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Vehicle Emissions Std.

U.S. Emission Stds

(in grams of reactive hydrocarbon emissions per mile driven)
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/ The SELEV Program \

(Study of Extremely Low Emission Vehicles)

« CARB, US EPA, Honda, and Chevron Products
Company Initiated the SELEV Center at the
University of California, Riverside.

e The purpose for establishing this center was to
establish an independent, credible entity with the
ability to objectively measure and assess the
effect of ELEV technology upon air quality.

Nicole Davis
eeeeee for Environmental Research and
Techno




University of California, Riverside

/ Bourns College of Engineering

\

What needs to be quantified?
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University of California, Riverside
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Center for Environmental Research and
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University of California, Riverside
Bourns College of Engineering

Air Quality Modeling Results

CMEM Base Case 2010 Surface Ozone CMEM Scenario 3 Surface Qzone

model peak (3 at 5 P PDT August 5, 2010, Mo Black Box model peak O3 at 5 PM PDT August 5, 2010

August 35,1997 0:00:00 August 5,1997 0:00:00
Min= 0.025 at (55.38), Max= 0.129 at (§3.52) : Min= 0.026 at (55.38), Max= 0.113 at (63.52)

Nicole Davis
Center for Environmental Research and
Technology




/ Key Findings To Date \

 The SELEV project has shown that ELEV
emissions are very low:

— Well below certification levels

— Consistently perform with low emissions on the
road under various conditions

 Implications: As ELEVSs replace current vehicles
In larger numbers, the LDV fleet will become a
very small portion of the inventory.

Nicole Davis
Center for Environmental Research and

Technology




Transition of Environmental Issues HONDA
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Honda's Battery EV Program —

« EXCELLENT VEHICLE

- All new vehicle design
- Advanced technology battery
- Enjoyable for intra-city use

« CONSUMER PLACEMENTS

- Excellent value; protects customers from risk
- ‘Real world’ trials, dealer supported
- Valuable feedback on market acceptance issues

« HONDA'S STUDY POINTS

- Vehicle and infrastructure utility in customer use
- Battery technology issues
- Customer acceptance issues

HONDA

The Power of Dreams



EV PLUS Customers’ Perception

EV PLUS customers generally satisfied, but they recognize
RANGE and CHARGING concerns for broader application:

Positives

EV qualities
-unique features and attributes:

Performance, handling
Smooth, quiet ride
Cutting edge technology

Unique aspects : lower fuel cost,
no need to go to gas stations

Helping the environment:
reducing smog, saving oil

Negatives
 Generally, customers appreciate The EV-unique inconvenience

factors:

*RANGE
«CHARGING TIME
cOUT-OF-TOWN “REFUELING”

HONDA

The Power of Dreams



Near Zero Emission ICEs Hybrid Electric Vehicle

(Gasoline and Natural Gas) Applications

Intake air

\ Exhaust gas

Time
SAE Papers # 2000-01-1140 and 2000-01-1140

Home Refueled
Natural Gas _Vehlcle

=HEeCtric Vehicle

Advancement of Fuel Cell Electric
Vehicle development

HONDA
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Honda Fuel Cell Vehicle Placements

California & Nevada New York
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The Power of Dreams

Fuel Cell Stack Engineering

Conventional Fuel Cell :
MEA

Carbon
separators ~

Backup plate Disk spring

« Carbon & Resin
plates

 Tensioning bolts and
springs

» Separafte seal parts

2005/6 Honda Fuel Cell:

MEA / |
S __

K (pha
End plate H“‘*mped metal
separator
(with seal)

» Stamped melal plates
» No tensioning bolfs

* Aromaftic Membrane

* No separale seals

-
Half the parts



New Aromatic Electrolytic Membrane Materials
Innovations in Fuel Cell Materials

Aromatic electrolyte membranes Hydrogen ion conductivity of electrolyte membranes
Operable at 95°C (80°C for a conventional unit) Improved hydrogen ion conductivity
% Fluorine electrolyte membranes
2 3 (FCX-V3 Honda stack)
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3 o A |
3 >
T2 <
a g
g2 iy
- >
@ 2 Aromatic electro
membranes
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60 70 80 90 100 Temperature (°C)
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@® Improved high temperature durability and sub-zero start-up capability
compared to conventional Fluorine membranes
@® It has future cost reduction potential

Comparison of electrolytic membrane
Previous Honda Stack*

Honda FC Stack Q (Installed in FCX-V3)

Aromatic main -:h.am Fluorine main chain
{High strength, high durability| —ai—— lon exchange
substrata

The aromatic electrolytic membrane contains more of the ion exchange substrate than the fluorine
electrolytic membrane, resulting in lower membrane resistance over a broad temperature range. HOND A

The Power of Dreams




Fuel Cell Performance Next
Rapid Reductions in Size and Weight G§neratlon

HONDA

The Power of Dreams



Fuel Cell Performance at Sub-Zero Temperatures
Previously, a technology barrier for Fuel Cell Vehicles

Hydrogen ion conductivity of fuel cell membrane in freezing conditions
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FCX Driving Range
EPA-Officially Rated Range

210mi
B A 190mi
: mi
2006 EPA -, ==Y FC System Refueling
rated range Is = Efficiency Performance
now 210 miles 2 200 ’
without = o,
increasing tank e 12 O
size = L
o2 o
< o
Z 50 N
O
0

EPA officially rated range

Next Gen..: EPA-
rated range
anticipated,

without increasing
lank pressure

~270 miles
(@350 bar)

HONDA
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Advancing Fuel Cell Vehicle Technology

Honda’s Next Generation Fuel Cell Electric Vehicle advancement

perf.

(under development)
eAnticipated advances in:
: . *Range
Alr Qua_llty_ - -Freezing Temp
Zero Emlssmn -Weight
Vehicle -Dynamic Perfo

Packaging
eEfficiency
geEtC.

Greenhouse gas reductions,
use of diverse energy sources,
use of renewable energy

‘Mmance

HONDA
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HONDA
ch The Power of Dreams
= o~ <=~= -~ Allnewlayout
Possible for Fuel Cell Vehicle, due to compact, distributed

components

Electric Motor & Controller

Li-ion Energy Storage
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Fuel Cell System Vertical Gas Flow fuel cell stack

= New architecture for FC and FCV (V-flow):
= Compact, high output Fuel Cell System to fit in center tunnel
= Human-fitting cabin: low floor height, spacious, safety engineered
= New Vertical Gas Flow fuel cell stack takes full advantage of gravity to
efficiently drain water formed during electricity generation.



HONDA

Vertical gas flowvw The Power of Dreams

e Compact
H, « High efficiency
e Targets sub-zero
startups = conv.
vehicles




Honda Research on Hydrogen Stations

Renewable Energy Hydrogen Station Home Energy Station

Los Angeles, CA Los Angeles, CA
Solar Energy Input Natural Gas Input

Honda’'s research into hydrogen production and supply

systems for a hydrogen-based society of the future
HONDA

The Power of Dreams



Study of P-HEV



Energy Sustainability

Honda |

Stable Climate (GHG)
Goals

Healthy Air Quality

Honda Clean Technologies for California
ZEV regulation

2000 2002 2006
Gasoline vehicle development

Fuel Cell Vehicle
ydevelopment
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