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The rise of the makers

At its simplest, additive manufacturing is the process of
building up a three dimensional object layer by layer
from a digital file, adding material only where it is
needed. This contrasts with traditional manufacturing
methods that start with a raw material that is then
reduced to its desired size and shape. The full
applications of this technology are being seen as it
moves from prototypes to full scale industrial
production, in areas ranging from food, to aerospace and
healthcare.

The technology

Additive manufacturing (or 3D printing) has developed
from a number of technologies that emerged over the
past 20 years, including software, automation, materials
science and post-processing. The technology is now
available through off-the-shelf printers and is
increasingly being integrated with conventional
production technologies for industrial applications.

The potential

Additive manufacturing can reduce waste, challenge
global supply chains (through localised manufacturing)
and offers flexibility in the manufacturing process.
Although the equipment required can still be quite
expensive, new business models, such as Fab Labs, are
increasing its accessibility. With the business case for
using additive manufacturing in small scale and
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customised production already clear, we can expect to
see rapid expansion of the technology's applications in
both industrial and consumer uses.

The barriers

Slow print times, the quality of surface finish and high
raw material costs (materials are often specific to
brands of printers) will impede adoption in mass
production environments. However, in certain areas,
such as food, the choice and accessibility of materials
makes it use more attractive.

Concerns over how the technology could be used for
illegal activity, such as 3D printing of guns, as well as
fears over potential unemployment resulting from the
disruption of current business models have captured
headlines and are likely to remain issues as the
technology develops.
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Some Example Applications...

Medical implants

One of the early adopters of additive manufacturing has
been the medical industry. Despite the fact that
everyone is unique, medical products, such as, artificial
joints have for a long time only been available in a range
of standard shapes and sizes, with minimal
customisation. Additive manufacturing can address this
through far greater personalisation of products.
Renishaw used their additive manufacturing technology
to recreate parts of a motorcycle crash victim's skull -
allowing for reconstructive surgery that would not have
otherwise been possible.

Flying high

GE is developing its biggest ever engine using 19 3D-
printed fuel nozzles that spray fuel inside the
combustion chamber. The conventional nozzles they

Key Numbers

$21 bn

Estimated additive
manufacturing market

6.7

size in 2020

Source: Statista

mn

Estimated global
shipments of 3D

printers in 2020

Source: Statista

2

replaced had more than a dozen welded parts but the
new nozzles do not need these. This has helped reduce
the engine's weight by 25%, increase fuel efficiency, and
make it quieter.

Bioprinting

Organovo Inc. have demonstrated that it is possible to
print models of human organs and tissues, such as liver
kidney and skin.

Plastic waste used as feedstock

Indian company Protoprint have partnered with a Pune
based waste picker co-operative to set up a low cost 3D
printer filament production facility. They are able to
offer a price an order of magnitude higher to the pickers
for the collected waste HDPE, and still make a profit of
600%.
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Number of 3D printing
patent applications to

date
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Advancing the Sustainable Development Goals (SDGs)
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Additive manufacturing has the potential to B SDG 8 Decent work and economic growth
advance many of the SDGs. Below are some Alncrease global resource efficiency in consumption and
examples of areas of application across a wide production.

ASupport increases in economic productivity.

AEnable new, localised production - with access to the
required feedstocks (such as plastics) a whole product
range can be manufactured in dispersed sites, reducing

variety of sectors.

B SDG 1 No poverty shipping and logistics costs, and allowing products to
AReduce the cost of making or buying advanced get to places where they would not normally be
products and components. available.

AEnable cheaper and easier repair, through production

of spare parts — even when they might have been o SDQ 9 Industry, innovation
discontinued. and infrastructure

AImprove the share of gross domestic product that
comes from industry by allowing more economies

M SDG 2 Zero hunger access to the tools and capabilities to manufacture
AReduce the quantity of food that is wasted during complex products.
production, helping to lower costs and increase Alncrease access for small scale producers through the
availability. lower capital cost of manufacturing complex products.

AMore flexible manufacturing as there is no need for
expensive moulds, multiple/different production lines
or time consuming tool changes.

B SDG 3 Good health and well-being

AProvide access to customised medical devices and AlInnovation through precise placing of ingredients
prosthetics, improving quality and comfort for users allows the production of new forms, intricate designs,
while reducing cost. and targeting of functionality and active ingredients.

AManufacture body parts that currently rely primarily on
donors, such as internal organs.
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SDG 11 Sustainable cities and communities
AMore localised production would reduce transport
needs and the resulting congestion/pollution.

M SDG 12 Responsible consumption and

production

ABy adding, rather than reducing / removing, additive
manufacturing reduces the amount of waste during
production.

Potential Negative Impacts and Barriers

As additive manufacturing proliferates, its
accessibility and affordability have the
potential to be a risk and benefit in equal
measure:

Illicit goods

The widely publicised manufacture of a 3D printed gun
demonstrated the ability of additive manufacturing to
produce firearms. While it is already possible to make a
rudimentary firearm with many tools available from a
local hardware store, additive manufacturing removes
the skill required - making it easier and more accessible
and raising concerns about its misuse.

Intellectual property

Safeguarding the intellectual property of additive
manufacturing designs may become a key legal
battleground. As the designs will be digital, they can be
shared and this means they can be more easily copied.
This may allow rapid distribution, but authors may not
receive recognition for their design. How this is
addressed may aid, or inhibit, the transformative power
of additive manufacturing.

Access
Ethical concerns will play a key role in relation to the
availability of additive manufacturing. The ability to

bioprint new organs or body parts can bring huge
benefits but its usage and availability risks widening the
gap between the medical options available to the rich
and poor.

Case for change

If localised production becomes the norm, this will
disrupt traditional manufacturing industries and their
supply networks. This would be a shift rather than a
replacement, however, the short term effects could be
disruptive, resulting in potential job reductions.

Development costs

While 3D printing can appear cheap for low volume
items, because of the reduced set up costs, at present it
is not economical for high volume production. The cost of
some materials (especially plastic and metal powders) is
a lot more expensive than material stock for
conventional manufacturing. However, in food production
there is increasing research into ways additive
manufacturing can produce items quicker and more
economically than the traditional approaches.
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Technical Considerations

There are still some technical barriers to
overcome before additive manufacturing can
be adopted on a large scale .

Materials science

Materials science is key to the new developments in
printing. Currently materials require varying levels of
pre-treatment to prepare them for the printing process.
This is often expensive and proprietary technology. The
feedstocks also have varying levels of sustainability
which need to be addressed. Investing in research and
technology to increase the range of materials and their
availability whilst reducing their cost will be key to more
wider adoption.

Enabling New Business Models

Additive manufacturing has the potential to
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