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AUSTRIAN POSITIONS FOR ADVANCED
PROPULSION TECHNOLOGIES
INTRODUCTION
The present A3PS position paper "R&D Challenges 2021+" summarizes envisaged developments and trends, as
well as priorities of the industrial and scientific A3PS members, providing an overview on the R&D challenges in
the coming years and the necessary R&D activities to strengthen Austria as a business location.
According to the targets of European Commission 1,2, the A3PS expert groups encourage, that Austria supports a
climate-neutral, sustainable, efficient and safe transport system and innovations by
1) Technology-neutral support of mobility and powertrain innovations in Austria, taking a holistic view of
the value creation process, based on the LCA (Life Cycle Assessment) method ("from cradle to grave")
in order to meet the 2030 targets and to enable mission 2050 targets in full.
2) Establishment of a legal framework, norms, standards and a strategy, both for R&D activities, the rapid
implementation of R&D results and for regular operation (street / off-road / rail).
3) Fostering of core competencies in the field of mobility and powertrain innovations in Austria with a
strong focus on value creation in Austria.
The A3PS position papers serve on the one hand to coordinate the activities of the A3PS members and to identify
possible synergies. On the other hand, they support the orientation of national R&D activities and technology
policy impulses, as a supplement to those priorities that are set at European level.
As a "living document", the position papers are regularly checked for topicality and revised if necessary.
The A3PS position papers are available for download online at https://www.a3ps.at/a3ps-position-papers.

A3PS – AUSTRIAN ASSOCIATION FOR ADVANCED PROPULSION SYSTEMS
A3PS is the strategic platform of the Austrian technology policy, industry and research institutions and stimulates
the development of advanced propulsion systems and energy carriers – to build up common competence and to
accelerate market launches.
A3PS addresses all advanced powertrain technologies contributing to the improvement of energy efficiency and
to the reduction of emissions and supporting the whole innovation cycle (research, development, deployment).
A3PS members congregate in four thematic working groups. These working groups elaborated positions, trends,
R&D demands and demands concerning the essential legal framework for prospective technologies for this
document.

1

EU publication: “Going climate-neutral by 2050: A strategic long-term vision for a prosperous, modern, competitive and climate-neutral EU
economy”; download here: https://op.europa.eu/en/publication-detail/-/publication/92f6d5bc-76bc-11e9-9f05-01aa75ed71a1
2

EU publication: “Communication from the Commission to the European Parliament, the European Council, The Council, the European
Economic and Social Committee and the Committee of the Regions: The European Green Deal”; download here:
https://ec.europa.eu/info/sites/info/files/european-green-deal-communication_en.pdf
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Fig. 1: 4 A3PS thematic working groups

BEV – Battery Electric Vehicle
Working group BEV focuses on strong scientific and informative public relations work about battery electric
vehicles. The group analyses strengths and weaknesses of battery electric vehicles and points out research and
development needs.

FCV – Fuel Cell Electric Vehicle
FCV working group’s focus is on hydrogen fuel cell electric vehicles. Besides, the group also deals with hydrogen
production, infrastructure and storage, since sustainable production, price and availability of hydrogen play a
key role for the success of fuel cell vehicles.

HYF – Hybrids and Fuels
Working group HYF concentrates on the identification of needs for research on hybrid technology, CO2 neutral
energy carriers for vehicles as well as internal combustion engines, aiming at efficiency and climate neutrality.
The strengths of Austrian institutions in this field are discussed and highlighted.

AVC – Advanced Vehicle Concepts
Working group AVC deals with advanced and future vehicle concepts comprising new lightweight materials,
innovative production technologies & digitalization of processes and digitalization & automation of vehicles
and infrastructure. The group links to the other three working groups and focuses on a system perspective and
integration.

Introduction
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R&D CHALLENGES: BATTERY ELECTRIC VEHICLE
2021+
POSITION
Battery-powered electric vehicles (BEV) represent an outstanding opportunity to make mobility more energyefficient and to decarbonize and move away from fossil energy carriers (requires that electricity is produced
sustainably) and to reduce pollutant emissions.
All components (electric motor, transmission, battery, cooling system, control units (VCU, BMS …), power
electronics, and charging system) of the electric vehicle are currently used in different variants and combinations.
Several electrification variants (BEV, FCV - fuel cell vehicle, HEV - hybrid electric vehicle) and drive systems are
being considered. However, the focus on the BEV chapter is on purely battery electric vehicles as hybrids or FCEVs
powertrain solutions are treated in dedicated chapters.
Technologies currently used in series production still need innovation to achieve lower cost, higher efficiency
and performance. As a result, further research and developments are required regarding the functionality and
efficiency of the components in the powertrain and also for manufacturing technology and production processes
in order to be able to deliver competitive products with high efficiency, low resource consumption, high reliability
and durability as well as low costs.
Modern development processes start with virtual prototyping to save time, money and unnecessary iterations,
especially in this currently still imperfect field of expertise. Therefore, simulation tools, continuous validation in
mixed development and simulation environments (SIL, MIL, HIL, VIL) and advanced development methods and
tools (e.g., co-simulation, data analytics, AI, ML) are used to reach these high-level goals.
In order to enable computationally intensive energy saving features including model-based control and AI,
further hardware developments for new high performance centralized control units are essential. This includes
flexible functional partitioning and higher computational power. In addition, faster and more efficient
integration of new software components is necessary. The development of a virtual integration platform can
drastically reduce the development time for introducing such components.
The Austrian research landscape needs to develop the methods and data from component to system level in
order to bring advanced products onto the market safely, cost efficient and sustainably.

REQUIREMENTS ON TECHNOLOGY DEVELOPMENT AND RESEARCH DEMAND
(HIGH) VOLTAGE LEVEL BEV SYSTEM
High-voltage systems with voltage levels in the range of 400-1000 V enable a significant increase in performance
(necessary to implement high performance EVs). Additionally, high-voltage systems enable the implementation
of ultra-fast charging of BEVs - similar to refueling a vehicle with an internal combustion engine. Even without
these two "features", a higher voltage level can generate added value: At constant power level, the current is
reduced by increasing the voltage level, with the advantage of lower losses in the DC link and in the supply lines.
This means that high-quality copper material can be saved.
Since high-voltage systems have the inherent attribute of producing EMC relevant electromagnetic fields, it is
essential to consider design and testing methods in order to design high-voltage systems properly and being able
to evaluate and test the systems as components or integrated.
3

The necessary cost-efficient insulation systems still need to be developed for the automotive industry. Existing
and long-established insulation systems (e.g., from the railway and tram sector), were developed for other
applications with different requirements. Unfortunately, those requirements do not fit the efficiency, packaging
space and cost driven automotive industry.
Further innovation activities must be focused on winding technologies, control algorithm (IM, PMM) and
alternative materials (e.g., plastic).
ELECTRIC MOTOR, POWER ELECTRONICS, GEAR BOX AND ELECTRIC DRIVE UNIT (EDU)
The choice of the machine type (asynchronous, synchronous, reluctance motors, etc.) and the design depend on
the respective application and, among other things, on price, volume and efficiency goals. The highest levels of
efficiency are required. Different designs are analyzed and optimized regarding their suitability. This applies to
classic machines such as internal rotors with the highest possible speed or external rotors with high torque, but
also to innovative technologies such as compact in-wheel motors and axial flux machines. The development of
directly cooled high-speed machines with a particularly good power-to-volume ratio is very promising. These are
special tasks in the field of transmission (NVH, lubrication, bearings, shaft sealing, switching (with several gear
ratios), loss minimization ...) and direct liquid cooling of the rotor and stator ...) to be solved. E-motors must have
particularly good controllers at speed of around zero up to highest levels, as well as highly dynamic torque
vectoring and the generated vibrations and noise-level is especially important for the end-product. Therefore,
proper simulation, testing methods, sensor systems and tools are very essential for the construction of new emachines.
In the field of power electronics, the use of new semiconductor materials (such as SiC or GaN) is of interest, which
allow high operating temperatures and thus enable new (cheaper) cooling system solutions as well as more
highly integrated powertrain concepts. But also, the aging of power electronic components is a particularly
important aspect to be considered when designing and developing new inverters, charging systems, auxiliary
power sources or test systems, which all consist of the same sort of power electronics.
Due to the large number of machine types and designs and optimization parameters, the R&D requirements are
remarkably high, regarding the design and optimization of the motor (compactness, power and torque density)
and the overall system (motor - converter - control and communication), with regard to manufacturing suitability
and low manufacturing costs (Windings, sheets, materials ...) as well as the necessary functional safety.
The amount of power electronic components in the vehicles is rapidly increasing. DC-DC converters, Onboard
Chargers, Comfort Devices, Devices for automated driving etc. play an increasing role. To compensate the energy
demand of the devices for automated driving and comfort functions, the efficiency of all power electronic
components in the vehicle must be increased. Synergies between power electronic components must be
exploited, Modeling & Simulation is necessary to develop lean code for all power electronic control units to
reduce the energy consumption needed for complex calculations.
The integration of the power electronics, control, e-machine and gearbox into electric drive units (EDU) is
necessary in order to allow highly integrated powertrain concepts and further improve energy and cost efficiency
at high levels of functional safety.
BATTERY AND CHARGING SYSTEMS

BATTERY TYPES
The major challenge in the development of electrified vehicles is the rapid change in battery technology and the
resulting effort and increasing risk with regard to the key aspects for the Austrian supplier industry: the safe
integration of new battery cell technologies - such as highly Ni-rich cathodes and lithium (containing) anodes in
conventional lithium-ion technology or future all-solid-state cells -, the early detection and avoidance of critical
errors in the battery system and drive train, the necessary expertise (cell chemistry, manufacturing process, cost
R&D Challenges: Battery Electric Vehicle 2021+
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structure) and infrastructure (test benches for electrical but also abuse, misuse and environmental tests) for the
development of optimal battery management. This also enables the necessary industrialization competence and
the associated quality management to be established.
The success of battery electric vehicles (BEVs) in the automotive sector strongly depends on the development of
high-energy batteries at competitive prices. Therefore, the Austrian supplier industry must focus on the
development of methods, tools and components to increase the operating range, reliability and safety of BEVs,
and to lower their costs in €/kWh and their ecological footprint.
The objective of the R&D portfolio covers the improvement of existing batteries, as well as further research
regarding the next generation of battery technology – thus covering materials of generation 3a, b (dominantly
NMC (Nickel Manganese Cobalt) based cathodes, Si-graphite composite based anodes) as well as 4 (solid-state
dominated) and 5 (post-Lithium chemistries, such as Li-air and poly-ionic Li substitutes).
In addition to the focus on the development and manufacturing of modules or packs, the opportunities also lie
in battery cell, module and pack production. New cell types and technologies allow much higher variation and
optimization of battery modules and packs. Therefore, it is essential to expand the necessary skills and
competencies in Austrian industry and research in this area as well.

CHARGING TECHNOLOGY AND INFRASTRUCTURE
When vehicle traction batteries are charged fast, energy with high power (typically 100 kW and more) is
transferred via a suitable interface using direct voltage (DC). Suitability for daily use and user-friendliness are
essential for acceptance on the market: short charging times, increased convenience in the charging process
(partially automated or robot-supported conventional charging cables, inductive charging and vehicle to gridfunctionality), standardized interoperable interfaces, simple authentication and billing. This consequences in a
high R&D demand on the one hand and demand for harmonization on the other hand.
Demand-oriented charging and a corresponding electric power distribution infrastructure (including solutions for
load management) will be essential to ensure a scalable and stable energy supply infrastructure which enables
the high share of battery electric mobility in the future.
THERMOMANAGEMENT
Batteries, power electronics and electric motors for electric vehicles require complex thermal management in
order to survive cold and heat (e.g., during fast charging) without thermal damage (service life, early
shutdown...). There is an increasing demand from OEMs for fast charging possibilities, which result in a high
demand for new ideas for efficient cooling using innovative heat exchangers, as well as a need for new
manufacturing processes. In addition, new "safety regulations" must be met, which place increased demands on
the components and therefore require new component solutions. Any waste heat generated can be used via
suitable technical processes (e.g., heat pumps). Heat storage concepts have to be developed (especially using
new chemical latent heat storage devices that can hold heat without loss for any length of time). Especially
innovative cooling concepts (e.g., direct cooling of battery modules) will be more and more in the focus. To use
these concepts effectively, highly precise simulation methods and new measurement methods for simulation
validation are necessary.
This results in a high need for research on thermal and control engineering issues. It is essential to include all
components of the whole vehicle system that are relevant from an energy perspective (in addition to the energy
storage and drive system, in particular the areas of air conditioning, cooling and conditioning and operating
strategies). This also means that control units and software functions for previously independent subsystems
either have to be combined to form a central control unit or have to be increasingly networked with one another.

R&D Challenges: Battery Electric Vehicle 2021+

5

The consideration of predictive data in the control of thermal components is important for further efficiency
improvements, to overcome the latency times of thermal systems by preparing for events in advance.
In addition to the development of intelligent energy, heating and cooling concepts, modular thermal
architectures have to be developed which meet different requirements (e.g., country-specific requirements),
performance requirements (e.g., power levels of e-machines or fast charging) and different comfort
requirements. This requires modular architectures at the system and component level.
The implementation of modular systems, which quickly helps to define the most efficient system architecture at
the beginning of a development phase, can be supported by means of scalable simulation models and further by
scalable, seamless testing environment for the individual components, especially if not all components are
available at the beginning of the development.
There is a high need for research and development in the methodical development of scalable thermal models
for all relevant components and an electrified powertrain (electric machine, inverter, battery and cables).

ESSENTIAL LEGAL FRAMEWORK
Creation of an EU-wide legislative framework and directives for rapid implementation of an efficient and climateneutral mobility allowing the EU-industry the introduction of new technologies as a result of R&D activities
described in this position paper.
An important topic is the legal framework for the disposal and recycling of batteries as well as for the handling
and transport of damaged batteries especially in emergency situations.
De-escalation of thermal runway effects require deep understanding and cross functional R&D efforts in order
to ensure health and safety, environmental protection and economically acceptable procedures after accidents
of BEVs fostering acceptance of e-mobility solutions.
Still, existing payment procedures make charging unnecessarily difficult, especially when using charging stations
abroad. Therefore, a non-discriminating charge&pay procedure/standard (payment per credit card, bank card or
cash) need to be established EU-wide/worldwide.

LIFE CYCLE ASSESSMENT
Life Cycle Assessment (LCA) of BEVs involves a large range of influencing factors, such as the electricity supply
(incl. intermediate storage of fluctuating renewable electricity) for BEV operation, as well as energy supply for
battery manufacturing (share of renewable energy sources), the cell chemistry and related extraction and
refining of critical raw materials (e.g. Nickel, Cobalt, Lithium) as well as the production of materials for battery
casing (e.g. Aluminum) and the electric motor (e.g. rare earth metals). End-of-life involves the topics second use
of batteries (e.g., for stationary storage), (and/or reuse of battery cells) and related allocation of environmental
impacts between first and second use, as well as recycling. Battery recycling is an important element to (partly)
close “critical” material cycles, however challenges such as (global) used battery collection, diversity of cell
chemistries, and recycling process efficiencies remain to be solved.

R&D Challenges: Battery Electric Vehicle 2021+
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RESEARCH REQUIREMENTS
ELECTRIC MOTOR, POWER ELECTRONICS, GEAR BOX AND ELECTRIC DRIVE UNIT (EDU)
E-motor
Optimization of the dimensioning of electric motors of all suitable types regarding
compactness, power and torque density, and efficiency
Optimization of cooling systems and requirements (e.g., direct liquid cooling of the rotor and
stator)
High speed machines (good performance-volume ratio), NVH optimization, reduction of losses
in the transmission
Innovative motor windings: hair-pin, i-pin,… (great manufacturing potential)
Cost-effective insulation systems for high-voltage machines (600-1000V) which is necessary for
fast or ultra-fast charging
Power electronics
New power electronics based on SiC or GaN with higher permissible operating temperatures
and switching frequencies
On-board charger (DC/DC- and AC/DC converter) as well as power electronics for inductive
charging
Electric drive unit (EDU)system – “e-axle”
Increased efficiency of the overall system (gearbox - motor - converter - control /
communication), increased functional safety (e.g. redundancy)
Integration Gearbox, E-Motor, Inverter,
Cooling system (Inverter, Gearbox + E-Motor)
Complex machine models: e.g. for sensor less controls, thermal modeling
Simulation of best in dimension / class EDU (match gearbox, inverter, E-Motor)
Increased efficiency of the overall system (gearbox - motor - converter - control /
communication), increased functional safety (e.g. redundancy)
Cyber Security und Functional Saftey
Testing (virtual, real, Subsystem and System, Simulation Validation/Calibration)
Development tools and methods
Measurement instruments and test benches for the development of highly integrated electric
motors including power electronics (sensors, data management ...)
Test equipment for development, test and repair center service of highly integrated e-motors
including power electronics
Simulation and optimization tools and methods for the development of highly efficient emotors and their mechanical, electrical and thermal overall system integration
BATTERY, BATTERY MANAGEMENT, CHARGING AND RECYCLING
Development of advanced electrode materials. (e.g., capable for high power charging, post lithium
technology-all solid state, industrial manufacturability)
Both anode and cathode active materials, with a special focus on high-energy electrode
materials – (HE cathode material coatings and protective layer coating for pre-lithiated Si
anode materials), focus on high-power charging
Fundamental research on post-Li technology (Mg-ion, All-solid-state)
Optimization of industrial materials production steps (e.g., optical equipment for inline quality
inspection)

R&D Challenges: Battery Electric Vehicle 2021+
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Development of improved battery systems and modules based on lithium-ion cell technology
with a focus on
Capacity and power
Increased volumetric energy / packing density while at the same time significantly
reducing the overall height
Lightweight construction concepts and fully integrated battery housings with
improved crash safety
Over-the-air update strategies for updating degradation models (based on real
driving data) but also optimizing the vehicle operating strategy
Predictive operating strategies (e.g., optimal thermal management using predictive
cooling)
Durability and reliability
Improved lifespan especially with regard to cell swelling by optimizing the module
design
Improved thermal concepts and integration of new materials and cooling media
Improved safety, especially regarding avoiding / delaying the thermal runaway
(including simulation, test methodology, new constructive approaches and sensors)
Components and technologies that contribute to "Battery Safety". (e.g., pyro fuses,
heat sinks to reduce thermal runaway, ...)
Smart Cells: internal (optical fiber) and external (impedance spectroscopy microchip
and thermal) integrated sensors
Costs and circular economy (recycling and reuse)
Cost optimized battery system development and manufacturing methods and tools,
including simulation and test.
Interoperability and (downward) compatibility of interfaces (e.g., through adapters)
as well as vehicle-to-grid interfaces
Implementation of recycling processes and concepts for high number of batteries
from old electric vehicles which is expected in the future
Modular packaging design (eco-design) for good recycle-ability
Development tools and methods
Development of quality management and corresponding measures
Test systems for the development phase and for testing failure cases and
characteristics (e.g., released heat, gas composition and generation rate, toxicity,
electrical and thermal behavior as well as ageing)
Test and diagnostic devices for new battery systems in the workshop service and in
development and testing phases
Cell diagnostics: performance degradation (aging) and failure analysis (postmortem
and thermal analysis methods)
Validation of battery cells and modules (continuous improvement to stay up to date
with test procedures)
Balancing & Battery Management System (BMS) – (continued improvement of BMS
development in line with state of the art and customer demands)
Development of technologies and solutions for demand-driven charging
Fast and ultra-fast charging technology (> 100kW to 350kW)
Vehicle (incl. battery) to grid functionality with standardized interoperable interfaces to
support the grid
Local battery storage to reduce load peaks for the grid
Load management solutions to prevent charging load peaks for the grid (incl. wallboxes)
Secure reliable scalable charging infrastructure to enable large scale E-Mobility (“sector
coupling”)
R&D Challenges: Battery Electric Vehicle 2021+
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VEHICLE SYSTEM INTEGRATION AND THERMOMANAGEMENT
Interaction of electric powertrain components (including battery) and thermal systems and auxiliaries
Concepts for waste heat utilization (e.g., heat pump) and heat storage (e.g., latent heat storage)
Efficiency in conductive energy transmission through reduction of thermal losses: cooling of the
charging infrastructure on the vehicle side between the socket and the HV battery, liquid-cooled
charging cables and charging stations
New, innovative, fast-charging heat exchangers / heat sinks for battery packs and modules.
Innovative complex control concepts for thermal management of the battery and the entire vehicle
Development of vehicle and operating strategy, simulation and testing environment (e.g.,
environment, efficiency, driving performance, NVH)
Virtual and highly automated physical development tools for fast and efficient creation of BEV with
lowest possible impact on the environment.
Vehicle Control Unit hardware and software
Development of high performance and scalable hardware with flexible base software concepts
Flexible integration platform for cross domain function centralization (e.g.: drive control, brake
control, thermal management, charging, operation strategy …)
Virtual test environment including virtual control units (ECU) and vehicle plant models
LIFE CYCLE ASSESSEMENT
Creation of a reliable data base for optimization of production (knowledge of environmental effects)
and for comparing different drive technologies
Reduction of pollutant and greenhouse gas emissions during the entire product life cycle (from design,
development, manufacturing to vehicle usage, second life usage and recycling)
Recycling / reuse: reuse of components (e.g., second life of batteries, magnets) and reuse of its raw
materials

R&D Challenges: Battery Electric Vehicle 2021+

9

R&D CHALLENGES: FUEL CELL ELECTRIC VEHICLE
AND HYDROGEN 2021+
REQUIREMENTS ON TECHNOLOGY DEVELOPMENT AND RESEARCH DEMAND
Hydrogen and fuel cell technology in Austria offers the opportunity to implement the energy transition quickly
and efficiently, to expand and use the country's own renewable resources, to make an important contribution to
greenhouse gas reduction, air pollution control and noise protection - especially in metropolitan areas.
Additionally, the external trade balance can be improved while creating higher added value as well as new jobs
in Austria.
In order to harness these advantages of fuel cell and hydrogen technologies in and for Austria, this technology
needs political support and funding. These are recommendations for actions for the period up to 2025:
Strengthening Austria as a location by building up hydrogen and fuel cell industry
Increase of research funding for hydrogen and fuel cell technologies
Strengthened expansion of renewable electricity generation for hydrogen production
Certification system for green hydrogen - as hydrogen generated by renewable energies
Decentralized / regional approach to enable use, grid system release and balancing
Simplified and standardized approval procedures for hydrogen refueling stations and facilities
Expansion of the hydrogen refueling infrastructure for cars, buses and trucks
Incentives for the fleet development of fuel cell vehicles assumption of additional costs compared to
conventional drives
Creation of positive incentives (e.g., capex tax and long-term amortization and opex tax type, toll) of
fuel cell vehicles

POSITION
Green hydrogen enables an integrated, efficient and socially sustainable energy system. To achieve the climate
goals agreed in Paris in 2015, our energy system must be carbon-neutral and defossilized. Green electricity and
green hydrogen are the only zero-emission and carbon-free energy sources for this energy transition. They allow
climate-neutral product cycles and offer a significantly higher level of efficiency and thus lower energy
consumption compared to conventional systems. Hydrogen is the key to expanding renewable electricity
production from wind, water and sun, as excess energy is used and long-term and efficient energy storage is
made possible. Hydrogen enables the different energy and usage sectors (household, industry and mobility) to
be interwoven, and at the same time offers the necessary flexibility and grid stabilization for energy systems with
a high proportion of renewable energy. As the future energy system relies more heavily on renewables, hydrogen
will also play a growing role in the storage of renewable electricity and the production of clean electricity.
Hydrogen allows to store and transport renewable energy efficiently over long periods of time and is therefore
a key enabler of the transition to renewable energies. Hence, it will be also available in large quantities for
mobility. Fuel cells electric vehicles in combination with hydrogen are offering a possibility for a completely
decarbonized mobility system and are perfectly suitable when criteria like long range, high power, high energy
consumption and fast refueling are targeted.
The European Commission's timetable earmarks no net emissions of greenhouse gases in 2050. For this, the
conversion of the transport sector from currently over 90% fossil-based mobility to electromobility offers the
greatest prospect of success. Action is needed for on-road and off-road vehicles (e.g.: 2-/3-wheelers, passenger
10

cars, commercial vehicles incl. heavy/long-distance traffic and off-road applications). In the case of fuel cell
mobility, the separation of energy storage, usually the hydrogen tank, and energy converter, the fuel cell, means
that significantly higher power densities and therefore higher ranges can be achieved with short refueling times
(approx. 5 min for cars). For high performance and long ranges, what is of central importance for electromobility
for heavy/long-distance transport, electromobility with Fuel Cell Electric Vehicles (FCEVs) offers the drive
concept of choice. Hydrogen fuel cell vehicles are locally emission-free electric vehicles. In particular, electric
vehicles with PEM (polymer electrolyte membrane) fuel cells in combination with green hydrogen are of
essential importance because they feature lowest greenhouse gas emissions (GHG) of all vehicle concepts over
the entire life cycle when high driving range is required (production, operation, recycling). 3,4 Moreover, fuel cell
vehicles feature potential to achieve low costs at high production volumes 5,6 and guarantee ecological
advantages regarding rare resources as well as recycling and low emissions of the whole life cycle. However, high
improvement potentials especially concerning overall efficiency, costs, industrialization, materials etc. are still
existing.
The promising application of high-temperature fuel cells (SOFCs), which can be operated with hydrogen or other
renewable fuels, should also be pointed out. In any case, every fuel cell vehicle also requires a battery for the
recuperation of braking energy and is therefore an electric vehicle, so that the battery and fuel cell work together
synergistically and do not represent a contradiction.
With hydrogen there is a similar need for a refueling station network density as with fossil fuels. Hydrogen is
safely stored at the refueling station and, as with fossil fuels, high refueling capacities are possible. For a
nationwide supply of hydrogen there are significantly lower infrastructure investments than for battery
electromobility, which requires a higher number of charging stations. With respect to hydrogen production,
there is a strong need for research and development of electrolyzes, powered by renewable energy sources like
wind, solar or hydropower. Regional and local production of green hydrogen by electrolyzes will significantly
contribute to supply hydrogen refueling stations and pipelines.
Location Austria: Austrian industry, research institutes and universities have been active for a long time in
research and development of fuel cell and hydrogen technologies. Now, developments must be continued,
accelerated and results need to be transferred to the market. Overall, the hydrogen fuel cell is the appropriate
zero-emission technology for Europe and especially for Austria, because the existing know-how, the production
technologies, the industrial and economic sectors as well as the available resources offer ideal conditions for this
technology. The training and teaching of this subject area must also be pushed further. In addition to courses,
academic theses are an excellent way to create optimal training in this field and to support research.
Specific research demand on FCEVs primarily pertains to the further reduction of costs and the further increase
in lifetime and efficiency. In addition, the entire production, distribution and use chain based on renewable
energies must be optimized regarding maximum efficiency and lowest costs. There is a need for research funding
for all types of fuel cells and electrolysis, from cells and stacks to complete systems, vehicle concepts, system
concepts, hydrogen storage technologies and development tools, as well as measurement and testing
technology, and the establishment and expansion of the laboratory infrastructure required for this.

ESSENTIAL LEGAL FRAMEWORK
When planning, constructing and operating a decentralised hydrogen infrastructure, a large number of existing
international and national regulations must be observed. Nevertheless, there are numerous open legal questions
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Umweltbundesamt: Ökobilanz alternativer Antriebe, 2018.

4 Fraunhofer ISE: „Treibhausgas-Emissionen für Batterie- und Brennstoffzellenfahrzeuge mit Reichweiten über 300 km“, 2019.
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Salman, P., Wallnöfer-Ogris, E., Sartory, M., Trattner, A. et al., "Hydrogen-Powered Fuel Cell Range Extender Vehicle – Long
Driving Range with Zero-Emissions," SAE Technical Paper 2017-01-1185, 2017, doi:10.4271/2017-01-1185.
6 Thompson et al: Direct hydrogen fuel cell electric vehicle cost analysis: System and highvolume manufacturing description,
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in the field of hydrogen applications. The resulting legal uncertainty makes it difficult for potential planers,
builders and operators to implement new hydrogen plants and hinders the rapid implementation of an
environmentally friendly energy system.

Open legal questions and recommendations for changes
There is an urgent need for creation of an EU-wide legislative framework, directives and standards for rapid
implementation of hydrogen technology allowing European and Austrian industry to introduce new technologies
resulting from R&D activities described in this position paper.
As an example, the legal framework conditions for the implementation of hydrogen technologies and especially
for power-to-gas applications have already progressed much further in Germany than in Austria. In many legal
acts of the German legal framework the topic hydrogen has already been integrated. 7,8.

Creation of a legal framework for power-to-gas in Austria
Proposals with possible solutions for the adaptation of the legal framework conditions, especially with regard to
the operational and organisational conditions of power-to-gas applications, have been developed in a power-togas position paper in cooperation with Austrian experts from industry and research, see 8.
The paper calls in particular for the concept of power-to-gas to be anchored in Austrian law. It calls for clear
regulations regarding the eco-electricity subsidy, the eco-electricity flat-rate, the CHP flat-rate, the electricity
levy and the natural gas levy by power-to-gas plants8.
In addition, the legal equivalence of hydrogen and synthetic natural gas from power-to-gas plants with regard to
the gas grid usage fees for feeding hydrogen into the natural gas grid is demanded.
A regulation to eliminate the double burden for the purchase and the feed-in of natural gas when feeding
hydrogen from power-to-gas plants into the grid is also essential8.
Further concrete recommendations for action are proposed for the following legal norms and technical
guidelines.

Industrial Code (GewO 1994)
If the hydrogen plant is used within the scope of a commercial activity, a licence for the operation of a hydrogen
plant shall be granted in accordance with GewO 1994 BGBl 194/1994 as amended. Process plants for the
production of hydrogen by chemical conversion are listed in the GewO 1994 in Appendix 3 under point 4.2a.
These are large plants with special hazard potential (IPPC plants) to which special and therefore more complex
process regulations apply. No clear threshold values are specified for electrolysis plants. 7,9 We recommend
creating clear threshold values to enable industry and research to prepare for these threshold values.
Emissions from electrolysis plants are limited to O2, small amounts of H2, noise and wastewater. Wastewater
from electrolysis plants can generally be discharged into the existing public sewer system, as the threshold values
listed in Annex A of the AEV Technical Gases Ordinance (BGBl 670/1996 as amended) are complied with.
The operator obligations regulated in Section 8a regarding the "Control of major-accident hazards involving
dangerous substances" are applied to establishments with dangerous substances exceeding the quantity
thresholds specified in Annex 5 GewO 1994 ("SEVESO establishments"). According to Annex 5 Part 2 Z 15 GewO,
Sartory, M. (2018) Technische, rechtliche und ökonomische Analyse eines skalierbaren Anlagenkonzepts für die
dezentrale Wasserstoffversorgung. Dissertation, TU Graz.
8 Tichler, R. u. de Bruyn, K.: Power-to-Gas: Vorschlag zur Anpassung der rechtlichen Rahmenbedingungen in
Österreich. 2017. http://www.energieinstitut-linz.at
9 Klell, M., Eichlseder, H., Trattner A.(2018) Wasserstoff in der Fahrzeugtechnik, Erzeugung, Speicherung und
Anwendung. 4. Auflage, Springer Vieweg Verlag Wiesbaden, ISBN 978-3-658-20447-1.
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an establishment in which hydrogen is present in a quantity of 5 to less than 50 tonnes, an establishment of the
lower class and an establishment in which hydrogen is present in a quantity of 50 tonnes or more is an
establishment of the upper class.
It is recommended that a uniform interpretation be established in which non-stationary storage facilities (such
as vehicle tanks or ADR shipping containers) that are only temporarily located on the site are not to be used for
calculating the quantity of hazardous substances stored.

Shipping Container Ordinance (VBV 2011)
The extension of the definition of fuel gas tanks for hydrogen is necessary 10.
Refuelling systems for fuel gas tanks and similarly equipped cylinders and cylinder bundles shall be included in
Appendix A.4 of VBV 2011. In the case of the approval of hydrogen refuelling stations in Austria that have already
been implemented, the Shipping Container Ordinance has been applied analogously to date. A clear declaration
of the hydrogen refuelling stations used for refuelling fuel gas tanks as refuelling facilities is required.
When integrating minimum requirements for hydrogen refuelling stations into the Shipping Container
Ordinance, the regulations for compressed natural gas and biomethane must be adapted accordingly.10
Clear framework conditions must be created for the performance of refuelling operations at unmanned public
hydrogen refuelling stations in self-service mode. 10

Country-specific gas laws and gas safety laws
In country-specific gas laws, matters that are federal in nature are excluded from the scope of application.
Commercial facilities are often explicitly listed among the exceptions. The scope of application thus includes all
gas installations in private use. This also includes gas installations that cannot be allocated to a federal law due
to the lack of legal material. 10
The different definitions of terms in the country-specific legal standards for combustible gases are also valid for
hydrogen. An exception is the Oö Gasverordnung. Here an explicit integration of the term hydrogen is required.10
The minimum safety requirements for hydrogen systems in the private environment shall be defined and
integrated into the gas safety laws. This applies in particular to home refuelling systems and hydrogen systems
for energy self-sufficient single-family homes. 10

ÖVGW guidelines for the gas sector
Hydrogen is to be explicitly included in the regulations as a regenerative gas. Similar to the natural gas and biogas
sectors, the entire application range for hydrogen must be covered. 10
There is currently a particular need for action in the areas of hydrogen production using electrolysis, hydrogen
refuelling systems and feeding hydrogen into the natural gas network. The existing Austrian gas infrastructure is
able to deal with all variations of gas (be it natural gas, decarbonised gas, synthetic gas, hydrogen), only few
adaptions are necessary. No burden of cost is to be expected, no expansion of the grid necessary. But in a first
step the gas grid operators need to gain experience on the possible quantity of hydrogen in their grids.
In implementation of the European EN 16726, the Austrian national guideline G31 11 is currently to be adapted
into the B210 by ÖVGW Austrian Gas and Water Association). The hydrogen concentration in natural gas shall be
increased from currently 4 vol% to 10%.
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Sartory, M. (2018) Technische, rechtliche und ökonomische Analyse eines skalierbaren Anlagen-konzepts für
die dezentrale Wasserstoffversorgung. Dissertation, TU Graz.
11

ÖVGW: Österreichische Vereinigung für das Gas- und Wasserfach. https://www.ovgw.at/

R&D Challenges: Fuel Cell Electric Vehicle and Hydrogen 2021+

13

Design of guidelines for the implementation of hydrogen plants in Austria
We suggest a stakeholder process for the development of appropriate guidelines for hydrogen plants. While the
respective ministry and/or authority shall lead the process, relevant undertakings and stakeholders (institutions
like Fachverband Gas/Wärme, HyCentA etc.) shall contribute with their experiences.12

Further recommendations for applications in research and development
For hydrogen systems that are used exclusively for research, development or testing, it is recommended to create
clear exemptions and to simplify approval processes. This will allow R&D projects to be implemented more
quickly and with lower budgets and will create the basis for more efficient and accelerated further development
of the technologies.
It is recommended to create exemptions for the gas composition in local gas networks. For power to gas plants
with hydrogen feed-in to the natural gas grid, it is recommended to allow higher hydrogen concentrations.

LIFE CYCLE ASSESSMENT
Life Cycle Assessment (LCA) of FCEVs involves a range of influencing factors, such as hydrogen production (incl.
use of co-products oxygen and heat and system integration, e.g. grid services) for FCEV operation, which can be
supplied by various conversion processes and primary energy sources, the system energy efficiency of hydrogen
production and use in the fuel cell, the manufacturing of the FCEV propulsion system and related extraction and
refining of (critical) raw materials, and the lifetime of the fuel cell in the operation phase. End-of-life aspects
include vehicle and fuel cell recycling as an important element to (partly) close (critical) material cycles.
Additionally, the environmental effects of carbon fibers (CF) for H2 tank systems, and the end of life of CF like
reuse and recycling are essential to be analyzed in consistent LCA to develop a circular economy approach for CF
use.
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RESEARCH REQUIREMENTS
The hydrogen and fuel cell technologies are now in a process of accelerated development, indicating that there
is considerable need for research and development with respect to optimization in the long term, particularly in
terms of costs, lifetime and efficiency. The research and development needs of the near future include the
following topics (alphabetical order):
Development tools, measuring and testing technology
Optimized test and test benches for fuel cells and hydrogen storage technologies
Simulation tools and development methods
Electrolysis (all types) - cell, stack, system and systems coupled with renewable energies
Materials and production technologies
Process management and control
Inexpensive and efficient auxiliary units (BoP components)
Hydrogen distribution for mobile applications
Fuel cell (all types) - cell, stack and system
Materials and production technologies
Process management and control
Inexpensive and efficient auxiliary units (BoP components)
Hydrogen refueling infrastructures for all vehicle categories
Process management
Logistics (distribution and storage of hydrogen)
More efficient components and systems
Laboratory infrastructure for research and development work including testing infrastructure for
hydrogen components with focus on supplier industry
Fuel cell vehicles for various applications ranging from passenger cars via commercial vehicle to offroad vehicles
System and vehicle integration - spatial and functional integration
Thermal and energy management
Control and regulation of the entire drive train (battery, power electronics etc.)
Hydrogen storage technologies for mobile and stationary applications
Material and production technologies
Inexpensive components
REQUESTED NATIONAL FUNDING INSTRUMENTS
The topics defined above follow the specific strengths of the Austrian R&D community in this field. Nationally
funded research programs should help to further strengthen this know-how and expertise, thus, preparing the
path for successful participation in European programs such as Clean Hydrogen Europe, the Hydrogen IPCEI or
the European Clean Hydrogen Alliance. National programs should also serve as basis for the development of
products to be produced in Austria following-up EU funded projects. Existing national programs such as the
Mobility of the Future, the Energy Model Region WIVA P&G or the Energy Research Program have been in the
past and should be in the future a preferred environment for projects using the following instruments:
Cooperative projects of oriented basic research
Cooperative R&D projects, experimental development and industrial research
(Fundamental research with low TRL for knowledge expansion, Industry-related research for
knowledge transfer)
Flagship Project (Industry-related research for knowledge transfer)
Infrastructure for demonstration plants
R&D infrastructure funding (Support of laboratory infrastructure)
Funding for participation: creation of an EU-wide legislative framework, and directives and standards
R&D Challenges: Fuel Cell Electric Vehicle and Hydrogen 2021+
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R&D CHALLENGES: HYBRIDS AND FUELS 2021+
TRENDS ON TECHNOLOGY DEVELOPMENT AND RESEARCH DEMAND
Hybrid powertrains fueled with CO2-neutral liquid and gaseous fuels incl. hydrogen are highly efficient and very
well suited for applications where long ranges and short refueling times are of major importance. Small batteries
and largely mechanical components of hybrid powertrains lead to a low environmental impact during production
and recycling. Thus, hybrid powertrains can very effectively and in short term contribute to the achievement of
a CO2-neutral mobility.
Therefore, research must focus on further hybrid powertrain and vehicle efficiency and at the same time on
fuels with low pollutant emissions and low (fossil) carbon intensity (based on LCA methods). Improvements in
these directly contribute to the reduction of CO2 and pollutant emissions in the short and medium term. Today,
the best chemical energy carriers (renewable liquid and gaseous fuels and hydrogen) achieve as low GHG
emissions as the best electric vehicles with current national carbon intensity of electric power generation.
Another important aspect of such climate-neutral fuels is that they can be used in existing vehicles as part of the
existing fuel supply infrastructure and the use of these fuels immediately has a positive impact on the GHG
balance. Further, the use of hydrogen also in combustion engines (incl. turbines) can help to increase the demand
for hydrogen as a transport fuel in nearer future. Thus, a hydrogen network and hydrogen refilling stations could
be operated economically much earlier.
Studies by the European technology platform ERTRAC show further potential for efficiency increases or GHG
reductions for hybrid drives with combustion engines - also by means of engine measures (increase in peak
efficiency in the range of 50% for cars and 55% for commercial vehicles - without fuel effects). These figures
underline the great importance of further research efforts to improve the efficiency of powertrains.
At the same time, fuel-side measures have an equally high potential for reducing GHG emissions. On the one
hand, synthetic fuels in the form of sustainable advanced biofuels can be based on a broader biological raw
material basis and, unlike sugar, starch, oils and fats, are not in competition with food and feedstock production.
Residues from agriculture and forestry, industrial residues and waste can be considered as raw materials.
However, the corresponding production technologies still have to be developed to market maturity through
appropriate R&D activities. In addition, these fuel paths open up new regional value creation potential. On the
other hand, hydrogen as well as synthetic fuels in the form of e-fuels from renewable (climate-neutral) electricity
and renewable carbon sources can also be made available as high-quality and almost climate-neutral energy
carriers for engines. Whereas these technologies are already quite developed, they are currently not
commercially produced.
In summary, the following specific research needs can be stated for the years 2021+:
1) Efficiency improvement of the powertrain system by hybridization, optimal and predictive thermal and
energy management, waste heat utilization (e.g., on-board fuel reforming from waste heat recovery)
and loss reduction through electrification of auxiliary units.
2) Continuous development of CO2-neutral synthetic fuels - including the efficient production of hydrogen
from local surplus renewable energy in a sustainable and economical combination with international
renewable energy - and their manufacturing processes and improvement of combustion properties to
reduce local pollutants and GHG emissions.
3) Technology research and development on hybrid and single transmissions to achieve highest powertrain
operation efficiency.
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4) Overall efficiency improvement of thermodynamic cycle and innovative adaptation of the internal
combustion engine to hybrid powertrains in combination with CO2-neutral liquid and gaseous fuels
including hydrogen and with exhaust gas aftertreatment systems to finally achieve zero impact pollutant
emissions.

ESSENTIAL LEGAL FRAM EWORK
Creation of an EU-wide legislative framework and/with directives for rapid implementation of an
efficient and climate neutral mobility allowing EU-industry the introduction of new technologies
resulting from R&D activities described in this position paper.
Adapting legislation and powertrain requirements to allow for higher blending of biofuels.
Provide incentives for production or supply of advanced renewable fuels
Adapting the (EU-wide) CO2-regulation to include well to wheel GHG emission benefits using
renewable energy carriers (hydrogen, biofuels and synthetic fuels) would allow the automotive
industry to factor in renewable fuels into their targets and would thus encourage the adaptation of
ICEs to higher blends of renewable fuels.
These framework conditions (i.e., legislation and regulations) must be long-term and based on the actual GHG
reduction, without favoring specific technologies. This actual GHG reduction depends on the carbon intensity
of the energy carriers (fuels and electricity) used and the actual use of these energy carriers in the related
vehicles; e.g., plug-in hybrid vehicles that are never charged but always run on fossil fuels do not provide actual
GHG emission reductions. Without such a long-term framework, great uncertainty exists for customers and
especially for industry and companies which are basically prepared for innovative long-term but also very costly
investments. Obviously, such investments can only be made on a sound basis.

LIFE CYCLE ASSESSMENT
Key factor in Life Cycle Assessment (LCA) of hybrid vehicle architectures is the change in energy demand and
efficiency during operation. While research focuses on increasing system efficiency, the impact of the additional
weight of the specific components of hybrid vehicles on energy demand also depends on real world driving. LCA
of drop-in biofuels and so-called e-fuels based on carbon capture and utilization involves a wide range of supply
chains of different types of biomass, biomass conversion processes, renewable electricity, hydrogen production,
CO2-sources and separation technologies. LCA-results are therefore highly influenced by the CO2 source, the
degree of process integration and system efficiency, by the allocation of double used fossil CO2-emissions
between emitter and receiver and the long-term availability of fossil based CO2-sources.

R&D Challenges: Hybrids and Fuels 2021+
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RESEARCH REQUIREMENTS
1. HYBRID SYSTEM
New hybrid topologies
Increase of efficiency (and thus reduce GHG emission)
Solutions at optimal costs
Electrified and on-demand-driven auxiliary units
Efficient air conditioning compressor, coolant / oil pump, power steering pump, components
of the charging system
Electric machines for electric auxiliary units including control - especially powerful units for
commercial vehicle applications
Electrified units for 48V electrical systems
Energy management (including thermal management)
Avoiding cold start losses (heat storage, heat encapsulation)
Thermal conditioning of the exhaust gas after-treatment system
Optimizing electric energy management
Thermodynamic recuperation including waste heat recovery (WHR)
Rankine cycle
Thermo-chemical waste heat recovery (e.g., fuel reforming)
Thermo-electric waste heat recovery
Optimal predictive thermal control (e.g., predictive cooling)
Combined control of heat and power flux
Control of the hybrid system
Optimal operating strategy and control of hybrids using connectivity Car2X - X2Car (e.g., hybrid
system on navigation system); Monitoring and service optimization
Software for component control and system control
Fast modeling methods and fast, automated control and diagnosis system parameterization
Combined physical-mathematical / phenomenological modeling
Efficient validation of complex drive systems
Automated operating and cutting-edge control strategies
Development tools & methodologies (e.g., “simulation on molecular level”)
2. FUELS
Efficient and “green” (i.e., low carbon) fuel production and on-board storage
Drop-in fuels for energy supply for existing vehicle technologies (and in the current legacy fleet)
Production of synthetic fuels, i.e., biofuels, e-fuels and other non-fossil fuels
Production processes of e-fuels (e.g., produced from hydrogen from renewable electricity
sources and CO2 from air or industrial sources or carbon from biomass) in view of efficiency
and cost-per-unit impact between regional primary energy availability and imported e-fuels
/ H2
Processes for utilization of regenerative carbon sources from exhaust gases, flue gases, or
other fossil sources
Gasification technologies and other thermal processes to produce biofuels (e.g., gasification
of biomass followed by synthesis to liquid or gaseous fuels etc.)
Integration of biofuel production into refineries through co-processing and upgrading of
biobased intermediate energy carriers such as pyrolysis oils, bio-oils and FT-liquids
Application of higher blends of synthetic fuels in combustion engines (e.g., E20, B10, ED95)
Efficient energy storage for liquid and gaseous fuels (e.g., CNG / LNG, H2)
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Measurement and analysis techniques for increased quality requirements as well as for online
analysis of the gas constituents for optimal setting of the ICE
Material technology for advanced / new fuels
Tank / pipe / sealing materials and fuel metering materials
Fuel sensors (on and off board)
3. HYBRID POWERTRAIN
Transmission and clutch technology for hybrid vehicles
Variable gear systems
Transmissions for high-speed e-machines (including noise reduction)
Sinter and coating technologies
Lightweight technologies
Fast actuators
Transmission for highly efficient hybrid topologies
Optimal and predictive gear shift control/operation
4. THERMODYNAMICS OF THE INTERNAL COMBUSTION ENGINE IN CLUDING EXHAUST GAS
TREATMENT
Combustion technologies for CO2-neutral fuels incl. hydrogen and new legal requirements (RDE, ...)
Development and use of "Fully Flexible Direct Injection Systems" for liquid and gaseous fuels
New variabilities for efficiency improvements of the engine system
Ultimately highly efficient combustion systems aiming at 50% efficiency (including multi-fuel
capability) incl. HCCI, long expansion, thermal insulation/swing
Optimal adaptation of engines to hybrid systems
Further NVH reduction of hybrid systems
Enhanced exhaust gas aftertreatment for future fuels and future legislative requirements (RDE…)
Identification and elimination of other pollutants
Elimination of ultra-fine particle emissions
Sensors and control systems for RDE exhaust gas monitoring (OBD)
Direct emission control
Material technology for engine improvements
Improvement of thermal insulation / adiabatic operation
Lightweight construction plus the use of new materials
Use of sintered components (also for actuators)
Reduction of friction and wear (including new bearing technologies especially for future /
gaseous fuels …)
Fully recyclable materials
REQUESTED NATIONAL FUNDING INSTRUMENTS
Low TRL research
Co-operative industrial research and experimental development
Flagship projects
Funding of demonstration plants, i.e., to produce biofuels, e-fuels or other synthetic fuels
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R&D CHALLENGES: ADVANCED VEHICLE CONCEPTS
2021+
POSITION
Four major trends will change mobility (on & off-road vehicles) in the next five to ten years - in addition to the
electrification of the drive train (see the positions on "Battery Electric Vehicle" and "Fuel Cell Electric Vehicle") and thus change the environmental footprint reduce the entire life cycle:
New lightweight materials (including composites) and joining technologies
Innovative production technologies and digitalization of processes
Digitalization, Automation & Connectivity of vehicles and infrastructure
Emission reduction of vehicle components and systems without a direct / indirect connection to the
internal combustion engine and its operation
TREND 1: LIGHTWEIGHT MATERIALS – TRENDS AND DEVELOPMENTS
The energy balance of future “climate neutral vehicles” will depend to a large extent on effective weight
reduction and consequently on lightweight construction. The demanding requirements regarding CO 2/GHG
emissions and safety make integrative vehicle concepts a major driver of innovation, in which functional,
material engineering and joining technology lightweight construction are systematically linked. The use of fiberreinforced plastics as well as aluminum and magnesium, hybrid lightweight construction and mixed construction
(composites) will become increasingly important.
Lightweight construction will be essential for the further development of electromobility in order to compensate
for the challenge that new electric cars are between 10 and 30 percent heavier than conventional vehicles due
to the additional battery weight.
So far, the design and the modular building block systems as well as the materials of the vehicles are still based
on the conventional series, as higher quantities result in lower costs. Therefore, cost-effective solutions are
essential for a complete switch to lightweight construction concepts.
TREND 2: INNOVATIVE PRODUCTION TECHNOLOGIES AND DIGITALIZATION OF THE PROCESSES
DIGITALIZATION: Due to the possibilities offered by new data processing and communication technologies in
competition, companies are required not only to increase the efficiency of classic production technology, but
also to improve and convert business processes, to link them with data processing and to integrate them
appropriately.
This applies in particular to digitalization from development to production to the service area and its networking
along the value chain ("Industry 4.0") as well as the integration of digital technologies in all areas of the company
(e.g., use of online elements in design and development as well as in the entire procurement and logistics and
distribution system). The digitalization of security mechanisms, test and approval procedures and the use of
simulation, artificial intelligence and machine learning in production will determine competitiveness.
Artificial intelligence (AI) and machine learning algorithms offer enormous potential to increase efficiency in
production processes and to master the complexities that come with greater individualization. Automated
systems in verification and validation and in production must work together with people with the highest level
of security.
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DEVELOPMENT PROCESSES: The seamless introduction of networked development backbones, which provide
the information across the different technology areas and lifecycle levels, in order to be able to develop the
increasingly complex vehicles in always shorter times, is necessary to remain successful in the global market. A
particular challenge is the seamless integration of information from field tests into development and production
processes.
PRODUCTION PROCESSES: Regarding the increasing emergence of e-mobility with a large variety of models and
still relatively small quantities, the manufacturing industry is confronted with small and zero series (prototyping)
for new vehicle concepts and their innovative components (e.g., smart components, smart materials). At the
same time, it is important to create individualized products with "high volume" processes (mass customization).
Material production processes are energy intensive thus the decarbonzation of industrial processes needs to be
accelerated by e.g., switching to carbon neutral energy sources, reducing processing steps, avoiding yield losses
by predictive operation and maintenance but especially by increasing recycling and reuse.
Function oriented process control of parts can help to achieve zero defect manufacturing. The trustworthy
simulation of parts and their production processes are key to predict their behaviour in operation and help to
predictively maintain tools in the process.
Additive manufacturing has great potential, especially in lightweight construction, energy efficiency (flow
channels, cooling) and functional integration. To do this, the processes have to work even faster, cheaper and
with higher throughput, for which great efforts have to be made in research. For individual manufacturing and
small series, it must be ensured that the "additive processes" used for the first test components also allow
conclusions to be drawn about the later large-series solution.
Likewise, the optimization of the "classic" technologies with a high degree of maturity (pressure die casting,
metal forming, machining, joining, etc.) should not be forgotten.
TREND 3: DIGITALIZATION, AUTOMATIZATION AND CONNECTIVITY
Information and communication technologies open new opportunities in the field of transport and mobility. ICTbased assistance systems and automated, connected driving and safety functions are increasingly going to be
used in vehicle technology. These systems will relate to each other and with the infrastructure in the future.
Assistance systems for vehicles enhance road and vehicle safety, enable mobility for a wide range of people,
reduce emissions, improve traffic efficiency and lead to more comfort for vehicle drivers.
We consider the following measures (excerpt from the digitization roadmap) necessary to be able to pursue the
revolutionary approach of autonomous vehicles and traffic systems parallel to evolutionary automation:
Definition of validation methods / techniques for automated and semi-automated vehicles that can
minimize and quantify remaining risk in operation in different operating areas. To do this, tools must be
developed that make these validation methods efficiently applicable.
Fostering the given testfields as environments for automated & connected driving (Alp.Lab and
DigiTrans) and systematically enhance them with innovative, advanced test and validation methods,
procedures and services.
Development and implementation of clear framework conditions, norms and standards for automated
driving (legal, ethical and safety-related) as well as for data use in intelligent and learning traffic
management systems in order to be able to develop and validate automation systems inside and outside
of test environments.
Application of Austria's high level of ICT competence in vehicle electronics and control of vehicle systems
to enable synergies between the automation of vehicles and the reduction in emissions in hybrid and
electric vehicles.
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Implementation of the C-ITS strategy in public and private transport to connect road users, individual
vehicles with traffic management and traffic infrastructure and among themselves for more safety,
efficiency and sustainability.
Development, validation and implementation of innovative connectivity services (C-ITS Day2+) for
improved traffic and vehicle efficiency (e.g., predictive driving and maneuver planning, energy efficient
driving with infrastructure support).
There is great potential for Austrian companies, research institutions and universities to further develop their
existing know-how in a cooperative manner, in order to take a relevant position in European and international
competition, or to make themselves capable of international cooperation. With the approval of two
complementary test regions for automated driving test environments (Alp.Lab for passenger car applications and
DigiTrans for commercial vehicle applications) and specific lighthouse and cooperation projects, a good basis has
already been created. In general, the cooperation of different industries or the demonstration of synergies as a
positive funding criterion should also be included in the evaluation of research projects in future funding
programs.
We recommend targeted funding of pilot projects on fully automated driving in order to enable the Austrian
automotive industry to gain its own experience and thus prepare for the implementation of fully automated
mobility concepts and the transformation of their own business model. To this end, projects in the field of tool
development for the validation of automated vehicles are to be funded in order to secure the top position of
many Austrian companies in this field.
TREND 4: EMISSION REDUCTION OF VEHICLE COMPONENTS AND SYSTEMS, THAT ARE NOT PART
OF AN ICE
Based on published measurements in the context of the diesel exhaust gas discussion, it is assumed that the
traffic-related real pollution, in particular fine particles, is not only emitted by internal combustion engines.
Brakes, tires and clutches and other systems have been identified as possible sources of emissions. A specific
quantification of the emission per system, the contribution per driving cycle and over the lifespan is only available
to a limited extent.
Particularly regarding the continuous electrification of drive systems, right up to fully electric vehicles, it is
important to identify further potential systems at an early stage and to make a thorough assessment.
The current data situation regarding emission type and quantity, as well as the definition of test cycles regarding
the pollutant emission of components and systems that are not internal combustion engines, can at most be
rated as fragmented. Therefore, future research should address the systematic identification of all possible
contributors and the objective measurement and evaluation of the real pollutant emissions. This need not only
applies to cars, but can also be expanded to include all means of transport (e.g., single-track and multi-track
individual transport, rail vehicles, etc.)
For this analyzations, further research and development regarding measurement methods, test cycles,
equipment and test infrastructure in order to develop a standardized and secure data situation is required.
Only on the basis of validated measurement results is it possible to derive the need for development in order to
reduce the emission of means of transport in a holistic manner.

ESSENTIAL LEGAL FRAMEWORK
Currently, there are no preconditions or legal framework conditions on how an autonomous vehicle can be
operated on public roads in Austria in the medium or long term without a driver.
It is therefore necessary, to determine in a roadmap when this is possible and which legal framework conditions
have to be met. This can certainly take place in a stepwise approach in order to advance the research and
R&D Challenges: Advanced Vehicle Concepts 2021+
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development of such technologies and the establishment of an Austrian supplier base in Austria. A relatively
short-term and practical solution is required here, since otherwise these use cases would have to be set up
elsewhere where there is already a legal possibility (e.g., Spain, USA, China, etc.).

LIFE CYCLE ASSESSMENT
Meaningful Life Cycle Assessment (LCA) of vehicles must cover the entire life cycle including material origin, 2 nd
life, and recycling for a circular economy approach. These aspects need to be quantified and considered in
simulation and optimization of the product in parallel to efficiency, weight, and performance. This holistic view
shall equally cover the carbon output of production processes and will promote regional European solutions and
competitiveness, rather than delegating material consumption and emissions to other global regions.
Key factors in LCA of autonomous driving passenger cars compared to non-autonomous vehicles are the changes
in energy demand and efficiency during operation. Additional weight for the specific components, increased
number of trips due to rebound effects and empty miles can increase energy demand, whereas increased
productivity, increased driving efficiency due to vehicle platooning, ecodriving and lightweight construction can
decrease energy demand. LCA of lightweight vehicle design depends on the environmental impacts of lightweight
material production as well as on end-of-life treatment options of the materials.
Additionally, the construction and the energy demand of the additional communication infrastructure outside
the vehicle must be covered by LCA of the overall system to assess environmental effects of autonomous
vehicles.

R&D Challenges: Advanced Vehicle Concepts 2021+
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RESEARCH REQUIREMENTS
LIGHTWEIGHT DESIGN

CONSTRUCTION BASED LIGHTWEIGHT DESIGN
Function integration
Weight management concepts for electric vehicles
Multi-material design
Crash management systems with functional integration made of die-cast aluminum
Novel shape optimization approaches especially for flow-through components (pumps, paddle wheels,
pipes, heating systems, energy exchangers, ...) for energy efficiency optimization and the resulting
material savings in components (such as numeric/bionic optimizations)
Lightweight design using multi-scale, multi-physical numerical model approaches (use model
approaches with and without nets)

MATERIAL BASED LIGHTWEIGHT DESIGN
Application of fiber-reinforced plastics, light metals (Al, Mg, Ti) and light metal alloys with mechanically
and thermally optimized properties (e.g., fire-resistant magnesium alloys)
Use of high-tensile steels (TRIP, bake hardening, multi-phase steels)
Hybrid use of light metal / steel / glass fiber / carbon fiber
Hard coatings & technologies enabling for a lifetime expansion
Increase in recycling rations of polymers metals and light metals
Sustainable materials and processing technologies for batteries with high energy and power density
(e.g., based on Li-Air or Mg-Air)

PRODUCTION BASED LIGHTWEIGHT DESIGN
New joining technologies (CMT welding, electron beam welding, gluing, etc.)
Development of new welding consumables and solders for special metal mixing combinations
Development of resources for efficient manufacturing processes for hybrid materials
Development of joining processes for high-strength and low-ductile lightweight materials or mixed
connections made of metal-plastic fiber composites
Forming techniques (internal high pressure forming)
INNOVATIVE PRODUCTION TECHNOLOGIES AND DIGITALIZATION OF PROCESSES
With "Production of the Future", "Energy Research" and similar program lines, a good basis has already been
provided for funding programs in the past. In the future, too, subsidies will only be efficient if they address both
the development of materials (development of new materials) and the processing side (further development and
mastery of the production process).

DIGITALIZATION OF PROCESSES
Development of valid simulation models and algorithms for production processes, "virtual product
development"
Simulation-supported life cycle assessments for technology scouting and decision-making processes
Development and application of digital twins (for system optimization, variant handling, etc.)
Methods for "Big Data" - use in technology and product development
Combination of production technologies, process data, big data mining, material data and material data
for numerical simulations
Development of software for the "virtual homologation" of new vehicles
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Use of artificial intelligence and machine learning in the entire supply chain: self-optimizing production
and machines, quality assurance (e.g., visual inspection), preventive maintenance, autonomous (intra-)
logistics
Wireless data transmission in harsh environments

INNOVATIVE PRODUCTION PROCESSES AND PRODUCTION PROCESSES
Development of modular, scalable production lines (in terms of size and production volume) that can
also be combined across companies to increase profitability
Development of Industry 4.0 compatible control systems for the "networked, island-based factory",
including suitable technologies and strategies for securing against unauthorized access to factory data
systems and cloud-based communication systems, as well as techniques to support safety & securitybased systems in edge computing Area
Additive Manufacturing (AM)
Additive manufacturing techniques with order outputs greater than 10-15 kg / h
Wire-based additive manufacturing processes for variation of cast components
Faster development processes by using AM technologies in combination with special materials
Novel casting and forming processes (e.g., cryoforming, electroforming, cryo-IHU) for optimized
material utilization (e.g., uniform thinning) or for increased mechanical properties
Development of magnesium extrusion technologies for applications in EVs
Consistent "cradle to cradle" approach (re-use, recycling) in product design and production planning
(e.g., for battery systems)
Manufacturing of smart products (intelligent components, smart materials) with integrated sensor
functionality in parts, components and materials
Research program for pilot line of large-scale production of fuel cells
DIGITALIZATION AND AUTOMATIZATION OF VEHICLES AND INFRASTRUCTURE

TECHNOLOGY
Development and testing of new vehicle concepts for highly and fully automated or autonomous driving
including their networking technologies, which preferably allow the simultaneous transport of people
and goods of all kinds, or are designed so that a quick change of different mobility needs is possible
Development of controls and testing of innovative sensors including object and environment
recognition for automated driving functions
Development of decision and control algorithms with appropriate software and middleware for highly
and fully automated / autonomous driving with or without artificial intelligence and their integration
into Domain-Domain computer architecture structures
Human-machine interaction (HMI): e.g., the retransfer of the driving task to the driver, driving skills with
continuous use of the driver assistance system, aggregation and consolidation of existing research
results in the areas of driver status detection and transfer times.
Early development of innovative room concepts (alternative seat configurations, ergonomics, operating
concept, adapted air conditioning, and adapted occupant protection) for vehicles that have automated
driving functions at level 4 and level 5. (Note: Especially the scope of occupant protection requires a
very long lead time and must therefore be developed in advance of level 4 and 5.)
Methods, tools and test systems for the development and optimization of highly and fully automated
driving functions or sensors, including securing them on the road, on the test site or under laboratory
conditions (MiL, SiL, HiL)
Evaluation methods for large amounts of measurement data from, for example, fleet tests or driving
tests with comprehensive or high-resolution sensors. In particular, the automatic generation of
scenarios, auto-tagging (object description), automatic measurement data evaluation and correlation
to ground truth data
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Research into the potential of fully automated mobility systems, in particular interfaces between public
transport and MIV using fully automated vehicles
Definition of methods and specifications for the safe import and checking of software updates for
automation functions
Further development of IT security methods (encryption techniques, penetration tests, etc.) and
definition of methods and specifications for ensuring IT security and data protection (also for over-theair updates of automation functions)
(Highly) automated vehicles: Development of methods for efficient verification and validation (V&V) of
HAF in different test environments (from simulation in MIL / SIL to road tests)
Research into possibilities for determining a test coverage or a residual risk for different V&V methods
Development of test and approval procedures for HAF, in particular early clarification of the scope of
requirements or AI algorithms (artificial intelligence)

TEST ENVIRONMENTS AND CONDITIONS
Establishment of a transparent and nationally standardized faster approval process for testing highly
and fully automated vehicles on public roads
Establishment of test routes with communication-capable infrastructure (funding is already available)
Definition and further development of the technical equipment and the use cases to be tested as part
of the conception and the implementation of the test fields with the involvement of all actors involved
in industry (including SME) and research
Implementation of urban test scenarios with test options both on dedicated test fields and in field tests
in public spaces (the dialogue with city representatives must start!)
Long-term funding of specially created entities ("operating company"), which coordinates the technical
and organizational test operation and ensures equal access for all interested parties
Invitation of foreign manufacturers to test in Austrian test environments, which may involve relocating
these manufacturers to Austria
Creation of an insurance pool in order to be able to cover possible damage claims / product liability
claims when new technologies are introduced
NON-ICE-CAUSED-EMISSION REDUCTION OF VEHICLE COMPONENTS AND SYSTEMS

SYSTEMATIC ANALYZIS OF EMISSIONS OF EXISTING SYSTEMS
Identification of all possible contributors (components and systems) across all vehicle classes.
Classification of pollutant emissions and quantification of the possible emission potential.
Evaluation of the contribution performance, per emitting system in test cycles and real environment.
Categorizing the main contributors and derive the primary development needs.

MEASUREMENT METHODS
Checking the suitability of available measurement methods.
Development of new measurement methods and tools.
Development of suitable test bench infrastructure and “real life” measurement procedures.

DEVELOPMENT
Development of technical solutions and operating strategies to reduce emissions, especially in real
operation.
Research on zero-emission concepts for the fundamental new components and systems that offer the
same range of functions and the same functional safety.
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