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dditive manufacturing ( AM) techniques for different material deposition methods have been created to meet the needs of different industrial

areas. Among them wire and arc additive manufacturing( WAAM) is rapidly developing which is suitable for the molding of large and com-
plex metal parts. It has the advantages of low energy consumption low carbon footprint and low cost. With the development of new materials
processes machinery and systems related to additive manufacturing technology many research issues on sustainability remain unresolved. Due
to the great difference in material and energy demands of different manufacturing processes additive manufacturing technology is generally no
better than traditional processes. Therefore besides studying the flexibility and process performance of additive manufacturing technology pru-—
dent analyses of the environmental impact of different techniques are also necessary. Life cycle assessment (LCA) as an important environmen—
tal management tool for the whole process or so called “cradle to grave” of industrial products has found increasing application in the research
of different manufacturing techniques. However the LCA of additive manufacturing technology only acquires moderate attention most of which
mainly focuses on energy and raw materials consumption. There are relatively few conclusions explaining the energy and environmental impacts
especially those based on reliable life cycle inventory and moreover fewer environmental impact and evaluation studies on the WAAM. There—
fore tighter integration and deeper interdisciplinary collaboration are worthful.

This paper introduces the definition and technical framework of LCA and based on LCA method summarizes the research status of WAAM’ s
environmental impact from four aspects i.e. goal and scope definition inventory analysis impact assessment and result interpretation including
all material and energy flows from raw material acquisition to end-of-life treatment. Compared with different process methods the environmental
impact characteristics of the AM are analyzed.
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Table 1 Environmental impact of 1 kg of WAAM manufactured stainless steel 3081 in ReCiPe endpoints ( Pt) ¥
Process Material utilization Mass/k Human Ecosystems Resources Total
rocess fraction assrie health( Pt) (PY) (PY) (PY)
Melting 1 1.298 0.483 0.145 0.722 1.349
Continuous casting 0.90 1.298 0.034 0.018 0.031 0.083
Hot rolling 0.95 1.169 0.008 0.004 0.008 0.020
Wire drawing 0.92 1.110 0.013 0.008 0.006 0.027
WAAM 0.989 1.021 0.116 0.072 0.116 0.353
Sand blasting 0.99 1.010 0.000 0.000 0.000 0.000
Total 0.704 0.247 0.882 1.832
24 WAAM ( LAHW) . ( GMAW standard)
WAAM . ( GMAW modified)
o Sproesser **  LCA (GWP) . (EP) . (AP)
( MMAW) . o GMAW  LCA WAAM
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Table 2 Comparison of several typical AM processes
Metallic additive Method Deposition Energy consumption Equipment Material Ref,
materials e rate/( g/min) kWh/kg cost/kg cost/kg elerence
SLM 2—10 23—163.3 . 48-49
Powder based EBM 10 18.4 >£ 300 £ 500 50
. ) WAAM 50—130 5.18 . 50-51
Wire based EBF 200 N/A £ 200 £ 150 5150
3.2 WAAM N
. ® 90%
55
\ \ 85% *
53
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N Zhai 7 WAAM
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