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The additive manufacturing (AM) process is known to have a major influence on environmental impact. To find out AM
process with lower environmental impact in the product manufacturing process, this study compares material extrusion
(Fused Deposition Modeling, FDM), powder bed fusion (Laser Sintering, LS) and material jetting processes (Poly-Jet, PJ)
for 200 NIST test artifacts, using data from the specification and software of three 3D printers (J750, P770 and uPrint SE
Plus), the findings from various literature and Ecoinvent of SimaPro 8.4 database. The results showed that the effects of
materials on the environment were the severest for LS (20.45 Pts) and the least for FDM (10.38 Pts) although the effects
of power consumption on the environment were severest for FDM (126.91 Pts) and least for LS (20.18 Pts). To reduce the
emission to environment in PJ and FDM, it is recommended to improve their printing speed and reduce power
consumptions of waterjet and auxiliary equipment for support removal.

NOMENCLATURE

AM =Additive manufacturing
FDM = Fused deposition modeling
LS = Laser sintering

PJ =Poly-jet

LCA = Life cycle assessment
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Fig. 1 Work flow of additive manufacturing processes
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Fig. 2 CAD modeling and 3D printed NIST test artifact
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Table 1 Resource characteristics and consumptions used for inventory analysis

Sample Support Max. batch Layer Electricity for . . .
Process materials materials size atatime thickness 3D printer Electricity for auxiliary equipment
Acrylonitrile- Propylene glycol
PJ butadiene-styrene ag (}; | cir?n 12 units 14 um 1.68 kW 3.6 kW
(ABS) copolymer gy
6.4 kW for cooling system, 6.4 kW for powder
conveying system, 92 W for cooldown-station,
LS Nylon 6-6 - 200 units 120 um 11 kW 598 W for shot-peening cabinet, 1.04 kW for
unpack & sieving system and 2 kW for air
shot blast
FDM ABS Benzene/ 2units 0254mm 168 kW 12 kW

Propenoic acid
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Table 2 Power and material consumptions

PJ LS FDM
Total power consumption (kWh)  916.2 666 2093.8
Material consumption (g) 61,286 61,286 22214

Fossil depletion —=———
Metal depletion
Natural land transformation
Urban land occupation |
Agricultural land occupation
Marine ecotoxicity '
Freshwater ecotoxicity '
Terrestrial ecotoxicity
Freshwater eutrophication '
Terrestrial acidification
Climate change Ecosystems o

lonising radiation

Particulate matter formation —m.
Photochemical oxidant formation

Human toxicity =
Ozone depletion
Climate change Human Health —e— —

0 10 20 30 40 50
FDM MLS mPJ Pt

Fig. 4 Environmental impacts of PJ, LS and FDM by environmental
categories (for printing 200 NIST test artifact with ReCiPe

methodology)
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Table 3 Comparison of environmental categories by influential factors of PJ, LS and FDM (unit: Pts)

Object/support material Additional material Power consumption
PJ LS FDM
Categories PJ LS FDM PJ LS FDM
g Printing Support Printing  Sieving  Printing Support
removal removal
Climatechange ¢\ ¢78 266 - 017 015 1035 6.70 5.88 031 2445 14.51
human health
Human toxicity 0.24 0.21 0.06 - 0.03 0.01 2.34 1.51 1.33 0.07 5.53 3.28
Particulate matter 1 499 054 - 11 004 253 1.63 144 008 597 3.54
formation
Climate change
3.04 3.98 1.68 - 0.11 0.10 6.55 424 3.72 0.20 15.47 9.18
ecosystems
Metal depletion 0.08 0.05 0.02 - 0 0 0.50 0.32 0.28 0.02 1.18 0.70
Fossil depletion 8.33 8.33 493 - 0.16 0.17 11.00 7.12 6.25 0.33 25.98 15.43
Other categories 0.66 0.02 0.03 - 0.01 0 0.45 0.29 0.26 0.01 1.07 0.63
Total 18.27 19.86  9.91 - 0.59 0.47 33.71 21.81 19.16 1.02 79.63 47.28
PJ e LS —FDM it:
10.38 Pts)o]| 714 A qict. . (unit: mPt)
Climate change
A AH[EES o]4 Mz=o] A EA| 71 A TS Human Health
00
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