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Dear Readers,
PowerCell is excited to present to you the second INN-BALANCE newsletter. Looking back on the first year of project implementation, we are
pleased to present first steps achieved. Together with the support of the
INN-BALANCE partners PowerCell worked on the definition of requirements, specifications and the overall architecture of the fuel cell system.
Moreover, the consortium concluded the characterisation of mechanical
and electrical interfaces between the different fuel cell modules (anode,
cathode, cooling) and the stack as well as between the stack and the
vehicle.
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On basis of these definitions the work on the construction of the components has now commenced. We are confident that in 2018 we will see
major progress concerning INN-BALANCE’s goal to provide cost-efficient
high-end Balance of Plant components.

PowerCell Sweden AB is a stock listed company dedicated to supply fuel cells stacks and systems to enable long
driving range and fast refuelling of fuel cell electric vehicles pathing the way for a carbon-free future of mobility.
For PowerCell as provider of fuel cell stacks and fuel cell systems INN-BALANCE is a great opportunity to
share its long-standing expertise on fuel cell system design and to work together with some major European
stakeholders of Industry and Research in hydrogen on the optimization of BoP components.
For more information on PowerCell and more news about INN-BALANCE, please see the project website:
www.innbalance-fch-project.eu.
With best wishes for a joyful holiday season and a successful and happy new year,
Felix Haberl,
PowerCell AB

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

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 PARTNERS

Duration: Jan. 2017-Dec. 2019
Funding: 5M Euro in the framework of Horizon
2020, via FCH JU
Coordination: Fundación Ayesa, Spain
Participant countries: Austria, Germany,
Sweden, Spain, Switzerland
Field of research: development of industrializationready fuel cells and system components for hydrogen vehicles

PARTNER PRESENTATION – UNIVERSITAT POLITECNICA DE CATALUNYA (UPC),
INSTITUT DE ROBÒTICA I INFORMÀTICA INDUSTRIAL
The Institut de Robòtica i Informàtica Industrial is
a Joint Research Centre of the Spanish Council for
Scientific Research (CSIC) and the Technical University of Catalonia (UPC).
Its research focuses inter alia on automatic control, an important part and parcel of fuel cell systems. The institute
furthermore has a fuel cell controls laboratory, where control strategies of fuel cells are tested and validated. The
institute’s testing infrastructure is of great importance to INN-BALANCE, as their experience in evaluation of the
fuel cell system will ensure the newly developed components are ready for operation, regardless of varying working conditions within the fuel cell (humidity, temperature, flow, etc.).
Moreover, the Institut de Robòtica i Informàtica Industrial will contribute to INN-BALANCE with the development of
new control strategies for a real-time diagnostic system, which will help to simultaneously maximise the fuel cell
system’s efficiency and durability.
Attila Husar, researcher at the Institut de Robòtica i Informàtica Industrial, talks about his work on the project in this
issue’s interview, explaining why improved fuel cell control strategies are fundamental for the breakthrough of
FCEVs.

Portrait - Dr. Attila Husar
Attila Husar works at the Institut de Robòtica i Informàtica Industrial (IRI) at the Universitat Politècnica de Catalunya in Barcelona Spain, partnering in the INNBALANCE project.
He is a fuel cell expert with 20 years of experience in
fuel cells and system design, working both in industry
and academia.
After graduating from the University of Miami, Coral Gables with a master in Mechanical Engineering, Mr. Husar continued his studies at UPC, receiving a PhD for
his work on fuel cell system identification of internal parameters.
Since 2004 he is in charge of the Fuel Cell Laboratory
at IRI. His research has been focusing on improving the
efficiency and durability of fuel cell systems.
In his work he has explored inter alia the application of
Nonlinear Model Predictive Control (NMPC) for fuel cell
stack monitoring and optimization. He has contributed
to several research projects at the regional, national
and European level.
In the interview on the next page he shares his views
on INN-BALANCE.

Dr. Attila Husar presenting the IRI/UPC testing facilities at the INN-BALANCE partner meeting in November 2017.

INTERVIEW WITH DR. ATTILA HUSAR
In INN-BALANCE UPC is responsible for providing control-oriented models and control algorithms. Could you please explain how these will enhance the performance of the fuel cell
stack?
Very interesting question, the UPC believes that controls can have a very large impact on the fuel cell
system performance and durability. The INN-BALANCE project is set to develop an automotive fuel cell
system with advanced Balance of Plant components. The mechanisms responsible for degradation in the
fuel cell are not well understood yet and there is still significant debate in the scientific community as to which of the
“One of the main challenges for us in
mechanisms contributes the most to the lifetime of the fuel
this project is to design a control stratecell and how proper mitigation strategies can be implementgy that balances fuel cell power output
ed in a real world application. In this context, the UPC will
and fuel cell durability.”
develop on-board control algorithms that will enhance the
overall system efficiency, durability and robustness.
These objectives will be achieved by using our advanced fuel cell models that describe the internal operating parameters in the fuel cell stack. The main internal parameters that will be modelled are: temperature, liquid water, and reactant concentrations at the catalyst and later at critical locations inside the fuel
cell. Knowing these critical parameters in a very dynamic automotive system allows us to modify the operating conditions such as reacting flow rates, fuel cell temperature and humidification rates to optimize
the fuel cell performance and durability.

One of the main thrusts of INN-BALANCE is to reduce the costs of fuel cell manufacturing. Why are cost-reductions of particular relevance, when it comes to the design of control systems?
Well, to design proper controls you need proper sensorization, what I mean by sensorization is
the amount of sensors placed within the system. One of the objectives in the INN-Balance project is to reduce the number of sensors for the control of the system by developing model
based observers or virtual sensor. If we reduce
“What excites me most about working in the number of sensors in the system we can
the INN-BALANCE project is being able to reduce the cost. So, our final objective is to reapply our knowledge on the fuel cell sys- duce the number of components and enhance
tems controls in a real world automotive the lifetime of the system through advanced
application together with Volvo cars.”
control strategies.

The UPC Institut de Robotica i Informatica Industrial you are working at, has a special fuel cell control laboratory. What are you testing there exactly?
At the Institute we have a specialized fuel-cell laboratory designed specifically for the testing of
control strategies. We mainly work with polymer electrolyte membrane fuel cells. One of the
main objectives of our research group is to develop in our laboratory fuel cell models and control algorithms that are experimental. This differentiates us from other institutions that don’t
have these capabilities and allows us to have much greater confidence in our results.

DEFINING SYSTEM INTERFACES AND PROTOCOLS FOR AN INNOVATIVE AUTOMOTIVE FUEL CELL SYSTEM - INN-BALANCE PROGRESS REPORT (Page I)
Under the lead of Powercell Sweden AB (PCS), the INN-BALANCE partners made a significant step forward by defining the mechanical and electrical interfaces between the different fuel cell modules (anode,
cathode, cooling) and the stack as well as between the stack and the vehicle.
The mechanical and electrical interfaces were defined considering a range of technical parameters (connector
type, diameter, pressure, flow, humidity,…). The characterisations were listed in a document, showing the boundaries of every sub system as well as the positioning of all required sensors for measuring temperature, pressure
and mass-flow. The mechanical interfaces concern all fluid connections, while the electrical interfaces define the communication protocols to the control unit and the required voltage supply to the module. The
protocols of the control unit to the vehicle controller were mainly defined by the partner AVL in coordination with
VCC. Incorporated into the interface definition were the automotive requirements and specifications defined by
Volvo Car Cooperation (VCC) and the fuel cell system layout from Powercell, designed together with the project
partners.

The partners particularly focused on the interfaces linked to the innovative aspects of the INN-BALANCE
project, namely:


The ejector/injector solution to be integrated in the anode module in order to maximize the power output from the stack while minimizing hydrogen losses by purging without a mechanical recirculation
pump.



The high-speed turbo compressor developed by the partner Celeroton. At the inlet of the cathode
module, a “weather station” recording the ambient conditions will be integrated. Attached to this station,
a special fuel cell air filter will be mounted in the vehicle.

The module with the most complex interfaces is the cooling module because of its high level of integration
towards the vehicle and towards all other sub-systems. The low temperature cooling loop will cool the compressor, the compressor controller and the intercooler. The high temperature cooling loop features an important interface towards the stack as the cold start by-pass line requires a minimized amount of cooling liquid in order to allow for an accelerated heat up from the specified lower temperature limit of -40°C. This is one of the main challenges of the INN-BALANCE project.
As in any automotive application, packaging requirements are crucial; the fuel
cell stack connections will be customized
with integrated sensors and functionalities. The stack pod for the INN-BALANCE
project is still in an early design phase but
the mechanical fluid connections are
illustrated in the figure to the right.
Moreover, the fuel cell system will include
components that will be directly mounted
in the vehicle, such as radiator, expansion tanks and air filter.

PowerCell S3 fluid connections © PowerCell Sweden AB

DEFINING SYSTEM INTERFACES AND PROTOCOLS FOR AN INNOVATIVE AUTOMOTIVE FUEL CELL SYSTEM - INN-BALANCE PROGRESS REPORT (Page II)
In the end, the strategy of INN-BALANCE is to have an independent fuel cell module control unit that can handle
all processes related to control tasks. Only overlying functionalities such as current request, emergency situations
or re-fuelling will be handled by the vehicle controller.
This first definition of interfaces and protocols will serve as a guideline for the design of the innovative automotive
fuel cell system by the INN-BALANCE partners. As the hardware of each sub-system is being developed simultaneously, this guideline will be up-dated all along the project. In particular, the sensors’ types, numbers and placements remain to be optimized. Moreover, the communication protocols, currently defined on a high level, will be
refined and the mounting interfaces between the fuel cells sub-systems, the stack and the vehicles completed.

Third Partner Meeting in Barcelona
INN-BALANCE partners met in Barcelona in November 2017 to discuss the current state of the project, its
first results, next development steps and the future exploitation of the INN-BALANCE.
The 3rd Partner Meeting of the INN-BALANCE consortium took place at the polytechnic University of Catalonia in Barcelona.
During the meeting partners discussed and evaluated
the results of the last months of work, while also laying
foundations for the organization of the upcoming tasks.
Main steps were already taken in June and September
2018 by setting the automotive requirements and
specifications and by defining the system interfaces
and protocols. This common technical basis being set,
the consortium is currently making significant progress
to achieve major projects’ milestones by the end of the
year. The Swedish partner Powercell is preparing a
new fuel cell layout including a new connection concept in order to better integrate the stack in the powertrain.

The INN-BALANCE partners at the 3rd Project Meeting

Meanwhile, the control and diagnosis hardware platform is in process of being finalized under the lead of the
Austrian partner AVL. Gradually, the different elements are falling into place for the integration of a new automotive fuel cell system.
Next steps will be the construction of a first prototype of the high speed air compressor by the Swiss partner
Celeroton and the finalization of the thermal management module. On the basis of preliminary results of tests
conducted in its premises, the German partner DLR is confident that the cold start capability will be significantly improved compared to existing systems.
The main challenge of the project is now to optimize the whole system, not only on the pure technical level
but also by integrating economic factors such as material and production costs as well as supply chains considerations. Indeed, the objective of the INN-BALANCE project is not only to deliver high-performance fuel cell Balance of Plants components but also to pave the way to mass-production, contributing to the market take-off
of H2 vehicle.
Besides updates on progress made in each work package, partners had a closer look on the plan for exploitation
of the project’s results. During a dedicated workshop, the partner Steinbeis 2i informed the partners about intellectual property rights and helped them to gain a common view of the scientific and commercial relevance of expected output of the project.

EVENTS & STORIES
Two PhDs launched within INN-BALANCE
The INN-BALANCE consortium is delighted to welcome two PhD students in the project. As part of the teams at
BROSE and UPC both PhD students work in their research projects on solutions for improved BoP control systems.
Project partner Dr. Cristian Kunusch from BROSE will oversee a PhD project
on “Contol strategies for cathode module in fuel cell based vehicles” in
cooperation with UPC. The doctoral thesis will be written by Yousif Eldigair a
M.Sc. absolvent from the “Petroleum Institute” of the United Arab Emirates.
During his studies Eldigair specialized in the field of battery storage control and
electric drive.
Within his PhD project Eldigair will work on theoretical analysis, simulation, validation and testing in the field of control strategies for high speed turbo compressors applied to fuel cell systems. “The results of Mr. Eldigair’s PhD research project will help us to define and develop a better strategy for control of
the oxygen stoichiometry”, explains Dr. Kunusch. “This is very important for
ensuring an efficient alignment of reactions in the fuel cell”. In INN-BALANCE
Brose is responsible for supporting the design of control strategies for the operation of the turbo-compressor at the cathode module.

Yousif Eldigair, PhD
student at BROSE

At Catalonia’s polytechnic University UPC another PhD project on controller
design for fuel cell systems has been launched. The PhD candidate, Carlos
García Rodríguez, is supervised by INN-BALANCE partners Dr. Attila Husar
and Dr. Maria Serra.
The focus of the work is on dynamic control-oriented models for the entire
fuel cell system with the objective of designing control algorithms that will
maximize performance and mitigate degradation of the fuel cell by determining
optimal operating conditions.
Carlos García Rodríguez,
PhD student at UPC

For more news and to keep updated on the INN-BALANCE project‘s progress take a look at the website‘s
news section: https://www.innbalance-fch-project.eu/news-events/
You can also follow INN-BALANCE on Twitter: https://twitter.com/innbalance_fch?lang=de

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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