Workshop "Characterizing the built environment stocks: methods and case studies", Odense, 11-12 Aug 2016

The weight of society over time
and space: a case of Japan
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Stock and Service:
?ﬁf 5 “How much material do we need for our life?”

Industr

(Populatlon HumanTlme) (Production, GDP)

Material StOCk (buildings, infrastructure, etc)
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@1/ Lifespan of Material Stock

Lifetime of MS State Impact

» High Lv. resource input / output
Keep re-building MS and CO2 emission for MS.

by every generation |+ High cost to keep city service.
» Over capacity of recycling

Shorter

3 -  Low Lv. resource input / output
| .‘ AL ation.Ol and CO2 emission for MS.

capital peyond - Possibilities of Urban mining with
generations future tech.

ool Ve ey S92 Sa>. LlmE.

Mater ial StOCk (buildings, infrastructure, etc)

Reference: Hisato Okamoto (2011) Stock-type Society Theory
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&/ multi-scale MSFA model: 4d-GIS

Bz XZ2ZXEA
BEHEXZ
Spatlal macro meso micro
Scale National scale . Regional scale =,  City scale

I ntifyv
Gap between policy dgoal of nation,
region and city.

1800 1850 1900 1950 2000 2050

Spatial Metabolism.
Forecasting, Backcasting
Scenario approach

3D‘Buildings shape
’ (with structure type)
Surface / Basement and Upper ground
Bk ‘. H
SUbsurface ‘1 Builjiﬁnggiou’r&déﬁon ASewer 0 R f Under ground

|| Gilest | network | | ) Roadway

| 1 g | +f |l ~ (with structure type)

Possibility of Waste

network
Man-hole
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f 4d-GIS database
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3D Buildings shape
(with structure type)

-

[
Sewer ~ l H
network : Roadway
' (with structure type)
Sewer
network
Man-hole
S 7 *
k =< .
Wakayama 1855-2014
Nago;/a 1970-2009 Manchester 1849-2004 Shenyang 1910-2011
Kitakyushu 1980-2013 Wuhan 1980-2010
Tokyo 1990-2012

71 www.nagoya-u.ac.jp/




4d-GIS database
Wakayama City Centre, Japan, 1855 - 2004

( 11.03 km?, 11,000 buildings, 46,012 peoples, 2004)
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Commercial Area
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f ) 4d-GIS database
1w+  Wakayama City Centre, Japan, 1855

1855




T % 4d-GIS database
1%¥=++ Wakayama City Centre, Japan, 1886

1886




\' ﬁ@ 4d-GIS database
w2+  Wakayama City Centre, Japan, 1947

1947




1 ﬁj 4d-GIS database
12w ~2  Wakayama City Centre, Japan, 1958

1958
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T % 4d-GIS database
=2 :2 - Wakayama City Centre, Japan, 1976

1976
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4d-GIS database
Wakayama City Centre, Japan, 1987

1987




Japan, 2002

ity Centre,

4d-GIS database
Wakayama C

2002




| 4d-GIS database
Wakayama City Centre, Japan, 2004

2004
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Japan, 1970

4d-GIS database
agoya City Centre,
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4d-GIS database
Nagoya City Centre, Japan, 1970 - 2009
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4d-GIS database
Nagoya City Centre, Japan, 1970 - 2009
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4d-GIS database
Nagoya City Centre, Japan, 1970 - 2009
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4d-GIS database
Nagoya City Centre, Japan, 1970 - 2009
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4d-GIS database
Nagoya City Centre, Japan, 1970 - 2009
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4d GIS database
) Nagoya City Centre, Japan, 1970 - 2009
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ﬁ,m ’ 4d-GIS database
| Nagoya City Centre, Main Station, Japan, 1970 - 2009
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ﬁ;@ r 4d-GIS database

==27:.  Nagoya City Centre, Main Station, Japan, 1970 - 2009
Bl Wooden P
M Steel L -
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ﬁ;@ r 4d-GIS database

=zx5:2  Nagoya City Centre, Main Station, Japan, 1970 - 2009

aa&k$/

B Wooden
B Steel
M RC

oo [ B o0 B o7 I oo B oo

ﬁ www.nagoya-u.ac.jp/




@ 4d GIS database
Y Nagoya City Centre, Main Station, Japan, 1970 - 2009
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@ 4d GIS database
***** Nagoya City Centre, Main Station, Japan, 1970 - 2009
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ﬁ;@ ’ 4d-GIS database

==+2:2 . Nagoya City Centre, Main Station, Japan, 1970 - 2009
B Wooden STy i
B Steel IR o 4{
M RC oot

-\

X

‘ "\l IJ_.“

oo B oo I 00 1 o7 I oo [ oo

ﬁ www.nagoya-u.ac.jp/




@ ‘ 4d-GIS database
3 Nagoya City Centre, Main Station, Japan, 1970 - 2009
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\ Distribution: MS of Building and Infrastructure
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/| Distribution: MS of Building and Infrastructure
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18,000,000,000 ton

(2009)

141 ton/cap.
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<7/ Material stock intensity by population in urban area
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| National Scale: MS, Construction minerals
(construction minerals, 1945 - 2005, Japan)

x # A
E K

§

.. 14 b-tons

“ Mortar; 3% ~ Ceramic; 2005
“ Wood; 2% 1% v
— As Glass < 1%
Concrete;

4%

MS 15 b-tons
2005

[ W, DI Sy Y N T DR § ] | |- R }

“ Sewer
“ Roadway
“ Building

1945
1950
1960
1965
1970
1975
1980
1985
1990
1995
2000
2005

1955
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£z Recyclability: National Scale: Surface / Subsurface MS

R EEAS (construction materials, 1945 - 2005, Japan)

Material Stock (billion tons)

Subsurface

& Sewer
“ Roadway
& Building
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6.0 b-tons
on ground
in 2005

56%
of MS is
underground!

7.6 b-tons
underground
in 2005
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E@ Recycling flow of concrete rubble in Japan

Unit: million tons
Virgin
aggregate ) Total use
Asphalt-concrete (84.57) of .
Size control aggregate .
S Use for building }
(129.95) ©.015)
Reclaimed
Waste of Recycled | aggregate
concrete rubble | process
(37.20
(32.01) (30.44) )
1 1 Use for Road }
Reuse in locate Crash sand (37.18)
Disposal site Reference: Survey of construction byproduct (2008)
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EZ@ Estimation of concrete rubble recycle

BHEAS
~ N
N— B,
municipalities
Multi Layer n=1720,
Urban Model - .
(Okuoka, 2013) ¢{2005-205£
K, _-— e s . .y, \ y
[ population [ bwldmg road construction
[ | construction
]
[
I I —
I household | supply of building road construction
| [ floor area
I I
I demand of [ material intensity input of concrete as
: building floor area| ) / lifespan recycled aggregate
| —— > | |
output of concrete from balance of recycling
demolished building of concrete rubble

ﬂ http://sites.google.com/site/ensap758/ 39




%J Scenario Setting
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E@J Time-series estimation of aggregation
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[#] Hub distribution

s @ M

m near

o @ X

@ Universe

o @ Japan
@ hub_x
@ hub_y
@ hub_concrete
@ hub_dist
@ num_hub
@ default_hub
@ near
i@ combine
@ total_com
i@ stable
@ closer
@ year
i@ correct_search_hub
@ correct_new_dist
@ muni_xy
@ hub_muni_xy
@ hub_dem_x
@ hub_dem_y
@ hub_sup_x
i@ hub_sup_y
i§ scenario
@ write

Hub Distribution

Trade
® hub

Output
u zone

] Input
zone

near

10

N W s Y N 8 W

| |== near I

0.0000000

[ num hub

o @ X

[#] Combine

num hub

1,250

1,000

750

500

250

== num hub
— closer

0.0000000

0.00C0000

Combine

- Combine
- Total

0.0000000
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2., Material balance of recycle distribution
S J (non-transportation)
2010 2050 \ 2050
Status quo Double
MBC =
shortage .
T “1.1-2
balanced « 09-1.1
®0.5-0.9
B .05

over-waste
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B3 K ¥ OE A
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' Material balance of recycle distribution
J (20km transportation)

2010 “‘ 2050 3\ 2050 %\

Status quo h Double k
MBC. = &,
shortage o 3
T 1.1-2 *', .
o~
balanced  09-1.1 b
®0.5-0.9 '

|
over-waste

-0.5
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= J Material balance of recycle distribution
(50km transportation)

B3 K ¥ OE A
EHEXREZE

2010 " 2050 K 2050 K
RA W Status quo " Double "
_RA s o gk
. MBC CR < f‘“ t &
ortage g , _ X % 3 <
T 1.1-2 Frm
;‘ -
balanced © 0.9-1.1 a4
05-0.9
B .05
over-waste
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7/ Material Productivity, Japan, 1965-2010 (1965=1)

IKZF

BEEAS 1 (MS includes construction minerals, metals, and timber)

3
- GDP/DMC (1965=1)
- GDP/MS (1965=1) GDP/DMC
(2008)
2,360 US$/ton
x 2.06
2
GDP/DMC
(1965)
1,144 US$/ton
1 x 1.15
GDP/MS (1965) GDP/MS (2008) °
161 US$/ton 186 US$/ton
0

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

GDP: constant 2000 JPY - USD
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&+ MS / MF Indicators: Japan, 1960-2010
(1960=1, MS includes building and infrastructure)

~ (180 BY)

4X 7.7
(2.9 TS$/y)

1960 =1

x 3.7
(1.2 Bt/y)

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
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I Setting MSFA Indicator to support national Law

-The Fundamental Plan for Establishing a Sound Material-
Cycle Society, MoE (fBIREIGtSHEEEARGTE, IRIEA)

Three Material Flow Indicator + Stock Indicator
-Stock type society and longer life span structure
-International Studies of 4dGIS and MSFA

I Action on Climate Change and Resource Issue

-Possible avoidance of CO2 emission with controlling
metabolism

-Connect CC to Resource Consumption (steel, cement)
-Examine Possible Adaption options

Management of “Demand” and “Supply” of

Recycling Materials, Regional Circulation Area

-Understanding changing patterns of urban mass
30 uidingsshape -Efficient use of raw materials
e -Maximizing / Optimizing Recycling Systems

rald

s Basement and . )
Bl (i I I Resiliency and Disaster Waste Management

1M
| Buildinglfoufidation  Sewer g
I?:jles",“‘ network | | 1) Roadway

o : e it e IO -Disaster Waster management plan for local government
i -Network Analysis of extra ordinal situation

Man-hole
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7/ Looking forward to seeing you in Nagoya Univ, 28-30 Sep. 2016

ISIE SEM
. . AP 2016
Nagoya

The joint
Socio-Eco
and the 5th ISIE

28-30 SEPTEMBER 2C
NAGOYA, JAPAN

http://isiesemap2016.org
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