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Abstract

The objective of the roadmap on a “European Technology and Production Concept for Electric
Vehicles“ (ETPC-4-EVs) is to support the development and implementation of all those global
processes, methods and technologies that allow to produce hybrid and fully electric vehicles
affordable for and thereby attractive to the customer.

As shown in the figure below, electric vehicles are just starting to enter the market win increasing
numbers of models and there are many problems unresolved, so far that might pose a bottleneck to
significant market penetration: first and maintenance cost of the vehicle, electric charging
infrastructure, communication and service infrastructure.
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The ETPC-4-EVs roadmap places its focus on the first cost of future “Plug-in Hybrid Electric Vehicles”
(PHEVs) and fully “Electric Vehicles” (EVs) and in here particularly on those novel technologies that
are primarily responsible for the costs of the product, which is the production, supply chain logistics
and the related business processes as well as the social infrastructure necessary for successful
enterprises. In a networked world with changing market volumes and volatile economic conditions
the global aspect is of particular importance and was selected as a “file rouge” item throughout all
considerations. In consequence, detailed content of work was compiled and edited for the 5
domains:

= “QOut of the Box Design” (defines future technology requirements)
= Global Production Processes
= Global Supply Chain Management & Logistics for EVs

= Global Business Processes

= Global Education and Qualification

A set of consistent recommendations concludes the current state of the roadmap with highlighting
that a pilot project needs to get started as soon as possible and definitely before 2013 in order to
deliver tangible results that can support the industry in due time before the 1** 2020 milestone is
reached (taking a 4 years project duration and 2 years project preparation into account).

1. Rationale

Next to the three most obvious “Societal Needs”

- decarbonization of Road Transport

- the reliability of all products, as well as their

- safety & security in use
the competitiveness of all products developed and manufactured by European companies on the
global market place is of same importance. With regard to the emerging electrification of road
transport, it is particularly the area of hybrid and fully electric vehicles where the most immediate
needs regarding Research, Development and Demonstration initiative emerge.

This roadmap supports the vision of Electric and Plug-in Hybrid (EV/PHEV) Vehicles achieving the
widespread adoption by 2050. Crucial for the mass deployment of EVs and PHEVs that guarantee the
continued mobility of persons and goods at minimum energy investment and emissions is the
affordability of the vehicles in first price and use. Starting from the technical requirements for future
EVs and PHEVs this roadmap sets strategic goals and identifies the steps that need to be taken to
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accomplish these goals. This roadmap also outlines the roles and collaboration opportunities for
different stakeholders and shows how regulatory and governmental influence can support the
overall achievement of the vision. The ETPC-4-EVs roadmap places its focus on the electrification
efforts of the automotive sector and does not address pure production aspects, such as factory
equipment, tools and robots or general manufacturing processes.

The strategic goals for supporting the widespread adoption and use of EVs and PHEVs worldwide by
2050 cover the development of the respective global market in relation to the economic
development and the ecologic constraints. The technology-specific goals include the following:

e The “Out-of-the-Box” EV/PHEV Technology scout for the 2020 scenario (3™ EV Generation)
and beyond to define the generic scope of products needed for the manufacturing of
affordable EVs and PHEVs

* A bottom-up approach to cost-optimized global production processes needed to identify the
least cost and least environmental impact approaches to global manufacturing of EVs/PHEVs
and their systems and components

e A global Automotive Supply Chain Model, which takes the specific customer and industry
characteristics into account with a particular Research, Development and Demonstration
(RD&D) initiative to accelerate the market entry of EVs with cost-effective instruments for
both consumers and industry even at volatile market conditions

e The framework of Global Business Processes to consequently investigate the consumer
needs and behaviours, develop coordinated strategies to include the European industry in
the global market introduction of EVs, engage in international policy efforts to secure the
availability of natural resources, examine and establish a robust material and commodity
strategy

* A global education and qualification initiative to enhance the corporate identity throughout
the whole workforce of global European companies and to maintain European companies
and staff in the global labour market regardless if the market for EVs should take-off outside
Europe.

Obviously, the development and implementation of the necessary charging and service infrastructure
is of similar importance as is the development of an effective and affordable technology for the
electric motor car of the future. These items comprising electricity demand and supply features,
communication, charging and management problems need to be tackled outside this roadmap.
However it is important to recognize that the development and provision of costworthy vehicles
cannot become a success when treated as a singular approach that is disconnected from progress in
the field of infrastructure and services. After all, the user of a PHEV or EV will have to bear compound
of cost for mobility including first and maintenance costs for the vehicle itself plus the costs for
use/electricity and infrastructure.
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Regarding market entry and penetration it is also worth mentioning the incoherent global level of
incentives which are currently granted:
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Maximum incentive per vehicle in [€] Status: May 2011

There is high expectation that further engagement in international collaboration schemes will
support the spread of European technologies and processes, world-wide and thereby contribute to
keep the European automotive industry and its workforce on the global competitive edge. There are
a number of key areas for information sharing and collaboration:

e Research and Technology as well as Demonstration Programs

® Codes and Standards

e Vehicle Testing Facilities

e Setting of Market Development Targets, such as Vehicle Sales

* Alignment of Infrastructure, Charging and Vehicle Systems, as appropriate
® Policy Development and Experience in Implementing Different Approaches.
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2.  Electric Vehicles and Europe’s Global Competitiveness

The most recent economic downturn left the global economy in uncertainty and imbalanced growth
in a world split in blocks struggling for resources and trying to master political, religious and
environmental threats. The automotive industry managed to survive this economic crisis but suffered
deep financial losses and was saved via lay-offs, short-time labour and scrappage schemes before
returning after 3 years only to near-boom growth — of which nobody can foretell on how long this
will last. The global economy and particularly the automotive markets are no longer predictable
beyond a few weeks or months:

e governments, may cap the number of new registrations,

® slow economic recovery in important car markets may restrain the sales,

e conflicts, as seen in the Arabic world and/or the consequence of disasters may lead to

soaring oil prices.

In this environment the automotive industry is setting out for the electrification of road transport
with huge investment in vehicle technologies and at the same time developing solutions regarding
the global production in order to make these new PHEVs and EVs affordable.
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Figure 1: Co-existence of vehicle propulsion types
A key factor to the economic success of electric drive is the achievement a widespread adoption and

use of EVs and PHEVs by 2050. The International Energy Agency estimates that by 2020 global sales
of EVs and PHEVs (combined) should achieve at least 5 million per year.

In consequence the automotive industry has to master the enormous challenge during the next

decades of handling the co-existence of ICE-powered vehicles, hybrids, PHEVs, as well as EVs and still
remain profitable to shoulder the respective development costs (see Fig. 1).
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Whereas the vehicle related part regarding the “Electrification of Road Transport” is convincingly
outlined in the respective roadmap by the European Technology Platforms ERTRAC, EPOSS and
SMARTGRID, it is the purpose of this roadmap to complement the “big picture” perception of
electrification of road transport by addressing the “affordability” of PHEVs and EVs. In addition, this
roadmap identifies the role for different

stakeholders and describes how they can »Electric Drive Vehicles are unlikely to
cooperate to reach common objectives. succeed without strong efforts in making

vehicles affordable and ensuring that the
The ETPC-4-EVs Roadmap places its focus

on the “Research, Development and
Demonstration” (R,D&D) requirements in
the areas of future design options, related

adequate recharging infrastructure is in
place — next to resolving vehicle related
challenges”.

production and Supply Chain Management

needs, the inclusion of most relevant

business processes, as well as the social implication and looks beyond the 2" generation of electric
powertrains in intervals up to 2020, 2025 and 2030.
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Figure 2: R,D&D Target Time Periods

In 2010 approximately 60 million cars were sold globally with 64.5 million sales predicted for 2011.
Important to register, however, that the shares per region shift considerably. According to the prediction of
VDA in Germany, China’s global market share will rise from 10% in 2008 to 19% in 2011, meaning that one
out of five new cars will be sold in China, soon. At the same time, Western Europe and the USA will loose
3% each, while emerging markets, such as Brazil, India or Russia are continuously growing. This assessment
is supported by the most recent survey of the International Monetary Fund for 2020, where economic
market capacities are clearly shifting to Asia and Africa.
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Perspective 2020: IMF Market Assessment

* Asia (incl. Turkey): 57 %
* Africa 22 %
* Americas: 13 %%
» EU {incl. Russia): 8 9%
* Oceania (incl. Australia) 0.6 %

Figure 3: Economic Market Capacity Prediction for 2020

In all these diverse and dynamic regions European manufacturers have increased their capacities in the
recent years and they are still busy to explore new sites by following their markets. Experience with
currency swaps, political constraints or proximity to customers have supported this move.

3. Sustainability in Global EV Production

For the automotive industry, Sustainable Production of Electric Vehicles means delivering on our global
priorities: producing profitable in full consideration of all economic constraints, energy efficiency and social
responsibility in global competition. And it means doing all of this while minimizing the impact on the
environment, using the earth’s limited resources responsibly, relying on renewable sources of energy and
fulfilling the industry’s fundamental role in moving world economies forward.

To deliver on our global priorities, we need to make sure that
vehicles and technology remain affordable, and that a
partnership of industries, governments and consumers is in
place to advance Sustainable Mobility together.

The sustainability triangle represents the balance between
the economic challenges inherent in global production
processes of EVs, the ecologic awareness to protect the
earth’s resources and atmosphere in manufacturing and
operating global supply networks, as well as mastering the SUStainabiliw
human development and social implications in operating
global workforces effectively.
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The European automotive industry is highly innovative and aware of the economic requirements, but in
order to remain on the leading edge and to extend their shares in the global market place of the future,
they need to incorporate new economic prediction and reaction elements to support the respective
operational infrastructure. Most important, however, is the real time inclusion of crucial economic factors,
which have essential influence on the production process of EVs, their systems and components, as well as

the services (e.g. sourcing, logistics, maintenance, retrofit, etc.), and the recycling after the product’s end of
life.

In context of a significant improvement of market predictability the impacts of market mechanisms need to
be better understood. The capability to measure the improvement by balancing competition amongst
market players against possible horizontal inner-industry or cross-industry cooperation is of strong
influence in order to correctly assess future shared capacities for all market players.

The economic wing of sustainable EV production holds the following challenges:
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Figure 4: Economic Challenges

The ecologic corner of the sustainability triangle is characterized by the needs for global EV eco-production
models, addressing an optimized utilization of energy streams, the reduction of environmental impact and
the improvement of resource efficiency. This

model of an advanced green manufacturing is

complemented by the development of an - aad transhort emissions

integrated preventive environmental strategy ' uncertalnty f fossﬂresources

to process and produce EV components and » global emission footprintin SCL

systems by full inclusion of the aspects of » global emission footprint production

conservation of resources and energy by

design aiming at eliminating emissions and

waste by point source treatment and recycling. Specific threats and concerns affect the emissions in
production and supply chain logistics, the careful use of resources and the energy investment in EV
production.
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