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Abstract

3D printing is identified to cost-effectively lower manufacturing inputs and outputs in markets with 
low volume, customized and high-value production chains, such as aerospace and medical component 
manufacturing. 3D printing has the potential to significantly lower life cycle energy demands of goods 
and their CO2 emissions. Moreover, Additive manufacturing will overturn many of the economics 
of production as it pays no heed to unit labour costs or traditional economies of scale. Advances in 
technology are yielding faster print times and enabling objects to be printed in greater combinations of 
materials, colors and finishes. Industries are nowadays at the inflection point for 3D printing. It has now 
moved from a new and much-hyped, but largely unproven, manufacturing process to a technology with 
the ability to produce real, innovative, complex and robust products.

the entire product life cycle, induces changes in 
labor structures and generates shifts towards a 
digitalized and localized supply chain. In their case 
study, Gebler, et al. [1] created a model showing 
that 3D printing has the potential to reduce costs 
by 170-593 billion US $, the total primary energy 
supply by 2.54-9.30 EJ and CO2 emissions by 130.5-
525.5 Mt by 2025. The great range within the saving 
potentials is a result of uncertainties of predicting 
market and technology developments.

According to Reeves, et al. 3D printing has the 
potential to significantly lower life cycle energy de-
mands of goods and their CO2 emissions. Reeves, 
et al. has also demonstrated in a case study of a 
structural airplane component that manufactur-
ing-related energy demands and CO2 emissions can 

Introduction
3D printing was introduced around the mid 80's 

and is currently according to the prevailing view, 
the starting point of a new industrial revolution. 
Recent spread of 3d printers is the result of the ex-
piration of the patent for the FDM (Fused Deposi-
tion Modelling) in 2009. Respectively, at an indus-
trial scale, similar spread of the said modelling is 
shown in 2014, when the patent for the SLS (Selec-
tive Laser Sintering) technology expired.

3D printing is identified to cost-effectively lower 
manufacturing inputs and outputs in markets with 
low volume, customized and high-value production 
chains, such as aerospace and medical component 
manufacturing. This method lowers energy use, 
resource demands and related CO2 emissions over 
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be lowered by up to 75%. The 3D printing-induced 
lightweight design further adds usage savings which 
amount to 63% savings in energy and CO2 emissions 
over the entire life cycle of the product. This shows 
that 3D printing has a great environmental poten-
tial beyond just the manufacturing of products [1]. 
The application fields and respective specific pro-
cesses are outlined in Table 1.

Thus, the SLS (Selective Laser Sintering) devices 
are widely used in the industry for the purposes 
of 3d printing, which (devices) use a high-power 
Laser in order to fuse materials and lay them on 
the printing surface. This technique enables the 
printing of plastic, metallic, ceramic, glass and any 
material that exists in a powdery form and can be 
fused.

From Lab to Fab
Additive manufacturing will overturn many of 

the economics of production as it pays no heed 
to unit labour costs or traditional economies of 
scale. Designs can be quickly changed, so the tech-
nology enables flexible production and mass cus-
tomization. However, even if the crucial point of a 
lab’s printer is that it combines size and cheapness 
(printers used by hobbyists are not expensive, but 
they are small), many would find it hard to make 

anything larger than a coffee cup. Those used by en-
gineering companies cost serious money-and even 
they might balk at printing an object the size of a 
small boat [2,3]. Additionally, it will be some time 
before the multiplicity of skills used by labourers on 
a building site and decision making are replaced by 
a 3D printer. Additive manufacturing is not about 
to replace mass manufacturing. Note that the fin-
ish and durability of some printed items can still 
fall short of what producers require and nor can 
3D printers crank out zillions of identical parts at 
low cost, as mass-production lines can. Neverthe-
less, 3D printers have their virtues, which are why 
they are starting to be used by some of the world’s 
biggest manufacturers, such as Airbus, Boeing, GE, 
Ford and Siemens [4].

Applications - Industrial Scale
3D Printing in industry is currently at a turning-

point, since more and more industrial units use 
the said technique. The use of a 3D printer has 
nowadays surpassed standardization and printing 
of tools and small objects. The commencement 
of this new industrial "revolution" is confirmed in 
a survey conducted in 2014, in which more than 
100 constructions companies participated. The 
research showed that 11% of the companies had 
already substituted the past methods by the 3D 

Table 1: The application fields and respective specific processes.

Application Field Specific Process
Car Industry • Integration of many parts in a unified composite part

• Construction of production means
• Production of spare parts and accessories
• Fast standardization

Aerospace/Aeronautics • Production of accessories of complex geometry
• Control of density, mechanical properties
• Production of lighter accessories

Medicine/
Pharmaceutical Industry

• Planning of surgical operation with the use of accurate anatomic models that 
are based on the Computed Tomography (CT) or the Magnetic Resonance 
Imaging (MRI)

• Development of adjustable orthopedic implants and prosthetics
• Use of printed simulated corps for medical training purposes (anatomy)
• Printing of biodegradable living tissues for tests during the development 

phase of the medicinal product

Sports Industry • Production of accessories of complex geometry
• Creation of adjusted protective equipment for better application and use
• Creation of prototypes of multiple colors and composite materials for 

products testing
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include ceramics, cement, glass, many metals and 
alloys and the new thermoplastic composites rein-
forced with carbon nanotubes and fibers. Despite 
the fact that the direct cost of the production of 
products with these new methods and the above 
materials is usually higher, the flexibility offered by 
the Additive Manufacturing means that the total 
cost may be substantially lower (Figure 1 and Table 
2).

Challenges
With this revolutionary change already in mo-

tion, engineers must now focus on strategic issues 
at three levels:

printing for mass production of individual parts 
or integrated products. Two years have elapsed 
from the said research and one can easily realize 
that this percentage must have certainly sprung. 
Indeed, according to a new PwC survey conducted 
at the end of 2015, it is estimated that 42% of large 
industries in Northern America will use SLS 3D 
printers for a large portion of their operations until 
2020.

More companies will follow, as long as the 
range of printable material continues to expand. 
Apart from the thermoplastics already used (PLA, 
ABS) and the photosensitive resins, these already 

Old Industrial Methods
Selective Laser Sintering

Industrial Needs

Availabel raw materials

Energy Saving

Economical risks

Overall Safety

Technique Speed

Quality

Handling

Recycling Ease

Waste

Environmental Impact

Aesthetics

Figure 1: Radar chart of traditional industrial methods and SLS indicative comparison.

Table 2: The application fields and respective specific processes.

Advantages Problems that need to be promptly resolved
• Complex geometries
• Variety of products, due to the convenient readjustment 
• Less waste 
• Zero restrictions in the product design
• Easy handling 

• Printing time
• High initial production cost 
• Non-consecutive production process
• Mechanical properties 
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and methodologies in these types of products and 
processes is required to enable a high confidence 
in product, improve energy efficiency and reduce 
scrap material, redundant processing time, cost and 
environment. This can be achieved through val-
idation of measurement procedures, new stan-
dard reference materials, metrological traceability, 
cross-verification through multimodal round robin 
testing in multiple locations.

Metrology can be on-line, in line or off-line. Eu-
rope has a leading edge in the field of metrology 
instrumentation and products. The field of me-
trological tools and methodologies however face 
a huge challenge with a drive towards higher val-
ue added, lower cost, complex manufacturing e. 
g. those foreseen in Manufacturing 4.0 initiative, 
or nanotechnology. Current optical, mechanical, 
magnetic and electrical metrological tools are not 
adequate to enable fast and reliable on and in line 
metrology in a cost-effective way as it may be re-
quired for additive manufacturing. There are only 
a few techniques that can measure and standard-
ize physico-chemical properties of nanoscale ma-
terials at low dimensional measurements within a 
production process. For example, methods for the 
determination of particle size should be linked with 
standardized measurement techniques. Measuring 
texture and in-process defects largely depends on 
destructive and nondestructive off-line characteri-
zation techniques. This roadmap highlights the key 
actions required for enabling the drive towards real 
time in line quality assurance along with the for-
mulation of legal-regulatory guidelines for proper 
standardisation.

Conclusion and Future Perspective
3D printing is a market with enormous growth 

potential now that the main barriers to up-take 
are being addressed. Advances in technology are 
yielding faster print times and enabling objects to 
be printed in greater combinations of materials, 
colors and finishes. Industries are nowadays at the 
inflection point for 3D printing. It has now moved 
from a new and much hyped, but largely unproven, 
manufacturing process to a technology with the 
ability to produce real, innovative, complex and 
robust products. Conclusively, although industrial 
3D printing faces many challenges, it is said to be a 
matter of time until SLS technique replaces many of 
the old industrial methods of fabricating.

• Construction of an object following the princi-
ples of 3D printing, according to a digital "de-
sign" which will be forwarded to a printer, opens 
the way not only for unlimited revision, read-
justment and improvement of the product, but 
for more complex product design.

• How will production be optimized and how will 
the old and new procedures be combined? 

• Financial impact on the market; since financial 
data rapidly change with the substitution of old 
techniques by 3D printing. 

• Investment capital and energy; industrial pro-
duction requires expensive equipment to re-
place traditional production lines and the en-
ergy consumption for the case of large metallic 
and ceramic components (e.g. due to the laser 
use) has to be balance with the zero waste.

• Feedstock bulk capacity; adaptability of feed-
stock bulk material size and shape.

• Resolution and speed; the choice of the one 
against the other.

Metrology/Standardization for Faster Up-
take of the AM Technology

Standardisation and metrology go hand in hand 
for successful commercialisation of industrial prod-
ucts, processes and technology. Inspection, mon-
itoring and quality assurance are critical require-
ments for the success of manufacturing: measure-
ment. Metrology, the science and act of measuring, 
is required for technological, market and consumer 
confidence underpinned by standardisation. Me-
trology primarily assures whether object manufac-
tured is actually suitable for the purpose intended 
in both functionality along with its tolerances. It 
is also important to control and optimize a man-
ufacturing process towards achieving product and 
performance standards through appropriate me-
trology. This is extremely important for emerging 
manufacturing and product portfolios emanating 
from Europe’s outstanding scientific and innova-
tion value chain. While we can make some very 
complex and unconventional shapes and structures 
using, for example nanotechnology, biomimetics or 
additive manufacturing we are yet to put in place a 
robust quality assurance scheme and standardisa-
tion mainly due to lack of appropriate and enough 
metrological tools and methodologies. The success 
in setting appropriate metrology tools, techniques 
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