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[bookmark: _aorrbgf5k1i]Additive manufacturing makes objects by systematically adding material via a CAD program

Additive manufacturing (AM) refers to the manufacturing of 3D objects—components, parts, or entire products—by systematically adding material, layer upon layer, according to software-based instructions (usually a CAD program). The materials used could be metal, polymer, or ceramics.

Generally, the terms 3D printing and AM are used interchangeably. However, AM relates to the entire workflow, from design and prototyping to printing, as well as post-processing solutions, whereas 3D printing is just one aspect of AM.

In this report, we look at companies that develop and sell AM solutions for industrial purposes, including the sale of 3D printer systems, AM materials, AM software, and post-printing solutions, along with companies that develop technology to offer on-demand AM services.

This report excludes 3D-printed houses, which are covered in the Prefab Tech report. Also excluded are 3D printed food and bioprinting.
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[bookmark: _12yblvzcec84]AM is widely used in industries that require rapid prototyping as well as mass customization and precision printing

Due to its compelling attributes, AM has been used across industries and use cases, with the most prominent one being rapid prototyping. In a 2022 survey by Sculpteo, around 49% of respondents (mostly from an engineering background including CEOs and R&D teams) reported using AM for proof of concepts. Prototyping was in second place (31% of respondents), followed by production (16%) and mass production (4%).

Typical AM use cases
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AM is widely used in automotive and aerospace applications to make small components that require precision manufacturing and mass customization. Other notable applications include the manufacturing of medical devices, components/parts in the energy and defense sectors, sporting goods, and consumer goods. AM is also an emerging trend in the fashion industry.
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[bookmark: _1ieine88h0f]Widespread adoption of AM was triggered by the expiry of several patents during 2009–2014
AM technology has been in development since the early 1980s. However, R&D in the market only truly flourished between 2009 and 2014, after several early patents had expired. Before that point, the market had been dominated by a handful of companies. The subsequent period saw an influx of players entering the market with proprietary technologies. 
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[bookmark: _rdlz128bvafk]Startups are developing proprietary tech to improve functionality and enable high-volume printing

Legacy AM technology was limited by its inability to accommodate high-volume printing. However, companies are increasingly developing advanced tech aimed at improving the speed of printing and the functionality of printed objects. These technologies are either derivative of existing AM tech or are novel, disruptive approaches that may displace legacy tech.
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Some companies have developed completely new technologies, which are not derivatives of existing technologies. For example,
1. MELD Manufacturing has developed patented technology that can print large metal parts without melting the material, which is claimed to be 10x faster than traditional powder bed fusion tech.
2. Norsk Titanium’s patented Rapid Plasma Deposition tech, which uses melting titanium wire, is claimed to be capable of printing parts 50x–100x faster than powder-based AM systems.
3. Rapidia’s water-based metal paste is a new AM technology that is free of harsh chemicals, which makes it more suitable in office settings for uses like prototyping.
4. NUBURU released BL-1000-F, a high-brightness blue laser with a 1 kW power output. This enhances laser performance for applications like metal 3D printing and EV battery welding, enabling faster processing, micron-level precision, and improved quality of welds. 
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Materials with advanced properties: Materials have seen significant development to achieve the strong, durable, and lightweight nature required for AM. For example, MarkForged claims that using its patented continuous fiber reinforcement (CFR) technology, carbon can be made strong enough to replace aluminum. Most AM companies have developed proprietary materials that offer advanced properties like the ability to withstand high temperatures and long-term UV exposure (e.g., Inkbit) as well as steel materials that are corrosion-resistant and acid-resistant. 

Fully recyclable materials: Companies like Evolve Technologies and Materialise have also introduced fully recyclable materials, which cater to the sustainability aspect as well. 

Improved compatibility: AM companies offer materials that are compatible with other printers, which broadens the availability of choices for manufacturers, eliminating the need to stick to one technology, system, or brand.  (e.g., Nexa3D’s XiP Pro 3D printer is compatible with a broad range of high-performance materials—from resins such as xABS, xPP, and xCE to elastomeric materials).
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AM often uses generative design software, which leverages AI algorithms to create and evaluate hundreds of potential designs, improving the accuracy and speed of the design process.

Emerging technologies, such as generative AI (GenAI), are also gradually making their way into this space. For example, Desktop Metal launched a GenAI software Live Suite in March 2023 to provide advanced design capabilities for a wide range of materials, while Authetise launched 3DGPT, a GenAI tool that enables users to ask questions related to additive manufacturing processes. 

Other improvements in functionality have also bolstered the space. Startups like Continuous Composites, Arevo, and 3DEO use advanced robotic arms in their printers, backed by software that helps automate the process. These improvements enable employees to perform the work without needing specialized skills or training. The technologies offered by companies like Evolve (selective thermoplastic electrophotographic process or STEP), Inkbit (vision-controlled jetting or VCJ), and 3DEO (proprietary sensor-based tech with a closed-loop process to correct errors) also improve print speed and accuracy. Advancing to the next stage, some companies have even demonstrated unattended production by using robotic systems.
[bookmark: _skqb772qw0ed]
[bookmark: _1ghfivy7x8s1]
[bookmark: _kzqxs7wxfssr]
[bookmark: _knx7kquccwfk]
[bookmark: _2xu0ujuxts9c]
[bookmark: _13n4o8os2hsm]
[bookmark: _jjxujbl66at5]Companies developing unattended production systems using robotics
[image: ]

Moreover, modern AM printers can also be connected to the cloud (via software) to collect data from the existing fleet of printers to enhance future R&D capabilities (e.g., Blacksmith software by MarkForged). These printers can also be operated remotely, allowing engineers to access and control printers remotely to develop and produce designs.
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Several international as well as national institutions have introduced various standards relating to AM, helping achieve conformity among the players in the market and enabling large-scale industrial adoption. Some prominent institutions that have introduced standards include the International Organization for Standardization (ISO-international level), the American Society for Testing and Materials (ASTM-US), National Aeronautics and Space Administration (NASA-US), European Union Aviation Safety Agency (EASA-EU), and the FDA. These institutions have introduced 1) general standards (concepts, common requirements, guidelines, and safety requirements), 2) standards relating to broad categories of materials and processes, and 3) standards relating to specific materials, processes, and applications.
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Changing market dynamics requires manufacturers to innovate and introduce new products to the market faster. For starters, customers tend to switch brands if a product is not available when they look for it. A 2023 PwC survey carried out across 25 countries revealed that 43% of respondents highlighted improved product availability and competitive pricing as crucial factors influencing their purchase decisions. These demands have driven manufacturers to improve time to market through technologies like AM. Increasingly, consumers also look for personalized products. Around 83% of respondents in a 2020 CITE Research survey on personalization in healthcare, mobility, and retail industries indicated that they want to see adaptations to products or services within hours, with only around 21% willing to wait for four or more days. Businesses that were highly responsive to market trends were more likely to report outperformance in areas like innovation, growth, financial performance, and operational resiliency, relative to slower counterparts.
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In improving speed to market, one of the major limitations manufacturers face is the time it takes for design and prototyping, as traditional subtractive methods can take weeks or even months to design and develop prototypes, adding to the cost and lead time. This limitation is addressed by AM, with its ability to design and print parts instantly or in less than 24 hours. The availability of desktop 3D printers further expedites prototype development at a lower cost.
[bookmark: _c6dkxaei1t5j]2. Ability to create almost any 3D shape with precision
Around 24% of respondents (mostly from an engineering background), in a 2022 survey by Sculpteo, indicated that the most important thing achieved by 3D printing was its ability to accelerate the product development process. AM allows the creation of innovative designs, such as hollow designs (objects with cavity/space inside) as a single piece, which is unattainable with conventional manufacturing techniques. This eliminates steps like bonding, drilling, and plating, which need to be performed if several parts are to be made and combined into a single piece. The ability to produce lightweight parts (with advances in materials explained previously) without compromising on functionality also improves demand for AM.
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A 2021 research study compared AM costs with traditional manufacturing (TM) methods and revealed that AM costs less than TM when the total cost of a part (including inventory holding cost) is considered. The cost differential is more pronounced for the production of spare parts or after-sale parts where annual tool maintenance and storage costs in the traditional manufacturing model can drive inventory holding costs to over 4x the production cost.
[bookmark: _7jr8w6lsnysh]Comparison between AM and TM cost
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In general, AM allows manufacturers to streamline the supply chain and minimize disruptions without having to hold costly inventory. Components can be printed when needed, within hours or days, without the need for costly and time-consuming activities like forging or casting. AM also helps companies to be less reliant on transportation infrastructure and respond well to demand fluctuations by printing on-premise on demand.
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The global move to reduce carbon footprints and shift to a circular economy will disrupt traditional approaches to manufacturing. Moreover, investments are likely to be directed toward sustainable operations and companies, with major economies focused on green investments like the EU Green Deal. 

As one of the major industries to use virgin materials like aluminum and iron, the manufacturing sector will face increasing pressures to innovate. According to a 2022 report by social enterprise Circle Economy, 101.4 billion tonnes of virgin materials were used globally in 2021, up from 100 billion tonnes in 2019. Meanwhile, recycling and reusing stagnated at 8.6% of the materials used. If climate targets are to be achieved, the level of virgin material usage has to be limited and recycling improved. AM will enable the manufacturing sector to achieve these targets, as it significantly reduces material waste while promoting recyclability. For instance, In October 2022, Desktop Metal announced a partnership with Siemens to promote additive manufacturing, with a focus on binder jetting technology, reducing waste, and streamlining supply chain operations.
[bookmark: _qtdl3zly9bkc]Risks to growth
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Small manufacturers represent around 99% of all US manufacturing companies. These players usually lag behind larger-scale counterparts in terms of technology adoption. Concerning AM specifically, small manufacturers may face certain issues with adoption according to the American Economic Association. Specifically, these companies may lack affordable access to the financing required to support the initial investment and not see clear demand signals from customers on the willingness to accept 3D AM products. 

Five large US manufacturers (GE Aviation, Honeywell, Siemens Energy, Raytheon Technologies, and Lockheed Martin) have taken steps to mitigate this issue. In May 2022, the companies announced “AM Forward,” a voluntary agreement that enables and supports their suppliers in the adoption of AM. The Federal Government also pledged support to offer financial, technical, and training support to small firms as well as to develop the necessary standards for the use of AM. 
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[bookmark: _p3dy7j6bnrax]2. Practical use of AM could require integration of different vendor solutions, which is sometimes unfeasible

Despite the availability of various AM solutions in the market, manufacturers may still face integration issues when combining designing, manufacturing, and post-processing solutions from different vendors. Moreover, 3D printer systems typically require vendor-specific software, which may not integrate well with other software solutions.

For example, Desktop Metal’s build preparation software is compatible with only a few leading third-party software providers like Materialise and Autodesk. Further, its system cannot use third-party materials, as this would result in the cancellation of the system warranty. Apart from the integration issues, this could also mean that companies developing only the AM software or AM materials will not have adequate opportunities to penetrate the market.
[bookmark: _a4y6axoc6bm]3. Potential health hazards for workers
While any manufacturing process is susceptible to health hazards, AM presents several unique health threats to workers. This includes
· Inhalation of powders and dermal exposure: AM typically uses materials in powdered form, which could be inhaled by workers or come into contact with their skin or eyes, causing possible irritation, allergic reactions, or other damage.
· Exposure to potentially hazardous energy sources: AM uses various energy sources like lasers and electron beams that could cause harm to the eyes and skin.
· Thermal hazards: The use of heated nozzles can result in thermal burns if not handled properly.
These health hazards will require the development of AM-specific occupational health and safety protocols. The American National Standards Institute (ANSI) has introduced several standards to address these AM-specific health hazards.
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RAPID PROTOTYPING

Prototypes demonstrate how a product
ook or perform at the outset of the
manufacturing cycle. AM is useful for
creating rapid prototypes in response
to design feedback, reducing lead time
to market.

MASKING

Manufacturers are sometimes required
to mask sensitive areas of products
while processing. This s traditionally
done through manual taping or the
development of injection molded
masks, which can be time-consuming
and costly. AM can be used to quickly
develop masks, expediting the
manufacturing processes.

TOOLING AND CASTING

AM s a cost and time-efficient
alternative for creating molds and tools
for manufacturing use, compared with
traditional methods like CNC
machining.

END-USE PARTS

AM can develop any 3D shape without
compromising on functionality, making
it effective for end-use parts
production

JIGS AND FIXTURES

Jigs and fixtures are standard
‘workholding devices that m:
tools and workpieces in a fixed position
during manufacturing. AM enables the
development of jigs and fixtures in
irregular and complex shapes, unlike
traditional CNC machining.

AFTERMARKET PARTS

Aftermarket parts are often produced in
large batches to reduce per-unit costs,
leading to high inventory management
costs for manufacturers. AM enables
the manufacture of aftermarket parts
on an as-needed basi
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AM can make low-volume parts that are
lightweight yet strong and durable. For
example,

« Cosmetic aircraft interior components

» Engine components

« Components for unmanned aerial vehicles
+ Combustor liners

+ Tooling for composites

+ Oil and fuel tanks

I~
.I CONSUMER GOODS

AM can produce various consumer objects
including electronic components, toys, and
sports equipment. Rapid prototyping and
development also enable mass customization
and the lowest time to market.

, ENERGY

The development of corrosion-resistant metal
materials has benefited the gas, oil, and energy
industries. These materials are being used to
make various components like rotors, stators,
turbine nozzles, flow meter parts, and control-
valve components.

AUTOMOTIVE
AN E-MOBILITY
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AM can produce end automotive parts like

+ Custom interior features

+ Custom seats

» Spare and replacement parts

+ Design prototypes for automotive

applications

DEFENSE/MILITARY

AM can be used to make various end parts of
military equipment like

« Complex brackets

+ Jet engine components

+ Spare parts

MEDICAL

+

AM is used to print a range of objects from
prototypes to surgical-grade components
including

» Custom orthopedic implant devices

Custom dental devices

Components of rehabilitation

exoskeletons

Anatomy models for surgical planning

Surgical tools
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AM is used to develop machine components
that are highly complex but required in low
volumes.

INDUSTRIAL MACHINERY
AND EQUIPMENT
MANUFACTURERS
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First research paper on 3D printing technology was published by Dr. Hideo
Kodama—a Japanese researcher at Nagoya Municipal Industrial Research

Institute. The technology was not commercialized.

Three French engineers filed a patent for stereolithography (SLA) technology.
The effort was subsequently abandoned, as the team was unable to identify
industry applications and could not attract funding for further development.
Chuck Hull filed his patent for SLA, released the first 3D printer, and formed 3D

Systems.

Patent filed for selective laser sintering (SLS) technology by Carl Deckard at
the University of Texas.

Scott Crump filed the patent for Fused Deposition Modeling (FDM) technology
and co-founded Stratasys. The introduction of a new technology fostered

competition with 3D Systems.

Binder Jetting Technology introduced by MIT and ZCorp.
Several companies entered the market, introducing technologies like electron

beam melting (EBM), PolyJet, and multi-color 3D printing.

Dr. Adrian Bowyer launched the open-source project “RepRap” to increase
interest in low-cost 3D printers. DIY 3D printer kits were introduced.

ExOne was established.

Thingiverse was launched, allowing designers to upload their 3D printer
models for free third-party downloads and use.

The patent for SLA technology expired.

Patents for FDM technology expired. The average FDM printer price dropped
from USD 10,000 to less than USD 1,000.

Another major SLA patent expired and an affordable SLA printer was
introduced.

A major SLS patent expired and an affordable SLS printer was introduced,
bringing down the cost of a basic printer to USD 5,000 from USD 250,000.

Incumbents like HP and GE entered the market.
Several startups formed, developing innovative and proprietary technology.
Several startups including Desktop Metal, Carbon, and Formlabs become

industry unicorns.
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Current AM technologies and derivative technologies

Technology

Description

Novel tech developed by
startups as a derivative to
existing tech

Fused filament
fabrication
(FFF)/fused
deposition modeling
(FDM)

Powder bed fusion
technology

Photopolymerization

Material jetting

Binder jetting

Direct energy
deposition (DED)

A process in which
thermoplastic material is
pushed through a heated
nozzle to create layers.

Typically uses plastic
polymers as a base material.

Could also require supportsa
in certain cases.

Uses heat or other agents to
fuse powder particles to
create layers.

This can be further
categorized based on the type
of heat used (i.e., laser,
electron beams, or other heat
sources like a thermal
printhead). It also uses a
fusing agent to combine
powder material.

Several variations of this
technology include selective
laser sintering (SLS), direct
metal laser sintering (DMLS),
selective laser melting (SLM),
and selective heat sintering
(SHS).

A process that uses a laser or
light stream to harden
materials (typically liquid
resins) as they are printed in
layers

Variations of this technology
include stereolithography
apparatus (SLA) and digital
light processing (DLP).

Aliquid material is dropped
continuously through a
printhead, which is solidified
through a UV light.

Aliquid binding agent is
dropped into a bed of
powdered material to bind the
adjacent particles.

Uses an energy source, such
as a laser, electron beam, or
plasma arc to fuse feed
material into a workpiece.

MarkForged's continuous fiber
reinforcement (CFR) technology
augments FFF by being able to
print with continuous fibers that
are said to be 25x stronger than
ABS plastics (a type of polymer).

Independent dual extruders
(IDEX) technologies have been
developed by several companies
(like Essentium, Raise3D, and
BCN3D) that can double the
output by printing two identical
parts simultaneously.

Swiss 3D printing startup
NematX has developed the NEX
01 3D printer based on Nematic
3D printing technology. This was
designed for high-speed
production and precise control
by using a motion control
system and a slicing algorithm.
Additionally, the printer is
compatible with liquid crystal
polymer (LCP) materials, making
it suitable for demanding
industrial applications.

Velo3D has developed a
proprietary laser powder bed
fusion technology that can print
high-value metal parts with
complex internal geometries,
without the use of supports.

Nexa3D has developed a
proprietary UV light array that
ensures light uniformity. It also
uses a proprietary self-lubricated
membraneb to create a no-stick
zone between the printed parts
and the vat that improves
printing speed.

Stratasys has developed
technology that can print parts
with surface quality and colors
that can look and feel like the
final product.

Desktop Metal and HP
(incumbent) developed new
technology, claiming productivity
gains of more than 1,000x
compared to legacy binder
jetting technology.

AML3D has developed a
patented wire-based additive
manufacturing process for 3D
printing metal parts that can
deposit molten wire layer by
layer with precision.

Used when the shape of a part s difficult to print from the bottom to the top. Typically made of materials that are

easy to remove after printing.

®A thin sheet of tissue or layer of cells acting as a boundary, lining, or partition.
Source: Compiled by SPEEDA Edge based on multiple sources
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Company

Stratasys

3D Systems

Boston Micro Fabrication (BMF)

Additive Industries

Rivelin

Description

Demonstrated a production line with six distinct
Origin photopolymer 3D printers. After printing is
complete, the robot handles the parts and transfers
them to a post-processing station via a conveyor
system.

Demonstrated a printer with the mechanics being
moved to the side so the back of the machine could
be opened for robot access.

The machine featured an automatic door-opening
mechanism, designed to facilitate robot access.

Introduced a calibration unit, contained within a box
that can be inserted into the laser powder bed
fusion (LPBF) build chamber, which incorporates
laser power sensing and focus sensing capabilities
as a part of unattended production.

Developed robotic technology aimed at enhancing
the post-processing of metal components produced
through powder bed fusion (PBF) additive
manufacturing. Its approach includes the
development of a streamlined software interface,
which simplifies the robot programming task for
users.

Source: Complied by SPEEDA Edge based on multiple sources
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Additive Traditional
manufacturing manufacturing
(USD per unit) (USD per unit)

When a component is produced in low volume for

production of original equipment 16.71 16.77

When a component is produced for after-sale parts

(after equipment production has halted) s 2585

Note: The numbers are arrived at using a hypothetical scenario assuming an inventory lead time of 3.5 days for AM
and 30 days for TM

Source: Supply Chain Management Review: Building a total cost framework for 3D printed parts
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Technology

How does it work?

Materials used

Volume of
production

Design feasibility

Material waste

Cost

Source: Compiled by SPEEDA Edge based on multiple sources

AM

Additive

Materials are
added layer by
layer to form the
required shape

Can be solid or
liquid

High volume
production might
not be feasible, as
it can be time-
consuming

Can produce
smaller parts and
intricate designs,
with gaps or holes
in the middle

Low material
wastage

Moderate cost of
operations

Injection molding

Additive

A mass of material
is added to a pre-
made mold to
make the desired
shape

Only possible with
liquid material

Mostly suitable for
high-volume
production, as
developing the
mold can be
expensive.
However, the mold
cost is shared
among the units,
bringing down per-
unit costs

Intricate designs

and objects with

gaps or holes are
less feasible

Low material
wastage

High cost of
operations,
especially for the
molds

CNC machining
Subtractive

A solid block of
material is
machined to
achieve the desired
shape by removing
excess material

Only possible with
solid materials;
some materials
might not be easy
to machine

Facilitates one-off
jobs as well as
medium to high-
volume production

Some geometries
might not be
possible, as the
tool cannot access
all the surfaces of
the object. Not
possible to
machine square
corners.

High material
wastage

High cost of
operations; often
requires
specialized
technicians
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