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Sustainabilty is no longer a ‘trending topic’, it is an urgent goal that industries the world 

over must commit to. Within the manufacturing sphere, additive manufacturing already 

has something of a leg up since many aspects of the technology promote sustainability 

goals. For example, more lightweight and efficient part design can be realized thanks to 

the technology’s design freedom, and there is great potential for on-demand and local-

ized production. But there is also more to the story.

In this eBook, we take a closer look at the sustainability that AM is enabling—largely 

through applications in various sectors and material innovation. But we also want to 

address where the industry must improve, such as making AM processes themselves 

more energy efficient and implementing more circular economies for materials. The 

publication begins with an analysis of the ways that sustainability is being pursued with 

AM in various sectors, including aerospace, energy and consumer goods. We also have 

exclusive interviews with Materialise, Carbon, Texas A&M and Automobili Estrema, as 

well as a dive into AM’s burgeoning role in nuclear fusion research and a report on sus-

tainable plastics. 

It’s an insight-packed edition that you don’t want to miss! 

Tess Boissonneault 

Editor in Chief, 3dpbm
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Join over 12,000 professionals and get AM industry 
insights sent directly to your inbox every week.
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It’s no longer theoretical: companies now 

have to change their manufacturing work-

flows and it could accelerate the shift to 
AM. Can it really deliver on sustainability?

Can additive 

manufacturing 

really deliver a 

better tomorrow?

ANALYSIS



Sustainability has been a major trending topic in AM 

recently. When manufacturing professionals from 

diversified industrial segments began to understand 

the possible uses of AM in mass production, using 

AM for sustainability was indicated as one of the key 

drivers for this transition. How real is this concept? Is it 

wishful thinking or greenwashing? Does it really hold 

promise for a more sustainable future? 

3dpbm is somewhat biased on this topic. We see 

additive manufacturing as the only truly sustainable 

manufacturing process and the only way to eventually 

make all production more energy-efficient. This is one 

of the reasons we became interested in this segment 

of industrial manufacturing (others being digitaliza-

tion and state-of-the-art technological and scientific 

advancements). 

We are also very much aware that this promise is far 

from being realized. AM today is still largely a stand-

alone process complementing other processes. It is 

also energy intensive in some cases, thus contribut-

ing to increased emissions. It uses materials such as 

non-recyclable petroleum-based plastics and rare 

earth metals that represent a primary cause of Earth’s 

pollution problems.

Saying that AM for sustainability is a given may not 

be accurate. But it may be accurate to say that AM is 

the only way for industrial production to eventually 

become sustainable. In order to assess the truthful-

ness of this statement, we are going to take a look 

at the recent uses of AM for sustainability in primary 

applications segments to understand how sustain-

able they really are.

Every kilogram of weight saved can reduce CO2 

emissions by 25 tonnes per aircraft lifespan

Image: Boeing



AEROSPACE

3D printing lighter planes

Aviation traffic may have decreased dramatically 

during the COVID-19 crisis but before the pandemic, 

it was booming and growing at incredible rates. 

Aircraft engines burn through tonnes of fossil fuel 

and are responsible for a significant chunk of global 

emissions. AM could play a role in curbing these 

emissions by reducing the weight of future aircraft.

Airbus was among the first major aircraft man-

ufacturers to explore the potential benefits of 

AM. Aviation history was made on 20 June, 2014 

when the first 3D printed metal part, a titanium 

bracket, took to the skies on board a commercial 

Airbus jetliner. 

Weight reduction is the holy grail of aerospace engi-

neering: every kilogram saved prevents 25 tonnes 

of CO2 emissions during the lifespan of an aircraft. 

Parts produced by additive manufacturing weigh 

up to 55% less, while reducing raw material used 

by up to 90%. De-carbonization is the reason why 

the aerospace industry and Airbus led the charge 

in 3D printing.

The application of these new production paradigms 

doesn’t have to wait years until the next genera-

tion of aircraft is developed, a process that spans 

decades. Rather, the technology can be used to 

replace a part on an existing aircraft model with a 

lighter 3D printed version.

In September 2017, following thorough testing 

and EASA approval, the first titanium 3D printed 

part was installed on a serial production aircraft. 

This was the first step towards installing more 

complex 3D printed parts on Airbus production 

aircraft, which have to meet the highest safety and 

quality standards. 

Since this milestone, dozens of additive manufactur-

ing service providers and aerospace industry part 

suppliers have been manufacturing more and more 

weight-optimized aircraft parts for engine and cabin, 

in plastics and metals.

In 2019, GE made additive manufacturing history 

with the first flight of the Boeing 777X aircraft: each 

of the two GE9X powering the aircraft integrated 

more than 300 3D printed parts, including almost 

250 low-pressure turbine blades (3D printed in tita-

nium alumide on GE Arcam EBM systems), a fuel 

nozzle tip that precisely sprays a mixture of fuel 

and air into the combustion chamber and a heat 

exchanger. Another, the inducer, helps pull out dust, 

sand and other debris the engine has ingested and 

extends its life. This type of component was so dif-

ficult to manufacture that it had never been used 

inside a commercial GE jet engine before. 

AUTOMOTIVE

Powering EV-mobility

Lightweighting is also the main driver for the use 

of additive  in terms of making automotive trans-

portation more sustainable. This has become more 

of a factor in recent years with the introduction of 

EVs (including all types of e-mobility systems), as 

these can benefit significantly from lighter cars in 

terms of mileage. 

AM could (and probably will) play an increasingly 

relevant role in the production of EV powertrain 

elements and, in some cases, even for direct pro-

duction of large smart EV parts, such as with Local 

Motors’ largely 3D printed Olli. 

In 3dpbm’s recent AM Focus Automotive we took a 

closer look at the opportunities for AM in EV power-

train parts and batteries.
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Printing EV powertrain parts

In EV powertrains, the use of AM is particularly effec-

tive for part reduction, leading to weight reduction 

and performance improvements, which in turn will 

enable higher mileage. However, the actual pene-

tration of AM in EVs—beyond applications shared 

with combustion engine powertrains, such as chassis, 

brakes and fluid flow applications—is highly depen-

dent on the ability to implement AM in serial battery 

manufacturing. Some efforts in this area are already 

underway but are still a long way from becoming a 

consolidated business opportunity.

In electric motors, a particularly interesting focus for 

AM is on copper. German firm Additive Drives has 

presented promising application cases. One involves 

3D printed single coils used on a racing engine. In 

another project, copper 3D printed hairpin windings 

reduced the time required for the development and 

production of an electric traction motor prototype to 

one month. In addition, direct production of individ-

ual lots was achieved for Dresden-based pedelec 

manufacturer Binova: using 3D printed individual 

coils, Binova produced several different types of 

electric bikes with an unconventional electric motor 

design and no tool adjustments.

More recently, Porsche and SLM Solutions revealed 

a project centered on manufacturing a complete 

housing for an electric drive using 3D printing. The 

3D printed E-Drive housing on the engine-gearbox 

unit was produced using the laser metal PBF pro-

cess and passed all the quality and stress tests. In the 

future this may become a viable production method. 

Porsche also partnered with GKN on a case-hard-

ened part that was greatly improved via metal laser 

PBF using a newly developed case hardening metal 

powder, 20MnCr5. In total, Porsche already identified 

52,000 parts that would find success with AM. 

Using the additive manufacturing process in combi-

nation with GKN’s newly developed powder leads to 

a significant optimization in weight, inertia and stiff-

ness of the differential housing and ring gear while 

maintaining fidelity and handling all load require-

ments. This was possible by integrating functionalities 

and combining primarily conflictive components.

“ The penetration of AM in EVs—be-
yond applications shared with com-
bustion engine powertrains, such 
as chassis, brakes and fluid flow 
applications—is dependent on the 
ability to implement AM in serial 
battery manufacturing.”



Porsche and SLM Solutions developed a E-Drive housing 

using the latter’s 12-laser NXG XII 600 PBF system.

Image: Porsche AG

Printing EV batteries

In EVs, the battery’s size and weight have large 

implications on vehicle performance. A larger and 

heavier battery takes away from cabin/storage space 

and worsens energy efficiency and fuel economy. 

The best way to optimize performance is therefore 

to maximize the battery’s energy density—that is, 

having a small, lightweight battery that stores as 

much electric energy as possible.

Batteries are tricky and particularly interesting for AM 

in (a rapidly approaching) future. Several efforts have 

been made to produce batteries using different 3D 

printing technologies, with both polymer and ceramic 

materials. Because batteries can take many differ-

ent shapes and sizes for improved efficiency, AM 

could prove instrumental for testing—and eventually 

manufacturing—several new design iterations. 

Fulminea, created by EV pioneer Gianfranco Pizzuto’s 

Automobili Estrema, may become the first hypercar 

to use 3D printed solid state batteries. The batteries 

used in EVs today are basically rows of hundreds of 

small-sized batteries fastened together to increase 

capacity. With 3D printing, the individual cells don’t 

have to be manufactured and assembled: the module 

can be designed and printed in the desired overall 

shape. AM can also make a difference in the struc-

ture of the electrodes of a battery: porous electrodes 

increase energy density, and AM is ideally suited to 

build electrode materials into lattice shapes that have 

more exposed surface area for the chemical reactions 

to take place, resulting in a more efficient battery.

Swiss firm Blackstone Resources has recently 

achieved a series of important milestones for its 
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proprietary 3D printing technology to print lithi-

um-ion solid-state batteries. Blackstone’s 3D printing 

process claims to offer substantial advantages over 

conventional battery cell designs that use liquid elec-

trolytes. These include significantly lower costs, a 

higher level of production flexibility—when it comes 

to the format of the cell—and a 20% increase in 

energy density. Moreover, by using this technology, 

the number of materials that do not store energy 

(such as copper and aluminum) could be reduced 

by up to 10%. The Swiss company also developed 

a workflow to mass-produce these batteries in 

2021 in any shape or form using proprietary battery 

printing technology.

Sakuu Corporation (previously KeraCel Inc.) also just 

presented a new industrial-grade battery 3D printer, 

developed specifically for e-mobility batteries. The 

breakthrough technology is intended to unlock 

the mainstream adoption of electric and e-mobil-

ity vehicles by solving the previous issues of cost, 

performance, sustainability and range. Offering an 

industrial-scale ‘local’ battery production capability, 

Sakuu’s technology is likely to significantly expedite 

the use of EVs by providing increased manufacturer 

and consumer confidence.

Backed by leading Japanese automotive parts sup-

plier to major OEMs, Musashi Seimitsu, Sakuu is set 

to enable fast and high-volume production of 3D 

printed solid-state batteries (SSBs), which have the 

same capacity as lithium-ion batteries yet are half the 

size and almost a third lighter. The company’s KeraCel 

branded SSBs will also use around 30 to 50 percent 

Sakuu Corporation has developed an industrial 3D 

printer for producing e-mobility batteries.

Image: Sakuu



fewer materials—which can be sourced locally—to 

achieve the same energy levels as lithium-ion options, 

significantly reducing production costs. Moreover, 

Sakuu’s SSBs will offer improved safety and sustain-

ability benefits.

A fundamental manufacturing breakthrough with 

Sakuu’s new solution is its multiple-AM technology. 

This blends powder bed and jetted material deposi-

tion and uses completely different multi-materials in a 

single-layer capability. The process combines ceramic 

and metal, as well as Sakuu’s proprietary support 

material, PoraLyte, which removes part overhang lim-

itations and enables the easier and faster creation of 

devices with internal channels and cavities.

Furthermore, with only half the material requirement 

and a ‘powder to powder process’ that ensures easier 

recyclability of the ceramics and metals by conven-

tional methods, KeraCel SSBs score much higher 

when it comes to sustainability. There is no require-

ment to extract graphite and the absence of polymer 

means no incineration or burial in a landfill.

CONSUMER PRODUCTS 

The main advantages that AM can offer to make 

consumer products more sustainable relate to reduc-

ing consumers’ consumption. This can be achieved 

through mass customization, on-demand production 

and by using less material (possibly recycled or upcy-

cled) through shape and process optimization.

In 3dpbm’s recent AM Focus Consumer Products we 

took a close look at the opportunities for AM in multi-

ple consumer goods segments.

Footwear optimized

Footwear is one segment that has already started 

adopting AM for sustainability in the production 

of millions of parts—mainly midsoles—featuring 

optimized shapes and a more streamlined fully digital 

manufacturing process. The most evident is Adidas’ 

use of Carbon’s DLS technology for the mass pro-

duction of its FUTURECRAFT series midsoles. In the 

future, AM could also play a part in streamlining foot-

wear uppers production.

With one Adidas Model, the ADIDAS and Parley For 

The Oceans, the footwear company combined 3D 

printed midsoles with uppers made from plastic that 

was recycled from ocean waste. According to a study 

published by University of Georgia researchers in 

2010, an estimated 8 million tonnes of plastic ends up 

in the oceans. 

As the production of optimized 3D printed midsoles 

has now been successfully scaled up into the millions, 

we wondered whether the use of highly degraded 

ocean plastic for footwear manufacturing would 

remain mostly an inspirational concept. But as of 

2020, Adidas had manufactured over 30 million pairs 

of shoes using Parley Ocean Plastic, which has been 

transformed into high-performance yarn using the 

‘Primeblue’ process. It is also still possible to purchase 

ADIDAS 4D FWD X PARLEY BOOTS, with 3D printed 

midsole and ocean plastic upper.

Space company Launcher is taking 

advantage of AM for its E-2 engine.

Image: Sakuu
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Mass customized, on-demand eyewear

Another example of how 3D printing can indirectly 

make consumer products more sustainable is found 

in the eyewear industry, where current mass manu-

facturing processes and practices implemented by 

the larger market players are extremely wasteful. The 

ability to produce and customize on-demand eyewear 

could eliminate a lot of this waste.

EOS recently conducted a life cycle analysis for 3D 

printed eyewear in cooperation with custom 3D 

printed eyewear company YOU MAWO and Fraun-

hofer EMI to evaluate the impact of 3D printed 

frames compared to conventionally manufactured 

glasses. The study found that 3D printing the custom 

frames was three times more sustainable than the 

traditional production method (that is to say, had a 

carbon footprint 58% smaller). The LCA also illumi-

nated where improvement was needed, including the 

development and reuse of powder materials for EOS 

SLS 3D printing.

Upcycled 3D printed products

There are many examples of 3D printed products 

made from upcycled plastics, cement and scrap 

metals. One particularly fascinating project, Forust, 

uses waste wood. 

Forust is a new process that uses production binder 

jetting technology from Desktop Metal to sustainably 

produce functional end-use wood parts. The Forust 

process upcycles waste byproducts from wood 

manufacturing (cellulose dust) and the paper indus-

try (lignin) and re-materializes functional wood parts 

through high-speed 3D printing, including digital 

grain throughout the part.

The process combines two waste streams from tra-

ditional wood production, sawdust and lignin, to 

sustainably produce isotropic, high-strength wood 

parts. Depending on the size of the parts, Forust can 

manufacture wood products using either the Shop 

System or a custom version of the new RAM 336 

3D printer, which supports prints up to two cubic 

meters in volume at speeds in excess of 100 liters of 

parts per hour. 

During the printing process, layers of specially treated 

sawdust are spread and selectively joined by a non-

toxic and biodegradable binder. Digital grain is 

printed on every layer and parts can then be sanded, 

stained, polished, dyed, coated and refinished in the 

“ Current mass manufacturing process-

es implemented by the larger eye-

wear players are extremely wasteful. 

The ability to produce and customize 

on-demand eyewear could eliminate a 

lot of this waste.”



same manner as traditionally manufactured wood 

components. Unlike particleboard or laminate, Forust 

produces a wooden part with a digital grain that flows 

throughout the entire part that can be sanded and 

refinished. The software has the ability to digitally 

reproduce nearly any wood grain, including rose-

wood, ash, Zebrano, ebony and mahogany, among 

others. Parts will also support a variety of wood stains 

at launch, including natural, oak, ash, and walnut.

ENERGY

Additive manufacturing has found applications in dif-

ferent sectors of the power industry, both in building 

prototypes and in mainstream production, leading to 

process simplification and operational efficiency. AM 

can produce components with complex geometries, 

as well as consume fewer raw materials, produce less 

waste and have reduced energy consumption and 

decreased time-to-market.

 Manufacturers look to AM for solutions with reduced 

costs and shorter time frames. In analyzing the power 

generation segment and the possible impact that 

additive manufacturing will have on it, several gener-

alizations can be made about energy equipment.

AM for next-gen nuclear reactors 

and commercial nuclear fusion

Possibly (and literally) the hottest segment for AM 

adoption is the civil nuclear industry. Ever since Sie-

mens successfully installed a 3D printed part—a 

metallic 108-millimeter-diameter impeller for a fire 

protection pump—in the Krško nuclear power plant 

in Slovenia, new AM applications for nuclear power 

plants have been in development. With the proper 

materials, including ceramics and refractory metals, 

AM can be used for obsolete parts which are no 

longer available, allowing old power plants to con-

tinue their operations. Recently, radiation shielding 

materials such as boron carbide have become avail-

able as powders for binder jetting on ExOne systems. 

And last year, Swedish 3D printing companies Addi-

tive Composite and Add North 3D released a new 

boron carbide composite filament suitable for radia-

tion shielding applications in the nuclear industry.

 Advanced research on the use of 3D printed replace-

ments and spare parts for nuclear reactors began 

officially in 2016, when the U.S. Department of Energy 

(DOE) announced that GE Hitachi Nuclear Energy 

(GEH) had been selected to lead a $2 million additive 

manufacturing research project. The project is part 

of a more than $80 million investment in advanced 

nuclear technology.

GEH led the project by producing sample replace-

ment parts for nuclear power plants. The samples 

were 3D printed in metal at the GE Power Advanced 

Manufacturing Works facility in Greenville, SC and 

then shipped to the Idaho National Laboratory (INL). 

Once irradiated in INL’s Advanced Test Reactor, the 

samples were tested and compared to an analysis of 

unirradiated material conducted by GEH. The results 

are now being used by GEH to support the deploy-

ment of 3D printed parts for fuels, services and new 

plant applications.

Westinghouse Electric Company installed a 3D printed 

component in a commercial nuclear reactor.

Image: Westinghouse Electric Company
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Westinghouse Electric Company installed a 3D 

printed component into a commercial nuclear reac-

tor at Exelon’s Byron Unit 1 nuclear plant during 

its spring refueling outage. Westinghouse oper-

ates powder bed fusion metal AM, as well as hot 

wire laser welding (HWLW), as part of its advanced 

manufacturing offering. R&D is also ongoing to 

identify more applications of 3D printing in the 

nuclear industry.

One of these, supported by the Department of 

Energy’s Office of Nuclear Energy, is the Transfor-

mational Challenge Reactor (TCR) Demonstration 

Program, an unprecedented approach to develop a 

3D printed reactor core by 2023. As part of deploy-

ing a 3D printed nuclear reactor, the program will 

create a digital platform that will help in handing off 

the technology to industry for the rapid adoption of 

additively manufactured nuclear energy technology.  

Through the TCR program, ORNL is seeking a solu-

tion to a troubling trend: although nuclear power 

plants provide nearly 20% of U.S. electricity, more 

than half of U.S. reactors will be retired within 20 

years, based on current license expiration dates. 

Things are now moving really fast in the nuclear 

industry—a big change from the past—espe-

cially on the front of SMR (small modular reactors) 

which are scaled-down versions of nuclear reactors 

including both current and IV generation (fast neu-

tron) technology. 

As recently as May 15th, the U.S. Department of 

Energy awarded grants to GE Research and the 

Massachusetts Institute of Technology (MIT) for 

research projects to develop digital twin technol-

ogy for advanced nuclear reactors using artificial 

intelligence and advanced modeling controls. 

The research projects will use a digital twin of the 

company’s BWRX-300 small modular reactor as a 

reference design. 

The AMswer is blowing in the wind

Development and innovation through materials and 

manufacturing technologies are essential for the 

wind industry to prosper and to continue increasing 

its annual energy production. In the future, AM could 

enable the on-site manufacturing of turbine compo-

nents designed for the unique needs of the resources 

of a particular location. Also, AM can help meet the 

demand and supply for wind turbine spare parts of 

discontinued models, for which the manufacturer will 

have limited quantities. Mold and pattern production 

is another key and proven area for 3D printing in wind 

energy generation equipment. Pattern production is 

one of the most time-consuming and labor-intensive 

processes in wind blade construction, and 3D print-

ing can contribute to saving these critical resources.

In the wind industry, existing and R&D-level addi-

tive manufacturing technologies have the potential 

to impact the prototyping and manufacturing costs 

of wind energy tooling and components. According 

to a study published by ORNL, AM application areas 

for wind components that can be economically fea-

sible, given the ongoing pace of AM technological 

advancements, include direct-print blade molds that 

have been studied in greater depth to understand 

the potential and costs; functionalized nacelle covers; 

permanent magnets; and lightweight, high-efficiency 

heat exchangers.

In the future, AM technologies could enable on-site 

manufacturing of turbine parts as well as the pro-

duction of site-optimized components that are 

tailored to the unique wind and grid resources of 

a given location. With the anticipated maturation 

of new technologies, such as Large Format Addi-

tive Manufacturing (LFAM), high-capacity Wide and 

High Additive Manufacturing (WHAM) and Large-

Scale Metal AM machines, we may eventually see a 

shift toward directly printing a variety of wind tur-

bine components. 



A key potential benefit is that large wind blades 

would not have to be carried over long distances—

in particular when it is impossible to transport them 

on highways. Instead, the 3D printer could be oper-

ated on-site and print the blades, thereby saving 

transportation costs. This would also cut down the 

manufacturing time of the mold by 35% and make it 

possible to combine different materials in different 

areas of the blade.

This means that not only could large-format polymer 

and metal additive manufacturing technologies be 

implemented but cement ones could as well. Purdue 

University engineers are developing a way to make 

wind turbine parts out of 3D printed concrete, a less 

expensive material that would also allow parts to float 

to a site from an onshore plant.

The researchers are working in collaboration with 

RCAM Technologies, a startup founded to develop 

concrete additive manufacturing for onshore and 

offshore wind energy technology, including wind 

turbine towers and anchors. By eliminating the need 

for molds, RCAM’s concrete additive manufacturing 

process could reduce the capital cost of an offshore 

substructure and tower compared to conventional 

methods by up to 80%, using low-cost regionally 

sourced concrete without expensive formwork, and 

increase production speed up to 20 times.

Cleaner fossil fuels

In the past, we’ve looked at how AM can make the 

oil and gas extraction process more sustainable. This 

may seem counterintuitive, but fossil fuels are going 

Additive manufacturing has the potential to be used for on-site production 

of wind turbine components as well as site-optimized parts.

Image: Mike Setchell - Unsplash
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to continue to be part of the world’s energy mix for 

many decades, so we need to learn to work with them 

in the best way possible. AM can help.

Kueppers Solutions, a German company that spe-

cializes in redesigning energy-efficient products and 

optimizing current thermal process plants by replac-

ing fossil fuels or reducing their emissions with more 

efficient technologies, works with GKN as a partner 

for its AM activities, which have recently focused on 

reducing NOx emissions from thermal power plants.

In a recent project involving several institutions, 

Kueppers worked to develop a new mixing unit for 

gas burners that can significantly reduce nitrogen 

oxide emissions. The innovative geometry of the 

mixing unit was of course manufactured using 3D 

printing to create a precisely dosed gas-air mixture 

that burns better.

Nitrogen oxides (NOx) are a family of poisonous, 

highly reactive gases that form when fuel is burned 

at high temperatures. Kueppers commissioned the 

first reference systems at the beginning of 2019 and 

aims to become a supplier, comparable to a man-

ufacturer of injection systems in the automotive 

industry. In order to significantly reduce nitrogen 

oxide emissions, thousands of industrial burners 

have to be retrofitted.

In the area of industrial burners, certain dimensions 

and sizes have become established across manu-

facturers. Comparable to replacing a light bulb with 

an energy-saving lamp, many burners on existing 

systems could therefore be replaced without the 

entire system having to be renewed. Since thermal 

processing systems are used for 30 to 50 years, this 

option is particularly important.

A mixing unit for natural gas burners created by Kueppers Solutions to optimise 

combustion while significantly lowering nitrogen oxide emissions.

Image: Kueppers Solutions



Another research effort to curb emissions from 

fossil fuels is being undertaken by GE in collabora-

tion with UC Berkelely and the University of South 

Alabama. Through a DOE-backed research project, 

AIR2CO2, the partners are developing a system that 

can capture CO2 from the air using a combination 

of heat exchanger technology and sorbent materi-

als. Additive manufacturing is being used to design 

and develop the unique heat exchanger structure 

required, while the sorbent materials are critical to 

removing the CO2 from the air. 

CONSTRUCTION 

At the end of 2020, in 3dpbm’s AM Focus Construc-

tion, we took a close look at the opportunities for AM 

in the construction industry.

The construction industry is notorious for being 

one of the most emissions-intensive industries in 

the world. Additive manufacturing, though still a 

very niche segment within the broader construction 

sector, could provide some solutions. For example, 

a number of construction 3D printing technologies 

are designed to print on location, which means that 

fewer large building supplies would need to be trans-

ported to the build site. Instead, the 3D printer could 

be assembled on the spot, cutting back on trans-

port emissions. 

In terms of materials, local raw building medium 

could be sourced to create a base for construction 

slurry. This could also shorten the supply chain and 

reduce the need for long-haul transportation. New 

materials with a lower CO2 footprint can also be used. 

Construction tech firm Mighty Buildings and mate-

rials specialist Fortera, for instance, have developed 

a printable cement that reduces CO2 emissions by 

more than 60% compared to traditional cement. They 

have achieved this by putting the CO2 released from 

the production process back into the material

There are also research efforts underway to develop 

building materials for 3D printing made from renew-

able, sustainable sources, such as hemp. A team at 

Texas A&M University is currently investigating the 

viability of a material known as “hempcrete.” (See 

our interview with Texas A&M University researcher 

Petros Sideris about the topic in this ebook.)

Another significant benefit of construction 3D print-

ing when it comes to sustainability is reduction in 

waste. Traditional construction projects generate an 

incredible amount of waste. 3D printing can reduce 

this significantly. For starters, 3D printed structures 

do not require formwork, they are printed directly. 

Construction 3D printers are also engineered to only 

consume the amount of material required to build the 

housing structure and thus reduce scrap.

Besides offering a more sustainable process for build-

ing houses (by eliminating the need for formwork 

and using more efficient cement mixtures), one of 

the most relevant use cases for 3D printing in con-

struction was seen in the production of bases for 

giant wind turbines.

Danish company COBOD, which produces large 3D 

printers for robotic printing of buildings, entered a 

cooperation with GE and LafargeHolcim in 2019 to 

develop 3D printed concrete wind turbine towers. 

3D printing could revolutionize construction 

through the use of more sustainable. 

materials and direct on-site building.

Image: COBOD
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The partners 3D printed the first 10-meter tower base 

in 2019, followed by another in 2020. The success of 

this partnership inspired GE to address the Leaders 

Summit on Climate organized by the White House, 

presenting how its work could eventually lead to the 

creation of extra-tall towers and lower CO2 emissions.

FOOD

The production of meat, dairy and eggs puts far 

more strain on the environment than any other kind of 

food production. As a result of the increasing world 

population and a steadily decreasing amount of agri-

cultural land, humanity needs to find viable solutions 

to satisfy its alimentary needs.

More than 66 billion chickens, turkeys, pigs, cows, 

sheep and ducks were killed and slaughtered yearly 

throughout the world in 2016. There is a discrepancy 

between science and awareness of animal welfare 

in society and the practice of industrialized live-

stock farming. Eating animals means that the food 

chain, starting with plants and ending with humans, is 

lengthened and with that we waste a lot of food that 

could be used to feed people. 

The Food and Agriculture Organization of the United 

Nations (FAO) estimates that the demand for meat is 

going to increase by more than two-thirds in the next 

40 years and that current production methods are not 

sustainable. In the near future, both meat and other 

staple foods are likely to become expensive luxury 

items, thanks to the increased demand for crops for 

meat production. That is unless we find a sustain-

able alternative.

Livestock contributes to global warming through 

unchecked releases of methane, a greenhouse gas 20 

times more potent than carbon dioxide. The increase 

in demand will significantly increase levels of meth-

ane, carbon dioxide and nitrous oxide and cause a loss 

of biodiversity.

The Future Food foundation believes that artificial—or 

bioficial—alimentary products will have to be cheaper 

than conventional meat, eggs or milk derived from ani-

mals. They will also be potentially healthier than animal 

products, with a number of additional benefits directly 

related to the possibility of tailoring a meal. In recent 

years a multitude of increasingly well-funded startups 

have emerged offering vegetable-based or cellular 

agriculture-based meat and dairy products.

“ The Food and Agriculture Organiza-

tion (FAO) estimates that the de-

mand for meat is going to increase 

by more than two-thirds in the next 

40 years and that current production 

methods are not sustainable.”



Beefing it up with AM

Aleph Farms, a startup based in Tel Aviv, is one of 

several Israeli startups working on the production of 

edible meat that does not involve the slaughter of ani-

mals. Years ago it would have seemed impossible but 

now this innovation is within reach and promises to 

bring ethical and environmental benefits. The Israeli 

startup has already distinguished itself for growing 

synthetic meat in space in the Russian segment of the 

International Space Station (ISS).

American companies Meal Source Technologies and 

Finless Foods collaborated with Russia-based 3D 

Bioprinting Solutions on the experiment. To grow 

the meat, bovine cells were collected on Earth and 

taken to space. There, the 3D printer produced the 

meat in conditions never experienced before. Aleph 

Farms is now serious about developing its technology 

as a viable method to feed the world’s ever-growing 

population. The goal is to make it possible to access 

high-quality meat using minimal resources, through a 

production that is totally biocompatible. The compa-

ny’s method consists of taking stem cells from a living 

animal and combining them with growth factors that 

duplicate a cow’s natural muscle regeneration pro-

cess. Then, a bioink and a special 3D printer are used 

to rebuild the meat one layer at a time. 

Israel-based Aleph Farms is a leader in the development of synthetic meat 

products using stem cells, growth factors and 3D printing.

Image: Aleph Farms
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Recently, GOOD Meat—a subsidiary of Califor-

nia-based Eat Just Inc.—announced its plans to 

establish the largest known bioreactors for avian 

and mammalian cell culture. In partnership with 

ABEC, a specialist in bioprocess equipment, GOOD 

Meat aims to produce up to 30 million pounds of 

meat (mainly chicken and beef) without the need to 

slaughter a single animal at its U.S. based facility. The 

company’s cultivated chicken products are approved 

for sale in Singapore.

Redefine Meat is another player in the food 3D print-

ing space, only it specializes in plant-based meat 

alternatives. Also based out of Israel, the company 

produces plant-based meat-like products, includ-

ing beef and lamb cuts, premium burgers, sausages, 

lamb kebabs and ground beef. The company’s food 

3D printing process is vital to replicating the textures 

of real meat products. 

There are also several startups targeting 3D printed 

seafood. Based in Israel, Plantish specializes in the 

production of premium whole-cut fish made from 

plant proteins. The company’s patent-pending AM 

process can replicate the texture of fish species like 

salmon, by reproducing the various components 

of the fish, including connective tissue and muscle 

tissue. Deep-tech food company MeaTech 3D Ltd. 

and Singapore-based cultured seafood company 

Umami Meats are collaborating to develop 3D 

printed cultured seafood. (MeaTech is also establish-

ing a pilot plant to 3D print cultured chicken fat.) 

GOOD Meat is opening the largest known bioreactors 

for producing chicken and beef products.

Image: GOOD Meat
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When we talk about sustainability and additive man-

ufacturing, there is a tendency to focus on how the 

technology can produce more efficient parts for var-

ious industries. We hear a lot about how lightweight 

3D printed parts can reduce fuel consumption in the 

aerospace and automotive sectors, as well as how 

distributed, on-location production can minimize 

transport emissions. What people tend to focus less 

on is the fact that AM is a manufacturing process 

that itself consumes power and materials. In other 

words, it has an impact on the environment.

It is this challenge that is being taken up by Bel-

gian-based 3D printing company Materialise. The 

company’s sustainability mandate is highly ambi-

tious, taking into account a broad spectrum of 

efforts that aim to decrease the company’s environ-

mental impact, from promoting greener practices 

across its offices, to creating transparent supply 

chains, to enhancing the efficiency of AM processes. 

To learn more about how it is tackling the question 

of sustainability, we spoke to Leen Kuijken, who 

was appointed as Head of Sustainability in early 

2022. She discusses the role of the Sustainability 

team, how Life Cycle Analyses are illuminating the 

strengths and weaknesses of AM when it comes to 

ecological impact, and how Materialise is on its way 

to reducing its own CO2 footprint by 50% by 2025.

3dpbm: What is your background at Materialise?

Leen Kuijken: I’ve worked at Materialise for eight 

years now. I started in the medical division and was 

initially responsible for software products. From 

there I worked in management for medical prod-

ucts and then I moved into more corporate roles, 

like process structuring. Currently, I’m Head of 

the Sustainability team and the Corporate Proj-

ect Management team. I took on the role as head 

of sustainability at the beginning of the year (the 

Materialise is progressing on its mission to cut 

its carbon footprint by 50% by 2025.

Image: Materialise



sustainability team already existed). Sustainability is 

an area that is very close to my heart; it is something 

I am very involved with in my free time.

3dpbm: And what is the scope of your work as 

Head of Sustainability at Materialise?

LK: Sustainability is very much part of our mission 

at Materialise. And the sustainability team makes 

sure it is a priority. The direct team itself is small, but 

we also have a sustainability network with ambas-

sadors all over the company. We aim to have at 

least one sustainability ambassador per office and 

business unit. 

This network enables us to place some of the 

responsibility for sustainability with the process 

owners. We want to make sure sustainability is not 

an abstract theme from headquarters, but that 

it is involving people on the floor. Our aim is to 

really infiltrate sustainability inside all of our busi-

ness processes. 

I sincerely believe that the only way you can make 

sustainability a priority is to get the whole organi-

zation involved. It’s not enough for a few people to 

say ‘sustainability is important’. You need to have a 

firm vision on how to make additive manufacturing 

more sustainable—and we definitely have that. You 

really need to have the people that are responsible 

for the processes involved in making the processes 

more efficient. We’re talking about powder recy-

cling, reducing support structures, reducing material 

use, and more. 

3dpbm: How did Materialise become inter-

ested in understanding the actual environmental 

impact of 3D printing?

LK: We started investigating our own sustainabil-

ity five years ago when we filed our first UN Global 

Compact Report. (In early 2022, we filed our fifth 

report—you can find it on our website.) It was really 

important to us to understand our impact before we 

started taking measures. In 2017, when we did the 

first report, it became clear that CO2 emissions were 

where we could make the biggest impact. By 2019, 

a group of people had started working on calculat-

ing the precise carbon footprint of our operations, 

taking into account our business travel, the energy 

use of our facilities and offices, the machines, the 

production, our powder sources and more. 

The findings from 2019 formed the base year for 

our CO2 footprint target. And then in 2020, we laid 

out our five-year goal to cut 50% of our emissions 

by 2025. We are now in the middle of that five-year 

goal, and I am happy to say we are well on the road 

to reach our target.

3dpbm: Process efficiency is one of the key areas 

you are looking at. Can you tell us a bit about the 

idea many people have that AM is a green pro-

duction technology?

LK: 3D printing has long been a technology that was 

assumed to be inherently green. When we started 

doing our investigations, we wanted to under-

stand exactly how green it is and how it compares 

LCAs have helped Materialise understand 

AM’s real impact on the environment.

Image: Materialise
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to different production methods. Our Life Cycle 

Analyses (LCAs) have shown that it’s not so clear 

cut. We really want to get away from the false 

conception that ‘if it’s 3D printed it must be sus-

tainable’. Instead we are asking ‘how do we make 

3D printing, as a production methodology, more 

sustainable; what parameters do we have that can 

influence it, with whom can we cooperate?’. 

We also want to bring a message to the broader 

market, saying that AM is not automatically more 

sustainable because you can print lightweight parts 

and print locally. We really want to make the entire 

process more efficient.

The first step in this mission is to organize your-

self to be green. For one, it helps if you use green 

energy. 3D printing needs a lot of electricity—we 

are talking about a production method that uses 

very high temperatures—and if your electricity is 

generated using fossil fuels, you have a high CO2 

footprint. On the other hand, the greenest energy 

is the energy you don’t use. So we are not only 

stopping at switching all our energy sources to 

be green—we are almost there at 98%—but we 

are also still trying to innovate to reduce the total 

amount of energy needed for printing. 

3dpbm: And what are some of the areas you 

are looking to innovate in to enhance pro-

cess efficiency?

LK: I think the biggest factor is the powder used 

for printing. Only part of the powder is actually 

transformed into products, there is always powder 

left over which has often been treated as waste. 

We no longer want to look at leftover powder as 

waste. For our plastic powders, our PA12 for exam-

ple, we have developed Bluesint technology that 

makes it possible to print with recycled powder on 

specific machines. Usually we print a blend of 50% 

virgin powder and 50% reused powder. Bluesint 

technology has allowed us to print with 80% or 90% 

recycled powder.

This is not all, but it is a lot. This alone has reduced 

our CO2 footprint substantially. But we also are 

thinking about the powder that cannot be reused. 

We have a collaboration with Arkema, where they 

turn used powder into plastic pellets for injection 

molding. So the plastic is down-cycled into new 

materials for another industry.

Greater efficiency can also come from stacking parts 

better within the same build. If instead of five prod-

ucts you can make 15 in the same build, you will use 

less energy per product. This is the type of innova-

tion we are continuously working on.

3dpbm: What goes into a Life Cycle Analysis 

at Materialise?

LK: A life cycle analysis really aims to understand the 

true impact of each different part of the value chain 

for producing a specific product. It looks at how the 

material is sourced and produced, how it is shipped, 

where is it produced, how are the labor condi-

tions there, what is the production technology, how 

Materialise’s Sustainability Ambassadors help 

promote a green mentality within the company.
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have the parts of the manufacturing systems been 

sourced, how much energy do they consume, how 

much water is needed for the product, what hap-

pens when the product is disposed of, etc. All of that 

is put into the life cycle analysis for a specific prod-

uct to understand its impact.

At Materialise, we find it useful to compare 3D 

printing with other production methods. For us, the 

question really is how do we make AM more sustain-

able. LCAs help us understand where the pain points 

are and enable us to focus our attention on the areas 

we can make the biggest difference. 

3dpbm: What are some of the life cycle analyses 

that Materialise has done?

LK: The first LCA we did was in partnership with 

BASF. We wanted to find out about the sustainabil-

ity of a particular product—a mid-sole for a sports 

shoe. This was a product that was not personal-

ized, so it could be made using different processes, 

like 3D printing and casting/thermo-molding of 

polyurethane. We wanted to see the difference 

between the different production methods and it 

turned out that AM was only more sustainable for 

small series production. For greater volumes, other 

processes quickly became more sustainable. 

This is the type of information that we want to 

provide to the world to fight the common miscon-

ception that AM is always the most sustainable 

solution. But it also is useful for us internally, 

because it shows us where we can continue to make 

an impact and where we need to keep innovating.

The next LCA we did was a powder comparison 

between PA12, the most used plastic powder in 3D 

printing, and a plant-based PA11 powder. The out-

come at first glance was heavily in favor of PA11. But 

if you look deeper at the findings, it’s not really an 

impact decrease, more of an impact shift. PA11 is 

made from a specific type of bean and we have to 

consider that these have to be grown and that there 

are pesticides, human labor, land degradation, 

water depletion and pollution, and more involved. 

With all these other factors, the bio-based plastic 

“ We really want to get away from 
the false conception that ‘if it’s 3D 
printed it must be sustainable’. 
Instead we are asking how do we 
make 3D printing, as a production 
methodology, more sustainable 
and what parameters do we have 
that can influence it?”
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powder actually scored worse than PA12. This 

shows that the answer to making AM more sustain-

able is not simply changing all of PA12 to PA11, but 

rather thinking of applications where PA11 has spe-

cific added value.

3dpbm: Does Materialise have any sustainability 

strategies in terms of supply chain?

LK: We do. In fact, this year we are finalizing our 

Sustainability Roadmap. It is based on a materiality 

analysis through which we have chosen the param-

eters where Materialise can impact sustainability 

the most. Based on this criteria, we have set up a 

roadmap where we will focus in the coming years not 

only on achieving the 50% CO2 reduction, but also 

on setting targets on circularity and supply chain. 

We want to ensure a majority of our supplies are 

coming from sustainable suppliers. For that, it is very 

important that we have transparency. Our LCAs help 

with this, but we also want to cooperate with our 

suppliers in finding out how they source the materi-

als that enter into our production processes. 

One more example that fits nicely into our under-

standing of how to make AM sustainable and how 

to increase transparency is that we are working on 

Powder reuse and recycling are critical to enhancing 

3D printing’s sustainable potential.
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a software module that will show customers the 

carbon footprint for a specific 3D printed product. 

This will make it possible for our industrial clients 

to inform their customers of the footprint of the 

products they sell.

This type of transparency will also allow people to 

think about what they are printing, and it can help 

companies give more comparisons. For exam-

ple, they could tell their customer that choosing to 

print in a different material will decrease the part’s 

ecological footprint by X amount. This can really 

empower others to make greener choices.

3dpbm: Besides improving processes and supply 

chains, what other sustainability efforts does 

Materialise have?

LK: We have conflict mineral policies, anti-slavery 

policies and we also do a lot of social sustainabil-

ity. For example, we have an HR team focusing on 

sustainable employability, making sure that people 

within the company are continuously able to follow 

more trainings and that salaries are transparent, for 

example. In Belgium, we have structures in place to 

encourage people to take bikes to work. We have a 

green fleet of cars coming as of next year. We have 

a lot of initiatives in addition to reducing the carbon 

footprint of the AM processes themselves. 

It’s not quite the same level of impact, but we also 

encourage people across the company to set up 

sustainability projects in their office through their 

sustainability ambassador. It can be all kinds of 

things, from changing light bulbs to more effi-

cient LEDs, to better waste separation, to tree 

planting actions. All these types of small initia-

tives help to keep the sustainability team alive and 

visible. We need to have smaller, recognizable 

actions that people can relate to and copy in their 

personal lives. In the end, it all helps to create a sus-

tainable mindset.

3dpbm: Do you get the sense that Materialise is 

at the forefront of pursuing sustainability in AM?

LK: I definitely feel we are leading the way. And, like 

in other sectors, if there is a clear leader, it becomes 

harder and harder for other companies not to follow. 

There is a big focus on sustainability today, and a lot 

of legislation that is upcoming. This means compa-

nies will have to become more sustainable and they 

will no longer be able to define for themselves what 

it means to be sustainable. I hope the transparency 

we provide and the solutions we are developing 

will be copied by the rest of the industry. We have 

noticed an increase in people asking how AM can 

become more sustainable.

To summarize, it comes down to a few things for  us. 

First, we want to organize ourselves to be as sustain-

able as possible. This means thinking about where 

our energy comes from, how we can recycle as much 

as possible, etc. We also are focusing on transpar-

ency, because customers will increasingly start to 

ask for it. Transparency also allows you to see where 

your next impact can be and where to innovate and 

invest next. These are the parameters that we use in 

our daily mission to become more sustainable and to 

make AM more sustainable on the whole.

Materialise’s Bluesint technology enables 

greater recyclability rates for SLS powders.

Image: Materialise
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We chat with Jason Rolland, Senior Vice 

President of Materials at Carbon, about its 
EPU 44 elastomer.

Carbon’s EPU 44, 

a bio-derived resin 

for sustainable 3D 

printed consumer 

products 

INTERVIEW



3dpbm recently caught up with Jason Rol-

land, the Senior Vice President of Materials at 

Carbon, regarding the development of EPU 44, a 

bio-derived 3D printable elastomer with perfor-

mance-enhancing qualities. A polymer scientist 

by training, Jason Rolland joined Carbon at a 

very early stage as the eighth employee at the 

company. Carbon is now hovering around 500 

employees globally.

From the very beginning, Carbon wanted to do 

something different within the world of additive 

manufacturing. When the company questioned why 

the technology was not used more widely within 

production, the conclusion was that two main issues 

were causing this lack of adoption: print speed and 

materials. Print speed was important in order to be 

relevant enough for production in industries such as 

footwear, where the speed of manufacturing signifi-

cantly affects the final costs of the product.

Carbons’ printed lattices

With regard to materials, Rolland explains that the 

problem was specifically “around the material selec-

tion relative to what people would do with molding 

technologies. With foams, for example, in partic-

ular with elastomers, there were very few relevant 

technologies for elastomers and 3D printing, and a 

lot of work was needed to get it to the point where 

you could build a performance elastomer for use 

in a running shoe that would meet all the require-

ments of durability, et cetera. And so that’s what we 

set out to build the company on—let’s try to solve 

these problems.”

EPU 44 is a 40% bio-derived elastomer that has 

stiff, durable and flexible properties.
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Carbon had developed a breakthrough in res-

in-based printing that allowed for the printing of 

products at a much faster speed. “By greatly reduc-

ing the adhesion forces between the building 

part and the bottom of the cassette by leveraging 

oxygen permeability of certain materials, the oxygen 

can quench the polymerization at that interface and 

give you much lower adhesion forces.”

Carbon realized that “we were sort of in this box 

of UV curable materials and traditional UV curable 

materials”, materials stemming from the coat-

ings and inkjet printing industries, that were not 

designed for use as performance materials for run-

ning shoes or automotive applications.

“And so we developed this platform of dual-cure 

materials to expand the palette of materials in the 

formulation space so that we could achieve the 

necessary properties. And, what I mean by that is, 

basically, we have UV curable resins that react with 

UV light and solidify with UV light, and then we have 

thermally curable resins. People are familiar with 

this where you go to the hardware store and buy a 

two-component epoxy resin, or a two-component 

silicone resin, or a two-component polyurethane 

resin. We can take those chemistries and blend the 

UV chemistry with the thermally curable chemistry 

and then mix them just before going into the printer. 

“We then use the printer to solidify the part through 

the UV chemistry. So we form an initial network with 

the UV printing, and we basically entrap that thermal 

chemistry into that part. We then take the part out 

of the printer, clean it, and then it goes into an oven 

where you activate that thermally curable chemis-

try that’s now embedded within your initial print. 

And that is what really opens up this huge prop-

erty space for us.”

Carbon had eyes on making footwear, as the team 

knew the industry had huge potential volumes 

for resins and production. The initial dual-cure 

elastomer concept allowed Carbon to make true 

polyurethane elastomers that have the properties 

required for footwear. Considering that a lot of the 

newer shoes were made using polyurethane foams, 

Carbon knew that achieving polyurethane proper-

ties would be a step in the right direction.

Adidas Futurecraft 4D

This initial ‘Gen One’ material is what Carbon used 

to launch the FutureCraft 4D shoes with Adidas 

in 2017. And although the material met all of the 

requirements around durability, UV stability, hydrau-

lic stability, color, printing speed, etc – the shoes 

were heavier than desired. Carbon also wanted to 

move away from Adidas’ Originals line (a product 

line focused more on lifestyle, novelty and ‘cool-

ness’) towards the performance side of Adidas’ 

business to enhance the products and “take it to 

the next level”.

If this was to happen, Carbon realized the need for 

a ‘Gen Two’ material, a material that was to become 

EPU 44. One of the problems Carbon set out to 

solve was minimizing the shoe weight. “One way to 

do that is to make the struts on the lattice thinner, 

Jason Rolland, Senior Vice President 

of Materials at Carbon.
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but that makes the shoe softer. And so, you need a 

stiffer material that can compensate for that reduc-

tion in strut size. So we needed to make a stiffer 

elastomer that also still has a high-energy return 

and high durability, and all those requirements 

to make a performance product. So that was one 

thing that we did.”

The second thing is the property known as “green 

strength”, when, in the dual-cure process, the part 

has just been printed and has only been activated 

by the UV network. “The material in that green state 

has a set of mechanical properties that are import-

ant for dictating what types of geometries you can 

print. The stiffer you can make that material in the 

green state, the easier it is to make some of these 

more complex lattice geometries.”

When summarizing approximately five years’ worth 

of work, Jason Rolland explained how Adidas had 

a concept of a forward displacement running shoe. 

Which was, essentially, a lattice that was able to con-

vert vertical force into horizontal motion giving a 

small, two millimeter or so, pulse of forward-moving 

motion with each step. Carbon worked in tight col-

laboration with Adidas for approximately three years 

to make sure that the ‘Gen Two’ material met all of 

the requirements. “We needed a material that had 

a high enough green strength to enable these sorts 

of really cool geometries. Now that we have a new 

material that is lighter, we’re taking advantage of the 

fact that you can make these 3D printed lattices and 

do things that you couldn’t do with a foam, like this 

forward displacement concept.”

Adidas did a test, when Boost, a foam sole made of 

expanded thermoplastic polyurethane (eTPU), was 

released. Adidas put it to the test by dropping a 

steel ball onto flat mats of the foam in an attempt to 

prove the physical properties of the material. When 

dropped, the ball bounced higher than it did with-

out the foam, proving that the material provided 

a higher energy return. When Adidas repeated 

the test, with flat mats of EUP 44, the ball actually 

bounced forward slightly.

Another problem was that of sustainability. Some of 

Adidas’ other sustainability-focused projects include 

the company’s Parley line, which uses recycled 

ocean plastic to spin polyester yarn, and the ‘Made 

to be remade’ fully recyclable running shoes, made 

fully from recyclable materials.

“ Now that we have a new material 
that is lighter, we’re taking ad-
vantage of the fact that you can 
make these 3D printed lattices 
and do things that you couldn’t 
do with a foam.”



Carbon prioritized creating a polymer derived from 

plants—instead of polymers derived from petro-

leum—to create the necessary building blocks for 

the soon-to-be EPU 44. One of these materials, 

known as PO3G, is a shorter polymer, and the back-

bone of the long polyurethane chain.

The monomer for this material, Susterra, made by 

DuPont Tate & Lyle, is derived from corn sugars and 

can be used to build the PO3G polymer. Carbon can 

then take this PO3G molecule and add functional-

ity to it that allows for it to be used in the company’s 

polyurethane system.

“The really cool thing here is that you have a much 

lower carbon footprint in the generation of your 

material because you’re basically using CO2 from 

the air and sunshine to make plants. And then the 

plants are making the building blocks of your poly-

mer, versus extracting petroleum and then using the 

petroleum byproducts to make the building blocks 

of your polymer.”

Fortunately, the use of this bio-derived polymer for 

EPU 44 actually resulted in a much lower viscosity of 

the resin, reducing the print time and making the pro-

duction more cost-effective.

“It was one of those moments where the sustainabil-

ity requirements were lined up with the economic 

incentives and the performance incentives. And 

so we made the decision to use this bio-derived 

material in our product and yes, it turned out to 

work really well.” 

The bio-derived polymer in EPU 44 resulted in a resin with lower viscosity, 

reducing print time and making production more cost-effective.

Image: Carbon
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Thanks to the development of EPU 44, Carbon 

has been able to significantly increase the print-

ing speed of Adidas’ printed soles. Jason Rolland 

also noted that “the ‘Gen One’ material didn’t have 

the right green strength to actually print these new 

types of lattices. So in some respects, it’s not even a 

fair comparison.

Now, after 12 months of development with Adidas, 

Carbon is making the use of EPU 44 available 

to other companies, mostly targeting perfor-

mance-based industries (with a need for lighter, 

more breathable and more customized parts), 

many of which Carbon has catered to in the past. 

For example, in 2019, Carbon printed lattices that 

were designed to absorb impact for the lining of 

Riddell’s football helmets. This uses a “completely 

different material that’s still an elastomer, but it’s an 

energy-absorbing elastomer”, instead of an ener-

gy-returning elastomer. Carbon also manufactured 

bicycle saddles—an industry Carbon has catered to 

in the past—when it collaborated with Specialized in 

2020 to digitally print lattice bike saddles. The hel-

mets, bike saddles and the backpacks the company 

created with Osprey, were all also designed to pro-

vide a new level of breathability.

Carbon may be focused on sports performance, but 

the company has not limited itself to this domain. 

“It’s certainly a focus, but I think it could be useful 

for almost anything that uses a polyurethane foam… 

[Printed latices] allow you to really finely tune the 

energy attenuation and the cushioning throughout 

a given part.” The company is currently explor-

ing other applications, ranging from wheels to 

wheelchair cushions.

Carbon’s technology and expertise are also avail-

able to small and medium-sized businesses, not only 

industrial-sized businesses like Adidas. “Probably 

one of my favorite things about Carbon and about 

3D printing in general is the spread of different 

industries and different types of companies that you 

get to engage with… Some of our most important 

customers in the space are small businesses all over 

the world that just make parts for a living… I can’t 

think of an industry that isn’t impacted by, or doesn’t 

have opportunities for, additive manufacturing.”

Carbon’s strategy with regards to material develop-

ment seems to be one of jumping straight into the 

deep end. “I think the bet is if you solve for foot-

wear, then that material is probably good enough to 

be used in bike saddles and other applications. Or 

if you solve for electrical connectors (a notoriously 

challenging area of application for materials consid-

ering the thermal and vibrational requirements, as 

well as the retention of force throughout). And there 

are a bunch of other adjacent applications that are 

like ‘okay, you can solve that, then that will work for 

my application’.”

“Right now, it’s a significant portion of our overall 

business, the EPU family of materials, I should say. 

But I also think we’re just scratching the surface of 

what’s possible. I think that there’s a whole lot more 

to do,” Rolland concludes.

EPU 44 was developed with Adidas but 

is also available to other partners.
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Market Studies

3dpbm Research market studies track AM industry developments 

and decipher key trends on the insights that matter.

Order

Composites AM
Analysis and forecast of key hardware, materials  
and applications opportunities  
 
2020–2030

Metal AM
A strategic analysis of the market and a 10-year forecast 
of key hardware, materials and service opportunities

2020–2030

Ceramic AM
An analysis of the market and a 10-year forecast of key 
hardware, materials and service opportunities 2020–2030

2020–2030

Polymer AM
A strategic analysis of the market and a 10-year forecast 
of key hardware, materials and service opportunities

2020–2030

https://bit.ly/3dpbmResearchReports
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How Boeing, Airbus and Cmf (GE, Safran) 
are utilizing multi-technology approaches 
to develop the future of sustainable air 
travel today. 

On the wings of 

sustainability

FUTURE



“A major transition is now underway,” Olivier Ribet, 

Executive Vice President Europe, Middle East, 

Africa, Russia at Dassault Systèmes, confirmed 

during an exclusive interview at FIA2022.

“A major trend that we see is that a lot of companies 

who were previously exploring additive as a way of 

being more productive, more efficient and more 

profitable are now driven by a large sustainability 

agenda, where they need to prove that the way they 

produce is greener than before [...] They are going 

to be forced to change the process and the meth-

ods. At Dassault Systèmes, with the 3DEXPERIENCE 

platform, we look at this transition from a scientific 

standpoint, through material science, modeling 

and physics simulations, but also at a process level 

to make sure that there is this connection between 

what you build and how you build it.”

For the largest aerospace OEMs, this transition is 

reflected in some of the most ambitious and futuris-

tic programs, such as Airbus’ Wings of Tomorrow, the 

Boeing ecoDemonstrator and the new RISE engine 

from Safran-GE joint venture Cfm.

Airbus Wing of Tomorrow

At FIA2022, Airbus presented the results of the trans-

national R&T program—Wing of Tomorrow—which 

has successfully delivered the first full-sized wing 

prototype or ‘demonstrator’ that will help mature 

next-generation wing technologies. The completion 

of the first of three fully composite wing demonstra-

tors marks the integration of more than 100 different 

component and manufacturing technologies that 

include an all-new industrial assembly system, and 

which have helped validate key automation targets.

Boeing ecoDemonstrator airplane is a test bed for 30 new technologies, including 

the use of 3D printed parts that reduce fuel consumption and weight.

Image: Boeing



Sabine Klauke, Airbus Chief Technical Officer, said: 

“Wing of Tomorrow brings a completely different 

build philosophy to the way we currently assem-

ble wings and is a crucial part of our R&T portfolio 

that will help us assess the industrial feasibility of 

wing production in the future.” She highlighted how 

AM is just one of many technologies implemented, 

with particular benefits in tool and jig manufactur-

ing during the production process. Answering a 

question brought by 3dpbm, Sue Partridge, Head 

of Airbus Filton Site and Head of Wing of Tomorrow 

Programme at Airbus, also confirmed that while the 

size of the parts and materials required generally 

exclude the use of currently available AM technol-

ogies, some final wing parts have been integrated 

into at least one of the demonstrators. These are 

exactly the types of applications that the Wing of 

Tomorrow program looks to explore.

Boeing ecoDemonstrator

Shortly before FIA2022 and again during the show, 

Boeing unveiled its 2022 ecoDemonstrator air-

plane, marking 10 years of testing technologies 

through the program. As part of the program, a 

Boeing-owned 777-200 Extended Range serves 

as a test bed for 30 new technologies, including a 

water and weight conservation system and utilizing 

new additive manufacturing (or 3D printing) parts 

that help reduce fuel consumption and weight.

The team plans to power the 777-200ER throughout 

its test period using a 30/70 blend of sustainable 

aviation fuel and conventional jet fuel. The pro-

gram is continuing its multi-year partnership with 

National Aeronautics and Space Administration 

to study the emission improvements of sustain-

able aviation fuel.

“When the industry talks about 2050 goals for get-

ting to net zero carbon emissions, 2050 isn’t really 

an abstract idea to me,“ said Addison Salzman, 

an airplane platform leader with the program who 

has been at Boeing for five years. “That’s going to 

happen well before I retire. So when I think about 

2050 goals, I think about what are the goals for my 

career. It’s really all of our jobs to think about sus-

tainability and how it affects our work so that we 

can make the right choices.”

One of the additively manufactured parts is the 

exhaust duct support panel of the APU, the auxil-

iary power unit located in the rear of the aircraft. 

Another AM part in the ecoDemonstrator 2022 is 

an engine and both were developed by the Boeing 

Additive Manufacturing Innovation Center with the 

goal of reducing weight on the airplane, saving fuel 

and optimizing the manufacturing process.

Cfm (GE, Safran) RISE

From an AM point of view, the giant GE9X engine 

powering Boeing’s 777x planes is already part of 

history, even if it is not yet flying on commercial 

aircraft. The most powerful jet engine in the world 

is a marvel of modern engineering and its 300 3D 

printed parts helped to achieve it. The next revo-

lution for Cfm, the joint venture between GE and 

Safran, is called RISE and it is expected to be a 

successor to the very successful LEAP engine, the 

first to feature critical 3D printed parts such as 

the fuel nozzle.

While there are no official confirmations, it seems 

safe to assume that the RISE engine will feature 

numerous 3D printed parts (a fully 3D printed 

model is already available to show its interest-

ing open fan design). Building on four decades 

of investment in making engines cleaner, quieter 

and more efficient, the RISE Program is meant to 

accelerate the development of new propulsion 

technologies, paving the way for the next genera-

tion of aircraft and an ever more sustainable future.
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Bolt in the clean 

blue sky

INTERVIEW

Fulminea, the new electric supercar devel-

oped by EV pioneer Gianfranco Pizzuto, is 
a marvel of design and will also be the first 
to feature solid-state 3D printed batteries



The Founder and CEO of Automobili Estrema, 

Gianfranco Pizzuto, has been working in the 

manufacturing industry since 1983. In 1989, he 

co-founded the FAE Group, a leading manufac-

turer of machinery for agriculture, forestry and 

construction. In 2007, he began his adventure 

in the EV business as Fisker Automotive’s first 

investor and first European distributor. Fisker 

Automotive’s Karma—a luxury plug-in hybrid 

EV—was one of the first ever projects to believe in 

electric propulsion. Fifteen years later, the market 

is ripe for an entirely new project. Conceptually 

born during the COVID pandemic, Automobili 

Estrema’s Fulminea is a $2 million electric hypercar 

featuring state-of-the-art technology, including 

3D printed solid-state batteries.

Fulminea is an Italian term that means “lightning 

fast”. It recalls the lightning bolt, like the one 

proudly bearing the colours of the Italian flag 

embedded in the Estrema logo. The lightning bolt 

is also a symbol for electric power and high volt-

age, representing the team’s efforts to deliver the 

most powerful and lightest (1,500 kg, 3,307 lbs) 

electric powered supercar. 

3D printing is playing a role in its development and 

could also play a role in the production of some 

functional parts. But the real game changer could 

come from the partnership with Sakuu, which aims 

to integrate the company’s Swift Print solid-state 

batteries and further reduce the vehicle’s weight 

by optimizing space.

3D printing for financial sustainability
 

“As EV pioneers we have always been very mind-

ful of environmental concerns and for this we 

always use plant-based materials in all our 3D 

printing activities, both for photopolymers and 

3D printing is playing a role in the development of Fulminea and 

could be used in the production of functional final parts.
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thermoplastics,” Pizzuto tells 3dpbm. “These mate-

rials cannot be used on final parts for all matters 

related to durability and regulatory approvals, but 

we do use them on all conceptual models and pro-

totypes that do not need to undergo functional tests 

and endure structural stress. For everything else we 

use a lot of carbon fiber-based materials.”

One element that Pizzuto highlights is that this 

project is currently a one-off that cannot leverage 

previously developed parts. This is both a good 

thing, in terms of creative freedom, and a chal-

lenge in terms of the economic sustainability of 

the project. “When we create our prototypes we 

use everything we can find off the shelf and resort 

to 3D printing only for parts that are not available 

anywhere else,” Pizzuto explains. “For example if 

we can get standard push-rods we are not going to 

develop our own. Same for the rims, where the mag-

nesium rims from OZ are perfectly suited for what 

we are looking to achieve.”

On the other hand, the fact that the Fulminea proj-

ect began on a blank sheet gives its creators plenty 

of freedom. “The idea came to me during the 

COVID lockdown when we all had too much time on 

our hands,” Pizzuto explains. “Today we are a team 

of 14 and most of us are doing this out of passion. 

Although we are an international team, we all share 

a passion for electric mobility and the DNA of Italian 

design, which is a good thing because Italy has been 

trailing in EV adoption and we want to help convey 

that electric vehicles are not just better for the envi-

ronment but also superior in terms of performance.”

A solid concept

The Fulminea team, which began as “Team Hyper-

car”, has completed the exterior, interior and 

power train. They are finalizing the first functional 

prototype and the ability to integrate 3D printed 

batteries could help the team push their innovative 

ideas even further.

The Kavian printing technology developed by 

Sakuu Corporation, a startup based in San Jose, 

Californian, that recently raised $62 million for its 

vision of creating automated factories for 3D print-

ing batteries, promises to dramatically change 

the entire battery industry with its Swift Print 

solid-state battery cells, which could provide supe-

rior performance, safety and customizability for 

electric vehicles and mass-market energy stor-

age applications.

To understand how Fulminea will benefit from 

Sakuu’s technology, it is also important to under-

stand how EV batteries work today. “Batteries 

present a major challenge but the fact that we are 

working on a $2 million dollar hypercar enables us 

to explore all the options. In the world of EVs, the 

battery gives you energy (for the range) and power 

(for the performance),” Pizzuto explains. “So a more 

powerful battery ensures better performance just 

like a thermal engine can have 4, 8 or 12 cylinders. 

Today, the three main formats are cylindrical, pris-

matic and pouch based. Tesla, for example, uses 

cylindrical batteries, which are packed inside the 

modules that make up the battery pack.”

Sakuu is collaborating with Estrema to integrate 

solid-state batteries into the car.

Image: Automobili Estrema
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Now, if you have a battery with a 100 kWh of energy 

capacity and and you need to draw power up to a 

total of 1.5 MW on 4 electric motors—as in the Fulm-

inea—you need to generate 15 C in terms of power 

capability for the few seconds necessary during 

acceleration. This amounts to about 2000 hp and 

you only need it for a very short period of time. “To 

reach these limits in the solid-state battery, what we 

need is a supercapacitor that lets us handle huge 

quantities of power for very short bursts. After this, 

the energy is handled by the main battery for crus-

ing speed requirements,” Pizzuto explains.

“This kind of technology, which is very similar to the 

KERS in Formula 1, is very expensive and can run 

over $300,000, which alone is the cost of a super-

car,” he continues. “It is also a technology that 

will be increasingly adopted as it allows to dra-

matically reduce the size of the battery pack and 

increase the battery lifetime by absorbing most of 

the peak stresses. This means that a main battery 

can last over 500,000 Km, or up to 5,000 recharge 

cycles, and this is also very important for environ-

mental concerns.”

By using solid-state batteries, these benefits 

are further augmented as the batteries are built 

using less material, they last longer and can be 

fully recycled. In addition, they do away with the 

liquid electrolyte, which comes mostly from fossil 

sources. The added benefit of Sakuu’s technol-

ogy is that they will 3D print their batteries in 

the desired shape.

“ Batteries present a major challenge 

but the fact that we are working on 

a $2 million dollar hypercar enables 

us to explore all the options. In the 

world of EVs, the battery gives you 

energy and power.”

Fulminea means “lightning fast” in Italian and is evocative 

of the lightning bolt, a symbol of electric power.
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Sakuu’s Kavian printers implement a hybrid tech-

nology that combines material extrusion and 

material jetting to produce the battery with all the 

different chemical components in one run. In the 

case of Fulminea, the battery is located behind 

the seats and has to be installed from underneath 

the vehicle. When using traditional battery packs 

many spaces are left empty. This makes Fulminea 

the best possible “laboratory on wheels” for the 

future of 3D printed solid-state batteries and also 

an ideal candidate to prove the capabilities of 

Sakuu’s own technological approach.

Creating the Fulminea project from scratch has 

given the team the freedom to explore all options 

but it also means that they need to be very careful 

about the economic sustainability of this project. 

Having learned from previous experience, Pizzuto is 

not looking to relinquish control to external inves-

tors so the project’s funding comes mainly from 

pre-orders. “The first one, from a client Switzerland, 

has just come in,” Pizzuto tells us, “We realize this 

technology is destined to high net-worth individuals, 

but they are the ones that need to drive innovation 

so that eventually it can benefit everyone.”

The first pre-order for the Fulminea hypercar has come in from 
Switzerland. Pre-orders are critical to the project’s funding.

Image: Automobili Estrema
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Research on nuclear fusion as a source of 
safe, clean energy started 80 years ago. 
Now it’s seeing the light of the stars.

3D printing an 

artificial sun

INSIGHTS



Nuclear fusion as a source of clean and abundant 

energy has been considered to be “30 years away” 

since it was first envisioned about 80 years ago. 

But those who hailed the coming of nuclear fusion 

may not have realized that additive manufacturing, 

a technology invented 30 years ago, was needed 

to build tomorrow’s small, efficient (and modular) 

commercial fusion reactors. Now both are maturing 

together, as the commercial nuclear fusion industry 

finally starts to run on its own feet, fueled by nearly 

$5 billion in venture capital. The global commercial 

nuclear fusion industry is coming together under 

the FIA (Fusion Industry Association) and a recently 

released report on the state of the industry, pub-

lished by the FIA, helped us shed some more light 

on this “eldorado” of clean energy.

Approximately 300 quadrillion BTUs of new energy 

are required by 2050 (US IEA) to meet demand, rais-

ing total global energy consumption to 911 quadrilion 

BTUs. This translates to roughly $50 trillion in cumula-

tive investments in generation over the same period. 

Carbon-based energy is projected to lose 11% of 

market share during this period but will still comprise a 

majority share of the energy mix at 69%. This amounts 

to 125 quads in new carbon-based energy generating 

3.6 billion tonnes of additional CO2 per year in 2050.

Nuclear fusion, the reaction process powering the 

stars, has the potential to be the cleanest and most 

abundant source of energy, powering all of humanity’s 

future and truly enabling decarbonization. While it is 

not “strictly” a renewable source (as it uses abundant 

There are many insights in the Fusion Industry Association’s 

latest report on the state of the nuclear industry.
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but theoretically finite materials such as hydrogen), 

it is practically much cleaner than any other energy 

sources, including solar and wind energy, and more 

abundant than geothermal or hydroelectric energy. 

The main challenge of nuclear fusion is that it involves 

machinery that we are not yet able to build in order 

to contain plasma at temperatures that surpass those 

on the surface of the sun.

Huge government funded projects such as the NIF 

and ITER have so far failed to deliver on their prom-

ise to produce significantly more energy than they 

consume to contain the reaction. However they have 

enabled dozens of inventors and entrepreneurs 

around the world to envision their own practi-

cal and commercially viable approach to nuclear 

fusion. The FIA report identified 34 startups work-

ing on commercial nuclear fusion today and all of 

these companies are currently at different stages 

of  building their first functional reactor prototypes. 

As builders of unique and highly complex parts and 

components, all of these companies are major poten-

tial (or current) adopters of AM technology. However 

certain types of proposed nuclear fusion reactors will 

also need AM as the only viable production method.

There are five major families of proposed nuclear 

fusion reactor technologies in existance today and 

all these are being explored by commercial nuclear 

fusion companies. 

MAGNETIC CONFINEMENT 
FUSION (MCF)

The first one to have been explored is magnetic 

confinement fusion (MCF), which uses  a dough-

nut-shaped reactor called a tokamak, a Russian 

acronym for “toroidal chamber with axial magnetic 

field.” Since the 1960s, more than 200 functional 

tokamaks have been built, and the plasma physics 

fundamentals are well established. The main chal-

lenges are that this (very expensive) approach is still 

unable to achieve a sustainable reaction and it is 

hard to contain neutron contamination of the metal 

walls. ITER, the world’s biggest fusion experiment 

located in France, has been plagued by delays and 

cost overruns that have quintupled its original $5 

billion price tag and pushed its projected comple-

tion date to 2035.

Commercial companies are now taking over, with 15 

companies working in this segment according to the 

FIA report. Commonwealth Fusion Systems (CFS), 

which has received over $2 billion in funding, works 

with MIT and just signed a collaborative agreement 

with the United Kingdom Atomic Energy Authority 

(UKAEA) to advance commercial fusion energy. The 

company, one of the primary candidates to achieve 

net energy fusion, uses new superconducting mag-

nets that can help reduce the size of the reactor 

while breaking magnetic field strength records. 

Following the SPARC demonstration, CFS will begin 

construction of the world’s first fusion power plant, 

ARC, in 2025. ARC will produce fusion power onto 

the grid and demonstrate the science and technol-

ogy required for economically competitive, mass 

production of fusion power.

ITER is the world’s largest fusion experiment 

with participation of 35 nations.

Image: ITER
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UK-based Tokamak Energy’s ST40 spherical toka-

mak achieved a plasma temperature of 100 million 

degrees Celsius, the threshold required for com-

mercial fusion energy, in March 2022. This is by far 

the highest temperature ever achieved in a spherical 

tokamak and by any privately funded tokamak. 

AM can help achieve sustainable MCF by enabling 

production of complex parts using ultra-resistant 

materials such as silicon carbide ceramics. Scientists 

at Oak Ridge National Laboratory are studying how 

silicon carbide—one of the most temperature-resis-

tant materials available—could be used to design and 

build the next generation of fusion reactors with the 

help of additive manufacturing technologies.

Previously, researchers from the Institute of Nuclear 

Energy Safety Technology, Chinese Academy of Sci-

ences, in Hefai, China used SLM technology to create 

scaled-down metal samples suitable for the internal 

wall of a tokamak fusion reactor. This “first wall” sur-

rounds the high energy nuclear plasma in which the 

fusion occurs. To counter neutron bombardment, the 

researchers create their parts from a special type of 

steel developed in China that is particularly resistant 

to high-energy neutron irradiation.

The lower hybrid current drive (LHCD) RF launchers 

are another complex part of tokamak reactors that 

can benefit from AM. Advances in laser PBF allow 

additive manufacturing of lower hybrid current drive 

(LHCD) RF launchers from GRCop-84 (Glenn Research 

Copper 84), a Cr2Nb (8 at. % Cr, 4 at. % Nb) precipi-

tation hardened alloy, in configurations unachievable 

with conventional machining. The thermal, mechani-

cal and electrical properties of this material were ideal 

for use in a multijunction type LHCD launcher for low 

RF loss, while allowing high-temperature bakeout and 

preventing damage when exposed to mechanical dis-

ruption loads on the launcher structure.

Another study, conducted by Professor Chen Zhan-

gwei and Lao Changshi of Shenzhen University in 

cooperation with the Southwest Institute of Physics of 

the Nuclear Industry of China National Nuclear Cor-

poration, pointed to ceramic printed parts to produce 

tritium fuel. The scientists proposed and realized 

the design and formation of complex porous lithium 

orthosilicate ceramic parts based on a photopolymer-

ization process. The microsphere bed structure could 

introduce a new generation of tritium devices, show-

ing important application prospects. 

“ Additive manufacturing can 
help achieve sustainable MCF 
by enabling the production of 
complex parts using ultra-re-
sistant materials such as silicon 
carbide ceramics.”



The tritium production efficiency of the 3D printed 

tritium production unit is also expected to be greatly 

improved. The duty ratio of the traditional micro-

sphere structure is up to 65%, while 3D printing 

can be flexibly adjusted between 60% and 90% as 

needed. The specific surface area of   lithium ortho-

silicate is also greatly increased compared with the 

microsphere structure.

3D printing technology has been recognized as 

extremely innovative in the manufacture and applica-

tion of core ceramic components for nuclear fusion. 

This research has great prospects in the application 

of fusion reactors, which will provide more possibil-

ities to replace the traditional pebble-bed ceramic 

production structure of tritium and promote the 

commercialization of tokamak nuclear fusion reac-

tion technology.

INERTIAL CONFINEMENT 
FUSION (ICF) 

Inertial confinement fusion (ICF) is a fusion energy 

research program that initiates nuclear fusion reac-

tions by compressing and heating targets filled with 

thermonuclear fuel. In modern machines, the tar-

gets are small spherical pellets about the size of a 

pinhead typically containing a mixture of about 10 

milligrams of deuterium 2H and tritium 3H, which 

have to be heated to 100 million degrees Celsius long 

enough for the reaction to take place. In other words 

it works like an internal combustion engine, where 

a small amount of fuel is injected and sparked to 

make it burn. The main existing approach to inertial 

fusion uses a large laser as the “spark plug”, trigger-

ing the reaction. 

The sun heats and confines hydrogen with gravity, 

while magnetic fusion uses strong magnetic fields to 

confine the hydrogen and heat it with microwaves or 

other means. ICF uses powerful energy beams, such 

as lasers, to compress and heat the hydrogen fuel to 

fusion temperatures, and uses the inertia of the fuel 

itself to confine it long enough for fusion to occur.

The main challenges associated with ICF is that 

the utra-high-power, highly concentrated laser 

applied to the fuel pellet needs to be accurately 

contained. This results in instabilities that can alter 

the fuel before it can fuse, as well as high costs for 

the complexity of the laser drivers. In 2016, the US 

Department of Energy admitted that its $3.5 billion 

National Ignition Facility (NIF) had failed to meet 

its goal of using lasers to “ignite” a self-sustaining 

fusion reaction.

In the US, General Atomics supports the DOE 

National Nuclear Security Administration’s research 

in Inertial Confinement Fusion (ICF) and high-en-

ergy-density physics. This initiative is aimed at 

achieving a safer, more secure and effective nuclear 

deterrent without underground testing by producing 

thermonuclear burn conditions in the laboratory. As 

the largest industrial participant in the field of inertial 

fusion, General Atomics supplies critical compo-

nents, diagnostics and associated equipment to the 

ICF laboratories. 

An internal glimpse of a NIF 

preamplifier support structure

Image: Damien Jemison
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Among the other eight commercial companies now 

taking over, as per the FIA report, First Light Fusion 

raised nearly $100 million to develop a projectile 

fusion approach to inertial fusion that is simpler, 

more energy efficient, and has lower physics risk 

by using a high velocity projectile instead of a high 

power laser beam.

MAGNETIZED TARGET FUSION (MTF)

Magnetized target fusion (MTF) is a fusion power con-

cept that combines features of magnetic confinement 

fusion (MCF) and inertial confinement fusion (ICF). 

Like the magnetic approach, the fusion fuel is confined 

at lower density by magnetic fields while it is heated 

into a plasma. As with the inertial approach, fusion 

is initiated by rapidly squeezing the target to greatly 

increase fuel density and temperature. Although the 

resulting density is far lower than in ICF, it is thought 

that the combination of longer confinement times 

and better heat retention will let MTF operate, yet 

be easier to build. The term magneto-inertial fusion 

(MIF) is similar, but encompasses a wider variety of 

arrangements. The two terms are often applied inter-

changeably to experiments.

Among the seven MTF/MIF commercial companies 

listed in the FIA report, General Fusion has so far 

raised $300 million. General Fusion’s fusion technol-

ogy uses a proprietary lead-lithium liquid metal wall 

that surrounds the fusion plasma and is designed 

with a low start-up tritium fuel requirement and an 

advantageous breeding ratio to produce sufficient 

quantities of tritium fuel to sustain the fusion process. 

In June 2022, General Fusion received two new 

funding awards from the US Department of Energy 

through the Office of Fusion Energy Science’s 

Innovation Network for Fusion Energy (INFUSE) pro-

gram. The awards will advance Magnetized Target 

Fusion technology for use in commercial fusion 

power plants through collaboration with the Savan-

nah River National Laboratory (SRNL), a leading 

In 2022, General Fusion received funding to advance Magnetized Target 

Fusion technology for use in commercial fusion power plants. 

Image: General Fusion



laboratory for tritium process research, and Oak Ridge 

National Laboratory.

General Fusion and SRNL will collaborate to advance 

tritium production within the company’s fusion 

machine. Through this partnership with SRNL, Gen-

eral Fusion will model its tritium fuel cycle and the 

total inventory of tritium required for its future com-

mercial power plant. The partnership with ORNL will 

focus on enhancing open plasma modelling tools and 

enable efficient modelling of General Fusion’s fusion 

machine. Tapping into the laboratory’s supercom-

puting capabilities, this work will enable high-fidelity 

study of General Fusion’s planned Fusion Demon-

stration Plant, the world’s first power-plant-relevant, 

large-scale Magnetized Target Fusion prototype.

FIELD-REVERSED CONFIGURATION

Another common specific approach, utilized by four 

commercial companies in the FIA report, is field-re-

versed configuration (FRC), which is a type of plasma 

device studied as a means of producing nuclear 

fusion. It confines plasma on closed magnetic field 

lines without a central penetration. In an FRC, the 

plasma has the form of a self-stable torus, similar to a 

smoke ring. FRCs were a major area of research in the 

1960s and into the 1970s, but had problems scaling up 

into practical fusion triple products. Interest returned 

in the 1990s, and as of 2019 FRCs were again an active 

research area. No lab has yet demonstrated a work-

ing FRC reactor that can create a sufficiently dense 

and stable plasma.

Helion Energy and TAE Technologies are two of the 

most interesting startups working on FRC nuclear 

fusion reactors and are proposing alternative fuels 

to Deuterium Tritium in an effort to address tritium 

shortage (only 25Kg of tritium are expected to exist 

worldwide). Tritium can be produced as a byprod-

uct of nuclear fusion but not enough fuel exists to 

start the reactions for all ongoing projects. Washing-

ton state startup Helion has so far raised $577 million 

to develop an FRC reactor that used deuterium and 

helium-3, a rare helium isotope. Helion’s plasma accel-

erator raises fusion fuel to 100 million degrees Celsius 

and directly extracts electricity with a high-efficiency 

pulsed approach.

California-based TAE Technologies plans to use 

plain hydrogen and boron. Both of these reactions, 

however, require higher temperatures. TAE’s fifth-gen-

eration fusion platform is named after fusion energy 

pioneer and late co-creator of the company’s propri-

etary technology, Dr. Norman Rostoker. The National 

Laboratory-scale device combines TAE’s proprietary 

power management technology and advanced accel-

erator beam-driven field-reversed configuration (FRC) 

for compact and efficient operations.

STELLARATOR

Invented in 1951, a stellarator is a plasma device 

that relies primarily on external magnets to confine 

a plasma. Scientists researching magnetic confine-

ment fusion aim to use stellarator devices as a vessel 

for nuclear fusion reactions. The name refers to the 

possibility of harnessing the power source of the stars, 

such as the Sun. It is one of the earliest fusion power 

devices, along with the z-pinch and magnetic mirror.

In 2007, proof for the benefits of magnetic field shap-

ing were first demonstrated with HSX, the world’s first 

optimized stellarator. 3D shaping to minimize neoclas-

sical transport was further demonstrated with W7-X 

in Germany, a $1.2 project to demonstrate optimized 

stellarators by the German government. It went online 

in 2015 and in 2018 it achieved a world record for stel-

larator fusion performance with the greatest triple 

product to date. With cooling system upgrades cur-

rently underway, it is targeted to reach performance 

levels comparable to that of tokamaks.
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The stellarator uses magnetic fields to confine ion-

ized gas to fusion conditions using fuel obtained 

from water. Its inherently practical features make it 

highly attractive to utilities for 24/7 baseload opera-

tions that can be deployed almost anywhere. Under 

development by various nations—and by at least four 

commercial companies in the FIA report—the stellar-

ator has been making strides in recent years towards 

the goal of generating surplus power.

The stellarator’s spiraling ribbon shape produces 

high-density plasma that is more stable than that of 

a tokamak, however its challenging geometry makes 

it complicated to build and extremely sensitive to 

imperfect conditions. This is why additive manufac-

turing can be a game changer in the development of 

tomorrow’s stellerator reactors.

Wisconsin-based Type One Energy is looking to 

implement large-format metal additive manufac-

turing in the development and production of its 

stellarator nuclear fusion reactors. The company is 

working on STARBLAZER I, a stellarator power plant 

that is cost-competitive to build and operate, in 

collaboration with academic, national lab and cor-

porate partners.

To reduce build time and cost, the STARBLAZER I will 

incorporate generatively designed and additively 

manufactured modular components, which include 

the magnet assemblies, magnet support shell, heat 

exchanger and vacuum vessel. Type One is going as 

far as building “the machine that builds the machine”: 

NEBULA, a proprietary large-format, selective 

high-precision metal deposition (DED) additive man-

ufacturing platform, made for the economical mass 

production of large fusion components.

The planned commercialization campaign for the 

STARBLAZER fusion reactor has three phases with 

technical milestones tied to two iterative stellar-

ator builds demonstrating progressive gains in 

performance, simplification and cost through the 

parallel application of 3D magnetic field optimiza-

tion, industrial additive manufacturing and non-planar 

high-temperature superconducting electromagnets.

“ The stellarator’s challenging geom-
etry makes it complicated to build 
and extremely sensitive to imper-
fect conditions. This is why addi-
tive manufacturing can be a game 
changer in the development of to-
morrow’s stellerator reactors.”
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Especially in recent years, plastics have been asso-

ciated with pollution and a deteriorating global 

environment. A report by Beyond Plastics, a US-based 

anti-plastic movement, describes plastics as “the new 

coal”, responsible for climate change and “yet rarely 

acknowledged contributions to the climate crisis”. 

Using coal-fired power plants as a benchmark, the 

report examines ten stages in the creation, usage 

and disposal of plastics. According to this study, as 

of 2020, the US plastics industry is responsible for 

at least 232 million tonnes of CO2e gas emissions 

per year. This amount is equivalent to the average 

emissions from 116 average-sized (500-megawatt) 

coal-fired power plants.

The report goes on to highlight that the US plastics 

industry’s contribution to climate change is on track to 

exceed that of coal-fired power in the US by 2030. At 

least 42 plastics facilities have opened since 2019, are 

under construction, or are in the permitting process. 

If they become fully operational, these new plastics 

plants could release an additional 55 million tonnes of 

greenhouse gases—the equivalent of another 27 aver-

age-sized coal plants. In addition, although the plastics 

industry has long touted plastic’s recyclability (and 

significant steps forward have been made) the report 

indicates that less than 9% of plastics are recycled, and 

new proposals for “chemical recycling” or “advanced 

recycling” actually have more in common with inciner-

ation—a major source of both climate emissions and 

harmful air pollutants. 

Yet, there are often two different views of the same 

issue and plastics are no different. According to a 

report by The Plastics Industry, Life Cycle Assessments 

demonstrate that plastic is in fact the best material 

across many applications to reduce emission outputs, 

reduce the use of water and energy and most effi-

ciently use valuable resources. Not only do plastics 

provide these benefits but recycling also ensures that 

these products can be reused, which creates a circular 

economy and protects our environment.

The report argues that plastic is lighter and more dura-

ble than alternatives and reduces the overall weight of 

products. Lighter products require less fuel to trans-

port and that reduced weight translates to a smaller 

environmental footprint by lowering energy use and 

carbon emissions. If plastic packaging were replaced 

with other materials, waste and energy consumption 

would double, and weight and costs would quadruple. 

For example, plastic baby food packaging provides 

small but significant environmental benefits over glass 

jars with impacts reduced by 14% to 27% for primary 

energy and 28% to 31% for global warming.

In terms of recyclability, the report highlights that 

while traditional curbside or drop-off recycling pro-

grams are the most common forms of recycling for 

the average American consumer, these are no longer 

the only types of recycling, nor do they represent the 

most cutting-edge option. Advanced recycling solu-

tions available today ensure that some plastics can 

be endlessly recycled. For example, chemical recy-

cling, pyrolysis and gasification break down polymers 

into their original molecules, or monomers. Advanced 

recycling solutions can even generate more recycled 

content to better serve communities and businesses by 

repurposing hard-to-recycle products. 

Agilyx, an alternative energy company, recycles poly-

styrene (which most people know as Styrofoam) 

into high-value petrochemicals. Agilyx’s polysty-

rene recycling process creates like-new materials 

while generating fewer greenhouse gases than man-

ufacturing does.

Printing with compostable 

and biosourced plastics

One of the primary means of ensuring sustainability 

during the manufacture of polymer AM materials is the 

use of compostable and biosourced plastics such as 

PLA. Such plastics are made from renewable sources 

like corn and are therefore biodegradable.



Global PLA manufacturer NatureWorks LLC is one 

producer of biosourced plastics suitable for AM. 

Its Ingeo PLA products are made from greenhouse 

gases: the company uses photosynthesizing agri-

cultural crops (corn, cassava, sugar cane or beets) to 

sequester carbon as simple plant sugars. The glucose 

is converted into dextrose, then into lactic acid, and 

a proprietary process turns the lactic acid into lactide 

rings. These rings are opened and linked together to 

form a polylactide polymer. NatureWorks Ingeo PLA 

filaments have a much smaller carbon footprint than 

materials like PET, ABS and Nylon.

Corn and sugarcane are the most common crops used 

to make PLA. Another natural source for plastics is 

the castor plant, which grows in semi-arid areas and 

requires low levels of pesticides. The inedible plant 

can be turned into nylon. Covestro is one plastic man-

ufacturer using the castor plant (specifically its oil) to 

make AM materials. The company’s Addigy G4001 

GF material is a PA410 polymer for fused granulate 

fabrication (pellet printing) that is suitable for the pro-

duction of automotive parts. Arkema also uses the 

castor plant for its Rilsan PA11 powder.

Another manufacturer using biosourced materials to 

make AM polymers is Lubrizol, which offers a par-

tially biosourced (more than 30%) TPU with a similar 

hardness to standard TPU. Supplied in pellet form, the 

ESTANE® 3D TPU product can be extruded into fila-

ment for material extrusion.

Printing with recyclable plastics 

and material reuse

Using compostable plastics is just one way to improve 

the sustainability of polymers in AM. Another way is 

to use recycled materials. One of the most common 

recycled materials in AM is PET, due to its abundant 

use in the production of plastic bottles. PET differs 

from PETG, which is more widely used in AM due to its 

superior impact resistance.

Covestro currently markets a recycled PET (rPET) mate-

rial with glass fibers for fused granulate fabrication 

(pellet printing). This material, called Addigy® G2001 

GF rPET, is made from post-consumer PET waste and 

has a lower carbon footprint than functionally equiv-

alent AM polymers. It is UV-stabilized for improved 

outdoor performance and is suited to infrastructure, 

architecture and packaging applications.

Tridea, a specialist developer of recycled AM materials, 

makes recycled PET from post-consumer plastic bottles 

using a hybrid Thermolysis system specially designed 

for processing plastic waste and separating it into oil, 

gas and carbon. Tridea markets its recycled PET in both 

pellet form and as filament for material extrusion. Its 

ONE PET filament offers a high level of tensile strength 

compared to PETG.

Mitsubishi MCPP manufactures several recycled 

materials from its in-house production waste, i.e. by 

shredding or compounding its own waste filament. 

These recycled products include filaments for FFF and 

pellets for large-format material extrusion. MCPP’s 

recycled filaments include ABS-X, PET-G and PLA 

(which the company says performs the same as its 

regular PLA), in addition to several glass-fiber-rein-

forced materials.

Sourcing recyclable plastic waste is not always econom-

ically viable, but advances in AI-powered automation 

can potentially improve the process. AMP Robotics, 

for example, has deployed AI-guided robots to iden-

tify PET waste products at its Ohio facility, doubling its 

PET recovery rate.

Sustainable practices in AM

Sustainable practices in AM are necessary to address 

climate issues. AM in general offers some sustainability 

benefits compared to other manufacturing processes, 

such as shortened supply chains and minimal material 

waste, as the layer-by-layer additive process does not 
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produce scrap with each build (e.g. chips produced 

during CNC machining that must be disposed of). It is 

also easier to consolidate multiple components into a 

single part using AM, as the process provides a great 

deal of geometrical freedom, which in turn can shorten 

supply chains by reducing dependence on compo-

nents like fasteners. Furthermore, AM does not require 

the fabrication of metal tooling, which is an energy-in-

tensive process in itself. 

AM can also be leveraged in more specific ways to 

address key environmental and social issues. One 

example of sustainability in polymers AM is the 

creation of digital spare parts libraries, which are com-

puter-stored collections of CAD or other 3D model 

files that can be selected, modified and manufac-

tured on-demand. Companies using digital spare 

parts libraries instead of warehouses for physical 

spare parts (many of which will never be used) reduce 

their environmental impact by only manufacturing 

parts as and when they are needed and cutting out 

long supply chains.

A related benefit of AM is its ability to prolong a prod-

uct’s lifecycle by enabling cost-effective repairs and 

refurbishments. The manufacturing process is econom-

ical even when fabricating one-off parts, which can 

make it more cost-effective to fabricate replacement 

parts than to scrap and rebuild an entire product. The 

physical properties of polymer AM parts can also have 

indirect sustainability benefits. Because AM can create 

exceptionally lightweight plastic parts with partially 

hollow internal sections, it can help reduce the overall 

weight of vehicles like cars and aircraft and conse-

quently decrease their fuel consumption.

Circular economy practices in AM

 A circular economy is a model of production and con-

sumption in which consumer products are reused, 

remade or recycled rather than scrapped at the end 

of their lifecycle. To tackle environmental issues, a 

circular economy aims to reduce or eliminate both the 

extraction of raw materials from the planet and the 

wastage of scrap products. A circular economy can be 

contrasted with the conventional linear economy, in 

which raw materials are turned into products that are 

then discarded. AM can contribute to the creation of 

a circular economy in several ways, starting with the 

raw materials used in the process. Several polymer 

AM technologies can process biosourced and com-

postable materials like PLA, while the use of recycled 

AM materials like PET is also widespread.

Careful and considered design of AM parts can also 

contribute to circularity. The very nature of AM allows 

designers to create a vast range of physical properties 

using just one material. For instance, a polymer like 

ABS could be printed at full density to create a solid 

and stiff part, or it could be printed at low density with 

a low-strength infill pattern to make it more flexible 

and impact-resistant. Designers can also use highly 

complex lattice structures to precisely manipulate the 

physical performance of the material. This effectively 

allows manufacturers to reap the benefits of several 

different materials while only having to order one 

single polymer, eliminating surplus supply chains.

As discussed earlier, on-demand manufacturing can 

reduce wastage and contribute to a circular economy. 

The concept of distributed manufacturing is equally 

important: this involves digital part files being sent to 

other places and then fabricated at a location close to 

where the parts need to be shipped. In this way, dis-

tributed manufacturing can significantly reduce the 

carbon footprint of AM parts.

The recyclability of AM parts is also critical to the cir-

cularity of AM. Although not all AM polymers can be 

recycled, the fact that many AM parts have been con-

solidated from multiple components can contribute to 

their recyclability: it is easier to recycle a product made 

from a single material than one made of several materi-

als, some of which may be non-recyclable (e.g. PP, PS).
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