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1.1 Background

Structural changes in automobile industry

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

been appearing.

Due to the structural changes of automobile industry,
the impact of automobile industry on whole society will change.
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1.2 Overview of Energy Models

Table.1.

Characteristics of Bottom-up and Top down Energy Model

- Bottom-up

Target To optimize objective functions for
a particular system deductively.
able to detailed technological
consider  characteristics with high
resolution for time and region.
difficult to the whole system composed of
consider  plural activities.
Fossil Fuel .
Coal wp  Solid Fuel
Crude Oil
Natural Gas Liquid Fuel
Energy Liquid Fuel
Renewable Energy Ccr;\;:;sl,':on Methanol etc.
Biomass sl Gas Fuel Gas Fuel
Wind. PV Hydrogen etc.
Hydro-;rnuwér

Nuclear

i j
Power Electrici
(= Plant ec flCIty

Fig.1 Bottom-up model

To optimize objective functions for
plural activities inductively.

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

each activity in detail, with high
time and region resolution

tax

tax

Govern
ment

1

governmental

household consumption

consumption

H production
ouse
holds ﬁ Market of
commodity ) Producers of
] intermediate €OMmodity
lnvestment‘ consumption
determine
Market of production in

- top-down way

capital/labor

capital/labor

capital/labor

Fig.2 Top-down model 5
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1.3 Research Objective

Objective

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

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.
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2 . Methodology

2.1 Model overview

2.2 DMSEE model

2.3 Automobile sector modeling

2.4 Electricity sector modeling

2.5 Relationship between EV and electricity sector
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2.1 Model Overview

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

2.2 [

Dynamic Multi-sector Energy Economic Model

Based on CGE model

) Electricity demand & supply,

Engineering Data Electric power sector e =t
(Load curve by sector, o —
Capacity factor by plant, Considering power D|E' >
etc.) hourly load, et D

‘ lEV connection with power grid

. Automobile sector
Engineering Data -
(Initial transport demand, N nicle/[EIE)
Annual mileage, Fuel onsidering vehicle _ ' :
efficiency, etc.) L type, driving patterrfeeee Fuel coensumption,

vehicle production

- '
Production, Investment, Power generation, EV charge pattern, etc.
Fig.3 Model Overview
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2.2 DMSEE Model

Objective

maximize obj = Z oy y(utilH, ,, + utilG, , — tax, )

ry
Constraints
- Supply and Demand balance - Capital/Labor Constraints
- Capital Investment Constraints - Exhaustible Resource Constraints
tax Govern tax
ment
governmental
household_ consumption
consumption .
production
:gf;: Market of | <—
commodity PI‘OduceI‘S_ Of
intermediate commodity
investment consumption
detern.'line.
Market of pro_ductlon in
capital/labor top-down way
capital/labor capital/labor

Fig.4 Image of DMSEE model

r:region,y:year step,

0,y discount rat&e, utilH(G), ,: utility of household(governmental) consumption, tax, ,: tax
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2.3 Automobile sector Modeling

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

Exogenous variables

X

Engine type (8 types)

gasoline, diesel, LPG, natural gas,
hybrid, plug-in-hybrid, electric,
fuel cell

Table.1 Some of exogenous variables by vehicle type

Private Community | Chartered Taxi
axi
car bus bus

el 8,026 35,000 22,857 37,764 23,203
Average load

Ay b 2.48 2.48 21.1 23.1 1.37
Initial numbe

o e 4,014 0 5.9 4.7 24
Initial demand 799 0 29 41 8

[billion p(ton)-km]

Small Large Small Large
private private commercial | commercial
truck truck truck truck
11,994 44,578 1,858 4,282
0.43 4.18 0.43 2.38
22 113 372 263
1 212 3 27

(Source) Ministry of Land, Infrastructure, Transport and Tourism (MLIT)
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2.3 Automobile sector Modeling

- 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

Initial transport demand

fuel efficiency < forecast of population/GDP

fuel
cost

P
<

A 4

DMSEE model

demand supply
balance

Estimated future transport demand

< annual mileage, load factor

v

Estimated future number of vehicle

capital investment matrix

production
cost

P

< vehicle lifetime, sales scenario

\ 4

vehicle sales

Fig.5 Model flow of automobile sector
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2.4 Electric Power sector Modeling

-High time resolution (hourly)
-Consider engineering characteristics by constraints

Electricity Demand and Supply Balance

Household Government Each sector Power plant EV

LChousehold,t,s : XHy + LCservice,t,s ' XGy + z LCn,t,s,y ' Aely,n,y ' xan,y + Z Aely,pl,y ' xpol,t,s,y + XdriveEVt,s,y
n

pl
- Z XPBpLt,s,y + Z xpswragesto,t,s,y
pl sto

Generation Storage

Capacity Factor constraint
N XPBrorsy S CFrets* Xep,, (re = {Hydro,Wind, Solar PV})

Other constraints

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

t:time, s: season, y: year, n: activity, ely: electricity,
pl: power plant(= {Nuclear, Coal, Oil, Gas, Hydro, Wind, Solar PV, Others}), sto: storage(= {Battery1, Battery2, Pumped, EV})

LC: Load Curve, A: intermediate consumption coef ficient, CF: Capacity Factor, XH(G): Electricity Consumption of household(government),

xpr:production of topdown activity, xpg: production of bottomup activity, XPstorage: StOTAge, Xeg: capacity of bottomup activity
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2.4

Electric Power sector Modeling
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2.5 Relationship between EV and Electric Power sector

Classify EVs by purpose and Assuming hourly driving pattern

0,001
0,0009 commute (5 weekdays)
0,0008 | commute (3 weekdays, 2 holidays)
business (5 weekdays)
0,0007" business (3 weekdays, 2 holidays)
0,0006 | ——business (5 weekdays, 2 holidays)
0,0005 others

0,0004
0,0003 |
0,0002 |
0,0001 |
o l— ) /_/\/\

0 2 4 6 8101214 1618202210 2 4 6 8 10 12 14 16 18 20 22

weekdays holidays

Hour

Fig.8 Hourly driving pattern by purpose

Charge/discharge condition

-determine EVs state {“moving”, “ "} by state transition model
-EVs can charge/discharge when they are “ "

-EVs consume electricity when they are “moving”.
14
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3. Results

3.1 Calculation conditions & case setting
3.2 Economical impact due to NGV spread
3.3 Power generation mix

3.4 Effect of EV on power system
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3.1 Calculation Conditions & Case Setting

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 CO, emission Tax
Impose $X/ton-CO, emission tax ($X/t-CO, case)
Case 3 Nuclear Investment Prohibition

Prohibit new installation of nuclear power plant (noN case)

100% 100% 100%

90% 90% 90% FCV

80% 80%
70% 70%

60% 60%

80% EV
70%
’ PHEV
60%
50% 50% 50% HV
40% 40% 40% NGV
30% 30% 30% B LPG
20% 20% 20% .
H Diesel
10% 10% I 10% I I I I I
0% 0% I I 0% m Gasoline

2010 2015 2020 2025 2030 2035 2040 2045 2050 2010 2015 2020 2025 2030 2035 2040 2045 2050 2010 2015 2020 2025 2030 2035 2040 2045 2050

Fig.9 Some of sales scenario in NGV case
(left: passenger car, center: community bus, right: small private truck)
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3.2 Economical Impact Due to NGV Spread

52.9

Table.2 Trend of fuel consumption in [BS] 50.0 49.7 43.4
. \ il
automobile sector 00
. N 50-*—._-lI I mFCV
electricity hydrogen [N I I I 11 HAEHN EV
L PHEV
NGV | REF | NGV | REF | NGv | REF | NGV | REF [N I I [ I -
case case case case case case case case 20 I I
0 L NGV
2015 52.4 52.4 0 m Diesel/LPG
2030 39.2 464 0.1 00 11 0.1 01 0.0 MUY QYW RAN QYN QY Q@ Q| |"Gasoline
O O O O O O O 0Ol O O O o o o o
2040 329 442 03 00 1.7 01 03 0.0 faa A e s as e o e s d
NGV case REF case

2050 28.7 42.7 0.3 0.0 1.9 0.1 0.9 0.0
Fig.10 Trend of vehicle production

Table.3 Domestic consumption of 5 sectors in 2050

Petroleum Chemical Non-ferrous Metal . Domestic
[B+] metal

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 A12.3 3.8 1.3 0.7 0.3 AO.6
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3.3 Power Generation Mix

Power Generation [PWh]

'S

14
1.3 = Others Solar PV m Wind = Hydro 13 m Others Solar PV = Wind o Hydro
1.2 = Oil | Gas = Coal m Nuclear 12 il W Gas = Coal [] N;IC]CRI'
11 L1
. 1 . 1
‘E 0.9 E 09
08 g 08
;5':‘ 0.6 g 06
% 05 g 0.5
™04 * 04
03 03
02 02
0.1 0.1
0 0
2015 2020 2025 2030 2035 2040 2045 2050 2015 2020 2025 2030 2035 2040 2045 2050
Year Year
Fig.11 Power generation mix Fig.12 Power generation mix
($0/t-CO, case) ($100/t-CO, case)
14 14
13 m Others Solar PV » Wind w Hydro 13 u Others Solar PV = Wind m Hydro
12 m0il uGas ® Coal m Nuclear 12 u0il u Gas = Coal m Nuclear

—

Ot

—_

Z09
=N
Solar PV
e
5 olar
%
5 0.6
3
g a3
04
03
02
0.1
0 Nuclear
1]
2015 2020 2025 2030 2033 2040 2045 2050 2015 2020 2025 2030 2035 2040 2045 2050
Year Year

Fig.13 Power generation mix

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

($500/t-CO,_noN case) 18
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3.4 Effect of EV on Power System

Power Generation [GW]

Power Generation [GW]

400

350 |
300 |
250
200 |
150 |
100 |

50

50 F
-100

400
350
300
250
200
150
100

50

-50

-100

Suppressed PV Dis(EV) Solar mmm Wind
mm Others . Gas = Hydro mmm Nuclear
Cha(EV) ——Load

EV discharge

\
EV charge
0481216200 4 81216200 4 81216200 4 81216200 4 81216200 4 8 1216200 4 8 121620 0 4 8 121620
Weekdays Holidays Weekdays Holidays Weekdays Holidays Weekdays Holidays
Spring Summer Time Autumn Winter

Fig.15 Hourly power generation pattern in 2050
($500/t-CO,, NGV case)

Suppressed PV Dis(EV) mmmm Dis(PumpedE) mmmm Dis(Battery?2)

r mmmmm Dis(Batteryl) Solar m— \Vind mmmmm Others

| m Gas mmm Hydro mmm Nuclear Cha(EV)
Cha(PumpedE) Cha(Battery2) mmmm Cha(Batteryl) Load

04 81216200 4 81216200 4 81216200 4 81216200 4 81216200 4 8 1216200 4 8 1216200 4 8 121620

Weekdays Holidays Weekdays Holidays Weekdays Holidays Weekdays Holidays

Spring Summer Time Autumn Winter

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

Nuclear
Coal

Gas

Oil
Hydro
Wind
Solar PV
Others

60.9 B NGV case

m REF case

347.1

0 100 200 300 400

installed capacity [GW]

Fig.17 Installed capacity in 2050

($500/t-CO, case)
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3.4 Effect of EV on Power System

Power Generation [GW]

Power Generation [GW]
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Spring Summer Time Winter HydI'O
Fig.18 Hourly power generatlon pattern in 2050
in
($500/t-CO,, noN, NGV case) Wind
Solar PV
Suppressed PV Dis(EV) Solar s Wind
mmmm Others mm Gas = Hydro mmm Nuclear Others
Cha(EV) Load
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Fig.19 Hourly power generation pattern in 2050
($500/t-CO,, noN, REF case)

B NGV case
m REF case

452.8

0 100 200 300 400 500
installed capacity [GW]

Fig.20 Installed capacity in 2050

($500/t-CO,, noN case)
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Conclusion/Future Work

Conclusion

- 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.

Future Work
- Make ‘sales ratio by engine type’ endogenous
- Consider other future technologies and services

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



Thank you for your attention!
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Dynamic Multi-sector Energy Economic Model

[Objective]

maximize obj = Z Ory (utilHr’y + utilGr’y — taxy)
r,y

[Constraints]
- Supply and Demand balance

hm,r,y + Im,ry + Z(Am,n,r,y " XPnrt +Cm.n.r.y ' xin,r,y) < XCm,ry

- Exhaustible Resource Constraints

zqu,r,y < Dgry (q € (coal, 0il, gas))
. Ca|y:)itaI/Labor Constraints

'BLn,r,y . Xpn,r,y < lbn,r,y 'BKn,r,y . xpn,r,y < kcn,r,y

m: commodity, n: activity r:region,y:time step

util, ,: utility, hy, .- household consumption, gp, +,y: goverment consumption, Xpy, ..: amount of production,
Xl amount of investment, XCy, r.,: amount of domestic commodity, Lb,, ;. ,,: labor stock, kcy . ,: capital stock

0,y discount rate, Ay, 5y coef ficient of intermediate consumption,
Cimnr,y: cOef ficient of capital investment, D4, amount of non-renewable resource
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Dynamic Multi-sector Energy Economic Model

Maximize —0bj = Z o (utilHt + utilg, — tax,) @

t 1
M E P E
util, = ZvahTm” + Vi pq (z hBE) (5)
m e
1
M E P E
utilG = Z mangp + VGM+1 (Z gBE) (6)
m e

o: Discount Rate, utilu: Household Utility Function, utilg: Government Utility
Function, fax: Tax, h: Household Consumptions, g: Government Consumptions,
M, E: The number of TD/BU Commodities, v: Calculated coefficients, p: Index

derived from elasticity of substitutions
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Dynamic Multi-sector Energy Economic Model

Reserve Capacity

Z kg, = (1+0.05) -7 MaxLOAD (12)

pw

Load Following Operation

pe, < (1 + MaxLF)psg,.,

: 13
pg, = (1 + MinLF)psg,, , (13)

MaxLOAD: Max of electricity demand, MaxLF: Max Ratio, MinLF: Min Ratio,

26
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Dynamic Multi-sector Energy Economic Model

PN\ p
Pi
zZ= Z”‘ Zvi’jyi’jpi Approximated, 5i,j,t Zr S Vi jt (1)
L J
2 :
y Leontief Type
Lcnnlif:fo'l'ypc WE— Tme Values ]
Leontief Type
Linear Type
i g— 0
Cobb-Douglas Type o — |
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Dynamic Multi-sector Energy Economic Model

I I" Export§

I"l Domestic ‘,I ,"" Export 1 N
' p /) N X )TN\ X

e - L S ] - g=2 _——  a=2 _—_

I l.'i-nll.‘rmudiu.lc ) {intermediate M,
K \ L L R T N ™ A Ay

o — S —— ' S —— S —— —

'-.-Sum R'If - \
( Consumption

Capital Stock f" Labor Force '\ {Intermediate 1"

Ir/ Domestic )

Fig. 4. Tree of production by CES function. ‘ v, ) M



Appendix

State Transition

* In order to consider when to charge and discharge, driving state (moving, not
moving or ready for drive etc.) needs to be grasped.

State: “parkingl”
* 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 “parkingl” and the others stay on “driving”
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State Transition -Equations

t t+1
7 *  st="“parkingl”
—>\< st = “parking2”
— . st="“parking3”
— s st="“driving”

teT =1{01,,23}

{"parkingl", "parkingZ",}
St E n . non L n
parking3","driving

Number of vehicle is constant at any time steps.

-
Z xSTst,e = XE - (1)
st State Transition

6Tdriving,t + xSTparking3,t = XSTdriving,t+1 + xSTparkingl,t+1 (2)
XSTdriving,t > XSTparkingl,t+1 (3)

xSTparkingZ,t + xSTparkingl,t = xSTparkingZ,Hl + xSTparkingS,Hl (4)

\QTparkingZ,t = xSTparking3,t+1 9/

~
ADTT - Z XSTparkingse = Z XSTgriving ¢ Average driving tipe
L 7 7 per trip

[ XSTgriving,c + AverageSpeed = DrivingPattern . - XE - AnnualMileage (}’)

Driving demand and supply balance

xSTs ¢ Number of Vehicle by state XE: Number of Vehicle ADTT: Average Driving Time per Trip
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