Development of an online Life Cycle
Sustainability Assessment tool for
WAAM-built products

Samruddha Kokare

s.kokare@campus.fct.unl.pt

Supervisor(s): Radu Godina'?, Jodo. P. Oliveira?

1. UNIDEMI, Department of Mechanical and Industrial Engineering, NOVA School of Science and Technology, Universidade NOVA de
Lisboa, Caparica 2829-516, Portugal

2. CENIMAT/I3N, Department of Materials Science, NOVA School of Science and Technology, Universidade NOVA de Lisboa, Caparica
2829-516, Portugal

. Laboratorio Associado de Sistemas Inteligentes, LASI, 4800-058 Guimaraes, Portugal

MIT Portugal
2024 Annual Conference

Background & Motivation Aims and Objectives

Wire arc Additive Manufacturing (WAAM) is an emerging AM process Environment « Develop LCA, LCC, and S-LCA models for WAAM to predict

(LCA)

using wire feedstock and electric arc melting, offering better material environmental, economic, and social impacts.

efficiency, higher build rates, and low costs. Despite its sustainability \ =N -_ 4  Characterize the mechanical properties of WAAM-fabricated

potential, research from a Triple-Bottom-Line (environmental, Y parts.

economic, social) perspective is limited. This PhD aims to evaluate Economy Sustainable Society * Compare WAAM's sustainability with conventional processes

& Quali
WAAM's sustainability using Life Cycle Assessment (LCA), Life Cycle (LCC) [ WAAM p'at¥ts f,:" (S-LCA) (CNC machining) and other additive manufacturing methods

Costing (LCC), and Social Life Cycle Assessment (S-LCA). Furthermore, y (Laser Powder Bed Fusion).

mechanical and microstructural characterizations must be « |dentify process parameters for sustainable WAAM production
performed to assess the quality of WAAM parts. Based on these, o Quality « Create an open-access platform integrating LCA, LCC, and S-
sustainable process parameters and scenarios will be recommended. (Mechanical LCA for assessing sustainability across various manufacturing
An online platform will also be developed to compare WAAM's Chiafesienzaton) methods.

sustainability with other manufacturing methods, aiding sustainable

PhD Overview- Life Cycle Sustainability
decision-making in design and manufacturing of products. Assessment of WAAM

Methodology

1. WAAM process development 2. Mechanical & microstructural characterization 3. Life cycle inventory analysis- environmental,
economic & social inventories
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6. Sustainable WAAM production scenarios 5. Validation through industrial case studies 4. LCA, LCC & S-LCA models formulation

e e e e e e e e e e

Raw material type: wire V/S bar Finish machining velocity (VC) Life Cycle Assessment Social Life Cycle Assessment Life Cycle Costing

f }
l [
| |

800 340 ! |

. . —— e ! iti 1. Goal & Scope Definition I

S Steel billet production ” o= = CNC milling 1 335 | 1. Goal & Scope Definition 1. Goal & Scope Definition - , |

£ 700 +  QHot rolling 645 S —o— WAAM 330 ! Objectives, system boundaries, Objectives, system boundaries, Objectizss; Sys:ﬁg”; b|uundar|es, HEET .
£ 600 & BWiredrawing g —e—SLM 325 | functional unit, LCA methodology functional unit, S-LCA methodology methodology |
k| = B Gas atomization > 320 | |

i 500 - 315 | |

B & 400 3 150 1 310 : |

<A 140 - 305 |
E £ 300 g 130 : 2. Environmental Inventory Analysis 2. Selection of stakeholder 2. Economic Inventory Analysis :
2 198 g 120 | Material, energy, consumables and categories, subcategories and Material, energy, consumables and |
5 __, g I wasles indicators labour costs [
(=) N <}
5 N = 110 | |
A |
100 \ :
W+—r—T—T"T7T"7T T T T T T T T T T T T T T T T | |
Steel wire  Steel powder 70 80 90 100 110 120 : 3 Data Collect I
Raw material type Cutting Velocity (Ve) (m/min | | 3. Environmental Impact Assessment . ] 3. Cost Aggregation
yp g y : . Interviews, Questionnaires, Surveys and . !
: Calculation of environmental impacts b Databases ' Calculation of total cost :
Finish machining allowance (a) Renewable energy sources | |
‘ P Py P & P o P * 340 2000 — 1 Share of fossil fuels 0 : :
e _ 1800 + E 180 =
~ - 335 @ i --¢-- CNC milling E ' |
E1s0 ERS I Y —o— WAAM 7% | 4. Scoring and Aggregation |
3 5 1400 T {goE | Aggregation model |
145 ¢ %1200 i \ —e—SLM o g | |
K + 50 &
S140 3 1000 T 5 L2 N . :
,5135 a=4 mm E 800 + 4 " g I f ¢
] £ 600 t =
5130 —O0— WAAM 4] 400 + 20 S
E125 =< -CNC milling | 2 00 L 10° 5. Interpretation
——SLM Conclusions, Limitations, Identification of hotspots, Suggestions for improvement
120 | . . T r T T T 0 0
1 1.5 2 2.5 3 3.5 4 4.5 5 India China Portugal France Norway
WAAM post-processing allowance (mm) Electricity mix

Preliminary Results Future Work & Conclusion

An interactive LCSA tool was developed by compiling databases and creating LCA, LCC, and S-LCA models, This study presents an online tool for performing LCSA of WAAM
allowing non-experts from SMEs to compare the sustainability of WAAM and CNC machining. Validated by existing products, integrating LCA, LCC, and S-LCA models. Tailored
studies, the tool predicts environmental and economic impacts with a 15% error margin. Its internet accessibility databases and models allow non-experts to assess and compare

democratizes sustainability assessments, enabling stakeholders to perform LCSAs economically and time the sustainability impacts of WAAM versus traditional CNC
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