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AVL COVERS MANY CUSTOMER SEGMENTS

Powertrain
EngineeringPassenger

Cars
Racing2-WheelersPassenger

Cars
Racing2-Wheelers

Development of powertrains - combustion engines, hybrid systems, 
electric drive - simulation and test systems
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AVL – WORLD WIDE
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America
Argentina
Brasilia
Mexico
USA

Asia
China
India
Indonesia
Japan 
Korea
Thailand

Australia

Europe
Germany
France
United Kingdom
Italy
Austria (HQ)
Poland
Romania
Russia
Sweden
Slovenia
Spain
Czech Republic
Turkey
Hungary

Headquarter – fuel cell development center
EV, battery or fuel cell investigation

4600 employees, 45 affiliates
Turnover 2011: 825 Mio €



SOLID OXIDE FUEL CELL – AUXILIARY POWER UNITS

APU Development Program Milestones

� 2002 – Start of technical feasibility study

Truck Idling:
� US trucks idle ~8h per day, 300 days per year
� Significant cost and emissions caused by idling
� Idling regulations in force in most of US states
� EPA regulation is prepared which will eliminate idling

Motivation: Reduction of heavy duty truck
idling costs and emissions
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� 2002 – Start of technical feasibility study

� 2004 – 1kW “proof-of-concept” system demonstrated

� 2005 – basic technical feasibility demonstrated

� 2005 – start of diesel reformer development

� 2009 – concept update for MSC stacks

� 2009 – first hot vibration test of SOFC stack

� 2009 – first stack operated on road diesel 

� 2010 – anode blower prototype available

� 2011 – AVL APU Gen 0.1 on test rig

� 2011 – AVL APU Gen 1.0 available



REQUIREMENTS & DEVELOPMENT TARGETS
AVL GEN I

Operating Hours (I>0A): 12000 3000 h
Operating Hours (T>100°C): 36000 - h
Deep Thermal Cycles (T<100°C): 300 50 -
Medium Themal Cycles (T>100°C): 3000 500 -

RedOx Cycles @Operat. Temp (1) 30 10 -

RedOx Cycles to Ambient Temp. (2) 5 - -
electr. Efficiency: 35 25 -
Heat up Time: 30 45 min
Maximum electrical Power: 3000 2000 W
Minimum electrical Power: 300 300 W
Sulphur Tolerance US (fuel): 15 10 ppm
Mass: 100 - kg

Already sufficient for a lot
non-truck applications (e.g. 

military, leisure,…)
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Mass: 100 - kg
Volume: 100 - L
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AVL SOFC APU Generation I 

STAND ALONE SOLID OXIDE FUEL CELL AUXILIARY POWER UNIT 

Design Targets:

� 3kW electrical power

� 10kW thermal power 

� el. efficiency ~35%

� Fuel: european road
diesel (< 10 ppm S)

� 80L, 65kg

� ~ 55dB(A) noise
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41
0m

m � ~ 55dB(A) noise

Technology:

� Solid Oxide Fuel Cell

� anode-supported stack

� hot-gas anode recirculation

� auto thermal reforming

� highly efficient radial-
blowers for media supply

� system internal
regeneration approaches

Status: Design Freeze AVL APU GEN 1.0



AVL SOFC APU Generation I 
STAND ALONE SOLID OXIDE FUEL CELL AUXILIARY POWER UNIT 

Anode blower
APU Stack Module

Air blower
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Gas processing unit
Incl. reformer, start-burner, 
off-gas cleaning, heat
exchange, manifolding

Valves

Fuel pumps



AVL SOFC APU GEN I
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See our APU system
at booth 209!



Testing of AVL APU Gen 0.1 Prototype Unit

� Tests w. & wo. stacks
for more than 6 months
(and ongoing)

� Results promising, 
optimization(s) required!
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AVL DIESEL REFORMER Development

� AVL has developed and optimized diesel reformer
technology for APU application since 2005

� Reformer operation under „CPOX Mode with some water“ 
(S/C~0.3, Lambda~0.4, efficiency typically ~80%)

� Technology available on 2 platforms: stand-
alone/plug&play reformer (used for catalyst test and
optimization) and APU integrated design

� Typical gas quality: ~200ppm NMHC, <30ppm C6+, no
carbon detectable (online carbon test instrument
available )

Catalysts
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available )

Stand-alone reformer on AVL fuel
processing test rig



AVL Vibration Tests
� Tests of various kW-Class SOFC stacks (ASC) 

performed (at operating temperature) 

� accelerations till max 5g tested

� no impact on OCV or mechanical integrity observed!

� in beginning of 2012 vibration tests with APU 
prototypes will be performed

1D

2D
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SOFC Stack Vibration Test
T_Stack=750°C, N2/H2, Air

System Vibration Test



� Aerodynamics
specifically layed out 
using AVL inhouse Tools

AVL Fuel Cell Blower Development

Boundary
Conditions
Boundary
Conditions

Concept
Layout

Concept
Layout DesignDesign

� Air & Recirculation Gas 
Compression for 3.5 kW 
System
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� Direct Drive Brushless
DC-Motor enclosed
between Bearings

� Effective Heat
Management

System

� Electric Operation at
Battery & Fuel Cell
Voltage

� Low Volume desired for
Packaging purposes

� Availability external
Lubrication / Cooling
Mediums extremely
Limited

� Lifetime Potential of
36.000 hours (including
Standby-Mode)

� Compact and Functionally
Integrated Design



AVL Fuel Cell Blower Development

ManufacturingManufacturing TestingTesting ExperienceExperience

1.05

1.1

1.15

1.2

P
re

ss
u

re
 R

at
io

 (-
)

Recirculation Blower Compressor Map
 

Measured, T = 293 K
Calculated, T = 773 K
Layout Points, T = 773 K

0.1

0.15

0.2

0.25

0.3

0.35

0.4

T
o

ta
l B

lo
w

er
 E

ffi
ci

e
nc

y 
(-

)

Recirculation Blower Total Efficiency
 

Measured, T = 293 K

70e3 rpm

80e3 rpm

90e3 rpm

30e3 rpm

40e3 rpm

50e3 rpm
60e3 rpm

70e3 rpm
80e3 rpm90e3 rpm

Juergen Rechberger, AVL List GmbH ��

0 0.005 0.01 0.015 0.02 0.025
1

Reduced Massflow (kg/s)

 
0 0.005 0.01 0.015 0.02 0.025

0

0.05

Reduced Massflow (kg/s)

T
o

ta
l B

lo
w

er
 E

ffi
ci

e
nc

y 
(-

)

 

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035
1

1.05

1.1

1.15

1.2

1.25

1.3

Reduced Massflow (kg/s)

P
re

ss
u

re
 R

at
io

 (-
)

Air Blower Compressor Map

 

 

Measured, T = 293 K
Layout Points, T = 293 K

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035
0

0.1

0.2

0.3

0.4

0.5

Reduced Massflow (kg/s)

T
ot

al
 B

lo
w

e
r E

ffi
ci

en
cy

 (
-)

Air Blower Total Efficiency

 

 

Measured, T = 293 K

20e3 rpm30e3 rpm
40e3 rpm

50e3 rpm
60e3 rpm

20e3 rpm

30e3 rpm

18e3 rpm
30e3 rpm

42e3 rpm
54e3 rpm

65e3 rpm

77e3 rpm

89e3 rpm

18e3 rpm

30e3 rpm

42e3 rpm
54e3 rpm

65e3 rpm 77e3 rpm

89e3 rpm

� Proven Total Efficiency    
> 40%

� Fuel Cell Specific Mass
Flow & Pressure Ratio 
Combinations, also for
Mediums at High 
Temperature



Reliability Development for AVL SOFC APU

TASK in APU Development Program

� Identification of degradation issues in SOFC based 
APU systems

� Risk analysis / FMEA

� Investigation and modelling of relevant failure 
mechanisms

� Assistance of system development

� Development of accelerated tests based on the 
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� Development of accelerated tests based on the 
“Physics of failure” principle

� Development of customized reliability validation 
programs 

� Assistance in the definition of reliability-targets and 
identification of relevant customer-behaviour

� Balancing of long-term tests on system-, 
subsystem and component-level 

� Statistical optimisation of test programs concerning 
significance, testing time and costs

� Compilation of demonstrable reliabilities and 
durability potentials



HIGHLIGHTS

� Generation of an unique overview of failure 
modes in SOFC APU systems (500+ failure 
modes identified)

� Comprehensive linking of failure modes and 
operating conditions

� System-dependent identification of relevant 
degradation issues

Reliability Development for AVL SOFC APU
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degradation issues

� Compilation of first models for the deduction and 
quantification of degradation acceleration

� Load Matrix based validation test program for 
AVL SOFC APU

OUTLOOK

� Further development of models and accelerated 
test methods for SOFC systems

� Ensure and measure continuous reliability 
growth of AVL SOFC APU technology
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Development of MSC Stacks for APUs
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Remaining Challenges

1. Degradation under Diesel operation

� Sulfur, slip hydrocarbons & carbon cause degradation (alongside to
other degradation drivers)

� From a business & maintenance perspective a sulfur tolerant 
(~0.2ppm H2S, ~0.3ppm SO2) stack is highly preferable!

� Sulfur: promising results on cell level, to be confirmed in APU stacks
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� Sulfur: promising results on cell level, to be confirmed in APU stacks

� System internal regeneration approach developed!

2. Cost of technology

� Volume production cost estimate for final product shows promising 
numbers!

� The challenge is, to perform necessary field and fleet tests with
actual high prototype costs!



Summary and Next Steps

� AVL APU GEN 0.1 intensively tested, functionality pro ven, tests
with stacks will continue

� We are in the process to bring AVL APU GEN 1.0 systems in to
operation (results expected for 1 st half of 2012)

� First available systems for external partner evaluation i n 2nd half of
2012 (cost contribution required)

� In 2012 GEN 2.0 system will be tested with a first kW-class MSC 
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� In 2012 GEN 2.0 system will be tested with a first kW-class MSC 
Stack

� Only remaining technical issue is degradation due to sulph ur and
other impurities (measures initiated, confirmed already on cell
level, transfer to stack level)

� Due to our business model (engineering), we will not ma nufacture
this product ��� � industrialization partner(s)

� Technology mature enough to start industrial product
development process to meet SOP in ~2015
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