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Review Article

ABSTRACT

Aim: To examine the integration of automation and big data in lithium-ion battery manufacturing
using Ultium Cells joint venture as case study.

Problem Statement: The havocs attached to the exhausts emission from fossil-fuel based
automobiles are major concerns to the whole world. Records indicating lowering of air quality and
depletion of the ozone layer have been reported. Furthermore, the quest to save money spent on
non-renewable energy has necessitate the call for research studies on advancement of lithium-ion
battery manufacturing. Also, the traditional battery manufacturing techniques production capacities
cannot meet the demand for electric vehicles. Nonetheless, the consistency and quality control of
the battery cell is challenging.

Significance of Study: The use of electric vehicles is prevailing and thus has greatly influenced the
need to technological improvement in the production of lithium-ion batteries (LIBs) which are being
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utilized in electric vehicles. The analysis of big data can provide real-time decision-making and long-
term process improvements. This technical review is an eye-opener for researchers on the need to
integrate automation and big data in lithium-ion battery manufacturing.

Methodology: Recent literature materials in form of books, journals and relevant published articles
in the area of automation and big data in lithium-ion battery manufacturing were consulted.
Discussion: In this technical review, consideration was given to the integration of automation and
big data in lithium-ion battery manufacturing using Ultium Cells joint venture as a case study. The
types of lithium-ion batteries and their assemblies were discussed. The battery cells contain the
cathode, anode and electrolyte and come in three varieties of designs which are pouches, prismatic
cans and cylindrical designs. One of the main requirements that enhance the automation of
assembly line in Li-ion battery manufacturing is the use of the collected data from the survey as
stated by the industry. The concept is made up of 6 modular sectors such that each sector has the
capacity of being scaled up and down based on customer requirements. The three major steps
involved in data-driven application to lithium-ion battery cell manufacturing are data acquisition, data
warehouse and data mining.

Conclusion: The integration of automation and big data in lithium-ion battery manufacturing has
positively influenced the quality and quantity of the products.

Keywords: Automation; data-driven; lithium-ion battery; electric vehicle; ultium cells joint venture.

1. INTRODUCTION finishing are the three main sequential Lithium-
lon battery manufacturing stages. Of all the
Battery manufacturing industry has been named varieties of batteries as products from battery
as one of the fastest-growing industries around manufacturing industry, lithium-ion batteries
the world owing by the need for energy storage  (LIBs) have been identified as excellent devices
and conservation for consumption purposes. Not  for the storage of rechargeable energy due to its
only this, the quest to save money spent on non-  convenient characteristics which are: high energy
renewable energy has also been a major density, long life cycle and little or no memory
contributory factor [1]. Additionally, the need to  effects. All these have resulted into its speedy
protect the environment and atmosphere from expansion in various fields of applications [2].
the release of poisonous gases from combustion
engines into the atmosphere causing global Lithium ion batteries (LIB) are those battery types
warming of the ozone layer has also influenced that have long life cycle, high specific energy and
the growth of battery manufacturing industries.  efficiency. They comprise a cathode and an
By year 2025, the European government is anode having a die-electric medium purposely for
aspiring to ban the use of vehicles powered by the transportation of ions between the existing
Internal Combustion Engine (ICE). This is elements. LIB technology has been developing
mounting pressure on Original Equipment very rapidly, with OEMs aspiring to increase
Manufacturers (OEM) in order to replace the battery range with utmost assurance of
conventional ICE vehicles with alternative fuel. stabilizing the chemistry. Rapid development has
The invention of Electric Vehicles as a new been observed in Solid-State Batteries (SSBs)
evolution has positioned rechargeable Lithium- and Li-air with the expectation that the former will
ion (Li-ion) powered vehicles excellently in global become an established form of battery [3]. SSBs
market. Between 2018 and 2025, the sale of have the ability for the provision of higher energy
these invented vehicles is expected to increase  capacities  while  maintaining the safety
to 12 million from 2 million amounting to 500%  simultaneously as a result of the solid electrolyte
increment in sale. The major problems Wwhich are expected to be generally utilized in the
associated with EVs presently are the range of next decade. The expectation of such
discharge and price per unit for vehicles. There is  technological advancement may be playing a
need to address these two main issues for Li-ion  significant role in postponing further investment
battery manufacturers to encourage future into new manufacturing capacity of already
buyers. Roughly 30% of the total cost of EV is  existing Li-ion production specifically in Europe.
placed for the EV battery packs out of which Fig. 1 represents types of lithium-ion batteries
manufacturing takes 40% of the power unit cost. ~ and their assemblies.
Electrode manufacturing, cell assembly and cell
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Fig. 1. Types of lithium-ion batteries and their assemblies

Li-ion batteries possess similar structure and are
made up of cells combined together to make a
module, which are in turn, combined together to
make a pack. The battery cells contain the
cathode, anode and electrolyte and come in
three varieties of designs which are pouches,
prismatic cans and cylindrical designs [4]. The
cells are then welded together after stacked to
form modules which can consist of individual
thermal management systems used in controlling
cell temperature within the module. Ultrasonic
welding is adopted in joining the modules which
are then sent for assembling into the overall
battery pack which is the top level of the Li-ion
bill of materials. The pack comprises multiple

modules merged together with mechanical
fixings to enable easier disassembly for servicing
benefits. The pack equally comprises of a
battery management system that controls the
thermal management system for each
of the modules. Li-ion battery packs are
multifaceted systems. In addition to the
materials needed for the cathode, anode
and electrolyte, they also need battery
management systems, cooling systems, sensors,
central module contractor systems, insulation
packages and housing for both the entire battery
pack itself and individual modules. Fig. 2
represents the automotive battery assembly
packs [5].
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Fig. 2. Automotive battery assembly packs
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The multifaceted benefits of LIBs have called for
the need to improve their energy density at the
cell level [6]. It is established that equally-sized
LIB pack with high energy density LIB cells will
result into extra power to increase their outputs.
Thus, either of the following should be noted to
achieve higher energy density in LIBs cell level:
(1) designing LIB cells through selecting
adequate materials alongside the modification
and combination of those materials using various
cell engineering approaches which is a materials-
based design technique or (2) optimizing cell
design parameters using a parameter-based
design technique. LIB behaviors change at
different cell design parameters. Low lithium ion
diffusivity, low electrolyte conductivity, poor
kinetics of charge transfer increased solid
electrolyte interface (SEI) resistance are the
major influencing factors causing capacity
diminish, power weakening and charge exertion
in LIBs. The Li ions low diffusivity results in
intercalation rate reduction causing lithium
plating at the graphite surface during charging
process. When lithium ions deposited change
into dead lithium, LIB capacity fading comes into
play [7]. This is also as a result of non-
participation of deposited charge in the later
electrode reaction. Nonetheless, the grown
dendrites enter into the separator membrane
causing internal short circuit which is a fearful
safety problem. Also, overheat is another
environmental  factor that affects LIB
performance under different temperature. The
reactions that occur in a LIB as a result of
increase in temperature are stated thus: (1)
reaction between the binder and the anode-
active materials, (2) reactions between the
electrolyte and the anode-/cathode-active
materials, (3) electrolyte decomposition and (4)
SEI decomposition.

When the pressure is at high level, the cell may
burst causing poison gas and electrolyte solvents
leakages. When the generated heat is more than
the dissipated heat during overheating process,
the temperature of the cell speedily rises due to
the exothermic process occurrence [8]. The
increase in temperature further contributes to the
rise in the chemical reactions rather than the
planned galvanic reactions. This generates more
heat volume and eventually results in the use of
thermal coolants like liquid, hydrogel, air and
phase change materials in the battery thermal
management systems. The optimization of the
coolants heat capacity and heat transfer rate
greatly verifies the advancement of battery
thermal management systems. There is need to
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optimize the thermal management structure so
as to remove the hot spot suffering over
temperature which is also a highly efficient and
dependable solution. With the aforementioned
challenges attributed with the manufacturing,
environmental influences and output
performance of LIBs, there is need to Integrate
automation and big data into the manufacturing
processes [9].

Lithium-ion battery cells production is attributed
with high complexity level with diverging and
converging material flows, single unit and batch
processes together with discontinuous and
continuous  processes. Using  advanced
approaches, the cell final quality can only be
evaluated after it has gone through all production
steps. Thus, production management techniques
aiming at zero-defect production, scrap reduction
and identification of components at the earliest
during production process chain are essential. A
high transparency level in relation to data would
be useful [10]. An appropriate data management
and data acquisition implementation would
enable the effective utilization of data mining
together with modelling and simulation
approaches so as to increase production
operation and planning. As a consequence of the
process chain complexity and length, a huge
data volume can be generated in the battery cells
production.

A case study is the Ultium Cells which is a joint
venture between General Motors and LG Energy
Solution. Total of 3 plants in Ohio, Tennessee
and Michigan are built or under construction.
Currently, the Ohio facility is under full operation,
so the case study will focus on it. The first plant
in Ohio is a $2.3 billion plant with 2.8 million-
square-foot footprint. It started initial production
in August, 2022. The annual battery cell output is
40 GigaWatt-hours under full production, which is
equivalent to approximately 400,000 cars.
Recently, Ultium Cells in Tennessee has
announced that the company will be investing an
extra $275 million in order to expand the facility’s
battery cell output by greater than 40 percent
from 35 GWh to 50 GWh after the plant is fully
operational. This new investment is in addition to
the existing $2.3 billion investment which was
announced in April 2021. Battery cell production
at the 2.8 million-square-foot facility was placed
to begin in late 2023 [11]. The third plant in
Michigan is under construction and production
equipment ramp-up. This review article is written
to examine the integration of automation and big
data into lithium-ion battery manufacturing using
Ultium Cells joint venture as a case study. This
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technical review will serve as an eye-opener for
future researchers in this field.

2. AUTOMATED ASSEMBLY LINE IN THE
MANUFACTURE OF LITHIUM- ION
BATTERY: ULTIUM CELLS CASE
STUDY

Ultium Cells is 2.8 million-square-foot battery
manufacturing plant with annual capacity of
40GWh, which is equivalent to 400,000 EVs. In
order to fully operate the facility, incoming raw
material, in-house semi-product, and outgoing
finished product must move continuously to the
right place at the right time. In Ultium Cells, the
logistics system is fully automated by using
combination of Automated Guided Vehicle
(AGV), Conveyor and Stacker Crane.
Manufacturing Execution System (MES) allows
to create and execute moving commands based
on designed routes. The automated system also
monitors the current location of each product in
case of command failure or process delays.
Moreover, control room displays all logistics
information and provides real-time 3D map to
assist process control [12].

The northern Ohio facility was the result of joint
venture  between tier 1 OEM battery
manufacturer and an American auto maker
having the largest plants for lithium-ion battery
manufacturing in the USA. This facility is
exceptional among a few existing ones in the
USA which primarily produce electric vehicles
(EVs) batteries. There are multiple new
technologies applied to enhance safety and cell
performance involving the fabrication of the raw
materials into finished cells in the manufacturing
facility. The major areas of consideration for Li-
ion Tamer to prevent thermal events are
approximately close to the completion of the
production process, precisely in the jig formation
and charge/discharge processes. The SEI (solid
electrolyte interphase) layer of the cells is
developed during the jig formation process which
helps in critical functions like cell lifetime, safety,
performance and stability. The charge/discharge
process is incorporated in the further cells cycling
to improve the performance. There exist two
areas for each of the process having five lines
per unit area for a total of ten jig formation and
charge/discharge lines [12].

2.1 Electrode

The automated logistics system begins with
incoming raw materials. Raw materials arrive in
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bulk, and they are put into Mixer via conveyor
system. After mixing at intended viscosity and
tortuosity, they move through sophisticated
pipelines to be coated onto copper or aluminum
bare foil [13]. As batteries become larger for
higher capacity and performance, the foils have
also become larger. Hence, the coated foils,
called Electrode roll, now weighs more than
hundreds of kilograms. As Electrode roll is too
heavy and dangerous to be carried by an
operator, an AGV delivers and stores them in
stacker crane. When the next process, Cell
Assembly, is in need of the Electrode roll, stacker
crane feeds them right away. Fully automated
delivery system assures both efficiency and
safety [14]. Fig. 3(a) is the electrode fabrication
process stage-wise optimization strategy while
Fig. 3(b) is the illustration of the mixing sequence
1 and sequence 2 for preparing the electrode
slurries [15].

2.2 Cell Assembly

In Cell Assembly, Anode/Cathode Electrode roll
and Separator roll are cut into individual pieces
and stacked together to form a battery. Then, the
stacked unit is sealed in a canister, which Ultium
Cells uses aluminum pouch. The sealed battery
cell, as an individual unit, is smaller and
manageable by an operator, so conveyor system
dominates in Cell Assembly. In order to protect
and safely deliver battery cells, a container,
called a tray, is used. The tray is delicately
designed to protect weak spots and minimize
vibration. The automated system seeks an
efficient route to provide semi-product where
needed. It sometimes has to seek an alternative
route due to machine breakdown, maintenance
or inspection. The system becomes even more
complicated when producing multiple models to
prevent different models from being mixed [16].
Fig. 4 is the schematic of the I0TE conveyor
system and its operation process [17].

2.3 Cell Finishing

Cell Finishing process
extensive area in  Lithium-ion  battery
manufacturing. Therefore, there are multiple
factors to cause the logistics system more
complicated than the other processes. Cell
Finishing consists of sophisticated process steps,
which may take weeks to finish the entire
process. In addition, semi-product in Cell
Finishing often has to be sent to certain area to
select defects and travel back and forth to repeat
certain steps. As the system becomes more
complicated, more logistics data are generated,

requires the most
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and managing the data requires adequate
database [16]. To control all processes as
intended, accurate and efficient route design is
critical. Similar to Cell Assembly, the dominant
automated system in Cell Finishing is conveyor
and stacker crane. However, process delays or
losing commands still may occur due to the
complexity of logistics system. Hence, it is
necessary to install logistics monitoring system
and provide warnings to assist operators [17].
Fig. 5 is a single-mast stacker crane [18]. It
shows the payload, lifting carriage, top guide
frame, bottom frame, electric box, hoist unit,
travel unit and the mast. When the cranes are
largely automated, there may be cases in which
human intervention is crucial. Adequate training
for operators on safety protocols and procedures
is important. This includes interpreting system
alerts, understanding emergency stop
procedures and implementing manual overrides
when important in order to ensure a human-
machine collaboration that prioritizes safety.

2.4 Shipping

After Cell Finishing, the good cells are palletized.
These pallets weigh more than hundreds of
kilograms, so combination of AGV, conveyor and
stacker crane are used. An AGV delivers the
pallets and stores them in stacker crane until
shipping is scheduled. If shipping is scheduled,
the pallets are taken out of stacker crane and
moved to the dock for transportation [19]. It is
relatively straightforward and simple, however,
safety is a priority in Shipping because the final
product is charged and may cause thermal
event.

2.5 Control Room

Ultium Cells has adopted 3D monitoring system.
It shows the current machine status for all AGV,
Conveyor, or Stacker Crane system from
Electrode to Shipping. It also assists operators
by providing the current location of each product.
In addition, the 3D monitoring system is able to
provide warnings to analyze inefficient moving
commands, bottleneck of movement or process
delays. This system implemented in Control
Room. A supervisor can easily monitor the
system and provide direction to the floor for
operators to act in advance [20].

2.6 Case Studies in the Manufacture of
Lithium-lon Battery

2.6.1 Automation of logistics system

The annual capacity of Ultium Cells being
40GWh (equivalent to 400,000 EVs) has made it
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to be tagged among the battery manufacturers
possessing large facility. It is required that the
feed (raw material), in-house semi-product and
outgoing finished product should move
uninterruptedly to the right place for the facility to
be completely operated. The use of combined
conveyor system and Automated Guided Vehicle
(AGV) made the logistics system to be fully
automated in Ultium Cells. The route information
possessed by MES makes it to perform the
moving command while the automated system
equally monitors each product present location in
cases where process delays or command failure
is noticed. Nonetheless, all the logistics
information is being shown by the control room
together with the provision of real-time 3D map to
aid the process control [9].

2.6.2 Implementation of vision system

The incorporation of camera and image
processing technique into Lithium-lon battery
manufacturing has been so contributory
and has greatly improved the efficiency of the
process. It makes the process to be
consistent, accurate and faster than the
traditional human eyes. The vision system is
incorporated with quality measures for the
rejection of cosmetic defects and dimension. All
the image data can be accessed by the
production engineers after which they are
subjected to further analysis in the prevention of
process deviation. Additionally, the defects
source can be easily identified by the system via
the implementation of interdependencies with
previous processes. Lastly, the risk range can be
confirmed by quality engineers using the image
data [5].

2.7 Requirements of Automation and
Big Data in The Manufacture of
Lithium-lon Battery

There is need to satisfy many requirements in
order to attain success in automation and big
data integration into Lithium-ion battery
manufacturing. With the advent and recent
progress in Lithium-ion battery manufacturing,
experienced engineers are needed to perfectly
operate automation and interpret big data with
reference to their battery manufacturing
background. Additionally, there is need to design
reliable network system such that automation
and big data communication is formed on the
network system [2]. Stabilized manufacturing is
attained via the provision of safety back-up and
adequate storage in scenarios where blackout
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network failure come in unexpectedly. data installation in order to achieve increase in

Nonetheless, longer stabilization period and production efficiency and productivity while
higher cost are essential in automation and big realizing faster return of investment [6].
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3. DATA-DRIVEN APPLICATION TO an intermediate product
LITHIUM-ION BATTERY CELL production procedures to a final product which is

MANUFACTURING

The three major steps involved in data-driven
application  to lithium-ion battery  cell
manufacturing are data acquisition, data
warehouse and data mining. The developed
technique is linked with the pilot scale lithium-ion
battery cell manufacturing of Ultium Cells Joint
Venture which covers extremely flexible
production line that gives room for both small-
scale production and research [21].

3.1 Data Acquisition

It is important to adequately understand relevant
and significant data connecting the process, final
product and intermediate products. Fig. 8 shows
the existing relation between intermediate
product, process and final product of lithium-ion
battery cells production [9]. This shows how
material is utilized in a process for the creation of
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the battery cell. The production step results
towards the finished battery cell are the
processed materials which are the intermediate
products. Certain process parameters such as
conveyor belt speed, sealing temperature and
rotational speed are utilized in setting up the
production machines along the production chain.
These process factors are functions of the state
variables such as temperature and pressure
which are measured during the process. State
variables (SV) and process parameters (PP)
affect the intermediate product characteristics
such as structure (e.g. porosity, particle size
distribution, thickness of coating layer and so on)
and properties (e.g. electric conductivity,
viscosity, tortuosity and so on). These
intermediate product characteristics determine
the battery cell final product properties such as
internal resistance, maximal capacity, self-
discharge and so on. These explain the
performance and quality of the battery cells
[11-12].
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Process/machine data explains all significant All
process data, both state variables and adjustable
process parameters of the processes, excluding
state variables, ambient condition, process
parameters and so on. The information regarding
the mechanism of operation of the production
machines is presented in this data which can be
accessed via the production machine panel

computer or the programmable logic controller.

energy demands

technical building service data
ambient  condition for

product analytics explains
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required for
building services and production processes are
covered by the energy demands data. The

special
conditions such as humidity and temperature and
production processes [22-24]. The intermediate
the
products which include slurry, electrode sheets,

technical

comprises the
production

intermediate
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electrode coils and so on with the aid of off-line
or in-line analytical methods to evaluate the
structure (layer thickness, porosity, particle size
distribution and so on) or their properties (such
as electric conductivity, tortuosity and so on).
Final product analytics handles the battery cell
analytics and diagnostics on an electrochemical
scale (C-rate, capacity, electrochemical
impedance spectroscopy, etc.). This data assists
in assessing the final product quality. All the
relevant data required for production campaigns

execution and planning (material amount,
production times and so on) are described by the
operational data [25]. This data is of high
significance because it gives the required
knowledge needed in allocating all other relevant
data to the production campaigns. Fig. 6
indicates complex system of lithium-ion battery
cells production using data-driven approach
while Fig. 7 is the complex system of lithium-ion
battery cells production wusing data-driven
approach.
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3.2 Data Warehouse

All the data from the two various acquisition
techniques is obtained by the data warehouse to
enable the preprocessing and allocation (that is
tracing and tracking) of the automatically
acquired data to the manually acquired data.
This data is then reserved for further purposes.
In order to use machine learning or other data
analytical methods to obtain knowledge from the
data, data mining can access the reserved data
such as sensors and production processes. The
main purpose of the data warehouse is to merge,
gather and store the data in such a way that it
can be accessed for future usage. Extraction,
transformation and loading of the data first took
place at the data warehouse where the related
data is merged after allocation. After this, the
data storage is executed in relational tables
comprising structured query language (SQL)
database called “first layer” in the data
warehouse concept [23-26]. Preprocessing of the
data in the “first layer” occurs so as to get the
easily accessible information via the application
of statistical methods such as evaluation of
standard deviation, mean values, median and so
on. Key figures are estimated so as to access
many of the information within the corresponding
data sets in the further data processing. After this
stage, the not processed data and the extracted
information are stored in denormalized tables.
They are called the “second layer” of the SQL
database in the data warehouse concept.

3.3 Data Mining

Data mining has become a more liberated
wording and has many definitions and different
procedural views based on its process [27].
Cross Industry Standard Process for Data Mining
is among the most significant process definitions
utilized and the most analogous to the definition
to knowledge discovery in databases. This
process is not firmly straightforward and
comprises iterative steps and feedback loops to
ascertain that all knowledge and understanding
gotten within the process can be utilized to
increase the used algorithm power. The six
procedural steps include: understanding the
business, understanding the data, preparation of
data, modelling, evaluation and deployment [28].

3.4 Data Analysis
Development of camera and image processing

method has allowed broader application to
manufacturing. It is more accurate, consistent,
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and faster than human eyes. Ultium Cells applied
vision system extensively to different processes
across the plant. The vision system is integrated
with quality criteria to reject dimension and
cosmetic defects. During such inspection,
dimension data and cosmetic images are created
every day [23]. Production engineers have
access to all these data, which are analyzed to
prevent  process deviation.  Furthermore,
implementing interdependencies with previous
processes allows the system to easily identify the
source of defects. The image data is also useful
for quality engineers to confirm the risk range.

3.5 Integration with Al

Integrating with Artificial Intelligence (Al) will
develop automation and big data even further.
Automation and big data still rely on data
engineers’ analytics, and an incorrect
interpretation may lead to wrong decisions. Al
implementation to the manufacturing system
allows production to be more predictive. For
instance, Al can predict machine failures by
analyzing machine data, minimizing production
loss. Another advantage of applying Al,
especially to Lithium-ion battery manufacturing,
is that it can predict battery performance. Current
technology is limited to predict battery
performance from material changes, so
engineers are dependent on test and sampling
statistics. Ultimately, Al-driven automation will
design and optimize production process on its
own analytic decision [27-29]. Fig. 8 is the
algorithm for data-driven application in lithium-ion
battery cell manufacturing. This involves setting
of objectives and the Al can be embedded with
the inclusion of model conceptualization and data
collection in the algorithm.

4. CONCLUSION

The havocs attached to the exhausts emission
from fossil-fuel based automobiles are major
concerns to the whole world. Records indicating
lowering of air quality and depletion of the ozone
layer have been reported. Thus, the use of
electric vehicles is prevailing and thus has
greatly influenced the need to technological
improvement in the production of lithium-ion
batteries (LIBs) which are being utilized in
electric vehicles. In this technical review,
consideration was given to the integration of
automation and big data in lithium-ion battery
manufacturing using Ultium Cells joint venture as
a case study. The types of lithium-ion batteries
and their assemblies were discussed. It was
stated that Li-ion batteries possess similar
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structure and are made up of cells combined
together to make a module, which are in turn,
combined together to make a pack [16]. The
battery cells contain the cathode, anode and
electrolyte and come in three varieties of designs
which are pouches, prismatic cans and
cylindrical designs. One of the main
requirements that enhance the automation of
assembly line in Li-ion battery manufacturing is
the use of the collected data from the survey as
stated by the industry. This study provides useful
information for future researchers to improve in
the field of in lithium-ion battery manufacturing.
The concept is made up of 6 modular sectors
such that each sector has the capacity of being
scaled up and down based on customer
requirements. The three major steps involved in
data-driven application to lithium-ion battery cell
manufacturing are data acquisition, data
warehouse and data mining. In conclusion, the
integration of integration of automation and big
data in lithium-ion battery manufacturing has
positively influenced the quality and quantity of
the products.
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