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Running on naturally generated hydrogen

F‘ : V(Zero CO, emissions)

Fuel cell technology £ R= Y e RO Energy
(Sustainability)

Global warming

R :
educing CO2 (CO, GHG)

Severity of Issue

Reducing Emissions
emissions (VOC, NO,, CO)
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Global Warming Global Environmental Issue

Nations Unies
Keeling Curve Measured at Mauna Loa, Hawaii Lonference sur les Changements Climatique
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To reduce the exhaust GHG in the upper level
in the range from 40% to 70% compare to
2010 GHG until 2050. R : http://www.huffingtonpost.jpl
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Energy Issue (COP21 Paris Agreement
-Unstable Oil price ‘) @ TARGET : less than 2°C

. | @ Long term Targets
cor21| @ Re-examination every 5 years
e | @ Resetting higher targets
2015 @ Budget support system
Ao’ o Bai_lout_ for loss and damage
35° @ Validation system
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Variety of the Hydrogen Prodiic

2nd Energy

(Fuel. Carrier)
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Vehicle

Gasoline

Diesel

-

Sl Engi9ne
(Include HEV)

CNG. LNG

DME

Cl Engine
(Include HEV)

Methanol

Primary Energy
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Waste

Hydrogen

Solar. Hydro
Wind
Geothermal

o7 Electricity

Bio Ethanol

Renewable Energy

Nuclear

Bio Diesel

BEV

(Include PHEV)
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Towards zero emissions
.sm Development of ZEV and
Sea Levels PHEV
Global warming

D B —ps Zero

FCX Clarity Clarity FUEL CELL emission
technologies

T Y l MMD

Technologies for
increased

HYBRID power

efficiency

CO2 (g/km)

Technologies
for increased

l c E thermal

efficiency

CvT

EARTH DREAMS

TECHNOLOGY

2010 Present (2016) 2020 2030

Honda will strive to make two-thirds of our overall unit sales from plug-

in hybrid/hybrid vehicles and zero-emissions vehicles such as,
FCVs and battery EVs by around 2030.
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Smart Community (Grid)

-Long term cycle, big amount energy case : Hydrogen storage

-Short term cycle, small amount energy case : Battery storage

( S Honda

Smart Home

® I

Smart Hydrogen Station(SHS)
(H, Production)

Bty ! s H, storage
Fcv <~

[ Conventional energy

Renewable energy is usual not stable. Peak power storage is very useful for

Levelization of energy management in community. Hydrogen production, storage,
transportation and usage are very important to achieve future smart community.
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1996 2000 2002 2004 2008 2010 2012 2013 m

CLARITY

FUELCELL

Fundamental Research

[ Generate ] E i.:I _%

SHSO (2002~2003) SHS 1 2003~20000  SHS2 (2010~1@La (2012~) @upN

EX500 Inverter ‘nven’er Powel SXROESS,
ﬁ m | v i ﬁ 2013~V2L (2014~ m

[ Get connected ]
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Renewable Energy : Low carbon footprint Hydrogen
s-s Distributed Station : Possible to supply hydrogen everywhere
Smart Hydrogen Station connected existing water and electricity
Waste Generation ’

ocal production for

Fuel Cell Vehicle

Renewabl:s-:
‘energy :

E Pc.:wer Creator High Pressure 35MPa E
. High Pressure Hydrogen Tank Nozzle :
: Electrolysis :
Honda Wako ‘ Honda Aoyama
Head Office W . Head Office
Operation start ' ‘ Operation start
From December From April

2015 2016



High Pressure

Electrolysis

Power
unit
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Electrolysis Compressor| [
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Renewable Energy

100%

Electrolysis

Power unit
-Auxiliary devices
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35MPa Hydrogen

Hydrogen L
Refueling Nozzle

e

Energy Loss

54% 3
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Electrolysis



Scheme of High'Differential

Current collector

Hydrogen
35 MPa

Catalyst

N

Proton exchange |
membrane

Catalyst

-
o

/
Current collector

0,, H,0 H,0

Atmospheric pressure

e
a3l re=

=552 HONDA
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4500 :
™ Simulation Evaluation
£ o —— |
S 4000
E Ambient Pressure 35MPa Pressurized
- Electrolysis Loss Energy
o 3500
25 Basic electoric Power
£ 3 for Hydrogen Production
2 O
§ 0 10 20 30 40

Hydrogen Pressure (MPa)

Technical -High Differential Pressure
Barrier Electrolysis
-Stack Structure etc

Proton exchange membrane
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m Simple -1 day installation connected water and electricity (without groundwork)
H Small -Small package type (10ft Container 3mx2.5m)

B Sustainable -Hydrogen production from Renewable energy and the other low carbon power
: generation to realize the local energy production for local consumption
according to characteristics of region

Y

Hydrogen storage
Installed Honda Wako Head quarter (40MPa)

(December 25, 2015) J Items Specification

Ma’r‘étFe'm’" 1.5 kg/Day (0.7Nm3/h)
Pressure 35 MPa
Storage 19 kg @15°C (92L x8)
Purity >99.99%
W3200 X D2438 X H2438
System Size Foot-print app. 7.8 m?2
10ft Container size
/ :Iigcr;r%rlszfsugsstem Elecljll‘:)i!cysis High differential pressure electrolyzer
ispenser WA o | Refueling (3Banks. Cathcade)
B e tack Utility 200VAC,Tap Water




FCX Clarity with external power supply ) 512 HONDA

. /" 100V Mobile Inverter Box (V2L) )

AC 100V

Max 9kVA ~.

- i

Mobile Inverter Box ex) Emergency Case — -

-/ 200V Mobile Inverter Box (V2H)

single phase
DC R three-wire 200V

Max 9kVA oo

5 L Mobile Inverter B
: FCX Clarity with external power supply system opiie INVETIEr 20X

200V Mobile Inverter Box(V2H/V2L) 200V Mobile Inverter Box (V2L Emergency Case)

: V2L r , -
: FEARS |
l_ single phase 3

f| Max9kVA g three-wire 200V | : 3
6KAV , =

Mobile Inverter Box Public Space (Museum)

Kita-Kyushu Smart Community Project
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“Connecting to Vehicle, Expanding to Livelihood”

Maximum power supply 9kW connecting to FCV

High reliability accumulated Honda inverter business
High quality AC power output

High general-purpose properties based on V2L guideline
Usable in outdoor and emergency

AT DS KYA

SingleiphasesSilines
100/200VE6KVA

 Air conditioner

Electromagnetic cooker

’l*‘{ Received the US Media Panel Innovation Award
1 In CEATEC (Combined exhibition of Advanced Technology) 2015
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2002 2005 2008 2016
FCX FCX FCX Clarity CLARITY
FU _ C L_
Door 2 N 4 —
Passenger 4 < <« 5
Cold Temp. ° - -
Performance >0 -20C -30C
FCL/O Under floor - Center tunnel Under hood
Stack Carbon Stamped Metal o — .«
Base Body EV Plus — New Body +—
Body Type Small 2Box — Sedan D
Range 360km 470Kkm 620km Apr. 750km*

* Japanese JC08 mode
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MM Concept: Fuel Cell Sedan Package

Man maximum Machine minimum

b A : Optimal positioning of battery and
High eff|C|en(_:y p_ackage with fuel cell hydrogen tank realizes comfortable Luggage space large
powertrain fitted under hood sedan passenger space enough for 3 golf bags
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@ Comparison of IV characteristics

~ CLARITY FUEL CELL S
E —
o
N ()
ES 8
“ O
“;’ >
o j—
o Previous Model N S
1.5 timeSHl»™
_ Current Density (A/cm?2)
@ Narrow gas flow pitch Y
Gas diffusion is blocked by condense water.
WV W AW W N
; T GLARITY
Previous Model W W W W FUEL CELL
O O O N

Narrow gas flow pitch

Condense water
exhaust performance
was improved

by narrow pitch.
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Separator MEA

Coolant Hydrogen Air

Separator

5 ) 20% down
3

£ Separator
= E MEA
3 ) Separator
§ g MEA
n- L]

Separator

1 Unit (2 cells) is constructed by 2 MEAs and 3 separators.

1mm cell thickness is achieved by reduction of condense water.
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0'3

33% compactness

°
o 2001
1999

o

1.0 2.0 3.0
Volume output density (kWI/L)

New Honda FC Stack achieved 33% compactness compared to

Weight output density (kW/kg)

previous model. Volume power density achieved over 3.1kW/L.
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Compact fuel cell system and drive unit

Voltage Control Unit

Increases stack voltage to drive
motor at high voltage

Use of SiC power module enables
size reduction with increased
power output

Hydrogen supply system

Power Control Unit
integrated with drive
motor and gearbox

Air supply system

Electric turbo compressor

Air supply pressure: 1.7X previous
model

Fuel Cell Power Train is integrated compact fuel cell system and

low height traction motor redesigned in order to install under
engine hood.
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) 866 R « 622 .
Fuel Cell
Powertrain

700

) 880 ,
V6 3.5L
Engine

720

Fuel Cell Powertrain size achieved almost same size of V6 engine.
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Vehicle dimensions 4,915 x 1,875 x 1,480 mm

Number of passengers: 5

Driving range (Reference figure) App. 750km (priving in JC08 mode; figure measured by Honda) 1
Fuel cell power More than 100kW

Fuel cell stack power density 3.1kW/L (Figure measured by Honda)

Hydrogen filling time Around 3 minutes "2

Hydrogen tank filling pressure 70MPa (700 atmospheres)
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Pefformance. (‘D&W
ize/weight reduction Reliability &

Thousands of hours

Environment

agaptability-, —
m; ality control

Heat dissipation at

Cell uniformity
high temperatures\ e : /

&

Ving Range—, ¢ i =i = | e .?{/’Geﬁ.*\\

P Mass production
j technology
A\\ 7
*Hydrogen infrastructure *Related regulations still in preparation
_ *Fuel cost *Need for common international standard

Range, Environment adaptability and Performance are received vision from past developments.

Durability, Reliability, Quality control and Cost reduction have a characteristics affected one other.
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ltems Technology Development Status and Barriers
*Understood and fixed the degradation factors
Durability *Main degradation operation : Start/Stop (Parking)

= It's important to keep constant circumstance

Re“ab”'ty in both Anode and Cathode electrode. (Control)
= Prospected the durability performance
*FC Stack is very special mechanical structure
: (several hundreds functional cell series stacking )
Quality . .
= Big damage by a failure of 1 cell
Management (Power down, Hydrogen safety, High voltage safety)

= More severe quality control (¢ Cost Reduction)

*Material cost reduction using multipurpose material
*Production cost reduction by short tact time
Cost ( ©Quality management)
*Reduction of precious metal
(Low loading Pt electrode < Durability)
= Key Points are Cost reduction technology establishment
and production volume

Influence each other

Reduction

For certain circumstances, technology is set and can be foreseen, however, for wide dissemination,
there needs to be technology developed further to meet more severe circumstances.

Therefore, continuous development to optimize the balance of above items.



Scandinavia
Planning the
preparation od HRSs
to introduce FCVs

H2-Mobility
(UK, France)

Started the

investigation of .
introduction 6 (Germany)

scenario of FCVs Planning 50
an HRS _ HRSs

preparation
until 2015

_J"IJIIHONDA
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Japan
Planning 100
HRSs around the
4 big cities
Until 2015

California US
Planning 68
Current Status HRSs

Operation : 78

, preparation
Construction : 15

until 2015.

Several countries start to prepare the HRSs for introduction of FCVs. Japan is
most aggressive activities co—-operating between government and industry.
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m Value for B Direction toward the Hydrogen Society
Hydrogen Society o _
. \ Phasel : Significant expansion of Hydrogen usage
Energy Saving (Full-scale introduction of Fuel Cell Systems in Society)
Energy Security
( . )
Environmental Phase3 : Establishment of total COZ free hydrogen supply system
| Load-reducing | Phasel Acoeleration D ek Testgeeeeeeee 1OSES
P - - (l)g - :g?ve stationary FC (Ene-Farm Zstgbllshment olf stratetgrc relationship wn}l
. n nen .
Indl:IStl‘Ial PI'_O m(.)tlon 2 O 2 O- | 17 : Industry Stationary FC introdu w:d:c?g:n g:sptpr;do:évoni;ward expansWSystemaUC Devel ent and Field Tésts
Regional Activation 20 : Hydrogen price will be same lev! | tincluded the pati-vfay for CO2 Free :
~ 20 2 O.- - of HEV Gasoline consumption cgst. Middle of 2020s Hydrogen Supplychain. .
. 25 : FCEV price will be same level -Hydrogen price from other countrigs :
i D Similar size HEV. 30yen/Nm3 ($0.3/Nm3)
Hi 88 : http://www.meti.go.jp/ 204 0= -Establishment of domestic logistic $ys .
press/2014/06/20140624004/ :

~.2030 040
20140624004.htm| \/ -Large-scale hydrogen import system Fu ress CO2 Fi gen supply
- Introduction of full~scale Hydrogen Gen.

Hydrogen / Fuel Cell Road map was revised in March 22, 2016

2015 2020 2025 2030 2050
S T T T T T \
\ECV I"C!e"t've for FCV Target price : Hybrid Vehicle
=@ Apy. 40K Apr,’200K Apr. 800K
-Hydrogen Cost reduction/Expansion \ \ % Business establishment
Station o H2 Price : Same level pa meerl’; compared to Hybrid \;e 2|<:I)e refueling of Hydrogen Stati
Apr./1 Apt. 1 Apr.
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Commercialization requires that we pass beyond this
cross-over point where the Life-time Operating costs
for FCEV are less than ICEsS/HEVs

FCV Price

L2
4
9’

@
1”.
‘oo,
L2

Life time running cost
(vehicle price + H, price)

G,) q

O L
5 Mﬁﬂ_:% m%
S e —— ES
g .l'l!!!!.l!!l!!!!!!!!l!l!.!..!!!!!!!!!!!! 0)8 .
o 55

X:/
Time frame

Our target is to accelerate this cross-over point.
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echnology Technology and Market C alizati
Demonstration Demonstration ommercialization
2002~ »~ 2008~ 2015 2020 2025
Honda launched “Clarity Fuel Cell” in March 10, Collaboration with M Sales expansion
2016. And the first Vehicle delivered to METI in GM toward 2020 *Atfordable
March 17, (July 2, 2013) e, __PTICE
\ - ‘ M E xpansion
-Cost down

FCX Clarity

B Sales to general public
=Cost

‘O5M FCX *Production quality
‘ =More driving range
0O3M FCX _ _»
. _~TZFS.  mEypanding of a Lease

SR Z@esf)  -Performance
—AWp +Durability

WWorld' 'T,ﬁ,i,“,';?,';’fy Driving range The image of hydrogen
first FCEV -Cold start up infrastructure deployment

Launch the CLARITY FUEL CELL in March 10, 2016.

Expansion the FCV collaborated with GM (technology and scale merit) in 2020
Necessary for cooperation of Hydrogen Refueling Station toward the FCV expansion




Summary | "% HONDA

® For low CO, emission community, Hydrogen is very
promising energy buffer of easily converting to electricity.

® Vehicle electrification is the main pathway toward reduced
greenhouse gases and a shift to alternative, renewable

sources of energy.

® Honda work positively to develop the various technologies to
realize the future hydrogen society, based on concept of
“Generate”, “Use” and “Get Connected”.

® Honda delivered New Fuel Cell Vehicle named “CLARITY FUEL
CELL" from the March of 2016 and must continuously tackle
to reduce cost and to establish quality control toward the

future commercialization.

® A concerted effort among related industries /companies,
the establishment of global standards and the creation of
a hydrogen refueling infrastructure are also required if
FCVs are to be marketed as scheduled starting.
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