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3 Issues for the Future
Automobile:

Energy Supply & Demand
Sustainability

Climate Change

Urban Air Quality




‘ Importance of issues
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Technology



Honda VTEC Combustion:

(Variable valve Timing and lift, Electronically Controlled)
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Near-Term Market Introduction - Advanced VTEC with
continuously variable intake valve timing and lift




New Variable Cylinder Management
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Transmission Advances

Computer controls are enabling a variety
of Improved transmission designs

A Dual-clutch automated manual

I Smooth shifting and potentially cheaper

I But launch concerns (no torque converter), huge investment
A Continuously Variable Transmission (CVT)

I Excellent city efficiency and extremely smooth

I Can deliver steady-state engine speeds to facilitate HCCI

I But torque limited, highway efficiency lower (belt friction), huge
Investment

A Improved shift points and lock-up strategies
I Low investment

A Lapillier 6- to 8-speed automatics

Not yet clear which is most cost-effective
I all may co-exist




Incremental FE Technology

A Engine technology

High specific output
(including 4 valve/cylinder)
Variable valve timing/lift
Cylinder deactivation
Direct injection

Precise air/fuel metering
Lower engine friction
Turbocharging

A Transmission efficiency

5/6/7/8 speed
CVT
Dual-clutch automated MT

A Reduced losses

Lightweight materials
Low drag coefficient
Low resistance tires
Lower accessory losses

~

Cost and value issue

AThese technologies are
continuously being
iIncorporated into vehicles.

AHowever, consumers value
> other attributes more highly,

such as performance,
safety, utility, and luxury.

APutting in technologies just
to improve fuel economy
may not be valued by
customers.

Fuel Economy Improvement - 2?7

v

Depends on how much is already
incorporated into fleet and synergies (or
lack of synergy) between technologies




Honda Catalyst - Tier 2 Bin 5 Diesel

Lean-burn operation Rich-burn operation
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1. During lean burn operation, the NOx adsorbent in the lower layer adsorbs NOXx
from the exhaust gas.

2. As needed, the engine management system adjusts the engine air-fuel ratio to
rich-burn, wherein the NOx in the NOx adsorption layer reacts with hydrogen (H2)
obtained from the exhaust gas to produce ammonia (NH3). The adsorbent
material in the upper layer temporarily adsorbs the NH3.

3. When the engine returns to lean-burn operation, NH3 adsorbed in the upper layer
reacts with NOx in the exhaust gas and reduces it to harmless nitrogen (N2).

Lean-burn operation




Diesel Market Potential in US

A Diesels good for towing, low rpm power, and highway efficiency
I Hybrids get better fuel economy in city driving

A Diesels are currently cheaper than hybrids, but are not cheap
i $1500 for 4-cyl., $2000-$3000 for V-8
I Tier 2 emission standards will add cost
I Hybrid costs will come down In the future

A Will public recognize improvements in noise, vibration, smell,
starting, and emissions?

APickup customers want a fitoug
A Must compete with improved gasoline engines and hybrids

A Europe refineries already shipping unwanted gasoline to US
I Can refineries adjust output if US also shifts to diesels?

A Market split?
I Diesels for larger vehicles and rural areas
I Hybrids for smaller vehicles and urban areas



Hybrid Output Characteristics
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Attractive Hybrld Features

Integrated s © L (W
Electric Motor W aaM ﬂ]

Low Operating Cost:

Best nil dl

Superior Driving Range: Fewer Trips to the Station!

Pride of Ownership:

e o

Fuel Savings!

Beaats lanytLyxury Car!

Social Benefits!




Dedicated Honda Hybrid

A All-new, more affordable, dedicated hybrid car
A Launched in North America in 2009

A Annual North American sales volume target of
100,000 units

A Target price significantly lower than the
current Civic Hybrid



Hybrid Synergies

A More efficient electric pumps and compressors
| Beltless engine

A Part-time 4wd

A Extend operating windows for Atkinson cycle and
cylinder deactivation

A Provide quasi-steady-state load conditions for
HCCI/CAI operation (especially with CVT)

A E-turbo
I High electric power i supercharger boost
I When power Is not needed, use exhaust energy
to drive e-turbo and recharge battery



Plug-In Hybrid Payback

Table 8, Plug-In Hybrids, ACEEE, Sep 2006 Calculated
Hybrid PIl_Jg-In, 40- Plug-ln_ VS.
Mile range Hybrid
Near-term Incremental costs
Battery $2,000 $17,500 $15,500
Other incremental costs $1,500 $1,500 0
Annual fuel savings $480 $705 $225
Payback (years) 7.3 ] 27.0 68.9
Long-term Incremental costs \
Battery $600 $3,500 $2,900
Other incremental costs $1,000 \\ $1,000 0
Annual fuel savings $480 \ $705 $225
Payback (years) 2.9 6.4 12.9

Assumptions include:

12,000 miles per year, hybrid FE of 50 mpg, conventional vehicle FE of 30 mpg, 50% of
plug-in miles on electricity, $3.00/gal, no discounting of fuel savings, no FE penalty for
additional weight of plug-in batteries, no battery replacement for plug-in




Next-generation Gasoline Engines
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Potential Operating Modes

Assumes camless valve actuation, direct injection, e-turbo
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Civic GX Natural Gas Vehicle

Range = 200-240 mi

CO, reduction ~20%
Performance = Gasoline
Near Zero Emissions
Demonstrated reliability and durability  carsaT-PzEV, EPABIN2 ILEV
Satisfied customers




The Home Refueler / Civic NGV

AAiPhill o : Home Ref u
AWorld debut in California (Honda with Fuelmaker)

AExpands AFV marketability with home refueling device

Maintenance free
Quiet

Certified for home use
Easy to use

110 volt

Gas detection
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Next FCX Model Direction
~4&_ %

C O N C E P T

Timing: 2008
model year

ALow Floor

ACompact Fuel Cell
Components

AV-flow stack
technology

A270 mile range
(concept car




Home Energy Station

Home Refueling with Co-generation of Heat and Electricity
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Home Refueling with Co-generation

Cooperative development with Plug Power



