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IMPORTANT FOR YOU
Optima expertise in fuel cell production
•

T he cut system cuts key components for
the fuel cell at one-second intervals.

•

 anufacturers can switch from clocked
M
to continuous production.

•

 ext-level systems cut, clean and inspect
N
the components to meet even higher
quality requirements.

•

 emoval of cut gas diffusion layers (GDLs)
R
either manually or by robot

•

S ynergistic effects: cutting, assembly,
stacking and pressing GDL, CCM, frames etc.
using technology and expertise from inside
the Optima Group

AT THE HEART
OF THE FUEL CELL
For many people, fuel cell vehicles are one of the modes of transportation of the future. This is a market that is
developing rapidly right now and has great potential for new innovations. This is also true for the production
process of the so-called MEA (Membrane Electrode Assembly), the heart of the fuel cell. The demand for higher
production capacity is growing, along with higher levels of maturity and demand. Optima has been developing
systems that cater to this.
Sooner or later, electric vehicles will replace ones with conventional
combustion engines. China is forging ahead – with generous support
and preferential treatment in the form of permits and traffic. A number
of US cities have already drawn up their "Electric Vehicle Roadmap". For
example, in Los Angeles, from 2050 onward, only electric vehicles will
be allowed on the road. From as early as 2035, all delivery vehicles there
will have to be emission-free. Numerous European cities and countries
are also planning to ban internal combustion engines – from Amsterdam and Paris (from 2030 onward) to Norway (new gasoline and diesel
engines in 2025) and Scotland (2032). Within the framework of its
COVID-19 economic stimulus package, Germany is using a higher
incentive premium to promote the replacement of its motor vehicles
with climate friendly and environmentally friendly vehicles.
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In the case of passenger cars and two-wheeled vehicles, electric-powered vehicles powered by lithium-ion batteries appear to be dominating
the market. It is an entirely different story with buses and trucks. Many
hybrid buses have been installed with fuel cells to generate electric
power. They are able to significantly increase the range of an electrically
powered vehicle. Furthermore, the refuelling process is considerably
faster than charging a lithium-ion battery. This is particularly beneficial
for vehicles that are operated over long periods of time with few breaks,
for example autonomous transport systems and industrial trucks in
large logistics centers.

MEA components from rolled goods
Greater use increases the need to produce fuel cells and thus the
demand for faster production. Numerous operations in synchronized
production used to be carried out manually, whereas now manufacturers are increasingly moving towards automating them. At the heart of
the fuel cell is the Membrane Electrode Assembly, or MEA for short. This
is permeated by hydrogen and oxygen, which react with each other
within the MEA. The electric power required for propulsion is generated
electrochemically (see also box on page 43).
An MEA essentially consists of an ion-conducting electrolyte membrane
with a catalyst layer on the anode and cathode side (Catalyst Coated
Membrane, CCM) and the gas diffusion layers (GDLs). These layers are
produced separately and delivered to the fuel cell or the MEA manufacturer as rolled goods or produced by the manufacturer itself. They have
to be cut out, combined and fixed there in the size required. Optima is
able to provide assistance with many of these manufacturing steps by

using technologies that have up to now been used for manufacturing
and packaging processes in the medical technology, consumer goods
and paper hygiene industries. Supported by these technologies, the
original micro-factories that produce MEAs in relatively small quantities
can make the transition to automated mass production.

Gas diffusion layers are cut with care
The first project of this kind that Optima was involved in as the machine
developer and manufacturer involved cutting out GDLs. This came as
no surprise to the Optima developers. Two years earlier they had put
out feelers directed at fuel cell production and carried out preliminary
testing and project planning with a vehicle manufacturer. The size of
the components incorporated in an MEA corresponds almost exactly to
the size of large wound dressings. Optima has developed the expertise
required to design and manufacture systems in the wound care sector
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How a fuel cell works
A hydrogen-oxygen fuel cell is a galvanic cell that
converts the chemical energy of hydrogen and oxygen into electrical power. The key components are
the gas diffusion layers (GDL) and a proton
exchange membrane (PEM, also known as Polymer
Electrolyte Membrane) that conducts protons but
not anions, electrons or gases. The PEM is loaded
with a catalyst (usually platinum). This creates the
CCM (Catalyst Coated Membrane). Together these
layers form the rectangular MEA (Membrane Electrode Assembly). The gases are fed via channels in
the surrounding metallic bipolar plates (BPP) and
are delivered to the CCM in finely distributed form
via the GDL. Protons from the hydrogen side pass
through the PEM to the oxygen side. Here the protons react with the oxygen in the air to form water.
This generates electrical energy that can be used in
an external circuit.

›

Using the cut system
developed by Optima,
gas diffusion layers
(GDLs) are cut out
which, along with
other components,
form the MEA, the
heart of a fuel cell.

for many years. Analogous to wound dressing production, MEAs are cut
from rolls of film that are then combined and stacked. However, the
physical properties of the materials that have to be handled are quite
different. The cutting process and the processing of the individual
materials are dependent on very specific properties, such as low tensile
strength and extremely sensitive surfaces. Machines need to be flexibly
designed for these requirements. High cutting accuracy, clinical cleanliness and high output are essential. Single track wound care machines
can output up to 600 products per minute.

An example of wound
dressing manufacture
By contrast, fuel cell manufacturers have up to now been operating on
a smaller scale of production. They cut the individual parts and place
them manually one on top of the other or use robots in the best case
scenario. It takes up to one minute to complete an MEA. Optima relies
on a fast, continuous process, which the company has been using for
many years in a wide range of industries.
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Gas diffusion layers of different sizes are cut in seconds with the first
machine supplied by Optima for fuel cell production. "GDLs are not
particularly easy to deal with," reports Werner Volk, Optima's Director
New Applications / Concepts. "In addition, manufacturing GDLs creates
dust, which must not be allowed to affect the rest of the process."

From entry-level machines
to fully automated solutions
Strictly speaking, this cut machine is an entry-level machine, with product inspection and tray loading performed manually. In a more fully
automated machine that is currently under construction, specific air
cleaning methods similar to those used in clean rooms will ensure even
lower dust levels.
Both machines are designed based on the roll-to-piece principle that is
standard at Optima Life Science. The GDL fleece is delivered on rolls, is
unwound, and in a rotary process, it is cut in the cutting station. The
cutting itself is done by a cutting plate, which is held in place by a
magnetic roller. With this design, it is possible to produce a different
contour on the same cutting station if necessary. Only a new cutting
plate must be manufactured and inserted. The format can be changed
both quickly and flexibly.

The simple cut machine allows an operator downstream of the cutting
station to remove the finished parts with the aid of vacuum grippers
and place them into a transport container. On the machine with a higher level of automation, this is supplemented by a robot gripper arm
that picks the finished parts from the conveyor and places them into
transport trays.

Solutions for the complete workflow
Optima also has solutions for the next steps in fuel cell production. A
machine for producing MEAs is currently being developed. Optima is
also involved in the next step of merging GDL and CCM. The machine
that will be able to do this is currently in the design phase. And stacking, i.e., the production of "fuel cell stacks" from numerous individual
cells, can also be solved by Optima. Clocked solutions are currently
used for this purpose. However, the robots used in this process limit its
speed. The high-speed stacking solutions developed by Optima's Nonwovens division are much faster. The principles used in this process can
also be applied to the high-speed stacking of fuel cells. A suitable
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machine is currently in the planning stage. In contrast, machines that
are able to compress and clamp the stack have not yet been rolled out.
At the same time Werner Volk points out that Optima would not have
to reinvent the wheel in technical terms, because it can rely on tried
and tested high-speed solutions.

Stacking just like paper hygiene products
In the future, technologies and expert knowledge from Optima Life Science, Optima Pharma and Optima Nonwovens will be used to sustainably accelerate fuel cell production. Volk is optimistic that he and his colleagues will soon be acquiring more new customers. "In contrast to
lithium-ion batteries, German companies could well become technological leaders in fuel cell development and manufacturing", Volk says.
Optima is a global company that can also supply on an international
scale machine solutions and the support required by producers who
are interested in increasing their capacity. If you are looking to switch
from clocked, unit-based production to continuous processes with higher outputs, then Optima is the right partner for you. 
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