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・New generation vehicles (NGV) are spreading worldwide.
・Several new services such as Car Sharing and Ride Sharing have 
been appearing.

Structural changes in automobile industry

Due to the structural changes of automobile industry,
the impact of automobile industry on whole society will change. 
(ex) 
On manufacturing sectors due to new parts production
On power systems due to EV use 

(Source) Ministry of Environment

Hybrid(CHR,TOYOTA)

Plug-in-hybrid(PRIUS,TOYOTA) FCV(MIRAI,TOYOTA)

EV(LEAF,NISSAN)

Fig. Image of MaaS
(Source) Ministry of Land, Infrastructure, Transport and Tourism (MLIT)
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Bottom-up Top-down
Target To optimize objective functions for 

a particular system deductively.
To optimize objective functions for 
plural activities inductively.

able to
consider

detailed technological 
characteristics with high
resolution for time and region.

the competitive relationship among 
plural activities as a whole 
economic system.

difficult to 
consider

the whole system composed of 
plural activities.

each activity in detail, with high
time and region resolution

Table.1.   Characteristics of Bottom-up and Top down Energy Model
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holds Producers of 
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top-down way

Market of 
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intermediate
consumption

governmental 
consumptionhousehold

consumption
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capital/labor capital/labor

Fig.1 Bottom-up model Fig.2 Top-down model



1.3 Research Objective
Introduction Methodology Results Conclusion

6

To evaluate the impact of such automobile sector’s  structural changes 
on society from the viewpoint of both economics and engineering.

Objective

Use Dynamic Multi-sector Energy Economic model (DMSEE model) 
reforming automobile sector and electric power sector.

and 

Analyze the impact of the changes by assuming some cases. 

Approach
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Electric power sector

Considering power plant type, 
hourly load, etc. 

Dynamic Multi-sector Energy Economic Model

Based on CGE model

Automobile sector

Considering vehicle/engine 
type, driving pattern, etc.

EV connection with power grid

Fuel consumption,
vehicle production

Electricity demand & supply, 
plant construction

General equilibrium data (I/O table, Capital investment matrix, etc.)

Production, Investment, Power generation, EV charge pattern, etc.

Engineering Data
(Initial transport demand, 

Annual mileage, Fuel 
efficiency, etc.)

Engineering Data
(Load curve by sector, 

Capacity factor by plant, 
etc.)

Fig.3 Model Overview

2.3

2.4

2.2

2.5
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・Supply and Demand balance ・Capital/Labor Constraints
・Capital Investment Constraints ・Exhaustible Resource Constraints

𝒓𝒓: 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝒚𝒚: 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠,

𝝈𝝈𝒓𝒓,𝒚𝒚:𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑟𝑟𝑟𝑟𝑟𝑟&𝑒𝑒,𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝑯𝑯(𝑮𝑮)𝒓𝒓,𝒚𝒚:𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑜𝑜𝑜𝑜 ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜(𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔) 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐, 𝒕𝒕𝒕𝒕𝒕𝒕𝒓𝒓,𝒚𝒚: 𝑡𝑡𝑡𝑡𝑡𝑡

maximize 𝑜𝑜𝑜𝑜𝑜𝑜 = �
𝑟𝑟,𝑦𝑦

σ𝑟𝑟,𝑦𝑦(𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑟𝑟,𝑦𝑦 + 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑟𝑟,𝑦𝑦 − 𝑡𝑡𝑡𝑡𝑡𝑡𝑟𝑟,𝑦𝑦)

Objective

Constraints

Govern
ment

House
holds Producers of 

commodity

determine 
production in 
top-down way

Market of 
commodity

Market of 
capital/labor

taxtax

production

intermediate
consumption

governmental 
consumptionhousehold

consumption

investment

capital/labor capital/labor

Fig.4 Image of DMSEE model
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Vehicle classification

Vehicle type（9 types）
passenger vehicle
private car, sharing car, community bus, 
chartered bus, taxi
freight vehicle
small private truck, large private truck,
small commercial truck, large commercial truck

Engine type（8 types）
gasoline, diesel, LPG, natural gas, 
hybrid, plug-in-hybrid, electric, 
fuel cell

Exogenous variables

Private
car

Sharing 
car

Community 
bus

Chartered 
bus Taxi

Small 
private 
truck

Large 
private 
truck

Small 
commercial 

truck

Large
commercial 

truck

Annual mileage 
[km] 8,026 35,000 22,857 37,764 23,203 11,994 44,578 1,858 4,282

Average load 
[p(ton)/km] 2.48 2.48 21.1 23.1 1.37 0.43 4.18 0.43 2.38

Initial number 
[104] 4,014 0 5.9 4.7 24 22 113 372 263

Initial demand
[billion p(ton)・km] 799 0 29 41 8 1 212 3 27

Table.1 Some of exogenous variables by vehicle type

(Source) Ministry of Land, Infrastructure, Transport and Tourism (MLIT)
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Initial transport demand 

forecast of population/GDP

Estimated future number of vehicle

vehicle sales

vehicle lifetime, sales scenario

Estimated future transport demand

annual mileage, load factor

fuel 
cost

production
cost

capital investment matrix

demand supply 
balance

DMSEE model

Fig.5 Model flow of automobile sector

fuel efficiency

・From initial transport demand, to fuel cost and production cost
・Fuel cost and production cost are incorporated into demand supply 
balance of DMSEE model.

Exogenous variables

Endogenous variables
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𝐿𝐿𝐿𝐿ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑡𝑡,𝑠𝑠 � 𝑋𝑋𝑋𝑋𝑦𝑦 + 𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠,𝑡𝑡,𝑠𝑠 � 𝑋𝑋𝑋𝑋𝑦𝑦 + �
𝑛𝑛

𝐿𝐿𝐿𝐿𝑛𝑛,𝑡𝑡,𝑠𝑠,𝑦𝑦 � 𝐴𝐴𝑒𝑒𝑒𝑒𝑒𝑒,𝑛𝑛,𝑦𝑦 � 𝑥𝑥𝑝𝑝𝑇𝑇𝑛𝑛,𝑦𝑦 + �
𝑝𝑝𝑙𝑙

𝐴𝐴𝑒𝑒𝑒𝑒𝑒𝑒,𝑝𝑝𝑝𝑝,𝑦𝑦 � 𝑥𝑥𝑝𝑝𝐵𝐵𝑝𝑝𝑝𝑝,𝑡𝑡,𝑠𝑠,𝑦𝑦 + 𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑡𝑡,𝑠𝑠,𝑦𝑦

= �
𝑝𝑝𝑙𝑙

𝑥𝑥𝑝𝑝𝐵𝐵𝑝𝑝𝑝𝑝,𝑡𝑡,𝑠𝑠,𝑦𝑦 + �
𝑠𝑠𝑡𝑡𝑡𝑡

𝑥𝑥𝑝𝑝𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠,𝑡𝑡,𝑠𝑠,𝑦𝑦

Household Government Each sector Power plant

Electricity Demand and Supply Balance

Other constraints

𝒕𝒕: 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡, 𝒔𝒔: 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠,𝒚𝒚: 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦,𝒏𝒏:𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎, 𝒆𝒆𝒆𝒆𝒆𝒆: 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒,
𝒑𝒑𝒑𝒑:𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁,𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶,𝑂𝑂𝑂𝑂𝑂𝑂,𝐺𝐺𝐺𝐺𝐺𝐺,𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻,𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊, 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑃𝑃𝑃𝑃,𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 , 𝒔𝒔𝒔𝒔𝒔𝒔: 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(= 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵,𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵,𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃,𝐸𝐸𝐸𝐸 )

𝑳𝑳𝑳𝑳: 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶,𝑨𝑨: 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑪𝑪𝑪𝑪:𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹,𝑿𝑿𝑿𝑿 𝑮𝑮 :𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑜𝑜𝑜𝑜 ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜(𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔),

𝒙𝒙𝒑𝒑𝑻𝑻:𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎,𝒙𝒙𝒑𝒑𝑩𝑩:𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎,𝒙𝒙𝒑𝒑𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔: 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠, 𝒙𝒙𝒆𝒆𝑩𝑩: 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑜𝑜𝑜𝑜 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

・Load following operation ・Reserve Capacity
・Investment and Capacity ・Other technology specific constraints

Capacity Factor constraint
𝜂𝜂 � 𝑥𝑥𝑥𝑥𝐵𝐵𝑟𝑟𝑟𝑟,𝑡𝑡,𝑠𝑠,𝑦𝑦 ≤ 𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟,𝑡𝑡,𝑠𝑠 � 𝑥𝑥𝑒𝑒𝐵𝐵𝑟𝑟𝑟𝑟,𝑦𝑦 (𝑟𝑟𝑟𝑟 = 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻,𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊, 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑃𝑃𝑃𝑃 )

EV

Generation Storage

・High time resolution (hourly)
・Consider engineering characteristics by constraints 
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Fig.6 Hourly Capacity Factor of each season

Fig.7 Hourly Load Curve by sector of each season
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Classify EVs by purpose and Assuming hourly driving pattern    

Fig.8 Hourly driving pattern by purpose

Charge/discharge condition
・determine EVs state {“moving”, “not moving”} by state transition model
・EVs can charge/discharge when they are “not moving”.
・EVs consume electricity when they are “moving”.
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Year Range From 2010 to 2050 (5 year intervals, 9 time step)
Region Japan only
Case 1 Sales Scenario by engine type

 NGV spread case（NGV case）⇒ Shown in below Fig.9
 Reference case (REF case) ⇒ constant

Case 2 CO2 emission Tax
Impose $X/ton-CO2 emission tax ($X/t-CO2 case)

Case 3 Nuclear Investment Prohibition
Prohibit new installation of nuclear power plant (noN case)
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Fig.9 Some of sales scenario in NGV case
(left: passenger car, center: community bus, right: small private truck)
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[B$]

petroleum
fuel

natural 
gas electricity hydrogen

NGV 
case

REF 
case

NGV 
case

REF 
case

NGV 
case

REF 
case

NGV 
case

REF 
case

2015 52.4 52.4 0.0 0.0 0.0 0.0 0.0 0.0

2030 39.2 46.4 0.1 0.0 1.1 0.1 0.1 0.0

2040 32.9 44.2 0.3 0.0 1.7 0.1 0.3 0.0

2050 28.7 42.7 0.3 0.0 1.9 0.1 0.9 0.0

0
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A case R case

FCV

EV

PHEV

HV

NGV

Diesel/LPG

Gasoline

[B$] Petroleum
products

Chemical 
products

Non-ferrous 
metal

Metal 
product Machinery Domestic 

total

NGV case 189.9 151.3 12.4 13.6 24.4 2340.1

REF case 202.2 147.5 11.1 12.9 24.1 2349.6

NGV – REF ▲12.3 3.8 1.3 0.7 0.3 ▲9.6

Fig.10 Trend of vehicle production

Table.2 Trend of fuel consumption in
automobile sector

Table.3 Domestic consumption of 5 sectors in 2050

NGV case REF case

[B$] 50.0 49.7 43.4
52.9
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Fig.13 Power generation mix

($500/t-CO2 case)
Fig.14 Power generation mix

($500/t-CO2_noN case)

Fig.12 Power generation mix
($100/t-CO2 case)

Fig.11 Power generation mix 
($0/t-CO2 case)
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Fig.15 Hourly power generation pattern in 2050
($500/t-CO2, NGV case)

Fig.16 Hourly power generation pattern in 2050
($500/t-CO2, REF case)

Fig.17 Installed capacity in 2050
($500/t-CO2 case)
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Fig.18 Hourly power generation pattern in 2050
($500/t-CO2, noN, NGV case)

Fig.19 Hourly power generation pattern in 2050
($500/t-CO2, noN, REF case)

Fig.20 Installed capacity in 2050
($500/t-CO2, noN case)
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Conclusion/Future Work
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・We have developed a model that can assess the economic impact of 
the structural change of the automobile industry on the whole society.

・We evaluated quantitatively the changes in fuel consumption, 
vehicle production and economical impact on other sectors due to the 
spread of next-generation vehicles.

・EV could contribute to power system, but more realistic 
assumptions and constraints are needed. 

・Make ‘sales ratio by engine type’ endogenous

・Consider other future technologies and services

・Expand the Japan one model to international multi-region model

Conclusion

Future Work



Thank you for your attention!
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𝝈𝝈𝒓𝒓,𝒚𝒚:𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑨𝑨𝒎𝒎,𝒏𝒏,𝒓𝒓,𝒚𝒚: 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,
𝑪𝑪𝒎𝒎,𝒏𝒏,𝒓𝒓,𝒚𝒚: 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖,𝑫𝑫𝒒𝒒,𝒓𝒓,𝒚𝒚: 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑛𝑛𝑛𝑛𝑛𝑛- 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

Dynamic Multi-sector Energy Economic Model
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【Objective】

【Constraints】
・Supply and Demand balance

・Exhaustible Resource Constraints

・Capital/Labor Constraints
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State Transition
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・In order to consider when to charge and discharge, driving state (moving, not 
moving or ready for drive etc.) needs to be grasped.

State: “parking1”
・soon after driving (not moving, just finished driving)
・all of them shift to “parking2” at the next time step

State: “parking2”
・staying
・some of them shift to “parking3” and the others stay on “parking 2”

State: “parking3”
・soon before driving (not moving, about to start driving)
・all of them shift to  “driving”

State: “driving”
・driving
・some of them shift to “parking1” and the others stay on “driving”

Appendix



st = “parking1”

st = “parking2”

st = “parking3”

st = “driving”

t
・

・

・

・

t+1
・

・

・

・
𝑡𝑡 ∈ 𝑇𝑇 = 0,1,���,23

𝑠𝑠𝑠𝑠 ∈ "𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝, "𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,
"𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝, "𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
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State Transition  -Equations
Number of vehicle is constant at any time steps.

State Transition

𝑋𝑋𝑋𝑋:𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉

Average driving time 
per trip

Driving demand and supply balance

30

(1)

(2)

(3)

(4)

(5)

(6)

(7)
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