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Raw Materials

The full life-cycle of
materials must be
considered, from the
source and extraction,
to the production and
end-of-use processes.

Distribution

Reduce packaging
materials, increase
packing density, design
reusable transport
containers, and explore
sustainable transport.

OUR CORE
ECODESIGN
PRINCIPLES

Production

Reduce energy consumption during
manufacture and aim to re-use waste
or by-products where possible.

Product Use

Increase the expected
lifetime of a device
either through reuse,
repair or remanufacture,
and consider the
potential energy use of
an active product.

End of Use

Think about end-of-use
disposal at the design
stage and in material
selection, considering
methods of recycling and
possible take-back
schemes to facilitate
responsible disposal.

/\DAesign Development

The true goal for eco-
design is to design for
circularity, focusing
wider ecosystem,
looking for ways to
reuse materials via new
processes, new value
chains and
regeneration pathways.









1.1 Ranking Ecodesign Principles

There is no one-size-fits-all approach to Ecodesign.

Careful evaluation of options is required throughout the development process to determine
which strategies will deliver the greatest impact across the entire product lifecycle.

Additionally, the relevance of specific Ecodesign principles depends on the machine’s
function, its application, the resources available, and project timelines. Some strategies
may call for large-scale system overhauls, while others can be quickly implemented on
existing equipment to yield immediate sustainability gains.

Life Cycle Assessments

One of the most effective tools for guiding these decisions is a
life cycle assessment (LCA), which quantifies both direct and
indirect carbon emissions across all stages of a machine’s life
and highlights the biggest contributors to the carbon footprint.
This enables targeted interventions and smarter design
choices.

This whitepaper, which is grounded in an LCA, ranks twelve Ecodesign principles based
on the combined impact of the principle on the product carbon footprint and the overall
ease of implementation.

A visualization of this analysis is presented in Figure 2, with the four ‘priority’ Ecodesign
principles represented in green.

These include:
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1.1 Ranking Ecodesign Principles, cont.

Priority and Supporting Ecodesign Principles
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Figure 2: Visualization of Priority and Supporting Ecodesign Principles

The remaining eight supporting principles (represented in blue) are still highly
relevant and should be considered on an individual basis. However, these
approaches often involve more complex implementation or deliver a smaller
return in terms of carbon footprint reduction.

As such, they are best considered once the priority principles have been fully
integrated into the design and manufacturing process.

Taken together, these insights provide a structured foundation for selecting
the most effective interventions.

With the overall framework established, the next step is to explore each
principle in more detail, beginning with the four priority areas that offer the
strongest combination of carbon-reduction potential and practical feasibility.

Az The Alliance to Zero Prioritising Ecodesign For Machinery Principles







2.1 Increase Lifetime Through Design for
Repair and Maintenance

Extending the lifespan and usage phase of a machine can dramatically reduce its overall
carbon footprint. While a longer operational life means more energy is consumed over time
- making energy-efficient design essential - it also spreads the significant emissions from
the manufacturing of the machine (primarily associated with the raw materials used)
across many more processed items. This results in a significantly lower environmental
impact per unit produced, making durability a powerful lever for sustainability.

To ensure a long and productive service life, machines must be designed for easy, cost-
effective repair and maintenance. This means making wear-prone or defective components
readily accessible and easy to replace — minimizing downtime and extending operational
efficiency.

Utilizing these tactics will help ensure that the lifetime of a
machine can be increased as much as possible, ultimately
delivering reduced emissions per product produced.

Key strategies for enabling repairability and long service life include:

. . . Fewer parts and modules make repairing and
@ Design for simplicity maintaining the machines easier.

Minimizing the use of gluing or welding helps
Avoid permanent joins ) prevent damage during disassembly and

supports easier part replacement.

Structuring machines with accessible,

) interchangeable modules (e.g. battery units)

-®,O Embrace modular design enables quick testing, repairs, upgrades, or
reuse across different products.

Offering repair programs, part exchanges, and
Provide support services clear maintenance documentation empowers

users to extend equipment life.

Designing for maintenance without specialized
tools and enabling on-site servicing helps
minimize downtime and transport-related
emissions.

Reduce tool dependency

&
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2.2 Increase Production Efficiency

The efficiency of a machine at the customer's site plays a
pivotal role in shaping its carbon footprint. Every bit of
material wasted during processing represents emissions
without value - lost resources that still carry an
environmental cost. By maximizing material use
efficiency, manufacturers can significantly reduce these
avoidable emissions.

Over a machine’s 15-20-year lifespan, even small gains
(e.g. every gram saved, every percentage point of
increased efficiency) compound into meaningful
environmental impact. Smarter material use is not simply
good practice - it is a powerful lever for long term
sustainability.

As materials move through the production line, each
processing step adds energy, resources, and emissions,
thus steadily increasing their value. This journey up the
“value hill” means that the further a product progresses,
the more carbon becomes embedded within it.

As a result, waste generated at the end of the line carries
a heavier environmental cost than waste generated at
the beginning. Minimizing these late-stage losses is
therefore critical to reducing overall emissions and
preserving the value created throughout the process.

Key strategies for increasing energy efficiency include:

Control stations can support material use
Implement control stations efficiency by enabling precise, real-time

control of machine operation.

These enable precise sequencing and
. . coordination of machine actions, reducin
;g Use shift registers ’ 9.
unnecessary movements, errors, and resulting
material waste.

Together, these proactive

strategies prevent

unnecessary processing

of waste and avoid [ ] [ [ ]
end-of-life treatment for

defective items, ultimately

reducing emissions while

preserving added value.
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2.2 Increase Production Efficiency, cont.

The ‘Value Hill’
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Figure 3: The “Value Hill”

2.3 Optimize for Renewable and Low-
Emission Energy Sources

The type of energy used during a machine's
operation presents a key opportunity for
optimization. By switching to renewable sources,

emissions from electricity and compressed air ¢ 0 Plastic made from

generation can be significantly reduced. I recycled materials

reduces carbon
Renewable energy has lower carbon emissions — emissions by 42%
per kilowatt-hour in comparison to non- - compared to
renewable sources, therefore when multiplied by conventional plastic
the amount of energy consumed over the long production

machine usage period, it creates a significant
opportunity for CO, savings.

The grid emission factor of the energy used by customers operating the machine is
often not within the control of the equipment manufacturers. However, by raising
customer awareness and highlighting the potential savings, this measure can still be
effectively implemented.
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2.3 Optimize for Renewable and Low-
Emission Energy Sources, cont.

Key strategies to renewable energy and low-emission sources include:

Provide tools or documentation to help

@ Support customer customers understand operational energy use
‘<3 transition to green power and the emissions savings available when

switching to renewable electricity.

Prioritize energy-efficiency improvements in
oy Decarbonize in-house machinery production processes, then electrify
<O manufacturing energy processes and procure electricity from certified

renewable or low-emission sources.

These strategies ensure that
both machine operation and

manufacturing processes make

full use of low-carbon energy

sources, amplifying emissions

reductions across the entire

product lifecycle. O

O

2.4 Prioritize Low-Emission Raw Materials

When selecting materials, it is
essential to consider their entire
lifecycle - from the sourcing and
extraction of raw materials to
production and end-of-use.

¢ 0 Of every 1,000 kg of scrap steel made
| into new steel, over 1,400 kg of iron

— ore, 740 kg of coal and 120 kg of

The aim should be to prioritize - limestone are saved.

materials with a low environmental

footprint, characterized by reduced

carbon intensity, minimal water

consumption, lower waste generation,

and fewer by-products.

In pharmaceutical machinery, materials like

steel, stainless steel, and aluminium often
make up a significant portion of the total 6
mass.

As such, they offer a key opportunity to drive
down emissions and enhance sustainability -
across the product lifecycle. -
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