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Accompanying Research O
BATTERY CELL PRODUCTION N2

BUILD-UP OF THE BATTERY INDUSTRY IN
EUROPE — STATUS QUO AND CHALLENGES

Electromobility remains the prime driver of growth for the sale of lithium-ion batteries. In line with the record sales of more than 10 million
electric vehicles worldwide in 2022, the sales of traction batteries increased significantly by 76%. This upwards trajectory continues in 2023. In

s

order to meet the rising demand, an increasing number of cell production plants and factories for battery components in Europe are starting
production. Until the end of 2023, battery cell production capacities could reach 175 GWh/a. This market update highlights the challenges that
arise during the development and ramp-up of cell production plants

Electromobility remains on an upward trajectory

As shown in the Global EV Outlook 2023 published by the
International Energy Agency (IEA) in April, the sales of
electric vehicles (EVs) continue to rise quickly. In the past
year, more than 10 million EVs were sold worldwide and
reached a share of 14% of the total market. After China
with 6 million sold EVs, the second main growth driver is
Europe with 2.7 million sold units. Compared to the total
car market, the share of EVs in China approaches 30% and
equals more than 20% in Europe.

This trend continues in 2023. Despite discontinued political
support measures for the purchase of EVs in their main
market, China, more than 2.3 million EVs were sold in the
first quarter of 2023, which equals an added 25% year-
over-year. Until the end of 2023, global EV sales could
reach 14 million sold units.

The rising EV sales lead to an increased demand for
batteries. According to SNE Research, in 2022 batteries

with a combined energy capacity of 690 GWh were sold
for the purpose of application in EVs. This growth amounts
to 76% compared to 2021. The market leader in battery
cell production is CATL followed by LG Energy Solution,
BYD, Panasonic, Samsung SDI und SK On. All mentioned
companies have their main seats in Asia, but four out of six
have production facilities in Europe as well.

Next to electromobility, the market for stationary battery
storage systems has been developing particularly strongly.
According to SNE Research, 122 GWh in battery capacity
were sold globally in 2022, corresponding to a growth of
177%. Due to political measures, the high demand for
stationary storage will persist in the future. For example,
the Chinese government has stipulated that, along with
the buildout of renewable energy generation, energy
storage systems have to be installed simultaneously.

As a result of the increase in EV sales, the growth trend for
batteries continues accordingly in 2023. In the first quarter

of 2023, according to SNE Research, 133 GWh in batteries
for EVs were sold, which corresponds to a year-over-year
growth rate of 39%. Thus, the quarter lies above the
expected compound annual growth rate (CAGR) of 26%.

New battery cell production facilities start production in
Europe

Not only worldwide, but also in Europe the battery

cell production is gaining momentum, and an ever-
increasing number of factories are starting production.
After Northvolt announced the start of cell production in
December 2021 and delivery of the first commercial cells
in 2022, CATL announced the start of serial production
near Erfurt, Germany, in December of 2022. The first
buildout phase of Northvolt Ett has a capacity of 16 GWh/a
and the CATL factory in Erfurt has a capacity of 8 GWh/a.
In May 2023, ACC began battery cell production in Billy-
Berclau in Douvrin, France. The company aims to start
production before the end of 2023, and the ramp-up is
intended to be completed by the end of 2024. In the first



https://www.iea.org/reports/global-ev-outlook-2023
https://www.sneresearch.com/en/insight/release_view/82/page/12?s_cat=|&s_keyword=#ac_id
https://www.sneresearch.com/en/insight/release_view/82/page/12?s_cat=|&s_keyword=#ac_id
https://www.sneresearch.com/en/insight/release_view/107/page/0?s_cat=%7C&s_keyword=#ac_id
https://www.ipcei-batteries.eu/fileadmin/Images/accompanying-research/publications/2023-02-BZF_Kurzinfo_Marktanalyse_Q4_22-ENG.pdf
https://northvolt.com/articles/first-cell/
https://northvolt.com/articles/northvoltett-delivers/
https://www.acc-emotion.com/media/bbd-press-release
https://www.acc-emotion.com/media/bbd-press-release
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Figure 1: Sites of battery cell production in Europe that are either in planning, under construction, or already in operation.
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buildout phase, the goal is to produce battery cells of more
than 13 GWh/a. All mentioned facilities are intended for
further buildout in the future.

Aside from the recently started operations, South Korean
manufacturers LG Energy Solution, Samsung SDI, and

SK On have been producing battery cells in Poland and
Hungary. During its last end-of-quarter presentation of
2022, LG Energy Solution showed that its production
capacities in Poland amount to 70 GWh/a and are
supposed to expand to 90 GWh/a in 2023. Until 2025, a
total production capacity of 115 GWh/a is intended. SK On,
the battery branch of SK Innovation, operates capacities
of 17.5 GWh/a in Hungary. According to company
announcements, another facility is planned to start
production in 2024, yielding an additional 30 GWh/a.

Samsung SDI is producing battery cells for automotive
applications in a plant in God, Hungary. However,

the company itself has not revealed its available
production capacities. According to industry news, it

has approximately 30 GWh/a and is supposed to be
expanded to 40 GWh/a. Following the quarterly report by
Samsung SDI, this buildout phase was completed in 2022.

In addition to the listed sites with production capacities of
more than 5 GWh/a, there are numerous other facilities
producing battery cells on a smaller scale, often for
applications other than EVs (Figure 1).

In 2022, the total production capacities for xEV batteries in
Europe amounted to approximately 145 GWh/a and might
increase to 175 GWh/a by the end of 2023.

Component production to take place in Europe as well
Next to cell production, factories have been and are being
built on European grounds that supply the battery cell
production industry with the necessary components,
such as cathode active material (CAM), separators, and
electrolytes (Figure 2).

Among others, BASF and Umicore are producing CAM in
Europe. Umicore opened a factory producing CAM in Nysa,
Poland, in September 2022. The production capacity

of this site is said to reach 20 GWh/a by the end
of 2023 and expand to 40 GWh/a in 2024.
Ultimately, its CAM production capacity can be
increased to 200 GWh/a. Moreover, the CAM

production shortly. According to a press release,

the site has been in the process of ramping up

since the end of 2022 and will reach an initial production
capacity of 20 GWh/a.

Separators for lithium-ion batteries are produced, among
others, by LG Chem in Poland and by Toray in Hungary.
Both companies have announced last year that they have
formed a joint venture for the production of separator
materials in Hungary. With the formation of this joint
venture, the Toray site will be expanded and is intended to
reach a production capacity of 800 million m? of separator
foil.

SK IE Technology is another company that produces
separators in Europe. SK IE owns a facility in Poland which
can produce 340 million m? of separator foil per year.
Further sites are under development so that up to 680 and

(=)

plant at BASF Schwarzheide is poised to start %

1540 million m? of separator foil can be produced until the
ends of 2023 and 2024, respectively.

In Sweden, Senior Technology Materials is running a

plant for the production of battery separators. This site

is planned in several phases and is intended to reach an
annual production capacity of 600 million m? of separator
foil until the end of 2024, corresponding to approximately
60 GWhe,.

SEMCORP, another Asian company, plans to open
a production facility for separators in Hungary,
aiming for a production capacity of 400 million m?.

Numerous companies producing electrolytes are
already existing in Europe. Due to limited shelf
life, electrolyte solutions must be processed quickly,
making short transport pathways particularly important.
Consequently, electrolyte producers have established
themselves in close proximity to cell production facilities,
mainly in Poland, Hungary, and the Czech Republic.

Figure 2 summarises production capacities that will
presumably be reached by the end of 2023 in the column
titled , Capacity Europe 2023e”. Those capacities would
be able to supply the cell production plants in Europe
with sufficient electrolyte. Regarding separators and
especially CAM, Europe depends on additional imports.
The same applies to anode active material (AAM), which
is not depicted in Figure 2, since there are only few,
small production plants in Europe. However, a change of
this situation is foreseeable because several sites for the
production of AAM are currently under development.


https://www.lgensol.com/en/earnings-announcement
https://www.lgensol.com/en/earnings-announcement
https://www.electrive.com/2021/02/24/samsung-sdi-expands-battery-production-in-hungary/
https://www.samsungsdi.com/sdi-news/2881.html
https://www.samsungsdi.com/sdi-news/2881.html
https://www.umicore.com/en/newsroom/umicore-accelerates-european-e-mobility-with-nysa-gigafactory/
https://www.basf.com/global/de/who-we-are/organization/locations/europe/german-sites/Schwarzheide/press-and-media/press-relations-Schwarzheide/2022/bundeskanzler-scholz-zu-gast.html
https://www.toray.com/global/news/details/20220616141027.html
https://www.toray.com/global/news/details/20220616141027.html
https://www.lgcorp.com/media/release/24027
https://skinnonews.com/global/archives/14065
https://www.innovationnewsnetwork.com/green-battery-separator-solution-global-energy-transition/23588/
https://www.innovationnewsnetwork.com/green-battery-separator-solution-global-energy-transition/23588/
https://www.semcorp.com/en/news/company-news/20
https://www.semcorp.com/en/news/company-news/8
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Prototypical development of a battery cell production
plant in Europe

The challenges that arise during the development of new
production sites and especially during planning and build-
up of cell production plants are diverse. Reports on the
development of battery cell production sites in Europe
show that the planning is not always straightforward.

During the process, timelines of plans and announcements

of milestones can vary, deviate from the original plan, or
being stopped altogether. Thus, adaptations to changing
circumstances are always considered during planning
and operation. Recent examples in Europe have shown
that, starting with the announcement of a factory,
approximately five years pass until start of operations.!

The site planning begins with the setting of goals, which
encompasses the specific conditions such as strategic
orientation, planned products, possible locations as

well as the budget and timeframe.? In particular, the
search for financial coverage by potential investors or
opportunities for national financial support or funding can
have consequences for the choice of location or the size of
the planned factory. It has been shown that the EU must
create more incentives and simplify its approval processes
to stay competitive vis-a-vis the markets in North America
and Asia.

Figure 2: Companies that are active in battery cell production as well as component manufacture, and own sites
in European countries.
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1 Northvolt starts production in its battery factory Ett- electrive.net; CATL announces start of battery cell production in Arnstadt- electrive.net

2_VDI 5200 Blatt 1


https://www.transportenvironment.org/discover/two-thirds-of-european-battery-production-at-risk-analysis/
https://www.transportenvironment.org/discover/two-thirds-of-european-battery-production-at-risk-analysis/
https://www.faraday.ac.uk/wp-content/uploads/2022/07/Faraday_Insights_2_update_July_2022_FINAL.pdf
https://www.transportenvironment.org/discover/80-prozent-der-batteriezellenproduktion-laut-studie-in-deutschland-gefahrdet/
https://www.transportenvironment.org/discover/80-prozent-der-batteriezellenproduktion-laut-studie-in-deutschland-gefahrdet/
https://www.electrive.net/2022/01/02/northvolt-nimmt-batteriefabrik-ett-in-betrieb/
https://www.electrive.net/2022/12/22/catl-meldet-start-der-zellenfertigung-in-arnstadt/
https://www.vdi.de/richtlinien/details/vdi-5200-blatt-1-fabrikplanung-planungsvorgehen
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During the development phase, a pilot line might

be constructed to serve as a precursor to serial
production. This practice is especially implemented by
new manufacturers that aim to establish themselves in
the battery cell market but do not have access to prior
production expertise. In the case of ACC and Northvolt,
start of operation of the pilot line commenced two to
2.5 years before the actual factory went into operation.
By means of the pilot line, the cell production processes
are developed and cell designs tested, and the resulting
preproduction series — or null series — serve as a basis for
the serial production. During preproduction, samples are
produced that can be inspected by potential customers.
PowerCo designated its first factory in Salzgitter, Germany,
as a blueprint in terms of sustainability and innovation
and uses it to accelerate the build-up of further factories.
According to the VDMA Roadmap Battery Production
Equipment, the time from beginning of construction
until start of operations of a copy & paste factory can be
one to 1.5 years, whereas a factory with an entirely new

production takes four years on average to start production.

The timeline in Figure 3 depicts the build-up of a battery
cell plant exemplified by Northvolt Ett. The site is not a
copy & paste factory but the company’s first factory, which
was built without prior expertise and whose battery cells
and production equipment were developed and tested
using a pilot line.

During the concept planning phase of a factory its
location plays a crucial role. Due to rising energy prices
in Europe and the future declaration of the CO, footprint,
in particular the sourcing of cheap, renewable energy
has gained importance. The energy-intensive production

Figure 3: Timeline of the build-up of a battery cell production plant, exemplified by Northvolt Ett.
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becomes especially competitive if the local electricity is
sourced to a high degree from renewable sources or can
be supplemented by own production from wind and solar.
The gigafactory Northvolt Ett in northern Sweden stands
out by merit of its green, sustainable production since it
uses 100% renewable energy, benefitting from a location
with an abundance of cheap wind and water power.

The dimensioning of a factory is adjusted over the
course of the planning stage and laid out for several
stages of capacity increases. The larger a factory is,

the more opportunities there are for improvement of
energy efficiency and material input in order to produce
increasingly sustainably. This is an effect of the economy
of scale and leads to a lowering of fixed costs. Therefore,


https://www.electrive.net/2023/05/30/acc-eroeffnet-batteriefabrik-in-frankreich/
https://www.electrive.net/2020/07/29/northvolt-sichert-sich-kredite-ueber-16-milliarden-dollar/
https://www.volkswagen-newsroom.com/de/pressemitteilungen/grundsteinlegung-in-salzgitter-volkswagen-startet-mit-powerco-ins-globale-batteriegeschaeft-8050
https://vdma.org/documents/34570/35405938/VDMA+Batterieproduktion_Roadmap_2023_EN.pdf/decd370f-73d9-fae7-49f8-9c0995beb666?t=1683040367095
https://vdma.org/documents/34570/35405938/VDMA+Batterieproduktion_Roadmap_2023_EN.pdf/decd370f-73d9-fae7-49f8-9c0995beb666?t=1683040367095
https://www.ipcei-batteries.eu/fileadmin/Images/accompanying-research/publications/2022-10-BZF_Clusterstudie_ENG_final.pdf
https://www.vdma.org/viewer/-/v2article/render/78860636
https://www.vdma.org/viewer/-/v2article/render/78860636
https://www.europarl.europa.eu/news/de/press-room/20230609IPR96210/batterien-nachhaltiger-langlebiger-und-leistungsfahiger-machen
https://link.springer.com/article/10.1007/s11367-021-01976-0
https://link.springer.com/article/10.1007/s11367-021-01976-0
https://northvolt.com/manufacturing/ett/
https://vdma.org/documents/34570/35405938/VDMA+Batterieproduktion_Roadmap_2023_EN.pdf/decd370f-73d9-fae7-49f8-9c0995beb666?t=1683040367095
https://vdma.org/documents/34570/35405938/VDMA+Batterieproduktion_Roadmap_2023_EN.pdf/decd370f-73d9-fae7-49f8-9c0995beb666?t=1683040367095
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factories are expanded or new facilities added in the long

run to profit from the existing infrastructure. For example,
SK Innovation built a second factory next to its existing one
in Komdrom, Hungary, in order to add production capacity.

In parallel to location planning, other preparations such

as first contracts for raw materials and production
equipment need to be realised in order to facilitate a
smooth start of production. A thorough analysis of the
internal value chain helps identifying vertically non-
integrated areas. These areas can be served by establishing
strategic partnerships within the battery ecosystem and a
deliberate choice of location. Spatial proximity to suppliers,
buyers, and production equipment manufacturers can
yield logistic advantages.

After settling on a location, realisation preparations
include the obtaining of permits from official

institutions. These permits contain an

environmental impact assessment —among

others, depending on location — such as

pollution control, protection of natural reserves,

drinking water protection, and forest protection.

After all permits have been obtained, the factory build-
up process can start. Press releases from the Samsung SDI
factory in God, the ACC factory in Douvrin, and Northvolt
Ett in Skellefted show that the basic construction of

a factory building takes seven to ten months. After
completion of the factory substructure, first machines
and equipment are delivered, installed, and the individual
production lines are set up.

SK Innovation describes how production commenced
step-wise on the five production lines in the first factory

in Komarom, Hungary, over the course of one year in
order to reach the announced capacity of 7.5 GWh/a.
The advantage of multiple production lines running in
parallel is the possibility to switch between cell formats,
chemistries, or other adaptions to current developments.

Although the start of operations of the production
equipment is tested in pilot lines, scale-up by a factor
of 20 (example Northvolt Ett) is far more complex and
requires close collaboration between process engineering,
quality management, cell design and software. At first, a
cold commissioning process takes place during which the
equipment is adjusted to the desired operational speed,
temperature and pressure without the use of starting
materials. During the following hot commissioning
process, starting materials are introduced into the
production lines for the first time. This step is
accompanied by intense scrutiny by quality
assurance guided by specific parameters. By
means of a surveillance system, the products
are tested on-line and off-line, which means
that sensor equipment is either integrated into
the production line or that the products are tested
outside the production line. For the early recognition of
defective goods, digital twins are currently investigated
as a means to better understand causal relationships and
quickly adjust unfavourable production conditions. Digital
equipment and product twins are relevant data sets that
are gathered during production via sensors within the
production line and contribute to the optimisation of
the production process. For example, the introduction of
digital twins is intended for the new ACC factory in France.
The better the process steps are optimised during the early
stages of production, the lower the final reject rate, which

impacts efficiency. Next to minimisation of the reject rate
for cost reduction an increase in throughput is also aimed
at, which can be realised by precise tuning of automated
processes. Until now, the yield of cells in well-tuned
production lines lies at approximately 90%, in some cases
below, which means in turn that ,avoidable” rejects are
produced. Due to the high materials costs the avoidance
of rejects is a high priority and offers potential to increase
efficiency.

The recruitment of skilled labour in the vicinity of the
factory is an aspect that is not to be underestimated. With
increasing labour shortage there is high competition for
qualified personnel, which has to be taken into account
during the search for a suitable location. Shortly after start
of operations of its first factory, Northvolt announced a
fast scale-up of personnel by hiring 150 employees per
month, meaning that the number of employees would
eventually be quadrupled from 1,000 to 4,000. To make
the workplace attractive for the required workforce, a
concept for the development of the surroundings should
be prepared to ensure that enough living space and
infrastructure are present in the vicinity of the factory.

In the case of Northvolt Ett, four months after start of
operations, the first delivery of cells to customers took
place. According to reports, within the first six months the
first production line was started up successfully. During
the ramp-up phase over the following months, more lines
came online in order to reach the second buildout phase
of 60 GWh/a. As mentioned previously, during the initial
ramp-up phase the production is successively accelerated,
thus the factory is not assumed to produce the announced
capacity immediately but with a delay of approximately
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https://mil.brandenburg.de/mil/de/presse/detail/~30-03-2021-pressekonferenz-tesla-umfeldentwicklung
https://insideevs.de/news/586315/northvolt-ett-skelleftea-batteriezellenwerk-auslieferungsstart/
https://northvolt.com/articles/northvoltett-delivers/
https://vdma.org/documents/34570/35405938/VDMA+Batterieproduktion_Roadmap_2023_EN.pdf/decd370f-73d9-fae7-49f8-9c0995beb666?t=1683040367095
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one year. The CATL factory near Erfurt, Germany, was
announced to have a capacity of 14 GWh/a but produced
8 GWh in 2022 before accelerating its production step-
wise. During this acceleration phase, throughput is
increased while the desired quality and process stability
are reached. Usually, factory utilisation lies below 100%. At
around 85% it becomes feasible to consider an expansion
of production and thus further buildout stages.

The mentioned examples demonstrate that the

process of building a battery cell factory is dynamic and
must be adapted to current developments. Despite

great challenges, European battery cell production is
accelerating. In the coming years, more factories will start
operations and ramp up capacities, thus the growing
demand for batteries will be satisfied from increasingly
domestic production.
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