
1

1 3 2 2 2 

1 113-8656 7-3-1  

E-mail:h_sakai@env.t.u-tokyo.ac.jp 

2 113-8656 7-3-1  
3 192-0397 1-1

5

50 2.8
 

     Key Words :  

1.  

1887

1) 25

97.7% 2)

 

 

2010

1 2,806 2030 1 1,662

2060 8,674
3)

1998

4)  

50

8 5) 50

 

6-14)  

15)

2050 3.3%

17 5,500

16) 17)

第 44 回環境システム研究論文発表会講演集 2016年 10月 

- 113 -



2

18)

19, 20)

50

2

50 1

5

2.

(1)
a)

5

5

200 2500 m3/

2 3

b)

5

50 1

5

c)

2

5 C 4

C

50 1

C

C

C

C

2

50

( )

A 680 m 240 m3 ( ) 

B 550 m 400 m3 ( ) 

C 370 m 2500 m3 ( )

D 400 m 350m3 ( )

E 410 m 200 m3 ( ) 

A

C

D

B

E

( )

- 114 -



3

2

d)

2016

(2)
a)

50 2014

b)

x y

x y x

x+1

y

x=4 d)

y

1 1 100 m3

c)

7 3

11 40

21)

16

(3)
a)

25 /m3 5

b)

22) ( 26-00380)

c)

( )

A

A

B

B

C

C1 C2 C3

D

D

P

E

E

P

A B C D E

680 m 550 m 370 m 400 m 410 m

2500 m3

-

P

P

- 115 -



4

11)

d)

23) ( 25 22 )

e)

24)

0.1 m

0.1 m

3.

(1)
a) A

2030 C 4

C

a) C A

50

50

25 /m3

0

5

10

15

20

25

30

35

2
0

1
6

2
0

1
9

2
0

2
2

2
0

2
5

2
0

2
8

2
0

3
1

2
0

3
4

2
0

3
7

2
0

4
0

2
0

4
3

2
0

4
6

2
0

4
9

2
0

5
2

2
0

5
5

2
0

5
8

2
0

6
1

2
0

6
4

(
C

+A
)(

1
0

0
)

( C) ( A)

( C) ( A)

0

5

10

15

20

25

30

35

2
0

1
6

2
0

1
9

2
0

2
2

2
0

2
5

2
0

2
8

2
0

3
1

2
0

3
4

2
0

3
7

2
0

4
0

2
0

4
3

2
0

4
6

2
0

4
9

2
0

5
2

2
0

5
5

2
0

5
8

2
0

6
1

2
0

6
4

(
C

+D
)(

1
0

0
)

( C) ( D)

( C) ( D)

0

5

10

15

20

25

30

35

2
0

1
6

2
0

1
9

2
0

2
2

2
0

2
5

2
0

2
8

2
0

3
1

2
0

3
4

2
0

3
7

2
0

4
0

2
0

4
3

2
0

4
6

2
0

4
9

2
0

5
2

2
0

5
5

2
0

5
8

2
0

6
1

2
0

6
4

(
C

+B
)(

1
0

0
)

( C) ( B)

( C) ( B)

0

5

10

15

20

25

30

35

2
0

1
6

2
0

1
9

2
0

2
2

2
0

2
5

2
0

2
8

2
0

3
1

2
0

3
4

2
0

3
7

2
0

4
0

2
0

4
3

2
0

4
6

2
0

4
9

2
0

5
2

2
0

5
5

2
0

5
8

2
0

6
1

2
0

6
4

(
C

+E
)(

1
0

0
)

( C) ( E)

( C) ( E)

a) b)

c) d)

2030 50

- 116 -



5

C

A 2030

2029 2030

490

A

2030

50

200 m3/

2030

200 2030

16

3 1

2030 800 /

A

A

A 2030 550

b)
B C

b) B

A

600

D C

c) A B

500

E C

d)

200

D E

D

E

3 1

(2)
a)

2030 50

50

1

C 4

A B D E

A B a) b)

D E

A

B 3 4

50

50

D E C

2016

50

c)

50

1

7

1

D E

50 C D E

10 12

D 1.7 E

1.1

- 117 -



6

C

D E

1

1% D E

100 150 m3/

C DE

C

D E A

B

b)

A B

D E

D 2047

E

0

200

400

600

800

1000

1200

1400

1600

2
0

1
6

2
0

1
9

2
0

2
2

2
0

2
5

2
0

2
8

2
0

3
1

2
0

3
4

2
0

3
7

2
0

4
0

2
0

4
3

2
0

4
6

2
0

4
9

2
0

5
2

2
0

5
5

2
0

5
8

2
0

6
1

2
0

6
4

5
0

(
C

+A
)(

1
0

0
)

( C)

( A)

0

200

400

600

800

1000

1200

1400

1600

2
0

1
6

2
0

1
9

2
0

2
2

2
0

2
5

2
0

2
8

2
0

3
1

2
0

3
4

2
0

3
7

2
0

4
0

2
0

4
3

2
0

4
6

2
0

4
9

2
0

5
2

2
0

5
5

2
0

5
8

2
0

6
1

2
0

6
4

5
0

(
C

+E
)(

1
0

0
)

( C)

( E)

0

200

400

600

800

1000

1200

1400

1600

2
0

1
6

2
0

1
9

2
0

2
2

2
0

2
5

2
0

2
8

2
0

3
1

2
0

3
4

2
0

3
7

2
0

4
0

2
0

4
3

2
0

4
6

2
0

4
9

2
0

5
2

2
0

5
5

2
0

5
8

2
0

6
1

2
0

6
4

5
0

(
C

+D
)(

1
0

0
)

( C)

( D)

0

200

400

600

800

1000

1200

1400

1600
2

0
1

6

2
0

1
9

2
0

2
2

2
0

2
5

2
0

2
8

2
0

3
1

2
0

3
4

2
0

3
7

2
0

4
0

2
0

4
3

2
0

4
6

2
0

4
9

2
0

5
2

2
0

5
5

2
0

5
8

2
0

6
1

2
0

6
4

5
0

(
C

+B
)(

1
0

0
)

( C)

( B)

50 ( )

a) b)

c) d)

- 118 -



7

E 2016 50

1

E

D E 2016

50 2.8

(3)
a)

7

3 5 9 11 5 50

C D E 3 50

D E

51 51=2601

7

7

3 50 3

(C, D, E) 30%

2.5

4.5 9 11

10%

11 0.7 1.2

D E C 50

2.8

1.2

80%

85%

90%

95%

100%

105%

110%

115%

120%

11 33

( )

66 110 165

( 100 )

70%

80%

90%

100%

110%

120%

130%

140%

3 5 7

( )

9 11

7

E

( D 2047 )

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2
0

1
6

2
0

1
9

2
0

2
2

2
0

2
5

2
0

2
8

2
0

3
1

2
0

3
4

2
0

3
7

2
0

4
0

2
0

4
3

2
0

4
6

2
0

4
9

2
0

5
2

2
0

5
5

2
0

5
8

2
0

6
1

2
0

6
4

5
0

(
A

+B
+C

+D
+E

)

(
1

0
0

)

E

( E)

( A, B, C, D)

( A+B+C+D+E)

- 119 -



8

b)

10

C D E 3

2601

E

3300

1100 100%

6600 100%

50

1

1000 1 6500

100%

E

4.

5

5 2

50 2.8

7 11

50 1.2

(

)

1) 2013.
http://www.mhlw.go.jp/stf/houdou/2r9852000002yndb-
att/2r9852000002yngq.pdf. (2016 3 5 )

2) 2013.
http://www.mhlw.go.jp/stf/seisakunitsuite/bunya/topics/bu
kyoku/kenkou/suido/database/kihon/ (2016 3 5

)
3)

2012
http://www.ipss.go.jp/syoushika/tohkei/newest04/sh2401to
p.html

4) 2014.
http://www.mlit.go.jp/tochimizushigen/mizsei/c_actual/act
ual03.html.

5)
2016.

http://www.mhlw.go.jp/stf/shingi/other-
kenkou.html?tid=291236 (2016 3 5 )

6)

79, pp.2-12, 2010.
7)

80, pp.9-16, 2011.
8)

36, pp.125-130, 2008.
9)

80, pp.2-10, 2011.
10) Bambang 

- 120 -



9

Bakri

G 70, pp.II_297-II_307, 2014.
11)

Bambang Bakri LCA
G 69, pp.II_351-II_358, 

2013.
12)

80, pp.2-
10, 2011.

13)

81, pp.1-12, 2012.
14)

80, pp.9-16, 2011.
15)

-
- G 70, 

pp.III-119-III-130, 2014.
16)

2013. http://www.city.ota.gunma.jp/005gyosei/0160-
001suidou/01news/2013-0717-1459-183kouiki.html (2016

3 5 )
17)

2011.
http://www.pref.kagawa.lg.jp/content/etc/subsite/mizu/kag

awa_suido/kouikika.shtml (2016 3 5 )
18)

2015. http://www.c-kouiki.jp/ (2016 3 5
)

19) Dagnachew Aklog

VII-37, 
pp.125-135, 2005.

20) Dagnachew Aklog

G 62, pp.369-376, 2006.
21) 2015.

http://law.e-gov.go.jp/htmldata/
S27/S27F03101000073.html. (2016 3 5 )

22) 26-
00380
https://www.e-procurement.metro.tokyo.jp/indexPbi.jsp 
(2016 3 5 )

23) 25
22

https://www.ebid.pref.kyoto.jp/PPI_P/
24)

IV 2011.
http://www.mhlw.go.jp/topics/bukyoku/kenkou/suido/jouh
ou/other/dl/o7_0707_m3.pdf. (2016 3 5 )

Planning of Small Scale Membrane Water Treatment Plant in a Depopulating Society

Hiroshi SAKAI, Satoru FUJINO, Takashi HASHIMOTO and Satoshi TAKIZAWA

Water utilities in Japan are forced to renew its infrastructure with less water revenue in a depopulating 
society. This problem would be distinct at small scale water treatment. This study developed a planning 
tool for a system, which is composed of five water treatment facilities. Cost for water purification, renew-
al cost for membrane facilities, and renewal cost for pumping station, were calculated for 50 years from 
current. Integration of five facilities were inestigated in a multipe scenario. The investigation showed in-
tegration at a designated timing would reduce 280 million JPY as a summation of 50 years. Integration 
was effective when those facilities are already connected by water distribution pipes. It was also recom-
mended to integrate after the durable years of equipments has passed.
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