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Background Concepts

® New type of Issues (Global Warming,
Sustainability etc ) becomes urgent!

® A single discipline is not sufficient.

® INTEGRATION of Knowledge Is critical.
® Explosion of Knowledge !

® Difficult to reach the right knowledge.

® Structuring Knowledge and networking of
Knowledge
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IR3S

® Aims to create a network-type platform for
world-class research and education in the field
of sustainability science.

® |ssue-driven Approach!

® Coordination of disciplines

® Linkage to Society and Outreach
® A New Eduaction Program



Approach 735/

Repairing global, social, and
Global Sustainability human SyStemS

® Global systems: resources, energy,
and ecosystems that support human

Global life;
~ ® Social systems: national economies,
“““Eéii:;ifrg" governments, industries, and

technological structures;

® Human systems: individual lifestyles,
health, security and safety, and
human values.

Complex
problems

Social Today's global problems arise from the

System close interaction among these three
Palitics, Mass preduction, Security,, Lifestyle, Syste ms.

Ec“mﬁg':w' consumption, destruction "'hlue";:ndl ':J“"“‘
Sustainability science first seeks to
understand the mechanisms that
damage these systems and the
linkages among them, then
proposes visions and methods for
repairing.
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Sustainable Production and Consumption

Concept of Sustainability




Global Sustainability

Global
System
Climate,
Resources, Energy,

Ecosystem

Complex
problems

Social
System
Palitics, Mass production, Securily,, Lifestyle,

Economy, Industry, : f Values and Morms,
Technol consumption, destruction Health
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Sustainable Production and Consumption

Concept of Sustainability

nitiative for

Approach

735/

The novelty of
Sustainability science

® Simultaneously understand
Ing and solving problems,.

® Brings together the natural
sciences, social sciences,
and humanities, and defines
and structures problems.

® Disseminates the results of
research to society and the
Individuals to achieve a
sustainable society.



Flagship Projects (FP)

IR3S promotes flagship projects as a means of
Integrating activities by the five partner universities.

® Establishment of conceptual principles for
sustainability science

The process of “Structuring,” which sorts out broad
range of information and identifies important issues,
will be essential to developing sustainability science
as a new discipline.

® Sustainability science research projects
1. Sustainable Countermeasures for Global Warming
2. Development of an Resource-Circulating Society

3. The Conceptual Framework of Global Sustainability:
Appropriate Reform of the Socioeconomic System and
the Role of Science and Technology

® Sustainability science education programs

English-based master’s program that aims to develop
International experts with the capacity to understand
diversity, internationality and interdisciplinarity.

°*\a

%de}
| Initiativ, f
m GlhalSEalnbly

% _// IR

lins;




Toward the establishment of i

Sustainability Society

FP “Global warming” FP “Resource circulation”
I > | N
Climate change & energy/resources

Substantial GHG P Resource-circulating
. : based on 3R initiative
emission reduction
A Low A Sustainable A Sound
Carbon | Society | Material-

Society Cycle Society

Climate change & Ecosystems &
ecosystems envwonmental load

A Society in Harmony with Nature

Enjoyment of the blessing of
ture and its inheritance
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Knowledge Innovation for Global Sustainability /’935/ ¥

To link various research networks: Global
MWV-J" Network of Networks (NNs) Sustainability

Low carbon
society

Developed
Countries

G8 nations,
WEF,...

Resource
circulating

Developing
countries

Education,

@/G [Human Resources Development}

Social change POIICy
commenc
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Integrated Research System for Sustainability Science (IR3S)
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Establishing strategy for global sustainability in the 215t //5’35_/;.-?
century through collaboration amongst international
research networks

SRC I
ﬂ/i (Stockholm Univ.)

Tyn'd all Centre -
(East Anglia Univ.)

AAAS
(Harvard Univ.)

' ‘
E
Aot §
- L China
GLP . (Zhejiang Univ.)
%®  (Copenhagen Univ.)
Research Network in
India
(TERI)
esearch Network in

. outheast Asia
- \ Tr}lflsﬁﬁsci 1 J/_\J_r
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Journal “Sustainability Science”

Sustainability

Please visit IR3S

website for more info.

http://www.ir3s.u-
tokyo.ac.jp/journal.html

,f;‘:% Transdisciplinary
[ Initiative for
‘m Global Sustainability
\ _// IR EERER =P TS
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® Publisher: Springer Japan
e i ® Twice a year (First: October 2006)
® Board of Editors
o Editor-in-Chief: Kazuhiko Takeuchi, IR3S,

The Univ. of Tokyo, Japan

o Associlate Editors-in-Chief:

B. Allenby (Arizona State Univ.),

W. Ascher (Claremont McKenna College ),
C. Brack (Australian National Univ.),

B. Fu (Chinese Academy of Sciences),

P. Guthrie (University of Cambridge),

O. Kubler (Swiss Federal Inst. of Tech. Zurich),
P. A. Wilderer (Tech. Univ. of Munich),

N. Mimura (Ibaraki Univ.),

M. D. Nichols (Univ. of California),

T. Sawa (Ritsumeikan Univ.),

L. Srivastava (TERI),

J. I. Steinfeld (Massachusetts Inst. of Tech.), etc.
12



Our Strategy of Technology Development/
for Sustainable Society

Asia: a key to global sustainability

Booming of energy demand Asia: a key to global
sustainability

-t N
(3] o
o o
o o

O China

B India

Energy consumption

0
1971 1997 2010 2020

® Poverty Issue
® Not a high-tech.,

® | ess expensive technology Is importantfor low-
L i mcome soclety!
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Two examples of technologies %%
developed by UT

® Membrane technology
e Small Wind Turbine

® Not expensive
® Maintenance-free
® Not a large system, but Distributed System

14



Membrane technology: 7558

a dream technology for water/wastewater treatment

Raw water

- Filter dirty water to make clean
water

- Remove pathogens and various
pollutants almost completely

Purified

water

- Treated water is reusable

Ultrafiltration <\/‘icrof'l1:lr:ation o
Nanofiltratio OF > > Raw water

Reverse Osmosis
RO

Size (ym) 0.0001 _ 0.001 __ 0.01 0.1 1 10

O Virus

. Coliform _
TIGS [1 ” fpr, Metal ions - Ceramic membrane
) e Cryptosporidium for drinking water




Membrane technology for wastewater treatment: e

Membrane bioreactor (MBR)

bioreactur membrane Conventional activated sludge system

@ ; " . ﬂ - | Effluent
* Prescreening 1 / : \;J

Sludge withdrawal

* # @ @ I CIea“ water BiOlOgiCal tank Setﬂ\m 1rtank
* Side stream MBR (1%t generation)

'[ % ol # lids and
**’ e * Imicm-n?';an‘igs:rsretaihm :ﬂ f :m , luent

o~

Dissolved materials Membrane
. _ Submerged MBR (2" generation)
*Principle: .
. . . . A Todai
Microorganisms consume organic ﬂ ' M IR
p9||UtantS _ #~ Current Professor Yamamoto, Todai (1989
Filtered effluent is very clean mainstream

process

Membrane for MBR does not need to use high-quality membrane
*Any country which can produce polyethylene textile can manufacture
membrane module for MBR

dis inary
|t|alu.'(" for

obal Sustainability 1 6
R PFsT




Application of membrane technology for water purificationms
In rural area: removal of pathogens

Surface water ..

Groundwater

[ Contaminated

surface/groundwater .
= Ceramic membrane

for drinking water
(photo provided by
Metawater Co.)

Coarse ceramic membrane for safe drinking water economically and
reduce significant amount of pathogen

Ceramic membrane lasts for more than 10 years: extremely durable
Old ceramic membrane is easy to dispose (just crash, it turn to soil again)
Japan has advantages for manufacturing ceramic membrane

¥ Initiative for
"’A‘:m} Global Sustainability 17
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Small Wind Turbine
1. Feature of Wind Turbine (WT)

Solar Energy proportion by Area

Wind Turbine proportion by the cube of
the wind velocity

Micro Gas Turbine need fossil fuel

-  With same technology, wind turbine can

get high power when it is used under the
condition of enough wind velocity.

18



Small Wind Turbine 1735/

2. Why small?
Distributed Energy System vs. Energy GRID System

eCharacteristics of Energy GRID
Efficient and Stability

Expensive
*Characteristics of Distributed Energy System

Suitable for developing countries
Relatively inexpensive
Inefficient

Issues
- High performances
- Acceptability : Safe, Easy to build (maintenance), Low

pollutions

19
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Feature compared to Large WT

® High performance under wide
wind speed range
® A broad range of needs with
wide application possibilities
o Low/Middle wind velocity
o Less constrain by landscape
o Low noise
o Stand-alone use in remote places
o Simple construction

e

éy’u'_%'ransd iplinary
\;E[Im/(} ale __bilil:y 20
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Issues for high performed WT

15 Narrow range of wind velocity
mHigh Frequency P
'_|12 \ __/ ¢ 5
2l = Rated |
E o capacity cut-out
2
561 7
% Large power
&3
0 L L
1 3 5 7 9 Ms 25
Wind Speed [m/s] ——
Difficulty on V
Start-up system
Frequency distribution of wind speed General Power Curve

Wide wind speed range -




High Performance 1kW Small Horizontal-axis wind~ E

Turbine : “Air Dolphin”

Wide wind speed range

- Without reliable brake system, no high operation mode above 30m/s up to
50 m/s is possible.

- Thanks to the rigid carbon blades, the rotor has no cut-out speed, which
means Airdolphin may work under storms.

n—— Power output Characteristics of the airdatphin Mark - Zere - nght and Strong fu”_Carbon blades to
e | = attain high response

- Multi-stagger design to achieve high
start-up at low wind speed region

1,000
500 oo

Wi = MarmaiMode g | L LI
50 |

E T wind Speed
{mysh
100
s s s st i s e e Fig. Power Generating
.|'|I .r;u m-. war a | | uiput (2 Ims w1 Plus, during strang winds 125 -40m s, . ) )
Pl the Aol raies s Atk 1. this NON-$10p o@eration guaranies Capablllty Of the Alrdolphln

‘i\i;:«:ﬂ Soua! Sesmmminily Mark-Zero (Pic by Zephyr COZQ
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Issues for high performed WT

Reduce Yow Error

Fluctuation of wind direction

prevailing wind direction

makes Yow error 9
|
92)
— 8/ |
s = |
O |
_ o :
—_—
_ﬁ .
fa If yow error angle is 30
degree, then 50%
Yaw error power |loss occurs.

swing rudder system for yaw control
- The tail wing is hinged free to swing flexible

under random wind direction change. 23
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High Performance 1kW Small Horizontal-axis

Wind Turbine : “Air Dolphin”

An Innovation for Low Noise :

Acce ptable: “Silent Disrupter Blade* inspired by the
wings of owe

- Safe

- Low Pollution

- Maintenance Free

Robust Body with No
Screw:

inspired by traditional
japanese crafts

(Photo by Zephyr Co.)
24




. . 1735/
Experimental studies '

Truck Tests Round Robin Testing
A data acquisition
system on the
vehicle collects all
the operational data
of the wind turbine.

Demo. sites:

Scotland, Italy, Japan
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by track test mountainous areas General Households
e~ N, Transdisciplinary , N " . , _

{ TGS} [nitiative ;t::imbm Matsumiya, et. al. “The Dynamic Wind Power Captureability of a High Performance SHWT : Zephyr's "Airdolphin®”, 25
%_ o BRNBRRERA=LPT T Global Windpower 2006 in Adelaide, Australia
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These technologies can and will be ....

® Applied to developing countries

® Co-Benefit

® ODA

® Easy-maintenance

® Distributed System, not a large system

26
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Thank you

O
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