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	 In battery module manufacturing, it is no longer 
sufficient to ask whether a given technology 
works. What matters far more today is whether 
it operates efficiently, cost-effectively, and with 
scalability in mind. For many years, resistance 
welding remained the standard solution 
across numerous applications. However, more 
companies are now evaluating not only the 
capital cost of equipment, but also the total cost 
of implementation, maintenance, operation, and 
process quality.
 
This leads to a key question: is resistance welding 
still cost-effective, particularly in battery module 
production?
 
The answer is not straightforward. It depends on 
production scale, quality requirements, and how 
a company plans to develop its manufacturing in-
frastructure.
 
In many cases, however, laser technology is emer-
ging as a more predictable and advantageous 
solution in the long term.
 
Resistance Welding. 
A Proven Technology — but with 
Limitations
 
Resistance welding is a well-established and wi-
dely used method in industrial manufacturing. It 
is based on heat generated by electrical resistan-
ce at the joint interface. This approach can be 
effective, particularly in simpler applications and 
where precision requirements are lower.
 

The challenge arises when scaling production.  
A key limitation of this technology is the cycle time 
required to complete a single weld, which results 
from multiple process stages: electrode clamping, 
current flow, cooling, and joint stabilization. Each 
of these steps extends the operation and limits the 
maximum throughput of a single machine.

In practice, this means that a single unit has a fixed 
throughput that cannot be significantly increased 
without redesigning the entire production archi-
tecture. In battery module manufacturing—where 
the number of weld points is very high—this limi-
tation quickly becomes critical. As a result, mul-
tiple machines must operate in parallel to achieve 
the required output.

Additional challenges stem from material constra-
ints. Resistance welding requires specific electri-
cal and thermal conductivity properties, which me-
ans that not all materials or material combinations 
can be processed reliably and consistently.

In practice, issues arise, for example, with pure 
copper, which—due to its very high thermal con-
ductivity—makes localized heating difficult. Simi-
lar challenges occur with aluminum, where oxide 
layers and conductivity characteristics can lead 
to process instability and require highly precise 
parameter control. Copper-to-aluminum joints are 
particularly demanding, as oxide layers and diffe-
rences in melting temperatures make it difficult to 
achieve consistent, high-quality welds.

As quality and material requirements increase, the-
se limitations become more pronounced.

Laser welding: Precise joining of materials through localized 
melting using a high-energy-density laser beam.

Resistance welding: Joining of materials by passing electrical 
current through the contact area and generating resistive heat at  
the interface, causing localized melting and fusion of the materials.



 
Technology Comparison:  
Resistance Welding vs. Laser Welding

The differences are most apparent when both methods are compared in real-world applications.
 

Criterion Resistance Welding Laser Welding

Weld cycle time Longer (mechanical cycle + cooling) Significantly shorter (clamping, Z-axis 
measurement – ensuring zero gap)

Single-machine throughput Limited High

Number of units required  
for scaling Requires multiple stations Usually one

Space requirements Higher (more stations) Lower, more compact

Number of operators Often several Often one operator, automation possible

Process precision Good, but limited Very high

Heat impact on material Can be higher Minimal

Maintenance costs Increase with number of machines; 
electrode wear Lower relative to throughput

Scalability Requires line expansion Easier to scale throughput

Materials

Steels (carbon, stainless), nickel strips 
and tapes, copper in limited cases, 
aluminum – restricted use (thin layers/
coated materials)

Most metals including Cu, Al,  
and dissimilar joints (e.g., Cu–Al)

 
The comparison shows that the key distinction lies 
not in the technology itself, but in unit process 
efficiency, which ultimately determines the overall 
production architecture.
 
Where Do Hidden Costs Appear?
 
At first glance, purchasing a single resistance 
welding machine may seem more attractive. 
However, in real production environments, the 
equipment price alone does not reflect the total 
implementation cost.
 
 
 

At higher production volumes, the following 
factors must be considered:

	► the need to purchase multiple machines 
instead of one

	► increased floor space requirements  
due to multiple workstations

	► higher maintenance and service costs

	► greater consumption of wear parts

	► a larger number of operators required  
to run the process

As a result, a technology with a lower upfront 
cost may generate higher total costs when evalu-
ated from a productivity perspective.
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Why Laser Welding Better Meets 
Battery Production Needs 

Battery module manufacturing today demands 
precision, repeatability, and strict quality control. 
Any material damage can result in losses, reduced 
final product quality, or rework.

 
Laser welding offers several clear advantages:

	► reduced heat impact on the material
	► smaller production footprint due to higher 
unit efficiency

	► simplified production organization
	► often requires only one operator—or none 
in automated setups

	► fewer machines needed to achieve the same 
output

	► lower total cost of system ownership
 
For these reasons, laser technology is increasin-
gly viewed not as a cost, but as an investment in 
productivity and scalability. 
 
When Does Resistance Welding Still 
Make Sense? 

Despite the advantages of laser welding, resistan-
ce welding is not obsolete. It can still be a good 
choice in cases of:

	► low production volumes
	► limited initial budget
	► less demanding applications/materials
	► processes with low weld density, where 
throughput is not critical

 
However, as production scale and complexity 
increase, limitations related to cycle time and 
throughput become more significant. 
 

Summary 

Resistance welding remains a useful techno-
logy, but in battery module manufacturing it 
is increasingly being outperformed by more 
advanced solutions. When companies evalu-
ate not only purchase price, but also process 
efficiency, number of machines, space require-
ments, and operational costs, laser welding 
often proves more favorable from a total cost 
perspective.

Another increasingly important factor in tech-
nology selection is the material itself. Resistan-
ce welding performs well with steels and in 
some aluminum applications, but shows clear 
limitations with materials such as pure copper 
and copper-to-aluminum joints, where process 
stability and weld quality can be difficult to ma-
intain. In these areas, laser welding offers a si-
gnificantly wider process window and greater 
flexibility.

As a result, the key question is no longer: 
“Which technology is cheaper upfront?” but 
rather: which technology will truly be more co-
st-effective in the long run?
 
More and more often, the answer points to-
ward laser welding.
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