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Executive Summary

Asian manufacturers hold significant process power and
dominate the battery supply chain, creating scale effects. This
has led to lithium-ion batteries becoming steadily better and
cheaper, while margins for top-tier players, particularly in China,
continue to rise. As a result, other battery manufacturers struggle
to scale. Startups working on novel battery chemistries often fail
to scale or meet performance and cost expectations. We believe
that manufacturing technologies aimed at breaking this process
power, whether in Asia or Europe, represent a highly promising
space for investment.
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1. Chinese battery manufacturers
have immense process power
and scale economies.

Producing battery cells at scale is notoriously produce high-performance cells, cheaply and
difficult. Asian manufacturers, particularly in China reliably, at massive volumes. No one else comes
and South Korea, have spent the last decade close (maybe Tesla). Today, this self-reinforcing
and billions of dollars refining their production advantage underpins the global dominance of
lines, driving up manufacturing yield (the share of a few firms, CATL, BYD, LG Energy Solution,
batteries a factory produces that work and can Panasonic, SK On, and Samsung SDI. Over 70% of
be sold) and driving down costs. Higher yields all EV batteries ever produced came from China,
and lower costs then enabled even more scale. a testament to the manufacturing depth and

Over time, this scale-process—scale loop created expertise built through this flywheel.

immense process power: the ability to consistently

CATL dominates the global battery market
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Yield is arguably the most important variable of
process power in battery manufacturing. Battery
production is a long, complex process with dozens
of tightly interdependent steps, and you only

find out at the very end whether a cell works and
can be sold. Small variations early in the line can
silently introduce defects that aren’t detected until
it's too late. This makes improving yield annoyingly
difficult: you're essentially flying blind until the
final quality check, with limited visibility into where
things went wrong.

In brief, yield is critical to building a successful
battery manufacturing company. Getting yield
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up is difficult. To give a sense of the economic
implications of this, the Fraunhofer Institute
estimates that each percentage point of yield that
you miss costs about 30,000 euros a day and
roughly ten million euros a year (for a 40 GWh
factory). If your yield is at 70%, that is €300M

per year. The highest priority in gigafactories,
therefore, is increasing yield. This also means that
during ramp-up of manufacturing capacity, a lot
of money will be burned, and as a result, a lot of
capital is necessary to carry a company through
this process.

Reported scrap rates over time
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Ultimately, the immense process power and
scale economies held by Asian manufacturers
create a formidably competitive moat, of which
a key symptom is yield, that everything from
European startups, well-funded joint-ventures
like ACC (Mercedes, Stellantis & Total), to
Corporate Ventures like PowerCo (Volkswagen)
find challenging to break through. Consider this

to get a sense of the scale we are talking about:

In 2024, CATL's biggest gigafactory in Ningde,
China alone produced 68% of the total battery
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output of all factories in Europe combined. When
looking exclusively at European-owned battery
companies, this figure surges to 290%, clearly
illustrating Europe’s stark manufacturing deficit.
The biggest Chinese Gigafactory produces
almost 3x the output of all European-owned
gigafactories in Europe combined. Let that
sink in. Globally, CATL produces 37% of all EV
batteries. This is a prime example of process
power and scale, crafting a rarely seen moat.

Gigafactory capacity in China far exceeds
capacity of European gigafactories

The majority of production facilities in Europe are owned and operated by Chinese and South Korean companies.
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2. China controls supply
chains in the battery sector.

It doesn’t get better when zooming out across the entire supply chain. Another driver of China’s
competitiveness is relentless vertical integration and easy access to supply chains. This control
them pricing power, ensures supply stability, and minimizes friction in scaling.

China dominates the LFP battery supply chain
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This is no accident. Over the past decade, Chinese
industrial policy has deliberately prioritized
securing access to critical materials like lithium,
nickel, cobalt, and graphite, either domestically or
via overseas mining investments and long-term
offtake agreements. By contrast, Europe depends
heavily on imported raw materials, many of which
are ultimately processed in China, even if mined
elsewhere. This creates strategic vulnerabilities
for European startups: not only do they face
higher input costs, but they are also exposed to
geopolitical risks and price volatility.

The numbers speak for themselves. China controls
each step of the global lithium-ion battery supply
chain, from raw materials to cell production,
particularly graphite mining and refining (the
material most anodes are made of), LFP cathodes,
and LFP battery cells, where China controls

more than 90% of the market. This supply chain
dominance translates directly into lower costs and
faster iteration cycles. Chinese firms can test and
bring new products to market faster.

Technology
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This poses a fundamental challenge for European
battery startups. Not only do they need to achieve
competitive performance, cost, and yield, but
they must do so while relying on fragmented and
often Asia-dependent supply chains. This makes
it harder to secure bankable offtake agreements,
delays manufacturing ramp-up, and makes them
less investable.

In sum, China’s vertical integration across the
battery supply chain isn't just about efficiency.
It's a strategic moat and, by extension, a
geopolitical weapon, one that compounds the
process power advantages discussed in Section
1, and makes it even more difficult for new
entrants elsewhere to break through.
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3. Macroeconomic odds are
stacked against Europe to
succeed in the battery sector.

Even if European battery startups could close

the process and supply chain gaps, they would
still face one more brutal disadvantage: the
macroeconomic environment in Europe simply
makes it harder to manufacture batteries
competitively. Building and running gigafactories
is more expensive than in China, and currency
fluctuations in a dollar-denominated market create
uncertainty and, recently, more costly inputs.

First, Capex. The capital

in Europe is 47% higher than in China.
Building a gigafactory in Europe costs $100
million per GWh, sometimes more, due to stricter
permitting, higher labor and equipment costs,
slower build times, and a lower degree of technical
and operational know-how compared to Chinese
incumbents, who have refined gigafactory
deployment over the past two decades.

Second, Opex. Once the factory is running, energy
and labor are significantly more expensive than
in China. To exemplify this, Europe has some

of the highest industrial electricity prices in the N/

world. In 2024, European industrial electricity
prices hovered around .In
contrast, the US and Chinese industry benefits
from much cheaper electricity. Chinese battery
manufacturers paid on average .Us
manufacturers paid, on average,

Third, there’s the currency mismatch. Battery raw
materials, from lithium to nickel, are globally priced

Technology

in U.S. dollars, while European firms typically
earn revenue in euros or pounds. This exposes
them to significant FX risks. For instance, when
the euro fell below parity in 2022 and hovered
around 1.05-1.10 for much of 2023-24, input costs
effectively increased by nearly 10% compared

to more favorable rates in prior years. Although
the euro has strengthened in 2025, volatility
remains high, and this remains a risk. This can
meaningfully erode returns, complicate financing,
and deter customers who prefer stable, dollar-
denominated supply chains for capital-intensive
battery manufacturing projects with razor-thin
margins. It's yet another structural disadvantage
for Europe-based manufacturers.

Together, these macroeconomic headwinds
create an environment in which even well-
capitalized, technically strong European battery
firms struggle to compete, not just against

CATL or BYD, but even against Chinese tier-2
manufacturers operating on thinner margins and
shorter innovation cycles.

European industrial electricity prices in 2024
exceed Chinese and US prices by more than 100%.

Europe

$199/MWh
USA

$79/MWh
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4. Scaling battery manufacturing
Is hot going well in Europe.

The consequences of weak process power, fragmented supply chains, and an unfavorable
macroeconomic backdrop are visible across Europe. Despite a flurry of funding announcements and
government support, many battery manufacturing projects are significantly delayed or quietly shelved.
A recent map compiled by the Fraunhofer Institute shows dozens of postponed or cancelled European
gigafactory projects, from Northvolt in Sweden to ACC in Germany and Italy and Britishvolt in the UK.
Delayed and failed projects amount to 701GWh, 26% of China’s production capacity in 2024, and 9x the
capacity of European production capacity in 2024.

Production capacities: delayed and failed projects

Norway: 29 GWh

Freyr, Rana, approx. 0.5 years delayed (29 GWh)
PN Finland: 40 GWh
Freyr, Vaasa, uncertain (40 GWh)
Sweden: 110 GWh
Northvolt, Borlénge, failed (20 GWh)
Novo Energy, Géteborg, uncertain (50 GWh)

Northvolt, Skelefftea, extension on hold (~30 GWh) .

Volvo Truck, Mariestad, 2 years delay (20 GWh) Germany' 243 GWh
ACC, Kaiserslautern, on hold (32 GWh)
Blackstone, Dobeln, failed (5 GWh)

CATL, Arnstadt, extension on hold (~60 GWh)
Cellforce, Schwarzheide, uncertain (20 GWh)
Farasis, Bitterfeld, failed (10 GWh)

United ngdom: 32 GWh Northvolt, Heide, uncertain (~60 GWh)
AMTE, Thurso, failed but sold (2 GWh) ® SVolt, Lauchhammer, failed (32 GWh)
Britishvolt, Blyth, failed (30 GWh) SVolt, Uberherrn, failed (24 GWh)

Italy: 85 GWh .\ Slovakia: 60 GWh

ACC, Termoli, on hold (40 GWh) InoBat + Gotion, 3 years delay (60 GWh)
Italovolt, Scarmagno, failed (45 GWh)

Romania: 22 GWh
ABEE, Galati, failed (22 GWh)

East Europe: 80 GWh
VW, 2 Gigafactories, 40 GWh each

Source:
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And it’s not just novel chemistry players facing these setbacks. Even projects attempting to scale
established lithium-ion technologies like LFP or NMC are struggling to hit cost and timeline targets.
Delays compound capital burn and further reduce the likelihood of ever achieving competitive yields,
especially in a global market where prices are falling, not rising. In this environment, building a battery
plant in Europe is no longer just a technical challenge. It's a war of attrition against time, cash, and

compounding disadvantages.

Production output of European manufacturers will only
surpass capacity of China’s single biggest gigafactory in 2025
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The disconnect between announced capacities
and real-world output is stark. Total announced
battery production in Europe was projected to
exceed 2,200 GWh by 2030. The actual expected
trend in output lags far behind, landing below
1,000 GWh even in optimistic scenarios. Adding
global context, Europe will only surpass the output
of China’s single largest gigafactory this year.
Despite years of aggressive targets, subsidies,
and announcements, the actual production trend
in Europe remains far below headline figures.

What this means in practice is that Europe may
fall short of its battery sovereignty goals, not

Technology

due to lack of ambition but because of systemic
execution risks. The chasm between the dotted
line of announcements and the solid line of
expected output is the cost of weak process
power and scale economies, fragmented supplier
ecosystems, an unfavorable macroeconomic
environment, and a fragile policy and financing
environment. Unless this improves dramatically,
Europe will remain reliant on imports, just

as global battery demand accelerates and
geopolitical supply chain risks intensify.
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5. Price pressure from China

Is increasing.

Real prices of lithium-ion cells have declined by
approximately 97% since 1991, with an average
annual reduction of 13% until 2016. Yet even in this
rapidly deflationary environment, regional cost
differences remain stark. According to the Volta
Foundation’s Battery Report 2024, China leads
with the lowest LFP cell costs, averaging ~$58/
kWh today, and a best-case scenario reaching
~$26/kWh. In contrast, Europe and the U.S. lag far
behind, with current costs around $125-128/kWh
and modeled future costs of ~$40/kWh in Europe
and ~$55/kWh in the U.S.

These estimates, derived from an optimized cell
cost model that adjusts for regional differences
in material sourcing, labor, and infrastructure, are
likely imperfect. But they paint a clear picture:
even if Europe were to dramatically improve

its battery manufacturing capabilities, China’s
entrenched cost advantages, scale, and supply
chain dominance would still leave it miles ahead.

Region Cell Type Cost Type Cost ($/kWh)
LFP 2024 Average ~$58
e NMC 811 2024 Average ~$77
LFP (BYD) 2024 Average ~$42
LFP Modelled ~$26
NMC 811 2024 Average ~$117
Europe LFP 2024 Average ~$125
LFP Modelled ~$402
NMC 811 2024 Average ~$1213
us LFP 2024 Average ~$128
LFP Modelled ~$554

" Based on average 2024 cost in China +52% (Volta Foundation Battery Report 2024)

2 Assumes 98% yield, $0.02/kWh electricity, 84% automation, 25% lower lithium prices, optimised cell design - still 50% more than

China’s optimised case

2 Based on average 2024 cost in China +57% (Volta Foundation Battery Report 2024)

4 Assumes 94% yield, $0.02/kWh electricity, 84% automation, 25% lower lithium prices, optimised cell design - still 111% more than

China’s optimised caprices
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We also forecast price with two other
methodologies: learning rates (price decline per
doubling of cumulative market size) and a steady
price decline per year.

Learning Rates (price decline per doubling

of cumulative market size) for all lithium-ion
cell types have been 20.4% since 1992. If you
incorporate improvements in performance,

the learning rate has been 26.6%. McKinsey
estimates the Lithium-ion market in 2025 to be

The Narrow Path for European Startups to
Compete in Battery Manufacturing

1,700 GWh and to grow to 4,700 GWh by 2030.
That is 2.7x. If lithium-ion cell prices fall by 26.6%
for every doubling of cumulative volume, then
growing from 1,700 GWh to 4,700 GWh (a 2.76x
increase, or 1.47 doublings = 1,700 * 2".47 =
4,700) implies prices will drop from $58 to around
$36/kWh by 2030 (or $50/kWh for NMC).

Famously, the growth of the lithium-ion market
has continuously been underestimated, so this
estimate could well be false.

Lithium ion battery demand has consistently been under forecasted
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Source: Climate Capital - Ziegler and Trancik (2021), Placke et al. (2017) for 1991-2014; BNEF

As mentioned before, the real prices of lithium-
ion cells have declined by ~97% since 1991. From
1992 to 2016, the average annual price decline
was 13.1% for all lithium-ion cell types. Suppose
we carry forward the historical price drop of 13%
to forecast lithium-ion battery cell prices in the
future (based on the above table in China). In
that case, we end up at $17 for LFP and $22 for

Technology

NMC in 2033 (8 years from now, which we set
as a made-up benchmark of a startup making

it to scale). If you incorporate improvements

in performance, the annual price decrease

per service is actually 17%. If this rate were to
continue, we'd be at $11/kWh for LFP and
$14/kWh for NMC by 2033. Experts we talked to
don’t think this is physically possible, though.
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In sum, historical price declines, price-market
learning rates, as well as modeled cost reductions
suggest further cost reductions are likely. This
means the bar for new entrants, especially
startups targeting the EV market, is
extraordinarily high. Whether we end up at $11/
kWh for LFP by 2033, levels that many experts
believe are physically implausible given material
and process constraints, or a more conservative
benchmark of ~$36/kWh, either scenario sets a
daunting threshold®. For startups starting today,
getting to scale in 8-10 years, the prospects are
even more daunting.
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Now, one might think that this continuing price
drop goes hand in hand with a decline in operating
profit margins of incumbents, putting pressure

on them to limit price reductions. Think again. Big
Chinese manufacturers like CATL, Eve Energy,
Gotion, CALB, and Sunwoda have actually
increased their operating margins in the past
years®. With margins looking as healthy as they
do in China, we can expect more significant price
pressure in the future.

How do profit margins vary across key battery producers?

Annual operating profit margins (operating revenue/net revenue, %)

2023 CATL

B 202 EVE Energy
Gotion

Samsung SDI

LG Energy Solution
CALB

Great Power

SK On

Sunwoda Energy

-12.2
-5.9

15.5

5.8
7.2

6.4

4.4

Source: Benchmark Mineral Intelligence 2025

One should mention that the Chinese government heavily subsidizes players like CATL and EVE Energy.
Government subsidies to CATL have risen from $76.7M in 2018 to $809.2M in 2023. EVE Energy,
China’s fourth biggest battery producer, pulled in $208.9M in subsidies in 2023. So while Chinese

manufacturers have built a significant moat of scale and process power, enabling them to become
leaders in price and performance, Xi Jinping helped them get there.

5 New ways of measuring cost are popping up, like total ownership costs that account for lower maintenance and defect costs of,

for instance, solid state batteries. This is a space to watch.

€ Only South Korean manufacturers like Samsung, SK on and LG Energy Solutions have significantly lost operating margins
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6. Performance of top-tier
batteries is improving rapidly.

Down to the last variable, pressure from China is immense. Performance

is what most startups in the battery sector pitch as their edge. Let’s look

at where they need to be when they get to scale. The two most important
variables in the performance of batteries are energy density and cycle life
(i.e., how often you can fully discharge and recharge the battery). There are
two ways to measure energy density: volumetric and gravimetric (you get it).

LFP-equipped EVs saw an average pack gravimetric
from about 80 watt-hours (Wh) per kilogram (kg) in 2014 to approximately
140 Wh/kg in 2023, an increase of 75%.

We spoke to at the Georgia Institute of Technology,

who has compiled a . We then applied a simple
forecasting algorithm to his data reaching 2018 and collected some
additional illustrative data points to showcase how performance varies. In
the graph below, you can see that we believe the 98th percentile of lithium-
ion battery energy density (which will likely be NMC cells) will reach around
300Wh/kg by 2033. Some cells already exceed this estimate.
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Battery energy density is rapidly increasing
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Ultimately, it is impossible to predict where the energy density of top-performing lithium-ion batteries
will land. Further, beyond energy density, variables like charging speed and cycle life also play a
significant role in the value proposition in different applications. What is clear is the immense pressure
on startups in this space. Can you manufacture a battery that has 300Wh/kg for $50/kWh? The
singular takeaway here is that the value proposition needs to be immense to be competitive.
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7. Novel chemistries are the
toughest nut to crack.

Solid-state, sodium-ion, lithium-sulfur, and silicon-
rich chemistries often promise breakthroughs in
safety, energy density, or reduced raw material
dependence. Yet they face a brutal benchmark: the
relentless, compounding improvement of the two
incumbent chemistries, LFP and NMC. Beating their
price-performance will be a mammoth challenge.

The problem is timing. Scaling a new chemistry
from lab to mass production typically takes 8-10
years, with multi-billion-euro capex requirements,
multiple pilot-to-production transitions, and
years of customer qualification. By the time novel
chemistry reaches scale, today’s lithium-ion cells
will have improved so much in performance and
cost that many “game-changing” metrics will

no longer be competitive. The market will have
moved the goalposts.

Historical precedent reinforces this: most next-gen
chemistries announced in the mid-2010s are still

in pilot or small-scale production, and few have
landed meaningful OEM contracts. Even those
with strong early technical results struggle to meet
incumbent yields, throughput rates, and quality
standards, the proper drivers of competitiveness.

This doesn’'t mean next-gen chemistry is
irrelevant. It means that the bar is how so high in
stationary storage, EV, and high-volume mobility
markets that few, if any, will clear it. There are,
however, niche markets where only one of cost or
performance truly dictates competitiveness, for
example, in aviation, where gravimetric energy
density can make or break the business model
and customers are less sensitive to $/kWh, or

Technology

in defense applications where performance and
safety outweigh price considerations. These
segments may still be fertile ground. However, for
mainstream EV supply, this remains a tricky risk-
return profile for us as investors.

Further, manufacturing batteries at scale and
cost-competitively in Europe is almost impossible.
We believe that a fab-foundry model might

be the only way to make it work. It could let
startups focus on process and chemistry rather
than building and operating entire gigafactories
themselves. Finding partners abroad for this

will be hard, but we don’t see another way for
manufacturing to succeed. The macroeconomics
just doesn’t make sense otherwise.

Beyond macroeconomics, breaking the process
power of the Chinese is critical to get to scale. To do
that, you need a high learning rate, to improve your
yield, and long-term vertically integrate across the
supply chain to compete on margins. We believe that
manufacturing analytics can help shorten the terrible
feedback cycle in battery production and improve
the learning rate in manufacturing, shortening the
ramp-up of gigafactories.

Last, suppose we add a China-supply-chain-
independent chemistry on top of this model. In
that case, European-designed batteries might yet
be manufactured at scale in the long run, even if
production happens elsewhere.

If you are a founder in this space, building a
company that fits these buckets,
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8. Niches we see potential for
in Europe.

Startups don't have to beat CATL at its own game. Instead, we believe the opportunity lies in selling into
the incumbents’ game. We believe that in these three areas, startups can succeed:

@ Manufacturing Process Enhancements

Technologies that improve yield, throughput, or cost within existing chemistries include advanced
electrode coating methods, inline defect detection, or faster formation processes. These must

be as “plug-and-play” as possible to smoothly slot into existing production lines with minimal
downtime. Our portfolio company 8inks exemplifies this, delivering radical coating improvements
that can increase battery performance and line throughput in a simple-to-integrate way.

B

The key weakness of even the largest incumbents is the long delay between process change
and yield verification. Startups like Nanolytic and AccelionTech are addressing this with real-time
diagnostics and data analytics, reducing iteration cycles from weeks to hours. Shorter feedback
loops erode the process power moat, making it easier for manufacturers to optimize rapidly. We
see this as a potential game-changer for manufacturers to break China’s process power.

Feedback Loop Acceleration

S— Components
High-impact, low-integration-risk components, such as membranes, separators, advanced anodes,
or electrolyte additives, can be licensed or sold to multiple manufacturers. This reduces capex
requirements, avoids the burden of full cell manufacturing, and diversifies market exposure.

In all three cases, the common thread is compatibility. The less disruption to incumbent lines, the
faster adoption will be, and the stronger the investor case.

Technology m
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Open Studios—a space designed to foster collaboration between startups and corporates—the TBC is
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