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Science of Social Wish

Hiroyuki Yoshikawa

CRDS
Forum on Foresight to the Future
28 July 2010, CRDS
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Making a Shift toward Sustainability
“Industrial transformation”
with move of centre of gravity of society toward sustainability

VN + Va= constant: Traditional Innovations

Development
=Artificial value(Va)

Increase of VN + VA
by sustainable evolution:

Green Innovation
and Life Innovation
as problem-solving
Innovations

Environment = Natural value(Nv)

Innovation Policy so far of Japan

PROBLEMS
(DNo specific target @Wrong division of basic and applied research

®No integration of disciplines @No cooperation between roles
®BLinear model

) . ) . . Society
seele ] APPIEC B Development [ Industry
researc researc Public service

KetarsTh Universities Universities Private firms

society Research Institutes Research Institutes  Research Institutes

Private firms

Research Public fund Public fund Public fund (Ministries)

funds (Grant aid) (Grant aid) Private support

Funding MEXT MEXT Ministries (METI, MHLW

organization | JSPS IST MAFF. MPMHAPT etc)
Private companies
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A Proposal of Basic Loop for
“Evolution by Piecemeal Abduction”

=

Abduction Designer Object Deduction

(causality)
L Observer

Induction

Abduction

_— Actor

Learning from  Ferdinand de Saussure ( Evolution of language ),
Karl Popper (Piecemeal progress by social technology),
Charles Sanders Pierce (Abduction in creative thinking)

Evolution of Language by Information Cycle

Ferdinand de Saussure (1857 — 1913)

Parole
Adoption and
Py Speak
Association of .
concept and (personal memory Socits L
i selection) (soaa! crystallization
y selection)
3 (language)
Langue

IMRERR —REFFHEE(BK. 1972)p.290XLYER
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Piecemeal Social Engineering

Karl R. Popper (1902 — 1994)

piecemeal social engineering In The Poverty of Historicism (1957), the philosopher Sir Karl
Popper criticized historicist (notably communist and fascist) attempts to foretell the future, and
argued that the holistic social experiments based on these theories were doomed to failure,
because the course of human history is strongly influenced by the growth of knowledge, and we
cannot (rationally or scientifically) predict the future growth of scientific knowledge. Rather, by
analogy with the central role of piecemeal experiments in the sciences, he argues that the only
form of social engineering that can be rationally justified is one which is small-scale, incremental,
and continuously amended in the light of experience. The crucial point about this approach is that
it is based on trial and error rather than a prior historicist vision; or, as Popper puts it, ‘we make
progress if, and only if, we are prepared to learn from our mistakes: to recognize our errors and to
utilize them critically instead of persevering in them dogmatically’. Piecemeal social engineering is,
therefore, nothing less than the introduction of ( Popper's conception of) scientific methods into
planning and politics.

A Dictionary of Sociology, Oxford University Press, 1998

Deduction, Induction and Abduction
Charles Sanders Peirce (1839 -1914)

Deduction
Rule --- All the beans from this bag are white.
Case --- These beans are from this bag. Inference

Result --- These beans are white

Induction

Case --- These beans are from this bag.
Result --- These beans are white.

Rule --- All the beans from this bag are white.

Analytic Synthetic
(deduction)

Induction Abduction
Hypothesis(abduction)

Rule --- All the beans from this bag are white.
Result --- These beans are white.
Case --- These beans are from this bag.

CRDS-FY2010-XR-14 WITBUA AR 2R IREME TRARERE 2 —



CRDS 4 7 +—5 L EEE% (Forum on Foresight to the Future) |45

Role of Scientists for Sustainable Evolution

goodness for
sustainability)

Aetlonsfor *Actors in Society
Useful knowledge for * sustainability -y
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Factual knowledge) policymakers,
business humans,
Designing Society administrators,
Scientists ‘E’a"fesl . engineers,
nvironmen educators,
1\ o writers,
caused or artists,
Observing not caused journalists,
Knowledge Scientists by actions etc...
and data
(Judgment of

C. S. Peirce: Abduction, F. Saussure: Evolutionary Loop, K. Popper: Piecemeal Technology
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Discovery of Social Wish

It has been said that scientific research is to be conducted by scientists who are driven by their own
curiosity within the autonomous community of scientists. It was historically proved that the system of
scientific knowledge has been developed through this process.

In the 21 century, however, human beings are confronted with problems to be solved urgently, such
as environment worsening and terrorism, which are new and fatal for the survival if failure. This
requests us to achieve knowledge necessary to cope with them within the limited time. We must
realize that the process of knowledge acquisition under such circumstances is different from that
driven by curiosity. We need to develop new means useful for such acquisition. We may not wait only
for the curiosity driven research.

Before going into the development of those means, we must solve a difficult problem. It is the
identification of the issues to be studied. We unanimously approve that we need scientific knowledge
useful for sustainability. But we have not been successful to identify exact research subjects of high
priority for sustainability. People, including scientists and others, only know vague contour of science
for sustainability.

Issues to be studied and solved scientifically are not only apparently defined in society but also
floating dimly among people and even absolutely invisible for people, and even for scientists.
Therefore, they must be discovered.

Here, we call them “social wishes” which have three levels: (1)exactly known, (2)floating among
people and (3)invisible. Especially the discovery of the level three is one of the most important target
of scientific research on sustainability.

Wishes Visible in Society
The third round of Basic Plan of Science and Technology in Japan(2005)

. Discovery of new scientific laws in basic research

. Creation of knowledge useful for revolutionary innovation

. Guide of society by science and technology through top-class project
. Overcome of problems such as global warming and energy scarcity
. Realization of cycling society in harmony with environment

. Construction of ubiquitous network society leading the world

. Realization of No.1 country in manufacturing

. Competitive country depending on science and technology

. Eradication of disease

. Society where everyone enjoys high quality of life

. Maintain security of society and land

. Secure the safety of life

O 0O NO UV B WIN =

Y
N R O

These issues are well known to everybody. We call them “visible wishes”. They are,
however, just visionary dreams which are far from practical application of science and
technology.
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Diversified Elements of Sustainability
(problem-solving innovations are requested)
. Human security Peace and governance
Society
World* Non nuclear penetration
State 4 Eradication of poverty World Herit Suppress of Climate Change
Community orid Heritage Energy security
Scale of Action Group Suppress of pollution Disaster mitigation
= Design Organization Waste minimization Suppress of Pandemic
component glork;))oratlon Sustainable manufacturing
u
Individual Sustainable services
Family Drinking water security
Education for SD
g:::;lj Food security Sanitation atio
High quality of life
EIeCm”ent Control of chemical risk Conservation of minerals
e
Molecule
Atom Preventive medicine Conservation of bio-diversity
(*In case of human)
Local Nation Global
Reach of Action= Design solution
Discovery of Ozone Depletion and a Treaty
Government, Industries
Wien Treaty(‘85) "
Propesaks | Montreal P(87) Actions
to actors Alternative
materials by
industry v
S Congress Dissemination
i audience, US . L i g e
Construction Acad i of alternatives Assimilation
/design tastmy in soci
proposal in society
Phenomena,
Research on air Social wish
constituents and
Discovery of ozone | <<%
Recommendations depletion by i
S.Rowland (1974) Sherwood Rowland is a researcher on the
constituent of the air, and discovered the
Observation/analysis possibility of ozone depletion by some
gases. He notified it to the Congress . It was
the discovery of a social wish that we wish
to maintain the ozone layer.
14
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Discovery of Global Warming

Actors in society

Government, Manufacturing ind., Acti
Proposals | Service ind., Traffic, Homes S
Conservation
Kyoto Protocol(1997, 2005)
. UNFCC(1992)
Constructing Emission trading(2002) Worsening of environment | Nature,
research Low-carbon tech., renewable (Global warming) Society
energy, conservation
J.Fourier(1827)
Researchers(1950~) Manabe, Hansen,
Houghton, Watson, ----- | .|| Phenomena
Warning IPCC(1988) IPCC AR4 (2007) Social wish
Stern Review(2006) (stop the warming)

Observing Research

Many scientists recognized the danger of global warming. Through the repetitive circulation of
information, society finally identified the danger and started the action to stop. But it took 50
years for society to realize the true danger. We need something to accelerate the circulation.

Observing Scientists for Sustainability

= Actors
y
Designing Society,
Scientists . Nature
Intentional
input

Changing states diverting from

Observing sustainability,
Information necessary Scientists Relations between changes,

for designing proposals Alfanc.)r!nalitic.es by which
for sustainability invisible wishes could be
uncovered.

Observation: State of society and nature (abnormalities and unfavorable changes)
Panoramic observation of changes in society and nature etc.

Researchers(observing scientist) have been interested not only in properties
of objects in the nature and society, but also in changes of nature and society
to evaluate the progress/deterioration of sustainability of the earth.
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Factors to Accelerate Circulation
Discovery of social wish is the key for acceleration

1. Organize a relevant evolutionary loop of four elements

2. Good communication between neighbour elements
3. Observing Scientists
Observation of the present state of nature and society
Observation of total of nature and society
No neglect of observed abnormalities
Discover social wish of 3 level (invisible wish)
Warning to society
4. Designing Scientists
Collaboration with and learning from observing scientists
Recognizing the essential role of designing scientists for the circulation
Develop science of design to improve the advices
Neutral advices to society
5. Actors in Society
Private enterprise: flexibility, social responsibility, challenge, altruism
Government: for the people, for the private enterprise, no useless conflict
within politics,
6. Society
Social Technology

Research into Social Wish Discovered

| Researcher -B ‘ | Society ‘

[ |

[
< 2] [ "6
2 3] = 8 L2 c
; (] [3] —_— el _—
- o s o 3 e €
© @ “ i Q
S > = L] o = a
Q 7] o [ - © @
Q . [} (7] —
(%] (-4 o -4 -4 o o
Discovery of new social wish
example o
' c
E S & = S 3 g
[} 4 S S - > =1
2 5] (7] v - = o
=] < c © © -
g S o s 5 S E
-8 oc .9 (=] Y= - 'C;S
= @ = S =
oo N (%]
a O ] - é
(=] (@) 1] N
whd —
[ o b}
T Compromise with food production
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Functional
Requirements
(society)
_—
Scientific
Requirements
(academy)

Full Research for Social Wish

A
________ A
Products
Type-| Type-ll Product (for society)
Basic Basic realization 5
research research Research topics
(New topics

Analysis type
basic research

Discovery

New law

New theory
Innovative idea

Synthesis-type
Basic research
(Researchers who

overcome the nightmare)

Scenario

New design theory
Realization theory
Preliminary discipline

Knowledge use for academies)

research

Discovery of social value
Realization

Construction
Optimization

Social technology

Reorganisation of Research Community
Consistent Collaboration between Science and Society for Innovation

Traditional :

Basic
research

no consistency

Gap

(nightmare-1)

Full Research(AIST) : only necessary condition

Type-I
Basic research

Type-ll

Basic Research

Applied .

research Society
Progluc’F Sustainability? | Society
realization

Full Research + Social Technology : sufficient condition of innovation for sustainability

Type-I Type-ll Product Social Society
Basic research Basic Research Realization Technology
CRDS-FY2010-XR-14 WA TBUE AR TR B IR RERtE 42—




CRDS X4 7 +—5 L &HES% (Forum on Foresight to the Future) |51

Encounter of Detailed Social Wish and Full Research

@ss of Global Warer

Electric power system An element of
of high conservation ! detailed social wish

Physical research Stable crystal growth
i | on silicon carbide
(SiC)

Design of electric e
Precision machining || system (RIS EFZD)

' Integration and collaboration

@ary science and technology
21

Acceleration by Encounter of
Full Research and Social Wish

Full research
~]  Actors ﬂ
Society, Nature
Designing
researchers Social Wish
Observing
B
researchers
| I.... ....... » Encounter P T | I
Panoramic Data Base Panoramic Data Base
of Full Research of Social Wish
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Full Research
Integration of disciplines X Collaboration of roles
, [Inte rated fund ]
Collaboration of roles g
A \ Supply fund for
projects of
73/ encountered social
L A : :
& -, Wish and full research
Platform 1 d ij
(Full research aiming at
Issue-oriented innovation)
Sij
[%2]
3]
2 |l ]
) :
= —
[&] 3
i - - -
s N | —
(7]
& 1
Domain @1 az as s1 s2 di d2
Analytical basic research A Constructive basic research S Research for realization D
23
Platforms: past and future
Achievements Plans
Industrial Examples of Research
Field Big National Projects NEUSHIEIN cenires for Innovation
Achievem. .
(planned ,not yet financed)
Energy Sunshine Project(74-00): solar, fuel cell, geothermal, bio-e. Esczl:sr:s_ll Innovative Energy R.Centre
Moonlight Project(73-93) : heat pump, insulation commoditigs
Manufactur-| Fully automated flexible manufacturing(77-88, 13.7by): Productivity | High-tech Manufacturing
ing Automation of batch production, metamorphic machine tool | Autemation | Research Centre
Robotics Robotics for_ extreme_condition(83—90, _20by) : . (basic R.Gentre of Social Robotics
Tele-operation, Intelligent robot, Multiple degree of motion| Knowledge)
Nano tech Atom technology(92-02, 26.2by) : (basic R.Centre of
Nano science, New material, New observation Knowledge) Nano-technology
Opties Femto-second technology(95-04, 10.8by) : (basic R.Centre of
High speed communication, Energy-conserving network Knowledge) Optical Network
National Projects, Public Consortium, Private Consortium,
Energy Hydrogen society Computational science Four dimensional lens
Examples Manufacturing  Integrated Design/Manuf Service Medicine, public s., new industry
in the future Robotics Cheap-labour Robotics Education  Work-is-learning project
d ? . .
{drsamsil Bio Health industry Security Mitigation, adaptation
Ocean Ocean industry 24
Geology New resource, waste
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Foresight and
Extreme Events in
Human Society

John Casti
ITASA
Vienna, Austria

(Davos, June 2, 2010)

Themes for Xevents
Methodological
Research

* Anticipation
Horizon scanning
Early-warning signals

* Forecasting
Likelihood of unlikely events
Theory of surprise

* Trends
How to find “turning points”

+ Extreme Risk Analysis
How social mood biases events
New forms of insurance

* Modeling

Agent-based simulation to generate
“missing” data

Xevents
Methodologies

+ Time-series anomalies (early-
warning signals)

» Scenario development (i.e.,
imagination!)

+ Agent-based simulations
(implications of scenarios)

» Catastrophe theory
(identification of turning points)

» Stress-matrix analysis (early-
warning signals)

* *Social mood patterns*
(forecasting societal events)

» Pattern recognition techniques
such as extreme statistics, neural
nets, and the like (foresight)

Policy Aspects
* Scope—how broad is the
impact of the event

* Duration/Impact time—
Ur/IT

» Economic impact
* Geopolitical effect
* Psychosocial disruption

* Players—who are the
stakeholders

* Solutions—general
characteristics

CRDS-FY2010-XR-14
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Prototype Question
Central Hypothesis of

Social Mood and Collective Events

; A Socionomics

There is growing evidence that the
beliefs a population has about the
future—optimis:tiq (positive s'ocial Collective
mood) or pessimistic (negative Herding _} Social Social
mood)-strongly bias the qualitative Behavior Mood —> Actions /
character of all types of collective Events
events, ranging from the types of
books or films that will be popular to f 7 i
the sorts of political ideologies that Social mood “biases” the
will be in vogue. types of social actions and

Question: How can social mood events that occur

be measured? Can this measurement
of mood be used as a “leading
indicator” of what to expect by way
of events over different time frames?

The Road to

Globalization
“Sociometers”
How can we measure the social =
mood? RE
10000 DJIIA Monthly ""/I ?
og scale :
By Statement (words)

5000

Opinion polls/questionnaires

By Behavior (actions)

2000

* Financial market movements e
Birthl‘ates 1000
Internet “markets”

500

1974 1978 1982 1986 1990 1994 1998 2002
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The Road Away
from Globalization

DJIA
Weekly Bar

[T 71999 [2000 [2001 [2002 [2003 [2004 [2005 [2006 2007 [2008 [2009

1- D] Industrial Average, Weekly i [=] 4]
Copyright, Octcher 2008

 Eliott Wave Intemational 4 150000
ettt o

Another Step Lower
s 4 140000
DJIA, Daily Bar

4 130000

4 120000

4 110000

Source: CQG, Inc. © 2008 Al rights reserved worldwide. www.cqg.com

Mon Oct 06 2008 16:27:55

What About Japan?

A SOCIONOMIC SNAPSHOT OF POST-WAR JAPAN

Bubblc Era Growtn Peaks
Roal Estato Bubbla Broaks
Por Gapita Incomo Ovortakos US. ¢

Social Mood Meter
NIKKEI monthly data

log scale
-+ 400
Japan-China Peace and Friendship Treaty
“Era of High-Spoed Growth Ends T
Tenate KekustEners Ofce (ghest il prutry] T 1o
rating of any premier in Japanese history)
First non-LDP Primo. 650

U.S. Japan Secuity Trealy Revised M e ot 3555

Yamaiohi Securites Is Shut DOWn |0 pany Systom Finally
Emorges in Japan®

? Sulcide Rate Hits Record High
Eract Tanaka Resigns Amid Scandal 1000
Social Unrest| il Shodk

Yamaichi Socurities, Japan's largest brokerage firm, bailed out
Bank of Japan bailout ic extended to ontire securities industry. 550,

Liberal Democratic Party Formed;,

Economy Takes Fiight -+ 2000

Korean War Ends.
U.S. Oceupation Ena

San Francisco Treaty

Japan Socialist Party Formed

North Korea Invades South Korea

© January 2004 The Socionomics Inetitute.

1984 1991 1998

1949 956 1963 1970 1977

Demise of the EU

European central bank established
France, Germany reach accord on EMU

EURO-UNION WAXES WITH
THE RISE IN STOCK PRICES

Largest EU expansion in history

First moves toward enlargement
Euro is launched

Treaty of Nice clears
way for expansion

Single European Act takes effect | H‘II ses
“EC Leaders Reach Major | vl m
Agreement On Unity Plans” I ‘\ b

[Constitution drafted

HNM”‘\ Romania and Bulgaria] 5000
[

o)
e Iy ,

6000,

Thatcher “can't stop the
rush to ‘European Union.”
New York Times |
il
“German High Court Topples Last |
Barrier to European Unity Pact”
Los Angoles Times

)
|
iy

W it
/

N

o
u” ! Christian Science.

|
W I Against United Europe”
anor

"
\ W
[ “No More Europhoria”
New York Teras

Data courtesy Bloomberg
© December 2009 ics Institute

T Wat Sret el I\m|||||

“Britain Raises Drawbridge

net)

Constituion refected by

|||“|] “”\‘w\“#l
‘mﬂ
||l‘ Holland and France

“Constitutional Setback - meetings
on constitution end in disarray” s

" “Left Tum Clouds the Euro’s Future”
T Wal St dounal

Dow Jones Stoxx 50 Index
of European Blue Chips
monthly data
log scale

"1987 1988 1989 1990 1991 1982 1990 1984 1995 1396 1937 1998 1399 2000 2001 20022003 2004 2005 2006

Lisbon

Treaty

\ HL -
2000
1000
%00

What Recovery?

DJIA PRICED IN i
REAL MONEY:
OUNCES OF GOLD

weekly

45

40

35

2007

84% decline

1980 1985 1990 1995 2000 2005
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Now, a Word from
Our Sponsor

(www.moodmatters.net)

From Rising
Skirt Lengths to

the Collapse of
World Powers
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Forum on Foresight to the Future
Tokyo, Japan
28 July, 2010

Development Pathways toward
Low-Carbon Society in ASIA
- Implementation of AIM models -

Tatsuya Hanaoka
Center for Global Environmental Research (CGER),
National Institute for Environmental Studies(NIES),
Japan

CE!ZESE; CGER

ASIA-PACIFIC INTEGRATED MODEL NIES JAPAN

¢ -
bbbyl ML SCMNINE o1y Research Institute, National Development and Reform Commission
HERIERE IR Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Science
SR g, EIRATE i
+ (T6SNRR) (NIES) India
LEESS Indian Institute of Management
\ Thailand
EEATY i i
oy /;smn Institute of Technology
o orea
" Lo FUFINAS .
Sawnn tiAsa) 4ID ; Seoul National University
;;'_);Z(’EMF) Korea Environment Institute

AIM model famil
/ y

AIM Model Development Strategic Database \

AIM/Ecosystemmaterimpact 2
7

AIM/ EnergymechnologyiCountry
O

Emission
model

Climate
model

Technology, Adat
Database

ﬁ Scenario

Assessment

Model Base

Strategy
Option Base

Index Base

CRDS-FY2010-XR-14 WITBUA AR 2R IREME TRARERE 2 —



58 | CRDS {7 +—5 L:&EsE (Forum on Foresight to the Future)

AIM AIM model family for mitigation analysis

[ modet | (Output) Global | AiMmpactPolicy] €
scale 3
National —
| Global emission paths
TOp-dOWH Clppl"OGCh scale to climate stabilization
- ; - ..;
1
AlM/Material ﬂ AIM/CGE[Country] AIM/CGE[Global] ]
= v _~[ = ]
Hybr‘ld appr‘oach Macro-economic Macro-economic
T s driving forces driving forces
AlM/Backcast Mitigation potentials Mitigation potentials
and costs curves and costs curves
= Ei N T = Bt z = :
AIM/Extended d? .
Snapshot <--l E
’ 1
(Ef{;i'ggfy AIM/Enduse[Country] (€ —> AlM/Enduse[Global] f€ |
(]
il AIM/Energy 1 4 1
i Snapshot i
140 — S S S S S S D A D S S S S S S S S e S - - 1
BO’fTom'UP GPPT‘OGCh Industrial production, Industrial production,
transportation volume, etc transportation volume, etc
A A
Element / transition |, L5 Element / transition
(service demand) (service demand)

ASIA-PACIFIC INTEGRATED WODEL

Core models: Top-down & Bottom-up

Top down model

Bottom up model

(AIM/CGE) (AIM/Enduse)
Around 1000
Renewable technologies
power .
. generation /
ENErgy PriCe  m—— Economic |
a=lle Nuclear [
power 7
generation
Oil
power Kerosene
generation stove
Energy Gas power
efficiency generation et
Coal power |
generation Air
conditioner
Ent?rgY > Energy Residential Industry  transport
substitution consumption i & commercial
Supply side L Y J
Demand side
Model Computable general equilibrium model Partial equilibrium model on energy
type (i.e. optimization model) (i.e. optimization model)
. Estimate interaction of economic actors and draw the Describe concrete and detail technology selection
tRUCEUre balanced macro economy
Endogenous economic parameter :alot Endogenous economic parameter : few
F Description of non-energy sector  : not minute Description of non-energy sector : minute
eature Description of end-use sector : not minute Description of end-use sector : minute
Description of energy supply sector : not minute Description of energy supply sector : minute
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-

Regionzl sczl

25 OF

Low-Carvon Society stucy

Three scales of LCS (low-carbon Society) scenario studies

Global development
scenarios
and
Low Carbon World
Roadmaps, 2005-2100

Storylines

Backcasting

I Scale 1: Global and
Q“a“"['ca““ whole Asian scale

Model analysis and

analysis

National development
scenarios
and
Low Carbon nations
Roadmaps, 2005-2050

Local development scenarios
and
Low Carbon Cities

Storylines

Backcasting

Storylines

o Lo Scale 2: National scale
uantification .
! analysis

Model analysis and

L Scale 3: Local scale
Quantification il
! analysis

Roadmaps, 2005-2030

Model analysis and

Backcasting

gty

During FY2004-2008, funded by Global Environmental Research Program, MOE)J
(project leader: Shuzo Nishioka)

Technology development,
socio-economic change

Forecasting

>

projected by historically trend

Reference

future world

Required f ntervention

Mitigation
_ Technology
) gqm'red - development
= /l 1 Policy ~
7 A 1 l intervention and
Y g l Investment ~ __
S -~
_Q- / Service demand change
o 4 by changing social
E s behavior, lifestyles and | *
Q _ s institutions
£ -
o |l_—— required intervention e
; policy and measures | g d
<
w
| | ! | | | | |

T
205C

» Normative

target world

60~80% reductions
target
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Depicting socio-economic visions in 2050

Estimating energy service demands

Exploring innovations for energy demands and energy supplies ]

Quantifying energy demand and supply to estimate CO, emissions]

Outcome 1) Feasibility study for 70% CO, emission
reduction by 2050 below 1990 level

Investigating “When and Which options and How much” of each options should be
introduced in order to achieve the goal”

Outcome 2) Roadmap and Dozen Actions toward LCS
http://2050.nies.go.jp/index.html

icting socio-2conormic visions in 2050

Step1: Depiction of narrative visions in 2050

Vision A

Vision B

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

% WP P T T
. E

1%/yr GDP per capita growth

152
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Models for — —
2 icienc
Low-Carbon Scenario il R
I Pin Y
¢ Vv & Investment I v
Water Energy supply Stock Sto CK\ Activity Production Ma cro.
supply & demand = & amount economic
&demand |, Household production
. . K] & lifestyle model Preference |
RESIdentl T E _————— Of household
Ith o .
sector :?f:t 9 < Residential energy
E £ service model
E Al -~ g
Il 3
Comme E K polutan: 2 = i Commercial energy
sector & B = service model
[ -
I E 5
€ © g 3
= ) 3 —
Industrial % g :; Industrial %
sector = q_) x production model €
3 g c
""" ] 73 Passenger transport. =
Transport @ demand model
g ——————— |
sector = Freight transport
" demand model
Energy
transformation
sector
pa
........................ - Population ~
Ar 1 I | & labor I
pollutant " &
Air model @
< ) S
; Backcasting model [}€
| : Model @ -
Population and
Energy snapshot 1 ;
= : Data flow X Tool poma . household model

a

Soclo-econormic assurnotions

Step2: Quantification of narrative visions in 2050
year unit 2000 A e B
Population Million 127 94(74%) 100(79%)
Household Million 47 43(92%) 42(90%)
Average number of person 57 55 54
per household
GDP Trillion JPY 519 1,080(208%) 701 (135%)
Share of production
primary % 2% 1% 2%
secondary % 28% 18% 20%
tertiary % 71% 80% 79%
Office floor space Million m? 1654 1,934(117%) 1,718(104%)
Travel Passenger volume BiliEn 1,297  1045(81%) 963(74%)
person-km E
Private car % 53% 32% 51%
Public transport % 34% 52% 38%
Walk/bycycle % 7% 7% 8%
Freight transport volume billion ton-km 570 608(107%) 490(86%)
Industrial production index 100 126(126%) 90(90%)
Steel production Million ton 107 67(63%) 58(54%)
Etylen production Million ton 8 5(60%) 3(40%)
Cement production Million ton 82 51(62%) 47(57%)
Paper production Million ton 32 18(57%) 26(81%)
http://2050.nies.go.jp
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Depiction of LCS house in 2050
Comfortable and energy-saving house

Eco-life education

34-69MW % energy

(25-47% house has PV on roof (now 1%)) demand reductio

and develop high efficiency (<30%) PV

High efficiency lighting
[eg LED lighting]

Diffusion rate: 20-60%
( currently 8% )

Reduce 1/2
energy demand
Share 100%

Monitoring system e e lati
equipped with appliances s 20! High-insulation

Reduce 60% warming
Super high efficiency é energy demand,

air conditioner LB : o share 100%

COP (coefficients of \
performance=8), Heat-pump heating share 0-20%
share 100%

COP=5

Stand-by energy

- ) share 30-70%
reduction +* Good information for

TSV B economy and environment H(':Igh effIC|encydappI|a;1cesd
demand, makes people’s behavior By Cla
share 100% S i support comfortable and safe lifestyle

Examole o

<Base year> <Base year> <Targef year>
IService demandl IE'Iectr'icity demal'nd Electricity dema
} >—| Mixture | Mixture
>—| own use I own use I
»—l Loss | Loss
Generation by Generation by
energy 1input energy 1input
Energy
Energy Energy
consumption consumption

\ PR/

Energy Balances Factor
Analysis

Co, emission
. Co, emission (D, E/D, C/E,

Co, emission

\\\\\j e/ - : Endogenous variables

. El: Exogenous variables
Energy Snapshot : Manual, Excel file
http://www-

VR A S N s
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2000(Actual)

2050(Scenario A)

2050(Scenario B)

B Industrial & Residential ™ Commercial

® Trans. Prv.

Trans. Prv.: Transportation (Private), Trans. Frg.: Transportation (Freight)
Primary Energy Consumption (Mtoe)

Decrease of
energy demand

. =

70% CO2 cut
by 2050

U Trans. Frg

I I

100 200 300 400 500 600
\ \ J . . .
2000(Actural) oil Gas t
el | ‘N“C'ear low-carbon energy
2050(Scenario B) Bi SS  Solar and Wind

® Coal P 0il P Gas ®Biomass " Nuclear ® Hydro ® Solar and Wind

“| propose setting a long-term target of cutting
global emissions by half from the current level by
2050 as a common goal for the entire world. ”

Technology development,

2 < Forecasting
Socio-economic change [

v future wor|

2008.6.29
91t Prime Minister,
FUKUDA, Yasuyuki

“Japan will set a long-term goal of reducing, by
2050, 60-80% of its current level of emissions. ”

gy

]

Reference

Id .
projected by historically trend e This governmental announcement
igaton | _ .
S P G was one of results of “Japan Low-
4 Policy™ . g Carbon Society Scenarios toward
a intervention &nd % g y
& b L s T 2050” project.
— Service dzmm_d :han_ge -1
'E // by changing social g
= - havior, lifestyles and (-5
QE) 7 institutions g
el e @ required intervention e =
£ policy and measures |4 - — Normative ~ 60~80% reductions target
S target world in 2050
1 1 gimo : 2(1720 ‘ 1 21050 : %
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N e

Asla Low-Carbon Soc¢

We have started new research project “Asian Low-Carbon Society Scenario Development Study”
(project leader: Mikiko Kainuma)
during FY2009-2013, funded by Global Environmental Research Program, MOE)J

a

Developed:

Countries | Pathway in high energy

intensive & lacked-in type
development ",

o

Economic
deterioration due
"-._to high damage on

":_economy and

Low Carbon Ratural system

U World v

Time

Diversity in Asia é 5 Leapfrog_
Q== «development
Developingi
Countries !

GHG emissions per capita

Modeling Sustainable Low-Carbon Asia

EXEMD
CO02 Emission from Energy Activities in China,
IPAC Results
4000
3500
3000
o 2500
EL 2000
1500
1000 | p¥
500
0
2000 2005 2010 2020 2030 2040 2050
—&—Basecline ——ow Energy Policy
LCS =>é=Global 50% Proposal

Source) Dr. Jiang Kejun (Energy Research Institute, China). “Low Carbon Societies in China: Scenario
and Road Map”, The 13rd AIM International WS, Tsukuba (2008)
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Undrinkable tap water
(weak water & sewerage systems)

Broken traffic signal
(weak transport infrastructure)

Low-tech device sale
(weak market system)

5 star hotel in Vientiane

Once you walk one or two
blocks outside a hotel,
there is a different world...

Low-tech buildings
(weak urban development)

ic Jam in Bangkok in T

8 W 3

Traff

>3

sus
deve

How to achieve

tainable
lopment ?

Road sharing among people,
animal, and car in Ahmadabad in India
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low-carbon development
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A
i ﬂ%ﬁ

T H

Example of city and province which tackle with

orn o
& L all

ASIA-PACIFIC INTEGRATED MODEL

Low Carbon Sosiety Vision 235 towards r

VIBRANT

<
AHMEDABAD AR
e

LCS Scenarios for ASIA:
countrles and C|t|es

LOWCARBON CITY 202
SUSTAINABLE
ISKANDAR

O®URS

SEE | LA« — v -
Iskandar IET Sk

-~ [Epmenmyg|  Malaysia  JIEKyoto
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Thank you for your attention!

Asia-Pacific Integrated Model(AIM)
http://www-iam.nies.go.jp/aim/index.htm

Japan Low Carbon Society Scenarios toward 2050
http://2050.nies.go.jp/index.html

2050 Low-Carbon Society Scenarios in Asia
http://2050.nies.go.jp/LCS/
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Energy Scenarios
- Challenges and Examples -

Atsushi Kurosawa
The Institute of Applied Energy

JST Forum on Foresight the Future

July 28, 2010 / Tokyo, Japan

# Approach

Scenario Development by Stakeholder
Consensus

Deterministic and Dynamic System Modeling
# Products
Individual Technology Roadmaps with Targets

Technology Portfolio with/without GHG
constraints
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Energy Technology Roadmaps
Motivations, Approaches, Challenges

# Purposes
- To identify policy targets, R&D milestones, etc.
- To show technology portfolio
# Stakeholder involvements
- Policymakers, industries, research communities
- Intensive communications
committee, working group, interviews ..
# Comprehensiveness
- Specific technology
- Consistency among roadmaps
Validation by model(s) is needed.
# Uncertainty
- Case studies to check robustness

[1]
Strategic Technology Roadmap (Energy Sector) -
Energy Technology Vision 2100 -

* Contract Research from METI, Japan

* One of the Strategic Tech. Roadmaps of METI

* Identify Long Term Energy Tech. Role under

Climate (CO2/6DP) and Energy Resource

Constraints

* Detail Roadmaps incl. Tech. Performance Targets
(Prim. Supply & Conversion (Elec.

&H?2))
Demand /

CRDS-FY2010-XR-14 WITBUA AR 2R IREME TRARERE 2 —



70 | CRDS T+ —5 LEE;&EEF (Forum on Foresight to the Future)

Can We Cut the Chains by Technologies ?

@ense in l't@
— (1)
1

Increase in Final
Energy Demand

Increase in Primary
Energy Demand

Increase in Fossil
Fuel Demand

" Environ-
mental ‘
(Constraints |

« Increase in Cost

Resource
Constraints

Economic
Constraints

Cut off the chain between "utility" and
"energy demand"

L ) Energy saving, efficiency improvement,
energy creation and self-supply

Material saving

Cut off the chain between "final
energy demand" and "primary energy
demand"

Improvement of energy conversion
efficiency

Cut off the chain between "primary
energy demand" and "fossil fuel
demand"

Fuel switching to non-fossil

Cut off the chain between "fossil
fuel demand" and "CO, emission”
CO, capture and sequestration

Which Direction Should We Go?
- Working Hypothesis -

Fossil
(with carbon capture and
sequestration (CCS))

Advantages

- If technology is established, it is
certain to reduce CO, emissions

Disadvantages i

- Significant improvement of
technologies is required

Renewable
(with ultimate energy-saving)

100%

Advantages

- High potential to reduce CO,, emissions

- Technological transition is easy

- Low cost

Disadvantages

- Difficulty of massive realization only
with specific technology

- Uncertainties due to non-technological
reason

Current

Nuclear
CaseB (with nuclear fuel cycle)

100%

TN 100%

Images of the three cases of primary energy supply structures
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Global Primary Energy Share
- Validation by Energy Model (Kurosawa, et.al (2006))

Renewables

Y .
N A /
/ \ s \
v/ N/ 100\\ /
% / Yo N
60 80

Nuclear BEFH (%)

[2] Cool Earth-Innovative Energy Technology Program
Innovative Technologies - Criteria

v" 0. 'Innovation' is not the improvement and diffusion of existing
technologies that are already commercialized.

v 1L ;
(a) Technologies commercialized by 2030, but takes long periods for the
diffusion. or
(b) Technologies commercialized after 2030, and short periods required
for the diffusion.

2.

, etc. through;
(a) innovation incl. new principles and the new utilizations (e.g. PV
cells with new structures or materials, an alternative catalyst to platinum
in FCs), or
(b) Innovative (e.g. Iron & Steel using H2 as the
reducing agent), or
(c) Demonstration of large-scale based on established elemental
technologies (e.g. CCS)

G
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Identifying Key Innovative Energy Technologies
in Key Sectors: 21 candidates

Efficiency improvement Low carbonization
7 3.CCS 4.Innovative Photovoltaic
Power Generation 2. High-Efficiency Power Generation
Coal-fired Power /1 Hw

1. High-Efficiency  Generation e I",J -
Natural Gas @2 e
i - 5. Advanced Nuclear

Power Generation .
6. Superconducting Power Transmission Power Generation
7. ITS 8. FCV 9. PHEV/EV_ 10. E

AT I @ Production

of Biofuel

! 12. Innovative Iron and
3?’ y Steel Processes

i

15. Stationary Fuel Cell

apis puewaD apis Aiddns

!

18. HEMS/BEMS/Local-level EMS

19. High-Performance 20. Power Electronics 21. Hydrogen Production 3. CCS
Power storage /Transport and Storage (restated)

Ie4g g5

Global 50% Energy CO2 Reduction wrt Current

Level is Possible? - lelga'l'ion Portfolio -
source : Cool Earth-Innovative Energy Technology Program, March 2008, METI

High Efficiency
Fired Power Generation,
CCS, 12%

Advanced Nuclear

Miscellaneous Power Generation, 12%
Diffusion of

existing
efficient
technologies,
etc.), 40% 4 Innovative Photovoltaic
Power Generation, 7%

; Efficiency
Improvement in
Industry
(Hydrogen reduction
Iron and Steel
Y Process,
Next Generation i Innovative
Vehicles (FCV, ) materials, etc.),
EV, Biofuel, (Fuel Cell, 8%
etc.), 1% IT, etc.), 1%

(Figure 9) Contribution of Innovative Energy Technologies for the 50 % Emission Reduction in 2050
Source: An estimation by the Institute of Applied Energy
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[3] Roadmap Challenges
How to prepare X-events?

Gradual Changes

v' Distributed End-use Devices (e.g., Heat Pumps, Fuel Cells,
Small CHP)

v' Powertrain System of Light Duty Vehicles (Internal
Combustion Engine, Hybrid, Plug-in Hybrid, Electric, Fuel Cell)

v" Forecasting Future Energy Service Demand (Products,

Mobility, etc.)
X-events

v Human Intervention : Energy Resouces
No Easy Oil, Unconventional Gas, Coal CCS
Nuclear, Renewables

v" Nature : Abrupt Climate Change? (e.g. THC slowdown)
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