
•  

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ISBN: 978-1-7138-7255-9 
 

30th CIRP Life Cycle Engineering 
Conference (LCE 2023) 

New Brunswick, New Jersey, USA 
15-17 May 2023 
 

 

Editors: 
 
Yuebin Guo 
Moneer Helu 
 

 

 

Procedia CIRP Volume 116 
 

 



Printed from e-media with permission by: 

 

Curran Associates, Inc. 

57 Morehouse Lane 

Red Hook, NY  12571 

 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 

 

 

 

 

 

 

 

 

 

 

 

Copyright© (2023) The Authors. Published by Elsevier Ltd. 

Creative Commons Attribution 4.0 International License.  

License details: http://creativecommons.org/licenses/by-nc-nd/4.0/. 

 

No changes have been made to the content of these proceedings. There may be changes to pagination,  

and minor adjustments for aesthetics. 

 

Printed with permission by Curran Associates, Inc. (2023) 

  

For permission requests, please contact the publisher: 

  

Elsevier B.V. 

Radarweg 29 

Amsterdam 1043 NX 

The Netherlands 

 

 

Phone:  +31 20 485 3911 

Fax:  +31 20 485 2457 

 

http://www.elsevierpublishingsolutions.com/contact.asp 

 

 

Additional copies of this publication are available from: 

 

Curran Associates, Inc. 

57 Morehouse Lane 

Red Hook, NY 12571 USA 

Phone:  845-758-0400 

Fax:      845-758-2633 

Email:   curran@proceedings.com 

Web:     www.proceedings.com 



TABLE OF CONTENTS 

 

Integration of Coupled Sectors Decarbonization Pathways Across the Value Chain into Corporate 

Carbon Management Processes ............................................................................................................................ 1 

Thomas Fugger, Joseph Poligkeit, Christoph Herrmann 

A Conceptual Framework for Layerwise Energy Prediction in Laser-Based Powder Bed Fusion 

Process Using Machine Learning ......................................................................................................................... 7 

Shradha Ghansiyal, Li Yi, Johanna Steiner-Stark, Marius Marvin Müller, Benjamin Kirsch, 

Moritz Glatt, Jan C. Aurich 

Proposal of a Circularity Design Approach for Urban Factories Based on Local Stakeholders’ 

Engagement ........................................................................................................................................................ 13 

Walid Ijassi, Damien Evrard, Peggy Zwolinski 

Preliminary Life Cycle Assessment of a Net-Zero Power Plant Co-Fired with Waste Coal and 

Biomass .............................................................................................................................................................. 19 

Jeffrey A. Bennett, Kevin Ellett, Richard Middleton, Stephen Winter, Evan Blumer 

Challenges of Prospective Life Cycle Assessment of Emerging Recycling Processes: Case Study of 

Battery Materials Recovery ................................................................................................................................ 23 

Johanna Haupt, Nelli Kononova, Felipe Cerdas, Sabrina Zellmer, Christoph Herrmann 

Environmental Assessment of Secondary Materials from Battery Recycling Process Chains: The 

Influence of Recycling Processes and Modelling Choices ................................................................................. 29 

Jana Husmann, Steffen Blömeke, Felipe Cerdas, Christoph Herrmann 

Is Durable Environmentally Sustainable? The Durability of Refrigerators Assessed with Energy 

Mix Varying Towards Energy Transition ............................................................................................................ 35 

Federica Cappelletti, Marta Rossi, Luca Manuguerra, Michele Germani 

Energy-Efficient Pump Control in Industrial Cooling Water Systems Using a Multi-Agent System ................. 41 

Fabian Borst, Lukas Theisinger, Matthias Weigold 

A Methodology for Sustainability Assessment and Decision Support for Sustainable Handling 

Systems ............................................................................................................................................................... 47 

Johannes Scholz, Luca Johannes Dilger, Marco Friedmann, Jürgen Fleischer 

Concept for a Function-Oriented Ecology Analysis in Machinery and Plant Engineering ................................. 53 

M. Riesener, M. Kuhn, C. Ruschitzka, G. Schuh 

Concept for Automated LCA of Manufacturing Processes ................................................................................. 59 

Daniel Schneider, Patrick Jordan, Jonathan Dietz, Michael F. Zaeh, Gunther Reinhart 

Tighten the Loop – Potential for Reduction of Environmental Impacts by Direct Recycling of 

Battery Production Waste ................................................................................................................................... 65 

Hannes Lefherz, Nikolas Dilger, Sebastian Melzig, Felipe Cerdas, Sabrina Zellmer 

An Approach for the Disassembly of Permanent Magnet Synchronous Rotors to Recover Rare 

Earth Materials ................................................................................................................................................... 71 

Markus Heim, Felix Wirth, Levin Boschert, Jürgen Fleischer 

Technical Product-Service Systems: A Methodology to Reduce the Carbon Footprint in PSS Design .............. 77 

Max Werrel, Li Yi, Moritz Glatt, Jan C. Aurich 



A Proposed Integrated Model to Assess Product Recovery Pathways: The Case of Solar 

Photovoltaics ...................................................................................................................................................... 83 

Nehika Mathur, Buddhika Hapuwatte, K. C. Morris 

Influence of Process Parameters on the Power Consumption of High-Speed Laser Directed Energy 

Deposition .......................................................................................................................................................... 89 

Svenja Ehmsen, Moritz Glatt, Jan C. Aurich 

Foundry 4.0: Digitally Recordable Casting Ladle for the Application of Industry 4.0-Ready Manual 

Casting Processes ............................................................................................................................................... 95 

Eric Riedel, Mostafa Ahmed, Benjamin Hellmann, Ingo Horn 

A Survey on Sustainability Approaches in Manufacturing ............................................................................... 101 

Bastian Prell, Heiner Reinhardt, Anton Mauersberger, Alexander Rauscher, Jörg Reiff-

Stephan, Steffen Ihlenfeldt 

Single Use Personal Protective Equipment Reinforced Asphalt ....................................................................... 107 

Marco Marconi, Daniele Landi, Edoardo Bocci, Giorgia Pietroni, Enrico Maria Mosconi 

Parameterising and Personalising Repair to Decrease Repair Price .................................................................. 113 

Alex Bunodiere, Joost R. Duflou 

System Orientation as an Enabler for Sustainable Frugal Engineering: Insights from Automotive 

Material Development ....................................................................................................................................... 119 

Timo Achtelik, Cornelius Herstatt, Rajnish Tiwari 

Circularity of Water - Good for Conscience or the Environment? A Deeper Look into the Water 

Footprint of Factories. ...................................................................................................................................... 125 

Markus Berger, Sebastian Thiede 

Comparison of Lithium-Ion Battery Supply Chains – A Life Cycle Sustainability Assessment ...................... 131 

Jan-Linus Popien, Jana Husmann, Alexander Barke, Christian Thies, Felipe Cerdas, 

Christoph Herrmann, Thomas S. Spengler 

Design for Circularity – Identification of Fields of Action for Ecodesign for the Circular Economy .............. 137 

Michael Riesener, Maximilian Kuhn, Frederike Hellwig, Johanna Ays, Günther Schuh 

Sustainability Digital Twin: A Tool for the Manufacturing Industry ................................................................ 143 

Maria F. Davila R., Fenja Schwark, Lisa Dawel, Alexandra Pehlken 

A Comparison of Temporally Dynamic Life Cycle Assessment Methods for Ecological Evaluation 

in Aviation ........................................................................................................................................................ 149 

Antonia Rahn, Kai Wicke, Gerko Wende 

Development of Energy Flexible and Sustainable Operation Strategies of Air Conditioning Systems 

for Industrial Production Environments ........................................................................................................... 155 

Adrian Von Hayn, Jonas Wendt, Nicolas Lieberth, Nicole Weisel, Matthias Weigold 

Self-Healing Fuel Cells by Biological Actuators .............................................................................................. 161 

Patrizia Gartner, Gisela Lanza, Jens Rudat, Maximilian Bilger, Tom Grünert, Alexander 

Nesterov-Mueller, Nadine Zimmerer, Philipp Quarz, Philip Scharfer, Wilhelm Schabel, André 

P. Jung, Mareen Stahlberger, Stefan Bräse 

Influencing Factors of Urban Factories and Their Products for Sustainable Urban Development ................... 167 

Sina Rudolf, Marius Dellbrügge, Felix Kreuz, Max Juraschek, Mark Mennenga, Uwe 

Clausen, Christoph Herrmann 



Information Model to Return Data of Digital Twins into Product Design........................................................ 173 

Lars Arnemann, Sven Winter, Niklas Quernheim, Pascal Grieser, Reiner Anderl, Benjamin 

Schleich 

Environmental Assessment of Silicon Kerf Recycling and Its Benefits for Applications in Solar 

Cells and Li-Ion Batteries ................................................................................................................................. 179 

Steffen Blömeke, Robar Arafat, Jianpeng Yang, Jan-Philipp Mai, Felipe Cerdas, Christoph 

Herrmann 

Identification of Target Materials for Recycling of Solid-State Batteries from Environmental and 

Economic Perspective Using Information Theory Entropy .............................................................................. 185 

Nelli Kononova, Steffen Blömeke, Felipe Cerdas, Sabrina Zellmer, Christoph Herrmann 

LCA-Based Multi-Scenario Study on Steel or Aluminum Wheel Hub for Passenger Vehicles ....................... 191 

Lu Gao, Zhihui Wang, Yanan Wang, Tao Peng, Weipeng Liu, Renzhong Tang 

Development of a Polymer Spectral Database for Advanced Chemometric Analysis ...................................... 197 

Edward Ren Kai Neo, Jonathan Sze Choong Low, Vannessa Goodship, Stuart R. Coles, Kurt 

Debattista 

Optimal Operational Planning for District Heating Coupled Industrial Energy Systems Considering 

Participation Models ......................................................................................................................................... 203 

Thomas Kohne, Daniel Piendl, Lukas Theisinger, Matthias Weigold 

Concept of a Data-Based Approach for the Prediction and Reduction of Human Errors in Manual 

Assembly .......................................................................................................................................................... 209 

Bjoern Klages, Michael Zaeh 

Integrating Line Balancing with Network Topology to Support the Planning of a Remanufacturing 

System for Electric Vehicles ............................................................................................................................. 215 

Sidi Deng, Thomas Maani, Yue Yao, Yuehwern Yih, Fu Zhao, John W. Sutherland 

Maintenance, Repair, and Overhaul of Aircraft with Novel Propulsion Concepts – Analysis of 

Environmental and Economic Impacts ............................................................................................................. 221 

Alexander Barke, Christian Thies, Sofia Pinheiro Melo, Felipe Cerdas, Christoph Herrmann, 

Thomas S. Spengler 

Automated Remanufacturing of Lithium-Ion Batteries with Shear Separation, Ultrasonic 

Separation, and Ultrasonic Welding ................................................................................................................. 227 

Robert Schimanek, Pinar Bilge, Franz Dietrich 

Blockchain-Enabled Carbon Emission Management System in a Multi-Tier Supply Chain ........................... 233 

Amos Wei Lun Lee, Kentaroh Toyoda, Ivan Yeow, Zhiquan Yeo, Jonathan Sze Choong Low, 

Wen Feng Lu 

A System Dynamics Exploration of Energy System Behavior on St Helena Island ......................................... 239 

Daniela Rossade, Sam Williamson, Aydin Nassehi 

Digitalization: A Tool for the Successful Long-Term Adoption of Lean Manufacturing ................................. 245 

Suveg V. Iyer, Kuldip Singh Sangwan, Dhiraj 

Integrating an Ageing Model Within Life Cycle Assessment to Evaluate the Environmental Impacts 

of Electric Batteries .......................................................................................................................................... 251 

Téo Lavisse, Rémy Panariello, Fabien Perdu, Peggy Zwolinski 

Defining the Goals of Product Passports by Circular Product Strategies ......................................................... 257 

René H. Reich, Joëlle Ayan, Luc Alaerts, Karel Van Acker 



An Investigation of Energy Consumption in Fused Deposition Modelling Using ESP32 IoT 

Monitoring System ........................................................................................................................................... 263 

Sakinah Zakaria, Paul Mativenga, E. A. R. Engku Ariff 

Wire Arc Additive Manufacturing of Ti-6Al-4V Components: The Effects of the Deposition Rate 

on the Cradle-to-Gate Economic and Environmental Performance .................................................................. 269 

Angioletta R. Catalano, Emanuele Pagone, Filomeno Martina, Paolo C. Priarone, Luca 

Settineri 

Recyclebot – Using Robots for Sustainable Plastic Recycling ......................................................................... 275 

Doris Aschenbrenner, Jakob Gros, Nicole Fangerow, Teresa Werner, Cecilia Colloseus, Iman 

Taha 

A Blockchain Technology Based Framework for Environmental and Social Impact Authenticity of 

a 3D Printed Product ........................................................................................................................................ 281 

Rishi Kumar, Deepika Choudhary, Pradyumna Bang, Amit Dua, Kuldip Singh Sangwan 

Barriers for Eco-Designing Circular Power Electronics Converters ................................................................ 287 

Li Fang, Pierre Lefranc, Maud Rio 

Architecture-Based Scenario Design Methodology for Platform-Enabled Circular Economy 

Business ............................................................................................................................................................ 293 

Takamitsu Hirota, Yusuke Kishita, Masakuni Tsunezawa, Kohei Sugiyama, Kazuyuki Tasaka, 

Yasushi Umeda 

An Industrial Data-Spaces Framework for Resilient Manufacturing Value Chains ......................................... 299 

Kosmas Alexopoulos, Markus Weber, Thomas Trautner, Martin Manns, Nikolaos Nikolakis, 

Matthias Weigold, Bernd Engel 

Accounting for Product End-Of-Life Status in Disassembly Time Estimation Using Modified 

Maynard Operation Sequences ......................................................................................................................... 305 

Giovanni Formentini, Devarajan Ramanujan 

Eco-Social Sustainability Assessment of Manufacturing Systems: An LCA-Based Framework ..................... 312 

Yousef Haddad, Yagmur Atescan Yuksek, Sandeep Jagtap, Simon Jenkins, Emanuele Pagone, 

Konstantinos Salonitis 

LCA of Titanium Powder: Empirical Evidence Vs Data from Patents, Possible Future Applications ............. 318 

Daniele Landi, Christian Spreafico, Davide Russo 

Optimization of Specific Energy, Scrap, and Surface Roughness in 3D Printing Using Integrated 

ANN-GA Approach .......................................................................................................................................... 324 

Vijaypal Poonia, Rishi Kumar, Rakhee Kulshrestha, Kuldip Singh Sangwan 

Service Provision Process Scheduling Using Quantum Annealing for Technical Product-Service 

Systems ............................................................................................................................................................. 330 

Li Yi, Xiangqian Wu, Max Werrel, Philipp Schworm, Wei Wei, Moritz Glatt, Jan C. Aurich 

Concept Development for Industrial Heating Networks Under Consideration of Low Temperature 

Waste Heat: A Data-Driven Decision Support .................................................................................................. 336 

Lukas Theisinger, Fabian Borst, Thomas Kohne, Matthias Weigold 

Guiding Manufacturers’ Environmental Sustainability Transformation: Findings from Green 

CompassTM Applications in Singapore ............................................................................................................. 342 

Yinjin Lee, Soo Lin Goh, Cadence Hsien, Sing Ying Choy, Terence Wei Rong Tay, Marianela 

Cardelle, Chris Chan, Zhiquan Yeo, Andreas Hauser, Jonathan Sze Choong Low 



Analysis of Nickel Sulphate Datasets Used in Lithium-Ion Batteries .............................................................. 348 

Abdur-Rahman Ali, Johanna Lackner, Felipe Cerdas, Christoph Herrmann 

Confidentiality-Preserving Data Exchange to Enable Sustainable Product Management Via Digital 

Product Passports - A Conceptualization. ......................................................................................................... 354 

Katharina Berger, Magdalena Rusch, Antonia Pohlmann, Martin Popowicz, Bernhard C. 

Geiger, Heimo Gursch, Josef-Peter Schöggl, Rupert J. Baumgartner 

Framework for Developing Technology Roadmap Based on Absolute Environmental Sustainability 

Assessment: A Case Study on Electric Vehicles ............................................................................................... 360 

Abdur-Rahman Ali, Felipe Cerdas, Morten Ryberg, Christoph Herrmann 

Beyond Light Weighting, Adapting Topology Optimisation to Support Ecodesign ......................................... 366 

Amos Wei Lun Lee, Si Ying Chung, Jonathan Sze Choong Low, Wen Feng Lu 

Target Costing as an Approach to Reduce Costs in Closed-Loop Agriculture Systems - Application 

for the Cultivation of Algae in Photobioreactors .............................................................................................. 372 

Maximilian Stange, Marc Tieding, Gordon Brinitzer, Steffen Ihlenfeldt 

Sustainability Assessment of Electronic Waste Remanufacturing: The Case of Laptop .................................. 378 

Yagmur Atescan Yuksek, Yousef Haddad, Emanuele Pagone, Sandeep Jagtap, Steve Haskew, 

Konstantinos Salonitis 

Intuitive Teaching Approach for Robotic Disassembly .................................................................................... 384 

B. Engelen, D. De Marelle, K. Kellens, J. R. Peeters 

An Investigation Between the Links of Sustainable Manufacturing Practices and Innovation ........................ 390 

Lampros Litos, John Patsavellas, Mohamed Afy-Shararah, Konstantinos Salonitis 

High Airflow Vertical Conveying Gripper for Robotic Sorting of Shredded Metal Residues .......................... 396 

B. Engelen, D. De Marelle, J. R. Peeters, K. Kellens 

Developing Energy Efficient Milling Strategy for Variable Curved Geometry Using Constant 

Engagement Method ......................................................................................................................................... 402 

Shrikant Shankarrao Pawar, Pronamika Borthakur, Tufan Chandra Bera, Kuldip Singh 

Sangwan 

Designing Robust Transformation Toward a Sustainable Circular Battery Production .................................... 408 

Christian Scheller, Yusuke Kishita, Steffen Blömeke, Christian Thies, Kerstin Schmidt, Mark 

Mennenga, Christoph Herrmann, Thomas S. Spengler 

Green Incremental Learning - Energy Efficient Ramp-Up for AI-Enhanced Part Recognition in 

Reverse Logistics ............................................................................................................................................. 414 

Marian Schlüter, Robert Schimanek, Paul Koch, Clemens Briese, Vivek Chavan, Pinar Bilge, 

Franz Dietrich, Jörg Krüger 

Reuse of End-of-Life Personal Protective Equipment in Hot Asphalt Mixtures: An Environmental 

Evaluation ......................................................................................................................................................... 420 

Daniele Landi, Marco Marconi, Edoardo Bocci, Mattia Gianvincenzi, Christian Spreafico 

Simulation-Based Planning of Process Chains and Production Environments for Solid-State 

Batteries ............................................................................................................................................................ 426 

Felix Buck, Christoph Imdahl, Nikolas Dilger, Sabrina Zellmer, Christoph Herrmann 



Current State and Best Practices on the Way to Zero Emission in the Manufacturing Industry: An 

Empirical Survey in the Germany-Austria-Switzerland Region....................................................................... 432 

Steffen Kiemel, Simon F. Schäfer, Yagmur Damla Dokur, Magdalena Vangeloglou, Lena 

Ballheimer, Robert Miehe, Alexander Sauer 

Advanced Energy Data Analytics to Predict Machine Overall Equipment Effectiveness (OEE): A 

Synergetic Approach to Foster Sustainable Manufacturing. ............................................................................. 438 

Sebastian Thiede 

The Carbon Footprint of a UK Chemical Engineering Department – The Case of Imperial College 

London ............................................................................................................................................................. 444 

Jasmin Cooper, Max Bird, Salvador Acha, Perminder Amrit, Benoit Chachuat, Nilay Shah, 

Omar Matar 

Towards an Enzymatic Approach to Valorize Wood Residues for Industrial Production in a Circular 

Bioeconomy...................................................................................................................................................... 450 

Nadine Silber, Jana Hessel, Stephanie Eigner, Edgar Gamero, Anna-Lena Lambart, Kristin 

Protte, Johannes Full, Thomas Bauernhansl, Robert Miehe, Oliver Schwarz 

Formalization of Recyclable Waste Transfer Stations Within the Grand Guayaquil ........................................ 456 

J. Hidalgo-Crespo, A. Velastegui-Montoya, Peggy Zwolinski, Andreas Riel, J. L. Amaya-Rivas 

Measuring the Level of Acceptance from the Population of Guayas Province for Different PaaS 

Models: The Case of the Washing Machine ..................................................................................................... 462 

J. Hidalgo-Crespo, Andreas Riel, Peggy Zwolinski, Christian Wandji, J. L. Amaya-Rivas 

Carbon Footprint Comparison of Bitcoin and Conventional Currencies in a Life Cycle Analysis 

Perspective........................................................................................................................................................ 468 

Emanuele Pagone, Alexandre Hart, Konstantinos Salonitis 

Positive Impact Product Engineering (PIPE) Model - The Way to Net-Positive Sustainable Products ............ 474 

Simon Mörsdorf, Michael Vielhaber 

Towards Early Damage Detection During the Disassembly of Threaded Fasteners Using Machine 

Learning ........................................................................................................................................................... 480 

Richard Blümel, Annika Raatz 

Blockchain-Based Product Lifecycle Management Using Supply Chain Management for Railcar 

Remanufacturing .............................................................................................................................................. 486 

A. E. Matenga, K. Mpofu 

Developing a Carbon Accounting Tool for SMEs in the Agri-Food Sector ...................................................... 492 

Malak Alromaizan, Mohamed Afy-Shararah, Sandeep Jagtap, Lampros Litos, Konstantinos 

Salonitis 

Method Set for an Adaptable Sustainability Assessment Along the Product Life Cycle .................................. 498 

Niklas Quernheim, Sven Winter, Lars Arnemann, Steffen Wolff, Reiner Anderl, Benjamin 

Schleich 

Towards a Cleaner Mexican Tortilla Industry: A Prospective Life Cycle Assessment Approach ..................... 504 

Samuel Quintero-Herrera, Juan Felipe Rueda Avellaneda, Peggy Zwolinski, Damien Evrard, 

Pasiano Rivas-García 

Life Cycle Assessment of Circular Symbiotic Indoor Food Production Systems: Challenges in the 

Scope Definition ............................................................................................................................................... 510 

Britta Buchholz, Felipe Cerdas, Max Juraschek, Christoph Herrmann 



A Bayesian Approach to Modeling Unit Manufacturing Process Environmental Impacts Using 

Limited Data with Case Studies on Laser Powder Bed Fusion Cumulative Energy Demand .......................... 516 

Jiankan Liao, Xun Huan, Karl R. Haapala, Daniel R. Cooper 

Life Cycle Assessment of Plastic Waste End-of-Life Treatments in Singapore ............................................... 522 

Ken Shaun Yap, Yong Jie Leow, Si Ying Chung, Clarice Pei Hua Loke, Daren Zong Loong 

Tan, Zhiquan Yeo, Jonathan Sze Choong Low 

Factors of Digital Product Passport Adoption to Enable Circular Information Flows Along the 

Battery Value Chain .......................................................................................................................................... 528 

Katharina Berger, Rupert J. Baumgartner, Martin Weinzerl, Johann Bachler, Josef-Peter 

Schöggl 

Remanufacturing in Developing Countries – A Case Study in Automotive Sector in Ecuador ........................ 534 

José Díaz, Antonio Parra, Tapia B. Clotario, Maldonado G. Fausto, Carlos G. Helguero, 

Helmi Ben Rejeb, Peggy Zwolinski, Hidalgo C. José, Jorge L. Amaya 

Identifying Efficient Solutions for Additive Manufacturing of Short Carbon-Fiber Reinforced 

Polyamide 6 from Energy and Mechanical Perspectives .................................................................................. 540 

Thibault Le Gentil, Jean Langot, Daniel Therriault, Olivier Kerbrat 

Impacts, Synergies, and Rebound Effects Arising in Combinations of Product-Service Systems 

(PSS) and Circularity Strategies ....................................................................................................................... 546 

David Sarancic, Julija Metic, Daniela C. A. Pigosso, Tim C. McAloone 

VCA, a Method for Mapping and Neutralizing the Environmental Impact of a Company's Value 

Chain ................................................................................................................................................................ 552 

M. R. Van Moort, M. E. Toxopeus, S. Jokic 

Antecedents of a Resilient Sustainable Supply Chain ...................................................................................... 558 

Akshay Patidar, Monica Sharma, Rajeev Agrawal, Kuldip Singh Sangwan 

Proposal of an Integrated Design Framework for ICT-Supported Circular Economy Business ....................... 564 

Tomoyuki Tamura, Ryota Odagaki, Yasushi Umeda, Gaku Miyake, Genichiro Matsuda, Akio 

Tajima Yusuke Kishita 

An Analysis of the Available Virtual Engineering Tools for Building Manufacturing Systems 

Digital Twin ...................................................................................................................................................... 570 

Sergey Konstantinov, Jesper De Oliveira Hansen, Fadi Assad, Bilal Ahmad, Danial A. Vera, 

Robert Harrison 

Biointelligent Waste-to-X Systems: A Novel Concept for Sustainable, Decentralized and 

Interconnected Value Creation .......................................................................................................................... 576 

Johannes Full, Arber Shoshi, Edgar Gamero, Yannick Baumgarten, Kristin Protte, Steffen 

Kiemel, Nadine Silber, Jana Hessel, Stephanie Eigner, Thomas Bauernhansl, Alexander Sauer, 

Robert Miehe 

Assessing Product Suitability for Remanufacturing – A Case Study of a Handheld Battery-Driven 

Assembly Tool .................................................................................................................................................. 582 

Emma Ahlstedt, Erik Sundin 

Towards Circular Power Electronics in the Perspective of Modularity ............................................................ 588 

Tugce Turkbay Romano, Thecle Alix, Yves Lembeye, Nicolas Perry, Jean-Christophe Crebier 

Life-Cycle Assessment of the Laser Sintered-Silicon Anode for Lithium Ion Battery Production .................. 594 

Brent Hendrickx, Jiwang Yan, Joost Duflou 



Areas Investigated When Initiating OEM Remanufacturing – A Case of Robotic Lawn Mowers ................... 600 

Johan Vogt Duberg, Jelena Kurilova-Palisaitiene, Erik Sundin 

Comparative Life Cycle Assessment of Lithium Mining, Extraction, and Refining Technologies: A 

Global Perspective ............................................................................................................................................ 606 

Shayan Khakmardan, Maximilian Rolinck, Felipe Cerdas, Christoph Herrmann, Damien 

Giurco, Robert Crawford, Wen Li 

Design Metrics to Normalize and Compare LCA Results in Household Appliance Sector: Outcomes 

from Literature Analysis ................................................................................................................................... 612 

Clément Gabriel, Núria Boix Rodríguez, Raoudha Gaha, Andrea Mio, Claudio Favi 

Linking Life Cycle Sustainability Assessment and the Sustainable Development Goals – 

Calculation of Goal Achievement ..................................................................................................................... 618 

Alexander Barke, Manbir S. Sodhi, Christian Thies, Thomas S. Spengler 

Life-Cycle Assessment Based Energy Consumption Analysis for Cold Food Storage Facilities ..................... 624 

Kang Shen, Paula Logozzo, Mitesh Sawant, Brady Yuan, Nadia Bolis, Yoon Kim, Bingbing Li 

Comparative Life Cycle Assessment of Bioethanol Production from Different Generations of 

Biomass and Waste Feedstocks ........................................................................................................................ 630 

Neha Shakelly, Jesús R. Pérez-Cardona, Sidi Deng, Thomas Maani, Zhongtian Li, John W. 

Sutherland 

A Smart Aeroponic System for Sustainable Indoor Farming ............................................................................ 636 

Benedetta Fasciolo, Ahmed Awouda, Giulia Bruno, Franco Lombardi 

Live Estimating the Carbon Footprint of Additively Manufactured Components – A Case Study .................. 642 

Sven Winter, Niklas Quernheim, Lars Arnemann, Reiner Anderl, Benjamin Schleich 

Life Cycle Assessment of a Vanadium Flow Battery Based on Manufacturer Data ......................................... 648 

Nick Blume, Magdalena Neidhart, Pavel Mardilovich, Christine Minke 

A Comparative Life Cycle Assessment of Expanded Polystyrene and Mycelium Packaging Box 

Inserts ............................................................................................................................................................... 654 

Dolor R. Enarevba, Karl R. Haapala 

Life-Cycle Based Evaluation of the Environmental Impact of Chemical Recycling Vs. Combined 

Waste-to-Energy and Carbon-Capture-and-Utilization for Selected Epoxy Resins.......................................... 660 

Nora Schelte, Brent Hendrickx, Semih Severengiz 

Evaluation of Industrial Decarbonization Energy System Models for Policymaking: Literature Gaps 

and Research Recommendations ...................................................................................................................... 666 

Yohannes A. Alamerew, Eric Masanet 

Integrating Carbon Credits with Life Cycle Costing for Economic Sustainability in SMEs ............................ 672 

Muhammad Saad Amjad, Donald McCleeary, Sohan Nagaraj, Nancy Diaz-Elsayed 

Life Cycle Assessment of a Wastewater Hybrid System for Rural Communities, Marcelino 

Maridueña Case of Study. ................................................................................................................................. 678 

Sara Everhart, J. L. Amaya, J. Hidalgo-Crespo, F. X. Jervis, M. L. Mendoza, C. Moreira 

Disassembly Sequence Planning for Target Parts of End-of-Life Smartphones Using Q-Learning 

Algorithm ......................................................................................................................................................... 684 

Zepeng Chen, Lin Li, Fu Zhao, John W. Sutherland, Fengfu Yin 



Towards Simulation-Based Circular Product Design ....................................................................................... 690 

Gaurav Aher, Jalil Boudjadar, Devarajan Ramanujan 

Low-Carbon Primary Steelmaking Using Direct Reduction and Electric Arc Furnaces: Prospective 

Environmental Impact Assessment ................................................................................................................... 696 

Yannik Graupner, Christian Weckenborg, Thomas S. Spengler 

Analysis of Direct Recycling Methods for Retired Lithium-Ion Batteries from Electric Vehicles ................... 702 

Yu Wang, Qiang Zhai, Chris Yuan 

A System of Systems Approach to Support the Sustainable Integration of Factories into Urban 

Areas ................................................................................................................................................................. 708 

Mark Mennenga, Lukas Siemon, Sina Rudolf 

Assessing Energy Technologies Sustainability: Upscaling Photovoltaics Using Absolute LCA ..................... 714 

L. Riondet, M. Rio, V. Perrot-Bernardet, P. Zwolinski 

A Reference Model for a Sustainable Commitment to Sustainability in Packaging Development .................. 720 

Bjorn De Koeijer, Jos De Lange, Eric Lutters 

Completeness Evaluation of LCI Datasets for the Environmental Assessment of Lithium 

Compound Production Scenarios ..................................................................................................................... 726 

Maximilian Rolinck, Shayan Khakmardan, Felipe Cerdas, Mark Mennenga, Wen Li, 

Christoph Herrmann 

Concept for a Resource-Efficient Process Chain for Hybrid Bulk Components with Optimized 

Energy Utilization ............................................................................................................................................ 732 

C.-V. Ince, R. Blümel, A. Raatz 

Analysis of Disassembly Parameters in Repairability Scores: Limitations for Engineering Design 

and Suggestions for Improvement .................................................................................................................... 738 

Núria Boix Rodríguez, Clément Gabriel, Raoudha Gaha, Claudio Favi 

Author Index 

 




