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� Technology is available today and economically viab le in the near-term.
� Number of test/demo vehicles: Ford, BMW among other s (see below).

• demonstrated efficiencies in excess of today’s gasoline engines.
• operate cleanly (NOx is the only emission pollutant)

� Fewer constraints concerning H 2 storage compared to fuel cells.
• relative ease of a dual-fuel option (H2/gasoline).
• impurities are a non-issue

� � ������	�
��
������������
���������������



��������������
�����������������������
����������
� �
�������������
����������������������������
���������
������������ �����������������
��������������������������
�������

� � ������������������������������

���������� � 	
��
��
�����
���������
�����
������

���������� - ����
���������������� ��

�����������! - �������
���������������
�"���#
�� $

���

����

���

����

!��

����

��� - ��%

� !

����

���!�

� �

����

���

����

��! - �

!�������

�����&
� ��
�����������'���(� $

��� - !�������� 
�
�"��
�
�
�� f �

���!
����������� �
�
���

�)*#+, �
� �� $

����!��-�������
�,��������)*�+,�

��%�.�����
�,�&

����������� $

�������
,�
�
�� ���'���(�� $

�
�
����
,�
�
�������," $

"��������

����

��
�����

������ ���
�������� ��

	 ,�
��
�����'��/� $ 
��
��
�����
���
0����

-
&�������� 
�
�"����,�
������1������'����
���

�
,��������
'��&

�,��&�
�� 
�
�"�

�
,�����'��


������
�
�-
���

�'����&������������
�
���"

�
��&

'���������������


'��'��

�"����'��
,�
��

��
���������� ���&��"���"��




"�������#���� � ���������������

� Cold-start is a non-issue (gaseous fuel)
� NOx is the only non-trivial engine-out emission polluta nt 

� statement ignores the upstream emissions in producing hydrogen

0 0.25 0.5 0.75 1 1.25 1.5
10

0

10
1

10
2

10
3

10
4

f

N
O

x,
 p

pm

    CARB, SULEV
  NOx < 0.02 g/mile

   US Federal Tier II
  NOx < 0.07 g/mile

� , � � � � (closed symbols) engine out
� , � (open symbols) aftertreatment with TWC

Satisfy SULEV regulations
� operate ultra-lean (f < 0.45).
� operate at stoichiometry (f = 1)

with 3-way catalyst (TWC)
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Preignition:
Ignition of the fuel/air mixture before the spark plug fires. Ignition sources
include engine hot spots, oil contaminants, and others. Produces engine 
knock-like effects than can lead to engine damage.   

H2 is predisposed to preignition

Conventional port-fuel-injection
(PFI) H2ICEs fueled by compressed
hydrogen gas are most susceptible

to preignition.
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In practice, to avoid preignition the engine is ope rated lean. 
Consequently, engine torque (and power) is signific antly reduced.
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unthrottled at 3000 rpm

Preignition
limit

Profound effects on SULEV
operating strategies:

� Stochiometric operation with
aftertreatment.

� region is inaccessible .

� Continuous ultra-lean 
operation (no aftertreatment)

� torque (power) is very low
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� Significant advancements in the development of the H2ICE
over the last decade.

� Several H 2ICE powered vehicles with demonstrated emissions 
significantly below SULEV regulations.

� Good prospects for increased efficiencies, high pow er density
and reduced emissions with hybridization, multi-mod e 
operating strategies and advancements in ICE design  and 
materials.


