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1. A brief introduction of AIM

 AIM(Asian Pacific Integrated Model) is a group of computer models developed by 
a team composed of NIES(National Institute for Environmental Studies), Kyoto 
University and several research institutes in the Asian-Pacific regionUniversity,  and several research institutes in the Asian Pacific region. 

 The objective of AIM is to design and assess policy options for stabilizing the 
global climate, particularly in the Asian-Pacific region.
Internationally AIM has been used as a core tool for developing IPCC GEO and Internationally, AIM has been used as a core tool for developing IPCC, GEO and 
Millennium Ecosystem Assessment scenarios conducted by UN. Many members 
of AIM team have been deeply involved to IPCC process, as CLA or LAs.
Al th t d t d b AIM i fl ti l i t th l Also, the assessments conducted by AIM gave influential impacts on the real 
actual processes; 
1) to determine national GHG reduction targets and in the implementation  

process, in Japan, 
2) to assess national and regional feasible reduction potential of GHG emissions  

in China, India, and several local regions in Asian countriesin China, India, and several local regions in Asian countries 
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2. What we are now doing, …

In order to realize Asian Low Carbon Societies,

1 We are focusing on domestic and international factors which control1. We are focusing  on domestic and international factors which control 
the realization of LCS, 

2. Describing the development, accumulation, and deepening of factors2. Describing the development, accumulation, and deepening of factors 
which control LCS with  multi-layered, spatial, and integrated 
quantification models/tools,

3. Applying quantification models/tools to various Asian regions,

4. Taking account of regional distinctive diversified characteristics,

5. And  designing  positive Asian low carbon societies and roadmaps 
towards the LC societies, in each region with a back-casting 
methodology
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3. What are the Asian Low Carbon 
Societies, we target ?

By the middle of this century (2050), the target societies will satisfy 
the followings;

1. Harmonized with drastically changing future Asian society and 
economy,

2. Complying with national development targets, under the global, 
national and regional constraints on fossil and renewal energy 
resources, land resource, as well as GHG emission , ,

3. Promoting LCS policies based on each region’s characteristics ,

4 Also utilizing effectively co benefits of LCS policies and neighboring4. Also utilizing effectively co-benefits of LCS policies and neighboring 
policies. 
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Also, in order to taking account of multilayered characteristics 
of Asian LCS issue and not to loose perspective and reality of of Asian LCS issue and not to loose perspective and reality of 
LCS, we are adopting  

Two approaches in regional and time scales

1. Pan Asian-Pacific approach : Put more emphasis 
on comprehensiveness and compatibility amongon comprehensiveness and compatibility among 
global and pan Asian-Pacific regions

2. National or Local region specific study : 
Country/local region specific approachCountry/local region specific approach 
collaborating with domestic research institutions, 
and putting more focus on regional initiative andand putting more focus on regional initiative and 
acceptability
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Two regional/time scales of concerng
To both scales, our methodology has been applied, and 
they are inter-connected each other. 

Pan-Asian regional 
development scenarios 

d

Storylines
↓

Quantification
Option 1: Whole 

A i land 
Low Carbon World 

Roadmaps, 2005-2050

Quantification
↓

Model analysis 
and Backcasting

Asian scale 
analysis

National development 
scenarios 

and 
Low Carbon nations

Storylines
↓

Quantification
↓

M d l l i

Option 2:  National 
scale analysisLow Carbon nations 

Roadmaps, 2005-2030 Model analysis 
and Backcasting
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How do we implement these approaches?How do we implement these approaches?
Flow diagram of the studyFlow diagram of the study

National and Local regional LCS study collaborated with domestic institutes [some exemplified regions]

D i d l f i ifi LCSNarrative scenarios of socio-

Country specific study

Design and proposal of region specific LCS  
scenarios and roadmaps 
[some exemplified nations/local regions]

Narrative scenarios of socio
economic future 
[some exemplified nations/local 
regions]

BCM/BCT
ExSS (Backcasting
(Snapshot model) model/tool)

National  and regional CGE models
Enduse model, Snapshot tool, Backcasting tool

Quantification of long-term 
socio-economic-energy drivers:

Process analysis (analysis of 
t k d i b tt

Design and proposal of 
national and local LCS  
scenarios and roadmaps

Enduse model

(Snapshot model)      model/tool)

socio-economic-energy drivers: 
Demography, per capita GDP, labour
productivity, household preference, 
technology development, international 
saving and investments, institutional 
efficiency, etc Quantification of national 

i i d LCS

stock dynamics, bottom-up 
analysis using end-use 
model,…) of national LCS 
scenarios 
Element models Enduse model

Enduse model
Global and national      ExSS
CGE models                 (Snapshot model )

socio-economic and LCS 
scenarios by top-down 
approach 

Element models   Enduse model
Element models

Narrative scenarios of socio-
economic futures [Global]

Allowable GHG global 
emission paths [global]

Design of required national scale 
emission reduction   scheme [National]

AIM/Impact[policy]

Pan-Asian Pacific study
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4. Modeling  g
Development, maintenance and application of multi-layered 
modeling system

Two groups of models and tools have been developed. 

(1) Quantification tools encompassing various spatial 
scales and disciplines, operated complementary
e g global country and regional (city) scalese.g. global, country, and regional (city) scales,

economical, demographical, industrial,   
building, transportation systems, etc.

(2) Integration models/tools which link the above 
models towards low carbon society visions andmodels towards low carbon society visions and 
roadmaps.
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Up to now, we developed nine national/local scale 
4. Modeling

models for quantifying national development 
processes related with energy consumption, landuse
change their management etc. (Element models)

1. AIM/enduse: National and local level bottom-up engineering type model 
for energy supply/consumption

2. Macro-economy model (EME): Supply-side type mid-term econometric 
model

3. Population/Household dynamics model (PHM): to describe each 
country's demographic dynamics

4 House and building dynamics model (BDM): to describe transition and4. House and building dynamics model (BDM): to describe transition and 
renovation dynamics towards modern and highly insulated buildings. 

5. Traffic demand model (TDM): to describe passenger and freight 
transports coupled with economic activity and urban structurep p y

6. Material stocks and flow model (MSFM): to describe material 
metabolism towards low material societies 

7. Energy supply model (ESM): to describe scenarios of biomass 
production power infrastructure developmentproduction, power infrastructure development

8. Household production and lifestyle model (HPLM): to describe the 
transition of household consumption, lifestyle etc. 

9. LULC transition model (LDM): to describe GHG emissions  caused by 
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Three integrated models/tools for full 
4. Modeling

g
coupling of LCS scenarios with national 
developing process

• AIM/cge: One/multi-regional multi-sectoral static CGE model. 
Integration platform  with which element models are soft-linked 
according to analytical objects. 

• Extended snapshot tool (ExSS): A tool to designing social te ded s aps ot too ( SS) too to des g g soc a
accounting matrices, energy balance tables, landuse transition 
matrix, GHG emission and reduction tables of the target 
societies Multi-regional static modelsocieties. Multi-regional static model. 

• Back-casting model /Tool (BCM/BCT): A model for designing 
roadmaps towards low carbon societies Dynamic optimizationroadmaps towards low carbon societies. Dynamic optimization 
model.
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Model Implementation

 All models are on MS-Windows XP or later, 
M t d l i l t d ith Most models are implemented with, 
1) GAMS (Mathematical programming Language),
2) MS Office, 
3) Gnu tools in GnuWin

• And some models use,
4) Fortran/C)
5) ArcGIS
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An example of Element models:An example of Element models:
AIM/enduse ModelAIM/enduse Model
A model for describing the engineering mechanism of 
GHG emissions and their reduction

 Bottom-up type technology selection 
model, based on a linear optimization 
framework in which total costs are 
minimized under several constraintsminimized under several constraints.

 Analyze policies related to global 
warming and local air pollution like 
emission tax, subsidy, regulation and so 
on

 Considering local environmental 
constraints

Outputs
Inputs

 Simplified Structure

 Flexible model structure to cope with 
various practical situation in different 

i

Structure of the AIM/End-Use Model

regions • “Energy technology” refers to a device that provides a 
useful service by consuming energy

• “Energy service” refers to a measurable need that must 
be satisfied. 
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An example of Element models:An example of Element models:An example of Element models:An example of Element models:
Population Population and Household Modeland Household Model

• A cohort component model for population, a household headship rate 
model for household types, with spatial resolution of provinces, land-
use types and climate zones and five family types was developed and

Total population Province-wise

use types and climate zones and five family types was developed, and 
is used to analyze effects of depopulation and changes in family 
composition on the realization of LCS.

Total population
(Period T-1)
[Sex, Age]

Population
(Period T-1)
[Sex, Age]Life table

[Sex, Age]

International
Net-migration
(J )

Fertility rate
[Age]

Province-wise
fertility rate

[Age]Consistency

Consistency

Adjustment

Adjustment

Adjustment

Province-wise
life table
[Sex, Age]

P i i

• In case of Japan, drastic 
change is foreseen in the 
population structure by 2050. 

Total population
(Period T)
[Sex, Age]

Province-wise
Population
(Period T)
[Sex, Age]

(Japanese)

International 
net-migration

(Outsider)

Headship rate
[Sex, Age, Family]

Province-wise
headship rate

[Sex, Age, Family]
Province-wise

climatic division 
share

Consistency

Province-wise
net-migration

[Sex, Age]

p p y
Downturn in birthrate, 
depopulation and aging will 
continue until 2050, and they 

Total number of
Household
(Period T)

[Family-wise]

[ , g , y]

Landuse Cls.-wise
Population
(Period T)
[Sex, Age]

Province-wise
landuse Cls.

share Province-wise
household
(Period T)
[Family]

Climatic zone
-wise household

(Period T)
[ Family]

: Data flow
: Exogenous variable
: Endogenous variable

affect greatly the future vision.

• Outputs: Future population 
Flowchart of PHMand household structure Flowchart of PHM
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An example of Element models: An example of Element models: An example of Element models: An example of Element models: 
House House and Building Dynamics Model (BDM)and Building Dynamics Model (BDM)

• Enhancement of building insulation is an effective countermeasures. For example, in 
Japan, 60% of the heating demand from the residential sector can be cut down, if 
appropriate insulation systems are installed. Future dynamics of building

Number of dwelling stock 
(year T-1)

[Region, types of buildings, 
construction material, insulation level, 

construction year] Number of

Unoccupied rate

Population and

appropriate insulation systems are installed. Future dynamics of building 
construction and rebuilding, besides configuration of buildings in urban and rural 
area affects total energy efficiency greatly.

• In order to take account these y ]

Number of new dwellings
(year T)

Number of 
households

Share by type of 
building

Share by region

Population and 
Household Model

Survival rat

In order to take account these 
factors, a model of building 
dynamics (BDM) was developed.

Survived number of dwellings
(year T) 

[Region, types of buildings, 
construction material,

insulation level, construction year]

Share by 
construction material

Share by region

Share by 
insulation level

Number of new dwellings
(year T)

[Region, types of buildings, 
construction material, insulation level]

• It is a cohort model with a spatial 
resolution of climate zones, four 
heat insulation levels, four 
residential building types and six

Household 
production and 
lifestyle model

Renovation rate

Number of dwelling stock
(year T)

[Region, types of buildings, 
construction material,

insulation level, construction year] ：endogenous variable 
：exogenous variable 

Bottom-up 
engineering 

model

residential building types, and six 
commercial building types.

• Outputs: Future type/age/insulation 
of buildings Flowchart of BDM (residential)of buildings  
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An example of Element models: An example of Element models: 
P  P  T t ti  D d M d lT t ti  D d M d lPassenger Passenger Transportation Demand ModelTransportation Demand Model

(PTDM, a part of TDM)
• Many effective countermeasures exist related with transportation. Modal shift from private motor 

vehicles to mass transit systems, urban planning towards compact cities, transportation substitution 
with diffusions of tele-working and virtual communication systems and so on.

Population
[Attribute, Area]

Population Dynamic Model

License
[Attribute]

Employment
[Attribute]

Macro Economic Model• Passenger Transportation Demand Model 
(PTDM) can simulate transportation demand 
associated with changes in population 
distribution, people’s activity patterns, modal 

Population
[Attribute, Area]

Trip Generation Coefficient
[Attribute, Day, Area, Objective]

Modal Share

Population
[Attribute]

Trip Generation Coefficient
[Attribute, Objective, Mode]

Modal Share

, p p y p ,
shares and average trip distances. 

• The trafic demands in this model are divided 
into two types, 

Average Trip Distance
(km/Trip)

[Day, Area, Mode]

Intra-Area Transportation
(person km)

Modal Share
(%)

[Day, Area, Mode]

Average Trip Distance
(km/Trip)
[Mode]

Modal Share
(%)

[Attribute, Objective, Mode]

Inter-Area Transportation
(person km)

1) Intra-regional transportation  
within the daily living area, 

2) Inter-region transportation 
between the daily living areas, 

(person-km)
[Mode]

(person-km)
[Mode]

Net-Total 
Conversion ratio

Passenger Transportation
[Persons-km]

：Data Flow

：Endogenous Variables
：Exogenous Variables

and they are calculated with keeping mutual 
dependency 

• Outputs: Future transport volume/modal 
structure of passenger travel

Intra-Area Transportation Inter-Area Transportation
structure of passenger travel
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Three integrated models/tools for full 
4. Modeling

g
coupling of LCS scenarios with national 
developing process

• AIM/cge: One/multi-regional multi-sectoral static CGE model. 
Integration platform  with which element models are soft-linked 
according to analytical objects. 

• Extended snapshot tool (ExSS): A tool to designing social te ded s aps ot too ( SS) too to des g g soc a
accounting matrices, energy balance tables, landuse transition 
matrix, GHG emission and reduction tables of the target 
societies Multi-regional static modelsocieties. Multi-regional static model. 

• Back-casting model /Tool (BCM/BCT): A model for designing 
roadmaps towards low carbon societies Dynamic optimizationroadmaps towards low carbon societies. Dynamic optimization 
model.
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An example of Integrated models: An example of Integrated models: 
C t bl  G l E ilib i  d l C t bl  G l E ilib i  d l Computable General Equilibrium model Computable General Equilibrium model 

(AIM/CGE)(AIM/CGE)
• AIM/CGE consists of a GE (general equilibrium) module, detailed energy balancing 

module and several satellite  modules. This model is used to project macro 
economic activity, sector production, based on descriptive future economic scenarios.

production sector final demand sector SNA

economic
growth

ext. trnsact.
account

account of
inc. & expnd.

Input coefficient 
on energy

① ⑤ ⑦

⑧

Macroeconomic module

① production function
② commodity market
③ capital market
④ l b  k t

• Also the model can be 
used to estimate the 
economic effect of

energy balance table
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demand
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④
⑦

tech

CO2⑫ ⑫

④ labor market
⑤ calculation of GDE
⑥ expenditure and 

income in 
production sector

⑦ expenditure and 

economic effect of 
diffusion of energy 
efficient technologies and 
dematerialization 
technologies in industrial

energy balance table
(output)

va ad
en

er
gy

output coefficient
on energy

production and cost
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ity

 su
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capital

capital profile

fixed capital
formation

matrix in 2000

tech
②

③ ⑥ ⑥ ⑩
①

②tech

⑦ expenditure and 
income in household 
and government

⑧ assumption of import 
and export

⑨ fixed capital stock 

technologies in industrial 
sectors, development of 
ICT, increase of service 
sectors, change of 
people’s good’s and

output matrixno
n

en
er

gy

production and income

co
mm

o

fixed capital stock
matrix

production social

ca
p. 
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od

s
capital stock

co
mp

en
sa
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n

of 
ca

p. 
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od
soutput coefficient

on non-energy

p p
in sector

tech V matrix
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⑥

①

⑪

⑩

⑪

⑨

CGE module

⑨ fixed capital stock 
matrix

⑩ investment goods 
market

⑪ capital stock
⑫ CO2 emissions

people s good s and 
service preference.  

input data in
2000 assumption balance conditionoutput

⑫ CO2 emissions

Structure of AIM/CGE
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An example of An example of AIM/CGE outputs AIM/CGE outputs An example of An example of AIM/CGE outputs AIM/CGE outputs 
in the Japan 2050 LCS studyin the Japan 2050 LCS study
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Extended Snapshot Tool (ExSS) 
4. Modeling

Extended Snapshot Tool (ExSS) 
- A tool to integrate social accounting matrices, energy balance tables, landuse
transition matrix, GHG emission and reduction tables of the target societies -

National/Local 
economic/industrial policy

National/Local social/urban/ 
transportation policy

National/Local energy 
policy

Energy technology policy
Renewable energy policy

ExSS (Extended SnapShot tool)

Labor Module
Labor 

demand

Number of 
workers

•Export
•Import ratio

•Commuting OD •Labor participation ratio
•Demographic composition
•Average number of family 
occupants

•Government expenditure
•Labor productivity

Future visions of 
Macro‐economy and 
Industry Module

Population and Household 
Number Module

Time‐use and 
Consumption Module

demand
Wage Average 

working time

PopulationPrivate 
consumption

Number of 
household

Output

Income

•Breakdown of 
consumption

•Population distribution

macro-economy , 
industry, traffic and 
social infrastructure 
projected with relevant 

l t d l Transport 
Module

Commercial 
Building Module

Energy Demand & GHG 
Emissions Module GHG emissions

Passenger and freight 
transport demand

Floor area of 
commercial buildings

Energy demand

•Floor area per 
output

p
•Trip per parson
•Transport distance
•Modal share

elements models

LULC emission 
d namics mod le

National/Local land 
use policy

•Energy service demand generation unit
•Energy efficiency
•Fuel share
•Emission factor

Exogenous variables 
and parameters

Main endogenous 
variablesModule

InputFlow of endogenous variables

Land use 
change matrix

GHG 
emission
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Sector Low- car bon  coun ter m eas ur e Data So ur ce Categor y
(*)

Em is s ions  r educ t ion
 (k t - CO2)

Act io n
(**)

Air  co ndit ioner 5 0 .1 3(***)
Highes t  ener gy effic iency air  condit ioner COP 6 .60 2 E Diffus ion  r at io  (cooling an d  hea t ing) 50%
High ener gy e fficien cy air  cond it ion er COP 2 .54 1 E Diffus ion  r at io  (cooling an d  hea t ing) 50%

High ener gy effic iency ker o s ene h eat in g COP 0 .88 1 E Diffus ion  r at io  (heat ing: ker os en e) 80% 1 2.9 3
High  ener gy effic iency gas  h eat in g COP 0 .88 1 E Diffus ion  r at io  (heat ing: gas ) 80% 2 5.8 3
High  ener gy effic iency o il water  h eater COP 0 .83 1 E Diffus ion  r at io  (ho t  water : o il) 70% 6.1 3
Gas water heater 5 5 .0 3

Ident ified  im plem en tat ion  in ten cityAn example of outputs of 
ExSS

GHG emission reduction by measures

Gas  water  heater  5 5 .0 3
Laten t  h eat  r ecover y- typ e water  hea ter COP 0 .83 1 E Diffus ion  r at io  (ho t  water : gas ) 50%
High ener gy efficien cy gas  water  hea ter  COP 0 .83 1 E Diffus ion  r at io  (ho t  water : gas ) 50%

Heat  pum p  water  heat er  COP 4 .50 3 E Diffus ion  r at io  (ho t  water : elect r icity) 70% 4 8.9 3
High  ener gy effic iency gas  cooker Ther m al efficien cy (bas e year = 1) 0 .55 1 E Diffus ion  r at io  (cook ing: gas ) 70% 1 2.3 3
High  ener gy effic iency IH co oker Ther m al efficien cy (bas e year = 1) 0 .86 1 E Diffus ion  r at io  (cook ing: e lect r icity) 70% 8.0 3
Fluor es cen t  ligh t

LED (s ub s t itu t e fluo r es cent  ligh t) Elect r icity cons u m ptio n  (co nvent ional type= 1) 2 .67 1 E Diffus ion  r at io 50% 2 4.1 3
Hf inver ter  flu or es cent  ligh t Elect r icity cons u m ptio n  (co nvent ional type= 1) 1 .33 1 E Diffus ion  r at io 50%

Incan des cent  ligh t 5 1 .5 3
LED (s ub s t itu t e incandes cent  ligh t) Elect r icity cons u m ptio n  (co nvent ional type= 1) 8 .70 1 E Diffus ion  r at io 50%
Bu lb- typ e fluo r es cent  ligh t Elect r icity cons u m ptio n  (co nvent ional type= 1) 4 .35 1 E Diffus ion  r at io 50%

Refr iger ato r 7 2 .1 3
Su per  h igh  en er gy e fficiency r e fr iger ator Elect r icity cons u m ptio n  (co nvent ional type= 1) 2 .92 1 E Diffus ion  r at io 50%
Highes t  ener gy effic iency r efr iger ato r Elect r icity cons u m ptio n  (co nvent ional type= 1) 2 .33 1 E Diffus ion  r at io 50%

TV 3 1.9 3
LCD TV Elect r icity cons u m ptio n  (co nvent ional type= 1) 2 .27 1 E Diffus ion  r at io 50%
Highes t  energy effic iency TV Elect r icity cons u m ptio n  (co nvent ional type= 1) 1 .54 1 E Diffus ion  r at io 50%

H
ou

se
ho

ld
 s

ec
to

r

2005 2030
2030/

2005

Population (104) 147 140 0.95 

No. of householdｓ (104) 65 65 0.99 

ExSS
Macroeconomic frame of the target society

g gy y y p ( yp )
Hous e ins u lat ion  10 0 .7 2

Next  gen er at io n  level Ther m al lo s s  (bas e year = 1) 0 .36 4 E Diffus ion  r at io 40%
New s tandar d Ther m al lo s s  (bas e year = 1) 0 .43 4 E Diffus ion  r at io 40%

Ener gy- s aving b ehavio r Ener gy s er vice d em an d r ed uct ion  r at io 1 0% 5 B Diffus ion  r at io 25% 3 2.4 3
Photo volta ic gen er at io n Poten t ial(k toe) 2 95 6 S Diffus ion  r at io 10% 2 6.9 5
Solar  water  heat ing Poten t ial(k toe) 10 37 6 S Diffus ion  r at io  (ho t  water : all) 10% 3 8.8 5
Other  ener gy efficiency im p r ovem ent E 0.2 3
Other  fuel s h ift in g S 2 7.3 3
To tal 625 .1
Air  co ndit ioner  (coolin g only) 4 1 .3 4

Su per  h igh  en er gy efficiency air  con dit ion er  (co oling only) COP 5 .00 2 E Diffus ion  r at io  (cooling: elect r ic ity) 50%
Highes t  ener gy effic iency air  condit ioner  (cooling on ly) COP 4 .07 1 E Diffus ion  r at io  (cooling: elect r ic ity) 50%

Cooling (gas ) 1 9 .1 4
High  ener gy e fficien cy gas  hea t  pum p COP 1 .60 8 E Diffus ion  r at io  (cooling: gas ) 40%
High ener gy e fficien cy ab s or p t ion  t iller  (gas ) COP 1 .35 7 E Diffus ion  r at io  (cooling: gas ) 40%

High ener gy effic iency abs o r p t ion  t iller (o il) COP 1 .35 9 E Diffus ion  r at io  (cooling: o il) 70% 3.2 4
High  ener gy effic iency boile r  (o il) COP 0 .88 1 E Diffus ion  r at io  (heat ing: o il) 70% 2 5.1 4

GDP (bill yen) 6124 8305 1.36 

GDP per capita (mill yen/capita) 4.15 5.94 1.43 

Gross output (bill yen) 9938 13400 1.35 

Primary industry 17 19 1.13 

Secondary industry 2735 3542 1.30 

Tertiary industry 6947 9507 1.37 

( ) High ener gy effic iency boile r  (gas ) COP 0 .88 1 E Diffus ion  r at io  (heat ing: gas ) 70% 7 5.4 4
Air  co ndit ioner  (heat in g only) 6 7 .0 4

Su per  h igh  en er gy efficiency air  con dit ion er  (heat ing only) COP 7 .40 2 E Diffus ion  r at io  (heat ing: elect r ic ity) 90%
Highes t  ener gy effic iency air  condit ioner  (heat ing on ly) COP 4 .44 1 E Diffus ion  r at io  (heat ing: elect r ic ity) 10%

High ener gy effic iency o il water  h eater COP 0 .87 1 E Diffus ion  r at io  (ho t  water : o il) 70% 1 6.0 4
Gas  water  heater  6 4 .2 4

High  ener gy efficien cy gas  water hea ter  COP 0 .87 1 E Diffus ion  r at io  (ho t  water : gas ) 50%
Latent  h eat  r ecover y- typ e water  hea ter COP 0 .85 1 E Diffus ion  r at io  (ho t  water : gas ) 50%

CO2 coolin g m ed ium  water  heater COP 3 .00 1 E Diffus ion  r at io  (ho t  water : elect r icity) 100% 6 4.2 4
High  ener gy effic iency gas  cooker Ther m al efficien cy (bas e year = 1) 0 .55 1 E Diffus ion  r at io  (cook ing: gas ) 70% 2 7.0 4
IH co oking heater Ther m al efficien cy (bas e year = 1) 0 .86 1 E Diffus ion  r at io  (cook ing: e lect r icity) 70% 1 1.6 4
Incan des cent  ligh t 13 1 .6 4

Tim er  co ntr o lled  LED (s u bs t itu te flu or es cent  ligh t) Elect r icity cons u m ptio n  (co nvent ional type= 1) 3 .95 1 E Diffus ion  r at io 50%
Illu m ina t ion  contr o lled  LED (s u bs t it u te flu or es cent  ligh t) Elect r icity cons u m ptio n  (co nvent ional type= 1) 3 .36 1 E Diffus ion  r at io 50%

Incan des cent  ligh t 2 0 .6 4
LED (s ub s t itu t e incandes cent  ligh t) Elect r icity cons u m ptio n  (co nvent ional type= 1) 4 .55 1 E Diffus ion  r at io 50%
Bu lb- typ e fluo r es cent  ligh t Elect r icity cons u m ptio n  (co nvent ional type= 1) 4 .55 1 E Diffus ion  r at io 50%

Hi h i i i li h El i i i ( i l 1 ) 4 18 1 E Diff i i 70% 0 5 4m
er

ci
al

 s
ev

to
r

Passenger transport volume (milｌ p-km) 9251 8192 0.89 

Freight transport volume (milｌ t-km) 3484 4571 1.31 

No. 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

Total
interm

ediate
input

Private
con

su
m

p
tion

G
overn

m
en

t
con

sun
m

p
tion

Fixed capital
form

ation

Export

Im
port

Total input
(dom

estic
production)

0 1 Agr icu ltu r e, For es t r y and  Fis hing 2 124 1 0 0 2 1 0 0 0 0 4 0 25 0 158 4 0 3 5 - 150 19
02 Food  Products  and  Bever ages 1 119 0 0 0 0 0 0 0 0 0 11 0 134 0 267 200 5 0 668 - 364 775
03 Text iles 0 2 15 0 2 1 2 0 8 1 1 5 2 5 1 44 35 0 5 151 - 63 172

Input output table of the target society

High- in ten s ity evacuat ion  ligh t  Elect r icity cons u m ptio n  (co nvent ional type= 1) 4 .18 1 E Diffus ion  r at io 70% 0.5 4
Lar ge  s cale  com p uter  (ener gy- s aving t ype) Elect r icity cons u m ptio n  (co nvent ional type= 1) 1 .18 1 E Diffus ion  r at io 70% 3.1 4
Per s o nal co m puter  (en er gy- s avin g type) Elect r icity cons u m ptio n  (co nvent ional type= 1) 2 .47 1 E Diffus ion  r at io 70% 3.3 4
Copier  (ener gy- s aving type) Elect r icity cons u m ptio n  (co nvent ional type= 1) 1 .45 1 E Diffus ion  r at io 70% 0.9 4
Fax m achin e (ener gy- s aving type) Elect r icity cons u m ptio n  (co nvent ional type= 1) 1 .45 1 E Diffus ion  r at io 70% 0.6 4
Pr in te r  (ener gy- s aving type) Elect r icity cons u m ptio n  (co nvent ional type= 1) 1 .45 1 E Diffus ion  r at io 70% 1.2 4
Eleva tor  (en er gy- s avin g typ e) Elect r icity cons u m ptio n  (co nvent ional type= 1) 4 .01 1 E Diffus ion  r at io 70% 5.4 4
Vent ilat ion 5 0 .1 4

with  ener gy- s aving fan Elect r icity cons u m ptio n  (co nvent ional type= 1) 2 .00 1 E Diffus ion  r at io 50%
with  low- pr es s ur e duct Elect r icity cons u m ptio n  (co nvent ional type= 1) 1 .82 1 E Diffus ion  r at io 50%

Vend ing m achine  (ener gy- s aving type) Elect r icity cons u m ptio n  (co nvent ional type= 1) 2 .17 1 E Diffus ion  r at io 70% 1 1.5 4
Tr affic ligh t  (LED type) Elect r icity cons u m ptio n  (co nvent ional type= 1) 3 .75 1 E Diffus ion  r at io 70% 1.4 4
High  ener gy effic iency t r ans for m er Elect r icity cons u m ptio n  (co nvent ional type= 1) 2 .53 1 E Diffus ion  r at io 70% 1 3.3 4
Other  elect r ic ap plian ces 6 1 .2 4

30 % ener gy- s aving type Elect r icity cons u m ptio n  (co nvent ional type= 1) 1 .43 1 E Diffus ion  r at io 50%
10 % ener gy- s aving type Elect r icity cons u m ptio n  (co nvent ional type= 1) 1 .11 1 E Diffus ion  r at io 50%

Build ing in s u lat ion Ther m al lo s s  (bas e year = 1) 0 .50 1 E Diffus ion  r at io 100% 23 1.1 2
BEMS Ener gy dem and r educt ion r at io 1 0% 10 E Diffus ion r at io 25% 2 4 4 4

C
om

m0 3 Text iles 0 2 15 0 2 1 2 0 8 1 1 5 2 5 1 44 35 0 5 151 - 63 172
04 Pulp , Paper  and Pr in t ing 0 34 2 88 8 6 3 2 31 16 5 38 42 11 17 304 11 0 0 207 - 185 337
05 Mach iner y 0 0 0 0 273 5 9 1 3 0 9 16 74 1 2 394 88 0 514 1139 - 857 1278
06 Other  Manufactu r ing and  Min ing 2 67 32 28 136 114 146 11 24 7 53 137 27 36 12 830 78 0 32 345 - 854 431
07 Cons t r uct ion 0 1 1 1 2 2 1 20 1 13 6 15 1 7 0 70 0 0 465 0 0 536
08 Ut ility 0 16 6 6 16 11 4 19 46 10 17 61 8 59 1 282 191 23 0 61 - 158 399
09 Wholes ale  and  Retail Tr ade 1 58 7 15 49 17 33 3 27 5 17 51 24 71 10 387 624 0 147 1420 - 477 2101
10 Fin a n ce, In su ra n ce a n d  Rea l Es t a t e 1 13 6 11 18 7 9 10 192 156 58 34 62 55 17 649 1421 0 0 284 - 19 2335
11 Tran s p or t , Com m u n ica t ion  an d  Broad cas t in g 1 34 4 15 23 14 37 7 150 38 76 61 38 57 7 564 262 0 11 321 - 263 895
12 Pub lic  Ser vice 0 10 1 1 72 13 3 7 9 2 6 16 4 3 3 149 468 1022 0 237 - 13 1863
13 Bus ines s  Ser vice 0 44 4 18 43 24 43 42 147 120 90 96 84 56 3 815 68 0 93 234 - 327 883
14 Per s onal Ser vice 0 0 0 0 0 0 0 0 4 2 5 15 7 32 1 68 684 0 0 837 - 309 1280
15 Other s 0 12 1 4 9 4 3 3 26 19 5 11 8 10 0 115 0 0 0 0 - 20 96

Total inter m ediate  inpu t 8 532 80 188 651 222 294 124 671 388 349 570 382 563 73 5095 4134 1051 1270 5908 - 4058 13400
Total value added 11 244 92 149 627 210 242 275 1430 1947 545 1293 501 717 22 8305
Tot a l in p u t  (d omes t ic p rod u ct ion ) 19 775 172 337 1278 431 536 399 2101 2335 895 1863 883 1280 96 13400

BEMS Ener gy dem and r educ t ion  r at io 1 0% 10 E Diffus ion  r at io 25% 2 4.4 4
Ener gy- s aving b ehavio r Ener gy s er vice d em an d r ed uct ion  r at io 1 0% 5 B Diffus ion  r at io 25% 4 0.3 4
Photo volta ic gen er at io n Poten t ial(k toe) 2 95 6 S Diffus ion  r at io 10% 2 6.9 5
Solar  water  heat ing Poten t ial(k toe) 10 37 6 S Diffus ion  r at io  (ho t  water : all) 5% 4 9.6 5
Other  fuel s h ift in g S 7 0.8 4
To tal 1161.8
Ener gy efficien t  equip m ents E 18 4.7 4

High  ener gy efficien cy bo iler Ther m al efficien cy(bas e year = 1) 1 .09 11 Diffus ion  r at io 80%
High ener gy efficien cy fu r nace Ther m al efficien cy(bas e year = 1) 1 .67 12 Diffus ion  r at io 80%
High ener gy efficien cy m or ter Elect r icity cons u m ptio n(bas e year = 1) 1 .25 11 Diffus ion  r at io 80%
Inver ter  contr o l Elect r icity cons u m ptio n(bas e year = 1) 1 .05 11 Diffus ion  r at io 80%

Fuel s h ift in g Fr om  oil to  gas S Shift ing r at io 60% 6 3.9 4
Incr eas e in  the r at io  o f s eas onal vegetab le p r oduct ion Rat io  of CO2 em is s ion s  aga ins t  n on- s eas on al vegitab le  pr od uc 0 .7 17 E Rat io  of s elling s eas o nal vegitab les 3 6 .2% 0.3 4
Incr eas e in  the r at io  o f woo den  b uild in gs Rat io  of CO2 em is s ion s  aga ins t  n on- wooden  build ings 0 .6 17 E Diffus ion  r at io 30% 9.0 4
To tal 257 .9
Vehic le 27 0 .7 1

Hybr id  vehicle Fuel cos t  (convent ion al typ e= 1) 0 .6 1 E Diffus ion  r at io 50%
High ener gy efficien cy vehicle Fuel cos t (convent ion al typ e= 1) 0 8 1 E Diffus ion r at io 50%
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Res id ent ial 0 59 232 0 0 269 560 0 59 2 30 0 0 267 556 0 24 1 26 9 27 1 73 359
Agr icu ltur e, For es t r y and  Fis h ing 0 7 0 0 0 0 8 0 8 0 0 0 0 9 0 3 4 0 0 0 7
Food  Prod u cts  an d  Beverages 0 6 22 0 0 6 34 0 7 29 0 0 8 44 0 3 29 0 0 7 39

2 0 0 5 2 0 3 0  Frozen  a t cu rren t levels  ca se 2 0 3 0  Corrective m ea su res  ca se

Energy balance table of the target society

High ener gy efficien cy vehicle Fuel cos t  (convent ion al typ e 1) 0 .8 1 E Diffus ion  r at io 50%
Modal s h ift Fr om  vehic le to ; B 23 6.7 1

In t r a ar ea t r ip walk ing and  b icycle Shift ing r at io 15%
tr a in  an d  bas Shift ing r at io 30%

Inter  ar ea t r ip b icycle Shift ing r at io 10%
tr a in  an d  bas Shift ing r at io 30%

Tr ip  to  o u ts id e of t he cit y t r a in Shift ing r at io 30%
Bio  fu el Fr om  oil to  b io  fuel S Diffus ion  r at io 20% 23 1.7 5
Eco- d r ivin g Fuel efficiency im pr ovem en t  r at io 2 4% 13 B Diffus ion  r at io 20% 3 7.8 1
To tal 776 .9
Vehic le 17 6 .9 1

Hybr id  vehicle Fuel cos t  (convent ion al typ e= 1) 0 .6 1 E Diffus ion  r at io 50%
High ener gy efficien cy vehicle Fuel cos t  (convent ion al typ e= 1) 0 .8 1 E Diffus ion  r at io 50%

Bio  fu el Fr om  oil to  b io  fuel S Diffus ion  r at io 20% 15 6.2 5
To tal 333 .1
Bio- m ethanol po wer  gener a t ion 17 pr od uct io n  of e lect r icity (k toe) 18 .8 5 3 .8 5
Redu cing t he am ount  of was te in ciner a t ion 17 Rate  of CO2 em is s ion s  r ed uct ion 40% 22 8.1 3 , 4
Im pr o vem ent  of CO2 in tens ity of power  gen er at io n CO2 em is s ion  p er  gener at ion  (tC/ toe) 0 .78 87 3.9 (****)st

e
at

io
n 

&
su

pp
ly

Pa
ss

en
ge

r 
tr

an
sp

or
t 

s e
Fr

ei
gh

t
tr

an
sp

or
t

se
ct

or

Textiles 0 69 159 0 0 3 231 0 95 2 19 0 0 4 317 0 34 2 47 0 0 3 285
Pu lp , Pap er an d  Prin tin g 0 1 22 0 0 6 30 0 2 30 0 0 8 39 0 1 27 0 0 8 35
Mach in ery 1 3 39 0 0 36 79 1 4 52 0 0 48 106 2 1 44 0 0 47 93
Other  Manu factur ing and  Min in g 0 8 43 0 0 18 70 0 11 57 0 0 24 92 0 4 46 0 0 23 73
Con stru ction 0 24 4 0 0 0 28 0 27 5 0 0 0 32 0 8 15 0 0 0 24
Utility 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Wh oles a le a n d  Reta il Trad e 0 76 57 0 0 60 194 0 73 55 0 0 58 186 0 9 45 2 7 33 97
Fin ance, Ins ur ance an d  Real Es tate 0 52 39 0 0 41 132 0 50 38 0 0 39 126 0 6 31 2 5 23 66
Transport , Com municat ion and Broadcas t ing 0 8 6 0 0 6 19 0 7 5 0 0 6 18 0 1 4 0 1 3 9
Pu b lic Service 0 77 58 0 0 61 196 0 92 69 0 0 73 234 0 11 56 3 9 42 121
Bu sin ess  Service 0 26 15 0 0 17 58 0 26 14 0 0 15 55 0 5 15 1 2 9 31
Person a l Service 0 46 35 0 0 36 117 0 66 50 0 0 52 168 0 8 41 2 7 30 87
Oth ers 0 3 2 0 0 1 6 0 3 2 0 0 2 8 0 0 2 0 0 1 4
Pass en ger Tran sp ort 0 543 0 0 0 39 582 0 5 37 0 0 0 36 572 0 2 51 0 62 0 42 355
Freigh t Tra n sp ort 0 202 0 0 0 0 202 0 2 70 0 0 0 1 270 0 1 50 0 47 0 1 198
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p y p g CO2 e s s o p e ge e at o (tC/ toe) ( )
Fu el s h ift ing 14
Gener at ion  efficien cy im pr ovem ent

Coal Gener at ion  effic iency 4 8% 15
Gas Gener at ion  effic iency 5 5% 16

To tal 4310.7
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 Freigh t Tra n sp ort 0 202 0 0 0 0 202 0 2 70 0 0 0 1 270 0 1 50 0 47 0 1 198

Tota l 1 1 2 0 9 735 0 0 601 25 46 1 1 3 3 6 8 56 0 0 641 283 4 2 5 17 7 33 1 28 58 4 45 188 2



An example of Integrated models: An example of Integrated models: 
Back-Casting Tool (BCT)Back-Casting Tool (BCT)

Designing tool of  implementation schedule(roadmap) 
of policy measures   

Integrated effect of 
measure i when 100% 

implemented

Design time schedule  and 
combinations of measures 
towards the target LCS

Legend
Effect of measure i
in the target year

GHG emissions 
reduction by measure i in 

the target year

Effect of other 
measure 

Exogenous 
variables 

Parameters

Endogenous 
variables Year  t

towards the target LCS, 
which  maximizes 
integrated benefits  
including co-benefits during 

Effect of 
measure i

GHG emissions 
reduction

Earliest starting year of

Integrated effect 
of measure i

planning period , under the 
following six types of 
resource constraints.

Resource needed 
to implement 

measure i

Resource for

Resource needed 
to continue 
measure iShortest implemented 

period of measure i

Earliest starting year of 
measure iConstraints considered are 

financial, human and 
administrative resource 

Resource needed to 
continue measure i when 

Resource for 
measure i

Resource needed to 
implement measure iUpper limit of 

resource in year t

(capacity) constraints in 
private and public sectors.
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100% implemented 100%resource in year t



An EXAMPLE OF Work Breakdown Structures 
f  LCS d i d f  E SS t tfor LCS derived from ExSS outputs

Walkab le
City, Kyoto

Mobilit y 
m an agem en t

Mod al s h ift  
(au t om obile 
t o r ailway or

Mod al s h ift  
(au tom ob ile 

Mod al s h ift  
(au tom ob ile Mod al s h ift  

of vis itors
Diffu s ion  of 
eco- veh icle

Diffu s ion  of 
eco- d rivin g

*1 KICS- LLC: Kyoto  Infor m at ion  Car d  Sys tem , LLC
*2 LRT: Ligh t  Rail Trans it
*3  KES: KES Enviro nm ental Managem ent  Sys tem  Standar d
*4  KESC: KES Com m unity
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An example of the output of the Backcasting Tool   
ーAction roadmap for Kyoto city―p y y
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Pla n t in g t ree on  p riva t e sp a ce

Pla n t in g t ree on  roa d s id e k t-CO2
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Pla n t in g t ree on  road s id e
C, I

G

C: Citizen   I:  Industry   G: Government   O: Outside of the city
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5. Application of Model to LCS  
i  d l tscenario development

- Two stages of LCS scenario development -

Stage 1: Design of a Low Carbon Society

1. Creation of narrative storylines of future Low   

Group 1: Element models;
1) Snapshot models;

- CGE[country]: Quasi steady computable 
general equilibrium (CGE) modely

Carbon Societies
2. Description of sector-wise details of the future 

LCSs.
3. Quantification of the Macro-economic and social 

aspects of the LCSs.

general equilibrium (CGE) model
- enduse[country]: Energy technology 
bottom-up models

- ESM: Energy supply model 
- HPLM: Household production/lifestyle model
- TDM: Transportation demand model

2) Transition models;
4. Identification of effective policy measures and 

packaging them 

2) Transition models;
- PHM: Population and household model
- BDM: Building dynamics model
- MSFM: Material stocks and flow model   
- EME: Econometric type macro-economy model
- LDM: Landuse transition model

Stage 2: Putting them together and 
design roadmaps towards LCS

1. Design of policy roadmaps toward the Low 
Carbon Society

Group 2: Extended Snapshot 
Tool (ExSS) and CGE

2. Feasibility analysis of the roadmaps 
considering uncertainties involved in  each  
policy option

3. Analysis of robustness of the roadmap caused 
by social, economical and institutional 

Group 3: Backcasting Model 
for roadmap design 
and transient control 
(BCM/BCT)
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Several different issues exist corresponding 
with the audience, and the stage of the study  

Type Focusing issues

(1) D i f T t(1) Design of Target 
Society and 
Reduction Potential 

Analysis of GHG reduction  
targets and reduction potential

(2) Economic 
analysis

Economic analysis of LCS 
policiesanalysis policies

(3) R d Design of policy packages and(3) Roadmap Design of policy packages and 
roadmaps
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Coupling with focusing issues with models

D i t t ’
Design social, physical 

Roadmap
Economic analysis Design of target society 

and Reduction potentialNot all of them are applied. 
Depending on the 
situation some are

Quantitative design of 

Design target year’s 
social/economic/ energy 

vision quantitatively
Major outputs of models are 

Policy portfolio, GHG emissions 

LCS’s details based on 
more physically realistic 

mechanisms 

situation, some are 
intensively applied.

D i t t ’

g
basic mechanisms by 

element models
• Energy enduse models 

(AIM/enduse)
• Energy supply model

inventory, Energy balance table, IO 
table, Labor/population balance table, 
Transport demand and supply table, 
Household account, Macro economic 
account, Price, etc.

LCS 
visions

Design target year’s 
societies by ExSS
One/multi- regional multi-

sectoral analysis Check and 
analyze quantitative 

i t f f t

• Energy supply model 
(ESM)

• Traffic demand model 
(TDM)

• Econometric type macro- Backcasting

and

LCS
consistency of future 

societies
economy model (EME)

• Population and household 
model (PHM)

• House and building 
dynamics model (BDM)

analysis by 
BCM/BCT

Design roadmaps 
towards future 

designed societies

Policies

• Economic 
instruments
R l ti

Economic analysis by y ( )
• Material stock dynamics 

model (MSFM)
• Household production and 

lifestyle model (HPLM) 
• LULC transition model

designed societies• Regulation
• Education
• Public 

investments
• etc.

y y
AIM/CGE

One/multi- regional multi-sectoral
CGE analysis

Check and analyze quantitative 
economical consistency of future• LULC transition model 

(LDM)
economical  consistency of future 

societies



6  Collaborating with Asian 6. Collaborating with Asian 
colleagues

Each 
t ’P li

Research  
members

country’s 
domestic/ 
local 
research 

Policy 
makers

Central/ 

Proposal/ collaborative 
activity on LCS scenario 
and roadmap making

A li ti D l t

instituteregional 
government 
managers Request of more 

Application 
and 
development 
to actual LCS 

Development 
and 
maintenance 
of study 

NGOs practical, realistic 
roadmaps and also 
tractable tools for real 
world

processes tools/models
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Region specific studies now we are going on Region specific studies now we are going on Region specific studies now we are going on Region specific studies now we are going on 
Communication and feedbacks of LCS study to real worldCommunication and feedbacks of LCS study to real world
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Asia Asia 
Modeling 
N t kNetwork

Asian Modeling Meeting at Tsukuba on 17-18 
September 2009

14th AIM I t ti l14th AIM International 
Workshop on 14-15 
February 2009

AIM Training  Workshop on 2-4 
August 2010 30



7. Final remarks
1. “Low Carbon Society (LCS)” issue is not only related with GHG 

emission activities but also essentially connected with national 
development planning. Real and quantitative integration isdevelopment planning. Real and quantitative integration is 
necessary in order to design Low Carbon Society.

2. Myopic tactics can not drive us to LCS. In order to realize LCS, y p ,
policy measures with well calculated strategies and time horizon of 
more then several decades are necessary. 

3. From that point of view, we have developed tools in order to design 
quantitatively the visions of LCS and roadmaps towards LCS. We 
applied them to the real fields mainly in Japan.

4. Collaborating with Asian colleagues, we want to extend our 
approach to  Asia region, acquiring experience, improving and 
i t if i th li bilit t l ld
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intensifying the applicability to real world.   


