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1. Circumstances of Automotive Society
o Energy Sources and Global Warming




USGS Estimates of Ultimate Recovery

Probability
of Recovery

95% 2,248 (low)
50% 3,003 (expected)
5% 3,896 (high)
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Improvement of Thermal Efficiency of
Engines
Internal Combustion Engine Gasoline, Diesel

Alternative Fuels
Fuel Cell
Weight Saving




Concer

Energy security
(energy saving)

CO, reduction

Environmental
improvement
(air, traffic)

Requirement for

automobile

= Light weight
wnsizing

Fuel diversity

Efficiency
improvement

Development items

Material, Light weight parts

Alternative fuel utilization

Resistance, loss reduction
(Road load, drag force, etc.)

Thermal efficiency improvement
of powertrai

Aftertreatment, control




Engine Technologies
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Variable Valve Actuaiion
* Next generation DI
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Aluminum Block,
Cooling System

4-Valve, Pent Roof

9

8

Compression Ratio

Knock Control System
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Effect of CO2 Reduction NSR Catalyst Performance

Diesel Engine

Gasoline Engine
(DISI)

DISI
(Lean Burn)

Boosted
Lean Burn

o Reduction of Engine Out Emission
Development Issues

R

» Improvement of NSR Catalyst
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Euel inlet Spray Mean Diameters

(Fligh Rail Pressure: 63 MPa
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Common-rail injection system

Pressure
i~ Discharging
Pressure = Valve

Senhsor :
Common-rail

] II'

AR

AW

gennasnnr

I

Fuel
Tank

-4 2.2
2AD-EHV

» Piezo Injector 10-Hole Nozzle
» Fuel Pressure : 180 MPa
« Compression Ratio : 15.8




D-CAT: Diesel-Clean Advanced _ -
Trechnology Diesel Low Emission Concept

o —
S —

Euro4 — — EM?* Path

0.02

PM (g/km)

0 0.1 0.2

DPNR Catalyst NOx (g/km)

NSR : NOx Strage Reduction
: Diesel Particulate NOx Reduction
i

EM?* : Engine Modification
Low Compression Ratio



High compression ratio HCCI combustion
DI, Boosting

: r{es
Gasoline / Flame
propagation (spark igniti
AN AN Ideal

Ethanol Methanol ?

: HCCI
}-Syﬁ'th'eﬂ-e-fﬂ-e‘l-f(@ partial load.).........

FAME FTD Ideal

Hydrotreated< "~
N BXo-fueI

Diesel fuel / Diffusive real world

combustion (Se”"gn't'g]) Diffusive combustlon

HCCI combﬁon

etang number

Low compression ratio
Zero sulfu




Utilization of Alternative
Fuels




Gasoline
Gasoline-HV
CNG(LNG)
Diesel
Diesel-HV
FTD(NG)

FETD(Biomass)

BDE(Rapeseed)
BDE(Waste-oil)

Ethanoel(Sugarcane)

H>(Gasoline,on-site
H>(NG,off-site

H>(NG,on-site
H>(NG-Methanol,

on-site

Hx(Nuclear,on-site

-1.0 -0.
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Needed WITT CO;
‘\ reduction (fossil
energy source)

stimated by Toyota




Ta ergesity ] nergy Ioadig | ruin rag *1
J[F;(;;/;/]er- capacity (volume basis) capacity **

liter | 20 60 100 |20 60 100 | 20 60 100

Gasoline |sl-ice*| 60
Diesel  [CHCE | 60 | _
Ethanol |SI-ICE 60 _ _
VMethanol [SIICE | 60 E p— E
GTL (FTD)|[cllicE | 60 [amaas - ]
DME CH-ICE | 60 . |
. i Gasi

CNG sl-Ice | 130
@20MPa

Hydrogen
@35MPa

FCHV 130

=

|

—_
o
L

-

*1 relative value based on gasoline (= 100)
*2 ICE : 2 liter engine for passenger car with 1.5 ton inertia weight




Synthetic Fuel *

Bio Diesel
Fuel *

Ethanol *

Gasoline *as a blended

Ratio of HV base fuel



Feed Stock Production Process Final product Issues

Sugarcane o

sugar o .

(sugar) = i S s COMpEeniwIthNced
= o % (SUCRIFCAENCONHT)

Corn - =

(starch) = = = sCellulose bioethianol
£ 37 S technolog)y

- () @) o

LL

Grass & wood, 7% development

il )

(cellulose) ==
Measures needed to handle bioethanol fuel ldeal format for bioethanol introduction
] Low concentration
Ow concentratio gh concentratic =3 High concentration
D O 0 gEO
eNeed to develop 5 82 1) T
Vil special vehicles S0 : I
e\Worsening of fuel Fo I
economy o [
— - year
Filling stations Use existing Install special
pumps pumps oduce o Large-scale
e . ] , onc.ethano ethanol
Issues Vehicle; Fuel tube corrosion, rubber part expansion, start up in cold, etc. introduction
0AaSO =

Filling stations; Hose deterioration, rubber seal expansion, etc.

Bioethanol is suited to low-concentration blends for the time being




FeedStock Production process Einal pr
)
\

Issues
Fatty acid methyl ester ER==l0gRele)i] i g% gz ENeAg]
(FAME) standards
e Need unified standards
Issues
Hydro'c_raCked ¢ \Water content, low-
B - " oil temperature viscosity
Jatropha, sunflower... | 'oyotain joint research
with Nippon Oil Corp. H,0, CO,, methane, etc.
Bio-diesel characteristics
T A The image for bio-diesel
acked introduction
agetable o 0 0 g oncentratio —
29 5 N
Poor @) :
Oxidation . c Hydro-crack il
S ity Good Not suitable for =C yero-cracieed o
vehicles o¢g
: + G )
Other Impurlty [ (jl‘ I Low-conc.
precipitation 33 FAME
o
LIJ.S.?P/OOI’ B100
5%% Introduce low- Commercialize
""517; B5 conc.FAME hydro-cracking
= Excellent oo =

Processed at oil refinery Rapeseed Soy Palm




Fuel Cell




ra of mass consumptioi ariation of energy source
of fossil oil enewable energy societ

In case of
» High efficiency Higher efficiency tha§®96ne engine
o/ero emission CO2 NOx, HC, CO never exhausted

e Energy security Variety of hydrogen supply (not only.
rom crude oil)

o |_OW noise No moving parts, no combustion
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Capacity Weight

Chemical hydride

Carbon nano tube Hydroxide boron _ NETGEIENGE
sodium (NaBH4) Decalin (CioHus) (C1oHs)

(
A e e
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Potential




Governrrnerit

Strategy of energy-mix,
Infrastructure,
Standardization

Energy-indusin

Production technology,
H, station construction

Sympathizing with
Hydrogen society,
Enlightenment activity

Fuel-Cell technology,
Reliability, Durability, Cost,
Attractive vehicle

H, storage technology,
Fundamental research,
Bringing up talent

Lagorator

CO, sequestration technology,
H»> production/storage
technology




Weight Saving




Plastic fuel
tank

Intake manifold,
Bumper,
Propeller shatft,
Fuel tank

iC

Cylinder head-cover,
Steering wheel core,

Disc wheel

Plast
mani

Plastic intake
fold

Magnesium

Cylinder block,
Suspension member

Radiator,
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3. Effective Energy Utilization
o Hybrid Technology




Hybrid Technologies
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EC mode

24510]0

240/0]0)
(kg)

5510]0)

house data, etc.

KBA, In-
1000

Gasoline-AT
Diesel-AT

® Gasoline-MT
m Diesel-MT
Hybrid vehicle

Source
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COs from Automobile
(Billion ton)

10

0

Base
(Consequence) /

5100%) el

[/\

Target 2000 level

210/0]0) 2010 240)240)
Year

o [ all vehicles in the world were hybridized, it would be pessible to

7

orlalZation

UCtIen @r2080

All"hybridized in 2030
Added on engine and
vehicle improvements

2040
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Improvement of Traffic
Situations
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Toyota IC to Teyota-cho (4.2km) CO; reduction (7:00 to 9:30am)

Speed(km/h) |Traffic volume CO _
: 2 |Reduction

ave. peak (vehicles/2.5hrs) (Kg-COy)
Before 2355 3883 -
After road
development 2602 32301 | -17%
(CO, emission volumes were estimated using < The data shown
the unit of emission per speed stipulated by here reflects only one
Public Work Research Institute of the former day’s sampling in
Ministry of Construction) each instance

Average speed increased
from 9 te 16km/h

» 17% reduction of COx
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Primary energy

Crude Ol

Coal

Naturaligasi-Kexn

Utilization

Products Availability Technical Fuel Infra-

for supply

Gasoline, LPG,

Diesel, etc.

FTD

ove

CNG

barrier for cost structure

application

({EEEEEEEEMEDR

field

portatlon
SI-ICE: Gasoline
Ethanol, LPG,
CNG (Methanol?)
CI-ICE: Diesel,
FTD,FAME(DME?
EV: Electricity
FC: Hydrogen

Industry

Power

Coal, NG, DME
IGCC

Home
LPG, NG, DME,
Electricity
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