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Frequently Asked General Questions

¢ Is there any simple method to
assess future mitigation scenarios?

¢ What kinds of approaches / steps /
methods / datasets should be
considered and prepared for
mitigation analysis?



Outline of presentation

1. Overview of AIM model family

2. Approaches of mitigation scenario analysis
v Top-down approach: AIM/CGE model
v Bottom-up approach: AIM/Enduse model
AIM/Energy Snapshot tool

3. Examples of mitigation scenario analysis
v Application of AIM/Energy-snapshot tool
v  Approached of scenario analysis
v Example results



AlIM team activities

AIM = Asia-Pacific Integrated Model

AIM Model Development
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A bottom-up i
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AIM family for mitigation analysis

Enduse/SDB type modules

Energy end-use, Renewable energy,
Waste treatment/disposal, Resource
recycling

Global scal

National scale @ §

AIM/Enduse models

AIM/CGE || AIM/Material [—

i (Energy, Materials)
op-down|approac Bottom-up
Global National appr'oach
AIM/Ecosystem | | | | AIM/Ecosystem |; :|  Bottom up/accounting
[global] [country] models

Process/SDB type modules

Land-use, Population-urbanization
Forestry, Agriculture

Water Resource and
Infrastructures
Air Load/emission




Top-down and bottom-up approach

/ Bottom-up approach \
AIM/Enduse model

* This model can assess individual technologies under the detall
technology selection framework

* This model is partial equilibrium model on energy

AIM/Energy-Snapshot tool

 This tool can assess energy balance and CO2 emissions among
sectors simultaneously.

KThis IS a shapshot tool at a certain point (but not optimization model). /

Top-d h
/AIM/CGEmodeI Oop-down approach ™\

« This model draws the balanced macro economy, based on social
conditions such as population, technology and preference,
countermeasures.

« This model is a general equilibrium model.

o J \ /

::> There are advantages/disadvantages in each approach, so
target of analysis will be different depending on approaches.



Temporal scale of mitigation analysis

N AII\/_[‘/._HCGE[‘QIobaI] > m
AIM/Enduse[GIobaI] ) """""""" : Global
................................................ scale
Base Year Near-Term Middle-Term Long-Term
2000 2020~2030 2050 2100 ~ mg>
: Energy Energy -
Snapshot Snapshot National
5 scale
Element models >
R AlM_/__g;GE[gpuntry] >
AIM/Enduse[Country] > """""""""

» Due to data constraints of future technology information, Enduse model
analyzes scenarios with horizons of 2020~2030, and up to 2050 at most.

» CGE model deal with long-term analyses, but it needs to set assumptions on
energy efficiency improvements, and macro economic parameters, etc.



Framework in AIM/CGE model

=coal), erude oil, matural gas, nuclear, hydroe, etfier renewable
(selar, wind), waste, biemass ..)

e fimal emergy
—coal products;, il products;, town gas;, electricity;, heat;, hydrogen,
biomass (selid, liquid, gas)
© Non=energy
=agriculture, forestry;, fishery;, foods, textile, paper, chemical,
cement;, other ceramic;, steel, non-steel metal, machinery; otfier
production, construction, water, whole sale & retail trade,
m@@@mmmw@wm




Process of model development

Benchmark year

* Input-output table
(or U matrix and V matrix)
» Fixed capital formation matrix
(or investment by sector)
» Capital stock matrix if possible
* Price data if treating physical unit
» CO2 emission factor

Target year

* Input-output coefficient

» Consumption pattern (preference
change)

» Endowments of capital and labor

» Direct cost and effectiveness of
countermeasure

* Energy supply
* International price and trade

AIM/CGE
> | benchmark |

year

1l

AIM/CGE
> target |

year

GAMS program

-

Checking consistency
with benchmark data

Check of simulation
result in targett year

» Economic activity
» CO2 emissions
» Consistency with

narrative storyline




Framework of AIM/Enduse model




Outline of AIM/Enduse model

Energy Consumption

CO, emission

Energy Energy Technology Energy Service
» Coal * Blast furnace * Crude steel production
* Ol * Power generation * Value-add by industry
» Gas * Air conditioner » Demand for heating and cooling
* New Energy * Boiler » Use of PC
* Electricity » Automobile » Passenger, freight transport

Technology :
{ h Energy Service Demand

Energy Database
|

* Energy type

» Energy price
 Energy constratins
» CO, emission factor

Technology Database

» Technology cost

(Fixed cost, running cost)
» Energy consumption

* Service supply

« Diffusion rate

* Lifetime

Socio-economic scenarios
|

 Population growth

* Economic growth

* Industrial structure

* Number of Employees
* Lifestyle




Logic of technology selection

Service demand

A

New demands | |ntroduction

Replacement | inyear X+1

v

.ﬂ'

Initial cost Running cost for X years

Tech A < Tech B = Tech A is selected

Technology B

Initial cost Running cost for X years

‘ Carbon tax

Tech B < Tech A = Tech B is selected

As private industries take into account high investment risk for energy
conserving technologies, a payback period of 3-years is assumed.




Framework of AIM/Energy snapshot tool

+ Type : an accounting tool to calculate the enmergy
mmmmm@m@mm

sectors,

mmwmmmw@mm
target: year

¢ Target Gas :C02

o Target Sectors : multiple sectors

= power generation sector, industry sector, residential
sector;, commercial sector;, transport sector



QOutline of Energy Snapshot (ESS) tool

<Base year> <Base year> <Targetyear>

Electricity demand Electricity demand

< Mixture Mixture
Service share < Own use ‘ Own use
¢ Loss ! Loss

y

A

Service demand

Service share

Energy efficiency Energy efficiency

Generation by Generation by
energy input energy input

Energy
consumption _l

=9 Efficiency Efficiency

Energy consumption Energy consumption

CO, emission

Energy Balances Factor Analysis

(D, E/D, CIE,

CO, emission factor

C’'/C)

CO, emission tables

Citl

CO, emission factor

EB

- : Endogenous variables

: Exogenous variables

Energy Snapshot : Manual, Excel file
http://www-iam.nies.go.jp/aim/datalibrary.htm



Calculation process of ESS

1. Obtain energy
balance table
(EBT) from
national statistics
etc.

EBT

2. Set energy use
efficiency &
services demand

Base Year

[ CO2 emission ]

Emission factors

Primary Energy

efficiency

Final Energy

Ene?gyu\se/eﬂm'léncy ﬁEnWencyk

Services

Target Year 6. Calculate CO2

— emissions by
[ CO2 emission ] multiplying

Primary Energy

“emission factors” of
: Emission factors each energy

Tran ation 5. Calculate primary
energy and final

Final Energy | | €Neroy intarget year

4. Assume changes

Services In parameters in
target year

M (Scenario)

target year (Scenario)

3. Assume changes in “Energy service demand” in




Example of result figures by ESS

Energy Consumption
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Example of factor analysis by ESS

 Extended Kaya ldentity
C = DxE ¢ C
D E C’
A(E/D)| A(C'/E) [A(C/C))
(E/D) | | (C'/E) | (CIC)

ac
C

+ Cross term

D: Driving forces (service demand)

E/D
C/E
c'/c
Total

o

E: Energy Consumption 10%
1% 1%

C’: CO, emission without measures in 0% | _1%. ‘
transformation ector -10%
-12%
.. . . -20% 17%

C: CO, emission with measures in

8
s S-30% -26%
transformation sector X
2-40%
E/D: Energy Intensity -50%
, . o . -60%
C’/E: CO, intensity in end-use sector (without ’
. . -70% |
measures in transformation sector) ’
-80% -73%
C/C’: Change of CO, intensity by measures in W 2050 A W 2050 B

transformation sector




Scenario of 2050 in China

CM(A) CM(B)

GDP National planning before 2050, National planning before 2050,
7.5% from 2000 to 2010, 5.1% 7.5% from 2000 to 2010, 5.1%
from 2010 to 2050. from 2010 to 2050.

Population National control plan, reach peak | National control plan, reach peak
between 2040 to 2050 by between 2040 to 2050 by
around 1.6billion around 1.6billion

Per capita GDP | 11 thousand US$ by 2050(1990 11 thousand US$ by 2050(1990
price), price),

Energy use Fully diffusion of advanced energy | Fully diffusion of advanced energy

technology use technology by 2050, use technology by 2050,

progress technology efficiency is 30% technology efficiency is 40%

higher than that in 2000, fuel
cell vehical will be widely used
by 2030

higher than that in 2000, fuel
cell vehical will be widely used
by 2030

Note) China's GDP average annual growth rate shown as 7.5% from 2000 to 2010 is
the national planning data.

Source: Prof.Hu, Dr.Jiang (tentative results)




Scenario of 2050 in China

CM(A) CM(B)
Annual average Coal: 0.4% Coal: 0.5%
marginal cost Oil: 0.8% Oil: 0.8%

improvement of
energy exploitation
technology

Natural gas: 0.3%

Natural gas: 0.8%

Non-Conventional
energy use

Non-Conventional gas is needed
after 2040, small demand for
non-conventional oil

Non-Conventional gas is needed
after 2040, small demand for
non-conventional oil

Modern renewable
energy such as
solar

Cost will be 0.36yuan/kwWh by
2050

0.18yuan/kwWh by 2050

Modern biomass
utilization
technology

More than 70mtce biomass 1s
available at cost lower than
US$44/tce

More than 70mtce biomass is
available at cost lower than
US$50/tce

Source: Prof.Hu, Dr.Jiang (tentative results)




Energy Snapshot in China in 2050
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Low Carbon Scenario (LCS) Study in Japan
- Application of AIM/Energy-snapshot tool -

Motivation of the study:

This study assesses the possibility of achieving the
Low-Carbon Society in Japan by targeting at 70% CO2
emission reduction by 2050 compared to the 1990 level,
while satisfying the expected demand for energy

services in 2050.

¢ How to achieve 70% CO2 emission reduction by 2050?
¢ What kinds of scenarios would be under such a target?

¢ How much energy reduction would be necessary from
both demand side and supply side?
etc...



Relations among ESS and element models

Element models Supply transient and dynamic parameters based
| _onmore physically realistic mechanisms

*Macro-economy

e : Supply social, Supply target v

*Population and physical vision | Backcasting
household parameters quantitatively | Model (BCM)

model based on more Design roadmaps [*
*Building model | physically E toward future
‘Passenger realistic Snggg%m‘ visions
transportation mechanisms [ | T4, (ESS) Check and verify|the
model | Geelanandze future visions and
'Fr'eighf fcgnsis’rengy of Trqnsien’r paths f.rom ‘I‘he
transportation uture societies points of economjc reality
model
*Energy supply —

model Supply values of parameters based on Sequential
-Material stock | more physically realistic mechanisms CGE type
: ¥ » model such

dynamics model < ATM/
Energy enduse a .

models material




Scenario approach toward Low-Carbon Society

e
Depicting
socio-
economic
visions
In 2050
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Two different visions for

societies in 2050 in Japan

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
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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.

©STUDIO GHIBLI

Satsuki and Mei's House
reproduced in the 2005
World Expo. Satsuki and Mei
are daughters in the film "M
Neighbor Totoro". They live
an old house in rural Japan,
near which many curious and
magical creatures inhabited.



http://upload.wikimedia.org/wikipedia/commons/1/13/Expo_2005_of_Satsuki_and_Mei%E2%80%99s_House_01.jpg

LCS Japan scenarios for economy and industry

Growth rate * Per capita GDP growth * Per capita GDP growth
rate:2% rate:1%
Technological - High * Not as high as scenario A

Development

Market = Deregulation » Adequate regulated rules
apply
Primary = Declining GDP share * Recovery of GDP share
Industry = Dependent on import * Revival of public interest
products Iin agriculture and forestry
Secondary * Increasing add value * Declining GDP share
Industry = Shifting production sites to = high-mix low-volume
overseas production with local brand
Tertiary = Increase in GDP share » Gradual increase in GDP
industry = Improvement of share
productivity  Penetration of social

activity



Depiction of future image: Residential sector in 2050

PV on roof LED light

66% reductlo Heat insulation
lighti d
'9 |ng em house

60% reduction of

COP=8 Fuel cell
for cooling cogeneration

Environment
Education

HEMS (Home Hot water supply

Eco-life Navigation Energy by heat pump o]
10-20% reduction Whddernont 33% reduction

System) COP—5 for warmmg

10-20% reduction

- Efficient use - Infrastructure
[ JNewenergy [ Eco-lifestyle

Stepl and Step3



Technology Development and Diffusion in Japan

Demand side CO2 reduction by advanced technologies in 2050

hybrid vehicle s

efficinet insulation building
efficinet insulation house ===

bio fuel (transportation) _

bio fuel (com‘nercialg

bio fuel (residential

fuel conversion (gas to biomass
fuel conversion (coal to gas

fuel conversion (oil to gas)
high efficient mortor =

high efficient clinker cooler O redA EredB
high efficient process in cement

high efficient electric furnace
high efficient revolving furnace

high efficient sintering furnace

high efficient industrial furnace
high efficient industrial furnace (oil)
high efficient industrial furnace
high efficient boiler (gas

igh efficient boiler (oil

high efficient boiler (coal
Fluidized catalytic cracking of

0

S) 10 15 20
MtC

PV: one million kW in scenario A; two million kW in scenario B



Technology Development and Diffusion in Japan

Technologies in power sector in 2050

m Conventional Coal
@ |GCC

|GCC with CCS

0 OIL

m Conventional Gas

A rdvanced combined cycle

B ACC with CCS

O Nuclear

m Hydro

m Hydro (pumped)
GEO

u
o BMS
00% | W Wind

: New technology



70% reduction: combination of demand side energy
reduction + low carbon energy

Seconday energy demands (Mtoe)

Flnal energy demandS_ 50 100 150 200 250 300 350 400

I I
2000 es'dentqgmmerﬂ.‘;rg.
2050A %
< Decrease of Energy
\IDemand
2050B
|

B Industrial DO Residential O Commercial B Trans. Prv.  OTrans. Frg.

Primary energy su pply Primary Energy Consumption (Mtoe)
0 100 200 300 400 500 600

2000(Actual)

2050(Scenario A)

2050(Scenario B)

W Coal OO1I OGas ®@Biomass 0ONuclar @Hydro @ Solarand Wind
Step4 and Step5



70% CO2 emission reduction by 2050

Scenario A :2050

CO2 emission in 1990

o
S
S
~
=
c
=
2
2
=
(¢B)
o
O
o

77

MtC)

/—Mam factors to reduce CO2 emlssmnS—\

[Society] High _ i+

s  High economic grow

Activity . De%rease of pop%lation and number of

i households
[Industrial] Energy efficient improvement of
Energy Intensity Imp. furna?c)é and motor eptc.
Carbon Intensity Imp. . Fuel switching from coal/oil to

natural gas

[Residential and commercial]
Reduction of {o High insulation dwelling and building
service demands . H19fme/BU|Id|ng gnergy ma?fagement system
: Efficient air conditioner, Efficient water
Energy Intensity Imp. { r|1:eatier, IIEIfficient lighting system
: uel cell system
[C_:rarbon Intens-lty ;mp. Photovoltaic on the roof
ransportation i
Reduction-of service {. ]Ic%ecr%iscl)\r/]e land-use, Concentrated urban

demands Public transportation system

Energy Intensity Imp. {- Motor-driven mobiles: Electric
Carbon Intensity Imp. battery vehicles, Fuel cell battery

|+ vehicles
[Energy transformatlj

0] Nuclear energy o _
» Effective use of electricity in night time
with storage _
« Hydrogen supply with low carbon
energy sources.
CCS {- Advanced fossil fueled plants + CCS
» Hydrogen supply using fossil fuel + CCS -

Carbon Intensity Imp.

-

EE: Energy Efficiency Improvement, CI: Carbon Intensity Improvement,
SD: Reduction of Service Demands




70% CO2 emission reduction by 2050

] Main factors to reduce COZ emissions—_
Scenario B :2050 7T Society ] | | |
* Reduction of final demand by material saturation

Activity * Reduction of raw material production
* Decrease of population and number of households

e

readic [ Industrial ]
: 18- j ine : IT@EH&ItyImﬁ * Energy efficient improvement of fiurnace and motor etc.
booem e :Car’bﬂi’t-fntfmsﬂy Imp. < Increase of Fuel switching from coal/cil to natural gas /biomass
1 5
T [ Residential and commercial |
‘30 Reduction of service | [+ High insulation dwelling and building
—_ 5 demands {- Eco-life navigation system
t ____;9_’__: ety Iifersiiv T Efficient air-conditioner, Efficient water heater, Efficient
= = Ei’z i Eﬂﬂ? y Intensity Imp. li}glhling 1syste.m —_—
D e [ 1 * Photovoltaic on the roo
_E %1 { _' - i Carban Ll Expanding biomass energy use in home
= 2 i il E _ » Diffusion of solar water heating
7 G femme [ Transportation |
b 4 i | I . * Shortening trip distances for commuting through intensive land use
5 5 i E g?gg?;ﬁgn ofservice |, Infrastructure for pedestrians and bicycle riders (sidewalk,
8 8 i o T bikeway, cycle parking)
i E — _ , {- Biomass-hybrid engine vehicle
; ! ‘Carbon Intensity Imp.

[ Energy transformation ]

o o » Expanding share of both advanced gas combined cycle and
‘Carbon Intensity Imp. { L & Y

biomass generation

\_ J

=
o]
‘A
_lﬂ
=
5
-l
@)
&)

(MLC) EE: Energy Efficiency Improvement, CI: Carbon Intensity Improvement, SD: Reduction of Service Demands




Thank You!

2050 LCS study
http://2050.nies.go.jp/index.html

The Energy Snapshot tool
http://www-lam.nies.go.jp/aim/datalibrary.htm
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