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Dear readers,

Welcome to this special issue of our FEV SPECTRUM magazine
whichis dedicated to the 10th anniversary of FEV CONSULTING.
The last ten and certainly also the next ten years are charac-
terized by technological, climatic, and social changes. All of
these disruptions are taking place at an unprecedented speed,
and as a result, many of our customers are facing the greatest
challenges in their corporate history. We are proud that our
customers trust our technological and strategic expertise to
help them master these challenges.

In more than 750 projects, customers from more than 30 coun-
tries have placed their trust in us, which has led to the global
expansion of FEV Consulting. We have already opened eight
offices, with more offices currently being planned.

Inthisissue, we will showcase the development of FEV Consulting
and present selected consulting topics and studies from recent
years, e.g., transformation of R&D organizations by analyzing and
managing required future R&D competencies, electrification of
on-and off-road vehicles, business expansion based on product
innovations or M&A strategies, and analysis of future energy
carriers for a sustainable mobility and transportation sector.

ywys

Alexander Nase
Managing Director
FEV Consulting GmbH

Christoph Bollig
Managing Director
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FEV Consulting GmbH

The contributions in this issue emphasize FEV Consulting's
thought leadership in the techno-strategic space. Being part of
FEV Group and working closely with more than 6,000 engineering
experts worldwide enables in-depth technical analysis and effi-
cientaccess to industry and product knowledge. FEV Consulting
has thus become a valued sparring partner and idea provider
for CTOs. Added value is created not only through innovative
consulting approaches and methods, but also especially through
our own proprietary data and knowledge.

We would like to take this opportunity to thank our customers
for the trust they have placed in us and especially thank all our
employees. The FEV Consulting success story would not exist
without their curiosity, their untiring commitment, and their
team spirit.

We hope you enjoy reading this magazine and get to know
FEV Consulting even better!

J U

Mayank Agochiya
Managing Director
FEV Consulting, Inc.
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01 INTRODUCTION

OUR INDUSTRY FOCUS

Aerospace, eBikes, Charging Solutions, Clean Energy
Solutions, Commercial Vehicles, Digital Services,
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01 INTRODUCTION

INTERVIEW

ALEXANDER NASE



@ MAYANK AGOCHIYA

CHRISTOPH BOLLIG

INTERVIEW

10 YEARS OF
FEV CONSULTING

FEV Consulting is celebrating its 10™ anniversary this year.
A fitting occasion to speak to our three global managing
directors, Alexander Nase, Christoph Bollig, and Mayank
Agochiya, about the company’s key milestones and success
factors during this time period.

Christoph Bollig

» Managing Director since 2011
« Located in Aachen

Alexander Nase

» Managing Director since 2011
« Located in Munich

Mayank Agochiya

» Managing Director since 2016
» Located in Detroit

What was the motivation behind the
formation of FEV Consulting?

Christoph Bollig: FEV Consulting was set up by FEV Group
as an independent subsidiary in 2011. It was prompted
by an increased number of project enquiries with a stra-
tegic focus. These required a high level of understanding
of dedicated drivers, technology, and market trends; as
well as an understanding of the resulting influence on the
clients’ product portfolio and overall strategy. At that time,
FEV was already a very successful development services
provider in the powertrain and vehicle technology sectors.
But FEV had to position itself more broadly for these types
of strategic projects. Consequently, FEV Consulting GmbH
was founded. To implement this approach successfully,
new momentum from the outside was needed, as well as
completely different training and skills focus foremployees.



01 INTRODUCTION

That’'s when you came in Alexander. What per-
suaded you to join FEV Consulting as managing
director?

Alexander Nase: | already had several years experience
in management consulting, when in a conversation with
Professor Stefan Pischinger, | learned that he wanted to
setup FEV Consulting and was looking for an experienced
advisor. I quickly realized why FEV is so successful as a
family business, and how it got where it is today. | was
very impressed by the feeling of solidarity and mutual
support. The chemistry was rightimmediately. In addition,
I was enthusiastic about the technological depth of FEV,
which combined with FEV Consulting’s intended strategic
approach to consultancy, would resultin a key differenti-
ating factor. In this moment my interest was aroused and
still today has yet to diminish.

Mayank, you joined FEV Consulting in 2016,
having previously worked for another
international strategy consulting firm.

What was your initial impression?

Mayank Agochiya: | was impressed by the young and
dynamic consultancy team, with its high levels of exper-
tise, and the fact that it already had five successful years
behind it. I quickly realized that one could hand over
responsibility to the team at an early stage, as the focus
was on actively developing the employees and giving them
the opportunity to grow in the long term. Furthermore,
our USP (Unique Selling Proposition), which Alexander
already mentioned, convinced me. Bundling FEV’s tech-
nical expertise with experienced strategic management
consultants has proven to be a very potent combination.

What were important success factors in the
first ten years of FEV Consulting?

Alexander Nase: Naturally, there were a few. In addition to
the team, | can think of numerous projects. From the very
beginning of FEV Consulting there were projects focused
on technology roadmapping, modular strategies, process
and organization optimization. Topics wich fit very well
within our service portfolio. Just as intended, we were
able to bundle the in-depth technical knowledge of FEV
with our strategic and methodological know-how, and
fully exploit our strengths in the interests of our clients.

Christoph Bollig: Besides automotive clients, we have
regularly looked after other industries as well. Take for
instance, the aviation industry, wherein teams of up to 15
consultants, we have advised clients not only on technical
content, but also performance and process optimization; as
well as shop floor and ramp-up management. As ayoung
company, these stand-alone successes were naturally
very important for us.

Although the name “FEV Consulting” could
imply it, the business was never supposed to
act as an internal consultancy, was it?

Alexander Nase: Correct! FEV Consulting was neverto be
an internal consultancy for the FEV Group, and we have
stayed true to this goal. External customer projects account
for an average of 95 percent of our turnover.

How did FEV Consulting develop over the
last ten years?

Alexander Nase: Typically, acompany grows in phases.
| have observed this over the past ten years with FEV
Consulting as well. At the start we were like a normal
start-up with five employees and we benefitted from being
able to actin a flexible, pragmatic and solution-oriented
manner. We then quickly moved on to a development
phase where we established clear topics and created the
team and necessary structures. In the last five years we
have leveraged these structures and matured greatly. FEV
Consulting has managed to develop its employees so that
they can take on appropriate management responsibility
and continue to develop the corporate culture and busi-
ness independently.

Mayank Agochiya: Agreed. This motivates people and is
a major reason why we have a very low turnover rate or
fluctuation in our team. To safeguard this for the future,
we develop opportunities and additional incentives for
our consultants so that they can develop in the best
manner possible and operate as entrepreneurs within
FEV Consulting.




Christoph Bollig: To be able to offer our employees
attractive prospects, | have considered it important to
maintain our growth rate of about 15-20 percent annually.
And thisis not as easy as it may seem. As an organization
and management team, you must react sensitively to how
employees are developing and to how you can unite indi-
vidual development paths with the goals of the company.

Has FEV Consulting been successful at
achieving the goals it set for itself?

Alexander Nase: Yes, our vision was clear, and the un-
derlying goals were realistic. Ultimately it was difficult
to foresee how we would grow in strategy consulting as
an organization. Looking back however, when you con-
sider our employee numbers, our global footprint, and
our turnover, we have well outperformed our plan and
achieved ourinitial goals. The fact thatin the space of a few
years we opened a total of eight international offices - in
Aachen, Munich, Cologne, Bilbao, Detroit, Peking, Dubai
and Tokyo - alone is quite remarkable.

Christoph Bollig: Opening the various offices was im-
portant; to have the ability to be on-site with the client,
and to understand their individual needs. For us, thisis a
key success factorin our projects. Our next step will be to

INTERVIEW

focus on the growth of these branches. When | consider
the goals we had when founding FEV Consulting, I realize
that we also managed to initiate a cultural change in the
FEV Group more broadly with our approaches and working
methods. This might have seemed unconventional from
the perspective of a development services provider, but
it was necessary against the background of more modern
issues - such as electrification, automated driving, or
digitalization in general.

How does FEV Consulting plan to
differentiate itself in the future in a highly
competitive strategy consulting market?
Alexander Nase: | am convinced that both today and in
the future we possess a strong differentiating factor with
our “best of both worlds” approach; the combination of
strategic consulting and in-depth technological expertise.
We focus on the client’s actual problem and develop an
individual solution for them. We deliver an action plan and
sound, sustainable results. Coupled with our demand for
maximum speed and flexibility for our customers, in my
opinion, there is no beating FEV Consulting.
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MILESTONES

KEY MILESTONES IN MAKING FEV CONSULTING
AN ESTABLISHED STRATEGY CONSULTANCY "\ many

Since its founding in 2011, FEV Consulting has grown rapidly. Working on
many projects, not only in Europe but overseas, lead to a successive streng-
thening of the company's global footprint and the addition of several offices in
Europe, the U.S. and Asia. The team has significantly developed and diversified
their skills. Since 2016, the team has been regularly awarded "Best Consul-
tants" by the magazine "brand eins." Today, consultants from 12 different
nationalities are employed at FEV Consulting.
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Culture Book developed

A growing team needs team spirit
and a corporate culture - funda-
mentals that have been passed
on from one consultant genera-
tion to the other and were sum-
marized and published for the
first time in our "Culture Book".



/] 2017

Cost Engineering
joins Consulting
Cost Engineering
activities are
integrated into FEV
Consulting - the
team grows!

/] 2017

50+ Consultants
at FEV Consulting

[/ 2017

100* customer
starts a project
with FEV Consulting
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/] 2020

Office openings
in Bilbao & Dubai

First lecture, "Energy Team
Challenge" at the RWTH Aachen

/] 2019 mm%

Office opens in Cologne
In the fall, FEV established an office in
the newly built complex "Clouth 104"

in Cologne. \

MILESTONES
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/] 2021

100+ Consultants at FEV Consulting
Since 2021, more than 100 Consultants
from 12 nationalities are part of the team.
We're looking forward to even more
growth and diversification in the future!

// 2019

Opened Benchmarking Center

in Aachen

We not only show what technologies
look like, we also explain why!

§ BENCHMARKING

500 Projects
successfully closed by
FEV Consulting teams

FEV Consulting Team established in Beijing
Opening of the first branch office in Asia
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02 EXEMPLARY CASE STUDIES

ENGINEERING SKILLS ASSESSMENT
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ENGINEERING SKILLS ASSESSMENT

ALIGNING R&D ORGANIZA-
TIONS TO FUTURE NEEDS

The challenge: New technologies, new

services, new ways of working

Today’s R&D organizations in all transportation and mobility
sectors face challenges with the ongoing introduction of new
technologies. It’s not only the development and integration
(e.g., zero-emission powertrains, automated vehicle concepts);
the stronger shift to a service- and function-oriented offering
puts additional pressure on engineering organizations. While
mechanical engineering disciplines are still required, they no
longer amount to a marketable differentiation in typical sales
channels. New or emerging engineering disciplines are becoming
increasingly important.

FEV Consulting identifies and understands these key emerging
topics such as electrification, hydrogen technologies, elec-
trics and electronics (E/E), data analytics, Al, connectivity, and
telematics or software development. More than that, it is not
just having knowledge and insight to these key areas, it is also
about the methods being applied within development teams
and departments. The aforementioned shift to a function-ori-
ented offering translates from an R&D perspective into much
stronger software-based development. The implementation
of true, model-based systems engineering (MBSE) with func-
tion-oriented development units, organized in small and agile
teams, represents both a critical need and a significant challenge.

13
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02 EXEMPLARY CASE STUDIES

The solution: Re-skilling and up-skilling of
the R&D organization

Today, most R&D organizations are in the midst of a wider shift
to an emerging skills-oriented structure. Within this, there are
three key questions to consider and discuss during the strategic
decision-making process:

1. What will be core, and what will be non-core in our R&D?
(“Do we have to cover software development competence
internally?”)

2. What capacities and which skills do we need?
(“How many data scientists do we need, and
how skilled must they be?”)

3. How do we transform our R&D organization into the
target picture? (“To which degree might job rotation
within the organization help, and at what level(s) will
we need to hire?”)

The first question is closely linked to any enterprise’s strategic
product plan, which includes the definition of targeted deve-
lopment programs, the roll-out plan for the products and the
definition of how the company’s products should be positioned
in the market (e.g., follower, market average, leader). The de-
fined marketvision (e.g., “become the leaderin fuel cell electric
heavy-duty commercial vehicles by 2025”) is the foundation to
defining the core/non-core strategy, i.e., the in-house coverage
of product related development activities.

Both capacity and skill roadmaps, the focus of the second ques-
tion, are a direct outcome of answers to the first question. R&D
programs with well-defined budgets are translated into internal
and external capacity needs. The skill roadmap then defines the
target picture of internal competences that are in-line with the
defined core/non-core strategy.

Finally, to address the third key question, R&D organizations
define actions and strategies to drive the engineering skill
transformation. Strategies include re-skilling or up-skilling ac-
tivities, during which the skillset of engineers is either shifted to
adjacent technology and competence clusters or improved to
higher levels of excellence. The success of identified strategies
isstrongly linked to each employee’s professional and personal
background. Forexample, a designer of conventional powertrain
components can transition to e-component design. However,
itwould be a much larger task to develop that designer to be a
data scientist or software developer.

FEV Consulting’s approach: A tool-

based turnkey program for skill assessment
FEV Consulting has developed a well-established and tool-based
method to support its customers throughout the re- and up-
skilling process. Key activities are the development of an in-
dividual skill matrix, conducting an online survey, a dynamic
analysis of skill data, and the data-driven deduction of strategies
to close existing competence gaps.

The skill matrix is always linked to the client’s industry sector,
expected technology evolutions and resulting engineering skill
needs. FEV Consulting leverages its own engineering experience
and knowledge to develop the engineering skills matrixin joint
workshops with clients. The information in the skill matrix is then
transformed into a questionnaire, taking the form of an online
survey. There are no restrictions on the number of participants
or the areas they represent. Here, a flexible survey structure
(depending on the survey participant’s skill background), does
deliver a true value add to our clients.

In larger organizations that involve assessment of >1,000
engineers and 1,300-1,500 engineering skills, the database be-
comes large and difficult to manage. Therefore, FEV Consulting
develops cloud-based and flexible dashboards, accessible for the
leadership of R&D organizations. Any helpful view or filtering of
skills data can be delivered, allowing for sustainable data manage-
ment. It’s important to note that this type of activity is not a
“one-time” exercise, it is the starting point of a longer journey
where competences - in-line with the individual development
of engineers and their skills - will change. Regular maintenance
of the database results in a powerful tool to monitor and steer
the company’s skill development over time.

But the skills data are only helpful, if the right conclusions
are drawn and actions are initiated to close the identified
gaps. Together with the clients, FEV Consulting develops
strategies and actions to transform the R&D organization. The
FEV Consulting team defines and implements skill development
programs, develops job rotation models, supports hiring stra-
tegies, drives clients into partnerships and collaborations with
enterprises and/or universities and research centers, or offers
dedicated technology trainings provided by FEV engineers. Our
holistic approach helps setting up the right engineering skill
targets and supports our clients on their journey to transform
their R&D landscape.



ENGINEERING SKILLS ASSESSMENT
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= Implement actions & measures
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By
Patrick Glusk - glusk@fev.com
Daniel HulSmann - hussmann@fev.com
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EXEMPLARY CASE STUDIES

VEHICLE ELECTRIFICATION

VEHICLE ELECTRIFICATION: b e/
TRANSFORMATION OF THE POWERTRAIN |



VEHICLE ELECTRIFICATION

Passenger Car Market

In 2020, the passenger car market was heavily influenced by the
COVID-19 crisis. However, battery electric vehicles gained further
market shares, especially in Europe. We expect a fast recovery
of the sales volume to pre-COVID-19 scenarios, with an annual
growth rate of 1.9%. This growth is dominated by the Chinese
and Rest-of-World (RoW) markets, while US and European market
are assumed with constant volume.

Moreover, the market growth is largely comprised of electric
powertrain types, such as battery electric and fuel cell pro-
pulsion systems. The sales volume of vehicles with an ICE is
expected to decrease by 16% by 2040 compared to 2019. The
remaining powertrains with an internal combustion engine (ICE)
will become electrified as well. We expect mild and full hybrids
to be widespread.

The shift of powertrain types is driven by the CO2 emission re-
duction targets in the key market regions. In Europe, ambitions
are the highest of all markets. By 2050, the transport sector (all
vehicles on the road) should decrease CO2 emissions by 90%
compared to 1990 levels. This means that no new vehicle should
have any CO- tailpipe emissions by 2040 at the latest, which can
only be achieved by battery electric or hydrogen fueled vehicles.
In addition, fuels from renewables (e.g., e-fuels) could also be
COz neutral, however their role in the regulations is currently
under negotiation.

17
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02 EXEMPLARY CASE STUDIES

COatargets in USAwere relaxed under former-President Trump.
The Biden administration has already announced that it will
revoke said relaxation and return to more ambitious targets.
California and some supporting states are pushing for even
more radical regulations, including a proposed ban of com-
bustion engines.

In China the strategy appears more balanced, and the target
of becoming COz neutral has been shifted to 2060. The draft of
the ostensible Roadmap 2.0 gives a push towards new energy
vehicles (NEV) and those with reduced fuel consumption. In
essence, the strategy supports the market introduction of battery
electric, fuel cell, and hybrid powertrain vehicles.

In the year 2040, we expect that 57 million electric vehicles (bat-
tery and fuel cell) will be sold globally. The largest markets will
be Europe and China with approximately 15 million units each.

Business Impact

The shift of powertrain types has a dramatic effect on the business
potential within the manufacturing value and supply chains.
Mature or ‘legacy system’ technologies, such as base combustion
engine components, emissions management systems, and trans-
missions, will suffer the most from this transformation. Between
2019 and 2040, we calculated a business potential reduction of
50 billion EUR for conventional powertrain systems. Although
new technologies will be required to further improve engine
efficiency, it will not be able to compensate for the reduction
in sales volume. R&D and investment budgets are limited and
shifting to electrified powertrain types; hence we expect a strong
reduction of combustion engine-based powertrain variants as
well. Consequently, we also expect to see extended usage of
the existing production equipment. Only thermal management
system components are believed to have increased business
potential within the mature technology category, as those
components are needed for electric vehicles too and are getting
more complex in electrified applications.

Sales in million units

150 1
128
117 .
107
115% a 6 14 Fuel cell vehicle
100 Battery electric
87 v vehicle

¥ [-16%ICE]

50
Vehicle with ICE

Year

2019

2020 2025 2030 2035 2040

@ Worldwide Light-Duty' market vehicle sales forecast

1) Including passenger cars and light commercial vehicles
up to 3.5t gross vehicle weight

Not surprisingly, the emerging technologies are related to
powertrain electrification. Battery systems, electric motors,
and fuel cell components will create a rapid growth of business
potential across the industry. Between 2019 and 2040, we antici-
pate an increase of 68 billion EUR for electrified powertrains.
However, the growth does not necessarily translate into manu-
facturing value creation. The shift from manufacturing intensive
components towards higher material intensity will cause the
share to be reduced and move upstream in the supply chain
(e.g., battery material processing).

Overall, we expect 24% business potential growth between 2019
and 2040. However, this growth happens in the period from
today until 2030 only. Thereafter, the reduction of the business
potential caused by the shift to electric powertrains cannot be
compensated by an increase of combustion engine technology
and hybrid powertrains anymore. The transformation towards
electric vehicles is accelerated.

Mature technology

(] o e
Legacy Emission  Transmission — Thermal
system management parts management
2019 total
28. 19. 12. 2.1
in billion EUR 8.6 93 o

in %

CAGR ‘30 - ‘40 X178 -22.0% +3.4%
in %
2040 total 11 11 4.4 6.0

in billion EUR |

Emerging technology
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Electric Power Electrics & Battery Hydrogen
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+19.9% +18.8% +19.4% +15.2% +30.9% +2.1%
+1.3% +1.3% +4.6% +31.5% -0.2%
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T
-50 billion EUR business potential
between 2019 and 2040

@ Business impact

T
+68 billion EUR business potential
between 2019 and 2040

+24%
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WITHIN MATURE -~ 2020 2040
TECHNOLOGIES

Key results

The transformation of the automotive industry prompted by
the shift towards electric vehicles has had, and will continue
to have, a strong impact on the supply chain. For battery sys-
tems, electric motors or electronic components, significantly
different manufacturing processes are required compared
those used for combustion engine components. These pro-
cesses are also less labor-intensive. As a result, we estimate
that 160,000 fewer jobs will be required in Europe by 2040 for
the production of automotive powertrain and propulsion sys-
tems. The loss of 580,000 jobs within the mature technologies
(e.g., combustion engines, transmissions) space cannot be
fully offset by the expected 420,000 new jobs within the emer-
ging technologies arena.

However, we expect additional jobs will be created in the
upstream supply chain processes. For example, processing
materials for battery cells or other raw materials required
for production. The build-up and operation of charging and
hydrogen infrastructure is expected to contribute as well.
Finally, independent of the transformation, new business op-
portunities will be generated from connected vehicles and di-
gital services.

By
Dr. Michael Wittler - wittler@fev.com
Kai Kriiger - krueger_kai@fev.com
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® Business potential analysis

BILLION €

1 2 INVESTMENT

CONSTANT AVERAGE ANNUAL INVESTMENTS IN
EUROPE INTO MACHINES AND PRODUCTION
EQUIPMENT REQUIRED

50€/kWh

LONG-TERM AVERAGE BATTERY PACK COST
EXPECTED TO BE REACHED UNTIL 2040

-160,000 oss

IN EUROPE; 580,000 JOBS LOST IN CONVENTIONAL
TECHNOLOGIES, 420,000 JOBS CREATED IN EMER-
GING TECHNOLOGIES

INFRASTRUCTURE &
SERVICE OFFER FURTHER BUSINESS

AND VALUE CREATION POTENTIALS FOR THE
AUTOMOTIVE MACHINERY & COMPONENTS
SUPPLY INDUSTRY




02 EXEMPLARY CASE STUDIES

NRMM - NON-ROAD MOBILE MACHINERY

ELECTRIFICATION OF NON-ROAD MOBILE MACHINERY:
OPPORTUNITIES AND CHALLENGES

In the automotive sector, market shares of electric drives have increased considerably in recent years, and current forecasts
predict that the proportion of battery electric vehicles will continue to rise significantly across all vehicle segments. A
powerful driver for this growth is CO: legislation, which makes the future widespread use of zero-CO: solutions inevitable.
Similar developments are also expected in the commercial vehicle sector. However, the situation is much more nuanced
in the case of non-road mobile machinery or utility vehicles. While some applications, such as forklifts and lifting plat-
forms, already have a high share of electrification; others like agricultural machines have very low rates of electrification.
This article explains key differences and shows trends for electrified drives in the area of non-road mobile machinery.
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NRMM = NON-ROAD MOBILE MACHINERY

Drivers for electrification

In contrast to road-going vehicles, there is no CO: legislation
for non-road mobile machinery from a global perspective.
Therefore, electrification in this sector must be driven by other
factors, such as:

B Operation inside buildings
(e.g., forklifts, lifting platforms)
B Operation in environmentally critical areas
(e.g., national parks, conservation areas)
B QOperation in noise-sensitive areas
(e.g., farms, horse stables, or residential areas)
W Desire forimproved productivity
(e.g., electrified implements)

In addition to private companies, more public sector en-
tities are demanding the use of CO:-free construction ma-
chinery. In fact, as part of "C40's Net Zero Carbon Buildings
Declaration," 97 cities worldwide are targeting the use of
zero-emission construction machinery by 2030.

Fundamental challenges

A detailed analysis of operating costs shows that electrified
non-road mobile machinery can also be attractive from a cost
perspective in the near future. Under appropriate operational
conditions, high energy consumption savings can be realized due
to the potential of energy recuperation. In addition, acquisition
costs are becoming increasingly competitive due to the rising
costs of emissions reductions in conventional powertrains.
However, wide disparities in use and demand of construction
machines require the consideration of application-specific
performance and use profiles.

21
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02 EXEMPLARY CASE STUDIES
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@ Relevance of selected electrification drivers

Compared to the automotive sector, non-road mobile machinery
is characterized by constraints that present additional challenges
for electrification, including:

B Comparatively low sales volumes

B High cost pressure (CAPEX and OPEX)

B High number of product variants to cover multiple
industries and specific needs therein

B A multitude of smaller, specialized machine
manufacturers

B Drive units and vehicles/machines produced from
different manufacturers

B Radically varying utilization profiles
(e.g., performance requirements, daily operating periods)

B Challenging environmental conditions
(e.g., dust, temperatures)

B High mechanical stresses

ELECTRO-HYDRAULIC
DRIVE / SWIVEL / LIFT

+=relevant driver o = limited relevance —=not relevant

YIncreased productivity from electrified implements

In addition to all this, many products feature both a traction
drive and a power take-off. This raises further questions regar-
dingthe overall system concept. For example, in the case of an
excavator, it needs to be determined if the traction drive, swivel
drive, and working mechanics should be designed to ope-rate
hydraulically, electro-hydraulically, or electro-mechanically.

These constraints mean thereis a need forintelligent solutions
to overcome the challenge of low quantities while meeting
the demand for product- or customer-specific solutions at
reasonable costs.

ELECTRO-MECHANIC
DRIVE / SWIVEL / LIFT

Battery

RS
EM O

Electro-hydraulic drive

%

Electro-hydraulic lift

ectro-hydraulic
ivel

@ Exemplary powertrain topologies for NRMM electrification
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Promising solutions

Although a direct transfer of technical solutions from the au-
tomotive sectoris usually not possible, solutions for non-road
mobile machinery must be based on available technologies
due to the comparatively low sales volumes and high operating
cost pressure. This makes the automotive industry an attractive
place to mine for solutions. The choice of battery-cell technology,
however, must be based on the specific requirements of a target
application. Furthermore, the module and pack design must
also betailored to the application, and thus differ in detail from
available solutions in the automotive sector. Asimilar approach
must also be taken with respect to other core components, such
as the e-motor or power electronics.

This approach demonstrates that for electrification of non-road
mobile machinery the use of specialized components, and
therefore the development of corresponding competences,
is inevitable. So, the question becomes: Shall manufacturers
develop and produce these components themselves or shall
the supplier industry be engaged? There is no simple answer
to this question. Instead, it depends on a wide range of com-
pany-specific factors, including company size, product range,
global market orientation and other strategic elements. While a
small machine manufacturer is more likely to rely on products
from suppliers and possibly create overall system competence,
a larger manufacturer should make future plans to internally
develop and manufacture core components of the electrified
powertrain as well. Expertise can be builtinternally through close
cooperation or through merger and acquisition. Engineering
service providers can also provide valuable support.

As previously mentioned, there is a need for non-road mobile
machinery to provide customized solutions with comparatively
small quantities at reasonable costs. Here, modular concepts
are a promising approach to offer cost-effective

NRMM = NON-ROAD MOBILE MACHINERY

B Battery
+ Application-specific cell chemistry for power density,
energy density, and robustness
+Adaptation to various installation spaces
+ Availability of different energy contents and
voltage levels
+Adapted thermal management solutions

W Electric motor
+ Coverage of a wide performance spectrum
+ Coverage of different voltage levels
+ Solutions for different installation spaces with
regard to length and diameter

As for an overall electrification strategy, the question becomes
which services, in addition to the electrified machine, can be
offered in the market in order to achieve the greatest possible
value added while increasing customer acceptance. In this
context, tailor-made solutions for a charging infrastructure or
concepts fora "second life" use of batteries could be considered.

The electrification of non-road mobile machinery will be a major
challenge forthe companies involved. However, there is a wide
variety of opportunities to place competitive products and
intelligent solutions in the market and generate a competitive
advantage.

solutions by leveraging existing synergies and
standardization whilst considering rele-
vant differences.

Atthe sametime, theyenable aflexible
reaction to requirements that are
specific to the client, market, or
application. For example:

THERMAL
MANAGEMENT

By
Dr. Andreas Wiartalla - wiartalla@fev.com

CELL CHEMISTRY

Design at module level
Design at pack level

=
Performance or energy cells
Voltage level

Robustness

ENERGY
CONTENT

]
Number of cells

Type of interconnection

VOLTAGE

LEVELS u
Number of cells

Type of interconnection

Number of cells per module
Number and arrangement of modules

® Design and selection criteria for traction batteries
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02 EXEMPLARY CASE STUDIES

SUPPLIER TRANSFORMATION

BUSINESS ENHANCEMENT STRATEGIES
TO EXPLOIT MARKET OPPORTUNITIES

24

It's not only vehicle manufacturers that are under significant
pressure from a changing product landscape in the mobility
sector, but also large parts of the supply chain. Conventional
powertrain technologies and products that have been deve-
loped, optimized, manufactured and sold over decades will no
longer exist to the same extent in the future. Due to increasingly
more stringent emission regulations and growing demand
for COz-neutral vehicle solutions, conventional powertrain
components will, to a great extent, be replaced by electrified
alternatives. Large OEMs are shifting R&D activities towards al-
ternative technologies and established suppliers are competing

in declining market segments. This results in a consolidation of
conventional components business. However, the shift to elec-
trified drivetrain components also creates new market opportu-
nities.But companies need to be quick since competition in new
technology fields (e.g., battery, electric motor, fuel cell) is growing.
Companies fromvarious sectors (e.g., mechanical manufacturers,
electronics manufacturers, chemicals companies) and different
value chain positions (e.g., OEMs, Tier suppliers) are fighting for
value added shares in the growing market segment.

COMBUSTION ENGINE

SIMPLIFIED ICE

ELECTRIC DRIVE UNIT

OEMs P

Tier1 :’

BATTERY

. TS TNl U S
Tier 2 » >

. ‘\ _________
Tier 3 L

New SRR ST

Players .« ________ DA

@ Change of the product landscape and fight for shares in the value chain



Strategic positioning

As aresult, astrong competition among market playersis emerging
in conventional sectors, as well as in new sectors of the auto-
motive industry. Acompany’s strategic orientation is increasingly
important to ensure long-term profitability and sustainable
growth in these very dynamic markets.

There’s not only one strategy that might be considered - there are
several. Determining which strategy best suits a company must
be individually assessed and decided on a case-by-case basis.

The first strategy, “Last Man Standing”, primarily focuses on the
existing market. At its core, it implies that a company wants to
hold its ground in the consolidating market. To be successful
in the future, the market share in the shrinking market must be
increased by leadership through costs or quality.

Other positioning strategies target new business areas.
“Adapters” try to position existing products in new markets,
regions, or even new industries. In contrast, “Innovators” and
“Disruptors” are relying not only on the existing portfolio but
also on the newly emerging market of electrification and di-
gitalization. Their aim is to develop new products that fit the
company's core competences and expand the portfolio in a
sustainable way. This realignment in the product portfolio may
be carried out to varying degrees. The core challenge is that
most companies have limited resources, forcing compromises
in their allocation. While the existing business is a guarantee for
today’s sales, new products go hand-in-hand with investments
that will often only pay off in the future. "Innovators" are looking
for a healthy balance between old and new products while
"disruptors" are willing to take a higher risk and focus all resources
on the new market.

“Solution Providers” target significant expansion of their value
added to achieve closer proximity to the end customer.

Develop new
markets by trans-

existing know-
how to new
industries

SUPPLIER TRANSFORMATION

LAST MAN
STANDING

ferring

INNOVATOR

Focuson/
leapfrog to new
technologies
(high investment)
and become
pioneer or leader
for specific new
technologies

=

SOLUTION
PROVIDER

=

@ Positioning strategies in a changing market environment

o

Focus on core
business (even
if threated) and

become the most
efficient / domi-
nant player

ADAPTER

O—H—O
f“C;J
She
oL,

DISRUPTOR

O
X

Identify new
products and
services related
to industry trends
and partially
diversify (co-
existence of old
and new
business)

Offer new ser-
vices and mobility
solutions to be
closest to the
end-customers
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02 EXEMPLARY CASE STUDIES

Identification of new product ideas

Atthe start of every new alignment, there should be aninnovation
process where new product ideas are collected, assessed, and
prioritized. FEV Consulting has supported many clients in this
innovation process. An important part of this is understanding
and assessing the new target markets and identifying a potential
overlap with the company’s capabilities.

Continuous market & trend scouting

FEV Consulting follows an approach that can be tailored
to each client's needs. Typically, the first step is to ana-
lyze market and development trends while discussing the
following questions with clients:

B \What are the company’s capabilities?
. i ing?
Creative product [ | What‘strategy isthe compfany fol-lovvmg. .
ideation workshops B How is the company positioned in the value chain?
B What products are being offered?
B \What are the company's distinctive competences?

By collaborating with the client early in the process, the search
areas can be quickly narrowed down and the ideation process
can begin.

Technology Fit

A4

- The ideation process starts with an innovative workshop series
in which client representatives and dedicated FEV product
Market Fit development experts come together. Attractive and suitable

productideas are developed, discussed, and prioritized in new
w -' areas of relevant applications.

. Then the productideas are thoroughly analyzed and evaluated

Strategy Fit based on their technological and commercial potential. The main

focus is whether or not the product ideas offer differentiation

potential, in addition to, how strong the market demand is
. expected to be, and the strategic fit to the client. In some cases,

. capability gaps are identified and a strategy to close those gaps
. is developed accordingly.

New product _ o .
ideas Following a filtering process, only the most attractive and pro-

mising product ideas for the client remain. After submitting
a corresponding business plan to the client’s management
Business team, FEV often can support as a development partner in the

cass product implementation phase if desired. FEV’s development
competences range from prototype development to testing and
validation, up to series development.

Management
approval

Product
development
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SUPPLIER TRANSFORMATION

Material science as innovation

A specific application example is the strategic positioning of
plastics manufacturers. In vehicle manufacturing, where there
is a significant effort to reduce weight, increasingly more mate-
rials are being replaced by plastics. The continuously improved
characteristics of plastics regarding temperature, dimensional
stability, and strength ensure increased application opportunities
in the vehicle. This means plastics can be used to an even higher
degreein the body, interior and exterior, power- and drivetrain,
and electronics. By combining the client’s competence with the
engineering expertise of the FEV Group, valuable and promising
product ideas are often generated.

The process for identifying new product ideas is only the be-
ginning. After the strategic decision is made, it needs to be
determined how the new products can be incorporated into
the existing product portfolio, and what future portfolio and
market launch strategies will be required.

CORPORATE
In some cases, you also need to consider whether the company STRATEGY
can handle the change of the portfolio strategy alone orif a
potential takeover of other companies (i.e., M&A) may accelerate
the transformation process.

FEV Consulting supports clients by combining its strategic
experience in top management consulting with the com-
prehensive engineering competence of the entire FEV MERGERS &

Group. By involving development experts in the idea- ACQUISITIONS SUPPORT
tion phase, not only can the new ideas be checked
more effectively for feasibility and usefulness at an
early stage, but completely new idea inputs and
directions may be discussed.

By PORTFOLIO MARKET ENTRY
Daniel HuRmann - hussmann@fev.com STRATEGY STRATEGY

Johannes Houben - houben_j@fev.com

MARKET & TREND
ANALYSIS

PRODUCT PRODUCT
ANALYSIS IDEATION

FEI_V ENGINEERING SERVICES AND TESTING SOLUTIONS

@ FEV Consulting approach to “Integrated Business Enhancement”
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02 EXEMPLARY CASE STUDIES
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BUSINESS ENHANCEMENT VIA STRATEGIC
INVESTMENTS & DIVESTMENTS
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OUR CONSULTANCY
SERVICES

CUSTOMER
BENEFITS

+ Company and industry
profiling

Industry and

sector trend analysis
Screening of target
companies

In-depth industry under-
standing and large network
Deep technical know how
and engineering expertise
Significant depth of project
experience

+ “Red flag” reporting
Commercial and
technical due diligence
Support in evaluation
and negotiation

In-depth understanding

of trends and markets
Sound technical knowledge
and engineering expertise
Experience in M&A buy
processes

@ Consultancy services for Merger & Acquisition activities

MERGERS & ACQUISITIONS

Mergers and acquisitions are essential strategic elements for
companies throughout the value chain. There are many causes
and motivations for this: Many companies in the automotive sector
and related industries are operating in an area of conflict between
considerable pressure to reduce costs, required investments
in new technologies (e.g., electrification, autonomous driving,
connectivity) and shifts within the value chain. The established
corporate strategy and the associated product portfolio are often
not in-line with this transformation. As a result, technologically
well-positioned companies may consider the acquisition of
individual business sectors or entire companies to strengthen
their own market position, raise synergy potentials, or strategically
expand the business into new markets or products. Divesting
companies are often driven by persistent financial difficulties,
a lack of size for steadily increasing project order volumes, orin
the case of smaller businesses, a potential lack of management
succession.

FEV Consulting holistically supports clients along the acquisition
or sales process: from the screening of potential acquisition
candidates via comprehensive due diligences, to the integration
of acquired companies and definition of the product portfolio
strategy.

Pre transaction phase Post transaction phase

+ Post-Merger integration + Planning of disposal and
and transformation concept divestments
+ Management of integration ~ + Preparation of business
and transformation plan and sales strategy
+ Interim management + Potential buyer screening
+ Vendor due diligence

+ Sound experience in + Extensive experience
integration and transfor- in the preparation of
mation business plans

+ Strong turnaround manage- ~ + Professional market and
ment experience technology description

+ Strong background in Buyer-friendly marketing
C-level and senior
management advisory

au
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02 EXEMPLARY CASE STUDIES

The screening phase

Proper target screening requires in-depth
|@ knowledge of the industry, technical expertise,
e and a wide expert network that is aware of the

differentinterdependencies in the industry. This is
where FEV Consulting begins its search process, tailored to the
client’s requirements, to identify potential purchase candidates.
After an initial filtering of results, the prioritized companies are
examined in detail and evaluated based on the product portfolio,
technical expertise, and business; as well as strategic positioning.
Following successful contact establishment and the securing of
non-disclosure agreements, onsite visits to evaluate development
centers and production facilities help to prioritize and form
recommendations for most attractive acquisition candidates.
mercial and technical analysis, are essential.
FEV Consulting is very well positioned, particularly

in the last two aspects, because we combine the necessary
disciplines, technology and markets, in our business model.

The acquisition phase

Forthe duediligence process, various aspects
including legal, tax, financial, as well as com-

Fora commercial due diligence, FEV Consulting investigates in
detail market conditions, including existing and potential new
competitors, supply chains, customers, and growth drivers. In
the process, the sales potential of products and companies,
as well as corresponding growth drivers or risks, are carefully
examined. At the same time, FEV Consulting considers various
scenarios, leveraging its extensive market and industry know-
ledge to understand relevant market dynamics.

For a technical due diligence, there are two significant perspec-
tives: First, the product portfolio is examined to determine its
current and future competitiveness and ability to withstand
identified technology trends and competitor innovations.
Second, FEV Consulting thoroughly assesses the organization
and its key processes for strategy, research & development,
manufacturing, purchasing, logistics and sales. Ideally this is

PHASE 1 PHASE 2

complemented with an onsite visit of the local development
and production sites to obtain first-hand accurate insights.
Depending on the client (purchaser or seller), these analyses
are accompanied by the development or evaluation of business
models for various scenarios. Based on these examinations,
the business model can be presented and challenged in detail
against the turnover expectations of the company.

Acquired! Now it’s time to grow

After the successful completion of the acqui-
sition, the post-merger integration is typically
amajor pitfall for many companies, especially
if experience with acquisitions is limited. Specific
“roadmaps” are required for the first 100 days and the first
year, where the most significant company areas (develop-
ment, manufacturing, logistics, sales, etc.) are strategically and
operationally defined together with the entities that are now
merged. To avoid the acquired organization being perceived as
a foreign body and not adequately integrated into the existing
business, itisimportant to continue identifying key synergy fields,
beyond those found during the due diligence, and promptly
exploit them. FEV Consulting’s vast experience in turnaround
management, strategic development, and change management,
enables the company to expertly serve clients in these disciplines.

The selling process

The success factors are similar for the process
in which the seller (e.g., parent company, group
of investors) is the driving force to sell - whether it
be shares, a division of the company, orthe entire
enterprise. In this case, the process is typically reversed, and an
appropriate divestment strategy is initially developed. From
there, a detailed description and evaluation of the company is
developed before the search for potential buyers begins.

In general, FEV Consulting recommends long-term planning
of an acquisition or sales process. Investing in or divesting of a
business should be considered as part of the overall strategic

"Red Flag" Report Commercial Due Diligence Technical Due Diligence Assessment & Recommendation

Summary of opportunities
and risks regarding
companies, markets

and technologies

Evaluation of industry trends,
competitors, clients, supply
chains, and market potentials
that can be developed

2-4 weeks

@ Commercial and technical due diligence - Our approach

Evaluation of technology and
product portfolio, manufactu-
ring skills and production are-
as, potential for optimization

Competitive positioning, de-
rivation of turnover potentials
and relevant opportunities
and risks

4-6 weeks



process. In many cases, it is effective to plan and prepare the
due diligence and the potential data room over a long time
period in advance, as this makes it easier to identify and mitigate
potential weaknesses. Typical challenges for companies could
be critical cost structures within their company or the supply
chain, as well as a decrease in investment and innovation.
Periodic market and product analyses support innovation and
usually lead to clear sales opportunities that can be realized
in the short- to medium-term. These analyses also include the
identification of potential synergies with interested purchasers,
which can be evaluated to form a solid basis for purchase price
evaluation and post-merger activities.

CASE STUDY:
DUE DILIGENCE OF A BUS MANUFACTURER

SITUATION AND APPROACH

B Aninternational strategic investor was looking for an investmentinto a bus
manufacturing company and to increase its production capacities

B FEV Consulting was tasked with performing a commercial and technical due
diligence to provide the client with an understanding of the investment's
opportunities and risks, as well as a reasonable price

B Within the commercial part of the due diligence, the overall business model
of the target was analyzed, management forecasts were reviewed, and an
enterprise valuation was performed based on their assumptions

B Within the technical part of the due diligence, operational capabilities, including
R&D, production and supply chain management were analyzed, and existing
assets evaluated

B The upside and downside potentials of the transaction have been analyzed

RESULTS AND BENEFITS

B The client obtained detailed insights into the essentials of bus manufacturing
and the competitive positioning of the target company

B Findings were summarized in a clear recommendation along with an enterprise
valuation

B Post acquisition activities were planned to realize upside potentials and avoid risks

MERGERS & ACQUISITIONS

By

Johannes Houben
houben_j@fev.com
Daniel Hullmann
hussmann@fev.com
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02 EXEMPLARY CASE STUDIES

FUTURE ENERGY CARRIERS

FUTURE ENERGY CARRIERS IN THE
MOBILITY AND TRANSPORT SECTOR

With the “Green Deal’, Europe has set the goal to reduce net greenhouse gas emissions to zero by 2050. For the mobility
and transport sector, the 2050 target is a 90 percent reduction in greenhouse gas emissions compared to 1990. A key
step in achieving this goal is the tightening of the previous overall emission reduction target for 2030. In April 2021 it
was agreed to reduce emissions by 55 percent compared to 1990. Itis not yet clear how much the individual sectors will
contribute to this target by 2030. Furthermore, it is uncertain which energy carriers must be supplied for this purpose
and to what extent.
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Key challenges for the transport sector

Despite all efforts, emissions from European road traffic have
not decreased since 1990. In fact, they have increased by more
than 25 percent, creating an urgent need to switch to more
climate-friendly technology solutions. Avariety of policies and
regulations are available to support this, including the taxation
of CO, fleet emission targets for new sales, and the frequently
discussed registration ban of vehicles with internal combustion
engines. One of the factors impeding the achievement of the
targets is the continuous rise in mobility demand.

Several uncertainties go along with the regulations. Which
powertrains are required to achieve the targets? Is it sufficient to
rely on battery- and fuel cell electric vehicles? Or are liquid fuels
from renewable energy required? How, where and in what form
will the required energy be made available to the end customer?
It is certain that a very diverse mix of decarbonization tech-
nologies must be utilized in the transport sector to meet the
ambitious targets.

To ensure the adequate supply of the transport sector with en-
ergy carriersin the future, itis crucial to estimate their demand
already today. Unfortunately, this demand is affected by many
uncertain boundary conditions, such as legislation, consumer
behavior and technological development.

ON-ROAD TRANSPORT CO: EMISSIONS

1200 —
S 800 -
g - EU 1990 level ---- - s -
2
=4
2
= 400
=

2050 EU Green Deal
I ettt tetelebebabal

2020 2025 2030 2035 2040 2045 2050

Jahr

1) Including zero-tailpipe emission powertrains
(fuel cell and H: ICE)

Vehicle usage

Powertrain

train efficiency
Renewable fuels

FUTURE ENERGY CARRIERS

Future demand of energy carriers

Using the “Energy Demand Model” and assuming vehicle emis-
sions must decrease by 90 percent by 2050 compared to 1990,
the illustrated demand for energy carriers results (see Figure 1).
Thisresultis based on the currently more likely scenario, which
assumes accelerated electrification of the vehicle fleet and
corresponding decline in new vehicles with combustion engines.

However, looking to the year 2030, it's obvious that emissions will
not fall below 1990 levels through electrification alone. Despite
increasing sales of purely electric vehicles, a large proportion
of the vehicle fleet is still powered by combustion engines at
that pointin time. If the transport sector is to contribute to the
reduction of COz emissions already in 2030 compared to 1990,
the utilization of renewable fuels is unavoidable and its share
must be increased even more.

In 2050, the transformation of the vehicle fleet to electrified vehicles
will be largely completed. Also due to the higher efficiency, the
final energy demand of the transport sector will decrease to
2,208 Terawatt hours (TWh) by 2050. Electricity and hydrogen
will be the primary fuels, while liquid fuels will play a minor role
with 730 TWh compared to 2030. However, demand for liquid
fuels from renewable sources further increases.

FINAL ENERGY CONSUMPTION

3,257 TWh

optimization

electrification ¥

Vehicle & power-

2030 2050

[l Gaseous fuels from fossils
Hydrogen

I Fossil fuels Il Renewable fuels

® On-road transport COz-emissions and final energy consumption

B Electricity from fossils

[ Electricity from renewables
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02 EXEMPLARY CASE STUDIES

FEV Energy Demand Model

Forthe analysis and prognosis of emissionsin the trans-
port sector, FEV has developed the “Energy Demand
Model” to determine future energy demand and the
associated emissions for passenger and commercial
vehicles, as well as shipping and air transportation.
The model combines market predictions, technolo-
gical developments, regulatory conditions, the effects
of the future demand for mobility, and transport effi-
ciency improvements. The modeled energy demand is
then broken down into individual energy carriers. From
there, requirements for future production capacities
and manufacturing paths can be derived within the
context of the climate objectives.

Hydrogen - the energy source of the future

In addition to its use in today's COz-intensive industries, such as
steel and cement, the increased use of hydrogen as an energy
carrier is also necessary in the transport sector. Apart from the
reduction of CO2 emissions through battery electric vehicles,
electrification will need to be consistently implemented through
fuel cells in commercial vehicles by 2025 and in passenger cars
by 2030. For commercial vehicles and off-road applications,
hydrogen can also be converted in a hydrogen combustion
engine. All of this results in an increased European demand for
hydrogen used in mobility applications to approximately 700
TWh per year by 2050.

However, for economic use and sufficient supply to occur, an
appropriate infrastructure must be created. Apart from local and
potentially decentralized production of hydrogen, additional
international supply chains must be developed. The cost of
electricity for electrolysis is crucial in the overall production
costs of hydrogen. This means the construction of hydrogen
production plants is most efficient in areas where renewable
energy is cheap due to high full-load hours (e.g., for solar energy
in Spain or North Africa). The lower production costs are expected
to at least partially offset additional costs for transportation and
distribution.

Hydrogen produced at these plants can also be used to generate
liquid fuels. This would enable even more favorable distribution,
especially for long distances between primary energy conversion
and the end consumer, which can use existing supply chains
and infrastructure.

Liquid fuels from renewable energies

Liquid fuels from renewable sources are also required to achieve
the emission targets, especially for long-distance and heavy
goods transport, which include shipping and air transport. In
2030,290 TWh of liquid fuels are expected to be used in European
road traffic. In 2050, the share will increase to approximately
460 TWh.

In addition to the biofuels already in the market, fuels produced
from synthesis gas based on biomass (BtL fuels) or electricity and
COz (PtL fuels) are primarily under discussion. Key representatives
are Fischer-Tropsch fuels, and fuels produced via the methanol
route. Particularly in shipping, research is also being conducted
to use ammonia, produced from hydrogen.

In terms of the availability of resources, the PtL approach is
promising, as the feedstocks required in this process are theore-
tically available without limitations; whereas the use of biomass
involves the risk of supply restrictions. However, production costs
for PtL (Power-to-Liquid) fuels will be 2-3 times higher than for
conventional fuels for the foreseeable future, depending on the
production path. For BtL (Biomass-to-Liquid) fuels, cost parity
oronly a slight cost difference is regarded as possible.

To achieve the emission targets with the support of liquid fuels
from renewable sources, various issues must be clarified in the
short term. Is there sufficient biomass available to meet future
demand with biofuels alone? If PtL fuels are also required, can
production capacities be built up quickly enough and under
which conditions does this result in an attractive business case
for operators and investors?

Apart from these aspects, there are still ambiguities and a lack
of incentives on the legislative side. Reasons why the actors
in the energy sector are still reluctant to make the necessary
investments, even despite the agreed fuel quotas.

By

Dr. Daniel Neumann - neumann_da@fev.com
Kai Krliger - krueger_kai@fev.com

Felix Wiesemann - wiesemann@fev.com



FUTURE ENERGY CARRIERS

NET HYDROGEN PRODUCTION COST ¥ NET HYDROGEN FUEL COST 2
IN EUR/KG IN EUR/KG
|0.2 0.3
Spain
1.8 Mid-scale
Middle East & 2 2.7 Liquid
1.5 North Africa
Large-scale
|0.2 0.2 0.9 3.4 700 bar
B CElectricity cost OPEX B Pipelinetransport Gaseous dispensing
B cElectrolyzer (CAPEX) B Hydrogen production B Liquidtransport B Liquid dispensing
1) Cost at electrolyzer output 2) Cost at dispenser without taxes
~ 7™\ 4 ™ - ~1
@ Hydrogen costs for the mobility and transport sector
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03 CUSTOMER FEEDBACK & OUTLOOK

CUSTOMER TESTIMONIALS

FEV CONSULTING:
WHAT OUR CUSTOMERS SAY ABOUT US

FEV Consulting’s mission is to deliver the maximum benefit to boost our clients’ performance and operational efficiency
in a most sustainable way. We truly care about a positive customer experience and aim to be the trusted advisor
at every stage of the customer journey. Each project is individual and tailored to the specific needs of our clients.

Here’s what our clients say about our work:

‘A balanced mix of strategic visi-
on, technical knowledge on new
technology / industry and high
level of agility make FEV Consul-
ting a strong partner for us.”

Marco Liccardo
Chief Technology &
Digital Officer

“FEV Consulting has delivered very tailo-
red support at high quality and profes-
sional representation at our customer

front. Appreciate their listening to our
demands and turning their work into
value for our business.”

Dr. Peter Kraneburg
Head of Automotive
Fluid Technology - Global R&T

“The pan-disciplinary experiences
and deep insights that FEV Consulting
own, have strongly contributed to
our strategic planning and technical
evaluations.

“FEV was very responsive to our wishes
and expectations. This was also noti-
ceable by the fact that they advised
us quickly and competently even with
new requirements or questions. Also,
very positive was the great professio-
nal competence in the field of NRMM.”

Miljan Sljuka
Head of Supply Chain Management
stoba e-Systems GmbH

We have no doubt that they will take
a large role in creating a sustainable
future society.”

Yoshiyuki Watanabe
General Manager,
Business Creation &
Digital Strategy Unit,
’ Industrial Materials Group
F A N

Mitsubishi
Corporation

36



“Working together with FEV has further \

CUSTOMER TESTIMONIALS

NGK |NTK

SPARK PLUGS _ TECHNICAL CERAMICS
NGK SPARK PLUG EUROPE GmbH

“We have been working for several
years now with FEV. | value very much
the state-of-the-art technical and
strategic insights that help in proving
our business direction, and the “can
do” professional approach.”

Philip Irving
Vice President OE Division EMEA

accelerated our exploration journey of
new applications for the Datwyler core
technologies. FEV has engaged their
whole organization based on the focus
on high-quality, value-adding services
and thanks to the superb professiona-
lism of their team.”

Andreas Minatti
Head of Business
Development

> DATWYLER

VDMA - r

“FEV has been our highly competent
partner for the VDMA-FVA scenario
studies “Drive in Change” for several
years. The key reasons for choosing
this partner were superior powertrain
technology competence, as well as
their global network in the automotive
industry and science community.

“The results of the market analysis
as well as the insights from customer
surveys and expert interviews were
very well assessed and extremely
helpful for us. I am still quite im-
pressed with their reports and their
work in general. | really did not expect
so much detailed information.”

Congratulations on 10 years of
Drive4Business and thank you for the
successful cooperation.”

Hartmut Rauen
Deputy General Manager

Volker Rosenburg
Head of Competence Center
Transmission and Driveline
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THE TRANSFORMATION OF
FEV CONSULTING

The downside of business plans: they formulate and quantify
assumptions about the future, even though - as everyone
knows - the future cannot be known, only be predicted.
Nevertheless, planning is a suitable way to reach a goal, at
least if the planning process is understood as considering
consequences of certain actions and examining whether
they can bring you closer to the desired goal. From this per-
spective, we sketched three target scenarios for 2031, which,
ifthey occur, will (in addition to other factors) have a serious
impacton the business of top management consultancies.

Let's imagineit's the year 2031. How is it
different from 20217

First: Globalization has further progressed, but there has been
a shift in value chain activities away from steadily increasing
exports of goods towards decentralized production. We know
these locations and therefore we are on site with our customers.

Second: Regional focus has become even more important for
the global strategy of our customers, especially when it comes
to R&D activities and qualified employee recruitment aiding the
critical role of technical innovations. This means regardless of
location, we are a local sparring partner and idea provider to
OEMs, in particular regarding industrial digitalization.

Third: As the complexity of transformation and future technol-
ogies has further increased, we are a guide and enabler after
joining forces with expert companies to form business ecosys-
tems. After all, competition in complex technologies increasingly
takes place between ecosystems/networks and less between
individual companies.

How did these three scenarios influence FEV

Consulting's structure and way of working?
First: We have learned to think and work in a truly interdisciplin-
ary way - between and across fields of work, cultures, expertise,
sectors, and locations - each integrated under one business
focus, such as customer/market/brand, strategy/business model/
plausibility, technology/ecosystem/roadmapping, R&D/applied
science/innovation.

Second: We harmonized and, where possible, standardized, and
thus accelerated our work processes. Related keywords were:
Combination of natural and artificial intelligence (experts and
Al-based systems) and "Next-generation strategy consulting."

OUTLOOK TOWARD THE YEAR 2031

Third: For our mandates, we developed and work according
to a competitive innovation model. A model, which is based
on our core competences as "360° technology and business
model experts.“ However, self perception moved away from
"leveraging" toward "expanding."

According to BCG's "Six Innovation Models," the required key
characteristics are:

B A mandate for growth

B Afocus on one or two competitive advantages
B Consistent in-market experimentation

B An open, empowering innovative culture

Put in more pragmatic terms our motto in 2031 is:
"We're seeking share to gain more!"

This holistic expansion strategy is based on a perception that
became increasingly prevalent over the past ten years and has
changed our strategic thinking and work accordingly: "Science
shows that our systems for food, energy, industry, transport
and cities are inefficient and largely unsustainable. The social
and the environmental costs run into trillions of dollars. There-
fore, we must change our local and global economic system
fundamentally."

1Source: SYSTEMIQ Ltd.

By
Dr. Volker Disberg, U,6. Strategie und Design,
Expert for Corporate Identity and Corporate Communications

39



BECOME PART OF OUR TEAM.
SHAPE THE MOBILITY OF TOMORROW.

merc  Passeng Urban air  aero-
o|u1iggnE b I ity vehicles car mOblllty space

JOIN THE FEV CONSULTING TEAM
www.fev-consulting.com/career



https://www.fev-consulting.com/career/work-with-us.html

You are solution-driven and want to work in a young and professional team? Are you interested in
sustainability, digitalization and innovation in the mobility sector?

Become part of our team, bring in your expertise and together with our international customers, we
shape the mobility of tomorrow. Combine your knowledge and your affinity to technology to discuss
the complex issues of today.

As a strategy and technology consultancy, FEV Consulting supports its customers in all mobility related
questions. Many years of experience in top management consulting combined with the technical exper-

tise of the FEV Group enable us to develop innovative ideas and solutions to address the challenges of
our customers.

IFEVY
CONSULTING
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CONSULTING
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FEV CONSULTING
ON THE INTERNET
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Editorial
Daniel Humann - FEV Consulting GmbH
Marius Strasdat - FEV Europe GmbH

Layout

Hannah Pefia Gbmez - FEV Consulting GmbH
Sebastian Aberfeld - FEV Consulting GmbH
David Nyeki - FEV Consulting GmbH

Has your adress changed? Or do you
also like to receive future issues of
SPECTRUM?

Send your name, the name of your
company, and mailing adress to
spectrum@fev.com

Visit us online:
www.fev-consulting.com
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FEV GLOBAL
BENCHMARKING

Aachen
Beijing
Detroit
Pune

Tech-Centers
Test Benches
Engineers

S

Technical Teardown Cost Academy & Benchmark
Benchmarking Analysis Benchmarking Innovation lab Database

INNOVATION LAB

Innovative customer workshops
Showcase latest technology

Brainstorming new product opportunities

Identify new design and cost

reduction ideas

Use advanced digital media

CHECK OUT OUR WEB-SHOP!

B Toyota Mirai 2

B Porsche Taycan Turbo S
B Volkswagen ID.3

B Hyundai NEXO

B Audie-tron

|

...and many more!
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CONTACT

FEV Consulting GmbH  FEV Consulting GmbH

Neuenhofstr. 181 Niehler Str. 104/Entrance C,
52078 Aachen 50733 Cologne

Germany Germany

FEV Iberia SI. FEV Asia GmbH (Branch)
Calle del Cardenal P.O.Box No. 454 651,
Gardoqui 1, Dubai Airport Free Zone,
48008 Bilbao Dubai

Spain United Arab Emirates

Phone +49 241 5689-9992
consulting@fev.com
www.fev-consulting.com

FEV Consulting GmbH
Ingolstadter Str. 22
80807 Munich
Germany

FEV Japan Co. Ltd.
Kojimachi,
Chiyoda City,
Tokyo 102-0083
Japan

FEV Consulting Inc.

4554 Glenmeade Lane,
Auburn Hills, M| 48326-1766
USA

FEV Powertrain Technology Co., Ltd.
No0.168 HuaDa street,

Yanjiao High-tech Dev. zone,

Sanhe city, Hebei province, 065201
China



