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EDITORIAL

DESIGN FOR SUSTAINABILITY:

In Delft, I always ask the freshmen when the first 3D printer appeared on the market. The answer never
fails to surprise them: 1987. That was when Chuck Hull launched his ‘Stereo Lithography Apparatus’,
although the name ‘3D printer’ left us waiting for a few years. As a Mikroniek reader you probably knew
the answer, ... But let me ask you a different question, which you will likely struggle to answer: when
did ‘Design for Sustainability’ first emerge?

You can no doubt sense it coming - just like 3D printing, this field is a lot older than most people think,
although we now lack a clear starting point. Your author places its birth in 1971, when the Austrian designer-
activist Victor Papanek released his immensely popular manifesto ‘Design for the Real World: Human
Ecology and Social Change’. In those early days, it was notably pollution that set the agenda (remember the
equally influential ‘Silent Spring’ from 1962 by the American biologist Rachel Carson, about the destructive
effects of pesticides), but resource depletion was soon added, thanks to the oil crisis of 1973. In between there
was a third literary shocker, when the Club of Rome issued their best-selling ‘The Limits to Growth’. That
1972 report showed just how tightly everything is entangled in a single worldwide system: pollution and life
expectancy, dwindling resources and technology, hunger and poverty.

Fast forward to the 1980s, when one environmental problem after another hit the political agenda, such as
smog, acid rain, and the ever-thinner ozone layer. Global warming also started to rear its ugly head, after
having been predicted already in the 19th century (!) by the world’s first proper climate scientists. Some
problems we could tackle with technological means (thanks largely to the three-way catalyst and off-gas
desulphurisation; my students don’t know what acid rain is, and that certainly counts as good news), but
others required broad socio-economic change: we needed, according to the Brundtland report from 1987
(‘Our Common Future’), sustainable development.

That set the stage for Design for Sustainability: the field that had existed for some 15 years and now had
acquired a proper name. Since 1990, we at the TU Delft have a veritable department for this ‘DfS’. Here,
numerous students have graduated enthusiastically, both at M.Sc. and Ph.D. level, on a colourful range
of subjects, often informing or inspiring European legislation. Without a doubt, DfS is a mature field,
academically sound and astonishingly applicable in practice.

If we make a reckoning today, we can see that since those ‘turbo-times’, we have gained quite a few more
environmental problems, or at least we see old ones in new guises. For instance, resource scarcity is back
like never before, especially for the so-called ‘rare earth elements’, which aren’t so much rare in geological
terms, but which are certainly of limited availability, and politically sensitive too. Or what about those
‘forever chemicals’, like PFAS, and micro-plastics; these substances are now even inside us. Rachel Carson
saw this coming, in a way, already in 1962, remember? At the same time, we may hope for a better future
by referring to humanity’s potential for problem solving, with the Montreal Protocol from 1989 (which
saved our ozone layer) as a guiding example. Something like that surely is coming for those PFAS
compounds, so if you use or make these, then you’d better buckle up. And meanwhile, solutions

like remanufacturing and the circular economy are on the rise... yes, we do live in interesting times.

To conclude, let it be known that Design for Sustainability is anything but new, having been in official
existence for some 35 years — with another 20 years or so of incubation period before that. Let it also be
known that the specific agenda of this DfS has constantly (dare we say: sustainably) been shifting: today’s
problems are not necessarily the problems of tomorrow. Take comfort in this or take it as a warning -
that choice your guest editor leaves up to you.

Erik Tempelman
Associate professor, Sustainable Design Engineering — Delft University of Technology
secretariaat-sde@tudelft.nl, www.tudelft.nl/io/over-io/afdelingen/sustainable-design-engineering
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THEME FEATURE - MASTERING THIN METAL PRODUCTION

FROM

TO0 MASS-MANUFACTUREL

ENERGY SYSTEMS

AUTHORS’ NOTE

Arjen Brandsma (senior
expert), Duc Tran (senior
expert), Rob Mutsaers
(process development
specialist) and Sipke
Koopmans (leader
manufacturing competence
centre) are all associated
with Bosch Thin Metal
Technologies in Tilburg (NL).

thinmetal.technologies@
bosch.com
www.bosch.nl/en/our-
company/bosch-in-the-
netherlands/tilburg

EDITORIAL NOTE

There is an interesting
connecting with Wim van der
Hoek, the Dutch doyen of
precision engineering design
principles. After his retirement
from Philips and TU
Eindhoven, from 1984 to 1996,
he worked as a freelance
consultant with VDT. To tackle
the challenges involved in CVT
production, he supported pre-
development of the pushbelts.

ARJEN BRANDSMA, DUCTRAN, ROB MUTSAERS AND SIPKE KOOPMANS

The expertise of thin metal production has been
systematically developed and matured over more than five
decades by Bosch Thin Metal Technologies, located in
Tilburg (NL). From its inception in 1972, operating under
the name of Van Doorne’s Transmissie (VDT), the
company has developed its expertise through the intensive
development and mass production of pushbelts for
continuously variable transmissions (CVT). This work
served as an invaluable proving ground for mastering the
complexities of thin metal processing to achieve both
performance and high volume. With 100 million pushbelts
produced by 2024, and manufacturing strategically
transitioning, the focus is now squarely on leveraging

this deep technical foundation for emerging needs.

The extensive experience gained in product development,
sophisticated production processes, and profound material
expertise has naturally expanded into other intricate thin
metal products such as gas foil bearings. Today, this
accumulated know-how is critically applied within Bosch’s
pioneering research and development efforts in electrolyser
technology. The specialised understanding of electrolyser
stacks and bipolar plates, refined through prior work in
fuel cells and hydrogen systems, positions Bosch Tilburg
as a key contributor to energy-stack development within
the Bosch Group (Figure 1).

The core of an energy stack consists of a stack of cells for
electrochemical conversion. Each cell typically consists of
membranes, electrodes, porous layers and thin metal plates
(Figure 2). At each interface between adjacent cells, so-called
metal bipolar plates (BPPs) are present to conduct current
between the series-connected cells. Channel structures

The successful transition to a sustainable energy future hinges on the industrialisation
of advanced energy-conversion technologies. At the heart of such systems are often
high-tech thin metal components, designed to operate under aggressive conditions
with exceptional precision and reliability. The engineering and manufacturing

of these parts present significant challenges, requiring highly specialised knowledge
in material science, advanced forming techniques, and robust process control.

within the BPPs enable media transport (such as water,
oxygen and hydrogen) to and within each cell (see the text
box on the next page).

Example of a prototype hydrogen electrolyser stack.

To develop competitive energy stacks, including BPPs, for
mass production, multidisciplinary engineering teams are
mandatory. They require a set of competences that largely
overlap with the competences needed for other thin metal
products, such as CVT pushbelts and gas foil bearings
(Figure 4). These areas of expertise include material science
and manufacturing processes like forming and blanking.
Already for a number of years, these competences have
been extended and tailored to demanding thin metal
applications, from 0.5 mm down to 75 um, of relatively
large-surface-area high-tech components such as the BPPs
for energy stacks like fuel cells and electrolysers.

[HZEMLGENEY nr32026 5



THEME FEATURE - MASTERING THIN METAL PRODUCTION

Electro-chemical conversion cell
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Electrochemical conversion cell as applied in energy stacks.

(a) Schematic cross-section view.

(b) Energy stack examples, from left to right:
- CO -electrochemical reduction stack to produce carbon monoxide;
- flow-battery stack to store energy;
- electrodialysis stack to produce fresh water from salt water.

Bipolar plates

Titanium bipolar plates (BPPs) are used, for example, in
hydrogen electrolyser stacks (Figure 3). Titanium is applied
for its excellent corrosion resistance in the highly acidic
and high-potential environment of electrolyser cells. In the
BPPs, the well-designed fine channel structure, known as
‘flow field; transports media (water and oxygen at the top
side, respectively water and hydrogen at the bottom side)
from larger media channels, known as chimneys, towards
porous layers at the top, respectively bottom side of the
BPPs in order to reach to electrodes near the membrane.

The rectangular slots are part of the chimney channels.
These chimneys are oriented perpendicular to the surface
of the BPPs and are assembled by stacking a large number
of cells, each with BPPs, seals and other parts. The cells

are compressed by bolts passing through the circular
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slots in this example (Figure 3). A uniform contact pressure
is required over the entire flow-field area to secure a
uniform chemical reaction in this so-called ‘active area’
One of the challenges for BPP forming is realising the tight
channel-height tolerance as required to reach a uniform
contact-pressure distribution.

Titanium bipolar plate as used in hydrogen electrolyser stacks.



THEME FEATURE - MAKING THE SEMICON INDUSTRY MORE SUSTAINABLE

ASMLS

EDITORIAL NOTE

This article was based on
information from ASML's
website and the 2025 Annual
Report.

www.asml.com/
sustainability
www.asml.com/investors/
annual-report/2025/
sustainability

ASMLs statement on sustainability start as follows:

“We are focused on creating sustainable long-term value for
all our stakeholders and shaping a sustainable future. Our
environmental, social and governance (ESG) sustainability
strategy is based on the themes that matter most to our
organization and our stakeholders” These themes include:
+ Energy efficiency and climate action.

« Circular economy.

o Attractive workplace for all.

o Responsible value chain.

« Innovation ecosystem.

o Valued partner in communities.

« Governance.

ASMLTs lithography and metrology products enable

their customers to create advanced microchips for (new)
applications of digital technologies in industry, healthcare,
education, energy and mobility. These can have a positive
impact on people and the planet and, at the same time,
bring new challenges and concerns, such as the increasing
energy consumption by data centres due to the rise of AL
To resolve these issues, the efficiency of Al models as well as
semiconductors has to be improved. ASML supports the
creation of ever more energy-efficient chips with lithography
innovation enabling 2D shrink and 3D integration.
According to the company, breakthroughs in chip energy
efficiency will rely on cooperation across the semiconductor
innovation ecosystem.

In addition, sustainability benefits from more efficient
production processes. ASML is not only making its systems
more energy-efficient, but also contributes with its latest
technology, EUV (extreme ultraviolet) lithography, which
enables moving the manufacturing process from multi-
patterning to single patterning. This reduces the number
of production steps in the customer fab with its energy-

10 32026 EZENTGENES

As one the big societal issues, sustainability naturally is a - legal, commercial, operational
and moral - concern of the high-tech sector in general and the semiconductor industry
in particular. ASML’s sustainability policy may serve as an example of the broad scope.
Concerning energy efficiency and climate action, the company’s statement reads:

“We aim to reduce our climate impacts, working closely with our partners and peers

in the entire semiconductor value chain - in our own operations, together with our
suppliers, in our customers’ production processes and through reducing the energy used
by semiconductors in operation by enabling scaling.” To illustrate, ASML's Sustainability
Report 2025 presents sustainability-driven improvements and innovations.

with you

In ASML's Annual Report 2025 (350 pages in total),
135 pages are devoted to sustainability.

intensive cleanroom environments. Numerous other
innovations (see below), from sleep modes to high-
temperature cooling water and the reuse of hydrogen, help
to reduce the footprint of semiconductor manufacturing.

Sustainability also covers operations at ASML and in its
supply chain, involving everything from efficient material
use and reuse, to renewable energy and waste reduction, to
optimised clean room control and efficient transport. The
latter topic includes shipments to customers by ocean rather
than air, which has the potential to achieve a 70-85% cost
reduction and a 95% CO,-equivalent emission reduction
per kilogram shipped. For this, ASML had launched an air-
to-ocean project. This went from the pilot phase in 2024

to the minimum viable project phase in 2025, involving
the shipment of more mature DUV (deep ultraviolet)

and metrology and inspection systems via ocean freight.

ASML aims to maintain systems in use for as long as
economically and environmentally possible, focusing

on service, upgrades and refurbishment. In 2025, it sold
27 refurbished lithography systems. In total, over 600 such
systems have been refurbished and resold. At the end of



2025, 95% of all (refurbished) systems sold in the past 30
years were still active in the field. Concerning parts, a 90%
reuse rate of parts returned from the field and factory was
achieved (88% in 2024). Reuse is embedded into the design
of new systems, while for legacy parts new repair procedures
were created that will contribute to the return-rate
performance.

Energy efficiency

Use per wafer pass

As an example of its 2025 progress, ASML presents the
energy use per wafer pass of its advanced lithography
machines. Based on the latest measurement of the
NXE:3800E, this was determined to be 5.5 kWh/wafer.
It means that the 2025 target of 5.1 kWh/wafer was not
reached, but improvement was achieved with respect
to the 2024 measurement of 5.9 kWh/wafer.

According to ASML, this is primarily attributable to
increased productivity and energy efficiency. The through-
put of the machine increased from 220 to 230 wafers

per hour due to the implementation of a productivity
enhancement package, involving software improvements
designed to increase wafer throughput and improve energy
efficiency in EUV lithography systems.

Improvements

Improvement of the energy efficiency was focused on the

EUV light source as it accounts for the largest share of the

energy consumption of an EUV system. Actions include:

+ Intermittently turning the CO, drive laser off for short
intervals during system operation when no EUV light
is required.

« Making changes in the application of low- and high-
temperature cooling water for the drive laser.

» Introducing a laser gas turbine sleep mode: switching
off or reducing the speed of the driver laser gas turbines
when the system is not used.

« Recycling hydrogen (see below).

ASML claims its strong involvement in driving adoption
of high-temperature process cooling water has contributed
to this becoming an industry standard for future semi-
conductor fabs. “We are actively engaging with customers
to implement this in their new fabs — with the potential to
save ~100 kW, representing ~8% of total equivalent power
consumption per system.”

Hydrogen recycling

One of the sustainability-driven innovations is hydrogen
recycling. EUV lithography systems use a stream of low-
pressure hydrogen gas to protect sensitive optics and keep the
system up and running. Hydrogen management accounts for
more than 20% of an EUV system’s total energy consumption.
Engineers have worked on changes to hydrogen abatement
systems and joined forces with customer fab facilities teams
and strategic suppliers on the functional introduction of
hydrogen recycling for EUV systems. A dual-inlet gas facility
unit was developed that supports customer integration of
supplier-provided hydrogen recovery units; 80% of the
hydrogen used is due to be recovered, and 50% of the power
associated with that hydrogen use saved.

In November 2025, ASML was honoured to receive the
TSMC Supplier ‘Excellence in Green Manufacturing’ Award,
for this and other product energy-efficiency innovations.
Once more, this demonstrated that sustainability

is a concern of the entire semiconductor value chain.

Shipment to customers by ocean rather than air has the potential to
achieve a 70-85% cost reduction and a 95% CO,-equivalent emission
reduction per kilogram shipped.

Changes were made to EUV systems to facilitate hydrogen recovery
and reuse.
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