simulation of Energy Management
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30分間隔の需給計画値

ピークカット ピークシフト

電
力

電
力 割安な時間帯

にシフト
節電

Design on Energy Infrastructure

(d) Locational Planning on Energy Infrastructure

Design on Locational Planning 
on Energy Infrastructure 
based on Spatial Distribution 
of Energy Demands and 
Resources.

(NIES and Tohoku University)



(b-1) Evaluation of Solar and Wind Potentials in consideration 

of Climate Change
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• Target Area: Fukushima Prefecture, 1 km resolution DEM
• Emission Scenarios: RCPs
• Target Year: 2030, 2050, and 2070

• Evaluation of Future Solar and Wind Potentials in consideration of Climate Change

• Future Changes in Insolation and Wind Conditions are determined by using results 
of GCMs (MIROC, MRI and so on)

Objective

Outputs

[GWh][GWh]

94%

96%

98%

100%

102%

104%

106%

108%

110%
太陽光発電

現在値

MIROC5_RCP8.5_2050

MRI_RCP8.5_2050

Yearly solar potential will be changed from 99% to 107% of current level.

Settings

Yearly wind potential will be changed from 92% to 102% of current level.

94%

96%

98%

100%

102%

104%

106%

108%

110%
風力発電

昨年度業務

MIROC5_RCP8.5_2060

MRI_RCP8.5_2060

Summer Winter

[GWh][GWh]

Summer Winter

Joint Work with MHIR (Mainly Oka-san)



(d) Locational Planning on Energy Infrastructure
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• Modeling Framework: Mixed Integer Linear Programming (MILP)
• Target Area: Urban Area in Fukushima Prefecture with 4-10 km2 area
• Time Resolution: 8760 hours in a year

• Design on Locational Planning on Energy Infrastructure based on Spatial Distribution 
of Energy Demands and Resources by using optimization model.Objective

Example 
Outputs

Settings Joint Work with 

Tohoku University

Heat Demand Map Locational Planning of Energy Infrastructure

Past Experiences: Hirosaki city, Aomori Prefecture (Northern Area of Honshu)



(e) Simulation Tool for Energy Demand Management
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• Time Resolution: 8760 hours in a year
• The System includes Energy Consumption Prediction for Next Day.

• Development of Simulation Tool for Energy Management in the Residential, 
Commercial and Industrial Sectors. The Tool includes 

• Developed System will be implemented in Cloud Server.

Objective

Expected
Outputs

Settings Joint Work with 

Infinity Technology
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■決定している調達（計画値）

■需要予測

■需要予測に対する不足電力量

■需要予測に対する余剰電力量

（60分間隔の需給計画値）

DRイベント発動

■DR発動後需要予測（需要修正）

Pn=α×β×Bn Pn：時刻nの電力需要量(MWh)				Bn:時刻nのベース電力需要量(MWh)

α：休日変動係数 β：日時変動係数

DRn=ΣS(SS,n×γS,n×rS,n) DRn：時刻nのDR可能量(MWh)				 SS,n:時刻nのDR対応設備需要量（MWh)		

S：DR対応可能負荷種類 γS,n：時刻nのDR対応可能な需要抑制率(%)	
rS,n：時刻nのDR受諾率(%)



Spatial Design under the BaU scenario in 2030
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Spatial Design for the Smart City in 2030
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Evaluation of Impacts on Smart City
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Next Challenge: Integration of Adaptation and Mitigation
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Suitable tech.
Location
assessment

mitigation and adaptation
technology distribution

Vulnerability 
assessment map

ｄｉｓａｓｔｅｒ resilience
agro-forestry production業適応
health impacts

Regional targets 
for decarbonization
Socio-economic activities

Alternative pathways

Integrative
Local design 
for Eco-
growth

Fu tu re 
scen a r io

Sp a tia l scen a r io  an d  techー
p o licy  a ssessm en t

Fu tu re g ran d  
d esig n  

Climate change 
forecast with 
Regional Scale

Precipitation 
temperature, disaster

Spatial distribution
scenario
BAU, Land use control
for concentration and 
adaptaion

需
要
量

大

小

人口
[人/km2]

大

小

清掃工場
発電効率

発電無し
12％以下
12～16％
16～21％
21％超

1千以下
1～3千
3～5千
5～10千
1万超

施設規模

【Mitigation Research 】

Project design for 
eco-innovation
技術複合
需要供給

社会制度転換

Verification and 
certification of tech-
poli.

再生可能エネルギー発電 地域再生資源利用
一般廃棄物
食品廃棄物

建設廃棄物 製造業・容リプラ
製造業・産廃系プラ

廃プラ類の焼却量減少
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βα

再生可能
エネルギー
発電

地域再生
資源利用

βα βα

Scien ti fic v e r i fica tion  
th r ou g h  im p lem en ta tion  

r esea r ch【Adaptation research 】



National Institute for

Environmental Studies

strives to contribute to society through

Networking, Integrating,

Evolving and Synthesizing

environment research based on a firm 

understanding of the interaction between 

nature, society, and life on our planet.
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Thank You for Your Kind Attention!


