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EDITORIAL
Dear Readers,
Since our last newsletter a lot has been happening in INN-BALANCE.
First of all, we have a new partner on board, the China Euro Vehicle
Technology AB (CEVT) of the Geely group. CEVT will integrate the
components designed by INN-BALANCE into its vehicle platform, once
the components as well as associated software have been tested individually and on system level at the Powercell labs. The embedding of
components into a prototype vehicle will mark the last and most decisive
step of the project. It will prove, whether the Balance of Plant components are ready for serial production and their use in commercial cars.
Find out more about CEVT and their contribution to INN-BALANCE in
this edition’s partner presentation (p.3) and in the INN-BALANCE outlook report (p.5).
Meanwhile, the testing of individual components continues. The fuel cell
stack control unit, for example, is currently put to test at the premises of
partner AVL. The control unit developed by them will be the first ever onboard diagnosis device for Fuel Cell Electric Vehicles. Curious to find out
more about the features of the control unit and the role harmonics plays in
it? Read the interview with AVL developer Jan Schmidt (p.3-4).
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Last but not least, the partners BROSE, DLR, Celeroton and PowerCell provide an update on the cathode subsystem. In this edition’s progress report they explain why keeping a desired mass flow of oxygen at a particular reference humidity to the FC stack is important for the entire functioning of the FC system.
We hope you enjoy reading this newsletter. Thank you for your interest in INN-BALANCE.
Greetings from Germany,
Paul Haering for Steinbeis 2i GmbH

INN-BALANCE IN A NUTSHELL

PROJECT IDENTITY CARD

INN-BALANCE works towards the commercialization of
hydrogen based electric vehicles by improving the efficiency and cost-effectiveness of automotive fuel cells.

Title:

INN-BALANCE integrates the latest trends in fuel cell
vehicle technology into the development of
 a new air turbo compressor;
 combined hydrogen injection and recirculation;
 advanced control and diagnosis devices;
 a new concept of thermal management.
These components will add up to an innovative fuel cell
system and hence greatly improve the cost, the efficiency and the reliability of fuel cell powered vehicles.
Altogether, INN-BALANCE achievements in improving
fuel cells will benefit climate protection and energy security and contribute to the creation of sustainable and
highly qualified job opportunities.

INN-BALANCE COMPONENTS

INNovative Cost Improvements for BALANCE of
Plant Components of Automotive PEMFC Systems

Duration: Jan. 2017– Jan. 2021
Funding: 5M Euro in the framework of Horizon
2020, via FCH JU

Coordination: Fundación Ayesa, Spain
Participant countries: Austria, Germany,
Spain, Sweden, Switzerland

Field of research:
Development of industrialization-ready fuel
cells and system components for hydrogen vehicles

INN-BALANCE PARTNER PRESENTATION:
CHINA EURO VEHICLE TECHNOLOGY AB
CEVT is an innovation and development centre for future technologies of the Geely Group with the purpose
of being at the forefront of new developments in mobility. The whole industry is now undergoing a transformation with new ways of thinking about the car as a product. CEVT is a fast growing, fast moving and exciting company where no day is like the other – where the challenges of tomorrow are on our working table
today. Modular development, advanced virtual engineering and state of the art software development enable us to deliver world-class technology to all Geely Group brands.
CEVT consists of some 2000 people with offices in Gothenburg and Trollhättan in Sweden. CEVT currently
works on projects for the car brands Volvo Cars, Geely Auto, Lynk & Co and Lotus. CEVT is a subsidiary of
Zhejiang Geely Holding Group. More information about CEVT is available under www.cevt.se
CEVT joined the INN-BALANCE consortium in July 2019. Within the project CEVT’s Compact Modular Architecture (CMA) will provide the basis for simulating the interplay of components in the vehicle, testing performance and durability of the BoP fuel cell system. Following this simulation the components will be integrated into a prototype vehicle and checked in real driving conditions on a test track.

INTERVIEW WITH JAN SCHMIDT, INN-BALANCE PROJECT MANAGER AT AVL
RECORDING THE ‘VIBES’ (HARMONICS) OF A FUEL CELL SYSTEM – INN-BALANCE
FUEL CELL CONTROL UNIT
To ensure smooth running of the fuel cells in a car,
any source of disturbance that hampers their functioning has to be eliminated as soon as possible.
Control and diagnosis devices are therefore an important component of every fuel cell system. In
INN-BALANCE the goal of AVL’s work has been to
develop an on-board diagnosis system for fuel
cells.
Jan Schmidt from AVL agreed to answer a few
questions about the diagnosis strategy pursued in
INN-BALANCE and the device, which is currently
being evaluated on the fuel cell test benches of
PowerCell.

Portrait - Jan Schmidt, AVL
Since having joined the project in October 2018,
Jan Schmidt has worked on the first ever onboard diagnosis system for electric vehicles
powered by fuel cells. In this interview he looks
back on the results achieved and casts light on
the next steps.
Jan Schmidt is a Development Engineer for PEM
Systems at AVL for two years. Before, he studied
process engineering at the Technical University
of Vienna, gaining first job experiences at equipment manufacturer Andritz and international carmaker Daimler AG.

For an introduction to the subject, could you please explain potential defects that can occur in a fuel cell
system and its impact on performance/reliability? What are the main risks and how to mitigate them?
Since a fuel cell does not have any moving parts, the only way to adjust the operating conditions is to regulate
the parameters of the media going into the stack. The chemical reaction within the fuel cell is affected by these
parameters. By operating at low temperatures for example, water droplets can form. If the droplet is on the catalyst layer surface, the active area gets
„The only way to adjust the operating conditions of a fuel cell is
blocked and local fuel starvation can
to regulate the parameters of the media going into the stack.”
occur. This phenomenon is likely to
take place during cold starts when the temperature of the stack is low, or when the cooling flow is not controlled
properly. A possible way to mitigate this risk is to ensure a higher pressure, or higher stoichiometry in the anode.
The opposite happens when the temperature of the fuel cell is too high, or the humidity of the air inlet flow is too
low. These not ideal operation conditions cause the Membrane Electrode Assemblies (MEA) to dry out. This in
turn causes a higher degradation of the membrane and if not detected quickly, can even result in local hotspots
and a complete failure of the MEA. Online monitoring of the stack would make it possible to track the conditions
and react immediately if a harming stack environment starts to form.
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What are the advantages of the THDA control method used in INN-BALANCE compared to conventional
(more intrusive) methods of fuel cell control and monitoring?
During system operation fuel cells are basically black boxes. We can measure the operating parameters before
and after the stack but what is happening inside is hard to tell. Therefore, online monitoring of the conditions within the fuel cell is extremely important. By getting this insight into the stack during operation we can optimize our
operating strategy and therefore increase the lifetime of today’s fuel cell systems.
The Cell Voltage Monitoring (CVM) is the state-of-the-art method that we are using today and it is used in the majority of applications. This solution is not just costly because of its complex instrumentation, but also unreliable
since every, or at least most cells have to get wired separately. Since stacks can have more than 330 Cells, the
likelihood of at least one of them failing is high.
Total harmonic distortion analysis or
THDA is a method where a specific
„With THDA we can predict the cause of declining
current signal is applied to the stack.
cell voltages and therefore avoid harmful operating
The analysis of the response signal
conditions of the fuel cell“
gives information of the operation conditions within the stack. This way online monitoring becomes possible and we can immediately react with changes to the operating conditions to prevent damages to the stack. In addition, this method can be implemented into
existing fuel cell system components like the DC-DC converter and the Fuel Cell Control Unit (FCCU) which allows us to improve packaging by removing the CVM and ensure a more robust operation.
In a nutshell, with CVM we can detect declining cell voltages but with THDA we can predict the cause of declining
cell voltages and therefore avoid harmful operating conditions (e.g. droplet formation, low media, dry out of the
MEA).

As a next step the functioning of the on-board diagnosis and control system, its reliable report of
disturbances and damages within the fuel cell system and its automatic control of BoP components,
will be tested on the test benches of PowerCell in Sweden. Could you please outline the setup and
scenarios of these tests?
In this case we will be using our AVL THDATM test device, which is normally used on test stands, the same product that AVL already has available for customers. The THDA will act as a tool for system design verification and
optimization of the operating strategy. By monitoring
the humidification, the THDA detects membrane dry
out and flooding. With this additional monitoring opportunity, DLR (Deutsches Zentrum für Luft- und
Raumfahrt) for example, will be able to predict the
duration until the system is ready for shut-off and
therefore optimise the duration of the overall freeze
shut down procedure.

The AVL THDATM test device © AVL 2019

Another scenario we are taking into account, is hydrogen starvation, which is really common during
freeze starts. Here the starvation is tracing back to
droplet formation what could be avoided by adjusting
the stoichiometry of the fuel supply.

To cut it short, online monitoring of the membrane humidity is giving us the possibility to adjust operation conditions in realtime and helping to prevent harmful operating conditions.

Thank you Jan, for providing an interesting insight into the work of AVL!

PROJECT PROGRESS REPORT:
THE INN-BALANCE CATHODE SUBSYSTEM
Introduction
The cathode subsystem is one the most important Balance of Plants components integrated in fuel cell
based vehicles. Its prime function is to supply a desired mass flow of oxygen at a particular reference humidity to the FC stack. Oxygen will combine with electron and hydrogen ions released by the hydrogen fuel
to form water that flows out of the stack. To ensure proper function, pressure, mass flow, temperature and
humidity of the oxygen are constantly measured and controlled.
The cathode module is composed of an air filter, a turbo compressor, a passive membrane humidifier, a
heat-exchanger/intercooler, control valves and sensors which all fulfil a specific objective. Effective filtration
is essential in order to protect the sensitive components and avoid that nitrous oxides, or compounds with
sulphur and ammonia enter the fuel cells. The turbo compressor from Swiss partner Celoroton with gas
bearings is capable of rotating at high speeds with reduced friction and power loss. The membrane humidifier recycles the water produced by the fuel cell reaction, while the intercooler regulates the temperature of
the air compression.
In INN-BALANCE, Brose leads the design and development of the cathode system in close cooperation with Celeroton, which provides the turbo compressor and partners PowerCell, DLR and CEVT
develop the specifications of the cathode module to ensure proper future integration in the fuel cell
system and vehicle.

The cathode subsystem supplies oxygen to the fuel cell stack. Parameters such as
humidity, pressure, temperature and mass flow are continuously measured and
controlled to optimise the chemical reaction within the fuel cell, thus avoiding damages and shortfalls.
Partner Celeroton built several prototypes of its turbo
compressor matching the fuel cell stack requirements
and performed multiple tests on a specifically designed
test bench. The compressor underwent tests with various cooling water temperatures and the compressor
performance map showing the pressure in relation to
the mass flow was recorded.
Partner Brose elaborated together with partners
Celeroton, DLR, and PowerCell the layout of the cathode submodule and selected and tested various components such as control valves. Brose also developed
a simulation platform and carried out final laboratory
tests.

The lab interface module at the PowerCell
lab, where all BoP components will be integrated in a test rig.

Swedish partner PowerCell is now integrating all BoP
components in a test rig to assess the performance
and reliability of the assembled fuel cell system. Once
the tests are completed, partner CEVT will integrate
the fuel cell system in a vehicle powertrain and perform
tests under automotive operating conditions (see next
page for further details).

PROJECT OUTLOOK REPORT:
FUEL CELL SYTEM TESTS AND INTEGRATION IN
A VEHICLE POWERTRAIN
In the first months of INN-BALANCE, project partners designed the overall testing procedures for the
BoP components encompassing early component
tests through to final powertrain performance assessment. After the first prototypes were developed,
preliminary tests were carried out at component level by the responsible partners in charge of the different subsystems. To ensure safe operation and to
minimize the risk of damaging the complete fuel cell
system, a sequential testing of the different subsystems with a stack dummy at PowerCell lab facility is
planned. Once all functions are verified, the stack
dummy will be replaced by a S3 fuel cell stack and
performance tests are going to be carried out by
PowerCell including: Maximum power output in The car from Geely Group that will be fitted with an fuel
nominal and standard conditions, system response cell-based electric powertrain composed of the BoP
on load request change and start-up time.
components developed within INN-BALANCE
Once all laboratory tests are performed and the fuel
cell system is integrated into the vehicle, CEVT will check all safety functions including leakage detection and
shut down procedures. In a second step, CEVT will calibrate the fuel cell system to suit the operative automotive conditions of the vehicle powertrain. This process is rather complex and needs to be done for all systems in parallel as they influence each other. Partner AVL will be involved in the on-board integration of the
control unit. As a final step, the calibrated system will be evaluated by CEVT. This assessment is important to
demonstrate that fuel cell vehicles can com„At CEVT we are excited to be a part of this project and
pete with traditional internal combustion encontribute
to setting manufacturing standards for future
gine vehicles and offer the same features in
Fuel Cell Electric Vehicles.”
terms of driveability and performance to
Benjamin Harwood, INN-BALANCE project manager from China
meet customer requirements. Accordingly,
Euro Vehicle Technology Ab (CEVT)
test sequences will be conducted in order to
analyse energy consumption, measure the start-up time and monitor the powertrain and cooling system performance in transient and steady states. Selected results of system integration, testing and evaluation will be
made public at the end of the project.

PROJECT NEWS:
INN-BALANCE PRESENTATION BY DLR AND CELEROTON
AT INTERNATIONAL CONFERENCES

Under the headline ‘Clean drives. Efficiently produced.’ the first Fuel Cell Conference Chemnitz FC³
in Chemnitz focused on the series production of fuel
cells for hydrogen vehicles and their drive system as
well as efficient manufacturing using state-of-the-art
production engineering. The conference was organized
by the Saxon innovation cluster ‘HZwo - Antrieb für
Sachsen’ and addressed scientists and engineers to
discuss the latest trends and developments in research
and industrial application.
CELEROTON published a paper in the conference
journal on their development of an oil free turbo compressor for mobile fuel cell applications, featuring some
results obtained with the INN-BALANCE compressor
prototype.

INN-BALANCE partner DLR will present results from
their work on efficient thermal management strategies
for cold start of automotive PEMFC systems at the 8th
European Fuel Cell Technology & Applications Piero Lunghi Conference (EFC19), which will take place
in Naples from 9th to 11th December 2019. The conference is one of Europe’s largest gatherings of the Hydrogen and Fuel Cell research community and industry.
Gema Montaner Rios from the DLR’s research unit in
Hamburg will give a oral presentation of the cold start
concept developed and tested within INN-BALANCE.
The full programme of the conference will soon be
available under https://www.europeanfuelcell.it

Thank you for reading the INN-BALANCE 4th Newsletter edition.
For more updates on the project, please have a look at our homepage
WWW.INNBALANCE-FCH-PROJECT.EU
INN-BALANCE is also on Twitter
@INNBALANCE_FCH
And on LinkedIN
https://www.linkedin.com/in/inn-balance-87a996140/

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking under grant agreement
No 735969. This Joint Undertaking receives support from the European Union’s Horizon 2020 research and innovation programme and
Hydrogen Europe and N.ERGHY.
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