
Progress and Challenges for TOYOTA’s 
Advanced Powertrain Development 

December 20, 2012 

California Energy Commission 
Submittal to: 
California Energy Commission 
Advisory Committee Meeting and Public Workshop for the Alternative and Renewable Fuel and 
Vehicle Technology Program, Dec.4, 2012 
2013-2014 Investment Plan Update 
Re: Docket No. 12-ALT-02 

DOCKETED
California Energy Commission

DEC. 21 2012

TN # 68969

12-ALT-02



Global development of 
technology and 

industry in the 21th 
century 

Surge in  
fossil fuel 
consumption - Population growth 

- Increase in number 
of vehicles 

Issues 

Increase in CO2 emissions  
(Global Warming) 

Concern over future oil supply 

Air pollution (NOx/PM/Ozone) 

Energy & Environmental Issues of the Automobile 1 
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HV & PHV:  Wide-use   
EV: Short-distance, FCV: Medium-to-long distance  

Route 
bus 

Delivery 
truck 

Hydrogen Oil, Bio-fuel, CNG, 
Synthetic fuel, etc. 

Electricity 
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Driving distance 

Energy 
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Image of Future Mobility Portfolio     



Pathways to Improved Fuel Efficiency 

Efficiency  
Improvement 

･Reduction of engine  
  emission 
･New variable valve sys. 
･Mass EGR 
･Next generation D4 

･Apply CVT 
･Staging of A/T 
･Lock up at low           
speed 

・Weight reduction (with downsizing) 
・Reduction of air drag, tire’s RRC, etc 
・Energy management 

Bio-fuel Vehicles Ethanol capable (E10,E20,E85) 
Bio diesel 

Regional application of vehicles  CNG Vehicles 

PHV,EV & FCHV’s 

Vehicle Road Load 
reduction 

･Cost reduction  
･Reduction of engine emission 
･Optimization of HV system 

Expand HV applic. 

Response to ZEV compliance, move  
toward full scale application 

Fleet  Fuel  Efficiency  Im
provem

ents 

Saving  
Oil 

Reducing Oil 
Dependency 
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4 History of Hybrid Vehicle Sales 
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Hybrid technology is a core technology of 
PHVs, EVs, and FCVs, and their fundamental technologies 

Applying Hybrid Technology 

FCV 

PHV 

EV 

HV 

engine Fuel tank 

battery 

motor 
PCU 

generator 

Hydrogen tank FC 
stack 

motor 
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battery 

motor 
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battery 

Fuel tank engine 

engine Fuel tank 

battery 

motor 
PCU 

generator  
 



BEV Characteristics 6 



7 PHEV Characteristics 



Advantages of FCVs 8 
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EV 

FCV 
 

Cruising range 

Advantageous 
for FCV 

S
ystem

 cost Advantageous 
for EV 

FCV’s system cost increase to attain longer range is rather small  
⇒ Has advantage for middle-to-long range drive 

System Cost Comparison between FCV and EV 



As personal mobility, EV is viable for intra-city travel,  
and FCHV for inter-city travel 

EV: intra-city 

FCHV: inter-city travel 
Small 

Middle 

Large 

Short-range Middle-range Long-range 

Commuter 
Town use 

Long-distance trucks 
Expressway buses 

Middle & large 
passenger cars 

City bus 
Courier vehicles 

EV 

FCHV 

PHV 
(Biofuel) 

Driving Range Comparison 10 
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28 % 

36 % 

24 % 

CNG 

M
ining/Liquefaction/Transportation 

60%* 

82%* 

30%* 

Total 
efficiency 

60% 

34% 

81% 

Fuel efficiency Vehicle  
Efficiency 

× ＝ 

× ＝ 

× ＝ 
In Japan 

CNG HV 

 Electricity  EV 

Hydrogen FCV 

Therm
al pow

er  
generation 

Pow
er  
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ission 

C
harging 

H
ydrogen  

production 

C
om

pression 

Transportation 

R
efueling 

Comparison of Total Efficiency 
Toyota estimation 

N
o 

processing 

Based on a NG source, the total efficiency of Hydrogen/FCV is the 
highest and about 1.5 times higher than that of Electricity/EV 

*JHFC Report  

(in case of operation on the fuel originated from NG) 



Future 

Future 

Life Cycle Well to Wheel CO2 Comparison 
à FC has high potential with advanced hydrogen production 

à We need to follow low-emission pathways for transportation 

CO2 Emission (Current Petrol =1)* 
0.2 0 1.0 0.4 0.6 0.8 

Petrol 

Diesel HV 

FCHV（Natural Gas）  

Diesel 

FCHV（Coal Hydrogen）   

Petrol HV 

FCHV（Electrolysis Renewable） 

FCHV（NG-Hydrogen Target）  

FCHV（Bio Mass ） 

Well to Tank  CO2 

Tank to Wheel  CO2 

Toyota Estimate 10･15 Driv.Cycle 
FCHV Hydrogen 

Coal EV 
Biomass Nuclear 
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*Mizuho Study  
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・ FC stack durability improvement 

・ Cost reduction 

・ Smaller and lighter vehicle 

・ Cruising range： approx. 800km 

・ Low-temperature starting： -30oC 

・ hydrogen refueling time： ~3 min 

 Remaining challenges 

 Achievable challenges 

Status and Challenges of FCV 

Tokyo Motor Show 2011 Concept “FCV-R” 

Start commercial launch of 
sedan type FCV around 2015 



Auto OEMs 
Manufacture & sell FCV 

Energy suppliers 
Produce & sell H2 

Customers 
Purchase and drive FCV 

Self-sustaining increase of FCV sales together 
with H2 supply network 

Green-conscious  
+ economic advantage 
   (Vehicle cost, fuel cost) 

Profitability  
(vehicle manufacturing & sales) 

Profitability 

For mass introduction of FCV/hydrogen, 
profitability of every stakeholder is essential 

Conditions for FCV’s Commercialization 14 



Areas where infrastructure 
development 
can be expected from early 2015 

Areas where infrastructure development  
can be expected after 2015 

In operation 

Planned 
Not in operation 

Hawaii 

Japan California New York 

Scandinavia 

Korea 

China 

Germany 

37 sites by 2014  
(plans for 68 sites in 2015) 
[July 2012 CaFCP Roadmap] 

Project started, aiming 
for 100 sites by 2020 

50 sites by 2015 
[public-private basic  
agreement in June 2012] 

3 sites in 2012 (Toyota City and others) 
[Press release in June 2012] 
Approx. 100 sites by 2015 
[as stated in Japan Reconstruction 
 Strategy in July 2012] 

France 
U.K. 

Several hundred stations are expected to be set up by 2015 

15 Worldwide Locations of Hydrogen Stations 



Source: The Institute of Applied Energy in Japan 

DOE  
Target 

0 

0.10 

Gasoline 
2008 

Hydrogen 
NG off-site reformation 

current 

Fu
el

 c
os

t  
($

 / 
m

ile
) 

Fuel cost to drive Highlander equivalent SUV in practical use (excluding tax) 

0.20 

Station cost (GS includes profit) 
Delivery cost (truck) 
Raw material cost (H2, gasoline) 

$1 = 100Yen based 

Hydrogen 
NG off-site reformation 

2020 

Potential Hydrogen Cost Comparison (Japan)  16 

‒ H2 station cost accounts for large portion of total H2 fuel cost 
‒ Considering advances in H2 production technologies there is potential 

for the cost per mile to be significantly lower than gasoline vehicles 
‒ Imported H2 molecule has lower value compared to gasoline  

Import 

Domestic 
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製造 輸送 供給

Total 100 billion EUR in the next 40 years 
1000~2000 EUR/FCEV 

Hydrogen infrastructure 
(assuming 1 billion FCEVs) 

Charging infrastructure 
(assuming 2 billion EVs/PHVs) 

McKinsey study “A portfolio of power-trains for Europe: a fact-based analysis” (released in Nov, 2010) 

1 billion EUR 
                                         Supply 

1 billion EUR 

Total 540 billion EUR in the next 40 years 
1500~2500 EUR/BEV 

PHEV public charging 

BEV public charging 

PHEV home charging 

BEV home charging 

Estimation of Infrastructure Establishment Cost in EU 

Production 
Transport 

Supply 

From medium- and long-term perspective,  
Hydrogen infrastructure investment < Charging infrastructure investment 



Overall development of FCV on  
material, components, system, controls, 
and production engineering 

1992: Start of development 

FCV appeared in Parade in Osaka 
with original fuel cell stack and  
metal hydride hydrogen tank. 

1996: Parade in Osaka 

EVS13 in Osaka (Oct.1996) 

Toyota’s Fuel Cell Vehicle Development History (1) 

Toyota’s FCV development started in 1992 

18 



- Ministry certificate in Japan 
- Total 18 vehicles in the US and Japan 

World’s First Limited sale in the US and Japan 

- Ministry certificate => Type Approval 
conformed to FC vehicle safety regulation 
- 20 vehicles lease in the US and Japan 

First Type Approval Japan 

- More than 100 vehicles run in the US,  
Japan and Europe 

Improved range & freeze startability 

Max speed 155 km/h 

Range 830 km 
(10-15 test cycle) 

Passenger 5 
Max pressure of tank 70 MPa 

Tank capacity 6 kg @ 35ºC 

2002 Model FCHV (Dec 2002 ~) 

2005 Model FCHV (July 2005 ~) 

2008 Model FCHV-adv (June 2008 ~) 

Total leased vehicles are over 100, and total range is over 
2 million km in the US, Europe and Japan 

Toyota’s Fuel Cell Vehicle Development History (2) 19 



“AICHI EXPO” 
Mar 2005 ~ Sep 2005 

Tokyo Metropolitan Bus 
Aug 2003 ~ Dec 2004 

Chita Bus 
Mar 2006 ~ Dec 2009 

Central Japan Airport 
Plane-Terminal Bus 

Mar 2006 ~ 

Shinjuku-Haneda Airport Bus 
Dec 2010 ~ 

Toyota Oiden Bus 
Oct 2010 ~ 

The smooth and quiet ride with zero emissions of harmful substances 
has been well-received by passengers 

In operation 
O

peration ended 

Toyota’s Fuel Cell Bus Development History 20 



Present 2015 

’02 FCHV 
(lease model) 

Vehicle 

15 years or more 

Dec. 2002 ~ Jul. 2005 ~ 

0degC  

’08 FCHV-adv              
(lease model) 

1/10 or less  
(design / materials) 

’05 FCHV 
(lease model) 

Technical 
Challenges 

2.  Practical Cruising 
Range   

1.  Cold Start / Driving 
Capability 

3. FC Stack Durability 

4. Cost reduction 

0degC -30oC  

* FCCJ: Fuel Cell Commercialization Conference of Japan 

FCCJ* Target 
on starting 
commercialization 
(Decision making) 

- Actual cruising range and cold start / driving capability has been 
significantly improved 

- Toyota continues efforts especially on FC stack durability and FC system 
cost reduction targeting commercialization in 2015 

130mile 145mile 300 mile or more 

21 Evolution of the TOYOTA Fuel Cell Hybrid Vehicle (FCHV) 



22 Major Technical Challenges for FCVs 

Established 
technology 

Issues to be solved 

Balance in Cost / Compactness & high performance / Stack Durability 

Cruising range 

Cold start / Driving performance 
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Joint evaluation of FCHV-adv was performed on 
June 30th, 2009 on mixed traffic condition in 
Southern California 

FCHV-adv Range Evaluation with DOE, NREL & SRNL 

TTC-LA (Torrance, CA) 

San Diego, CA 

Surface Streets + 
 Short Freeway 

Freeway 

Trip distance: 331.5 miles 
Fuel Economy :   
  68.3mile/kgH2 

Calculated full-tank range : 
  431 miles 
 
1 kg H2 ~ 1 gal gasoline energy equiv. 



24 FCHV-adv Cold Start Performance 
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The cold-weather performance tests verified that the cold start and 
driving performance of the TOYOTA FCHV-adv was equivalent to that of 
gasoline-powered vehicles 



25 

Reduction  
of physical 
deterioration 

Threshold 
limit value 

2008 

Enhanced performance, without humidification module 
=> Responding to deteriorating crossover is necessary.  

Initial phase of 
development 

2008 

Reducing the amount of Pt catalyst 
=> Responding to output loss increase is necessary. 

Durability of TOYOTA FC Stack 
M

ax
im

um
  

O
ut

pu
t 

C
ro

ss
ov

er
 

Am
ou

nt
 

Durability (year equivalent) 

Durability is steadily improving; it is important to balance 
performance, durability and cost 

Threshold 
limit value 

Initial phase of 
development 



FCV Cost Reduction Progress of Toyota 

Current status: FC system cost reduction of 1/10 has been achieved ! 
In 2015: Aiming at another 1/2 FC system cost reduction 
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Limited release phase  Initial phase of 
market penetration  

Mass 
production  

1/20 or less 

FC
 s

ys
te

m
 c

os
t 

Overcoming 
technical challenges 

FCHV-adv 

Economies 
of scale 

Design, material 
and production 
technologies 

Reducing costs 

Further cost 
reduction  

Growth phase of 
market penetration  

Status 

1/10 



(1) FC web handling technology (2) FC one-by-one handling technology 

(3) High speed winding of 70 MPa hydrogen tank 

Bernoulli Chuck  

Cell 

Before transfer 
After transfer 

Transfer robot  

Transfer direction 

Revolution 
indicator 

Slip  
@ transfer speed 50m/min. 

Development of Mass Production Technology 27 



1. Fuel Cell Vehicles are more suitable for longer-range, larger vehicle 
applications compared to EVs. 

 (EVs remain well suited for short range commuter and intra-city use) 

2. Toyota’s FCHV technology has been steadily moving forward including 
more than 300 miles of practical range and -30oC cold-start capability. 

3. Toward the 2015 target of a larger scale FCV introduction, Toyota is 
making maximum effort to overcome the remaining technical 
challenges such as Cost reduction and Durability improvement. 

4. Conditions for FCV’s Commercial Introduction: 
• Low-cost and easy-access hydrogen fueling network are critical 
• Variety of incentives are critical to form initial market beginning                 

around 2015-2020 

Towards the 2015 goal, Toyota challenges private industry and government to work 
closely with the Automakers to develop a clear pathway to ensure customers have 
convenient and reliable access to hydrogen fueling 

Summary 28 
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Today for Tomorrow 


	Progress and Challenges for TOYOTA’s Advanced Powertrain Development
	Slide Number 2
	Slide Number 3
	Pathways to Improved Fuel Efficiency
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Life Cycle Well to Wheel CO2 Comparison� FC has high potential with advanced hydrogen production
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Estimation of Infrastructure Establishment Cost in EU
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31

