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As people write out their annual resolutions list, sign
up for gym memberships, organize their budgets and
reflect on the last 365 days, we're reminded of just
how much can change in a year.

The history of 3D printing is not a particularly lengthy
one, but it has been highly transformative in a wide
range of industries. Since its initial conception,

3D printing has revolutionized the way we make
everything. It offers the chance to craft blueprints
into physical objects for almost any industry:
aerospace, heavy equipment, even footwear.

The results we gathered at the beginning of 2019
contrast sharply with the information we gleaned
during the fall of 2017. Over the course of a year, 3D
printing utilization has skyrocketed. Our most recent
research clearly demonstrates the upward trajectory
of the popularity and applications of additive
manufacturing.

Of course, there are still challenges to overcome,
particularly when it comes to materials. Although 3D
printing potential and capabilities are at an all-time
high - one group of researchers has even figured out
how to 3D print tools out of lunar dust in preparatio
for the colonization of Mars - many companies
are still struggling to procure necessary materials;
the price might be too high or the materials are
not certified for 3D printing, among other reasons.

Nevertheless, it does not appear tha
utilization is going to decrease any time so
manufacturing stakeholders are very excited abou
the plethora of opportunities it offers.

The following report, sponsored by Jabil, is based on

a survey of 308 individuals responsible for decisions
around 3D printing at manufacturing companies.
Questions were asked on a variety of topics related to
ion of 3D prinﬁr&as well as opportunities




3D PRINTING ADOPTION TRENDS

All use cases (beyond prototyping) for additive manufacturing have risen dramatically in the last year.

Expected growth rates for use of 3D printing have rocketed, with 39% expecting their company’s use of 3D printing to
increase dramatically over the next two to five years and 47% expecting it to increase somewhat.

59% said 3D printing has already changed the way they think and operate.

61% are currently using 3D printing to produce at least 10% of their functional or end-use parts, whereas only 36% were
a year ago.

79% expect their use of 3D printing for production parts or goods to at least double in the next three to five years.

The number one thing preventing companies today from using 3D printing more in production is materials issues (56%),
followed by workforce issues (44%) and process issues (39%).

THE CURRENT STATE OF 3D PRINTING FINDING HERE

83% say 3D printing can save at least 50% of the time compared to conventional methods.

All participants report benefits from 3D printing mass adoption. The top two benefits listed were the ability to produce
personalized and customized goods (50%) and deliver parts faster (50%).

57% report that their engineers were delighted with the increased design freedom available with 3D printing, 50% have
found new processes and approaches have increased creativity, and 34% mention an increased pride in workmanship.
However, 30% are frustrated by the lack of materials available in traditional methods.

71% say that a lack of knowledge is the greatest factor on project-by-project choices to use 3D printing or traditional
methods, while 29% insist that it's a lack of confidence that 3D printing is reliable.



> CURRENT STATE OF ADDITIVE MATERIALS

e Although 74% currently use plastics or polymers, there is a large demand for better metal, ceramic and glass materials.
® 91% report challenges with available materials, the top challenge being the expense of 3D printing at scale (47%).

e 60% predict that when a greater variety of cost-effective, certified additive materials becomes available they will increase
the types of applications that utilize 3D.

® 94% say designers choose traditional manufacturing due to lack of additive materials.
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The practical uses of 3D printing have expanded dramatically

since 2017. Only one option - prototyping - decreased in

popularity (66% from 69%), which is perhaps inevitable given
how much usage has increased in every other category.

In what ways is your company currently using 3D Printing?

Prototyping

Research and development

Production parts

Bridge production

Repair

Jigs, fixtures and tooling

Other

We are not using 3D printing

Although research and development was not an option on
the 2017 survey, it placed second in 2019 with over half of
respondents answering that they have found 3D printing
useful for this purpose.

69%
66%

53%

52%

W o017/
B 2019

Note: “Research and development”
was not offered as an option in the
2017 survey and was the majority

of “other” responses.
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> Most additive manufacturing stakeholders (96%) do predict including 39% that report that it will increase at least five times
that their company's use of 3D printing will grow over the next and 47% that think it will at least double.
few years. The majority expect this growth to be significant,

> How do you expect your company’s use of 3D printing to change in the coming 2-5 years?

Increase dramatically
(5 times or more)

Increase significantly
(2 times or more)

Increase somewhat
(more, but not double)

2017

30 2019
7
No change




> Breaking the previous finding down even further, we noted company’s use of 3D printing will at least double, and over
that large companies are much more likely to predict that half (52%) stated that it will increase dramatically (five times
3D printing will increase dramatically. Almost all (91%) of or more).
stakeholders from a large company predicted that their

> How do you expect your company’s use of 3D printing to change in the coming 2-5 years?
By company size - 2019 only.

30%

Increase dramatically

5t
(5 times or more) 509

- 53%
Increase significantly

(2 times or more)

Increase somewhat
(more, but not double)

B 1 000-5000 employees
B More than 5,000 employees

3%

No change

4%




> The impact of 3D printing is expected to impact the way the two-thirds (59%), this impact has already happened. The
entire manufacturing industry thinks and operates. Almost all remaining 38% believe it will come and is only a matter of time.
manufacturing stakeholders (27%) report that it will transform

the way they think and operate. Most remarkably, for almost

> How would you characterize the impact of 3D printing technology on your industry?

It has already changed the
way we think and operate

It will change the way we
think and operate, it is only
a matter of time

2017

It won't change the industry 39 B 2019
(0]




> Using 3D printing to produce functional or end-use parts One possible concern in using 3D printing to create these

is an application that has grown significantly over the last parts could be that they won't have the strength such a
year, from 80% in fall 2017 to 96% in the beginning of vital component requires, but as we can deduce from the
2019. About two-thirds of companies use 3D printing to fact that usage of 3D printing has already risen significantly
make at least 10% of these parts. in this area, it seems likely that as manufacturers become

more accustomed to utilizing 3D printers for this task, they
will use them more for functional or end-use parts.

> Approximately what percentage of your 3D printing is currently producing functional or end-use parts?

None of it
Less than 10%
10%-25%

25%-50%

2%
S —T = oo
1
All of it 0
- 2% l l l l J
0 10 20 30 40 50
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> Using 3D parts for production is an area where growth These results are much more promising than in 2017, when
is expected:; as we've already seen, 3D printing is on an 921% expected their usage to increase and 2% predicted
upward trajectory. Most manufacturing stakeholders (97%) that it would actually decrease.
report that they expect growth, including 79% that expect
to at least double their use of 3D printing for production
parts and 35% that expect their product use to increase
dramatically by a factor of 5 or more.

How do you expect your company’s use of 3D printing for production parts or goods to change in the coming
3-5 years?

Increase dramatically
(5 times or more)

Increase significantly
(2 times or more)

Increase somewhat
(more, but not double)

No change m oo
2019
Decrease 2%
x x x x |
0 10 20 30 40 50
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> Even though the popularity and use of 3D printing has obstacles cited in the fall of 2017, by the beginning of

been increasing rapidly, there are still several challenges 2019, materials issues took a commanding lead as the
that manufacturers must tackle. most significant problem, followed by a lack of qualified

personnel or subject matter experts (44%) and design or
Although process issues were the most significant post-processing issues (39%).

> What prevents your company from doing more 3D printing in production today?

Materials issues - cost or availability of
plastic or metal needed for 3D printing 56%

Workforce issues — qualified personnel
or subject matter experts

Process issues — design or
post-processing issues

Platform issues - availability or cost of 3D
printers that can produce what we need

Ecosystem issues - connectivity to

supply chain, ERP and MES systems B 0017
B 2019
Nothing prevents us from doing more
3D printing in production
J
60
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> Once again, respondents cited materials-related challenges significantly since 2017; 15% more reported a problem

as some of the most difficult to overcome. These include with the cost of materials, 11% more found issues with the
cost of materials (47%), parts quality (40%) and a limited quality of the parts and another 20% were limited by the
selection of materials (37%). The number of companies selection of materials.

experiencing difficulties pertaining to materials has risen
> What challenges does your organization face with 3D printing?

. 33%
Cost of materials 47%
Part quality 29%
(i.e. integrity, strengths, aesthet-ics) 40%
. 38%
Cost of system equipment 10%

Limited selection of materials 37%

48%

Cost of pre- and post-processing

Difficult to scale

No in-house expertise
= 2017

Technology limitations o 2019

We do not face challenges

40 50
13






> One of the biggest benefits of 3D printing is the amount stated that 3D printing is not faster than conventional

of time it can save. With this method, prototyping, approaches, 83% argued that 3D printing takes at least
production, repair and other applications can be finished half the time of other methods, while 54% asserted that it
quickly and effectively. Although 3% of respondents is at least 10 times faster.

> In general, about how much time can be saved by producing production parts or jigs/fixtures/tooling using
3D printing compared to the time it would take using conventional approaches?

3D printing is more than
20 times faster

10 - 20 times faster
2 - 10 times faster
Twice as fast

Less than twice as fast

3D printing is not faster

15



> Personalization and shorter production cycles are two and faster delivery (50%) as two of the biggest benefits of

of the most prominent trends in manufacturing. Not 3D printing. This means that manufacturers can produce
surprisingly, manufacturing stakeholders consider the goods such as customized shoes in a fraction of the time
ability to deliver personalized and customized goods (50%) previously required.

> What benefits do you expect will be gained from 3D printing mass adoption for manufacturing?

It will enable personalized and
customized goods

We will deliver parts faster

Production costs will be lower
One-off needs can be handled
more readily

Quickly respond to issues on
the production line

Remove tooling needs as a
manufacturing bottleneck

It will enable distributed
manufacturing

Other 1%

10 20 30 40 50

O
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> Overall, designers and engineers are enthusiastic about and approaches (50%) and growing pride of workmanship
the applications of 3D printing. As they experiment more (34%). Although 30% expressed frustration with the lack of
with 3D printing, they are delighted with the increased materials, less than 10% reported no reaction at all.
design freedom (57%), creativity inspired by new processes

> As your designers and engineers have gained experience with 3D printing, how have they reacted?

They are delighted with the increased
design freedom

They are frustrated by lack of materials
available in traditional methods

New processes and approaches have
increased creativity

Increased pride of workmanship

There has been no reaction - design is
design to them

17
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A more in-depth
inspection of the
data reveals that
designers and
engineers of medical
products are the
most frustrated by
the lack of materials
(46%). However,
they are also the
most delighted by
the increased design
freedom (69%),
while automotive
designers found that
new processes and
approaches allowed
by 3D printing have
increased creativity
(71%).

As your designers and engineers have gained experience with 3D printing, how have

they reacted? By goods manufactured.

New processes and
approaches have
increased creativity

They are delighted
with the increased
design freedom

Increased pride of
workmanship

They are frustrated
by lack of materials

available in
traditional methods

There has been no
reaction - design is
design to them

— 61%

51%

68%
1%

68%

69%
67%

Industrial
machines

Transportation
Automotive

Heavy
Equipment

Medical
Electronics

60

70 80
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Overall, respondents seemed to indicate that they are 3D printing. Of course, as we have seen, the popularity of

confident in the reliability of 3D printing. After all, there 3D printing is on a steadily upward trajectory. As its usage
are a plethora of applications. The larger issue is a lack of continues to increase, the knowledge, applications and
knowledge about how to most effectively utilize capabilities will rise.

In your opinion, which of these factors has a greater impact on project-by-project choices to use 3D printing or
traditional methods?

B | ok of KNOWLEDGE
about how to utilize
3D printing
Lack of CONFIDENCE
that 3D printing is reliable







> Some of the most dramatic innovation in recent years and composites instead of just plastic opens a world of

has been the evolution in the materials available for 3D potential. However, despite this, the mainstay material
printing. Researchers, designers and engineers are using for 3D printing remains plastics and polymers (74%),

a wide variety of materials: human tissue, pizza dough, although companies would prefer to use metals (63%) and
even lunar dust. The ability to work with metals, ceramics, composites (51%) more.

> What types of additive materials is your organization CURRENTLY using for 3D printing and what types of additive
materials would your organization WANT TO use if there were certified versions available at a reasonable cost?

Plastics/Polymers
Composites
Metals

Currently

x x x x J

0 10 20 30 40 50 60 70 80
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Currently, post-processing is a standard procedure to The most common methods for post-processing are
ensure the most aesthetically pleasing and refined product polishing (55%), machining (52%), painting (44%), heat
possible, as 96% of manufacturing stakeholders affirmed. treatment (30%) and varnishing (27%).

What types of post-processing are you currently using for 3D printing?

Polishing

Machining

Painting

Heat treatment

Varnishing

We don't do
post-processing

30 40 50 60



> 3D printing can be used to make almost anything - shoes, hand; 91% reported material-related challenges. They listed

aerospace components, parts of machinery. While there obstacles such as expense (47%), lack of confidence in the
is a wide range of materials to choose from, that does not reliability of printed parts (39%) and unavailable materials
mean that all needed materials are available or easily at (30%).

> What challenges does your organization face with 3D printing materials?
\

They are too expensive to use at scale

We do not have confidence in the
reliability of the parts produced

The materials we need
are not available

Materials are not certified

Materials we need take too
long to develop

We have no challenges with
materials for 3D printing

50
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> Given the challenges and frustration manufacturers must This will allow manufacturers to increase the types of

grapple with when it comes to materials for 3D printing, it applications that leverage 3D printing (60%), do more 3D
follows that 99% of survey participants stated that access printing of production parts (59%) and use 3D printing for
to a greater variety of cost-effective, certified additive jigs, fixtures, tooling and manufacturing aids (45%).

materials will lead to greater uftilization of 3D printing.

> How do you anticipate your 3D printing use to change when a greater variety of cost-effective, certified additive
materials become available?

We will increase the types of
applications that utilize 3D printing

We will do more 3D printing of
production parts

We will use more 3D printing for jigs/
fixtures/tooling and manufacturing aids

Additional materials will not impact
our 3D printing

1%
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We have already seen that manufacturers recognize a
range of benefits with 3D printing. If the issue of a lack of
available materials is solved, 94% or experts agree that it
would lead to an increase in 3D printing over traditional
manufacturing approaches.

In your experience, do designers choose traditional manufacturing approaches rather than 3D printing PRIMARILY
because they do not have an easily accessible library of materials?

B ves, frequently
B VYes, occasionally
B No, never
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> Given that the stated challenges when it comes to
materials as well as the opportunities that better and
more easily available materials, it logically follows that
the advancement that would make the greatest impact

on encouraging the mass adoption of 3D printing for
production is dramatically better materials (41%), followed
by improved processes (34%) and upgraded 3D printers
(23%).

> In your opinion, which of these types of advances will have the greatest impact on increasing the mass adoption of

3D printing for production?

| |

2%

| | J

0 20 40

B Dramatically better materials

Dramatically better processes Dramatically better 3D printers

60 80 100

None of these will impact 3D printing
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An online survey was fielded to independent
sources of decision makers responsible for 3D
printing at manufacturing companies. A range

of questions were asked, including the current
state of 3D printing, future technology adoption,
business opportunities and challenges. Certain
guestions were repeated from a similar 2017
survey to enable trend analysis.

A total of 308 qualified individuals completed the
survey. All participants were decision makers for
3D printing or additive manufacturing and very
knowledgeable about materials.

PN
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25%

Operations

19"

Production or
manufacturing

20% o

Senior
individual
contributor

29%

Executive

51%

Team manager

JOB

FUNCTION

o H*

Brand or packaging

e 39"

Engineering or
development

1%

Procurement ® 1 1%

Asia Pacific
including Australia

:Z%

Asia Pacific
including

REGION Australia

85%
United States
or Canada

.2%
Mexico, Central
or South America



Electronics

Aerospace and defense

Medical

Heavy equipment

Company Size —
Number of
Employees

Automotive

Transportation

Industrial machines
(printers, white goods, etc.)

Other

More than 5,000 | ‘ | 1 | |
B 1,000 - 5000 0 5 10 15 20 25 30 35 40
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