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Opening Message 
 
 
Masao Toyoda, Ph.D. 
Professor, Executive Director, Research Institute for Sustainability Science, Osaka University 
 
Profile 
Name Masao Toyoda, Ph.D. 
Affiliation Executive Director, Research Institute for Sustainability Science 

Dean of Graduate School of Engineering 
Professor of Department of Material and Manufacturing Science,  
Graduate School of Engineering, Osaka University 

  

Education: 
1967 Bachelor's degree from Osaka University, Department of Welding Eng. 
1979 Master's degree from Osaka University, Department of Welding Eng. 
1973  Doctor of Engineering from Osaka University 
  

Professional Career: 
1969-1974  Research Assoc., Dept. of Welding Eng., Fac. of Eng., Osaka Univ. 
1974-1989 Associate. Prof., Dept. of Welding Eng., Fac. of Eng., Osaka Univ. 
1989-1998  Prof., Dept. of Welding & Production Eng., Osaka University 
1998-Present  Prof., Dept. of Manufacturing Science, Osaka University 
2004-Present Dean of Graduate School of Engineering and Faculty of Engineering, Osaka University 
  

Membership in Academic Societies: 
Japan Welding Society, American Welding Society, ASME, JSME, JISI, Architectural Institute of Japan, Society of 
Naval Architecture of Japan, High Pressure Institute Japan, etc. 
 

Main official of Society: 
President (past) and Vice President (former) of Japan Welding Society, Director of Japan Welding Society,  Vice 
president and Director of Japan Institute of Welding,  Chairman of Welding Mechanics Committee of JWS,  
Chairman of Technical Committee of Steel Div. of JWES,  Member of Editorial Committee of Journal of JWS & 
JWES. etc. 
 

Research Fields/ Interests: 
 Welding mechanics ,Strength of welded structures, Fracture mechanics, Interface mechanics 
  

Publications: 
[Books] 
・ Welding Engineering, Rikogakusha, Rikogakusha (1979).  
・ Handbook of Strength of Welded Joints, Rikogakusha (1988). 
・ Interface Mechanics, Rikogakusha (1991).  
・ Mystery and Emotion : Technology for splendid artifacts, STRUCT (1998) 

And more 5 books 
[Papers (Total publications)] 
・ Papers with referee: 232 
・ Papers of proceedings of int. conf.: 174 
・ Technical articles: 79 
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Switch the Eco-complexity of Production-Consumption  

into Sustainability of Efficiency-Harmony 
 

Rusong Wang, Ph.D. 
Professor, Research Center for Eco-Environmental Sciences,  

Chinese Academy of Sciences 
 

Abstract 
Human production-consumption system is not an isolated system but a Social- Economic- Natural Complex 

Ecosystem, driven by energy, capital, power and spirit, & maintained by ecological cybernetics of competition, 
co-evolution, circulation and self- organization. Its natural pool consists of the Chinese traditional Five Elements: 
metal (minerals), wood (living organism), water (resource and environment), fire (energy and atmosphere) and soil 
(soil and land). Its production and consumption connect with transportation, reduction and regulation. While its 
social agents are technology, institution & culture. Its ecological sustainability can only be assured with a human 
ecological understanding of the complex interactions among environmental, economic, political, and social/cultural 
factors & with careful planning and management grounded in ecological principles in the context of time, space, 
process, structure and function (Fig.1). 

Ecological integrity was well developed in ancient China, which is grounded in human ecological principles 
such as that of Yin and Yang, Wuxing, Zhong Yong and Feng-Shui. However, during the past two decades, most 
Chinese enterprises have given up the tradition. Currently, there is a campaign of circular economy in China from 
both ways of top-down and bottom up according to following principles for eco-industry planning and 
management such as the city of Yangzhou, Rizhao and Dafeng. 

Food web-based horizontal/parallel coupling: connecting the different production processes and to gain 
positive benefit from the negative environmental impacts through sharing unused resources.  

Life cycle-oriented vertical/serial coupling: combining primary, secondary and tertiary industries, 
consumption and recycling sectors into one eco-industrial complex along the life cycle to let the production more 
systematically responsible. 
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Ecosystem-based regional coupling: integrating of regional environment, local community, dominant 
enterprises and other diversified sectors into one agro-industrial-service eco-complexity to internalize environmental 
costs and pollutants could be assimilated and minimized within the system itself. 

Flexible and adaptive structure: multiple production function, diversified products & easy- to-change process 
rather than rigid, unified & imitation one to adapt to the external change. 

Functional service rather than products output oriented production: switching the production focus from 
products to service with three kinds of final outputs: goods, services and culture; switching the mono-goal of 
production from profits to three dimensional niches of wealth, health & faith. 

Capacity building: Enhancing the capacity of service & training；research & development；incubation & 
consultation；adaptive and comprehensive decision making, sensitive information feedback, effective networking of 
knowledge, experiences and experts, and eco-integrated decision making. 

Employment enhancement: increasing rather than 
decreasing working opportunity through creating more job in 
Research and Development, Service and Training within the 
industrial ecosystem, though the processing work place might 
be reduced due to the automation. 

Fig.2  3 Goals of Circular Economy 

CULTURE  

GOODS 

CE 

Hardware 

Software

Respecting human dignity: working is a learning and 
innovation process, a social interactive and self-enjoyment 
engagement, rather than slaved by machine and oriented 
mainly to earn one’s salt. Human ecological gains at moral, 
believing are much more important than that of material life 
along.  
 

SERVICE
Mindware
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Current Environmental Issues in South Korea and Policies toward Sustainable Society 

 
Jung Wk Kim, Ph.D. 

Professor, Graduate School of Environmental Studies, Seoul National University 
 
Abstract 

For decades, South Korea has indulged in developing growth- and supply-oriented economy while paying little 
attention to the environment. Such development worked for a time, but such development is not so economically efficient 
as hoped. Rather it poses a dangerous threat to the land and people. The ultimate goal of the nation’s policies should be 
aimed at environmental sustainability, not economic indices. Our economic activities should not be allowed to exceed the 
land’s carrying capacity to endure. The land use should be planned from an ecological point of view so as to best preserve 
the land’s productivity and stability. In that sense, there should be a definite goal on where and how much to preserve the 
three important ecological bases in the Korean Peninsula, namely, forests, coastal wetlands and agricultural farms. The 
forest is the base for terrestrial ecosystem like flood control, water resource, climate and others, the coastal wetland for 
marine ecosystem and farmland for producing food. Within that goal, the limits should be set on how much the land can 
be utilized for activities like urban development, manufacturing, recreation and others. And the limits of pollution loads 
resulting from such activities should be set so as not to irreversibly damage the environment. The economic development 
should be planned to minimize the use of energy and resources only after satisfying these constraints. Energy efficiency 
should be upgraded and an efficient recycling system should be established to save energy and resources and to reduce 
waste volume. The industrial structure should be reformed so as to be environmentally friendly and pollution should be 
cleaned up. Korea’s environmental problems cannot be fundamentally solved without first solving the Northeast Asia’s 
regional environmental problems, such as trans-boundary air pollution, marine pollution, and conservation of endangered 
species, all of which need to be solved through international cooperation.  

 
 

39

Morning Session, Sustainability Science in Asia: Challenges and Opportunities



C
u
rr

e
n
t 

E
n
v
ir

o
n
m

e
n
ta

l 
Is

s
u
e
s
 i
n
 S

o
u
th

 K
o
re

a
 

a
n
d
 P

o
li
c
ie

s
 T

o
w

a
rd

 S
u
s
ta

in
a
b
le

 S
o
c
ie

ty

Ju
n
g
 W

k
 K

im
G

ra
d
u
a
te

 S
c
h
o
o
l 
o
f 

E
n
v
ir

o
n
m

e
n
ta

l 
S
tu

d
ie

s
, 

S
e
o
u
l 
N

a
ti
o
n
a
l 
U

n
iv

e
rs

it
y

E
n
v
ir

o
n
m

e
n
ta

l 
O

rd
in

a
n
c
e
s

p
o
s
te

d
 i
n
 v

il
la

g
e
s

8
0
 l
a
s
h
e
s
 f

o
r 

d
u
m

p
in

g
 a

s
h

1
0
0
 l
a
s
h
e
s
 f

o
r 

lo
o
s
e
n
in

g
 c

a
tt

le

T
ra

d
it
io

n
a
l 
E
n
vi

ro
n
m

e
n
ta

l 
E
th

ic
s

O
E
n
vi

ro
n
m

e
n
ta

l 
C

ri
m

e
s
 :

p
u
n
is

h
e
d
 b

y 
c
o
n
s
ti
tu

ti
o
n

d
u
ri
n
g
 C

h
o
s
u
n

D
yn

a
s
ty

 (
1
3
9
2
-
1
8
9
7
)

O
 O

rd
in

a
n
c
e
s
 :

>
 3

0
 l
a
s
h
e
s
 f

o
r 
d
u
m

p
in

g
 a

s
h

>
 5

0
 l
a
s
h
e
s
 f

o
r 
d
u
m

p
in

g
n
ig

h
ts

o
il

1
0
0
 l
a
s
h
e
s
 f

o
r 
lo

o
s
e
n
in

g
 c

a
tt
le

* 
M

o
s
a
ic

 L
a
w

 p
ro

h
ib

it
s
 4

0
 l
a
s
h
e
s
 o

r 
m

o
re

O
 F

o
re

s
t 
: 

F
o
rb

id
d
e
n
 M

o
u
n
ta

in

1
0
0
 l
a
s
h
e
s
 

fo
r 
lo

g
g
in

g
1
 p

in
e
 t
re

e

1
0
0
 l
a
s
h
e
s
  
+
 m

ili
ta

ry
 s

e
rv

ic
e
  

fo
r 
lo

g
g
in

g
2
 p

in
e
 t
re

e
s

1
0
0
 l
a
s
h
e
s
  
+
 

fo
r 
lo

g
g
in

g
1
0
 p

in
e
 t
re

e
s

d
e
p
o
rt
 t
o
 M

a
n
c
h
u
ri
a

ㅇ
R
e
s
o
u
rc

e
 R

e
c
y
c
li
n
g
 S

o
c
ie

ty
F
o
o
d
 W

a
s
te

 :
 a

n
im

a
l 
fe

e
d

A
s
h
e
s
 a

n
d
 M

a
n
u
re

 :
 f

e
rt

il
iz

e
r

ㅇ
C

le
a
n
 E

n
v
ir

o
n
m

e
n
t

R
iv

e
rs

 :
 d

ri
n
k
in

g
 w

a
te

r 
q
u
a
li
ty

ㅇ
S
u
s
ta

in
a
b
le

 C
o
m

m
u
n
it
y

H
o
u
s
e
s
 : 

b
u
il
t 

s
o
 a

s
 t

o
 m

in
im

iz
e
 e

n
e
rg

y
 u

s
e
 a

n
d
 

e
n
v
ir

o
n
m

e
n
ta

l 
b
u
rd

e
n
s

*
O

n
d
o
l

T
o
w

n
s
 a

n
d
 C

it
ie

s
 :

si
tin

g
&

 la
nd

us
e

: e
n
v
ir

o
n
m

e
n
ta

ll
y
-

fr
ie

n
d
ly

 

fo
re

st
s 

pr
ot

ec
te

d
‘fo

rb
id

de
n 

m
ou

nt
ai

n’
‘tr

ee
 p

la
nt

in
g 

cl
ub

’

po
pu

la
tio

n 
co

nt
ro

lle
d 

< 
20

0,
00

0

40

RISS Symposium "Strategies to Achieve a Sustainable Closed-loop Economy in Asia"



T
ra

di
tio

na
l K

or
ea

n 
V

ill
ag

e 
(P

ro
f. 

L
ee

 D
o 

W
on

’P
ho

to
)

V
ill

ag
e 

Si
tin

g
(P

ro
f. 

L
ee

 D
o 

W
on

’s
Ph

ot
o)

R
ip

ar
ia

n 
T

re
at

m
en

t (
Pr

of
. L

ee
 D

o 
W

on
’s

Ph
ot

o)

E
n
vi

ro
n
m

e
n
ta

l 
E
xp

lo
it
a
ti
o
n
 b

y 
Ja

p
a
n

o
 F

o
re

s
t 
e
xp

lo
it
e
d
 s

in
c
e
 1

8
9
0

’s
7
0
%

 o
f 

F
o
re

s
t 
R
e
s
o
u
rc

e
s
 g

o
n
e

b
e
tw

e
e
n

1
9
1
0
-
1
9
4
5

. 
e
s
p
e
c
ia

lly
 s

e
ve

re
 d

u
ri
n
g
 t
h
e
 l
a
s
t 
s
ta

g
e
 o

f 
W

W
 I
I

D
e
u
te

ro
n
o
m

y
2
0
:1

9
“W

h
e
n
 y

o
u
 l
a
y
 s

ie
g
e
 t

o
 a

 c
it
y
, 
d
o
 n

o
t 

d
e
s
tr

o
y
 i
ts

 

tr
e
e
s
 b

y
 p

u
tt

in
g
 a

x
 t

o
 t

h
e
m

, 
b
e
c
a
u
s
e
 y

o
u
 c

a
n
 e

a
t 

th
e
ir

 f
ru

it
 f

o
r 

th
e
 t

re
e
 o

f 
th

e
 f

ie
ld

 i
s
 m

a
n

’s
 l
if
e

”

o
 M

e
iji

 G
o
ve

rn
m

e
n
t 
e
s
ta

b
lis

h
e
d
 i
n
 1

8
6
8

T
w

o
 m

o
tt
o
s
:
1
. 

M
ili

ta
ry

 p
o
w

e
r

2
. 
In

d
u
s
tr
ia

liz
a
ti
o
n

R
e
s
u
lt
e
d
 i
n

re
s
o
u
rc

e
 e

xp
lo

it
a
ti
o
n
 

b
a
c
ke

d
 b

y 
m

ili
ta

ry
 f

o
rc

e
s
 

41

Morning Session, Sustainability Science in Asia: Challenges and Opportunities



T
im

be
r 

R
af

t d
ur

in
g 

Ja
pa

ne
se

 R
ul

e

K
o
re

a
n
 F

o
re

s
t 
d
u
ri
n
g
 t
h
e
 J

a
p
a
n
e
s
e
 R

u
le

(Y
e
o
ju

, 
K
ye

o
n
g
-
g
i,
  

la
te

 1
9
3
0

’s
)

E
n
vi

ro
n
m

e
n
ta

l 
D

e
g
ra

d
a
ti
o
n
 d

u
ri
n
g
 I
n
d
u
s
tr
ia

liz
a
ti
o
n

1
s
t
5
-
yr

 E
c
o
n
o
m

ic
 D

e
ve

l.
 P

la
n

in
 1

9
6
2

E
n
vi

ro
n
m

e
n
ta

lis
ts

 =
P
o
llu

ti
o
n
 P

re
ve

n
ti
o
n
 L

a
w

 
=
 P

o
llu

ti
o
n
 P

ro
m

o
ti
o
n
 L

a
w

T
ra

it
o
rs

P
o
llu

ti
ve

In
d
u
s
tr
ie

s
 I
n
vi

te
d

T
N

C
s

in
 U

ls
a
n
/O

n
s
a
n

a
c
c
o
u
n
t 
fo

r

3
4
%

 o
f 

p
ro

d
u
c
ti
o
n
, 
b
u
t

8
0
%

 o
f 

h
a
za

rd
o
u
s
 w

a
s
te

s

1
0
0
%

 o
f 

to
xi

c
 g

a
s
 s

p
ill

s

K
o
re

a
n
 I
n
d
u
s
tr
ia

l 
S
tr
u
c
tu

re
•

P
o
llu

ti
o
n
-
in

te
n
s
iv

e

•
E
n
e
rg

y-
w

a
s
te

fu
l

La
w

re
n
c
e
 

S
u
m

m
e
rs

“E
xp

o
rt
 p

o
llu

ti
o
n
 t
o
 

D
e
ve

lo
p
in

g
 c

o
u
n
tr
ie

s ”

1
.

C
o
m

p
e
n
sa

ti
o
n
 i
s 

c
h
e
a
p
.

2
.

U
n
d
e
rp

o
llu

te
d
. 

3
.

T
h
e
ir
 l
if
e
sp

a
n
 i
s 

sh
o
rt
 .

F
o
st

e
r,
 J

.B
.,
 “

‘L
e
t 
T
h
e
m

 E
a
t 
P
o
llu

ti
o
n

’: 
C

a
p
it
a
lis

m
 a

n
d
 t
h
e
 W

o
rl
d
 E

n
vi

ro
n
m

e
n
t ”

, 

M
o
n
th

ly
 R

e
vi

e
w

, 
Ja

n
u
a
ry

 1
9
9
3
, 
1
0
-
2
0
.

42

RISS Symposium "Strategies to Achieve a Sustainable Closed-loop Economy in Asia"



F
a
te

 o
f 
R
a
yo

n
 F

a
c
to

ry

U
S
A
  
  
 J

a
p
a
n
  
  
 S

. 
K
o
re

a
  
  
 C

h
in

a
  
  
  
?
?
?

T
h
e
 R

e
la

ti
o
n
s
h
ip

 b
e
tw

e
e
n
 

P
e
r-

C
a
p
it
a
 G

D
P
 a

n
d
 C

O
2

in
 K

o
re

a

(d
o
e
s
 n

o
t 
fo

llo
w

 t
h
e
 K

u
tz

n
e
t
C

u
rv

e
)

T
h
e
 R

e
la

ti
o
n
s
h
ip

 b
e
tw

e
e
n
 

P
e
r 
C

a
p
it
a
 G

D
P
 a

n
d
 B

O
D

 i
n
 K

o
re

a

U
L
S
A
N

 I
N

D
U

S
T
R
IA

L
 E

S
T
A
T
E

43

Morning Session, Sustainability Science in Asia: Challenges and Opportunities



O
N

S
A
N

 I
N

D
U

S
T
R
IA

L
 E

S
T
A
T
E

3
7
,0

0
0
 I
n
h
a
b
it
a
n
ts

 I
n
 

U
ls

a
/O

n
s
a
n

C
o
m

p
le

x
e
s
 

w
e
re

 r
e
lo

c
a
te

d
 !

S
e
o
u
l 
fr
o
m

 N
a
m

s
a
n

N
o
.1

 a
ir
 p

o
llu

ti
o
n
 c

it
y 

a
m

o
n
g
 O

E
C

D
a
h
e
a
d
 o

f 
M

e
xi

c
o
 C

it
y

S
n
s
h
in

e
d
u
ra

ti
o
n
 :

3
.9

7
h
rs

.(
3
1
%

 l
e
s
 t
h
a
n
 5

 y
rs

 a
g
o
)

A
ir
 P

o
llu

ti
o
n
 L

e
ve

l 
o
f 
M

a
jo

r 
In

t’l
 C

it
ie

s

0

1
0

2
0

3
0

4
0

5
0

6
0

7
0

8
0

S
e
o

u
l

L
o

n
d
o

n
P

a
ri
s

T
o

k
y
o

M
e
x
ic

o
 C

it
y

계
열

1

계
열

2

P
M

1
0
(u

g
/m

3
)

N
O

2
(p

p
b
)

6
9

3
8

2
0

2
5

2
2

2
2

4
0

2
7

5
3

2
7

H
e
a
lt
h
 D

a
m

a
g
e
 d

u
e
 t

o
 A

ir
 P

o
ll
u
ti
o
n

In
 C

a
p
it
a
l 
A

re
a

e
a
rl

y
 d

e
a
th

 
: 
~

  
  
1
1
,1

2
7
  
p
e
rs

o
n
s
/y

r
re

s
p
ir

a
to

ry
 d

is
e
a
s
e
s

: 
~

  
  
1
6
,8

0
4
 

c
h
ro

n
ic

 b
ro

n
c
h
it
is

  
: 
~

  
  
  
7
,8

0
8

a
c
u
te

 b
ro

n
c
h
it
is

  
: 
~

1
,2

2
3
,3

9
6

a
c
u
te

 r
e
s
p
ir

a
to

ry
 d

is
e
a
s
e
s
  
 

: 
~

  
  
  
1
,6

9
3

c
a
rd

io
p
a
th

y
: 
~

  
  
  
  
  
3
1

a
s
th

m
a

: 
~

  
  
  
  
5
4
4

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

to
ta

l 
c
o
s
t:

 2
.8

 ~
 1

0
.4

 t
ri

ll
io

n
 ¥

/y
r

44

RISS Symposium "Strategies to Achieve a Sustainable Closed-loop Economy in Asia"



H
o
w

 d
o
 y

o
u
 d

ri
n
k 

w
a
te

r?

(S
u
rv

e
y 

b
y 

M
in

is
tr
y 

o
f 
E
n
vi

ro
n
m

e
n
t,
 2

0
0
3
. 
8
)

4
4
.8

%

3
3
.6

%

1
0
.4

%
1
0
.3

%

1
.0

%

수
돗

물
을

 끓
여

마
심

수
돗

물
을

 정
수

하
여

 마
심

  
생

수
를

 사
서

  
마

심
약

수
, 

우
물

 등
을

 떠
와

서
 마

심
수

돗
물

 그
대

로
마

심
a
ft
e
r 

b
o
ili

n
g

U
s
e
 p

u
ri
fi
e
r

D
ri
n
k 

a
ft
e
r 

b
o
ili

n
g

B
u
y 

b
o
tt
le

d
 w

a
te

r
D

ri
n
k 

m
o
u
n
ta

in
 w

a
te

r
D

ri
n
k 

ta
p
 w

a
te

r

E
n
v
ir

o
n
m

e
n
ta

l 
c
o
m

p
a
ri

s
o
n
 (

2
0
0
4
)

K
o
re

a
 v

s.
 J

a
p
a
n

K
or

ea
   

   
Ja

pa
n 

G
N

P
1 

   
   

   
   

7

P
er

 c
ap

ita
 in

co
m

e 
   

  
1

2.
6

P
o
p
u
la

ti
o
n
  
  
  
  
 

1 
   

  
3

A
re

a
  
  
  
  
  
  
  

1
4

S
O

2
e
m

is
s
io

n
 

4.
4

1

B
O

D
e
m

is
s
io

n
  
  
  

20
1 

(2
00

0)

To
xi

c 
W

as
te

 e
m

is
si

on
   

 4
.5

1

P
er

-c
ap

ita
 e

ne
rg

y 
us

e
1.

05
1 

(a
he

ad
 o

fG
er

. F
ra

. I
ta

. G
B

)

E
ne

rg
y/

G
N

P
   

   
   

  
2.

7
1 

(T
op

 a
m

on
g 

O
E

C
D

 c
no

un
tri

es
)

Fu
tu

re
 P

ro
sp

ec
t (

Pl
an

)

19
90

   
20

00
   

20
10

   
20

20

p
o
p
u
la

ti
o
n

44
.5

 m
--

--
--

--
--

--
->

   
50

.0
 m

in
c
o
m

e
$7

00
0 

--
--

--
--

--
--

--
->

 $
30

,0
00

a
u
to

s
10

 m
--

--
--

--
--

--
--

--
> 

  2
5 

m
in

d
u
s
tr

ia
l 
a
re

a
15

0 
km

2 
 --

--
--

--
--

->
 3

80
 k

m
2

w
a
te

r 
u
se

53
5 

lp
cd

--
--

--
--

--
--

> 
76

0 
lp

cd
(u

sa
62

5,
 G

er
m

an
y

20
0,

 Is
ra

el
 1

70
)

En
er

gy
 

1 
   

   
   

 2
   

   
   

   
3 

   
   

   
4

* N
a
ti
o
n
a
l 
P
o
li
c
y
 P

ro
je

c
ts

S
O

2
1 

   
   

 0
.7

2 
   

   
0.

44
   

   
0.

68
 

(1
.6

1m
t/y

)  
   

   
  (

1.
16

)  
   

   
   

   
   

(.7
1)

   
   

   
   

(1
.1

0)

N
o x

1 
   

   
 1

.1
7 

   
   

1.
37

   
   

2.
11

(0
.9

3m
t/y

)  
   

   
   

(1
.0

9)
   

   
   

   
   

(1
.2

7)
   

   
   

 (1
.9

6)

In
d
. 
w

a
s
te

 
1 

   
   

  1
.5

   
   

   
2.

2 
   

   
 3

.4

Y
e
o
n
g
h
e
u
n
g
-
d
o

T
h
e
rm

a
l 
P
o
w

e
r 
C

o
m

p
le

x 
(1

2
 u

n
it
s
)

T
h
e
 W

o
rl
d
 l
a
rg

e
s
t

45

Morning Session, Sustainability Science in Asia: Challenges and Opportunities



N
u
c
le

a
r 

P
o
w

e
r 

P
la

n
ts

N
u
c
le

a
r 
P
o
w

e
r 
P
la

n
ts

 i
n
 K

o
re

a
(G

D
P
)

b
e
fo

re
 I
M

F
 c

ri
s
is

 :
  
 1

2
 u

n
it
s

in
 o

p
e
ra

ti
o
n

(5
5
7
.4

 b
il

$
 in

1
9
9
6
)

a
s
 o

f 
2
0
0
5

: 
  
2
0

in
 o

p
. 
(8

 m
o
re

 b
u
ilt

) 
(5

4
6
.9

 b
il

$
 in

2
0
0
2
)

b
y 

  
  
2
0
1
5
  
  
  
  
  
: 
  
2
7

to
 b

e
 o

p
(7

 m
o
re

 i
n
 p

la
n
)

E
n
e
rg

y
 S

a
v
in

g
 P

o
te

n
ti
a
l

O
B

u
il
d
in

g
 E

n
e
rg

y
a
c
c
o
u
n
ts

 f
o
r

¼
o
f 

to
ta

l 
e
n
e
rg

y

G
e
rm

a
n
y
: 
e
n
e
rg

y
/u

n
it
 a

re
a
  
 

<
 ½

o
f 

K
o
re

a
n
 a

p
a
rt

.

O
 M

o
to

rs
 

a
c
c
o
u
n
ts

 f
o
r 

¼
o
f 

to
ta

l 
e
n
e
rg

y
o
n
ly

 1
.2

%
 a

re
 h

ig
h
-
e
ff

ic
ie

n
c
y

O
M

u
lt
i-

ta
p

c
a
n
 s

a
v
e

1
5
%

 o
f 

e
n
e
rg

y

O
 A

ll
 e

n
e
rg

y
 s

a
v
in

g
 t

e
c
h
n
o
lo

g
ie

s
 

c
o
s
t 

le
s
 t

h
a
n

1
/3

 o
f
p
o
w

e
r 

p
la

n
ts

In
du

st
ria

l

C
om

m
er

ci
al

Tr
an

sp
or

ta
tio

n

R
es

id
en

tia
l

5010
0

15
0

20
0

25
0

30
0

35
0 0 19

97
20

10
19

97
20

20
20

10
20

20

In
du

st
ria

l

C
om

m
er

ci
al

Tr
an

sp
or

ta
tio

n

R
es

id
en

tia
l

Sa
vi

ng
s 

= 
86

.4
 M

TO
E

E
n
e
rg

y
 S

a
v
in

g
 p

o
te

n
ti
a
l 
th

ro
u
g
h
 e

ff
ic

ie
n
c
y

C
o
s
t 
fo

r 
1
7
 N

u
c
le

a
r 
P
.P

. 
  
  

C
o
s
t 
fo

r 
U

p
g
ra

d
in

g
 

E
n
e
rg

y 
E
ff

ic
ie

n
c
y 

5
1
 T

ri
l.
 w

o
n

5
 t
ri
l
w

o
n
/y

r 
(p

a
yb

a
c
k 

in
 5

 y
rs

.)

M
T
O

E
  Energy Demande

E
n
e
rg

y 
G

ro
w

th
S
. 

K
o
re

a
  

  
  

  
  

 :
  

  
  

  
  

 D
e
n
m

a
rk

P
o
p
u
la

ti
o
n

4
7
.6

 m
il 

5
.4

 m
il

E
n
e
rg

y 
U

s
e
  
  
  
  
  
  
  
  
2
0
0
 M

T
O

E
  
  
  
  
  
  

2
0
 M

T
O

E
P
e
r 
C

a
p
it
a
 I
n
c
o
m

e
  
 1

4
,1

6
2

$
3
8
,5

9
0

$
P
e
r 
C

a
p
it
a
 E

n
e
rg

y 
U

s
e
  
  
 4

.1
0

T
O

E
  

3
.6

4
T
O

E

2
0
2
0

2
0
2
0

46

RISS Symposium "Strategies to Achieve a Sustainable Closed-loop Economy in Asia"



G
e
rm

a
n
y’

s
 E

n
e
rg

y 
S
c
e
n
a
ri
o
 2

0
5
0

S
. 

K
o
re

a
’s

 P
o
s
it
io

n
 i
n
 P

e
tr
o
le

u
m

c
ru

d
e
 o

il 
im

p
o
rt
  

  
  

 o
il 

c
o
n
s
u
m

p
ti
o
n

0

1
0

0

2
0

0

3
0

0

4
0

0

5
0

0

6
0

0

7
0

0

8
0

0

9
0

0

1
0

0
0

미
국

일
본

한
국

독
일

프
랑

스 이
탈

리
아 네

덜
란

드
스

페
인

영
국

원유수입(만B/D)

계
열

1

0

2
0

0

4
0

0

6
0

0

8
0

0

1
0

0
0

1
2

0
0

1
4

0
0

1
6

0
0

1
8

0
0

2
0

0
0

미
국

일
본

중
국

독
일

러
시

아

한
국

프
랑

스

인
도 이

탈
리

아

석유소비 (만 B/D)

계
열

1

L
o
w
⋅m

e
d
iu

m
 l
e
ve

l 
w

a
s
te

s

N
uc

le
ar

 W
as

te
s

Si
te

N
o.

 o
f 

re
ac

to
rs

K
or

i
4

Yo
un

gg
w

an
g

6

U
lji

n
4

W
eo

ls
eo

ng
4

ca
pa

ci
ty

(d
ru

m
s)

50
,2

00

23
,3

00

17
,4

00

9,
00

0

Su
bt

ot
al

99
,9

00

st
or

ed
(d

ru
m

s)
37

,7
12

10
,6

02

12
,0

30

4,
59

6

59
,9

40

Sa
tu

ra
tio

n 
ye

ar
20

14

20
11

20
08

20
09

R
I w

as
te

 a
t N

ET
EC

9,
27

7
4,

71
2*

20
10

* 
A

s 
of

 2
00

3.
 2

 
-

-
6,

98
5

9,
80

3
to

ta
l

20
17

20
06

3,
69

1
4,

80
7

W
eo

ls
eo

ng

20
18

20
07

81
7

1,
56

3
U

lji
n

20
21

20
08

1,
09

0
1,

69
6

Yo
un

gg
w

an
g

20
16

20
08

1,
38

7
1,

73
7

K
or

i

W
he

n 
th

e 
ca

pa
ci

ty
 is

 
ex

pa
nd

ed

W
ith

 
cu

rr
en

t 
ca

pa
ci

ty

Sa
tu

ra
tio

n 
ye

ar

St
or

ed
(to

n)
C

ap
ac

ity
(to

n)
Si

te

S
p
e
n
t 
F
u
e
l 

* 
M

in
is

tr
y
 o

f 
S
c
ie

n
c
e
 &

 T
e
c
h
n
o
lo

g
y
. 

2
0
0
4
. 
1
2
.

H
o
w

e
v
e
r,

th
e
 6

 t
ri

l
w

o
n
s

,

(6
 b

il
d
o
ll
a
rs

)
th

e
 f

u
n
d
 c

o
ll
e
c
te

d
 f

ro
m

 e
le

c
tr

ic
it
y
 f

e
e
s
,

fo
r 

th
e
 p

u
rp

o
s
e
 o

f 
d
is

p
o
s
in

g
 t

h
e
 s

p
e
n
t 

fu
e
l

d
is

a
p
p
e
a
re

d
 !
!!

47

Morning Session, Sustainability Science in Asia: Challenges and Opportunities



T
o
 l
in

k 
th

e
 t
w

o
 c

it
ie

s
 i
n
 2

 h
o
u
rs

D
e
s
ig

n
 c

a
p
a
c
it
y 

: 
3
0
0
,0

0
0
p
e
r/

d
a
y

(c
u
rr

e
n
t 
p
a
s
s
e
n
g
e
rs

: 
7
0
,0

0
0
p
e
r/

d
)

* 
H

u
g
e
 d

e
fi
c
it

5
0
 b

ill
io

n
 w

o
n
s
/y

r

•
A
g
g
ra

va
te

s
 t
ra

ff
ic

 t
o
 a

n
d
 f
ro

 

s
m

a
ll 

c
it
ie

s

•
E
n
e
rg

y 
in

te
n
s
iv

e

E
n
e
rg

y 
=
 f
 (

s
p
e
e
d

2
)

S
e
o
u
l-

B
u
s
a
n

H
ig

h
-
S
p
e
e
d
 T

ra
in

H
ig

h
w

a
y 

N
e
tw

o
rk

P
la

n
n
in

g

‘7
x9

’N
e
tw

o
rk

to
 l
in

k 
a
ll 

c
o
rn

e
rs

 o
f 

c
o
u
n
tr
y 

w
it
h
in

 h
a
lf
 a

 d
a
y;

a
n
d
 t
o
 r
e
a
c
h
 a

n
y 

h
ig

h
w

a
y 

fr
o
m

 a
n
yw

h
e
re

 
w

it
h
in

 3
0
 m

in
u
te

s

T
h
e
 w

id
e
s
t 
ro

a
d
 i
n
 t
h
e
 w

o
rl
d
 :

1
0
0
+
m

 w
id

e
, 
1
6
 l
a
n
e
s

C
h
e
a
p
 a

n
d
 s

p
a
c
io

u
s
 p

a
rk

in
g
 l
o
ts

S
e
jo

n
g
-
ro

P
a
rk

in
g
 L

o
t

c
a
p
a
c
it
y 

: 
1
3
1
4
 c

a
rs

fe
e
s
  
  
  
 :
 2

,0
0
0
 ¥

/3
0
m

in
+
  
  
 5

0
0
 ¥

/a
d
d
. 
1
0
m

in

A
u
to

m
o
b
il
e
 M

il
e
a
g
e

A
u
to

m
o
b
il
e
 M

il
e
a
g
e

0

5
0
0
0

1
0
0
0
0

1
5
0
0
0

2
0
0
0
0

2
5
0
0
0

3
0
0
0
0

일
본

독
일

프
랑

스
영

국
미

국
한

국

k
m

/y
r Ja

p
a
n

G
e
rm

a
n
y

F
ra

n
c
e

G
.B

.
U

S
A

S
.K

o
re

a

48

RISS Symposium "Strategies to Achieve a Sustainable Closed-loop Economy in Asia"



E
n
e
rg

y
 U

s
e
 

E
n
e
rg

y
 U

s
e
 

05

1
0

1
5

2
0

2
5

3
0

3
5

철
도

버
스

승
용

차

T
O

E
/백

만
인

-
k
m 철
도

의
8
.8

배

m
il 

p
e
r

tr
a
in

b
u
s

p
a
s
s
e
n
g
e
r 

c
a
r

8
.8

 t
im

e
s
 t
ra

in

A
ir

 P
o
ll
u
ti
o
n
 E

m
is

s
io

n
A

ir
 P

o
ll
u
ti
o
n
 E

m
is

s
io

n

0
.0

0
0

1
0

.0
0

0

2
0

.0
0

0

3
0

.0
0

0

4
0

.0
0

0

5
0

.0
0

0

6
0

.0
0

0

철
도

버
스

승
용

차

N
O

x
 [

g
]

H
C

 [
g
]

먼
지

E
m

is
s
io

n
 f

ro
m

 t
ra

n
s
p
o
rt
in

g
 3

0
 p

a
s
s
e
n
g
e
rs

 1
km

 

N
o
x

: 
  

 2
2
0
 t
im

e
s
 

H
C

  
: 

4
2
0
0
0
 t
im

e
s

T
S
P
 :

  
  

 1
6
 t
im

e
s

th
o
s
e
 o

f 
tr
a
in

tr
a
in

b
u
s

p
a
s
s
e
n
g
e
r 

c
a
r

H
ig

h
w

a
y
 D

e
n
s
it
y

H
ig

h
w

a
y
 D

e
n
s
it
y

고
속

도
로

밀
도

0

1
0

2
0

3
0

4
0

5
0

6
0

7
0 벨

기
에

네
덜

란
드

독
일 룩

셈
부

르
그

스
위

스

한
국

이
탈

리
아

스
페

인

덴
마

크

프
랑

스 오
스

트
리

아

일
본

미
국 한

국
('

20
)

m/km2

계
열

1

s.
 k
or

ea

s.
ko

re
a

(2
02

0)

U
SA

Ja
pa

n)

B
el
gi
um

N
et

he
rla

nd G
er

m
an

y)

T
ra

ff
ic

 S
ha

re
T

ra
ff

ic
 S

ha
re

서
울

서
울

동
경

동
경

홍
콩

홍
콩

비
엔

나
비

엔
나

승
용

차
 
1
6
%

대
중

교
통

 
5
9
%

자
전

거
/
도

보
 
2
5
%

승
용

차
 
4
7
%

(
택

시
,
오

토
바

이
 
포

함
)

대
중

교
통

 
5
2
.
5
%

자
전

거
/
도

보
 
0
.
5
%

승
용

차
 
4
0
%

대
중

교
통

 
4
5
%

자
전

거
/
도

보
 
1
5
%

승
용

차
 
1
3
%

대
중

교
통

 
6
2
%

자
전

거
/
도

보
 
2
5
%

S
e
o
u
l

T
o
ky

o

V
ie

n
e

H
o
n
g
ko

n
g

M
a
s
s
 t
ra

n
s
it

a
u
to

B
ik

e
/w

a
lk

in
gB
ik

e
/w

a
lk

in
g

a
u
to

M
a
s
s
 t
ra

n
s
it

49

Morning Session, Sustainability Science in Asia: Challenges and Opportunities



P
e
o
p
le

P
e
o
p
le

’’ s
 O

p
in

io
n
 o

n
 R

o
a
d
 C

o
n
s
tr

u
c
ti
o
n

s
 O

p
in

io
n
 o

n
 R

o
a
d
 C

o
n
s
tr

u
c
ti
o
n

(M
in

. 
o
f 

(M
in

. 
o
f 

E
n
v

E
n
v
. 
2
0
0
3
. 
8
)

. 
2
0
0
3
. 
8
)

다
른

방
안

모
색

6
3
.9

%

지
속

적
도

로

건
설

확
장

필
요

3
6
.1

%

N
O

ye
s

D
is

tr
ib

u
ti
o
n
 o

f 

T
id

a
l 
F
la

ts
 o

n
 

T
h
e
 W

e
s
t 
a
n
d
 S

o
u
th

c
o
a
s
t 
o
f 
K
O

R
E
A

R
e
c
la

m
a
ti
o
n
 P

la
n
 b

y

g
o
ve

rn
m

e
n
t

S
a
e
m

a
n
g
e
u
m

re
c
la

m
a
ti
o
n
l
p
la

n

50

RISS Symposium "Strategies to Achieve a Sustainable Closed-loop Economy in Asia"



R
e
c
l
a
m
a
t
i
o
n
 
i
n
 
t
h
e
 
W
e
s
t
 
C
o
a
s
t

t
o
 
s
e
c
u
r
e
 
f
a
r
m
 
l
a
n
d
 
&
 
i
n
d
u
s
t
r
i
a
l
 
s
i
t
e

S
a
e
m

a
n
g
e
u
n

P
r
o
j
e
c
t
 
: 

th
e 

la
rg

es
tr

ec
la

m
at

io
n 

pr
oj

ec
t i

n 
th

e 
w

or
ld

28
,0

00
 h

a
f
a
r
m
 
l
a
n
d
s
 
w
i
t
h

6 
tr

il.
 w

on
 

18
,0

00
 h

a 
 ri

ce
 p

ad
di

es
(H

ow
ev

er
, 3

0,
00

0 
ha

  o
f r

ic
e 

pa
dd

ie
s 

di
sa

pp
ea

r e
ac

h 
ye

ar
.)

13
0,

00
0 

ha
w

ill
 b

e 
la

id
 id

le
be

ca
us

e 
of

 s
ur

pl
us

 o
f r

ic
e 

b
u
d
g
e
t
 
f
o
r
 
a
g
r
o
-
i
n
d
u
s
t
r
i
a
l
 
d
e
v
e
l
o
p
m
e
n
t
 
:
 
 
2
8
 
t
r
i
l
.
 
w
o
n

L
a
ke

 
S
h
ih

w
a

’8
7

시
화

호
9
3
년

L
a
ke

 
S
h
ih

w
a

’9
3

시
화

호
9
6
년

L
a
ke

 S
h
ih

w
a
, 

’9
6

51

Morning Session, Sustainability Science in Asia: Challenges and Opportunities



L
ak

e 
Sh

ih
w

a
w

ar
ni

ng
N

eg
le

ct
ed

 !!
!

“
T

h
e
 L

a
k
e
 S

h
ih

w
a

w
il
l 
b
e
 p

o
ll
u
te

d
 t

o
 

a
 v

e
ry

 d
a
n
g
e
ro

u
s
 l
e
v
e
l, 

if
 r

e
c
la

m
a
te

d
a
s 

p
la

n
n
e
d

”

<
A

 S
tu

d
y
 f

o
r 

th
e
 M

a
n
a
g
e
m

e
n
t 

o
f 

S
tr

e
a
m

s
 i
n
 A

n
s
a
n

C
it
y
 >

,
p
. 
1
1
6
 (

1
9
9
1
. 
1
0
) 

(J
u
n
g
 W

k
 K

im
)

D
e
a
d
 s

e
a
s
h
e
lls

 a
ft
e
r 
re

c
la

m
a
ti
o
n

D
e
a
d
 s

e
a
s
h
e
lls

 a
ft
e
r 
re

c
la

m
a
ti
o
n

새
만

금

52

RISS Symposium "Strategies to Achieve a Sustainable Closed-loop Economy in Asia"



5
3

제
4
호

방
조

제
(1

1
.4

㎞
)

제
3
호

방
조

제
(2

.7
㎞

)

제
2
호

방
조

제
(9

.9
㎞

)

제
1
호

방
조

제
(4

.7
㎞

)

미
시

공
(1

.6
㎞

)

미
시

공
(1

.1
㎞

)
신

시
배

수
갑

문
(공

사
중

)

가
력

배
수

갑
문

군
장

산
업

단
지

군
산

김
제

부
안

변
산

반
도

국
립

공
원

만
경

강

동
진

강

20
05

년 D
ik

e 
C

om
pl

et
ed

 o
n 

A
pr

il 
21

, 2
00

6
새

만
금

20
06

. 5
. 4

 (주
용

기
촬

영
)

김
제

거
전

갯
벌

(죽
은

동
죽

)

53

Morning Session, Sustainability Science in Asia: Challenges and Opportunities



새
만

금
20

06
. 5

. 4
 (주

용
기

촬
영

)

김
제

거
전

갯
벌

새
만

금
20

06
. 5

. 4
 (주

용
기

촬
영

)
새

만
금

20
06

. 5
. 4

 (주
용

기
촬

영
)

김
제

거
전

갯
벌

(죽
은

빛
조

개
)

새
만

금
20

06
. 5

. 4
 (주

용
기

촬
영

)

부
안

문
포

앞

새
만

금
20

06
. 5

. 4
 (주

용
기

촬
영

)
새

만
금

20
06

. 5
. 4

 (주
용

기
촬

영
)

군
산

어
은

리

54

RISS Symposium "Strategies to Achieve a Sustainable Closed-loop Economy in Asia"



새
만

금
20

06
. 8

. 1
4,

 1
5 

(주
용

기
촬

영
)

C
it
iz

e
n
s
’O

p
in

io
n
 

o
n
 t
h
e
 R

e
c
la

m
a
ti
o
n
 o

f 
M

u
d
fl
a
t

Y
e
s

N
o

P
e
r-

C
a
p
it
a
 W

a
te

r 
S
u
p
p
ly

: 
5
3
5
 l
p
c
d

fr
o
m

1
4
 d

a
m

s
-
-
>
 7

6
0
 l
p
c
d

fr
o
m

1
6
 m

o
re

 d
a
m

s

( 
1
p
c
d
 :
 l
it
e
r/

c
a
p
it
a
-
d
a
y)

in
 2

0
1
2
 

M
u
lt
i-

p
u
rp

o
s
e
 D

a
m

 P
ro

je
c
t

W
a
te

r 
U

s
e
 i
n
  
  
  
  
 

U
S
A
  
  
  
  
: 
  
  
 6

2
5
 1

p
c
d
 

E
u
ro

p
e
  
  
: 
  
  
 2

0
0
  
  
″

<
G

e
rm

a
n
y 

: 
  
  
 2

0
0
  
 >

A
s
ia

  
  
  
  
: 
  
  
 1

4
4
  
  
″

S
. 
A
m

e
r.
  
: 
  
  
 1

3
0
  
  
″

A
fr

ic
a
  
  
  
: 
  
  
  
 6

7
  
 ″

<
Is

ra
e
l 
  
  
  
: 
  
  
 1

7
0
  
  
  

(in
cl

. a
gr

. u
se

 )>

W
a
te

r 
fr

o
m

D
o
n
g
-
g
a
n
g
 D

a
m

( 
1
 t
ri
l.
 w

o
n
) 

:
c
a
n
 b

e
 s

a
ve

d
 b

y 
1
0
 m

il.
 e

c
o
 t
o
ile

ts
( 

1
0
0
 b

il.
 w

o
n
)

W
a
te

r 
S
a
v
in

g
s
 p

o
te

n
ti
a
l 

W
a
te

r 
d
e
m

a
n
d
 f
o
re

c
a
s
te

d
: 
1
0
.2

 b
il

t/
y

(d
o
m

7
3
 +

 i
n
d

2
9
)

1
3
.6

 b
il

t/
y

(d
o
m

9
0
 +

 i
n
d

4
6
) 

in
 2

0
2
0

O
b
y
 r

e
d
u
c
in

g
 l
e
a
k
a
g
e

re
d
u
c
e
 l
e
a
k
a
g
e
 f

ro
m

 3
0
%

 t
o
 1

0
%

 :
 2

 b
il

t
c
a
n
 b

e
 s

a
v
e
d

O
 b

y
 s

a
v
in

g
 d

o
m

e
s
ti
c
 w

a
te

r 
u
s
e

fr
e
e
ze

 a
t 

th
e
 p

re
s
e
n
t 

le
v
e
l 
  
 :
 1

.7
 b

il
t

c
a
n
 b

e
 s

a
ve

d
e
ff

ic
ie

n
c
y
 t

o
il
e
t 

  
  
  
  
  
  
  
  
: 
0
.5

 b
il

t
c
a
n
 b

e
 s

a
ve

d
(1

3
.5

 –
1
6
.5

 l
it
e
r 

  
  
  
  
  
8
 -

9
 l
it
e
r)

O
 b

y
 r

e
c
y
c
li
n
g
 i
n
d
u
s
tr

ia
l 
w

a
te

r
fr

e
e
ze

 a
t 

th
e
 p

re
s
e
n
t 

le
v
e
l

:
1
.5

 b
il

t 
c
a
n
 b

e
 s

a
ve

d

O
b
y
 h

a
rv

e
s
ti
n
g

ra
in

w
a
te

r
c
a
n
 p

re
v
e
n
t 

fl
o
o
d
 a

ls
o
 

O
 T

o
ta

l 
s
a
v
in

g
s
 p

o
te

n
ti
a
l

: 
6
+

 b
il

to
n
s
/y

55

Morning Session, Sustainability Science in Asia: Challenges and Opportunities



D
a
m

 C
o
n
s
tr
u
c
te

d

•T
ot

al
 n

um
be

r o
f d

am
s c

on
st

ru
ct

ed
 –

18
,4

03

•N
um

be
r o

f l
ar

ge
 d

am
s –

1,
21

4

de
fin

ed
 b

y 
In

t’l
 C

om
m

itt
ee

 o
f L

ar
ge

 D
am

s

7
th

in
 th

e 
w

or
ld

Number of 
Dams

0

1
0
0

2
0
0

3
0
0

4
0
0

D
ec

ad
e

19
65

19
75

19
85

19
95

19
96

To
 

19
65

Si
nc

e

19
96

41
7

19
7

26
6

21
6

11
8

O
ve

r 1
5m

 : 
1,

21
4

D
a
m

 C
o
n
s
tr
u
c
ti
o
n
 v

s
. 
F
lo

o
d
 D

a
m

a
g
e

S
o
u
rc

e
: 

K
o
re

a
 S

ta
ti
s
ti
c
s
 Y

e
a
rb

o
o
k

Fl
oo

d 
D

am
ag

e 
 (0

.1
 b

il
w

on
s)

N
o.

 o
f L

ar
ge

 D
am

s:
 N

o.
7 

in
 th

e 
w

or
ld

M
an

y 
la

rg
e 

da
m

s h
av

e 
be

en
 b

ui
lt,

 b
ut

 th
e 

flo
od

 d
am

ag
e 

ha
s s

ha
rp

ly
 in

cr
ea

se
d

0

1
0
0
0
0

2
0
0
0
0

3
0
0
0
0

4
0
0
0
0

5
0
0
0
0

6
0
0
0
0

7
0
0
0
0

19
7
1

19
7
4

19
7
7

19
8
0

19
8
3

19
8
6

19
8
9

19
9
2

19
9
5

19
9
8

20
0
1

20
0
4

계
열

1

N
o.

 o
f L

ar
ge

 D
am

s

50
0

15
00

10
00 0

M
u
lt
i-

p
u
rp

o
s
e
 d

a
m

 s
it
e
s

L
a
rg

e
 d

a
m

s
 a

re
 v

e
ry

 
e
ff

e
c
ti
ve

 i
n
 

c
o
n
tr
o
lli

n
g
 s

m
a
ll 

fl
o
o
d
s
 a

n
d
 d

ro
u
g
h
t,

B
u
t 
w

h
e
n
 t
h
e
y 

fa
il 

in
 

c
o
n
tr
o
lli

n
g
 b

ig
 

fl
o
o
d
s
, 

it
 b

ri
n
g
s
 

d
is

a
s
te

r.
 

S
o
ya

n
g

D
a
m

 d
is

c
h
a
rg

e
 d

u
ri
n
g
 f
lo

o
d

L
a
rg

e
 d

a
m

s
 a

re
 e

ff
ic

ie
n
t 
in

 c
o
n
tr
o
lli

n
g
 s

m
a
ll 

fl
o
o
d
s
 a

n
d
 d

ro
u
g
h
ts

B
u
t 
w

h
e
n
 t
h
e
y 

fa
il 

to
 c

o
n
tr
o
l 
b
ig

 f
lo

o
d
s

It
 b

ri
n
g
s
 d

is
a
s
te

r

56

RISS Symposium "Strategies to Achieve a Sustainable Closed-loop Economy in Asia"



K
o
re

a
n
 F

o
re

s
t 
d
u
ri
n
g
 1

9
5
0
s

1
9
6
0
년

대
산

림
녹

화
사

업

R
e
fo

re
s
ta

ti
o
n
 C

a
m

p
a
ig

n
 i
n
 1

9
6
0

’s

4
0
 y

e
a
rs

 a
ft
e
r

4
0
 y

e
a
rs

 a
ft
e
r

57

Morning Session, Sustainability Science in Asia: Challenges and Opportunities



G
o
lf
 C

o
u
rs

e
 C

o
n
s
tr
u
c
ti
o
n
 S

it
e

1
8
-
h
o
le

 g
o
lf
 c

o
u
rs

e
 s

p
e
n
d
s
 

5
0
0
 t
o
n
 w

a
te

r/
d
a
y

T
w

ic
e
 a

s
 m

u
c
h
 d

u
ri
n
g
 d

ry
 s

e
a
s
o
n

G
o
lf
 C

o
u
rs

e
 C

o
n
s
tr
u
c
ti
o
n
 S

it
e

R
o
a
d
 C

o
n
s
tr
u
c
ti
o
n
 S

it
e

R
o
a
d
 C

o
n
s
tr
u
c
ti
o
n
 S

it
e

58

RISS Symposium "Strategies to Achieve a Sustainable Closed-loop Economy in Asia"



Q
u
a
rr
y

Q
u
a
rr
y

2
4
%

 o
f 

g
o
v
e
rn

m
e
n
t’s

 b
u
d
g
e
t 

a
ll
o
c
a
te

d
 t

o
 

c
o
n
s
tr

u
c
ti
o
n
s

vs
.

4
%

 i
n
 O

E
C

D
 c

o
u
n
tr
ie

s

E
n
v
ir

o
n
m

e
n
ta

l 
S
u
s
ta

in
a
b
il
it
y
 I
n
d
e
x
 

E
S

I (
E

nv
iro

nm
en

ta
l S

us
ta

in
ab

ili
ty

 In
de

x)
 b

y 
W

or
ld

 E
co

no
m

ic
 F

or
um

20
01

  :
   

95
th

am
on

g 
12

2 
co

un
tri

es

20
02

  :
 1

3
6

th
am

on
g 

14
2 

co
un

tri
es

20
05

  :
  1

22
th

am
on

g 
14

6 
co

un
tri

es
(1

4
6

th
in

 p
o
llu

ti
o
n
 l
o
a
d
in

g
)

E
S
Is

o
f 
O

th
e
r 
A
s
ia

n
 C

o
u
n
tr
ie

s

1
0
1

In
d
ia

7
5

In
d
o
n
e
s
ia

7
3

T
h
a
il
a
n
d

7
1

M
o
n
g
o
li
a

6
8

C
a
m

b
o
d
ia

5
2

L
a
o
s

3
0

Ja
p
a
n

E
S
I 
ra

n
k

(a
m

o
n
g
 1

4
6
 

c
o
u
n
tr

ie
s
)

C
o
u
n
tr

y

1
4
6

N
. 
K

o
re

a
 

1
4
5

T
a
iw

a
n

1
3
3

C
h
in

a

1
2
7

V
ie

tn
a
m

1
2
5

P
h
il
ip

p
in

e
s

1
2
2

S
. 
K

o
re

a

1
1
4

B
a
n
g
la

d
e
s
h

E
S
I 
ra

n
k

(a
m

o
n
g
 1

4
6
 

c
o
u
n
tr

ie
s
)

C
o
u
n
tr

y

E
S
I 

(E
n
vi

ro
n
m

e
n
ta

l 
S
u
s
ta

in
a
b
ili

ty
 I
n
d
e
x)

b
y

W
E
F
 (

W
o
rl
d
 E

c
o
n
o
m

ic
 F

o
ru

m
) 

 (
2
0
0
5
)

59

Morning Session, Sustainability Science in Asia: Challenges and Opportunities



Y
e
llo

w
 D

u
s
t 
S
to

rm
o
ve

r 
N

o
rt
h
e
a
s
t 
A
s
ia

S
e
o
u
l,
 2

0
0
6
. 
4
. 
9
. 

Y
e
ll
o
w

 D
u
s
t 

S
to

rm

T
h
e
 f

re
q
u
e
n
c
y
 i
s
 i
n
c
re

a
s
in

g
 e

a
c
h
 y

e
a
r.

h
is

to
ri

c
a
ll
y

: 
o
n
c
e
 i
n
 s

e
v
e
ra

l 
y
e
a
rs

1
9
6
0
s
 –

’7
0
s
 

: 
<
3
  

  
d
a
y
s
/y

r 
1
9
8
0
s
 

: 
  
3
.9

 d
a
y
s

1
9
9
0
s

: 
  
7
.7

 d
a
y
s

2
0
0
0
 -

: 
 1

7
  
 d

a
y
s

T
h
e
 i
n
te

n
s
it
y
 i
s
 i
n
c
re

a
s
in

g
 e

a
c
h
 y

e
a
r 

a
ls

o
.

P
M

1
0

in
 S

e
o
u
l 
in

 2
0
0
2

: 
2
7
7
8
.2

m
ic

ro
g
ra

m
/m

3

2
0
0
6
  
: 

2
7
7
0

”

S
ta

n
d
a
rd

 
: 

  
 1

5
0
 

”
M

o
re

 t
h
a
n
 h

a
lf
 o

f 
C

h
in

a
 i
s
 d

e
s
e
rt
 o

r 
s
e
m

i-
d
e
s
e
rt
. 

1
/3

 o
f 
th

e
 w

o
rl
d
 i
s
 d

e
s
e
rt
 o

r 
s
e
m

i-
d
e
s
e
rt

8
3
%

 o
f 
th

e
 d

e
s
e
rt
s
 a

re
 m

a
n
-
m

a
d
e
 o

n
e
s

60

RISS Symposium "Strategies to Achieve a Sustainable Closed-loop Economy in Asia"



류
제

헌
. 

1
9
9
8
. 

중
국

역
사

지
리

. 
문

학
과

지
성

사
, 

서
울

.

D
e
s
e
rt
if
ic

a
ti
o
n
 i
n
 N

o
rt
h
e
rn

 C
h
in

a

M
o
re

 t
h
a
n
 1

/2
 o

f 
th

e
 Y

e
llo

w
 R

iv
e
r 
B

a
s
in

 u
s
e
d
 t
o
 b

e
 t
h
ic

k 
fo

re
s
t 
u
n
ti
l 
2
0
0
0
 y

e
a
rs

 a
g
o
,

b
u
t 
n
o
w

 l
e
s
s
 t
h
a
n
 5

%
 o

f 
th

e
 r
e
g
io

n
 r
e
m

a
in

s
 a

s
 p

o
o
r 
fo

re
s
t.

M
o
n
g
o
lia

K
o
re

a

Y
e
llo

w
 S

e
a

Y
e
llo

w
 R

iv
e
r

S
a
n
d
y 

d
e
s
e
rt

S
to

n
y 

d
e
s
e
rt

Sh
un

ze
(荀

子
, 彊

國
篇

) 
(d

ur
in

g 
w

ar
rin

g 
st

at
es

,  
   

2,
20

0 
ye

ar
s 

ag
o)

U
po

n 
en

te
rin

g 
C

H
IN

(秦
),

Fo
re

st
s 

w
er

e 
th

ic
k,

Va
lle

ys
 w

er
e 

be
au

tif
ul

,

R
es

ou
rc

es
 w

er
e 

pl
en

tif
ul

.

(富
國

篇
)

Fu
rr

ow
s 

ar
e 

fu
ll 

of
 g

ra
in

s,

Fi
sh

es
 s

w
im

 in
 s

w
ar

m
s,

B
ird

s 
fly

 li
ke

 c
lo

ud
s,

In
se

ct
s 

an
d 

al
l l

iv
in

g 
cr

ea
tu

re
s 

fil
l t

he
 u

ni
ve

rs
e,

Fo
od

s 
ar

e 
as

 m
uc

h 
as

 w
e 

w
an

t.

류
제

헌
. 

1
9
9
8
. 

중
국

역
사

지
리

. 
문

학
과

지
성

사
, 

서
울

.

D
e
s
e
rt
if
ic

a
ti
o
n
 i
n
 N

o
rt
h
e
rn

 C
h
in

a

M
o
re

 t
h
a
n
 1

/2
 o

f 
th

e
 Y

e
llo

w
 R

iv
e
r 
B

a
s
in

 u
s
e
d
 t
o
 b

e
 t
h
ic

k 
fo

re
s
t 
u
n
ti
l 
2
0
0
0
 y

e
a
rs

 a
g
o
,

b
u
t 
n
o
w

 l
e
s
s
 t
h
a
n
 5

%
 o

f 
th

e
 r
e
g
io

n
 r
e
m

a
in

s
 a

s
 p

o
o
r 
fo

re
s
t.

M
o
n
g
o
lia

K
o
re

a

Y
e
llo

w
 S

e
a

Y
e
llo

w
 R

iv
e
r

S
a
n
d
y 

d
e
s
e
rt

S
to

n
y 

d
e
s
e
rt

C
h
in

N
or

th
er

n 
C

hi
na

O
ve

r-
g
ra

zi
n
g
 i
s
 t
h
e
 m

a
jo

r 
c
a
u
s
e
 o

f 
d
e
s
e
rt
if
ic

a
ti
o
n
 i
n
 N

o
rt
h
e
rn

 C
h
in

a
.

61

Morning Session, Sustainability Science in Asia: Challenges and Opportunities



N
or

th
er

n 
C

hi
na

O
ve

r-
g
ra

zi
n
g
 i
s
 t
h
e
 m

a
jo

r 
c
a
u
s
e
 o

f 
d
e
s
e
rt
if
ic

a
ti
o
n
 i
n
 N

o
rt
h
e
rn

 C
h
in

a
.

A
c
id

 D
e
p
o
s
it
io

n
 

fr
o
m

 C
h
in

a

Ja
p
a
n
: 
m

o
re

 t
h
a
n
 

5
0
%

fr
o
m

 C
h
in

a
 

K
o
re

a
 :
 2

0
 –

5
0
%

 

fr
o
m

 C
h
in

a

L
A

  
 :
 ¼

o
f 

P
M

fr
o
m

 C
h
in

a

D
ry

 d
e
p
o
s
it
io

n

W
e
t 
d
e
p
o
s
it
io

n

C
h
in

a
’s

 

lo
w

-
q
u
a
li
ty

 c
o
a
l

c
o
n
ta

in
s
 

F
lu

o
ri

d
e
s
 

M
e
rc

u
ry

A
rs

e
n
ic

C
a
d
m

iu
m

L
e
a
d

e
tc

.

. 
M

o
re

 t
h
a
n
 4

0
 m

il
li
o
n
 p

e
o
p
le

 s
u
ff

e
r 

fr
o
m

 f
lu

o
ro

s
is

.
. 
A

ff
e
c
te

d
 c

h
il
d
re

n
’s

 I
Q

s
  
a
re

 1
0
 p

o
in

ts
 l
o
w

e
r.

渤
海

黃
海

62

RISS Symposium "Strategies to Achieve a Sustainable Closed-loop Economy in Asia"



P
o
llu

ti
o
n
 i
n
 Y

e
llo

w
 S

e
a
 i
s
 c

le
a
rl
y 

s
h
o
w

n

B
o
h
a
i

S
e
a

(s
a
te

lli
te

 
im

a
g
e
)

O
il 

w
e
ll 

in
 B

o
h
a
i
S
e
a

T
h
e
 w

a
te

r 
is

 n
o
t 
b
lu

e

C
o
m

p
o
s
it
io

n
 o

f 
A
c
id

 R
a
in

(μ
e
q
/1

)

•R
ai

n 
in

 C
hi

na
 is

 v
er

y 
hi

gh
 in

 a
m

m
on

ia
 b

ec
au

se
 o

f m
an

ur
e 

ap
pl

ie
d 

on
 a

gr
ic

ul
tu

ra
l f

ar
m

s.
•W

he
n 

th
e 

flu
sh

 to
ile

ts
 w

as
h 

th
e 

m
an

ur
e 

to
 th

e 
Y

el
lo

w
 S

ea
, t

he
 se

a 
ca

nn
ot

 c
ar

ry
 it

.  

63

Morning Session, Sustainability Science in Asia: Challenges and Opportunities



B
O

D
 lo

ad
in

g 
to

 Y
el

lo
w

 S
ea

: 
80

0 
g/

m
3 -

yr
B

O
D

 lo
ad

in
g 

to
 S

hi
hw

a
:  

50
  g

/m
3 -

yr

If
 C

h
in

a
 d

is
c
h
a
rg

e
s
 t
h
e
 m

a
n
u
re

 
to

 t
h
e
 Y

e
llo

w
 S

e
a

B
ir

d
s
’F

ly
w

a
y
s
 i
n
 t

h
e
 W

e
s
te

rn
 P

a
c
if
ic

R
us

si
a

C
hi

na
K

or
ea

Ja
pa

n

K
am

ch
at

ka

N
ew

 Z
ea

la
nd

A
us

tr
al

ia

새
만

금
의

철
새

새
만

금
의

철
새

새
만

금
의

철
새

64

RISS Symposium "Strategies to Achieve a Sustainable Closed-loop Economy in Asia"



새
만

금
의

도
요

새
새

만
금

의
도

요
새

새
만

금
의

도
요

새

65

Morning Session, Sustainability Science in Asia: Challenges and Opportunities



은
파

리
갯

벌
의

흑
꼬

리
도

요
(2

00
6.

 5
. 2

0 
한

겨
레

신
문

김
태

형
촬

영
)

새
만

금
20

06
. 5

. 4
 (주

용
기

촬
영

)
새

만
금

20
06

. 5
. 4

 (주
용

기
촬

영
)

도
요

새
의

부
리

질
자

국
호

주
의

철
새

조
사

단

66

RISS Symposium "Strategies to Achieve a Sustainable Closed-loop Economy in Asia"



H
u
m

a
n
  
A
b
u
s
e
  
  
  
  
  
A
n
im

a
l 
A
b
u
s
e

H
u
m

a
n
  
A
b
u
s
e
  
  
  
  
  
A
n
im

a
l 
A
b
u
s
e

Ep
id

em
ic

s 
fr

om
 a

ni
m

al
 a

nd
 n

at
ur

e 
ab

us
e

F
ro

m
 d

is
tu

rb
in

g
 d

e
e
p
 e

c
o
s
y
s
te

m
 

A
ID

S
, 
S
A

R
S

F
ro

m
 a

b
u
s
in

g
 a

n
im

a
l 

B
ir

d
 F

lu
, 
F
o
o
t 

&
 M

o
u
th

 D
is

e
a
s
e
, 

P
ig

 C
h
o
le

ra

F
ro

m
 f

e
e
d
in

g
 m

e
a
t 

to
 g

ra
s
s
-
e
a
ti
n
g
 a

n
im

a
l 

M
a
d
-
c
o
w

 D
is

e
a
s
e

(f
ro

m
p
ro

te
in

 “
p
ri

o
n

”)
 

O
-
1
5
7

F
ro

m
 e

x
c
e
s
s
iv

e
 u

s
e
 o

f 
a
n
ti
b
io

ti
c
s

S
u
p
e
r 

B
a
c
te

ri
a

2915
0

66
2

18
129
0

33
4

6339
87

3
11

2
6,

31
0

2,
88

0
2,

26
0

48
6

582242
56

9
2,

74
5

1,
23

0

0
10

00
20

00
30

00
40

00
50

00
60

00
70

00
Au

st
ria

(9
4)

Au
st

ra
lia

(9
5)

Be
igi

um
(9

5)
Sw

itz
er

lan
d(

95
)

Ca
na

da
(9

5)
Ge

rm
an

y(
95

)
Ge

rm
an

y(
00

)
De

nm
ar

k(
95

)
Fr

an
ce

(9
5)

Hu
ng

ar
y(

95
)

Ja
pa

n(
97

)
Ja

pa
n(

98
)

Ja
pa

n(
99

)
Ne

th
er

lan
ds

(9
5)

Ne
th

er
lan

ds
(0

0)
Sw

ed
en

(9
5)

Sl
ov

ak
 R

ep
.(9

5)
UK

(9
5)

US
A(

95
)

ko
re

a(
99

)

Di
ox
in
 E
mi
ss
io
n 
by
 c
ou
nt
ri
es
 (
g-
TE
Q/
yr
)

(d
at
a 
fr
om
 P
ro
f.
 L
ee
 D
on
g 
So
o)

67

Morning Session, Sustainability Science in Asia: Challenges and Opportunities



V
ik

to
r 

Y
u
s
h
c
h
e
n
ko

(U
kr

a
in

e
)

D
io

xi
n
 

P
o
is

o
n
in

g

C
h
lo

ra
c
n
e

fo
r S

us
ta

in
ab

ili
ty

o 
En

er
gy

 : 
R

en
ew

ab
le

 E
ne

rg
y 

o 
M

at
er

ia
l :

 s
ho

ul
d 

be
 R

ec
yc

le
d

o 
En

vi
ro

nm
en

ta
l B

ur
de

ns
:

sh
ou

ld
 re

m
ai

n 
w

ith
in

 e
ar

th
's

 

C
ar

ry
in

g 
C

ap
ac

ity

E
n
v
ir

o
n
m

e
n
ta

l 
L
a
n
d
u
s
e

P
la

n
n
in

g

ㅇ
C

on
se

rv
at

io
n 

go
al

 s
ho

ul
d 

be
 s

et
 o

n

Fo
re

st
s,

 
Ti

da
l M

ud
fla

ts
, 

Fa
rm

la
nd

s

ㅇ
C

on
se

rv
at

io
n 

go
al

 s
ho

ul
d 

be
 s

et
 o

n

u
rb

a
n
 a

n
d
 i
n
d
u
s
tr

ia
l 
d
e
v
e
lo

p
m

e
n
t;

p
o
ll
u
ti
o
n
 e

m
is

s
io

n

ㅇ
E

ac
h 

lo
ca

l c
om

m
un

ity
 s

ho
ul

d 
be

 b
ui

lt 
as

 a
n 

ec
ol

og
ic

al
 u

ni
t

E
c
o
lo

g
ic

a
l 
C

o
m

m
u
n
it
ie

s
 

1.
 E

a
c
h
 a

s
 a

n
 E

c
o
lo

g
ic

a
l 
U

n
it

L
o
c
a
l 
c
li
m

a
te

, 
g
e
o
g
ra

p
h
y
 &

 c
u
lt
u
re

 s
ho

ul
d 

be
 re

sp
ec

te
d

1)
 d

is
tr

ib
u
te

d
 e

n
e
rg

y
 s

y
s
te

m
 b

as
ed

 o
n 

re
ne

w
ab

le
 e

ne
rg

y
2)

 m
a
te

ri
a
l 
re

c
y
c
le

 s
o
c
ie

ty
fo

od
, w

at
er

, s
ol

id
 w

as
te

s
3)

 e
n
v
ir

o
n
m

e
n
ta

ll
y
-
fr

ie
n
d
ly

 t
ra

n
s
p
o
rt

a
ti
o
n

ra
ilr

oa
ds

 b
et

w
ee

n 
ci

tie
s

en
er

gy
-e

ffi
ci

en
t t

ra
ns

po
rta

tio
n 

w
ith

in
 c

iti
es

*U
rb

an
 s

iz
e 

sh
ou

ld
 b

e 
sm

al
le

r (
<2

00
,0

00
~3

00
,0

00
)

*L
ux

ur
ie

s 
sh

ou
ld

 b
e

im
po

rte
d 

at
 m

in
im

um
,

ne
ce

ss
iti

es
 s

ho
ul

d 
be

pr
od

uc
ed

 w
ith

in
 a

t m
ax

im
um

2.
 R

e
c
y
c
le

 a
n
d
 C

o
o
p
. 
b
e
tw

e
e
n
 c

o
m

m
u
n
it
ie

s
 

1)
 fo

od
s 

: C
SA

(C
om

m
un

ity
-S

up
po

rt
ed

 A
gr

ic
ul

tu
re

)
2)

 w
as

te
s

3)
 d

ai
ly

 c
om

m
od

iti
es

3.
  E

c
o
lo

g
ic

a
l 
P
ro

d
u
c
ti
o
n
-
C

o
n
s
u
m

p
ti
o
n
 S

y
s
te

m
1)

 fo
od

 p
ro

du
ct

io
n 

-c
on

su
m

pt
io

n
2)

 in
du

st
ria

l p
ro

du
ct

io
n 

-c
on

su
m

pt
io

n
3)

 c
on

su
m

pt
io

n

68

RISS Symposium "Strategies to Achieve a Sustainable Closed-loop Economy in Asia"



D
is

tr
ib

u
te

d
 U

ti
lit

y 
vs

. 
C

e
n
tr
a
liz

e
d
 U

ti
lit

y

69

Morning Session, Sustainability Science in Asia: Challenges and Opportunities



Profile 
Name Jung Wk Kim, Ph.D. 
Affiliation Professor, Graduate School of Environmental Studies,  

Seoul National University 
  

Education: 
1968 Bachelor of Engineering, Seoul National University 
1974 Master of Science, University of Rhode Island 
1977 Ph.D., The University of Texas at Austin 
  

Professional Career: 
1977-1982 Senior Researcher, Korea Institute of Science & Technology 
2001 Fulbright Scholar at University of Delaware  
2002-2003 Dean of Graduate School of Environmental Studies  
1982- Professor, Seoul National University  
  

Committee/ Boards: 
・ Adviser, Environment and Pollution Research Group 
・ Co-chair, Korean Christian Environmental Movement Solidarity for Integrity of Creation  
・ Co-chair, Korea Zero Waste Movement Network  
・ Secretary, Asia-Pacific Environmental Council  
・ Member, Atomic Energy Commission 
 

Research Fields/ Interests: 
・ Air Quality Management and Modeling 
・ Water Quality Management and Modeling 
・ Environmental Impact Assessment 
 

Selected Publications: 
・ Kim JW, “Environmental Awareness and Movement in the Republic of Korea”, Proc. Hokkaido University-Seoul 

National University Joint Symposium on Perspective of University Reform in the 21st Century, Hokkaido 
University, (2002).  

・ Kim JW, “Resource Management and Environmental Conservation toward Sustainability”, Journal of Integrative 
Studies, 16(1), 9-43(2003).  

・ Kim JW, “Greenhouse Gas Reduction Potential for South Korea”, J. Environ. Studies, 41, 99-120(2003).  
・ Kim JW, “Korea, Land of Environmental Risk”, Rethinking the "Modern" in the globalizing world, 55-72(2005).  
・ Kim JW, “Social Environmental Education toward Sustainable Development in the East Asian Region”, Proc. 

International Conference on Education for Sustainable Development, Tokyo, 1-8(2005).  
・ S.H.Jin & Kim JW, “A Study on the State of Local Air Pollution in North Korea: Focusing on Rural, Urban and 

Industrial Area,” J. Environmental Policy, 13(2), 117-141 
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 Environmental Problems and Strategies in China 
 

Yanqing Wu, Ph.D.  
Professor, School of Environmental Science and Engineering,  

Shanghai Jiao Tong University 
 

Abstract 
The rapid economic growth of developed nations and developing nations in world is bringing welfare and higher 

living standard to human being. The economic growth, however, is accompanied by natural resources depletion, 
ecological degradation, environmental pollution, biodiversity loss. As a member of ecological system, ecological and 
environmental problems are influencing health and sustainable development of human being. 

In recent two decades, China economy is rapidly growing as a biggest developing country and improve living 
standard of most Chinese peoples. However, environmental problems such as atmosphere pollution, water pollution, 
ecological degradation, ocean pollution, soil pollution, groundwater pollution, and so on, are influencing sustainable 
development of China. In order to development economy and improve environment, China government is enhancing 
environmental management. In this paper, based on environmental evolvement process of China within 15 years, author 
have analyzed the environmental problems of China and proposed environmental strategies. The environmental strategies 
include (1) to change in living pattern and production mode, to change traditional natural opinion about human being as 
center of natural world, and to set up the development opinion of harmoniousness between human and nature; (2) to 
construct “ecological city” and “ecological industry”, to sparkplug a close-loop economic system; (3) to environmental 
laws and enhance environmental management, EGDP evaluation index instead of GDP index; (4) to enhance 
environmental science research and increase the investments of environmental science research and polluted environment 
remediation; (5) to educate the common people to enhance environmental civil consciousness and become widely 
participant; (6) to set up mechanism and forum globe environment assessment and increase international cooperation in 
environmental field. 
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Profile 
Name Yanqing Wu, Ph.D. 
Affiliation Dean and Professor, School of Environmental Science and Engineering,  

Shanghai Jiao Tong University 
  

Education: 
1978-1982 B.S., Jilin University 
1985-1988 M.S., Chang’an University 
1989-1992 Ph.D., Chang’an University 

  

Professional Career: 
1982-1992 Assistant Professor of Chang’an University 
1992-1995 Associated Professor and Professor of Chengdu University of Technology 
1995-2004 Professor of Xi’an University of Technology 
1998-2004 Professor of Cold and Arid Regions Environmental and Engineering Research Institute, Chinese 

Academy Sciences 
2004-Present Professor of Shanghai JiaoTong University 
  

Research Fields/ Interests: 
・ Modeling and Remediation of Subsurface Environments 
・ Hydrogeology and Engineering Geology 
・ Numerical Modeling for Water Resources and Environment 
・ Eco-hydrology 
・ Isotopic Hydrology 
・ Rock Hydraulics, Rock Mechanics 
 

Ongoing Project 
・ A model of coupled deformation-seepage-chemical processes in variably saturated media supported by the National 

Natural Science Fund of China (10572090) from Jan. 2006 to Dec. 2008, 320,000RMB 
・ Research on bearing capacity of water resources in the Chongming Island of Shanghai China supported by Shanghai 

government (05DZ12007) from Sep. 2005 to Dec. 2006, 100,000RMB  
・ Oceanic environmental quality assessment of Shanghai sea region supported by 908 Projects of National Ocean 

Bureau of China from Jan. 2006 to June. 2009, 420,000RMB 
・ Modeling flow and transport in tailing dam supported by Jinduicheng Molybdenum Mining Inc. from May 2005 to 

June 2006, 190,000RMB 
・ Seepage analysis of discharge tunnel supported by Jinduicheng Molybdenum Mining Inc. from Dec. 2005 to June 

2006, 65,000RMB 
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Multiple Approaches to Asian Sustainability 
 

Kazuyoshi Okazawa,  
Project Professor, Integrated Research System for Sustainability Science,  

The University of Tokyo 
 

Abstract 
It is crucial to achieve sustainability in Asian region where 60% of world population lives and consecutive 

industrialization and rapid economic growth are expected to continue. Several approaches to address sustainability have 
been proposed and implemented, Japan actually has made various efforts to realize sustainable society, trying to change 
our society to recycling-based society, anti-global warming society, or sustainable cities. Recycling-based society is to 
focus on sustainable use of natural resources and anti-global warming society is to focus on sustainable energy use, 
whereas sustainable cities are to harmonize urban development and environment including sustainable energy use in cities. 
The concept of closed loop economy is to support and encourage sustainable society through rationalized use of energy 
and natural resources by introducing such an idea as economic activities should be done within closed circular systems.  

The closed loop economy may be considered in various levels, including regional, national, and community levels. 
Under the flagship research project of IR3S on “closed-loop economy”, the University of Tokyo is looking for a closed 
material and energy circulating system of biomass in an area covering a large city and neighboring villages. This is to 
realize sustainable agriculture in suburban areas of a large city, conservation of natural environment in the area, and 
renewable energy supply to a city, which can be applied to other countries in the Asian monsoon region where rice 
cropping agriculture is essential and large cities are mixing with farmlands. The large City and neighboring villages is 
considered a unit of loop economy in this case, in which food is supplied from villages to city and organic waste from the 
area is collected to recover energy from biomass for supplying bio fuel and other energy sources in the city.  

3Rs (Reduce, Reuse and Recycle) is an effective tool to realize closed loop economy, particularly from the political 
point of view. As Asian countries are developing their economies in flying geese pattern, it is useful to apply technologies 
and production systems of preceding countries to following countries. However, the facts that social and economic 
situation, industrial and consumption structure, and appropriate technology are different among countries should be taken 
into consideration.  

To achieve complex closed-loop economy requires comprehensive approaches including technological innovation, 
legal system (laws and regulations) and economic incentives to encourage 3R activities, and changing lifestyle through 
school and social education. It is also effective to set primary targets to tackle with specific technological issues. They 
may include: design of products to minimize energy and natural resources, easy recyclable products, and products 
containing no hazardous substances; development of long-life materials and products; expansion of recycling; etc.   
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On the Circular Economy Legislation of Shanghai City  

Guided by the Ideal of Circular Economy Society 
 

Xi Wang, Ph.D. 
Professor, School of Law, Shanghai Jiao Tong University 

 

Abstract 
This paper includes two parts.  In the first part, the author describes the necessity, the general strategy and the main 

tasks of developing a circular economy in Shanghai City.   
The author describes the society of circular economy as a society based upon circular economy system.  In a 

circular society, the operation of economic system is guided by the principles of circular economy.  In addition to the 
basic principles of market, the production, distribution, utilization and proposal of commodities in a circular economy 
follow the laws of ecology.  Building up a circular economy is an ideal that many countries of the world work for.  So, 
does China.  The current Chinese government proposes and works hard to change the operation of Chinese economic 
system into a system that meets the requirements of a circular economy.   

As the largest industrial and commercial city and the engine of Chinese economy, Shanghai City is taking a lead in 
the development of circular economy.  The Municipal Government of Shanghai has proposed a strategy for developing 
circular economy.   

In the second part of paper, the author elaborates the general strategy for the municipal legislative work of the city.  
The author beliefs that law play a critical role in the development of a circular economy.  Historically, Shanghai has 
adopted many local laws and regulations related to wastes control and reuse.  They constitute a good basis for the 
development of a legal system that meet the requirements of circular economy. 

The author suggests a legislation system of circular economy for Shanghai and elaborates the major tasks of 
municipal legislation for promoting circular economy in the city.  

The author suggests that Shanghai should absorb the experience of other cities and other countries on developing 
circular economy and design a local legal system that meets the principles of ecological economics.  The legal system 
should target industries, residents and local governments and focus on energy saving energy, water, land, row materials 
and reuse wastes. 

The author suggests that the Municipal People’s Congress should to sort, draft and amend local laws to ensure the 
energy saving energy, water, land, row materials and reuse wastes in the city. 
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Environmental Management in Industrial Development:  

Resources Conservation and Material Recycling Strategy in Vietnam 
 

Phung Thuy Phuong, Ph.D. 
Lecturer, University of Natural Sciences, Vietnam National University-Ho Chi Minh City 

 
Abstract 

Choosing industrialisation as a key development strategy, Viet Nam is now facing with environmental challenges. 
Our generation has no right to get short term economic benefits, leaving long term environmental disasters to future 
generations. Measures to compromise economic and environmental goals should be considered. One among these 
measures is to organise industrial systems based on an industrial ecology approach. The main idea of Industrial Ecology is 
that for sustainable development, industrial systems should mimic natural ecosystems. In other words, the material cycles 
in industrial systems should be closed, similar to material cycles in natural ecosystems. The purpose of this paper is to 
analyse the advantages and constraints to apply the concept of industrial ecology, and to suggest some ideas to promote 
industrial ecology in Viet Nam. 
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ENVIRONMENTAL MANAGEMENT IN INDUSTRIAL DEVELOPMENT:
RESOURCES CONSERVATION AND MATERIAL RECYCLING STRATEGY 

IN VIETNAM

PHUNG THUY PHUONG, Ph.D
University of Natural Sciences

227 Nguyen Van Cu Street, District 5
Ho Chi Minh City

Email: ptphuong@hcmuns.edu.vn

Paper presented at The Conference on ‘ Sustainable Society and Industrial 
Transformation with Zero Emission Inititatives’
Ho Chi Minh City, Vietnam November 6-7, 2006

ENVIRONMENTAL MANAGEMENT IN INDUSTRIAL DEVELOPMENT:
RESOURCES CONSERVATION AND MATERIAL RECYCLING STRATEGY 

IN VIETNAM

• INTRODUCTION
• INDUSTRIAL ECOLOGY:  POLLUTION PREVENTION APPROACH

Industrial Metabolism
Industrial Ecosystem
Industrial Ecology

• INDUSTRIAL ECOLOGY IN PRACTICE
Denmark
USA
Canada
The Netherlands
Thailand

• INDUSTRIAL TRANSFORMATION IN VIETNAM: RESOURCES 
CONSERVATION AND MATERIAL RECYCLING
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INTRODUCTION

• Industrial development challenges:  natural resource scarcity, and 
environmental deterioration. 

• End-of-pipe technologies are in general costly and do not provide any help 
to solve the problem of natural resource scarcity.  

• Industrial Ecology: Preventive approach, new perspective  to develop 
industrial systems towards ecologically sound direction. 

INDUSTRIAL ECOLOGY: POLLUTION PREVENTION APPROACH

Industrial Metabolism

The metabolism of industry is the whole integrated collection of physical 
processes that convert raw materials and energy plus labour, into finished  
products and waste in a (more or less) steady-state condition

Industrial activities are not separated from the metabolism of the biosphere 
and that it is human economic and industrial activities that causes the 
problem of global change  through their interfere in the ecological balance 
and natural  cycles . 
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INDUSTRIAL ECOLOGY: POLLUTION PREVENTION APPROACH

Industrial Ecosystem
Natural cycles (of water, carbon/oxygen, nitrogen, sulfur, etc.)
are closed, whereas industrial cycles are open. 

Frosch and Gallopoulos (1989) : industrial systems should 
mimic ecosystems (the concept of industrial ecosystem). 

The transformation of the traditional model of industrial activity,
in which individual manufacturing takes in raw materials and
generates products to be sold plus waste to be disposed of,
into a more integrated system, in which the consumption of
energy and materials is optimized and the effluents of one
process serve as raw materials for another process. 

Industrial Ecosystem concept focuses on the relations between
companies in a direct waste/by-product exchange. 

INDUSTRIAL ECOLOGY: POLLUTION PREVENTION APPROACH

Industrial Ecology
3 key elements of the industrial ecology perspective:
- It is a systemic, comprehensive, integrated view of all the components of 

the industrial economy and their relations with the biosphere.
- It emphasizes the biophysical substratum of human activities, i.e. the 

complex patterns of material flows within and outside the industrial 
system, in contrast with current approaches that mostly consider the 
economy in terms of monetary units.

- It considers technological dynamics as a crucial (but not exclusive) 
element for the transition from the actual unsustainable industrial system 
to a viable industrial ecosystem.

At the most basic level, the Industrial Ecology perspective describes a system 
in which one industry's wastes (outputs) become another's raw materials 
(inputs). Industrial ecology offers options which are not only effective for 
protecting the environment, but also for optimizing the use of scarce 
resources
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INDUSTRIAL ECOLOGY: POLLUTION PREVENTION APPROACH

Industrial Ecology acknowledges the existence of a wide range of 
industrial ecosystems with varying degrees and patterns of interactions 
with the biosphere. Each industrial ecosystem is characterized by the 
flows of materials and energy (industrial metabolism) similar to those 
going through a natural ecosystem 

INDUSTRIAL ECOLOGY IN PRACTICE

• Industrial symbiosis
A group of industries work collaboratively through exchanges of materials, 
energy, water, and by-products to reduce natural resources consumption 
and pollution 

• Industrial Ecosystem/Eco-Industrial Zone/Eco-park
A community  or network of companies and other organizations in a region 
or a physical zone/park  who interact by exhanging and making use of by-
products and/or energy in a way that provides one or more benefits over 
the traditional, non-linked operations. Those benefits include: reduction in 
natural resources use for input; reduction in pollution; reduction in energy 
use; reduction in disposal of wastes; increase in value of non-product 
outputs. 
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INDUSTRIAL ECOLOGY IN PRACTICE

Denmark: Kalundborg

INDUSTRIAL ECOLOGY IN PRACTICE

Denmark: Kalundborg

Investment 60 Million USD 

Revenues of Participating companies  129 Million USD 

Reduce air, water, soil pollution  and reduce resource consumption at the 
same time.

Reduce 3,700 T/year SO2 and 600,000 m3/ year wastewater  

Annual oil consumption was reduced by 45,000 T; coal consumption by 
15,000 T 
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INDUSTRIAL ECOLOGY IN PRACTICE

USA

• Eco-Industrial Parks (1994): Baltimore (Maryland); Cape Charles 
(Virginia); Brownsville (Texas); and Chattanooga (Tennessee). 

• Fairfield Industrial Park (Baltimore)
– Carbon based economy
– Producers with processes based on petroleum and organic chemicals ( 

e.g. asphalt manufacturing and distribution, oil and chemical  
companies) and smaller companies which aid the larger producers 
(e.g. trucking, tire retreating, and box manufacturing). 

– A great opportunity for further cycling of organic compounds.
– Retrofit industrial ecology principles to existing companies, and recruit 

companies that fit into the carbon-based economy. 
– Strategy is to welcome  the following types of enterprises: 

manufacturing that fits with the current ecology (e.g. chemical 
companies, film/photo companies); environmental technologies; 
recyclers and waste exchanges.

INDUSTRIAL ECOLOGY IN PRACTICE

Canada:  Burnside Industrial Park in Dartmouth 

• Converting an existing, traditional park into an industrial ecosystem
• Diversity 
• A research team identified  a number of strategies, guidelines, potential 

symbiotic relationships and support systems 
• Collaboration and networking  at different levels:1) the university and the 

municipality  2) the university, the private electric utility company and 
governments 3) material exchanges between two or more companies; 4) 
establishment of new companies to take advantage of opportunities in 
reuse, rental, repair, remanufacturing and recycling.

• Factors of success: an interest in eco-industrial development, a 
willingness to participate, and  a continuing commitment by a group of 
partners from government, industry, academia, and community 
organisations. 

103

Afternoon Session 1, How to develop a Sustainable Closed-loop Economy in Asia
—Viewpoints of Social System Design



7

INDUSTRIAL ECOLOGY IN PRACTICE

The Netherlands: Rotterdam Industrial Ecosystem
Mixed industries: refineries, petro chemistry, industrial 
services, inorganic chemistry, mass goods, storage and 
transport  

Reuse waste streams, by-products and energy from each 
other. 

«Arnhem, Den Bosch, Apeldoorn, Utrecht have developed 
industrial estates towards the concept of industrial 
ecosystem by seeking the opportunities to exchange 
energy, raw materials, and water; to facilitate the 
common use of utilities, combining transport of goods 
and people, collective collecting and treatment of waste 
flows 

INDUSTRIAL ECOLOGY IN PRACTICE

Thailand:Map Ta Phut Eco-Industrial Park 

• Gas-related and heavy industrial complex: petrochemical plants, chemical 
& fertiliser plants, steel plants, electricity, steam, gas plants, and oil 
refinery plants .

• Develops a close loop between industries  to promote the clean and green 
industrial development concept, to maximise the benefits from utilisation of 
natural resources and minimise the pollution problems, and to  create the 
co-operation among the industrial operators, the local communities and 
the regulators
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INDUSTRIAL TRANSFORMATION IN VIETNAM: RESOURCES 
CONSERVATION AND MATERIAL RECYCLING

Constraints Advantages Recommendations 

-Lack of information on 
quantity and quality of 
waste streams 

- Experience of 
factories in HCMC and 
DN in waste audit

-waste audit 

-Pollution relating to 
waste recycling units
-Low quality of products 
produced from waste
-Low market demand for 
recycled products

-A number of waste 
exchange practices exist
-Benefit from available 
reuse/recycle 
techniques
-Viet Nam National 
Cleaner Production 
Center (VNCPC) 

-Research fund
-Collaboration between 
VNCPC-

universities-developers

INDUSTRIAL TRANSFORMATION IN VIETNAM: RESOURCES 
CONSERVATION AND MATERIAL RECYCLING

Constraints Advantages Recommendations 

-Lack of recyclers in 
industrial zones (IZs)

-Half filled IZs
-Relocation program
-Existing management 
structure for IZs 

-Integrated waste 
exchange-
relocation program 

-Lack of concrete policy
-Existing price system 

-Environmental Law -Economic incentives 
and disincentive policies
-Adjustment of price 
system
-Workshops/seminars/ 
trainings
-Demonstration projects 
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Towards a Closed-loop Economy: Experiences from Zhejiang of China 

 
Minjun Shi Ph.D.1, HuanZheng Du2 and Zhaodong Mao2 

 
1 Professor, School of Management, Graduate University of Chinese Academy of Sciences 

2 Professor, Jiaxing University 
3 Jiaxing University 

 
Abstract 

As Zhejiang is deficient in natural resources, the firms in Zhejiang pay great attention to retrieval and recycling of 
waste materials and take paths of a closed-loop economy since 1980s. The development of circular economy in Zhejiang 
experienced two stages: the first is recycling of waste materials and the second is efficient use of waste materials. At the 
stage of recycling, firms reduce production costs by recycling low-priced waste materials and cheap labor force in order to 
get market opportunity. At the stage of efficient use, firms increase quality of products and added valuation by improving 
technology in order to heighten competitiveness. 

The development of circular economy in Zhejiang was initiated by firms’ behavior to pursue profit. The most firms 
in Zhejiang are private firm. Due to private firms are difficult to get material resources through channels of 
planed-economy, the firms have to recycle waste materials in stead in order to ensure supply of material resources. In 
addition, the firms may reduce production costs by recycling waste materials. Technological innovation makes it possible 
for the firms to recycle waste materials. Technological innovation also plays an important role to increase quality of 
products at the stage of efficient use of waste materials.  

The development of circular economy in Zhejiang is characterized by geographic concentration of recycling 
industries. As the result, a lot of industrial clusters of waste materials recycling have been formed in Zhejiang. There are 
several representatives, such as industrial cluster of recovery aluminum by recycling waste aluminum in Yongkang, 
industrial cluster of motors and sewing machine by recycling waste electric equipments in Luqiao-Wenling, industrial 
cluster of home electronics by recycling waste metals and waste plastic in Yuyao-Cixi. Geographic concentration of 
recycling industries may contribute formation of industrial chain of resource recycling and external economy of scale. It 
may also help the prevention of pollution in the process of recycling waste materials.  

Some implications can be drawn from the experiences of circular economy in Zhejiang. Initiative of firms to pursue 
profit and technological possibility are indispensable to circular economy. Local government should lead firms getting 
together to form industrial clusters. 
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Key Obstacles to Establishing Sustainable Agriculture and Environments 
 

Yutaka Saito Ph.D. 
Professor, Research Institute of Agriculture, Hokkaido University 

Hokkaido University Sustainability Governance Project 
 

Abstract 
Presently, agriculture in Japan faces many difficulties: the continually rising price of petroleum has lead to increased 

farming costs in the form of more expensive agricultural machinery, pesticides and fertilizer.  Long-term pollution by 
residual pesticides also disrupts safe food production.  

Furthermore, the movement towards international free trade (via the WTO) has made the cost-benefit balance so 
deleterious for Japanese farmers that many now must rely on farm subsidies from the Japanese Government to survive.   

A more serious problem is that of aging farming communities.  Although many retired urban dwellers continue to 
move to rural areas to work on farms as a lifestyle change, this trend is basically disrupted by private management allodial 
tenure systems.  Under such circumstances, we may suppose several additional agricultural difficulties brought about by 
global warming: Changes in pest fauna may cause sudden pest outbreaks, due to the expected time delays until natural 
enemies can adapt.   

A decrease in the variety of pesticides due to food and environment safety requirements may also make future pest 
control difficult.  How to control alien pests?  A shortage of (petroleum-based) energy for agricultural implements and 
machinery may also exacerbate the problem.  How can we decrease our strong dependence upon petroleum? 

There is no need to say that we cannot survive without the food produced from agriculture, and it is very apparent 
that we cannot continue importing most of our food from other counties indefinitely.  Therefore, we are now beginning to 
establish a new type of agriculture that can overcome the present as well as expected future difficulties.  

Rising to the challenge these problems pose, we at Hokkaido University’s SGP have started the integration of 
various scientific activities/fields, which have until now have usually been conducted separately.  I will address previous 
attempts and those that are now underway in Hokkaido University’s SGP.  
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 Biological pest management is still woefully insufficient in Japan, despite priority-level recommendations from 

more and more governments around the world.  Implementation costs and the old-fashioned production systems 
used by small-scale farmers are the main reasons why such safe technology is proving difficult to introduce into 
Japanese agriculture. As such, I will try to idealize how to transform the status quo into systems that utilize safe 
biological pest management, natural fertilizers and the like, to achieve rational biomass production, and in turn 
develop new, sustainable agricultural systems applicable to Japan as well as to the rest of Asia. For such purposes, I 
have studied on utilizing fundamental ecology to develop new methods of controlling plant pests biologically, on 
permanent biological control systems in the Moso bamboo plantations of Fujian, China, and development of a 
simulation model of natural enemy-pest systems in agricultural fields. 
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 What does Sustainability mean to Yuhan-Kimberly? 
 

Ahn JoongWoo Ph.D. 1, KiWook Song2, KyungShin Kim2, JiYeon Ahn2

1 Sr. Director of Sustainable Management, Yuhan-Kimberly 
2 Yuhan-Kimberly 

 
Abstract 

Yuhan-Kimberly, one of the leading consumer product companies in Korea, enjoys the best in its class by 
continuous introduction of many innovative products into the market for more than 30 years.  As a result, the outstanding 
market shares are achieved in all involving categories ranging from 50% to 70% or above.  In addition, the company has 
been selected as the Top 10 Best Employer in Asia, Korea Most Admired Company, Most Environment-Friendly 
Company Award and so on for the last decade.  This success can be ascribed to the leadership efforts in such fields as 
Environmental Management, Ethical Management and now Sustainable Management in Korea.   

What does Sustainability mean to Yuhan-Kimberly?  It is the Company’s belief that a sustainable company should 
be sustainable together with 4 external customers: the Earth, the Market, the Communities and the Supply Chains.  The 
presentation illustrates what Yuhan-Kimberly has done for sustainability with these 4 customers and introduces what the 
outcomes are when sustainability tools are properly applied such as Cleaner Production, Environmental Management 
System, Eco-Labeling, Eco-Design, Life Cycle Assessment, Environmental Reporting, and Supply Chain Environmental 
Management.  This also shows how Yuhan-Kimberly can crystallize Sustainability into doable and harmonized action 
steps without losing consistency throughout the Company operation. 
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Profile 
Name Ahn JoongWoo, Ph.D. 
Affiliation Sr. Director of Sustainable Management, Yuhan-Kimberly 

  

Education: 
 B.S. in Chemical Technology, Seoul National University 
 Ph. D. in Polymer Science/Plastics Engineering, University of Massachusetts, Lowell 
  

Professional Career: 
1987 -1990 University of Lowell Research Foundation, USA [Post-Doctoral Fellow] 
1990 - 1991 Spire Corporation, USA [Senior Scientist] 
1991 - 1992 Doosan Technical Center, Korea [Team Leader of Adhesive Team] 
1993 -2001 Procter &Gamble Korea, Inc.[Section Head of Professional & Regulatory Service ] 
2001 - Present Yuhan-Kimberly [Sr. Director of Sustainable Management] 
  

Research Fields/ Interests: 
・ Life Cycle Assessment 
・ Eco-Labelling 
・ Eco-Design 
・ Solid Waste Man 
 

Committee/ Boards: 
・ Environmental Committee Member of Korea Chamber of Commerce 
・ Korea Delegate to ISO/TC207/SC5,6 in the ISO 14000 Scheme 
・ Judge Board Member of Korea Type III Eco-Labelling 
・ Technical Advisory Board Member of Metropolitan Landfill Corporation 
・ Editorial Board Member of “Eco-Vision 21” 
・ Editorial Writer of “The Global Environment News Weekly” 
・ Director General of Korea Society of Life Cycle Assessment  
・ Finance Director of Korea Environmental Toxicology Society 
・ Director General of Korea Composting Council 
  

Selected Publications: 
・ Eco-Design (DongHwaTech, 2005) 
・ Treatment of Industrial Wastes (ShinKwangMunhwaSa, 2000) 
・ In-Vessel Composting of Sewage Sludge (DongHwaTech, 1998) 
・ Waste Minimization Principle (JiSikProcessing, 1997)  
・ Principle of Life Cycle Assessment (Korea Industry Federation, 1995) 
 

 
 

134

RISS Symposium "Strategies to Achieve a Sustainable Closed-loop Economy in Asia"



 

Toward Sustainable Circulation of Products among Asian Countries 
 

Yasushi Umeda Ph.D. 
Professor, Department of Mechanical Engineering, Graduate School of Engineering 

Research Institute for Sustainability Science (RISS), Osaka University 
 

Abstract 
A lot of wastes are exported from Japan to Asian countries, including China, Philippine, and Vietnam. Let me call it 

global circulation among countries. While some of them are appropriately reutilized, most of them cause various problems, 
such as dumping of contaminated wastes and pollution of air and water because of inappropriate recycling processes. Such 
exported artifacts can be classified into three levels; namely, (1) reuse circulation where products and components are sold 
in secondhand markets such as cars, construction machinery, and PCs, (2) recycling circulation where materials are 
recycled, and (3) waste exportation where wastes are exported just for dumping. While waste exportation is obviously 
against the Basel Convention, other two circulations are not always illegal. In reality, the global circulation, which more or 
less contains gray area in its legality, is very active because of its profitability, although its environmental effects are not 
considered. The reason why the global circulation is so active comes from the economic disparity between developed and 
developing countries. 

However, if the global circulation is managed appropriately including full care of the environmental effects, it can 
bring about some advantages that cannot be achieved by the local circulation of disposed artifacts in Japan. Such 
advantages may include: extension of lifetimes of products and components (e.g., secondhand market of products and 
spare parts reuse) that may increase living standards in developing countries and, at the same time, resource efficiency of 
product life cycles, higher recycling rate in manually operated recycling processes because of lower labor costs than in 
automated recycling processes in Japan, and a good means for ensuring resources with recycled materials in developing 
countries. 

Moreover, since many factories of, for instance, white goods and PCs sold in Japan, are located in Asian countries, 
one may say that it is quite natural to send disposed products back to its birth place for establishing the closed-loop 
circulation system. In order to such environmentally conscious global circulation, or sustainable global circulation, it is 
indispensable to ensuring traceability by visualizing the flow of circulation and appropriately managing them. 

For clarifying prerequisites of such sustainable global circulation, we are constructing models of the global 
circulation of assembled products based on the idea of life cycle simulation. Life cycle simulation is our simulation 
methodology that dynamically simulates circulation of a product life cycle including reuse and recycling loops and 
evaluates a product life cycle from both of economical and environmental viewpoints. Our preliminary study, which takes 
a personal computer as an example, suggests that while the global circulation for only recycling materials of disposed PCs 
is not so profitable nor so environmentally conscious because of potential risks in the destination countries (e.g., sudden 
changes of environmental regulations, theft, and lower quality management), product reuse in the secondhand market 
increases profitability and reduces environmental load. Here, we assume that the circulation does not include illegal paths. 
The main problem of this research is lack of practical data (e.g., even ship freightage fee from Japan to Asia) and invisible 
flows of product and component reuse and recycling. Therefore, accumulation of practical data is quite important for 
discussing the global circulation. Now, we are developing several models of the global circulation of products: for example, 
a model that imports disposed product among Asian countries to Japan and recycles them with very high technologies. 
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Director of Research Institute for Sustainability Science, Osaka University 
  

Education: 
1969 B. of Engineering, Dept. of Sanitary and Environmental Engineering, Kyoto University 
1971 Master of Engineering, Dept. of Sanitary and Environmental Engineering, Kyoto University 
1974 Doctor of Engineering, Dept of Sanitary and Environmental Engineering, Kyoto University 

  

Professional Career: 
1974 Research Assistant, Dept. of Environmental Engineering, Osaka University 
1976 Associate Professor, Dept. of Environmental Engineering, Osaka University 
1993 Professor, Dept. of Environmental Engineering, Osaka University 
1998 Professor, Dept. of Environmental Engineering, Graduate School of Eng., Osaka University. 

  

Research Fields/ Interests: 
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