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Automotive Range 
Extender Developers

Website Technology Gene-
ration

Development 
Status

Advantages Disadvantages Power 
(kW)

Weight (kg) Picture

Innovative Solutions for 
Energy (ISE)
USA Headquarters 
Bluways USA, Inc.
12302 Kerran Street
Poway, CA  92064

www.isecorp.com GHE Drive System for transit 
bus applications. Triton Ford 
V10, 6.8 L gasoline engine. 
200 kW generator. Siemens 
MONO Inverter 4 x 300A rms 
Rated Power 170 kW / 228 hp
Peak Power 300 kW / 402 hp

1st Commercially 
available. 

Already applied 
in hybrid electric 
buses and 
trolleys

Proven technoology 
(13+ million mile track 
record). Integrated 
system, including 
inverters, brake 
resistors, drive motors, 
etc. 

High weight, high 
volume, low specific 
power. Only applicable 
for electrification of 
standard city busses 
with conventional drive 
axle. Noise and 
vibrations.

200 kW 
(gene-
rator 

output)

??

Opel / General Motors www.opel-
ampera.com/index.php/m
as/ampera

Conventional 1,4 litre 4-
cylinder gasoline engine and 
two electric motor/generators 
with 111 kW in total. Only the 
smaller motor/generators is 
used as a generator in Range 
Extended Mode or in 
Combined Mode (high speed 
driving with empty battery). 
Larger motor/generators is 
only used as a generator 
during Regenerative braking.

1st In production for 
Opel Ampera, 
Chevrolet Volt, 
etc.

Proven technology.
Low emissions.
High efficiency.
Short time to market.
Low costs with large 
series.

Noise and vibrations.
Aftertreatment 
necessary to 
compensate high raw 
emssions.
Large weight, 
dimensions and 
volume.

63 kW 
fo rthe 

ICE (RE 
electric 
power 

un-
knowkn)

engine 
95 kg

125 kg incl. 
oil, coolant, 

radiator, 
generator

AVL Deutschland Head 
Office Mainz-Kastel
AVL Deutschland GmbH
Peter-Sander-Straße 32
55252 Mainz-Kastel

Also other locations 
worldwide.

www.avl.com 250cc rotary engine running at 
5,000 rpm with a permanent 
magnet synchronous machine. 
Fuel consumption is 260 
g/kWh (31% thermal 
efficiency). Dimensions 
490mm x 400mm x 980.

2nd In October 2011 
Audi started a 
fleet trail with 20 
Audi A1 e-tron 
prototypes

High efficiency for the 
ICE (31%). Nearly 
vibration-free and quiet 
operation, Small 
dimensions, low 
building height, low 
weight. 

Difficulties with 
tolerances, seals and 
lubrication. Reduced 
system life time. Shape 
combustion chamber 
suboptimal for low 
emissions. Asymmetric 
heating of the engine. 
No possibilities for 
variable compression.

15 kW 
@ 320-
420V

engine 80 kg

115 kg inc. 
oil, coolant, 

radiator,
and 

generator

Bladon Jets Holdings Limited
Westminster House
Parliament Square
Castletown
Isle of Man, England

www.bladonjets.com/ Bladon Jets develops and 
manufactures one piece 
integrally-bladed rotors for use 
in microturbines. Improved 
performance and efficiency is 
achieved by closer tolerances 
and reduced hub to tip ratios. 
Improved reliability is due to 
stress free machining from 
solid material and reduced 
inertial mass. The gas turbine 
is directly coupled to a high 
speed generator that produces 
70 kW at 80.000 rpm

2nd Prototypes 
applied in the 
Jaguar C-X75 
concept car.

High specific power, 
Light weight. Compact. 
Small nr of parts. Low 
maintanance. Vibration-
free operation. Low raw 
emissions

Expensive technology. 
System has no water 
cooling, so heating the 
vehicle is more 
complicated. Longer 
time to market. This is 
a non-recuperated gas 
turbine, so low 
efficiency outside the 
optimum working point. 
No recuperator that 
works as a silencer, so 
high noise level.

70 kW 35 kg 
(gasturbine + 

generator)

ENGIRO GmbH
Rathausstraße 10
52072 Aachen

www.engiro.de 1-disc 4-stroke AIXRO Wankel 
engine with integrated 
permanent excited 
synchronous generator/starter 
(ENGIRO) and shared cooling 
circuit. Electrical machine 
operates as starting motor, 
generator or as electric drive 
for energy supply of auxiliary 
units. 

2nd fully functional 
prototype

Nearly vibration-free 
and quiet operation
Small dimensions
Low weight.
3 kW mechanical 
output for energy 
supply of auxilieries, 
for example A/C 
compressor

Difficulties with 
tolerances, seals and 
lubrication. Reduced 
system life time. Shape 
combustion chamber 
suboptimal for low 
emissions. Asymmetric 
heating of the engine. 
No possibilities for 
variable compression.

15 kW 
(48 - 570 

V 

27 kg 
without 

auxiliary unit 
and 32 kg 

with auxiliary 
unit

GETRAG Corporate Group is 
represented in Europe, Asia 
and North America.

www.getrag.com “Boosted range extender 
concept” combines 2-cylinder 
1-litre ICE with electric motor, 
alternator and power-shiftable 
2-speed transmission. Electric 
driving, serial hybrid and 
parallel hybrid operation. ICE 
is only used for a small portion 
of driving conditions. 45 kW 
Electric motor (80 kW peak). 
20 kW alternator. Power-
shiftable 2-speed transmission 
mechanically connects ICE 
with the electric motor when 
needed.

2nd fully functional 
prototype

Short time to market. Noise and vibrations.
Aftertreatment 
necessary to 
compensate high raw 
emssions.

20 kW 
elec-
trical 

output

55 kg 
(without 
electric 
motor)

Kolbenschmidt Pierburg 
(KSPG) and FEV 
Motorentechnik GmbH

www.kspg-ag.de 2-cylinder, V-type gasoline 
engine with vertical crankshaft 
and two generators with gear 
wheel drive. Except fuel tank 
and radiator, all components 
are mounted on support 
frame. Construction optimized 
for minimal NVH.

2nd Demonstration 
Model 
presented at 
IAA 2011

Low costs. Low 
emissions. Short time 
to market. Short 
construction height, 
minimum of interfaces, 
can be integrated in 
existing vehicle 
(modification).

Noise and vibrations.
Aftertreatment 
necessary to 
compensate high raw 
emssions.

30kW 60 kg

LOTUS ENGINEERING 
UNITED KINGDOM
Potash Lane, Hethel, Norwich 
NR14 8EZ 
United Kingdom

www.lotuscars.com/engin
eering/en/lotus-range-
extender-engine

Three-cylinder 1.2 liter engine 
optimized between two 
operating points, giving 15 kW 
of electrical power at 1,500 
rpm and 35 kW at 3,500 rpm 
via the integrated electrical 
generator. Its low mass of 56 
kg makes it ideal for the series 
hybrid drivetrain 
configurations for which it is 
designed.

2nd Ready for series 
production. 
Has been 
undergoing 
testing in a 
range of 
vehicles, incl. 
Jaguar’s Limo-
Green

Low costs if produced 
in series of 30.000 or 
more. Proven 
technology. Low weight 
design.
Short time to market. 
Multifuel capability 
(alcohol-based fuels or 
gasoline). 

Noise and vibrations.
Aftertreatment 
necessary to 
compensate high raw 
emssions.

35 kW engine 
56 kg

86 kg incl. 
oil, coolant, 

radiator,
generator 

etc
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Polaris Industries inc. in 
Medina, USA
in collaboration with
Wenko AG Swissauto

www.dtic.mil/ndia/2011po
wer/Session23_12836Ste
wart.pdf

One-cylinder 325cc ICE 
supplies 26 kW of power to 
Brusa generator with 22kW 
electrical output. Port fuel 
injection. Low friction design. 
Generator acts as flywheel, 
dynamic balancer and starter. 
Integrated crankshaft drive 
and mounting system for 
generator. BSFC = 240 g/kWh 
on gasoline (34%).

2nd Prototypes have 
been 
demonstrated in 
2010

High electrical 
efficiency (31%). Low 
costs if produced in 
series. Proven 
technology. Low weight 
design.
Short time to market.

Noise and vibrations.
Aftertreatment 
necessary to 
compensate high raw 
emssions.

22 kW 38 kg

Capstone Turbine 
Corporation
21211 Nordhoff Street
Chatsworth, CA 91311, USA

www.microturbine.com/ It concerns a radial gas 
turbine with turbine, 
compressor and high speed 
generator in one axle. By 
adding a recuperator, a large 
portion of the exhaust gas 
heat is recovered and 
electrical efficiency can be 
substantially increased. The 
system is suitable for 
passenger vehicles to heavy-
duty truck and transit buses as 
well as for marine 
applications. 

3rd Commercially 
available. 

Already applied 
in more than 
1000 
DesignLine 
hybrid buses.

Low raw emissions. 
Multi fuel capability. 
Vibration-free and quiet 
operation. Low 
maintenance costs. 
Recuperated gas 
turbine, so good 
efficiency for wide 
variety of power 
settings 

Expensive technology.
Specific power not as 
good as expected 
(30kW=91kg!)
Lower efficiency than 
state-of-the-art piston 
ICE's (25-29%).

30-65 
kW

91-135 kg

Clarian Laboratories USA www.clarianlabs.com/

www.wired.com/images_b
logs/gadgetlab/2011/06/cl
arianlabs_rotary_piston_g
enerator_datasheet.pdf

Based on Wankel engine 
technology. No external drive 
shaft, power generation is fully 
self-contained within rotor 
housing. Integrated brushless 
induction-based generator. 
Motion of rotor is not constant. 
Actual motion of rotor is 
controlled by energy 
management system and 
involves complex velocity 
profiles, continuously 
changing velocities and finite 
accelerations to optimize fuel 
efficiency, control vibration 
and limit peak loads

3rd early research 
and evelopment 
phase. Clarian 
is looking for 
partner to 
commercialize 
this technology

Compact and 
lightweight. Multi-fuel 
capability. Only two 
moving parts. High 
power-to-weight 
ratio.Scalable design

Emissions?
Time to market.
Lower thermal 
efficiency than state-of-
the-art piston ICE's 
(30%).

5 kW 10 kg

Daimler AG
Corporate Headquarters
Mercedesstr. 137
70327 Stuttgart
Germany

www.daimler.com/technol
ogy-and-innovation/drive-
technologies/fuel-cell

80 kW Fuel Cell System 
(PEM) for Mercedes-Benz B-
Klasse. Runs at compressed 
hydrogen (700 bar)
Range 385 km with 6.8 Ah, 
1.4 kWh Li-Ion battery 

3rd Prototype 
presented 2011. 
In production in 
2014.

High efficiency (>50%)
Low maintenance.
Silent operation
No emission of 
pollutants or CO2

No H2 infrastructure 
available.
High costs.
No H2 available from 
renewable sources.
Long time to market.

80kW ??

Deutsches Zentrum für Luft- 
und Raumfahrt (DLR)
Linder Höhe
51147 Cologne

www.dlr.de Free piston linear alternator or 
"Freikolben-Lineargenerator". 
Piston moves freely between 
two combustion chambers 
back and forth, using a 2-takt 
process. Connecting rod 
between pistons is equipped 
with permanent magnets. 
Around the cylinder a spool 
arranged. Movement of the 
magnet in the coil induces 
electric current.

3rd Experimental 
already for 
more than 10 
years

Variable compression. 
Multi fuel capability. 
Clean combustion and 
high efficiency (50%?). 
Shorter combustion 
duration under high 
compres-sion ratio. 
Peak temp. and 
pressures are lower 
than traditional ICE. 
This reduces 
temperature-dependent 
emissions. 

Its difficult to control 
the piston. Low specifik 
power. Large and 
expensive coil is 
needed. No sinusoidal 
alternating current. The 
Cylinder undergoes 
accelerations 3 times 
larger than traditional 
ICE 

?? ??

Innomot AG
Oberwiberg 6
CH-6212 St. Erhard
Switzerland

Development Company:

Innojet Herbert Hüttlin
Daimlerstrasse 7
D-79585 Steinen
Germany

www.innomot.org Hütlin Range Extender with 
ICE and electric machine fully 
integrated. Within curvy 
channel 2 groups of pistons 
move. 2 swinging pistons are 
connected through a central 
axis moving with them and 
thus forms 2 groups of 
connected pistons. Pistons do 
not touch the cylinder wall but 
are guided by titanal spheres. 
Sealing is made of 
conventional piston rings. 
Rotor of combustion engine is 
fixed to generator rotor.

3rd functional 
prototype

Small number of parts 
in comparison to 
conventional ICE (only 
63 parts). High power 
density. Small volume 
and weight. 25% 
reduction in fuel 
consumption is claimed 
w.r.t. conventional ICE. 

Manufacturability 
(difficult shapes, close 
tolerances required, 
probably problematic 
with seals).

High costs due to 
geometric complexity.

Time to market.

74 kW 
at 3000 

rpm

62 kg

Micro Turbine Technology
De Rondom 1
5612 AP Eindhoven
The Netherlands

www.mtt-eu.com Microturbine system based on 
COTS automotive 
turbocharger components. 
Resulted in system that can 
be produced in large volumes 
at low prices. Microturbine is 
coupled with a high speed 
generator. By adding a 
recuperator, a large portion of 
the exhaust gas heat is 
recovered and electrical 
efficiency can be substantially 
increased.

3rd Proof of 
concept is ready

High specific power. 
Low weight. Low noise 
& vibrations. Low raw 
emissions. Few 
components. High 
reliability. Low 
maintenance costs. 
Multi fuel capability. 
Recuperated gas 
turbine, so good 
efficiency for wide 
variety of power 
settings 

Longer time to market. 
Higher cost price than 
range extenders based 
on conventional 
crankshaft piston 
engine technology. 
Slightly lower efficiency 
than state-of-the-art 
piston ICE's

15 kW 50kg

PEEC-POWER B.V.
Griendweg 9
3295 KV - ‘s-Gravendeel
The Netherlands

www.peec-power.com 655 cc single-cylinder piston 
engine with two pistons 
moving symmetrically in 
opposite directions (600x400 
mm) (fully balanced, low 
vibrations). Fully  integrated 
brushless permanent magnet 
generator (DC up to 600V, AC 
110-420V). 

3rd fully functional 
prototype

Low manufacturing 
costs, compact design 
(600x400 mm), high 
efficiency, Multi fuel 
capability (gasoline, 
CNG, LPG, diesel, bio-
diesel, etc)

No proven technology.
Longer time to market.

30 kW 55 kg incl. 
generator, 

power
electronics, 

oil & 
lubrication 

pump



  
 

����+����+�,���������������-��	���.���+������
����	� �/�%
%+���� ��	������(��!� � ��������	
���
����������� ��������
����	��������  

	�����&&9�	�!�
��������:�
������������������������� ������������������������ �
�
����
����
��(����*��	�)����������+�)������������(�� ������
�������������������*��
�-��	���.���+������
� ���	���

��������G�0�	���2������ )��+�����G��������� D�������

���� �����/�
������ ,�������������������������+����� ���(�
�	
�
3������������������
�����%������+�����������
�(����	���.���+����(���
�����+������
������
5#7��7
�4D6%��


����GG���	������
�����%���G�

������������ �.��������������	���.���+�������	������ ���+�
����������������	������������������
����
������	��O/1���������������2��������+�
����������(����	���.���+���%�

***%�����������%����

�D�;I�J�'�������"%/%� ,�������������+�����������	��( ����������
��
�����%�����	��������(����	���.���+���%�

***%�*�(��.%��G�

;������1�	���
����� -������
������������������������ ���������+�
���
����������������%������(����������(���
���	���.���+������
����	�%�

***%(�����%���

1�	���
�����������
������
O�M��	���

-E,����(�����������
����+���+����������
+���������������%�

***%
��%����

I$'���������������� O/1�E������������,�������������� �	��
$���	�������,�������������+�)�*��������
����	�����������������,����������%�

***%�������%����

$�	������������������"/� &��*��+	�������������
����� ���(����������
������G	����������*
��
�����+����������+����
���	���.���+���%�

***%��	����������������%����

$����������������
����	�� ,������������(����	���.��� +����(������������
��
��������+���.���������*��������%��
)��4��	�
�������(�������4�������+����������
	�����������%�

***%������%�����

O�+'���4�(����������
���
����	��"/�

O�+����4�(�������������+����������������
���������(������+�������((�������+������������
(����
�����������
��+���	���+��������+������
���������������

***%��+����4%�����

�O0���+�������������
���4��
"��������B��������������%�
������������������$��������
�������5��$�6�

'������(��
�����������(����������(������	��
�.���+����5I�	
��E�1�����+���6%�
�����������+���	���-������
�E�,�������
��������	�������	��������	���+������(��������

***%���%���

/,I�"���E�����
� ����	��������(����	���.���+�������� ������

����+������������*���������(��������������%�

***%�+��������
%�����

�



  
 

����+����+�,���������������-��	���.���+������
����	� �/�%
%+���� ��	���!��(��!� � ��������	
���
����������� ��������
����	��������  

����������9�
�6 '��� ���1O���I� )�)�-� �

:�
��
#7:�� >  ��� ����	�����
	��
� ��� 	��� ��	�������%� &���� ��
��
	 ��

�� '�����(� 	��

)�����
� '������(� 	�� ��	�
�����

��� ����	���� *������ � ?�� �%� ,%�������$%�0%�1�������� ��+� )%�=%� '���	�����  �������
$��������������������

:�

�6 0��������������
����
�������(���������04�������
���
!6  ������������	������> ������*��	�+��������#����� ���"�	��(�&����"������	� 
�����

�������	����+��������	��,�

��
������+�������������
���)�����������
�� ?��$%�$����4�����+�=%�-���������
�0��������
�
�
#6 -����+�"��	����>��������������+�������
�7��0������� ��������+��
�����	����
��+?��;��%��
���
76 =%,%� )�*��� ��+� ������������ �
�� $� ��*�1���� �������� ��� ���%� >+����� -���
� ././� �� ��	��

	���� )����	�
�
�

&����
�	 ?��$��
����0���������
�
%�
86 �
�� "������ ���������	�  ������ ,��(�� -������� > )�����
�� ��	��� 	�� ././%�  ��� ��
� ��� 	��� ����	���� �
� 0?�� $%�

,����������%�,��	����$%� �����������%��=�����
���
96 '���������
��*����������4���������.��%�
:6 >;��������������������	���?��������������-�-���-��+ ������9�
���
���
P6 >��������� -��+���� �������(�������� �(� -��+� ��������� ?�� /������� �%
��  %� $������ �-�-���� '����	��+��� /,��

�����������[����
��4� ��1��O���������
�
�
�
6  > �����	� "��4� �����  ����� ;���� ����� ,����������� �(�� �� �
�� 1���?�� =%)%� $������� �
�� ��������
������� '���� ���

�����(������

:�
��6  >)��	����� ��+� �
��� �������� (��� "���	��	� ;���� ����� / �
������ ��� �
�� ������ ����������� $��4��� ��� ����(���� �?��

����(������;���������)�������
����;����������
���
��6  \,��� T�4��(�� +��� /���������	�������� ��� ���4���(�2�� ����� ;�
�2��	�������>�� B%� $R�4���� 1�)%� '�
���2��� B% �

D��	����"%�&�
������+�����+�)������������������G'*� �������)�*��������G)���������+���������=�������
���
�
	==����������9�

·  "�/� "����������������/�
�����

·  �/� ���������/�
�����

·  �-�/� �.���+�+�-��	�����������/�
�����

·  ;��/� ;������������������/�
�����

·  ;1�/� ;����1����+����������/�
�����

·  $1�/� $��+�1����+����������/�
�����

·  O/1� O�����/������������+�1���
�����

·  0�$� 0��	������3��������$���(��������

·  -�� -��	���.���+���

·  -�''� -��
��	����������	��'����	��'������

·  '0�� '������(��
��	��5��������������6�

�
��������������������=������������������=����������
 9�

·  '�����$����+��������������

·  D������
�����$����������������
����	��

·  ��������+���"���4����+��
��������+���"���4��)����)� *���

·   �+(���+�)�����'�����������������(����������������� �
����	���������

·  �22���'�������)��(������,������������+������	������ �)�����������+�������� �


