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INSIGHTS
/707

Industrial clusters serve as cornerstones

of generating economic prosperity. The
burgeoning battery industry presents an
opportunity to establish a new foundational
sector within the Western economy.

/702

Similar to many industrial clusters, mechanical
and plant engineering is of pivotal importance.
The emergent battery industry offers numerous
possibilities for technological innovation.

//03

Despite a deceleration in the global economy,
the battery sector boasts impressive annual
growth rates exceeding 30 %, representing a
vital avenue for economic expansion in both
Europe and North America.
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EXECUTIVE SUMMARY

The mobility and energy transition offers an unprecedented opportunity as the battery cell
market is quickly racing from € 20 billion to € 550 billion in less than a decade. Equipment
manufacturers stand the chance to benefit from this boom if they can outpace the competi-
tion and grow at the dizzying rate of 50 % CAGR. Even holding on to their current market share
will require a rapid 35 % CAGR.

The crucial question is whether a second battery cluster will arise outside Asia. Currently, Asia
holds a 92 % market share in battery manufacturing equipment, while Europe only has 8 %,
meaning that Asian companies define the industry standard. To grow to 20 % market share—
which is a precondition for a second, viable cluster—European and North American manufac-
turers, equipment suppliers and public entities need to come together and collaborate. Failing
that, Asia will strengthen its lead and stay beyond 90 % equipment market share, preventing
a second cluster from forming.

Rising to this challenge requires new forms of collaboration between all stakeholders. Ger-
man Mittelstand needs to adopt to a new business mindset on a global stage. Players in Eu-
rope and North America need to work together, as do cell 0EMs and equipment manufactur-
ers. Lastly, equipment manufacturers need to partner and collaborate amongst themselves.
The task of working together is intensified by the sheer scale, speed, and complexity of ad-
dressing technological and structural challenges.

With great challenges come outsized rewards. Equipment manufacturers can unlock a mar-
ket worth up to € 300 billion until 2030 and make a meaningful contribution to the transition
to a green economy. In addition, manufacturers will be able to solve the equipment bottle-
necks impacting battery production going forward and to play an essential role in securing
technological sovereignty by making a second, viable cluster for battery cell production out-
side Asia become a reality.



PREFACE

Everyone wants and needs batteries, that much is
certain—but who will be the one to build the ma-
chinery to produce them?

Equipment manufacturers have long been the es-
sential core of many industries, particularly in Eu-
rope. Their formula for success has been to closely
work with industrial clusters, giving them the ex-
pertise they can now bring to the table as the new
battery sector takes shape. This new sector must
still solve several innovation challenges to be able to
produce batteries in a better and cheaper fashion.
Equipment manufacturers possess the strengths
to significantly contribute to this innovative quest
with battery machinery “made in Europe.”

The quickly rising battery sector offers a dramatic
and dizzying growth opportunity, yet it also calls
for acting with unprecedented speed and agility.
It creates the dilemma of adhering to established
standards, which imply never touching a running
system, while at the same time being open to in-
novative approaches. Currently, the standard for
battery production equipment has been defined
by Asian incumbents who provide those running
systems, giving them a 92 % global market share.
This clear dominance prevents Europe and North
America from enjoying technological sovereignty.

Acquiring technological sovereignty demands new
approaches, operating at “China speed” and even
faster, plus establishing new ways to partner and
collaborate. The reward for making these changes
lies in unprecedented growth and value creation
while managing various sizable risks.

With this study we want to take the discourse,
which is already happening inside many compa-
nies, to a broader audience. We know of multi-
ple examples for equipment manufacturers that
demonstrate that annual growth rates of 70%
are achievable. In addition, we want to encour-
age all stakeholders to seek out new ways to
reach a market share of 20 % or more and there-
by create technological sovereignty—a goal that
can only be achieved through collaboration and
standardization.

Successfully managing growth in a new sector is
a value in and of itself. Even if establishing tech-
nological sovereignty in battery production were
to prove elusive for European and North American
manufacturers, individual companies would still be
able to accomplish massive growth and extraordi-
nary success.

The task at hand
is complex and

challenging, at times
perhaps even daunting,

but it's worth putting our

best foot forward and

going for it!

Porsche Consulting | Battery Manufacturing 2030: Collaborating at Warp Speed
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ANEW SECTOR

RISES:
the € 550 billion
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A new sector rises:

the € 550 billion growth opportunity

The battery sector—comprising cell manufacturers, materials including min-
Ing, refining, and active materials, equipment manufacturers, and other play-
ers around systems—is growing at record speed, surging from € 20 billion in
the beginning of the decade to an estimated € 550 billion by 2030.

It is rare that we can observe a new sector worth
hundreds of billions of euros emerging in almost
real time. Batteries, which are enabling and driv-
ing the energy and mobility transition currently
underway, are not only a booming business with
a dizzying growth rate. They also raise important
questions concerning energy security and indus-
trial policies in the EU and North America.

Global battery sector market size
Annual revenues

AR
€20B
1 |
2020 2030

Entire new sector

THE MARKET

The new sector's rapid growth eclipses the semi-
conductor market, which in 2022 had reached a
similar size. While semiconductors took 40 years
to reach the €550 billion mark, the battery sector
will make the leap in just a decade, presenting an
astounding growth opportunity with a CAGR of 30

Growing at record speed: 10 years
By comparison, the semiconductor sector grew from
€ 20 billion to €550 billion in ~40 years
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Fig. 1. A new sector rises at record speed: the 550 billion growth opportunity. Source: Porsche Consulting, SIA
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to 40 % or more. Over the coming 80 months until
the end of 2030, announcements by followers and
leaders show that more than 200 battery factories
are planned to be constructed around the world, at
a clip of roughly 2.5 new plants every month. This
unprecedented growth rate, riding what we'd like
to call a “curve of insanity,” means that an equip-
ment manufacturer with € 100 million in revenues
in 2023 will reach revenues in excess of € 1 billion
by 2030. It is an unprecedented but also challeng-
ing prospect.

The energy transition is the key demand driver,
with electric vehicles (cars, trucks, buses, etc.) as
the biggest segment. The lion's share of battery
sales—86 %—goes to mobility applications, with
another 12 % to stationary energy storage for resi-
dential and commercial or industrial settings. Con-
sumer electronics, once the sole customer base for
batteries, only make up 2 % of battery demand.

Achieving energy security also depends on ample
storage of batteries and hydrogen (H2). Wind and
solar power can only cover electricity demand if
they are paired with sufficient storage capacity.
The solar industry is already dependent on Asian
suppliers to meet its requirements, raising crucial
questions about the future of the energy transition.

Porsche Consulting | Battery Manufacturing 2030: Collaborating at Warp Speed

THE CLUSTER

The battery sector is a cluster of interconnect-
ed players, similar to other industrial clusters like
the automotive cluster, comprising at its core cell
manufacturers or OEMs and around them equip-
ment and component manufacturers, systems
experts such as module and pack manufacturers,
as well as materials suppliers and other, related
companies.

What sets this sector apart is its roster of players
that have quickly established a cluster in Asia and
expanded their market positions. Incumbent firms
that trace their origin back to consumer electronics
dominate, led by Chinese CATL (191 GWh installed
in 2023), BYD (70GWh), SVOLT (78 GWh), CALB
(20 GWh), Gotion High-Tech (14 GWh), Sunwoda
Electronic (9.2 GWh), and Korean brands SK Inno-
vation (120 GWh), Samsung (80 GWh), LG Energy
Solutions (300 GWh) as well as Japan's Panason-
ic (50 GWh)."2 The ten largest battery producers
with critical parts of the battery value chain are
concentrated in just three countries: China, South
Korea, and Japan.
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While several hundred companies have announced
plans to build battery factories, we expect consol-
idation and that only a few viable players will suc-
ceed. The main criteria to survive will be: access
to capital, competitive product and manufacturing
technology as well as long-term safeguarding of
sales volumes. With regard to capital, more than
€ 10 billion will be necessary to reach compet-
itive scale and to ensure vertical integration. As
for product and manufacturing technology, we are
already seeing that the players lagging in this di-
mension have very poor operating margins, as they
need to reach higher volumes to benefit from scale
effects leading to lower, more competitive prices
for equipment and batteries.

The ten global leaders in battery cell production
have all announced plans to build gigafactories,
with another 100 followers and new entrants also
planning similarly large plants. Rounding out the
new ecosystem are another 100 players that want
to construct smaller “megafactories” for niche
applications.

This ambitious expansion with more than 200 gi-
gafactories in the works provides opportunities
for equipment manufacturers to work with two
groups of large-scale battery producers: the ten
global leaders, and the followers that are trying to
catch up and are searching for new partners. This
decade, a more than €300 billion market beckons
equipment manufacturers with battery cell OEMs
at their core. European equipment manufacturers
bring relevant competencies, know-how, capac-
ities, and a stellar international reputation to the
table, but currently have only an 8 % global market
share. Unlocking a new growth opportunity that
includes machinery for module and pack assembly
can get them to 20 % or more by the end of this
decade.

The time to act is now. Comparing the evolution of
the automotive, semiconductor, and newly arising
battery cluster offers valuable insights of what's at
stake. Europe boasts a strong automotive cluster
comprised of a core of OEMs plus their suppli-
ers and equipment manufacturers, all focused on

producing vehicles with traditional internal com-
bustion engines. In Germany alone, one in five jobs
depends on this cluster. Going forward, however,
automotive competitiveness hinges on mastering
digitalization and the performance of battery elec-
tric vehicles (BEVs).

To build a successful new battery cluster means
laying the groundwork now to enter a tough race
that requires focus, resources, and determination
before it's too late.

The burning question

Is this: How can Europe
and North Americaride
this wave of breakneck
growth and successfully
establish a second
battery cluster outside

of China?

®
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Battery clusters drive innovation
The Asian cluster exists—will we see a second European and North American cluster?
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Fig. 2. The battery cluster and its building blocks: innovation and competitiveness driven by the flywheel effect of the cluster.
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STRATEGIC VALUE
CHAIN
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The battery sector’s strategic value chain

Technological sovereignty means mastering all steps of the value chain, from
extracting raw materials to manufacturing batteries and reusing or recycling
them, involving cell OEMs, equipment manufacturers, and other players that
make up the building blocks of the battery cluster.

Below, we will focus on the manufacturing sub-
cluster of the battery sector.

O

CELL OEM—CORE OF THE VALUE CHAIN AND
OF THE CLUSTER

Battery cell manufacturing is the most import-
ant part of this value chain and sits at the core of
the new cluster. It requires the interplay between
the cell OEM and several value chains: the man-
ufacturing block with equipment manufacturers
providing the necessary machinery; the materials
chain including mining, refining, and active materi-
als as the batteries’ secret sauce; and other related
industries and service providers to round out the
battery system chain. A gigafactory is an expres-
sion of this collaboration: a giga-sized assemblage
of machinery producing cells, modules and packs
on multiple lines, usually reaching an annual ca-
pacity of 30—40 GWh p.a.

Cell manufacturing consists of many processes
clustered in three blocks: electrode manufacturing,
cell assembly, and cell finishing. Taken together, we
expect cell manufacturing to to generate accumu-
lated revenues of € 445 billion by 2030 and create
a total of 350,000 new jobs. The rapid and steep
growth in cell manufacturing will require equip-
ment investments totaling € 220 billion in the gi-
gafactories and another € 80 billion for module and
pack assembly in the system building block.

Porsche Consulting | Battery Manufacturing 2030: Collaborating at Warp Speed
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MANUFACTURING BUILDING BLOCK

Cell manufacturing varies slightly depending on
battery chemistry, but generally consists of several
distinct steps, starting with mixing active materi-
als to create a slurry. This slurry is then coated onto
a collector foil and dried. Once the dried electrodes
are compacted and cut, cells are assembled, test-
ed, and graded before they are finally assembled
into battery packs for BEV manufacturers and pro-
viders of stationary energy storage systems.

Manufacturing is where the magic happens. Con-
tinuous battery material improvements and incre-
mental innovation in process engineering require
close cooperation between the cell OEM and the
equipment manufacturer. Linking process steps
together, for instance, will yield higher quality and
output, reducing scrap.

®

MATERIAL BUILDING BLOCK

The magic of battery cell manufacturing is pre-
ceded by materials: mining, refining, and produc-
ing the components and active materials, none of
which will be the focus of this report. By 2030, we
estimate battery-related mining to reach a market
size of € 50 billion; refining to be worth €70 billion;
and components another € 150 billion.

Porsche Consulting | Battery Manufacturing 2030: Collaborating at Warp Speed

®

SYSTEM BUILDING BLOCK:
BRINGING EVERYTHING TOGETHER

At the other end of the battery value chain is the
system sub-cluster, comprised of module and
pack producers, customization for the automotive
and energy sectors, and the re-use and recycling
of batteries—turning battery cells into innovative
energy systems. According to our calculations,
module and packs will reach a market size of
€ 90 billion by 2030—with cumulative equipment
investments totaling € 80 billion by the same year.
Finally, the emerging field of battery re-use and re-
cycling will be worth an estimated € 15 billion. For
more details, please refer to the Porsche Consult-
ing white paper on “The Battery Life Cycle" and
the report “Recycling of Lithium-lon Batteries,"
published by VDMA and PEM at RWTH Aachen.

A cluster is more than the sum of its parts. Bring-
ing together players from cell OEMS and equip-
ment manufacturers to materials and systems
companies creates a flywheel effect benefiting
each building block and the cluster as a whole, re-
sulting in economies of scale and increased com-
petitiveness. Given its overall projected size and
dizzying growth, the core battery cell cluster pres-
ents equipment manufacturers with a unique op-
portunity. Moreover, if Europe and North America
wish to gain and retain technological sovereignty
in batteries, it is imperative to master all parts of
the value chain and establish a circular battery
economy.
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Value chain of new battery sector
The battery sector's strategic value chain with
revenue opportunities of € 550B (numbers rounded)
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Fig. 3. The battery sector's strategic value chain with revenue opportunities of ~€ 550 B (numbers rounded).

* Cathode active material only
** All machines needed along the recycling value chain from battery collection to disassembly and black mass recycling; for more information, see Porsche Consulting White Paper—Battery Life Cycle
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Six waves: from a local to a global sector

The battery sector in 2024 is still highly localized,
mainly clustered in China, with large local compa-
nies expanding rapidly to build a dominant global
position. European and North American cell and
equipment manufacturers nevertheless stand a
good chance of working together and establishing
a second, globally relevant cluster if they can mus-
ter the will and the resources to achieve a dizzy-
ing CAGR of at least 50 % through the end of the
decade.

Global leaders
10 companies

Panasonic </, CALB

SAMSUNG @ SUNWODA

Gotion FRBEIZ

@LG svorr
|

=
SK innovation
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capacity 2023 720 GWh
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capacity 2030 3’800 GWh
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with proven model
Next step: Profitable scale-up

of factories

Currently, battery factories are being construct-
ed around the world, following market demand
and favorable economic local conditions. In North
America and Europe combined, capacities of up
to 3,800 GWh will be installed by leaders; anoth-
er 3,800 GWh will be installed by followers until
2030.

Followers
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Fig. 4. The players: Cell OEMs to partner with (indicative numbers based on announcements).
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The expansion of battery cell production capaci-
ty is unfolding in six waves. The first wave was a
strictly local affair, with Asian consumer electron-
ics distributed to a global market. Wave 2 saw the
shift from consumer electronics to automotive

Six waves: from a local to a global sector

Local waves in Asia resulted
in Asian battery cluster

applications in Asia for Asia—with individual ex-
ceptions such as Panasonic for Tesla in Nevada,
USA. The third wave was for the first time interna-
tional, shaped by established Asian players scaling
to a global presence, mainly in Europe. During that

Global waves bear potential for
second cluster outside Asia

Wave 1 Wave 2 Wave 3 Wave 4 Wave 5
O ] &3 &\
cCQ %
ELECTRONICS AUTOMOTIVE SCALE CONQUER CONSOLIDATE
Consumer From consumer Asian players Asian and Market of
electronics from electronics to scaling to a global European players followers will
Asia shipped to the automotive presence, mainly in compete globally consolidate
world Europe

Wave 6

4
o>
w,

UPGRADE

Technology
upgrades drive the
market
(e.g., solid state)

More than 200 new factories will go online by 2030
Based on announcements and global battery demand (indicative numbers)
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Fig. 5. The time is now: The expansion of battery cell production capacity in six waves.
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initial stage, global equipment investments totaled
approximately € 50 billion, with 74 % of that sum
being invested in Asia, 19 % in the EU and UK, and
the remaining 7 % in the U.S. and Canada. Waves
1 through 3, therefore, were dominated by Asian
players and let an Asian battery cluster emerge.

Considerably more is at stake now that we are
about to enter wave 4, where Asian and Europe-
an players—both cell OEMs and equipment man-
ufacturers—are competing on a global scale. This
phase will see a larger total of investments as well
as a significant shift in where battery factories are
built. Global equipment investments will increase
to approx. € 60-70 billion, with Europe and North
America receiving around 80 % of this sum, with
the remaining 20 % going to Asia. This shifting fo-
cus on Europe and North America opens a window
of opportunity for local players to enter the game.

During wave 5, we expect the market of followers
to consolidate as more and more entrants rush into
the market. This phase will be shaped by a massive
ramp-up in overall investments to boost capacity
and efficiency, totaling approx. € 100—-110 billion.
Asia will regain speed, while investments in Eu-
rope and North America will slow down. A focus
on technology upgrades and innovation instead
of capacity build-up will be the defining feature of
wave 6 in 2030 and beyond, allowing equipment
manufacturers to pitch their expertise and know-
how in advanced battery cell production.®

North America will see its share rise from 5% to
20 %, Europe from 11 % to 25 %, while Asia's glob-
al share will decrease from 84 % to 55 %.

As a result, the overall

market share of

battery production
® will significantly shift
between continents

between now and 2030.

Porsche Consulting | Battery Manufacturing 2030: Collaborating at Warp Speed
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WHERE WILL GROWTH HAPPEN?

While all three geographies will have relevant bat-
tery cell production in 2030, the crucial question is
where in the world the strongest growth will occur
and what it means for the competitive position of
Europe and North America compared to Asia? The
growth of production capacity is driven by the in-
terplay of regulations and cell manufacturers' lo-
calization strategies and other framework costs
such as energy costs. Industrial policy in the form
of subsidies and tariffs plays a role, as do access to
raw materials and low factor costs that affect cell
OEMs, equipment manufacturers and other, relat-
ed players. Taken together, a fluid set of push-and-
pull factors will impact decisions about where to
locate new battery cell factories in North America,
Europe, or Asia.

Factor costs in the form of energy and labor as well
as access to capital are essential variables in this
equation, and they can put European locations at a
disadvantage. A new factory with 30—-40 GWh p.a.
capacity faces additional energy costs of €20 mil-
lion p.a. if the price per kWh goes up by only one cent.

European and North American efforts to grow their
semiconductor cluster into a viable competitor on
the global stage hold valuable lessons. This cluster
has equipment manufacturer ASML at its core and
comprises global players such as Nvidia and Intel in
the U.S., complemented by production know-how
provided by TSMC in Asia. Governments are em-
ploying industrial policies to reduce dependencies
and locate semiconductor factories in Europe and
North America, including €20 billion in financial
incentives. While each cluster has its own frame-
work and therefore calls for different approaches,
it is clear that a new battery cluster needs to be
nurtured and built to avoid new dependencies in
procuring the necessary equipment.

We are now at a crossroads with regard to wheth-
er the Asian cluster will succeed in exporting its
model to a new location or whether a new, sec-
ond cluster will arise. The Chinese cluster is facing
growth challenges, in particular cell OEMs, around
very low margins due to excess capacity. Raising
new capital is tied to stringent regulatory require-
ments, pushing cell OEMs to access fresh funding
through their operative business. Expanding over-
seas is one obvious choice they are pursuing.

In the U.S., the Inflation Reduction Act lures cell
OEMs with high incentives of around €35/kWh
and per vehicle (€6,930 as of January 2024),
which adds up to several billions’ worth of subsi-
dies per cell factory. Chinese players, however, are
excluded from receiving those incentives. The IRA
will therefore prevent Chinese companies from es-
tablishing a competitive position in the U.S. market
in the coming years, which provides an opportunity
for Korean and Japanese incumbents such as LG-
Chem, SKI, SamsungSDlI, and Panasonic as well as
European newcomers such as Northvolt, particu-
larly if they enjoy automotive backing.

We're already seeing Korean manufacturers mak-
ing forays into the U.S. with large investments and,
at times, using incentives provided by their gov-
ernment. All players, including Chinese companies,
are pushing into Europe as the second promising
overseas market, making a price war highly likely.
How, then, can European newcomers stay in the
race and grow? By establishing a strong presence
in both North America and Europe that takes into
account local conditions and available incentives.

Porsche Consulting | Battery Manufacturing 2030: Collaborating at Warp Speed
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A CLOSER LOOKAT THE ASIAN CLUSTER

Given the strength of the Asian cluster, it's worth
taking a closer look at the players that invest in and
operate battery cell factories. In 2020, incumbent
Asian manufacturers from China, Japan, and South
Korea were commanding close to 100 % market
share. Contemporary Amperex Technology Co.
Limited (CATL), headquartered in Fujian Province,
is the centerpiece of the Asian cluster with almost
one-third of the global battery market. Founded in
2011, it has approximately 33,000 employees and
holds more than 2,100 patents on battery chem-
istries and format.

In 2022, CATL had a market cap of up to € 230 bil-
lion and reported € 5.8 billion in EBIT, putting its
gross profit margin at around 20 %. One of the key
strengths of a large and established player such as
CATL is its full vertical integration, ranging from
mining raw materials from China to Australia and
Argentina, to producing all cell components and
manufacturing them in China and Germany. In ad-
dition, CATL can rely on Chinese equipment man-
ufacturer Wuxi Lead as a key trusted partner. The
cluster's strength is the sum of its building blocks,
from materials to manufacturing to the overall
system. Asian players are therefore well prepared
to leverage their local strengths and expertise to
scale up globally. Wuxi Lead has defined the indus-
try standard for manufacturing equipment in Asia,
leading cell OEMs to demand backward compati-
bility for other, seemingly superior solutions in the
market.

The massive lead of Asian manufacturers raises
intriguing questions about market capture and
technological sovereignty going forward. As men-
tioned above, the dominant players of the battery
cell sector are expected to see their market share
drop to 55 % by 2030. The initial Asian cluster may
be challenged by a second cluster arising in North
America and Europe if those players can come to-
gether to make a concerted effort.

Europe and North America will be successful,
though, if the second battery cluster covers the
entire value chain of battery cell production, in-
cluding materials, systems, and cell manufacturing
equipment, with all its building blocks. As detailed
above, the race is on. It is defined by Chinese in-
cumbents pursuing an aggressive price policy
while facing limits to raising new capital, and by
the effects of the Inflation Reduction Act (IRA) in
the U.S. Taken together, those factors provide a
window of opportunity in Europe and North Ameri-
ca but are also likely to increase competitive pres-
sure in Europe.

The initial Asian cluster may be
challenged by a second cluster arising
in North America and turope If those
players can come together to make a
concerted effort.

Porsche Consulting | Battery Manufacturing 2030: Collaborating at Warp Speed 20
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WHAT IT TAKES TO SUCCEED

Several factors will determine whether equipment
manufacturers will play a relevant role in waves 4
and 5, foremost whether they have production ca-
pacity, delivery capabilities, and overall experience.
Offering a reliable product that corresponds to cur-
rent industry standards (defined by Asian incum-
bents) comes first. It also forms the foundation for
later overtaking them, based on the considerable
know-how and experience many European equip-
ment manufacturers have. How good, in other
words, is the product an equipment manufacturer
is offering and how competent are they to meet
their customers' demands? The second important
factor is references. To gain and build trust, man-
ufacturers must be able to point to factories they
have already completed. Third, battery cell manu-
facturers look for turnkey capabilities when choos-
ing equipment manufacturers. Our survey shows
that 25 % of cell OEMs want complete factories
as turnkey solutions, while the remaining 75 % are
willing to negotiate their procurement needs, for
instance purchasing sections or processes. Can a
manufacturer either deliver a turnkey product or
can their machines be seamlessly integrated into
a factory? The existence of a regional cluster is an-
other important factor, as those smaller clusters
can drive growth as long as they are large enough
to be independently viable.

Size and focus matter, too. Equipment manufac-
turers need to be able to rise to the challenges of
fulfilling large-scale orders, particularly with re-
spect to the financial demands of equipping a se-
quence of gigafactories. Potential customers will
also pay attention to the question whether battery
production equipment is a manufacturer's main-
stay or just a side business. The crucial challenge
liesin cell OEMs collaborating with equipment pro-
viders to assure integration of machinery into their
processes and to together be ready for the sector's
rapid and steep growth (for concrete steps equip-
ment manufacturers can take, see Chapter 06).

The overall economic conditions favor Chinese
players, starting with a larger, readily available,

and qualified workforce. Access to funding and
bureaucratic hurdles have also not been an issue
in China. New obstacles for Chinese cell OEM lead-
ers to raise capital are making it harder for them
to expand, while margins in their local markets
are going down. For followers in Europe and North
America, raising capital for battery projects comes
with a higher risk and an uncertain return due to
less experience. For the time being, we see the en-
tire battery cluster and equipment manufacturers
in Asia in the lead when it comes to technology,
references, turnkey capabilities, regional cluster
viability as well as size and focus. That still leaves
a window of opportunity to create a second clus-
ter, provided all stakeholders can quickly agree on
a concerted effort.

Asian manufacturers face additional challenges in
terms of making their products scale up and work
internationally and often accept a trade-off be-
tween global scalability and quality. This includes
operating in local languages and standards, as well
as meeting demanding OEM specifications for Eu-
rope and North America. Asian operators regularly
face ramp-up delays of three to twelve months,
providing an opening for European and North
American competitors.

Europe and North America, by comparison, have
a leg up regarding technical know-how and their
intellectual property portfolio. They can also point
to a superior international footprint and excellent
global reputation. On the downside, the two ge-
ographies are at a disadvantage when it comes
to large-scale references and the lack of turnkey
integration.

In sum, Europe and North America need to coop-
erate closely to complete a tall order of tasks and
do so at a rapid pace if they want to compete with
and ideally outpace Chinese competitors at their
own game.
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The battery market tsunami:
how to ride a dizzying growth curve

Running this race requires getting ready for rapid and dizzying growth. It
requires new ways to cooperate and develop a common master plan for 2030.
Rising to this challenge calls for working with third parties, including from the

public realm.

As Chinese manufacturers race ahead and solidi-
fy their lead, European and North American com-
petitors are trying to scale, catch up, and realize
their growth opportunities. In order to succeed and
secure their share of building and equipping more
than 200 new gigafactories in this decade alone,
they must compete at unprecedented speed.
What, then, are the opportunities and challenges
for battery and equipment manufacturers to be-
come involved in time to benefit from the fourth
and fifth waves through 2030 and beyond? And
what are the right strategies to compete for proj-
ects and signing up partners?

REALITIES OF THE NEW SECTOR

Size matters when it comes to building battery
cell factories, of which 65-95 will be located in
Europe and North America. Every gigafactory is a
giga-scale project across multiple dimensions, in-
cluding capital expenditures. Since there is a min-
imum size for a factory below which it is not eco-
nomically viable, smaller players are generally at a
15-20 % disadvantage in costs per cell compared
to large-scale volume manufacturers.

While the average gigafactory has an annual out-
put of 30—40 GWh p.a., plant size varies depend-
ing on its individual characteristics. Some players
even plan for larger gigafactories with double that
capacity or more. Bringing such gigafactories on-
line requires investments of € 1.5-3 billion per
30-40 GWh capacity, divided equally between
€0.75-1.5 billion for machinery and another
€0.75-1.5 billion for buildings and infrastruc-
ture. Running a 30—40 GWh factory also requires
around 2,500-3,500 employees.

Porsche Consulting | Battery Manufacturing 2030: Collaborating at Warp Speed
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Gigafactory:
More than 200 new factories by 2030

30-40 GWh

average battery cell factory
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Fig. 6. Size matters: Every gigafactory is a giga-large CapEx project with multiple challenges (indicative numbers).
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Given the enormous scale, a giga-project trans-
lates into equally large challenges defined by the
time frame, structure, and dimensions of such a
factory. It takes between two and six years from
idea to start of production.

Delays to this schedule have a massive financial
impact, since not reaching the desired ramp-up
curve for months or even a year incurs signifi-
cant lost revenue and is a common occurrence. A
six-month delay in ramping up a gigafactory with
20 GWh annual capacity translates into a revenue
loss of up to €2 billion, and having a new factory
only running at half its projected capacity for half a
year will incur a € 1 billion loss in revenue.

Successfully running a battery plant does not only
mean setting up the infrastructure and equipment.
Itis rather determined by interconnected challeng-
es facing the three key building blocks of the clus-
ter that are essential for success and make such a
task even more challenging. Those three challeng-
es deserve a closer look.
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MATERIALS CHALLENGE

First, raw materials such as lithium and other, new,
and rare ingredients need to be procured and em-
bedded into a logistics framework to meet desired
quantities, locations, and deadlines. Getting bat-
tery cell chemistry right and constantly evolving it
is a key component for success. All players in the
equipment and manufacturing cluster must work
together to master the materials challenge.

O

MANUFACTURING CHALLENGE

Manufacturers also need to manage procurement
and installation of the equipment, including the
skills challenge of hiring and qualifying a suffi-
ciently large workforce. Once the equipment has
arrived on site, they have to make sure that opera-
tions for set-up run smoothly, problems are quickly
addressed, and overall equipment effectiveness
(OEE) is refined along all process steps to ensure
that output increases during ramp-up and that
battery costs are reduced year by year.

O

SYSTEM CHALLENGE

The third challenge revolves around innovating the
value chain from cell to battery systems to meet
application-specific client demands, like charging
and energy density. That is particularly true for
module and pack production, where specifications
and configurations have to meet customer require-
ments. The delivery and logistics chains need to
be managed well to ensure that finished products
reach customers. Module and pack is one segment
of the cluster where equipment manufacturers
have already risen to the challenge and operate as
general contractors offering turnkey solutions.
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An equipment manufacturer needs strong and reli-
able suppliers and partners to succeed in this clus-
ter, first of all agreeing on a shared path forward
around a common standard. Such is the case with
the current Chinese Industrial Standard that forms
the foundation of the cooperation between CATL
and its production technology provider Wuxi Lead,
which was founded in 1999. For fiscal 2022, it re-
ported revenues of € 13.8 billion, representing an-
nual growth rates of up to 72 % with 39 % in 2022,
and employs more than 271,000 people in 16
countries and regions. Such established partner-
ships between cell and equipment manufacturers
or between equipment manufacturers, including
common standards, do not currently exist in Eu-
rope or North America but are essential to eventu-
ally outpace Asian competitors. As of now, there
are no equipment manufacturers who can play the
overarching role of “general contractor” to inte-
grate all process steps, providing a turnkey solu-
tion and be the single liaison with a battery cell
company. One exemplary exception is the relative-
ly new alliance between the German companies
Dirr, Grob, and Manz that demonstrates how
things are changing on the equipment manufac-
turers' side. The absence of such partnerships
points to a classic chicken-and-egg problem,
which will become even more pressing as the bat-
tery sector experiences a dizzying growth rate.

Integration under the umbrella of a general con-
tractor or systems integrator reduces complexity,
makes standardization easier, and is crucial for a
successful cluster to emerge, as it enables all play-
ers to guarantee synchronization and enable the
necessary standardization. Equipment architec-
ture has to be aligned across the entire value chain,
from electrode manufacturing and cell assembly
to cell finishing, as do availability of the machinery
and ramp-up once installed.

Going forward and to make this dizzying growth
happen, cell OEM and equipment manufacturers
should both aim for a one-stop shop model that
lets them respond to all customer needs, although
that may run counter to the origins and predom-
inant mindset of the industry. Successfully com-
peting in the battery sector requires different
partnerships and new forms of collaboration, both
offering new ways to manage the speed of insanity
and eventually pass competitors.

Cell manufacturers have to pay attention to a set
of basic requirements in order to achieve their
desired return on investment (ROI). At the most
basic level, the ROI of a large project depends on
meeting various milestones: starting the project
on time, ramping up according to plan in terms of
time horizon and budget, and quickly hitting the
agreed-upon levels of output and quality. Lead-
ers in the field usually follow an existing invest-
ment model that is simply scaled, but they have to
make sure that the business case is a fit for new
locations. Followers, for their part, have to back
their massive investments in a new factory with
convincing arguments and prove ROI, facing off
against established competitors such as CATL.
The math is unforgiving: if the costs for machinery
and buildings increase by 10-20 %, EBIT will be
reduced by 1-2 base points.
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Technological innovation always plays a role in
achieving the desired RO, for instance by moving
from wet to dry coating of electrodes. The type of
technology used in cell manufacturing is respon-
sible for 15-30 % of cell costs, which can range
from € 60-119 per kWh.

Equipment manufacturers face sizable challenges
to grasp the opportunities the quickly rising bat-
tery market offers: they need to be very fast and
demonstrate competence, be in control of nec-
essary production capacities and have access to
the financial resources to handle whiplash growth,
as well as demonstrate regional proximity to their
cluster partners.

For a future equipment manufacturing champi-
on, it should not be unusual to work on equipping
three or more gigafactories simultaneously, given
the immense growth of the battery sector through
2030. One plant is in ramp-up mode while ma-
chinery for the second one is being produced, and
plans are being drawn up for the third. Since cell
manufacturers pay for each phase, equipment pro-
viders will have to secure interim financing ranging
from € 0.8-1.6 billion, depending on the duration
of the project, which can range from three to six
years. This is to cover the difference in time be-
tween cash-out for material and personnel and re-
ceiving the down payments from a cell OEM. Due
to the currently missing economies of scale and
different regulations, project costs in Europe are
about 20-50 % higher than in Asia. Local manu-
facturers are therefore in need of € 1-2 billion in
scale-up-financing to grow and emerge—either
from investors or public sources. In addition, an
equipment “champion,”i.e., a company that acts as
general contractor or systems integrator, creates
up to 3,000 new jobs, mainly in engineering and
construction, assembly and delivery, and ramp-up
support. The faster a factory can be completed and
brought online, the less capital is necessary, but
the more manpower is required.

Bringing factories online
on time and on budget

Is a crucial determinant

of success that cell and
equipment manufacturers
should focus on working
together.
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Future equipment manufacturing

champion: Collaboration needed
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Fig. 7. Future battery equipment manufacturing champion.
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Over the coming years, close to half of the planned
new gigafactories will be erected in Europe and
North America, which opens up the chance to build
a new battery cluster outside Asia.

The ten leaders in the cell cluster have an-
nounced that between 105-130 factories with
30-40 GWh capacity each will be erected until
the end of the decade, which translates into about
more than one factory a month. Around 20-30 of
those will be located in Europe and North America,
and the remaining 85-100 in Asia. Only a handful
of large followers, mainly backed by automotive in-
vestments, have the most concrete plans to build
gigafactories as well, planning to build at least one
gigafactory every other month. Overall, followers
in the cluster plan to build 55—-80 factories with
30-40GWh of capacity, of which 45-65 will be
located in Europe and North America and just 10—
15 in Asia. Many of those planned factories are
announcements that have yet to materialize, but it
is very likely that leaders will follow through with
their plans compared to followers.

Finally, there is the smaller-scale factory segment
with niche players. This segment is dominated by
smaller companies with batteries for special ap-
plications and characteristics, as well as research
factories to experiment with new technologies.
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MAJOR OPPORTUNITIES UNTIL 2030

European equipment manufacturers have many
opportunities to enter the market in waves 4 and
5, mainly by supplying machinery for gigafactories.
Following are five entry scenarios.

O 1 PARTNER WITH FOLLOWERS

If they aim to compete in the large segment, they
can partner with newcomers in the cell manu-
facturing space. One possible scenario here is a
strategic “local for local alliance,” where European
and North American players prefer buying their
equipment from local companies to build a second
cluster.

HOPE FOR BOTTLENECKS

A second “opportunistic scenario” driven by an in-
sane growth rate arises when Asian companies
struggle or face capacity bottlenecks and cannot
supply all European and North American factories
with their machines. It is doubtful, however, if that
demand would suffice to let a new cluster emerge.

PROTECTIONISM

The third, protectionist option would be to benefit
from public policies that either mandate Europe-
an and North American equipment for European
and North American factories or incentivize such
purchases to force the creation of a new battery
cluster through political means.

29



Leaders and followers: Investment plans until 2030
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Fig. 8. Business opportunities for equipment manufacturers: Where leaders and followers build factories (indicative numbers).

Opportunities 01 to 03 are predicated on having
technologies on offer that are "good enough” com-
pared to Asian competitors. If equipment manu-
facturers check those boxes in terms of complet-
ing such projects on time and on budget, they will
increase their chances of partnering with followers
as well. By 2030, followers will build an estimat-
ed 45-65 factories in Europe and North America
with 30—40 GWh capacity each. Supplying those
plants will enable equipment manufacturers to
eventually scale and grow with those partners.

Equipment manufacturers can also strive to be-
come the suppliers of choice to the global lead-
ers in battery cell production in Europe and North
America. This would mean replacing Asian equip-
ment rivals and is therefore not the most like-
ly scenario in the short run, given that they first
must catch up to, and then outpace, incumbent
providers. Public policy protectionism could be
a theoretical ticket to enter this market, as well
as achieving technological superiority (such as

dry coating), which would induce large Asian cell
manufacturers to choose European suppliers over
Asian competitors. This approach poses a signifi-
cant challenge as it requires mastering breakneck
growth, creating large-scale production and de-
livery capabilities with the associated financing.
Lasting partnerships with these global leaders will
only develop, though, if equipment manufacturers
can prove that they have mastered the art of build-
ing a gigafactory. Global leaders have announced
plans to build 20-30 such factories in Europe and
North America by 2030.
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NICHE

Below the big league, equipment manufacturers
can choose to supply machinery for niche facto-
ries in the smaller-scale segment and for research
purposes. This market opportunity is too small to
build a second cluster outside of Asia. Barring suc-
cess with large, global players and followers, this
path would relegate equipment manufacturers to
the role of purely European engineering companies
that are highly specialized but not scalable. They
would have to focus on customers with special-
ized needs away from the mass market, offering
them complete solutions. This strategy consists of
selling highly specialized technology with specific
advantages in terms of production and processes,
but it means forgoing growth opportunities and
market share; due to technological dependencies,
a second cluster would not arise.

COMPONENT SUPPLIER

Finally, equipment manufacturers can elect to
become component suppliers for other players in
Asia, Europe and North America. This would af-
ford them the chance to participate in the overall
growth of the sector without shouldering sizable
capital expenditures of their own and without
straying too far from their existing core business.
But it would not lead to a second viable and rele-
vant cluster; plus, it carries the risk that intellectual
property could be copied by competitors.
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Decision time: the criteria for picking
an equipment manufacturer

Our latest surveys, conducted together with VDMA, show that equipment
manufacturers no longer see the race with China as a lost cause and instead
have picked up the pace and are poised to make more gains.

Porsche Consulting regularly takes the pulse of
the equipment manufacturing industry. When we
polled companies last year, sentiment on the com-
petitive position of Europe and North America was
less optimistic than this time around. European
equipment manufacturers clearly have an oppor-
tunity to work with battery cell manufacturers in
Europe and North America. Their global market
share currently hovers at a modest 8 %, since Asian

The Opportunity

Based in our survey, executives in the battery ecosystem see the need and opportnity to shoot for a 20 % market share

2020

warket share

ASIA

EU

equipment manufacturers supply Asian customers
and have begun delivering machinery to facto-
ries in Europe as well. When VDMA and Porsche
Consulting surveyed 50 executives in the battery
ecosystem, including cell OEMs, and conducted an
additional validation loop with more than 30 equip-
ment and component manufacturers, respondents
expressed confidence that they would be able to
increase their market share to 20 %.578

2030

warket sharg

ASIA

Fig. 9. Market share of European machinery and equipment manufacturing industry.
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The assessment is slightly different for the mod-
ule and pack segment with an expected 50-50
market share split between China vis-a-vis Europe
and North America. Manufacturers acknowledged
that Asian competitors have successfully provid-
ed the bulk of cell production equipment in years
past. European companies, by comparison, pos-
sess deep experience working with the automotive
industry but are still learning how to best meet the
demands of the battery cell cluster. The quality
label of “European equipment manufacturing” is
one of the strengths they can capitalize on when
courting cell manufacturers who are looking for
alternatives to becoming dependent on an Asian
monopoly.

New entrants in the battery cell sector are usual-
ly hampered by a lack of knowledge and expertise
along the entire value chain, which makes them
more dependent on experienced equipment man-
ufacturers, mostly from Asia. They know the pro-
cess and can offer proven solutions that cover cell
production from A to Z. This could create a monop-
oly situation that makes it unlikely for risk-averse
cell manufacturers to engage with new third-party
providers to adapt or modify existing factories. De-
ciders are acutely aware of the dilemma to either
keep buying from incumbents and thereby creat-
ing monopolies, or looking for alternative options
that in many cases first need to be built.

An outpacing

equipment provider
doing € 100 million
In sales today must

be able to scale up to
£ 2.5 billion by 2030
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Still, the coming surge of production capacity, par-
ticularly in Europe and North America, opens up
new opportunities for equipment manufacturers
beyond the incumbents. While orders for equip-
ment are currently concentrated in the hands of
big players such as Wuxi Lead and others, they will
have a hard time to fill all demand for new machin-
ery. Tight deadlines for already announced facto-
ries with sizable investments will therefore force
cell manufacturers to procure their equipment
from new entrants in Europe and North America.

What criteria do battery manufacturers focus on
when selecting an equipment partner? The VDMA
and Porsche Consulting survey shows that these
companies base half of their decision-making pro-
cess on the type of provider vying for their business
and the details of a specific project. Details relat-
ed to the specific product and type of machinery
account for the other half of their decision-making
criteria. They take into consideration whether an
equipment manufacturer is capable of delivering
and scaling as quickly as they are and will be able
to be present on at least two continents and have
access to sufficient cash. The sector's CAGR of
40 % or more, with a new factory going up every
two months, creates a daunting trajectory: An out-
pacing equipment provider doing € 100 million in
sales today must be able to scale up to € 2.5 bil-
lion by 2030—or risk a newly signed up cell man-
ufacturer switching providers. This scenario is not
a theoretical one. As many cell manufacturers are
planning to build several plants simultaneously be-
tween now and 2030, project overlaps are com-
mon. The first plant might already be ramping up
while equipment for the second is still being man-
ufactured—two steps that often require the same
workforce. Running several battery cell projects in
parallel can constrain capacity on the side of equip-
ment manufacturers, meaning companies need to
aim for high availability, both in terms of short lead
times and volume. Otherwise, they will not be able
to furnish equipment for several gigafactories.
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In practical terms, equipment manufacturers must
be flexible enough to quickly produce and deliver
a broad range of modular and scalable products in
high volume to keep up with the sector's break-
neck growth. A modern gigafactory houses mul-
tiple production lines, making supplying them
a highly complex task. Equipment manufactur-
ers must therefore have a portfolio of reference
projects to prove they can handle such massive
engagements.

Such references are key. Cell manufacturers are
under pressure to minimize two risks when putting
up a new factory. One, they need assurances that
their equipment partner has mastered all steps
of the production process and is not using a new
facility as a test bed to work out possible kinks.
Additionally, process technologies have to be ma-
ture and proven enough to guarantee operations at
mass volume and a fast ramp-up. New entrants in
the battery cell are especially dependent on part-
ners that can help them avoid headaches during
ramp-up, therefore lowering their exposure to de-
lays and investment risks.

The specifics of the product and machines, includ-
ing aspects such as purchasing costs, operating
expenses, and modularity are the second set of
factors that count when selecting an equipment
manufacturer. Cell producers focus on total cost
of ownership (TCO), which has a direct impact on
cell costs and the overall competitiveness of a new
plant.

Another decisive factor is the metric of over-
all equipment effectiveness (OEE), which allows
them to compare equipment's full potential to its
actual performance. Given the immense capital
expenditures required, they have to be sure that
their production lines will perform reliably without
exceeding their fixed budget for a factory.

In order to make informed decisions, cell manufac-
turers compare offers from equipment manufac-
turers in terms of modularity and flexibility. Both
criteria are crucial, given that cell size, materials,
and chemistry keep evolving, which will require
adjusting machinery further down the road. The
ongoing development of new battery cells puts
a premium on a high degree of modularity, flexi-
bility, and the ability to upgrade. Considering the
technological development path and high capital
expenditures, the general goal is to use flexible
equipment.

Until 2030, a slew of large and capital-intensive
projects is on the horizon, as detailed in Chapter 04.
European and North American cell manufacturers,
whether large or small, have to catch up to the large
and established cell manufacturers, as do equip-
ment manufacturers who provide them with the
necessary hardware and process expertise. During
this decade, the German “Mittelstand's" (small and
medium-sized enterprises’) traditional ways of do-
ing business will have to confront the realities of
global scalability and the expectation to provide
turnkey factories (see Chapter 05).

In practical terms,

equipment manufacturers

must be flexible enough
to quickly produce and
deliver a broad range of
modular and scalable

products in high volume to

keep up with the sector's
breakneck growth.
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Equipment manufacturers need to forge new part-
nerships, both vertical and horizontal ones. Verti-
cal partnerships are alliances between battery cell
manufacturers and equipment providers similar to
the symbiotic relationships equipment manufac-
turers have established with automotive OEMs.

Building horizontal partnerships is just as import-
ant. Forging alliances between several equipment
manufacturers, or coopetition, allows manufactur-
ers to offer turnkey solutions either as a consortium
or via partnerships, or by selecting a single turnkey
supplier or systems integrator that interfaces with
cell manufacturers akin to a general contractor.
In the semiconductor space, for instance, Dutch
company ASML with its network of suppliers such
as Zeiss and Trumpf is a good example of what
equipment manufacturers in the battery cell sec-
tor could strive for.

European and North American equipment manu-
facturers with high technical expertise often still
exist in the highly specialized world of the Mittel-
stand, where each company supplies one compo-
nent for a factory. The way forward looks more like
a landscape defined by partnerships and large in-
tegrators. Players will be able to develop standards
and interfaces that turn smaller, isolated solutions
into factory-sized packages of solutions, which
make it easier to scale and drive costs down.

A second battery cluster will only emerge if those
efforts coalesce. Whether partnerships are forged
by economic pressures or by political interven-
tion and substantial incentives, they have the
same goal: laying the groundwork for a new clus-
ter where all building blocks are in place and work
in sync to rise to the challenge of accomplishing
dizzying growth. Beyond vertical and horizontal
partnerships to build the business, shaping the
system e.g., through private or public investors is
important. The latter must happen in a transatlan-
tic fashion, bringing together Europe and the North
American Region. Overall, an almost unsolvable
task, but worth it.

Equipment manufacturers
need to forge new
partnerships, both vertical and
horizontal ones. Overall, an
almost unsolvable task, but
worth It.
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A to-do list for equipment manufacturers

Equipment manufacturers alone will not be able to reach and operate at the
breakneck tempo the battery sector demands. They will need to work with
cell manufacturers and most likely third parties to help them win the race,
embracing first a new mindset and then implementing b+5 crucial tasks.

Industry and governments need to work togeth-
er and focus on establishing this crucial sector in
Europe and North America now, while there is still
time to catch up and eventually outpace Asian in-
cumbents, and generate technological sovereign-
ty. Besides joint efforts that involve private or pub-
lic entities, every equipment manufacturer has to
individually tackle a list comprising a new mindset
and 5+5 specific tasks.

Asian manufacturers have a hard time scaling their
local success on the international stage. They are
also running into headwinds with mergers and
acquisitions, as European target companies are
often unwilling to sell themselves. In addition,
Asian companies face cultural barriers in terms of
language, time differences, and sheer geographi-
cal distance. A gigafactory or similar large project
requires a permanent presence on site or close by,
which makes flying staff in or rotating them out
challenging and impractical, given how many fac-
tories need to be completed by 2030.

What can equipment

manufacturers do now to
turn those opportunities
into reality, growth, and
revenues?
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First, they must catch up and win reference proj-
ects for the second cluster, either in partnership
with new entrants to the battery sector or with
players outside the core of the Asian cluster. They
also have to build partnerships to agree on stan-
dards and be able to offer turnkey solutions for
new factories, which will only work if and when
integration with other manufacturers is assured.
Third parties can serve as catalysts for those tasks.
Internally, equipment manufacturers have to work
on standardizing their own products and interfac-
es with others in order to scale them quickly and
cost-efficiently. Second, they have to pull ahead
(details on both steps are spelled out later in this
chapter).

The growth of this sector is happening at such
speed and such scale, though, that companies
alone will be hard-pressed to harness it. One op-
tion is for national governments and regulatory
bodies to step in and shape the system through
industrial policies, thereby most likely increasing
chances of success. Their actions would comple-
ment industry efforts at building the business,
while always giving preference to the free inter-
play of market forces over incentives or subsidies.
Equipment manufacturers can bring a lot of valu-
able assets and insights to the table. They pos-
sess deep and broad technological know-how to
design, build, and ramp up machinery; they have
proved they can solve complex challenges time
and again; and they know how to train the future
generations of skilled workers and engineers the
new cluster will need.

Economies of scale are essential. European man-
ufacturers working solely with European partners
will not be successful, and neither will North Amer-
ican manufacturers working only with domestic
partners. A market share of 20 % and technologi-
cal sovereignty will only come within reach and in
turn create a second cluster if European and North
American players join forces.

Industrial policy ought to put a clear focus on
creating clusters as the core of sustainable com-
petitiveness in a global economy. Creating a new

battery cluster affords governments the oppor-
tunity to invest beyond basic research, as is too
often the case in Europe, or in promoting Amer-
ican-made products, as is the focus of the Infla-
tion Reduction Act in the U.S. If Europe and North
America are serious about maintaining their tech-
nological sovereignty, they could consider offering
assistance to all building blocks of this new cluster
beyond equipment manufacturers. Public involve-
ment may well serve as a catalyst for all stake-
holders to better assess and manage various risks,
ranging from infrastructure and energy costs to
the workforce and the bureaucratic and regulatory
framework.’

To shape the system for a competitive cluster to
emerge, some fundamental agreements must be
established. They comprise working out a coop-
erative arrangement between the involved players
and establishing technical standards between cell
manufacturers and equipment manufacturers to
make sure seamless integration toward turnkey
solutions can happen. Clusters have historically
provided competitive advantages to other indus-
tries, such as automotive or rail transportation in
cooperation with materials, mechanical engineer-
ing, and equipment manufacturing as well as sys-
tem integration—similar to the cluster logic in the
battery sector.

One example for shaping the system are private
or public third-party players that will cover the in-
vestment risks involved in building a gigafactory,
either through interim financing or with a financial
guarantee, as is the case with Scandinavian new-
comer Northvolt. In China, the government has
long been instrumental in forging joint ventures to
ensure companies’ and thereby the overall cluster's
economic viability.

Our calculations show that initial financing of
around €2 billion is necessary for an equipment
manufacturing cluster to emerge in Europe and
North America. Scaling up the cluster would neu-
tralize the cost advantage Asian competitors have
and establish competitiveness and in turn attract
further investments (private or public).
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If companies want to compete in this fast-paced
race to achieve a global market share of 20 %, they
need to be laser-focused on achieving scalability
and an unprecedented 50 % CAGR. Accomplishing
both will help to close the cost gap by realizing scale
effects through standardization and productization
as well as industrialized production of 20—-30 %.
While catching up and pulling ahead seems to be
an almost impossible challenge, there are specific
steps every equipment manufacturer can take now
to develop a reliable and scalable product, compile
references, drive costs down, and keep innovating.
They consist of developing a new mindset and im-
plementing 5+5 steps. A master plan establishing
clear priorities is key to first get a handle on scaling
up and keeping costs in check, and in a second step
focusing on achieving technological superiority.
Those are general recommendations that need to
be adjusted to each company's individual situation.

Given the currently fragmented structure of the
equipment manufacturing industry, it likely helps
if master players—let's call them “champions
2030"—were to combine all required competen-
cies under one roof and become the one-stop sup-
plier for new battery cell factories, orchestrating a
“team of champions” with smaller, hidden equip-
ment champions. Beneath it, smaller companies
that do not have the ambition to become a large
systems integrator could still cooperate and dom-
inate attractive niches within the new cluster. The
situation is slightly different for module and pack
suppliers, with a 50 % market share split between
Asia and Europe plus North America. Here, compa-
nies can afford to remain local players. The same
applies to component suppliers that focus on a
well-defined high-tech segment, as well as small
to mid-size equipment manufacturers.
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THE MINDSET AND 5+5 STEPS OF
OUTPACING COMPETITION

Becoming an equipment manufacturer that can
compete with large Asian incumbents requires
establishing superiority along the two competitive
axes of “scale and cost” and “technological prow-
ess.” The race can be won by establishing a supe-
rior position in one of those two areas. Yet in light
of the dizzying growth and high complexity, a clear
focus is needed to outpace the competition. That
means it is not advisable to pursue breakneck in-
novation and scaling up at the same time. Nor is it
advisable to chase only one of the two goals at the
expense of the other.

Instead, collaboration and a new mindset are need-
ed, focusing on taking concrete steps to catch up
and pull ahead in the right order. Equipment manu-
facturers should therefore prioritize and establish a
clear sequence of goals by 2030. They should start
with catching up by way of scaling up, matching
the current pre-eminent standard given by Chi-
nese incumbents. This approach will help them
lower costs thanks to lower technological com-
plexity and highly reliable solutions.

In a second step, they can pull ahead by adding
superior technology in a modular approach and
establishing their own, advanced standard. This
sequence allows them to address their installed
base and emphasize their level of expertise. From
our perspective, this suggested sequence is also
confirmed by the VDMA and Porsche Consulting
survey, mainly because cell OEMs want to avoid
the risks posed by deploying unproven technology
in a capital-intensive environment.
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Strategy 2030: The road to success “
Possible strategies to catch up, pull ahead and
collaborate in the challenging outpacing race

Be

The CAPEX and Scale Road | Equipment

Use the power of industrialization and productization to realize cost parity Champion

Industria-

Manufacturing . aus! Giga scale | .
equipment Reliable Pm(i!mt" IIZ?tlon: references ?—;grz;?SLe
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funding for funding for Standard
Set new further growth further growth Road
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product product product Set new
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innovation innovation innovation breakthrough
Skills & talents B Skills & prOdUCt
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- , h talents to innovation
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Mindset:

Which way? The CAPEX and Scale Road

Use the power of industrialization and productization to realize cost parity

- Catching up

Equipment manufacturer
Individual starting level of every company, depending on, e.g.,

Individual shortcuts possible ) Experience level: Industrial automation (1]
based on experience of every company e.g., strong partnerships, » Heritage from other industries iR

first references, know-how in battery process technology, enough » Footprint: Local | Global ]
capacity for giga scale projects ) Company size

» Market plavaround: Plant | Machine | Component
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Fig. 10. The outpacing challenge: The to-do list for equipment manufacturers and their partners (e.g., followers).
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Instructions for Strategy 2030:

Becoming the Equipment Champion 2030 and advancing to the top right
corner is a strategy game that requires companies to find their strengths,

playing their cards well and always thinking several moves ahead.

» Taking stock:
Equipment manufacturers start by first ana-
lyzing their strengths and weaknesses such as
experience, size, and local or global footprint.

» Moving ahead:
Leapfrogging the competition also means iden-
tifying and taking advantage of shortcuts and
leveraging partnerships with other equipment
manufacturers and cell OEMs.

» Choosing the right path:
There are two roads to win this race: either by
setting new standards through breakthrough
innovations or by using the dual powers of stan-
dardization and productization to achieve cost
parity with Asian companies. Players can only
follow one path. The CAPEX and scale approach
looks like the most promising one.

» Trustin your strengths:
While companies make their moves, scale and
advance toward the Champion position, they
shouldn't forget to use their existing and broad
know-how for future product innovation.

» Customized success:
There is no “one size fits all” approach to win
this game. Companies need to define their
individual road map with customized build-
ing blocks that play to their strengths—from
recruiting talent to providing excellent service
teams.

Porsche Consulting | Battery Manufacturing 2030: Collaborating at Warp Speed
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MINDSET

The daunting task of breakneck growth calls for a
different mindset, based on productization, stan-
dardization and scalability. While today's focus is
mostly on individual projects, the future hinges
on scalability or a focus on standards and mod-
ularity that all players can leverage to drive costs
down and close the competitive gap to Chinese
competitors. The most promising approach to
building a new European and North American
cluster is to synchronize the efforts and goals of
cell OEMs and equipment manufacturers to catch
up and eventually pass Asian rivals in the coming
decade. Following this path means lower risk, re-
quires less capital, and addresses the concerns of
battery manufacturers—and offers in our view the
only realistic chance to achieve the needed speed
to master such steep growth. It seems unlikely, by
contrast, that the industry will be able to achieve
such high growth rates by leveraging their usual
project-driven and highly customized approach.
The shortage of skilled workers is a further argu-
ment for following the productization approach.

The preconditions
for catching up with
Asian manufacturers

are scalability anad

reliable products that
will lead to optimized

product costs.
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THE FIVE BUILDING BLOCKS OF
CATCHING UP

The preconditions for catching up with Asian man-
ufacturers are scalability and reliable products that
will lead to optimized product costs. The journey
starts with the aforementioned productization of
reliable, “good enough” offerings. Those are prod-
ucts more on par with Asian equipment, meaning
they don't offer a significant technological advan-
tage but keep risks low and simply work as adver-
tised. Being on par in this context does not mean
pursuing the same cost profile, which is seen as
challenging by many equipment manufacturers,
but rather using productization as the stepping
stone to eventually outpace the competition. Addi-
tionally, “good enough” products need to be modu-
lar so they can be quickly and simply adjusted and
augmented to pull ahead after successfully catch-
ing up. Equipment manufacturers should therefore
first focus on designing to cost and designing for
manufacturing to ensure maximum scalability with
their partners.

The next step consists of securing good references
to gain a foothold in the market with their “good
enough” offering. This can be accomplished, for
instance, through partnering with an established
cell manufacturer in a smaller niche, or small-
er Asian players outside of China (e.g., Korea), to
gather expertise and build a portfolio of successful
implementations.

Third are investments in aspects that are highly
relevant for cell manufacturers such as ramp-up
teams that provide support for getting a new fac-
tory online (see Chapter 05). Often, those details
can make the difference in landing a contract for
a cell project. Those teams should be regional,
flexible, and nimble, making sure that a cell manu-
facturer can indeed ramp up operations and has a
dedicated set of eyes and ears to ensure the new
factory hits its output targets.

The fourth step consists of achieving competitive

costs at minus 20—-40 % by productization, stan-
dardization, and scaling, which is a pre-condition

43



to outpace China's blazing speed. Equipment man-
ufacturers need to transform their business and
processes to move from building and selling stand-
alone products to massively scalable products at
volume, which would be a break from traditional,
project-focused and highly customized work. They
can achieve this by standardizing as many of their
products and processes as possible. At the same
time, they have to build a professional organization
that enables them to standardize process steps
and make them independent of individual employ-
€€s or managers.

Scaling up operations is the fifth step. Once man-
ufacturing is set up in a modular fashion, capacity
can be ramped up in a flexible way to satisfy de-
mand from battery cell manufacturers. This must
go hand in hand with scaling up the supply chain,
making sure the supplier base is broad enough to
avoid any bottlenecks.

THE FIVE BUILDING BLOCKS TO PULL AHEAD

After catching up to competitors, the goal of even-
tually outpacing them comes into sight. The basic
requirements are scalability, product optimized
for cost, and technological superiority. Equipment
manufacturers already have the expertise to intro-
duce new processes and keep improving them as
growth picks up.

The sixth step along this path consists of con-
stantly expanding skills and the available talent
pool. Thus, companies have to invest in strategic
workforce planning and prepare for massive re-
cruitment in their core areas of expertise. Estab-
lishing standards among manufacturers is a vital
precondition to close the skills gap. The seventh
step along this path consists of ongoing innova-
tion and development of superior technologies.
Pursuing development in-house can be realized
and accelerated via “learning in the cluster,” which
will generate the classic flywheel effect through
ongoing and intensified cooperation of cell OEMs
and manufacturers, competition, and experience.
If these innovations are based on existing, modular

products that are already on the market, equip-
ment manufacturers can ensure they will be able
to deliver innovative solutions on an ongoing ba-
sis. Generating and appropriately protecting in-
tellectual property will allow European and North
American equipment manufacturers to guard their
market shares.

Continued growth calls for constantly expanding
skills and the available talent pool. Thus, compa-
nies have to invest in strategic workforce planning
und prepare for massive recruitment in their core
areas of expertise. Establishing standards among
manufacturers is a vital precondition to close the
skills gap.

Steps eight and nine to build a lead in the battery
sector are securing financing for further growth
and expanding service and maintenance capa-
bilities. What started out as regional and flexible
service teams to ensure smooth ramp-up needs
to be augmented by global offerings for service
and maintenance. Superior service will help pro-
tect an equipment manufacturer's reputation and
standing with cell factory operators. When all
those tasks are addressed, the final step consists
of establishing a truly international footprint and,
thanks to a global presence, building a worldwide
customer base.

At this point, we are fully aware of what investing
in and striving to reach these 5+5 building blocks
means for companies in this space. We are also
conscious of the ongoing discussions whether
growth in the battery sector will continue beyond
2030. Yet we are confident that the sector will re-
main important, along with significantinvestments
in equipment. Both expectations clearly justify any
investment made today in future competitiveness
and technological sovereignty.
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How to get from 8 % to 20 % or beyond:
possible market share scenarios

The hunt for growth opportunities is what drives economies forward. The
booming battery sector presents a rare, once-in-a-lifetime chance to chan-
nel astounding growth, thereby creating new wealth and technological sov-
ereignty, plus establishing a sustainable competitive position on the global

stage.

The following scenarios are modeling exercises
meant to illustrate both the dramatic growth and
the tasks facing equipment manufacturers. As our
calculations show, growing at the speed of China
and eventually outpacing Asian rivals is part and
parcel of the ongoing transformation of the energy
and mobility sector. The following calculations are

Reshuffling the cards based

on technological sovereignty

Grand ambitions:
shooting for 20 %

Today's starting point
of European machinery and
equipment manufacturing

industry

8%

based on projected market demand and are intend-
ed to only give ranges rather than precise numbers.
Actual market shares will always depend on how
the other building blocks of the cluster evolve, im-
pacted by factors such supply of materials and BEV
demand. Recent history shows that large projects
can be delayed by years or canceled altogether,

Reaching for 40 %

Relevant 2nd
cluster emerges:
Technological

sovereignty

Only today's
Asian cluster:

No technological
sovereignty

Hold: Settling for 8 %

© Porsche Consulting

Fig. 11. Emergence of a second battery cluster depending on market share scenarios from 8 % to 20 % or beyond.
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while announcements for additional factories are
sure to come. Even then, the growth of the battery
sector will not slow down and will eclipse the rise
of the semiconductor sector. Simulation of 20 % market share in 2030
Key figures based on model calculation.
There are several possible scenarios for equipment
manufacturers to make their mark in the sector by
the end of the decade, assuming they work in part-
nership with cell OEMs and other companies in the
battery sector. They can simply try to defend their
current market share or rise to the opportunity and
expand it. Our survey shows that European and
North American cell OEMs and equipment manu-

€2,500M

50 %

a.
facturers see an opportunity to grow their footprint 0 P Tipping
from currently 8 % of the global battery market to 20 % point
at least 20 % by 2030, if they can master stunning 1 €100 M (¥ 4
9 o L

growth of 50 % CAGR or more. 8% €44 B 202> 2030 M - \

MARKET ECONOMIC ~ ANNUAL - COMPANYSIZE  TECHNOLOGICAL
A relevant new cluster comprising battery OEMs, SHARE VALUE GROWTH Exemplary SOVEREIGNTY

equipment providers, and other industry partners

. . . Porsche Consulting
will only emerge, however, if equipment makers

manage to reach 20 % share or more. We con-
sider 20 % global share an important threshold. It
constitutes a tipping point beyond which a viable
cluster can emerge that affords technological sov-
ereignty and thereby less dependence from Asian
manufacturers. Failing that, Europe and North
America would be condemned to accept Asian
dominance, akin to what has happened in the solar
panel sector.

SCENARIO A
Grand ambitions: shooting for 20 %

There are several pathways to achieve the 20%
market share that equipment manufacturers them-
selves deem possible. Yet it requires a relentless
CAGR of 50 % through the end of decade. To put
this dizzying growth requirement into perspec-
tive, it would see a company with currently € 100
million in revenues to become a multi-billion-euro
business by the end of the decade. The purely theo-
retical impact of these numbers is already shocking
for most businesses—and makes it necessary to
rethink their strategy now. If a local cluster emerges
that is both regionally strong and less dependent

Fig. 12. Scenario: Grand ambitions: shooting for 20 % in 2030.

on Asian players , Europe and North America will
be able to maintain their technological sovereignty
in battery manufacturing. If, on the other hand, Eu-
rope and North America merely manage to fill in the
gaps that Asian competitors have left due to their
lackluster internationalization, it is unlikely that a
second cluster of strategic importance will emerge
outside of Asia.

Assuming a strategic, regional cooperation of Euro-
pean and North American cell OEMs with the local
equipment industry, the 20 % scenario can become
reality, as 45 % of battery cell followers would buy
their gigafactory equipment only from local man-
ufacturers. A new cluster would therefore be more
regional. Equipment manufacturers would, howev-
er, only have around 5 % market share in Asia. The
result of this strategic cooperation would be 20 %
global market share, technological sovereignty,
dramatic growth of 50 %, and an economic value of
€44 billion by 2030.
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SCENARIO B
Settling for 8 %

Equipment manufacturers simply defending their
current share of 8% is also a possibility and still
implies an ambitious goal of 35 % CAGR. A compa-
ny with currently € 100 million in revenues would
need to grow at least tenfold to become a € 1 bil-
lion business by the end of the decade. Given the
shortages of skilled workers, we consider this an
impossible trajectory unless equipment manufac-
turers follow the path of productization, and stan-
dardization described above.

Equipment manufacturing would stay in Asian
hands, with Asian incumbents finally solving their
internationalization problems and leaving Europe-
an and North American followers in the dust. In-
dividual European and North American equipment
manufacturers might still enjoy technological ad-
vantages with select components, but the overall
global share of the industry would hover around
8 %. Following this strategy would generate a mere
€ 18 billion in economic value by 2030.

SCENARIO C
Getting to 10 %

Below a 20 % global share, it is unlikely that Europe
and North American Region can establish a second
battery cell cluster; neither will it be able to claim
technological sovereignty. Growing market share
means to grow faster than Asia by opportunistically
filling the internationalization gap left by the Asian
incumbents. In this scenario, Europe and North
America will be relegated to merely defending their
market share as niche players supplying the fac-
tories of select followers. It would amount to con-
tinuing the status quo and by extension accepting
Europe's and North America's second-tier role in
the sector. Their overall share in Europe and North
America would be capped below 20 %, while leav-
ing the Asian market in more or less Asian hands.
In total, global market share would barely rise to
10 % or € 22 billion, requiring a still steep CAGR of
38 % and outperforming the market. Besides the
productization and standardization path required
to maintain the 8 % market share, outpacing the
market additionally requires a clear road map, har-
monized interfaces, and strong alliances—and still
would not be a walk in the park.

Simulation of 8 % market share in 2030 SCENARIOD
Key figures based on model calculation. Leveraging technological sovereignty:
aspiring to 30 %
' stablishing technological sovereignty and a via-
€1,1700M Establishing technological soverei davi

ble cluster with a minimum market share of 20 %
means the cards would be reshuffled. This scenar-
io makes it possible to benefit from the flywheel
effect and reach new heights of 30—40 % market
35 % share. Aspiring to get to 30 % by 2030 means that
Not technological sovereignty must be established

achieved well before the end of the decade, through supe-

p-a.
GS%
€ 18 B -2022 2030 C ) among leaders and followers. At the same time,

b 4 rior innovation and through relevant market share
MARKET ECONOMIC ANNUAL = COMPANYSIZE TECHNOLooicaL  SduiPment manufacturers must achieve massive
SHARE VALUE GROWTH Exemplary SOVEREIGNTY growth of 60-65 % CAGR.
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Being at the forefront of innovation would make

Fig. 13. Scenario: Settling for 8 % market share in 2030. European equipment manufacturers attractive
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suppliers for Asian leaders and followers, resulting
in a global market share of 30 % and € 66 billion in
value created through 2030.

SCENARIO E:
Reaching for 40 % and beyond

To get to 40 % market share or beyond, new Eu-
ropean and North American champions need to
emerge as the driving forces of the new cluster.
This process can either happen by way of private
businesses organizing themselves accordingly, by
governments orchestrating its rise, or a combi-
nation of the two. Equipment manufacturers can
form partnerships or joint ventures to secure the
necessary financing for such large system integra-
tors. Alternatively, investors or also governments
can choose to assist with or orchestrate the for-
mation of such champions for reasons of national
interest and energy security, akin to the origin of
Airbus in the aviation sector.

This sizable—if not very likely—market share can
materialize if technological sovereignty, the 20 %
ambition, a driving flywheel effect, and new, game-
changing technology come together.

European companies would have to have checked
all the boxes to first catch up and then outpace
the Asian incumbents as outlined in Chapter 06. In
total, a global market share of 40—45 % seems at-
tainable, which translates into an overall volume of
€88-100 billion by 2030. Such a winning strate-
gy would require the entire equipment manufac-
turing sector to grow at an almost insane CAGR of
65-70 % through the end of the decade. It would
turn midsized € 100 million companies into players
with revenues of about €5.5 billion, able to scale
beyond China's speed and solving all constraints
that breakneck expansion brings with it.

The demands and customer needs of the boom-
ing battery industry fit well with the traditional
strengths of European and North American equip-
ment manufacturers. Providing the right machin-
ery and process know-how to manufacture cells

Simulation of 40 % market share in 2030
Key figures based on model calculation.

€5,500-7,000 M

65-70 %

p.a.
40 %

10 €88- €100M

8% 1008 2022 2030

MARKET ECONOMIC ANNUAL => COMPANY SIZE
SHARE VALUE GROWTH Exemplary

Fig. 14. Scenario: Reaching for 40 % market share and beyond in 2030.

and produce modules and packs is one if not the
crucial precondition for a viable battery ecosys-
tem. Innovative and reliable machinery is also of
paramount importance for transitioning to a more
sustainable energy regime. Equipment manufac-
turers in Europe and North America hold the cards
to make a second global battery cluster a reality—
and they still have time to play them to catch up to
and outpace the Asian competition.

Everyone wants and
needs batteries, that
much is certain—but
who will be the one to
build the machinery to
produce them?
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IN BRIEF

Western battery equipment manufacturers expect to
have a 20 % global market share by 2030, representing a
market opportunity worth € 85 billion.

To surpass Asian competitors, it is essential for

Europe and North America to collaborate on a unified
roadmap, involving both battery OEMs and equipment
manufacturers, as well as fostering cooperation among
equipment manufacturers.

To manage the anticipated annual growth rates of 30 %
or more, a different mindset is necessary. Initially, five
critical steps must be undertaken to catch up in cost and
scalability, followed by another five to pull ahead of the
competition.

Case studies from various manufacturing sectors
indicate that remarkable growth rates exceeding 50 %
are achievable through the consistent application of
productization and industrialization principles.
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Glossary

BEV. .., Battery Electric Vehicle

CAGR.............oc Compound Annual Growth Rate

Gigafactory ... Cell factories with output > 1 GWh

GWh ... Gigawatt hours

KWh ... Kilowatt hours

Megafactory ... -Smaller factories with specialized boutique character
OEM ... Original Equipment Manufacturer

OEE ..., Overall Equipment Efficiency
ROI........ocoooooiiii, Return on Investment

TCO ... Total Cost of Ownership

VDMA ... Verband Deutscher Maschinen- und Anlagenbau e. V.
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“WE CANNOT
CHANGE THE
WIND, BUT
WE CAN SET
THE SAILS
DIFFERENTLY.”

Aristotle
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