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A System Dynamics Model of Urban Energy Flow in Asian Gore Cities
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To present a strategic scenario to build a sustainable architecture-urban system in
Asian core cities, a system dynamics model to simulate the urban energy flow of
demand/supply energy system in Asian core cities has been developed and the energy
consumption and CO:z emission in the cities were investigated under the different

scenarios.
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Unify the detailed 1/O table of Aichi
prefecture into the one with 99 items
v
Estimate the amount of materials such as
oil related products, electricity etc. by the
domestic I-O tables

Calculate the total consumption of fuel
and raw materials using the statistical A
table on oil consumption in the industry

Calculate the raw material consumption
using the statistical table on oil B
consumption in the industry

I
v v

Calculate the energy
consumption by
subtracting B from A

Estimate the floor
area of buildings
related to agriculture,
industry, commercial,
storehouse, hospital,
dormitory etc.

Calculate the energy
consumption by multiplying
the heat generation rates
of ea(fh fuel

I

v

Embodied energy per unit area
Embodied energy consumption per 1 million JY
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F1 PEEMROT R X —IHE FHENL

(GJ/100m?)
Department store | Supermarket Convenience
store

IO Tebles (1995) 390.95 220.13 351.45
(Matsumoto et al.,)
IO Tables (2000) 544.29 252.65 563.59
(Matsumoto et al.,)
The Institute of Energy 150.69 147.34 42487
Economics, Japan (IEE)

Qjima et al. 153.16 147.05 -
K2 BEMRHOTRLF —HE AL
(GJ/100m")

Elementary Junior high High school University Hospital
school school
10 Tables 28.16 25.52 26.22 19.63 | 143.45
(1995)
(Matsumoto
etal)

10 Tables 52.59 48.12 47.96 38.34 | 196.47
(2000)

(Matsumoto
etal)

IEE - - - - 179.16
Ojima et al. 41.92 41.92 25.94 43.38 | 200.45
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Model/ Equations
Sub-models
Full Model
System
Dynamics G0, g = [60, gy, + 00y + G0,y + G0y 1, + G0, ]
Model® ~[E0,l (1)
Sub-mogel
Raesidential 0 N
Sub-modal® C0,,.=Hx 2 (GAR x EmR), (2)
E.. = GDP,,, X 5.GDP,_ x ECR,_ 3
Commercial fom o o e @
Sub-model” = i
CO, oy = Egom X E (SEyym X EMR), (4)
Industrial En = GDPy, X 5.GDP_, X ECR,_ {5)
Sub-modal® =
CO?IM N En:x E {SE'I!: X EmR), (6)
Transporiation -
Sub-model® G0, =[VxXDx Z (CnR X EMR)]J,, oo 7
—— E, = GOP,, X S.G0P, X ECR, (8)
Sub-model’ 0
00, =Ep E. (SE, X EmR), 9)
Carbon
Sequestration 00, = [ALx GSR, ]+ [FLxC5R,] + [BLXGSR,]  (10)
Sub-model®
Where:
IDR  : Iskandar Development S.GDP : Share of Sectoral GDP
Region against the Total GDP
Bes  : Residential Sector ECR : Energy Consumption Rate
Com : Commerclal Sector per Unit of GDP
Ind . Industrial Sector SE : Share of Each Fuel Type
Tran  : Transporiation Sector against the Total Sectoral
Agr  : Agriculture Sector Energy Consumption
cs : €0, Sequestration v © Total Number of Each
G0, : GO, Emissions Type of Vehicles
EmR : GO, Emission Rate D . Travel Distance of Each
H : Total Number of Vehicle
Household M,C.B,F: Motorcycles, Cars, Buses,
CnR  : Energy Consumption Rate Freight Vehicles
E : Sectoral Energy SCR  : Carbon Sequestration Rate
Consumptions AL : Agricuftural Land Use
CnR  : Energy Consumption Rate  FL : Forest Land Use
f1.0n : Fual Typas BL : Bushes, Parks and other

GDP,,, : Total GDP Green Areas

Seurca: "Fong at al., 2008b; “Fong af al, 2007a, 2007b; Fong of a1, 2008b
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Sectors I0R Malaysia®
PJ % PJ %

Residential 1.4 1.6 213.0 141
Commercial £l 8.4

Industrial 438 51.2 630.7 4.7
Transportation 33.0 38.7 661.3 437
Agriculture 0.1 01 a.00 0.5
Total 85.2 100.0 1,505.0 100.0

= Source: EPU, 2006. Note: Separate figures for residential and commercial
sectors are not available.
® Including forestry sector
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Aspects of urban Cases of urban policies

policies Carbon Intensive (CI) Low Carbon Oriented (LC) Policies
Policies

Promote energy efficiency improvement

No particular effort on

Energy Efficiency X via mechani in all sectors
energy efficiency .
(EE) . (assuming 30% reduction in energy
improvement .
consumption)
Energy Emphasis on fossil fuels in Promote renewable energy in all sectors
Composition (EC) all sectors (assuming 20% share of renewable energy)

Promote 1 sit public transportation

Transportation

Favor private transportation (assuming 50% share of public

(TR)
transportation)
Emphasis on high-tech light industries and
Economic Emphasis on energy
service industries (assuming 20% share of
Structure (ES) intensive heavy industries

energy intensive manufacturing industry)

Controlled urban population growth
Population (PO) Favor rural-urban migration

(assuming 2.0% p.a. growth rate)

Green areas (GA)

(open spaces, Favor conversion of green Protection of green areas (conservation of

plantations, areas for development the existing forests)

Jforests, wetlands)

K512l —ya  fERERT,
BSE (2005 D 3E T 5.63Mt CO2) (2
T, MBEER OEE R 7206 (BUS),
2025 12 CO2 HEH EITHKI 5 50 26.49 Mt
CO:Z72 %, ERID TV FDOH THIRT
bR S 0L, EES = % /L¥ —4h%
DHFETHY, BUS ITHTK 8Mt CO:
I (K 30%8) DEIRMN R & ivlz, £z,
RE L7z o) U F O Tl b HINBEh 33
LENTDITIMS (FFEL6 2OKRY >r—%F
RTHEALYEA) T10.38 Mt CO2 & 72
D, BUS 2K 60% 8 & 72 o 72,

§25————
“
§207777/\7
§
Ewnp—-—/
<
E]
%
‘E 10 [ —* 416~
§
| 5.63
g
F o5 —
0
BSE
2005

Total emissions

—+—Per capita emissions

BSE: Bascline Emission in 2005

Simulation scenarios:

BUS: Business as Usual Scenario ECS: Energy Composition Scenario
EES: Energy Efficiency Scenario TRS: Transportation Scenario
ESS: Economic Structure Scenario POS: Population Scenario

GAS: Green Area Scenario IMS: Integrated Measure Scenario
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