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Welcome

In our final eBook of 2024, we are focusing on a topic that is not only urgent but dear to us 
all at VoxelMatters: sustainability. Sustainability touches ever y corner of the additive manu -
facturing industry, in some way or another, with virtually all AM companies h aving some sort 
of sustainable/ecological mission guiding them and their practices and m any AM end users 
leveraging the technology for good.

In this eBook, we hope to emphasize the diversity of sustainability within t he AM industry, 
looking at a range of topics and perspectives, from the role of AM in clean energy gen eration 
to the use of the technology for coral reef restoration. Our Sustainabilit y AM Focus eBook 
2024 kicks off with an analysis of metal and polymer 3D printing technologies in clean power 
generation, with insights from VoxelMatters Research. From there we loo k at how a strong 
digital thread at the foundation of AM workflows, such as that offered by Mate rialise, can sig-
nificantly improve the efficiency and sustainability of AM production. N ext are two exclusive 
interviews: the first with Josine Beets from Coastruction, a startup that h as developed its 
own 3D printing technology for artificial coral reefs; and the second with Air tech’s Director of 
AM Gregory Haye. We then turn back to the energy sector with a look at how NANO Nuclear is 
harnessing AM. Following that is an insightful piece by journalist Micha el Nash on how auto-
motive designers are increasingly turning to AM to meet sustainability g oals. We then take a 
look at Continuum Powders’ brand new reclaimed powder production facili ty in Houston, TX, 
before concluding with research from LLNL on the use of AM for clean fusion ener gy. It’s a big 
edition that you don’t want to miss!

Happy holidays and see you all next year! 
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The energizing 
impact of AM 
on power-
generation
How metal and polymer 3D printing technologies 
can help ease the energy transition and the $10 
billion revenue opportunity that will derive from it

Analysis





The energy sector is increasingly 
leveraging the potential of additive manu -
facturing technologies, both polymer- and 
metal-based, to address the growing 
demand for efficiency, sustainability, 
and innovation. The role of additive man -
ufacturing is important both in helping 
to realize the energy transitin to cleaner 
nuclear and renewable sources but also in 
helping to make existing oil & gas energy 
generation cleaner and more efficient. In 
2024, the market for AM applications in 
energy, encompassing hardware, materi-
als, and services, reached an impressive 
$413 million. This growth highlights the 

sector’s adoption of AM for producing com -
plex, high-performance components tailored 
to specific needs.

Metal AM has seen significant advance-
ments, driven by technologies like wire arc 
additive manufacturing (WAAM), directed 
energy deposition (DED), and larger laser 
powder bed fusion (PBF) systems. These 
technologies enable the production of 
large and intricate parts, addressing the 
challenges of size and complexity that his -
torically limited AM adoption in energy 
and maritime industries. Meanwhile, poly -
mer-based AM, though less dominant, plays 

In this analysis, we explore 
how additive manufacturing 
processes are empowering 
energy providers to address 
sustainability both in terms 
of advancing renewable 
energy and making non-
renewable energy cleaner.

Quick Take
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a complementary role, offering lightweight, 
cost-effective solutions for prototyping, tool -
ing, and select end-use applications. Together, 
these technologies are transforming energy 
production, storage, and infrastructure, 
enabling more efficient and reliable systems.

A hard case for metal AM

The energy sector has seen significant 
advancements in metal additive manufactur -
ing (AM), driven by the increasing adoption of 
technologies like wire arc additive manufac -
turing (WAAM), directed energy deposition 

(DED), and larger, faster laser powder bed 
fusion (PBF) systems. These technologies 
address the challenges posed by the size and 
complexity of required parts, particularly 
for industries such as energy and maritime, 
which historically relied on traditional meth -
ods for large-scale production. The growth of 
metal AM in energy applications reflects the 
industry’s need for efficiency, sustainability, 
and innovation.

Metal AM plays a pivotal role in manufac -
turing intricate gas turbine components, 
including blades and vanes, leveraging 
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knowledge gained from aerospace applica-
tions. This allows for the incorporation of 
advanced cooling channels and optimized 
geometries, enhancing energy efficiency 
and reducing emissions in gas-powered sys-
tems. These benefits are especially relevant 
in aeroderived turbines, where performance 
improvements can translate directly into 
lower operational costs and environmental 
impact.

In energy production facilities, metal AM is 
increasingly used to fabricate customized 
high-performance heat exchangers. These 

components, critical in power plants and 
industrial processes, benefit from complex 
geometries that maximize heat transfer 
efficiency. The ability to design and pro -
duce bespoke configurations tailored to 
specific needs makes metal AM an indis -
pensable tool for improving operational 
efficiency in this domain.

The nuclear energy sector is also tap-
ping into the potential of metal AM, with 
applications ranging from the produc -
tion of fuel rods and reactor cores to 
advanced radiation shielding solutions. 
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The use of refractory metals like tungsten 
through PBF technology allows for precise 
fabrication of components capable of with -
standing extreme radiation and temperature 
conditions, enhancing both safety and 
performance.

Renewable energy systems are similarly 
benefiting from metal AM. Components for 
wind turbines, such as optimized hubs and 
drivetrain elements, are produced to improve 
energy capture and reduce material waste. 
In solar energy, AM enables the fabrication 
of parts that streamline energy conversion 
processes, further advancing the sector’s 
sustainability goals.

Finally, in the downstream oil and gas indus -
try, metal AM contributes to the production 
of robust components for drilling equip -
ment, pumps, valves, and sensors. These 
parts are designed to endure harsh operat-
ing conditions while maintaining efficiency 
in extraction and processing activities. 
Additionally, the ability to quickly produce 
replacement parts on-site using technolo -
gies like WAAM and DED significantly reduces 
downtime and associated costs.

Beyond component manufacturing, metal 
AM supports advancements in energy stor -
age systems through the development of 
high-performance materials and designs. It 
also facilitates customized tooling for main -
tenance and repair activities and accelerates 
R&D efforts aimed at creating next-gen -
eration energy solutions. By enabling 
on-demand production and localized man -
ufacturing, metal AM enhances the energy 
sector’s ability to adapt to emerging chal -
lenges while prioritizing sustainability and 
reliability.

Transitioning to polymer AM

Polymer-based AM also plays an increasingly 
significant role in the energy sector, although 
still far less influential than metal AM. In the 
oil and gas industry, polymer AM technologies 
are used for rapid prototyping and tooling, 
allowing for faster design iterations of pipe -
line fittings, connectors, and inspection tools 
like pipeline inspection gauges (PIGs). Custom 
seals and gaskets with enhanced chemical 
resistance are also fabricated using polymer 
AM to meet the challenges of harsh opera -
tional environments.

In renewable energy, polymer AM finds appli-
cations in wind and solar energy systems. For 
wind power, it is used to create lightweight 
components such as cable management 
systems, sensor enclosures, and especially 
large blade mold tooling using composites 
LFAM. These parts enable efficient assembly 
and maintenance of wind turbines. In solar 
energy, polymer-based AM can support the 
production of mounting brackets, fixtures, 
and experimental encapsulation materials 
for solar panels, contributing to system effi -
ciency and durability.

Energy storage and battery systems also 
benefit from polymer AM, particularly for 
producing lightweight battery housings 
and cooling systems. These components 
improve energy efficiency and portability 
while enabling precise prototyping of battery 
electrodes during research and develop-
ment. Similarly, in hydropower, polymer AM 
facilitates the quick fabrication of custom 
flow-directing parts and turbine blades (via 
prototyping and investment casting), which 
helps minimize downtime during repairs or 
upgrades.
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The use of polymer AM in the nuclear energy 
sector rarely goes beyond prototyping how -
ever some advanced composite materials 
have been used for 3D printing of radia -
tion-resistant components for shielding and 
insulation. Additionally, it provides tailored 
tools and fixtures for reactor maintenance, 
enhancing safety and efficiency. In emerg -
ing fields like hydrogen energy, polymer AM 
enables the design and prototyping of fuel 
cell components such as flow plates and 
custom storage tanks capable of withstand -
ing high pressures and temperatures.

Applications extend to the development of 
energy-efficient systems and smart grids. 
Polymer AM produces sensor housings and 
cable management solutions that optimize 
infrastructure performance. It also supports 
geothermal energy projects by fabricating 
heat-resistant pump components and test -
ing experimental designs.

Understanding the AM opportunity 
in the Energy sector

The energy sector continues to embrace 
additive manufacturing (AM) as a transfor -
mative technology, with revenues growing 
rapidly across metal and polymer seg -
ments. In 2024, total AM revenue in the 
sector is expected to climb to $745 million, 
up from $599 million in 2023—a +24.4% 
YoY increase. This momentum positions the 
market to surpass $10 billion by 2034, driven 
by an impressive overall CAGR of 26.5%.

Metal AM technologies lead the segment, 
with revenues rising from $326 million 
in 2023 to $413 million in 2024, reflect -
ing +26.8% YoY growth. This segment is 

projected to maintain its momentum with a 
CAGR of 28.7%, reaching $6.7 billion by 2034. 
The steady adoption of metal AM technol -
ogies is indicative of their critical role in 
energy applications, particularly in producing 
high-performance components for extreme 
environments. While polymer AM grew at 
a slower rate of +21.5% YoY—up from $273 
million in 2023 to $332 million in 2024—it 
remains a key part of the sector’s AM portfo -
lio, particularly for lightweight applications. 
By 2034, polymer AM is forecast to generate 
$3.4 billion in revenue, supported by a CAGR 
of 23.2%.

Hardware sales underpin this growth, with 
metal AM hardware revenue increasing by 
+25.7% YoY from $202 million in 2023 to 
$254 million in 2024. Over the next decade, 
this segment is expected to generate $2.5 
billion by 2034, driven by a CAGR of 24.6%. 
The high precision and scalability of metal 
AM hardware make it indispensable for 
energy applications such as turbine com -
ponents and heat exchangers. Polymer AM 
hardware, while less dominant, experienced 
steady growth of +11.6% YoY, rising from 
$102 million in 2023 to $113 million in 2024. 
Its projected CAGR of 19.7% suggests it will 
contribute $969 million to the market by 
2034, particularly for rapid prototyping and 
non-structural parts. Combined, hardware 
revenue is expected to exceed $3.5 billion by 
2034.

The demand for AM materials is accelerat -
ing as adoption scales. Metal AM materials 
saw a dramatic +45.3% YoY revenue increase, 
jumping from $25 million in 2023 to $37 
million in 2024. With a CAGR of 35.1%, this 
segment is forecast to reach $921 million by 
2034, driven by the growing use of advanced 
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alloys and specialized powders in high-stress 
applications. Polymer AM materials, while 
exhibiting more measured growth, rose by 
+25.5% YoY from $27 million in 2023 to $34 
million in 2024, supported by increasing 
adoption in lightweight and corrosion-resis -
tant parts. The polymer segment is expected 
to generate $428 million by 2034, with a 
CAGR of 25.7%. Overall, materials revenue is 
set to surpass $1 billion by 2034, reflecting a 
+34.8% YoY growth between 2023 and 2024.

The AM services market is emerging as a crit-
ical enabler for energy companies seeking 
to leverage AM without investing heavily in 
in-house infrastructure. Metal AM services 

generated $122 million in 2024, up from $98 
million in 2023 (+24.3% YoY). With a CAGR 
of 33.2%, this segment is expected to reach 
$3.2 billion by 2034, reflecting the growing 
reliance on specialized service providers for 
high-precision and large-format manufac -
turing. Polymer AM services also exhibited 
strong growth, increasing by +27.7% YoY 
from $144 million in 2023 to $184 million in 
2024. With a CAGR of 24.8%, this segment 
is forecast to contribute over $2 billion to 
the market by 2034. Together, services are 
projected to surpass $5.2 billion by 2034, 
demonstrating their pivotal role in AM adop -
tion across the energy sector.  �
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Sewing the digital 
thread for more 
sustainable AM
Materialise’s software solutions support 
greater sustainability across the AM workflow

Feature

In collaboration with Materialise

https://www.materialise.com/en


Sewing the digital 
thread for more 

Image: Materialise



It’s not difficult to learn about how AM tech -
nologies are being used by manufacturers 
to become more sustainable. More effi -
cient designs, on-demand production and 
reduction in material waste are all ecological 
advantages the technology has over more tra -
ditional manufacturing processes. However, 
when we zoom in on AM, it’s also important to 
think about how additive processes and work -
flows can themselves be maximized when it 
comes to sustainability. 

According to Belgian 3D printing company 
Materialise, the right digital thread solution 
for AM is vital to unlocking greater sustain -
ability for AM users. As we’ll see in greater 
depth, integrating data across every step of 

the additive manufacturing process can drive 
efficiency in more ways than one, including 
reducing waste, improving energy effi -
ciency, designing more sustainable parts and 
enabling continuous improvements. 

Controlling waste

Among the key selling points of additive 
manufacturing is the ability to economically 
produce parts on demand or in small vol -
umes. In itself this capability has ecological 
benefits, since on-demand production allows 
manufacturers to dramatically reduce the 
need for excess inventory and storage. This 
also has the knock-on effect of minimizing 
emissions associated with transporting mass 

Maximizing the sustainable 
potential of additive 
manufacturing technologies 
is entirely dependent on 
process efficiency, something 
that advanced digital thread 
solutions can help with.

Quick Take
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volumes of stock as well as minimizing pack -
aging requirements.

In the eyewear industry, for example, more 
and more brands are turning to 3D printing to 
pursue a more sustainable business model. 
Part of the broader fashion industry, which 
accounts for roughly 10% of global emissions, 
the eyewear industry has long been faced 
with challenges associated with the fast 
fashion model. For one, with quick-chang -
ing trends, it is difficult for the industry to 
keep up with consumer demand. For another, 
there are risks with bringing new designs 

to market due to the time and resources 
invested. In other words, eyewear brands 
are at risk of over producing units, leading to 
wasted materials and overall losses. 

With 3D printing, up-and-coming eyewear 
brands are seeing a new way forward. For 
example, Odette Lunettes, a Belgian brand 
known for its unique frames, has been lever -
aging 3D printing to both accelerate the 
time-to-market for new designs to keep up 
with changing trends and cut back on wasted 
materials and resources through a made-to-
order model. 

Eyewear brands are finding more sustainable workflows 
by using 3D printing for smaller volume production. Image: Materialise
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The brand’s collection, Odette Lunettes X 
Tom Boonen, demonstrates this new more 
sustainable dynamic perfectly. The frames, 
3D printed from bio-based Ultrasint PA11, are 
customized to the wearer and made on-de -
mand to decrease the risk of over-production. 
The brand has worked with Materialise to 
bring this solution to life, a journey that took 
only two months to develop and launch, in 
large part thanks to the capabilities of AM 
and an optimized digital design process. 

“Sustainability needs to be in every aspect 
of your brand,” Eline De Munck, Founder of 
Odette Lunettes. “With 3D printing and PA11 

together, we are really able to deliver on that 
commitment and produce frames that are 
both fashionable and sustainable.”

According to Materialise, this is just one side 
of the story: digital solutions can also help 
to minimize waste by optimizing the addi -
tive manufacturing process itself. As the 
company explains: “With software tools that 
handle task and workflow automation, pro -
cess monitoring and simulation, you’ll gain 
greater control over the amount of material 
you use, reduce waste by optimizing your 
design, identify scrap and defects earlier in 
the process, and make production planning 
more efficient.” 

Software tools can reduce waste by optimizing design and 
identifying scrap and defects earlier in the process. Image: Materialise
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Greater production efficiency

Digital software tools also play a critical role 
in ensuring that AM-based production pro -
cesses are efficient and reliable. Because 
let’s be frank: there is nothing sustainable 
about an inconsistent 3D printing process 
that is riddled with errors and produces flaw-
filled parts. As Materialise sums it up: “No 
matter which technology you use, it’s possi -
ble to minimize how much material you use 
and the amount of energy your machines 
consume through software automation 
tools.”

More specifically, digital thread tools like 
Magics Nester enables SLS users to nest 
more parts in a single build without compro -
mising print quality, thus maximizing material 
and process efficiency, while e-Stage has a 
couple sustainable benefits, including less 
resin consumption through minimized sup -
ports and more efficient data preparation 
and finishing. 

Korean 3D printing service provider GLUCK, 
which specializes in the production of 
humanoid robots, has found Materialise 
software to be essential to its production 
process. The Magics 3D printing suite is 
responsible for simplifying the processing 
of data across the AM workflow, while the 
e-Stage for Resin module has enabled GLUCK 
to automatically generate support struc -
tures that are optimized for minimal material 
usage, removal and, of course, part support. 

As the company ramps up its production with 
the addition of 50 more SLA 3D printers and 
aims to achieve on-demand mass produc -
tion services, Materialise software, including 
management and quality assurance tools, 

will continue to support the scaling and 
keep their business running smoothly, with 
reduced print failures and thus less energy, 
time and material waste. “We had 3,000 
customers last year, and it was challenging 
to manage them efficiently,” said GLUCK. 
“Using Materialise software solutions, we 
managed a high-quality, stable and reliable 
production workflow.”

Sustainable design

Design freedom is obviously a critical factor 
when talking about the sustainable potential 
of additive manufacturing, and maximiz -
ing the ecological benefits of more efficient 
designs requires an in-depth knowledge of 
design for additive manufacturing (DfAM). In 
many industries, like aerospace, the goal is 
to reduce part weight, which contributes to 
greater fuel efficiency. In others, AM design 
is paving the way for more ecological solu -
tions altogether.

At CMB.TECH, for example, the goal is to 
decarbonize shipping, and it has been 
working on developing a hydrogen-die -
sel dual-fuel combustion technology that 
converts diesel combustion engines into 
dual-fuel engines. A critical component in 
this system is a 3D printed aluminum injec -
tion ring, which aspirates hydrogen into the 
combustion chamber. This part, 3D printed 
using SLM technology, weighs only 654 
grams and is 25% cheaper to manufacture 
than using casting. That’s not to mention 
its complex design would be impossible 
to achieve using anything but AM. From a 
sustainable perspective, the component 
contributes to an up to 80% reduction in 
CO2 emissions in traditional diesel engines 
in trucks. In prototyping, evaluating the 
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designs, and manufacturing the final parts 
used to convert a fleet of trucks, CMB.TECH 
worked closely with Materialise manufac -
turing experts and its professional Onsite 
service.. 

From a digital thread perspective, 
Materialise’s workflow software, including 
its CO-AM management solution, enables 
manufacturers to transition seamlessly from 
the design stage into full-scale production, 
to facilitate bringing more sustainable parts 
to fruition. This digital thread solution can 
also be integrated within existing production 
infrastructures. 

Continuous feedback for 
ongoing progress

With a digital thread architecture in place, 
and with all steps in the product life cycle 
connected, there is lots of data to leverage. 
For instance, it can provide vital insights into 
where your processes are working well and 
where there are still inefficiencies and prob -
lems to solve. Put another way, this data 
can be used as a form of continuous feed -
back, which enables manufacturers to keep 
improving processes to meet important 
goals like sustainability targets.  

Reducing part weight through design optimization not only minimizes material usage 
but can also increase fuel efficiency in industries like aerospace and automotive. Image: Materialise
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“This data is particularly impactful when 
developing new materials and processes, 
something we’re equally committed to 
here at Materialise,” the company says “We 
use solutions like CO-AM and Quality & 
Process Control within our own organiza -
tion to centralize build, process and quality 
data. By doing the same, you can identify 
quality gaps, anomalies, and defects within 
your process. Turn that data into actionable 
insights, and you’re on the right track.”

Ultimately, having a data-driven under -
standing of your production processes is 
key to unlocking greater sustainability in 
the long term in all the aforementioned 

ways, and will enable additive manufactur -
ing users to truly maximize the inherent 
ecological benefits of the technology, like 
minimal material waste, efficient design 
and on-demand production.

If you are looking for support in building 
a strong digital thread for your AM pro -
duction workflow, Materialise also offers 
support. “We’re here to help you do it,” the 
company concludes. “From finding the 
right AM software for your organization to 
identifying the applications that best sup -
port your sustainability goals or scaling up 
to series production, you can count on our 
experts.” �

Materialise can help AM factories and users establish a 
digital thread that enhances production efficiency. Image: Materialise

21



Coastruction is 
on a mission to 
save coral reefs 
with 3D printing
Josine Beets, Coastruction’s Project & 
Business Development Manager, on restoring 
ecosystems, supporting clean energy and the 
future of the company.

Interview



Image: Eva Beets



With the acceleration of global warming and 
other factors like pollution and industrial 
fishing practices critically destroying and 
endangering coral reefs and coastal ecosys-
tems around the globe, it has never been 
more critical to develop solutions that can 
help to restore these fragile yet incredibly 
diverse environments. Fortunately, there are 
people and organizations who have taken up 
this challenge and are finding creative ways 
to not only save coral reefs and other coastal 
environments, but also usher us into a more 
sustainable, ecologically minded future. 
One of these organizations is Coastruction, 
a Dutch startup that is leveraging its own 
3D printing technology to build aquatic 

structures that are designed for a range of 
restoration purposes, like promoting coral 
regeneration and wave dissipation.

Coastruction, which is celebrating its third 
anniversary this month, was founded by 
Nadia Fani, who has a background in com-
puter science and 3D printing. Over the 
past few years, Fani has put together a 
dedicated team of eco-enthusiasts trying 
to build a better future, including Josine 
Beets, Coastruction’s Project & Business 
Development Manager, who herself has a 
research background in nano-biology and 
bioprinting. We had the chance to speak with 
Beets about Coastruction’s overall mission, 

Based in the Netherlands, 
Coastruction has developed 
a specialized 3D printing 
technology for producing 
artificial coral reefs and other 
structures that aim to help 
restore and protect delicate 
aquatic ecosystems.

Quick Take
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its unique technology and the various coastal 
restoration projects it is participating in.

From Idefix to Asterix 

Coastruction founder Fani started develop -
ing 3D printing systems in 2015. In 2018, she 
built a small desktop system, which even -
tually evolved into the Idefix platform, a 
standard-sized 3D printer that deposits water 
onto a print bed consisting of a mixture of 
sand and cement. “What we have is a powder 
bed 3D printer, with a box filled with dry mate -
rial and then you deposit water selectively 

on each layer, which acts as a binder,” Beets 
says. 

Since January 2024, Coastruction has rolled 
out the latest generation of its 3D printing 
technology, the Asterix, a larger system with 
a build volume of one-cubic meter. Instead 
of a single nozzle, like the Idefix, the Asterix 
is equipped with 88 nozzles that selectively 
bind the sand and cement mixture. 

“Every layer the print bed lowers and a new 
dry layer is applied and water deposited,” 
Beets elaborates. “At the end, you have a big 

Coastruction was founded three years ago and is already 
participating in several coastal restoration research projects. Image: Coastruction
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box filled with powder: some hardened and 
some loose. From there, you can remove the 
entire print bed (it is on wheels so can be 
transported and replaced easily) and set it to 
cure overnight.”

This initial curing process, which involves 
leaving the entire print box to sit for a night, 
ensures that the bound cement particles can 
settle and that prints are solid enough to be 
removed from the loose powder print bed and 
vacuumed. (The remaining loose powder can 
then be reused in a future build.) 

From there, Coastruction’s production pro -
cess involves placing the cement prints, 
which can measure up to a meter in size, 
outside, where they continue to cure. “The 
prints have to be moisturized,” Beets spec -
ifies. “So we pour water over the structures 
every day, like watering your plants, and after 
seven days, they are strong enough to be 
lifted by ropes and transported.”

In some cases, like in a recent collaboration 
with a team in Saudi Arabia, the curing pro -
cess takes longer to ensure that the artificial 

The Asterix 3D printer has a build volume of one-cubic meter and integrates 
88 nozzles that deposit water onto a bed of sand and cement. Image: Coastruction
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coral reefs are strong enough to survive long 
journeys, like from Rotterdam to the Red Sea. 
“We’re also looking into building a large pool 
where you can leave the prints to cure an 
entire day in water,” Beets says. 

The relatively simple process, which does not 
use any toxic materials, results in large-scale 
cement structures that can be deployed in 
coastal areas. In terms of the cement mate -
rials used, Coastruction mostly works with 
CEM I, consisting of 100% Ordinary Portland 
Cement, and CEM III, which is a mixture of 
OPC and blast furnace slag.

“We have found CEM III to be a good option in 
terms of its environmental footprint, but the 
structures also have to be stable, so we are 
researching the difference between CEM I 

and CEM III. Sustainability is also about dura-
bility and there is still a lot of R&D going into 
this and we are always looking for students 
who want to do their graduation project on 
material sciences to find the best and most 
sustainable materials.”

Designing for reefs

Of course, the printing process is only part of 
the equation: design also plays a huge role in 
what Coastruction offers and how its prints 
are welcomed into aquatic environments.

“We have two design experts that we work 
with,” Beets says. “Carlos Rego is our bio-
mimicry expert and designer, and David 
Lennon is an advisor on artificial reefs. They 
work closely with us on each project, looking 

The Coastruction team is using 3D printing 
to help save at-risk environments. Image: Jokubas Bliujus
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to ensure that our solution is suitable for 
each location. We also have Sam van den 
Oever, our engineer who knows exactly what 
does and doesn’t work for the 3D printer. For 
example, you don’t want to design something 
that would be too fragile, but you also want 
there to be enough holes for fish to enter into 
the structure. Additionally, if you want to lift 
it with a crane, holes for a sling can be incor -
porated into the design. It all depends on the 
situation.”

Coastruction’s design know-how and 3D 
printing technology are enabling it to build a 
variety of aquatic structures, from artificial 
coral reefs to eco-anchors. Whereas other 
industries emphasize the need for high-res -
olution prints and fine details, Coastruction’s 
builds are interested in the opposite. “We 
don’t aim to have a high resolution or a pre -
cise structure. We want to have a very rough 
surface and to be able to print big and fast.”

The Asterix platform prints with a surface 
roughness of 2.5 mm, which has turned out 
to be a surface texture that aquatic species 
are receptive to. “Mussels and algae love to 
grow on it,” Beets says. “We did testing in 
Hawaii, the Maldives and the Seychelles com-
paring our prints to other materials, and ours 
was one of the best. In another project, our 
printed structures improved biodiversity by 
250%.” 

Coastruction projects

This project Beets speaks of is based in the 
Netherlands and is being developed in coop-
eration with TouchWind and other partners. 
The project is centered on the development 
and deployment of floating wind turbines and 
Coastruction is 3D printing “ecological hybrid 

anchors” using its Asterix platform. In an early 
test to evaluate its 3D printed structures, 
Coastruction was pleasantly surprised at the 
results.

Beets explains: “Our structures improved 
biodiversity by 250% compared to the cast 
concrete blocks. There were crabs, fish and 
all sorts of species on our structures and 
nothing on the flat concrete surface, just bar -
nacles. That is one of our best results to date 
and the biggest project that we’ve had results 
for.”

Elsewhere, other pilot projects and tests 
are also off to promising starts. For exam -
ple, in the CREST project, part of the ARISE 
consortium, Coastruction tested 150 3D 
printed artificial reefs at the 300-meter-long 
Deltares Delta wave flume to understand 

The startup leverages organic designs to ensure 
optimal integration with natural ecosystems.

Image: Eva Beets
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their effectiveness in wave attenuation 
and their potential for mitigating flooding in 
coastal regions and islands. The tests were 
led by Marion Tissier, assistant professor of 
Ocean WavesTU Delft, who said: “I hope these 
insights will help optimizing the restoration 
design for coastal protection. This will ulti -
mately contribute to improved forecasting 
tools for reef-lined islands that can be used 
to analyse future flooding scenarios and risk 
reduction measures.” 

“I also think that the results of the Red Sea 
project we are working on now will be very 
significant,” Beets adds. “We are working with 
a team in Saudi Arabia, who will be research-
ing and monitoring the effects of the 3D 
printed reefs, tracking the growth of coral and 
so on.”

In another recent project, Coastruction has 
been developing an eco-anchor in part-
nership with the Wave Energy Collective, a 

Sam van den Oever, Mechanical Engineer 
with a 3D printed artificial coral reef. Image: Coastruction
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startup based out of the Hague that is engi -
neering a wave energy converter. The project 
is progressing steadily, and Coastruction 
is preparing to deploy the first eco-an -
chors as soon as March. Already though, the 
Coastruction team has reported promising 
results. “We put one of our structures in the 
water at the port in the Hague to make sure 
the structure would hold its shape. After just 
a month, there were already mussels, sea 
stars and crabs on it, and this is in the port!”

On the horizon

With so many projects and tests in the works, 
Coastruction is also looking to the future, 
creating plans for a new 3D printing platform 
and a long-term business model. “Next year, 
we want to upgrade our Asterix 3D printer 
to make it fit in any environment and print 
with local materials,” Beets explains. From 
there, the plan is not to sell the machines 
outright but to function as a service, with 
Coastruction deploying its 3D printing solu -
tion around the world to its customers and 
key partners sending a specialist to train local 
teams. “We’ll also hire someone locally to 
take care of the projects,” she adds.

For example, a beach resort could hire 
Coastruction’s services for a year to restore 
a particular area of coastline. Coastruction 
would then research the location and design 
suitable reef structures. From there, a 3D 
printer would be deployed to the location, 
where local teams could oversee the produc -
tion process and place the cement reefs into 
the water.

In addition to rolling out this business model, 
Coastruction is also developing an even 
larger 3D printer, the Obelix, a process that 

will hopefully be boosted by an investment 
or grant that Coastruction is trying to raise. 
According to Beets, the Obelix system will 
have a build capacity of six cubic meters and 
integrate a more automated workflow.

“Like Asterix, this 3D printer will be able to fit 
in a shipping container,” she says. “What I’m 
most excited about is to have a streamlined, 
automated workflow, with fully automated 
cleaning and curing processes. With AI-driven 
process monitoring, you’ll even be able to see 
how each layer is going and if something has 
gone wrong.”

Ultimately, Coastruction is doing some incred -
ible things at its facility in Rotterdam, and has 
even greater plans on the horizon. We’re eager 
to see how the young company progresses 
and how its sustainable 3D printed reefs and 
eco-anchors can help to restore and maintain 
the at-risk coral reefs and coastline environ -
ments all over the world.  �

Coastruction plans to offer its technology as a service, 
providing support and training to customers.

Image: Coastruction
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Airtech Advanced Materials Group is one 
of the leading producers of materials for 
LFAM applications. It was born as a result of 
the leadership of Gregory Haye, who is the 
Director of Additive Manufacturing. As we 
learned from our conversation with Gregory 
at this year’s Formnext, the company’s role in 
the AM industry is about to evolve into some -
thing new - as the result of a strong, steady 
foundation, and multiple new opportunities 
for expansion. 

An LFAM market overview

“[When walking the halls] you definitely see an 
ecosystem around LFAM strengthening and 
growing. All our partners here are exhibiting 

their products and are seeing growth in their 
business. I think this gives some confidence 
to the market, and to the customers. It shows 
that this market is viable, and that this tech -
nology is viable,” said Gregory. “I’ve seen this 
ecosystem evolve. Even at Formnext - in the 
past two, three years - it’s getting stronger, 
especially when it comes to LFAM.”

More specifically, Gregory sees a notable 
increase in LFAM for end-use, especially 
around design and architecture applica -
tions. When probed about how relevant these 
applications are for a company like Airtech, 
which is known for its more industrial, tool -
ing-based applications, Gregory noted that, 
as part of the company’s evolution, “the eight 

An exclusive interview with 
Airtech’s Director of Additive 
Manufacturing Gregory 
Hayes from Formnext 2024 
looking at the growth of LFAM 
and ongoing sustainability 
initiatives, like material 
recycling pilot projects.

Quick Take
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materials we’ve launched here are all specifi -
cally not for tooling or industrial applications. 
So, more aligned than you might realize. 
We’ve spent the better part of this past year 
focusing on new market segment growth, 
and new materials appropriate for them.”

Airtech’s customer base is noteworthy. These 
far-reaching, well-established relationships 
are partly what makes the company’s jour -
ney into new market segments feasible. 
After having proven its ability to support 

demanding industrial applications, Gregory 
feels it is ready to move onto phase two - 
leveraging all the things they’ve learned and 
proven in the past five years and applying the 
same level of confidence and attention to 
quality and product to the realm of high-per -
formance structures, art components, 
architectural elements, furniture, etc.

The decisions around which new materi -
als to develop have been made based on the 
feedback from Airtech close relationships 

Airtech has seen a notable growth in the use 
of LFAM for end-use applications. Image: Airtech
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with machine OEMs. “They’re the tip of the 
spear, right? If there’s no machine sale, then 
there’s no resin sold. We make sure we sup-
port them on the applications development 
too. So, if they come to us and say, ‘Hey, we 
have this project and we’re trying to develop 
this application’, then that’s a hint to me. If 
I see a trend, then I need to do something,” 
he said. “Again, its organic growth, either 
being pulled by the machine makers or the 
customers coming to us, being familiar 
with what we’ve done, either together with 
other machine makers, or our own service 
activities in the market on the tooling and 
industrial side of things.”

Sustainability

Of course, when you are producing and dis-
tributing so much material each year, the 
need to do so sustainably becomes even 
more apparent and important.
Airtech’s new materials are all driven by dif -
ferent requirements. For example, when 
producing for cure tooling, temperature resil -
ience needs to be considered, and coefficient 
thermal expansion needs to be managed. 
This affects the tolerance of the part that’s 
cured off of the tool. Other properties may be 
less important, and it is therefore a matter 
of trade. “When you start talking about 

Airtech has been conducting material recycling pilot projects to understand 
how recycled industrial 3D printing materials compare to non-recycled grades. Image: Airtech
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furniture, architectural, and other direct-
use parts, some of the properties matter 
less, so we can prioritize performance of 
other attributes that we need. It could be 
overall ultimate strength of the material, 
UV resistance, flame retardancy, colors, or 
sustainability.”

The company has been conducting on-go-
ing recycling pilot projects, where recycled 
versions of materials that are industrially 
relevant and can perform to the same stan -
dards as those that are currently being used. 
At the event, Gregory estimated that around 
half of the LFAM machines in the building 
were printing with the company’s recycled 
PETG with glass fiber. Initially, this material 
was only offered in a gray, but now, in line 
with its more aesthetically-driven ventures, 
and driven by customer demand, Airtech 
has begun producing this material in dif -
ferent colors, including unpigmented, ‘raw 
flake’ mixed colors that come directly from 
the recycling source - adding to the ‘organic’ 
design of the part. 

Phase two

Starting next year, we can expect our percep -
tion of Airtech to shift towards something 
more creative, and more application-fo -
cused. “We want to shift people’s thinking of 
Airtech. We came in strong and hard on the 
tooling and industrial applications. Now, we 
want people to know that we’re more than 
just tooling and composites. We want people 
to recognize us and utilize us for their various 
applications.”

In line with the company’s future artistic, 
architectural, and furniture applications, it 
has also recently released its transparent 

co-polyester T110 material - which is par -
ticularly promising for lighting (skylight, for 
example). “Basically, we are giving people a 
new color to paint with. I am excited to see 
what some of our customers are going to do 
with it,” said Gregory. “Sometimes we get 
so focused on the more clinical things, the 
engineering things, that we may lose sight of 
creativity. So, sometimes we have to focus 
on providing a solution and working with our 
customers and partners to use their cre -
ative minds to apply our solution in a new 
application.”

Moving forward, we can expect to see more 
abstract case studies from Airtech. “We’re 
going to make sure we do some things to stir 
the pot a bit. We have a lot of internal applica -
tions we’re going to be working on and trying 
to demonstrate. Doing things differently 
involves us also pushing the machine makers 
and pushing the software makers,” said 
Gregory. “We started this business unit five 
years ago from an empty building and blue 
sky. We’ve kind of hit the ‘established’ stage 
now - we’ve seen solid growth year over year 
and a good trajectory. Now we have the ability 
to start this ‘phase two’ of the journey.”

Airtech is preparing to shift into 
“Phase Two” next year.

Image: Airtech
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AM in 
microreactor 
development at 
NANO Nuclear
An exclusive interview with CEO James Walker

Interview
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In the rapidly evolving landscape of nuclear 
energy, NANO Nuclear Inc. has emerged 
as a key player, pushing the boundaries of 
technology and innovation. Under the lead -
ership of CEO James Walker, the company 
is pioneering the development of microre -
actors—a type of small, modular nuclear 
reactor that holds promise for decentralized 
power generation. NANO Nuclear Inc. is pub-
licly traded, reflecting the growing investor 
interest in cutting-edge nuclear technologies.

VoxelMatters had the opportunity to 
interview James Walker, focusing on the 
company’s utilization of additive manufac -
turing in the development of its reactors. 

James explores the types of parts produced 
using AM, how this technology accelerates 
development, and its application across 
NANO Nuclear’s affiliated companies, 
Advanced Fuel Transportation Inc. (AFT) and 
HALEU Energy Fuel Inc. (HEF).

From NANO to Nuclear

Founded to address the growing demand 
for sustainable and decentralized energy 
systems, NANO Nuclear is pioneering the 
design and deployment of microreactors. 
Unlike traditional large-scale nuclear reac -
tors, microreactors offer the flexibility and 
efficiency required for remote locations, 

NANO Nuclear Inc. CEO 
James Walker shares his 
insights on the role additive 
manufacturing is playing in the 
development of the company’s 
microreactors, including the 
types of parts they are making.
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emergency power generation, and decentral -
ized grids.

As a publicly traded company, NANO Nuclear 
is positioned at the nexus of advanced manu -
facturing and energy technology, tapping into 
investor interest in innovative nuclear solu -
tions. Under Walker’s leadership, the company 
is redefining reactor design and implemen -
tation using cutting-edge manufacturing 
techniques.

AM’s impact on next-gen nuclear

Q: What types of parts do you produce using 
additive manufacturing?

According to Walker, AM plays a pivotal role 
in NANO Nuclear’s production processes, 
already extending far beyond prototyping. 
The company uses AM to create final reac-
tor components with unparalleled precision 
and complexity, addressing challenges that 

Additive manufacturing is playing an important role in NANO 
Nuclear’s production processes, for prototyping and production. Image: NANO Nuclear
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conventional manufacturing methods 
cannot resolve.

For example, heat exchangers benefit from 
AM’s capability to optimize internal channel 
geometries, enhancing thermal transfer and 
efficiency. Fuel assembly parts, including 
spacer grids and support structures, are also 
manufactured using AM, ensuring precise 
alignment and robust performance within 
the reactor core. Similarly, control rod drive 
mechanisms and core baffles leverage AM’s 
precision, meeting the stringent tolerances 
required for reactor safety.

The technology further extends to coolant 
systems, enabling the creation of intricate 
piping, manifolds and valves optimized for 
fluid dynamics. Components like radiation 
shields and containment vessels exemplify 
AM’s adaptability, as these structures can be 
customized to meet specific safety require -
ments. AM also facilitates the production 
of sensor housings, ensuring protection for 
sensitive instrumentation in high-radiation 
environments.

For support structures, AM enables the 
fabrication of custom mounts, brackets, 

ZEUS is NANO Nuclear’s proprietary 
advanced portable microreactor. Image: NANO Nuclear
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and frames, safeguarding reactor integrity. 
Maintenance operations also benefit from 
AM, with on-demand production of replace -
ment parts, minimizing downtime and 
enhancing reactor reliability.

Accelerating nuclear 
development with AM

Q: How has AM helped to accelerate develop-
ment at NANO Nuclear?

Walker emphasizes that AM is a game-
changer in nuclear technology development, 
especially for precision-dependent sectors. 
Rapid prototyping capabilities enable quicker 
design iterations and optimization, reducing 
the timeline from concept to final product.

Industry examples highlight the technology’s 
potential. At Oak Ridge National Laboratory, 
a small reactor core was produced using AM 
in weeks—an achievement that would have 
taken months with traditional methods. 
Similarly, Westinghouse Electric Company 
developed eVinci microreactor components 
using AM, while GE Hitachi Nuclear Energy 
optimized fuel assembly designs for better 
performance.

AM’s flexibility is particularly valuable for 
microreactors, which demand intricate and 
compact designs. Cost efficiency is another 
advantage, as AM reduces the need for costly 
tooling and material waste. This is critical in 
nuclear manufacturing, where custom parts 
and low-volume production dominate.

The ZEUS nuclear microreactor has a completely sealed core that uses 
a highly conductive moderator matrix to dissipate the fission energy. Image: NANO Nuclear

43



In terms of improving supply chain efficien -
cies, AM may eventually enable on-demand 
part production, shortening lead times and 
simplifying logistics. This will further reduce 
both costs and complexity, ensuring faster 
deployment and streamlined operations.

Expanding AM across AFT and HEF

Q: Do you also use AM for your activi-
ties in other companies: Advanced Fuel 
Transportation Inc. (AFT) and HALEU Energy 
Fuel Inc. (HEF)?

NANO Nuclear’s related ventures, AFT 
and HEF, apply AM to tackle challenges in 
advanced nuclear fuel transportation and the 
development of High-Assay Low-Enriched 
Uranium (HALEU) systems.

In AFT, AM enables the production of shield-
ing components for transportation casks, 
utilizing materials like tungsten and borated 
stainless steel to maximize radiation protec -
tion while minimizing weight. Custom seals, 
gaskets and cooling fins are also created, 
enhancing thermal management and ensur -
ing airtight containment.

For basket systems, AM is used to fabri-
cate fuel rod supports and spacers, ensuring 
precise alignment and secure transport. 
Additional innovations include shock absorb -
ers and vibration dampeners, safeguarding 
fuel rods during transit.

At HEF’s facilities, AM is employed in produc-
ing processing equipment, including nozzles, 
sprayers, and mixing blades optimized for 
efficiency. Safety systems, such as custom 
ducting and radiation barriers, benefit from 
AM’s precision, ensuring operational integrity.

The future of reactor deployment 
and AM integration

Q: Do you believe that in the production 
phase for your reactors, some of the parts 
will continue to be produced by AM?

Walker envisions widespread deployment 
of NANO Nuclear’s reactors globally, with 
multiple installations planned over the next 
decade. He expects that additive manufac -
turing will remain integral to this expansion, 
particularly for critical components like 
control rod mechanisms, heat exchangers, 
and spacer grids.

The advantages of AM—such as precision, 
material efficiency and the ability to pro -
duce optimized geometries—will ensure its 
continued use. Core safety elements like 
radiation shields and containment vessels 
will also benefit from AM, as customization 
and performance optimization are para -
mount in nuclear reactor production.

Walker underscores that AM’s role in reac-
tor production will not only drive innovation 
but also enhance safety, efficiency, and reli -
ability, reinforcing NANO Nuclear’s position 
as a leader in microreactor technology.  �

44



FOR USERS.
     BY USERS.

www.amug.com II �^���i�¶�B��������
Additive Manufacturing Users Group

 Join us at the

���������„���i�¶�B�„���\�S�&���‚���S����
�i�å�‚���.�„�����„�r�„���•�‚�3�I�„��, ��������  | Chicago, IL, USA

 For Users.
�„�„�„�„�„�„By Users.

An AM gathering 
�ž�S�I�3�F���„�å�S�¼�„�\�–�.���‚�_

Expertise 
�B�å�3�S�„�•�‚�å���–�3���å�I�„�F�S�\�¶�I�����'���„�–�.�‚�\�ž�'�.�„
�•�‚�\�å���–�3�µ���„�•�å�‚�–�3���3�•�å�–�3�\�S�„�å�S���„�.�å�S���Š�r
on experience
�„  Become more productive  

through AMUG’s community of 
problem solvers

�„  Learn and share expertise, 
best practices, challenges, and 
application developments

Network
�N�Q�•�å���–�&�ž�I�„�S���–�¶�\�‚�F�3�S�'�„�¶�3�–�.�\�ž�–�„ 
�å�S�¼�„�å�'���S���å�Š
�„  Embrace the camaraderie and 

enjoy effortless networking
�„  Form meaningful connections 

through casual conversations

Value
�B���–�„�–�.���„�Q�\�Š�–�„�µ�å�I�ž���„�\�&�„�å�S�¼�„
���\�S�&���‚���S�����„�¶�3�–�.�„�å�S�„���a�a�r�N�k���a�¶�¢�N�Í�*�„
program
�„ �„ ���r���å�¼�„���\�S�&���‚���S����
�„ �„ �I�å�S���Š�r�\�S�„�¶�\�‚�F�Š�.�\�•�Š
�„  Technical competition
�„  AMUGexpo
�„  Meals and entertainment  

throughout

AMUG provides the 
additive manufacturing 

experience everyone 
raves about.

Register  Today!Register  Today!



Car designers 
leverage 
additive to hit 
sustainability 
targets
3D printing is being used in car design studios to 
provide freedom and reduce environmental impact

Spotlight

By Michael Nash
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Visit any car design studio around the world 
and pencil sketches will be spread across 
tables, material samples will be available to 
touch and even clay models might be on dis -
play. But design teams are increasingly reliant 
on digital tools to render and alter projects in 
advanced software programs, often using AI 
and VR to realize developments. Designers are 
also exploring the possibilities of 3D printing 
to enhance processes, to lower their envi -
ronmental impact by avoiding waste, and to 
produce parts for final production. 

Lower the volume 

In June 2024, Bugatti unveiled its latest hyper -
car, the Tourbillon, at a ritzy event hosted 

in its home of Molsheim, France. As well as 
some impressive performance stats, the 
car boasts a host of technological features 
including some lightweight components 
made with Divergent Adaptive Production 
System (DAPS) additive manufacturing tech -
nology. The suspension arm and upright, for 
example, are 3D printed in aluminum, provid -
ing a weight saving of 45% in comparison to 
the suspension used in the Chiron. 

Similarly, the new McLaren W1 also uses 
DAPS technology to 3D print titanium com -
ponents for the suspension, such as the front 
uprights and the wishbones. Ferrari has also 
announced that its new F80 limited-edi -
tion supercar includes 3D printed upper 

Michael Nash talks to 
automotive design experts 
from Czinger, Kia, Desserto 
and FSD about how additive 
manufacturing is helping 
to usher in a new era of 
sustainable design and 
more efficient processes.
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wishbones in its suspension system, while 
the Czinger 21C hypercar features 3D printed 
parts for the chassis and suspension as well 
as a 3D printed gearbox case. 

“Czinger has led the way in integrating 3D 
printing into automotive manufacturing, 
focusing on reducing weight, improving 
strength, and streamlining production time -
lines,” a spokesperson for the company tells 
VoxelMatters. “A standout achievement is the 
development of the 21C hypercar, where 3D 
printed components, such as the chassis and 

suspension, were used to push the boundar-
ies of automotive performance.” 

Another company specializing in low-vol -
ume vehicles that uses 3D printing is the 
London-based design firm Frank Stephenson 
Design (FSD). Previously working as a senior 
designer for the likes of BMW, Ferrari, Ford, 
Fiat and McLaren, Stephenson founded his 
own company in 2017 with a design philoso -
phy that focuses on the blending of art with 
science while simultaneously taking care of 
the environment.

The BabyArk car seat designed by FSD which 
leverages no-waste 3D printing. Image: FSD
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“3D printing is a vital part of any physical 
project that we work on at FSD,” states Euan 
McPherson, Senior Designer at FSD. “We 
are constantly working on a wide range of 
projects and it has quickly become an inte -
gral part of our process. It allows us to test 
ideas, make iterations, and verify concepts 
incredibly quickly. In practice, 3D printing 
has been particularly useful when creat -
ing handheld products such as controllers, 
joysticks, steering wheels and other touch 
points where form factor and ergonomics 
are critical. In addition, we use the technol -
ogy to make intricate or complex parts that 
require a greater detail than can be achieved 
with milling. The technology gives us the 

opportunity to incorporate features such as 
live hinges, built in flexibility or even color 
changes that would be very difficult using 
conventional processes. It allows us a great 
deal of freedom as designers.” 

Minimizing materials in the mass market

Inside larger car design studios of major 
OEMs, additive manufacturing has mainly 
been used to make prototypes. According 
to Marilia Biill, Head of Colour, Materials and 
Finish (CMF) at Kia, the technology is widely 
used across the industry due to the flexi -
bility and freedom it offers designers when 
exploring new ideas. 

The F80’s powertrain and engineering draw 
from Ferrari’s motorsport vehicles. Image: Ferrari
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“3D printing is a very promising technology 
and it’s currently being used in many ways in 
automotive,” Biill tells us. “For my team and 
I, it allows us to do quick models and exper -
iments for design ideas. We use it when we 
need to represent some details with models, 
it’s very rapid and can be quite precise.”

Biill and her team have been examining the 
potential of using 3D knitting technology 
for interior surfaces, taking inspiration from 
the shoe and fashion industries. However, 
although she uses 3D printing for prototyp -
ing and design experiments, she is not so 
confident when it comes to final production. 
“This area is still a challenge,” she admits. “3D 
printing undoubtedly brings unique possibil -
ities to avoid waste and simply print exactly 
what is needed, but there are still difficulties 
in terms of costs and durability for certain 
production parts.”

Adrian Lopez Velarde, director and co-founder 
of Desserto, holds a different view. His com -
pany developed Desserto and Deserttext, 
two vegan leather alternatives made from 
sustainably sourced cactus plants. They 
have already been used by Mercedes-Benz 
in its Vision EQXX concept car, and BMW has 
revealed plans to use the materials for some 
of its car interiors as part of efforts to reduce 
its environmental footprint.  

Velarde thinks that 3D printing can be useful 
for designing final production parts as well 
as prototypes, and expects the technology 
to become integral to design studios around 
the world. “3D printing is not only a valuable 
technology for prototyping but it can scale to 
reduce cost and time in manufacturing parts 
for production,” he emphasizes. “It can aid 
designers to create precise prototypes with 

more efficiency and it can be greatly ben -
eficial to incorporate AI tools as well. In our 
company we have recently developed cac -
tus-based compounds that can be extruded, 
pressed and even incorporated into 3D 
printed parts to make solid products like 
shoe soles or automotive components.”

Natural structures

The Czinger spokesperson agrees with 
Velarde, highlighting the fact that 3D printed 
parts are already in series production. 
However, she concedes the journey could 
take a little longer for companies like Kia that 
are dealing with much higher production vol -
umes and tighter budgets. 

“For Czinger, 3D printing offers unparalleled 
design freedom,” she affirms. “The ability to 
create complex, lightweight structures that 
traditional manufacturing methods cannot 
produce enables us to achieve greater per-
formance and efficiency in our vehicles. 
The precision and flexibility of additive 

Marilia Biill, Head of CMF at Kia, 
in the design studio.

Image: Kia
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manufacturing also allow us to iterate designs 
rapidly, delivering innovations faster while 
maintaining top-notch quality. Additionally, 
the significant reductions in waste and lead 
times align perfectly with Czinger’s mission 
to redefine high-performance automotive 
manufacturing.”

Reducing waste is an increasingly important 
focus area for car designers. Czinger is bullish 
on the idea of using 3D printing to cut waste 
and meet environmental targets, and the 
spokesperson suggests more components 
could be created by using fully recyclable 
aluminum-based powders. Similarly, Velarde 
stresses the need to “replace synthetic chem -
ical raw materials and reduce energy use 
from relying on renewable energy” in order to 
make 3D printing more eco-friendly. 

For Kia, sustainability is an essential agenda for 
each and every aspect of its business, includ -
ing design. Biill refers to a dramatic change in 
the way that materials are both sourced and 
used, and points to a brighter future as a result, 
with additive potentially playing a central role. 

“The idea of 3D printing exactly what you 
need, without waste in the process and in an 
efficient timing is a dream for all designers,” 
she muses. “We then start to move forward 
in the direction of printing instead of assem -
bling, which normally generates waste. And 
if what we do demands the usage of natural 
resources, we need to make sure we use it 
with responsibility and find ways to give back. 
Great progress is being made and I honestly 
believe that there’s a material revolution hap -
pening in the world.” 

Deserttex is using 3D printing to create products 
outside of the car industry, like shoes. Image: Deserttex
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McPherson takes the idea a step further. He 
explains that FSD is looking at many ways 
to reduce the environmental impact of car 
design, and believes that there are endless 
possibilities to do so. One of the most excit -
ing ways, he states, is through generative 
design. 

“Generative design is one area of particular 
interest with regard to 3D printing, whereby 
the design can be optimized to use the min -
imum amount of material to complete its 
purpose,” 

McPherson clarifies. “This approach is very sus-
tainable on both a small and large scale, and 
emulates natural structures to create organic 
and new forms. Materiality is another area 
in which there are novel ideas, such as using 
plant-based materials that are biodegradable 
and feed into a circular economy, where the 
full life cycle of a product is considered. Finally, 
localized manufacturing has huge potential, 
whereby customers print their own products as 
opposed to having them delivered. There is lim -
itless potential in the future of design, and we 
are always curious about new technologies.”

Aston Martin’s Blackthorn AMR was designed 
by Frank Stephenson Design. Image: Aston Martin
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Continuum 
targets 
circularity with 
reclaimed metal 
powders
The metal powder specialist has opened a huge new 
green production site for recycled metal powders in 
Houston, Texas

Spotlight
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Reclaimed metal powders represent a huge 
sustainability opportunity for metal AM pro -
cesses like laser powder bed fusion (LPBF). 
Besides pure sustainability concerns, on-site 
powder recycling also presents cost-saving 
opportunities for additive manufacturers, 
reducing scrap and shortening supply chains. 
However, the market for reclaimed powders 
remains fairly niche, with just a few compa -
nies operating in this area.

As of today, the most important name in 
reclaimed metal powders for metal AM is 
Continuum Powders, which on December 5, 
2024 held a grand opening for its new sus -
tainable manufacturing site in Houston, Texas. 

While the region may be best known for 
its oilfields and the Johnson Space Center, 
Houston is also home to a growing number 
of green energy startups pioneering global 
efforts in alternative energy, so a green 
powder manufacturing plant is actually quite 
fitting. In fact, earlier in 2024, Continuum 
Powders partnered with Priority Power, a 
Texas-based innovator in sustainable energy 
solutions.

Becoming North America’s largest sustain -
able metal powder production site, the new 
Continuum Powders facility in Houston 
will leverage the company’s Greyhound 
M2P gas atomization platform to produce 

Continuum Powders, one of a 
small number of companies 
producing high-quality metal 
AM powders from reclaimed 
metal, has opened a new 
sustainable manufacturing 
site in Houston, Texas.

Quick Take
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industrial-grade powders at scale. The melt-
to-powder platform is currently in its third 
major incarnation, with the company launch -
ing the Greyhound M2P 3.0 in 2023.

“The facility is designed to operate as a green 
manufacturing center, integrating net-zero 
carbon energy partnerships and low-emis -
sion gas systems to achieve the lowest 
carbon footprint of any metal powder pro -
duction facility globally,” Continuum COO 
Rizk Ghafari explained to VoxelMatters. 
“The increased production capacity enables 
Continuum to deliver products faster and 

reduce shipping costs, thereby enhancing 
supply chain resilience for customers.”

Quality powders for quality systems

The customer base for Continuum’s 
reclaimed metal powders is wide, spanning 
not only AM end-users but also custom -
ers using metal injection molding (MIM), 
cold spray, and other technologies. Within 
AM, the company’s recycled powders have 
been qualified for use on industry-lead -
ing hardware from 3D Systems, Colibrium 
Additive, Desktop Metal, EOS, and Renishaw. 

The new site is said to be North America’s largest 
sustainable metal powder production facility. Image: Continuum Powders
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In November 2024, Continuum’s OptiPowders 
were qualified for use on Renishaw’s RenAM 
500 series of printers.

Given that Continuum targets end-users in 
safety-critical industries like aerospace, it is 
vital that its sustainable OptiPowders meet 
the same standards as conventionally pro -
duced gas-atomized powders. Fortunately, 
it has been able to prove its abilities in this 
respect in various ways, working with the 
aforementioned AM hardware compa -
nies, obtaining ISO9001 and SAE AS9100 

compliance, and offering samples that cus -
tomers can request and on which they can 
perform their own independent lab testing.

Of course, companies like Continuum 
Powders still face something of a battle con -
vincing skeptics that sustainable materials 
can meet performance requirements for the 
most demanding safety-critical applications. 
“Sustainability does not mean compromis -
ing on quality,” Ghafari told us. “Recycled 
powders, like those produced by Continuum, 
are fully melted and gas atomized, ensuring 

The metal powder production facility was 
inaugurated on December 5, 2024. Image: Continuum Powders
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they meet or exceed the same performance 
standards as virgin materials. They are speci-
fication-compliant and offer traceability back 
to a single Certificate of Analysis, providing 
confidence in consistency and quality.”

Closing the loop on metal waste

At present, Continuum Powders produces a 
broad range of OptiPowders, including nickel 
superalloys, stainless steel alloys and a mar-
aging steel alloy, most of which are suitable 
for laser powder bed fusion and directed 
energy deposition (DED). 

However, an interesting part of Continuum’s 
mission is that it isn’t solely focused on sup -
plying these readymade powders produced at 
its new Houston facility. Rather, the company 
envisages a future in which its Greyhound 
M2P foundries are installed at factories world -
wide, allowing what it calls “on-(your)-site 
production” of reclaimed powders to stamp 
out supply chain inefficiencies.

This ambitious goal could have an even 
greater impact on the sustainability of metal 
AM than the powders themselves. With 
foundries installed in-house, manufacturers 
could create their own high-quality atom -
ized powders using their own secondary raw 
materials, reducing logistics costs and carbon 
emissions as well as reducing dependence 
on reclamation programs operated by third 
parties. 

Furthermore, each powder could be made to 
the exact specifications of the manufacturer. 
According to Ghafari, the biggest potential 
beneficiaries of such a setup could be “manu -
facturers that generate significant volumes of 
metal waste or require a reliable, high-quality 

supply of metal powders in industries such 
as aerospace, automotive, energy, and med-
ical device manufacturing — sectors that 
demand precision-engineered materials with 
strict performance standards.”

A greener future for LPBF and beyond

While a relatively large number of compa -
nies produce recycled polymers for AM, 
Continuum Powders is part of a very small 
group developing high-quality sustainable 
metal powders for processes like LPBF and 
DED. Ongoing partnerships with the biggest 
names in metal AM show that the company 
is serious about capturing a customer base 
in high-value sectors like aerospace, while 
increasing concerns over the sustainability 
of AM should see its prominence rise in the 
coming years.

In terms of where it goes from here, 
Continuum will soon make its first titanium 
OptiPowders, including Ti-6Al-4V, available 
to customers, opening up applications like 
custom medical implants and high-pres -
sure turbines. The new manufacturing site 
in Houston will allow for large-scale produc -
tion of this and existing products, serving a 
customer base of sustainability-focused AM 
end-users. 

Perhaps most importantly, Ghafari and the 
Continuum team believe that a sustainabil -
ity-focused approach to metal powders 
would benefit potential customers more than 
they might realize: “By choosing sustainable 
powders, end-users can reduce their carbon 
footprint, lower costs, and support a circular 
economy, all without sacrificing performance 
or reliability.”  �
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LLNL researchers 
harness 3D 
printing for 
fusion energy
“It’s possible that 3D printing is the only tool 
for this kind of complex geometry at scale”

Spotlight



Image: Eric Smith via LLNL



In December 2022, Lawrence Livermore 
National Laboratory (LLNL) achieved fusion 
ignition at the National Ignition Facility (NIF). 
This breakthrough experiment—designed 
to secure the nation’s nuclear weapons 
stockpile—also created the hope of virtually 
limitless, safe, and carbon-free fusion energy. 
According to LLNL, 3D printing technology 
offers one potential solution to bridging the 
science and technology gaps presented by 
current efforts to make inertial fusion energy 
(IFE) power plants a reality.

“Now that we have achieved and repeated 
fusion ignition, the Lab is rapidly applying 
our decades of know-how into solving the 
core physics and engineering challenges that 
come with the monumental task of build -
ing the fusion ecosystem necessary for a 
laser fusion power plant. The mass produc-
tion of ignition-grade targets is one of these, 
and cutting-edge 3D printing could help get 
us there,” said Tammy Ma, lead for LLNL’s 
Inertial Fusion Energy Institutional Initiative 
(IFE-STAR).

Researchers at the Lawrence 
LivermoreNational Laboratory 
(LLNL), who achieved fusion 
ignition in late 2022, see 
additive manufacturing as a 
key solution for overcoming 
the existing hurdles of 
realizing inertial fusion 
energy (IFE) power plants.

Quick Take
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Today’s ignition targets are nearly per-
fect spheres of hollow diamond encasing 
the deuterium and tritium (DT) fusion fuel, 
suspended in a golden cylinder called a hohl-
raum. When exposed to intense laser energy, 
these hydrogen isotopes fuse, and can pro-
duce more energy than was needed to start 
the reaction.

The need for perfection is such that, if a 
NIF capsule were enlarged to the size of 
the Earth, an imperfection higher than the 
Hollywood sign in Los Angeles would be 
disqualifying.

While NIF targets take months to manufac -
ture, a functioning fusion energy power plant 
will require nearly one million targets a day 
– igniting at a rate of ten times a second. The 
physical reaction would be similar to ignition 
at NIF, but the production of targets requires 
a fundamentally new approach that can work 
at scale.

In exploring new approaches, a Laboratory 
Directed Research and Development (LDRD) 
effort is developing a 3D printed target 
capability at NIF. This project, led by James 
Oakdale and Xiaoxing Xia, is advancing 

This 3D printed target capsule was 
used in an NIF experiment. Image: LLNL
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additive manufacturing by constructing a 
workflow to design, fabricate, characterize 
and field fully 3D printed fuel capsules. It is 
also developing a first-of-its-kind dual-wave -
length, two-photon polymerization (DW-2PP) 
approach to push the current limits of AM to 
meet the stringent engineering demands of 
ignition targets.

“We are focusing on a specific type of wet -
ted-foam capsule, in which liquid DT can be 
wicked into a uniform foam layer on the inside 
of the spherical capsule by capillary action,” 
said Xia, co-principal investigator and a staff 
scientist in the Lab’s Materials Engineering 
Division. “The current DT ice layering process 
takes up to a week to complete with extreme 
meticulousness. It’s possible that 3D printing 
is the only tool for this kind of complex geom -
etry at scale.”

In addition, the new DW-2PP approach will 
further enhance printing resolution and 
enable multi-material printing. If successful, 
this project will address critical bottlenecks 
towards 3D printing ignition capsules in their 
entirety.

“Our DW-2PP printer uses two light sources 
with different wavelengths to selectively 
print different materials with sub-micron 
resolution,” said co-principal investigator 
Oakdale, a staff scientist in the Lab’s Materials 
Science Division. “This novel capability gives 
us exquisite control over the spatial chem -
istry and densities within both the capsule 
and inner foam material, which allows us to 
respond quickly to bespoke or one-off cap -
sule designs.”

The work is already showing promise, with 
3D printed targets successfully used during 

two NIF experiments in 2024, and more 
expected in the year ahead.

Whether this technology turns out to be a 
fusion energy solution remains to be seen. 
The use of 3D printing in NIF experiments 
has already produced vital data in sup-
port of the nation’s Stockpile Stewardship 
Program, which makes use of singular facili -
ties like NIF to understand nuclear weapons 
without underground testing.

“Unlocking fusion is a strategic asset for US 
competitiveness,” said Jeff Wisoff, principal 
associate director for LLNL’s NIF & Photon 
Science Directorate. “It’s imperative that we 
invest in fundamental science and technol -
ogy to build on the historic achievement of 
fusion ignition. Doing so secures the stock -
pile as well as lays the groundwork for a 
fusion energy revolution.”  �

The cross-section of an NIF hohlraum 
with target capsule enlarged.

Image: LLNL
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