15th Global Conference on
Sustainable Manufacturing
(GCSM 2017)

Procedia Manufacturing Volume 21

Haifa, Israel
25-27 September 2017

Editors:

Giinther Seliger Moshe Shpitalni
Rafael Wertheim Anath Fischer
Holger Kohl

ISBN: 978-1-5108-5959-3



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

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

Copyright© by Elsevier B.V.
All rights reserved.

Printed by Curran Associates, Inc. (2018)

For permission requests, please contact Elsevier B.V.
at the address below.

Elsevier B.V.
Radarweg 29
Amsterdam 1043 NX
The Netherlands

Phone: +31 20485 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

EDITORIAL ...tk b bt h bt h b b2 a b b e bk b e et eh e e bt e b e e b e e bt b e b e e et e bt e bt ab e nb e b e et eneene s 1
Gunther Seliger, Rafael Wertheim, Holger Kohl, Moshe Shpitalni, Anath Fischer

KEYNOTES

NET POSITIVE MANUFACTURING: A RESTORING, SELF-HEALING AND REGENERATIVE

APPROACH TO FUTURE INDUSTRIAL DEVELOPMENT .....oooiiiiece ettt sve s sve e e ns 2
S. Rahimifard, J. Stone, P. Lumsakul, H. Trollman

PERSPECTIVES FOR INTERNATIONAL ENGINEERING EDUCATION: SUSTAINABLE-

ORIENTED AND TRANSNATIONAL TEACHING AND LEARNING ..ot 10
Tim Stock, Holger Kohl
SUSTAINABLE INNOVATION IN A MULTI-UNIVERSITY MASTER COURSE ..ot 18

Bartlomiej Gladysz, Marcello Urgo, Lorenzo Gaspari, Giovanna Pozzan, Tim Stock, Cecilia Haskins, Elzbieta
Jarzebowska, Holger Kohl

SUSTAINABLE LIVING FACTORIES FOR NEXT GENERATION MANUFACTURING ......cccccocvvvniiiiiiieiininns 26
Yoram Koren, Xi Gu, Fazleena Badurdeen, 1. S. Jawahir

HIGH-PRESSURE THERMO-CHEMICAL RECUPERATION - A WAY TOWARD

SUSTAINABLE PROPULSION SYSTEMS. ... .ottt st e snea e snaeanteesneeennaesneeeneenneeenneenneas 37
Leonid Tartakovsky

FORMING

EVALUATION OF MANUFACTURING PROCESSES FOR THE PRODUCTION OF GRADED

ULTRAFINE GRAINED MATERIALS ... .ottt sb e n s 45
D. Landgrebe, U. Gotze, M. Bergmann, A. Schmidt, R. Selbmann

MODIFIED CROSS-WEDGE ROLLING FOR CREATING HOLLOW SHAFTS. ..o 53

Dirk Landgrebe, Jiirgen Steger, Uwe Bohmichen, Markus Bergmann

A DIE PROFILE FOR MAXIMUM EFFICIENCY IN STRIP DRAWING OF ANISOTROPIC

IMATERIALS ..ottt et b s bttt b e b h et e b e a4 SRt e b e e b e e b e e Rt e be e £t e A b e Rt et e b e e b e e Rt e be e b e et e sbe e e e s been b nbeenes 60
Sergei Alexandrov, Alexander Pirumov

OPTIMIZATION OF THE CASTING TECHNOLOGY AND SUSTAINABLE MANUFACTURE

OF 100MM GRINDING BALLS FOR THE MINING SECTOR IN ZIMBABWE .........cccccciiiiiiiii s 68
Wilson R. Nyemba, Ranganai T. Moyo, Charles Mbohwa

LASER BEAM FORMING: A SUSTAINABLE MANUFACTURING PROCESS.........cccociiiiiiinieeeee e 76
Stephen Akinlabi, Esther Akinlabi

DEVELOPMENT OF A MODEL FOR PREDICTING CYCLE TIME IN HOT STAMPING .......ccccccooenininicnnn 84

R. Muvunzi, D. M. Dimitrov, S. Matope, T. M. Harms

ADDITIVE MANUFACTURING

INFLUENCE OF PROCESS PARAMETERS ON RESIDUAL STRESS RELATED DISTORTIONS

IN SELECTIVE LASER MELTING . ..ottt bttt b et e s e ab e et e nbe e b e e b e aneenreereen 92
L. Mugwagwa, D. Dimitrov, S. Matope, I. Yadroitsev

PROSPECTS OF ADDITIVE MANUFACTURING OF RARE-EARTH AND NON-RARE-EARTH

PERMANENT MAGNETS ...ttt bbb bt bt bt b e bbbt b et b e bbb n e e s bt e 100
Vladimir Popov, Andrey Koptyug, Iliya Radulov, Fernando Maccari, Gary Muller

LASER METAL DEPOSITION TECHNIQUE: SUSTAINABILITY AND ENVIRONMENTAL

Y O PSR UPPRPPPP 109
Kamardeen O. Abdulrahman, Esther T. Akinlabi, Rasheedat M. Mahamood
3D PRINTING OF BIODEGRADABLE PARTS USING RENEWABLE BIOBASED MATERIALS .................... 117

Henning Zeidler, Diana Klemm, Falko Bottger-Hiller, Sebastian Fritsch, Marie Joo Le Guen, Sarat Singamneni
EFFECT OF HOT ISOSTATIC PRESSURE TREATMENT ON THE ELECTRON-BEAM

MELTED TI-6AL-4V SPECIMENS. ..ottt bbbttt bbbttt b bbbt eb e e 125
Vladimir Popov, Alexander Katz-Demyanetz, Andrey Garkun, Gary Muller, Evgeny Strokin, Haim Rosenson



WEIGHT REDUCTION OF 3D-PRINTED CYLINDRICAL AND TOROIDAL PRESSURE
VESSELS THROUGH SHAPE MODIFICATION ...ttt ettt e et e e s eaae e e s eaae e e eareaeeanes 133
Ehud Kroll, Eldad Buchris

PLANNING

A ROAD MAP FOR APPLIED DATA SCIENCES SUPPORTING SUSTAINABILITY IN

ADVANCED MANUFACTURING: THE INFORMATION QUALITY DIMENSIONS ......cccccoovivieeeceee e 141
Ron S. Kenett, Avigdor Zonnenshain, Gilead Fortuna

METHODOLOGY FOR IMPLEMENTING INNOVATIVE VENTURES IN EMERGING

COUNTRIES - CASE STUDY OF THE STARTING PHASE OF A CHINESE-ISRAELI

AUTOMOTIVE GREEN-FIELD COMPANY ..ottt sttt sttt sttt st sbe st ssaesbastaasaesbeensestessaessesnsessens 149
Dieter Schacher

ON THE TRACK OF HUMAN ERRORS - PROCEDURE AND RESULTS OF AN INNOVATIVE

ASSEMBLY PLANNING METHOD .....ooiiiiiiieit ittt s a st ste e sbee st e e sbe e e steennseanbeesraeenseesnneenees 157
Robert Refflinghaus, Christian Kern

BUSINESS MODELS

PRODUCT, SERVICE, AND BUSINESS MODEL INNOVATION: A DISCUSSION .......ccceoiiiiiiiinece e 165
Martin Geissdoerfer, Doroteya Vladimirova, Kirsten Van Fossen, Steve Evans

KNOWLEDGE MANAGEMENT FRAMEWORK FOR COMPLAINT KNOWLEDGE TRANSFER

TO PRODUCT DEVELOPIMENT ..ottt st se e bbbt et e be e b e she e b e e be e b e aheenbeabeebesneennenrnen 173
Thomas Hellebrandt, Ina Heine, Robert H. Schmitt

CHALLENGES AND OPPORTUNITIES IN ADOPTING AND IMPLEMENTING

SUSTAINABILITY PLANS IN ENGINEERING, MINING AND PROCESSING COMPANIES IN

ZIMBABWIE ... h bbb 181
Wilson R. Nyemba, Charles Mbohwa

DESIGN

TOPOLOGY AND SHAPE OPTIMIZATION WITH EXPLICIT GEOMETRIC CONSTRAINTS

USING A SPLINE-BASED REPRESENTATION AND A FIXED GRID ....ccocooiiieiece et 189
Yosef M. Yoely, Oded Amir, Iddo Hanniel

SMART MATERIALS FOR SMART PRODUCTION — A CROSS-DISCIPLINARY INNOVATION

NETWORK IN THE FIELD OF SMART MATERIALS .....ooiiiot ettt sttt anen 197
W.-G. Drossel, F. Meinel, A. Bucht, H. Kunze

FAST AND ITERATIVE PROTOTYPING FOR INJECTION MOLDING - A CASE STUDY OF

RAPIDLY PROTOTYPING ...ttt sttt et e ettt e ss e e te e aseeesseesnte et e enteenneeenteeaseeentaeaneeenseennaeenneennseanees 205
Carlo Kriesi, @ystein Bjelland, Martin Steinert

MACHINE TOOL

EVALUATION OF THERMO-ENERGETIC BEHAVIOR FOR DEMAND-ORIENTED

OPERATING OF MACHINE TOOL COOLING SYSTEMS .......oiiiiiiiie s 213
Joachim Regel, Du Xu, Michael Braunig, Volker Wittstock, Matthias Putz

RECONFIGURABLE MACHINE TOOL: CNC MACHINE FOR MILLING, GRINDING AND

POLISHING ..ottt bt bt h e bt e s e bt e b e e bt e Rt e e b e e b £ e b e eR b e A bt e h e e b e e Rb e eb e e s et eb e e nb e s b e e st e ek e e nb e s b e e beenbeanean 221
Yair Shneor

VIRTUAL VERIFICATION OF 5-AXIS MACHINE TOOLS BASED ON WORKPIECE

ACCURACY ANALYSIS: SOFTWARE TOOL INSTEAD OF EXPENSIVE MACHINING TESTS.........ccccoveeee 228
Yair Shneor, Vladimir S. Chapsky, Amir Shapiro



ROBOTICS

OPTIMIZING STEP CLIMBING BY TWO CONNECTED WHEELED INVERTED PENDULUM

(R L@ =@ 1 T PSRRI 236
Avi Weiss, Eli Fadida, Uri Ben Hanan
JUMPING EFFICIENCY OF SMALL CREATURES AND ITS APPLICABILITY IN ROBOTICS.........coecne. 243

Uri Ben Hanan, Avi Weiss, Valentin Zaitsev

A METHOD FOR ENERGETIC COMPARISON OF 6-AXIS INDUSTRIAL ROBOTS AND ITS

FURTHER SCOPE FOR RESOURCE-EFFICIENT PLANT DESIGN ..ottt 251
Mathias Findeisen, Marcel Todtermuschke, Robert Schaffrath, Matthias Putz

TECHNOLOGY

AUTOMATIC REGENERATION OF CEMENTED CARBIDE TOOLS FOR A RESOURCE

EFFICIENT TOOL PRODUGCTION ...t iiiiit ettt see sttt see e stee st e st e sseeessaasnteesseeestaesnseanseesseeeteesnseenseessenesseesnseenses 259
Berend Denkena, Marc-André Dittrich, Yanwei Liu, Mirko Theuer

CRYOGENIC MACHINING THROUGH THE SPINDLE AND TOOL FOR IMPROVED

MACHINING PROCESS PERFORMANCE AND SUSTAINABILITY: PT. I, SYSTEM DESIGN..........ccccceeveneen. 266
Tao Lu, Ravikumar Kudaravalli, George Georgiou

CRYOGENIC MACHINING THROUGH THE SPINDLE AND TOOL FOR IMPROVED

MACHINING PROCESS PERFORMANCE AND SUSTAINABILITY: PT. Il, SUSTAINABILITY

PERFORMANCE STUDY ..oeoiiiieiie ittt sttt ste e e et e smee e steessteeteeaseeesseesnteeseeesteeaseeanteesseeesteeaneeenseennanesseennseenees 273
Tao Lu, Ravikumar Kudaravalli, George Georgiou

ASSESSMENT

A MULTIDIMENSIONAL ASSESSMENT AND SELECTION METHODOLOGY: OPTIMIZED

DECISION-MAKING OF JOINING TECHNOLOGIES IN AUTOMOBILE BODY

DEVE L OPIMENT ..ottt e ettt e e oot e e e s be e e e eteeeeebteeesabeeeabeeeeasaeeeesabeeeaabeeaeansseeesabeeeaasbaaaassseeesabeeesnbenaanes 281
Saphir A. Choudry, Steffen Muller, Uwe Alber, Frank Riedel, Dirk Landgrebe

CO,-BASED ASSESSMENT FOR SUSTAINABLE PRODUCTION PLANNING IN THE METAL

PROCESSING INDUSTRY ..ottt ittt ettt ett ettt s bt e e s ettee e e tbbe e e sbaeeaabbeeeabbeeesabeeeaabbseeasstesesabeeesabsseeasbeeesabaeeaabeseeanes 289
Richard Mdller, Marc Loster, Rebekka Volk, Frank Schultmann

DYNAMIC ENERGY LCA-BASED ASSESSMENT APPROACH TO EVALUATE ENERGY

INTENSITY AND RELATED IMPACT FOR THE BIOGAS CHP PLANT AS THE BASIS OF THE

ENVIRONMENTAL VIEW OF SUSTAINABILITY ..ottt ettt e e aae e e sntaa e nns 297
Aldona Kluczek

LIFE CYCLE RATING - AN APPROACH TO SUPPORT THE DECISION-MAKING PROCESS

OF MANUFACTURING SYSTEMS ... .ottt ettt e e et e e e e bt e e e e s bt e e e et ee e e eabeeeesabeeesntaeeaatraeeas 305

Andreas Mdller, Martin Bornschlegl, Frank Mantwill
SOCIAL SUSTAINABILITY IN TECHNOLOGICALLY-SUPPORTED PRODUCT

REALISATION PROCESS ...ttt sttt ettt et 1a e st e e et e e s e e e s be e sabe e abeeesaeesabesabeesteeebeesabeenbeessneesaeesnreenres 313
Oladele Owodunni

INVESTIGATING CHALLENGES OF A SUSTAINABLE USE OF MARINE MINERAL

RESQOURGCES. . ...ttt e e et e st et e e ettt e e e bt e e e aabae e e teeeeesteeeesabeee e teeeeasseeeeaabeeeetbeeeassbeeesnbaeeantaeeannes 321
Andrea Kaluza, Kai Lindow, Rainer Stark

LIFE CYCLE

REUSE SCENARIOS OF TIRES TEXTILE FIBERS: AN ENVIRONMENTAL EVALUATION........ccccevvevinenee. 329
Daniele Landi, Marco Marconi, lvan Meo, Michele Germani

PROCESS INTEGRATION CONCEPT FOR WASTE REDUCTION AMONG MANUFACTURING

PLANNING, MODULARIZATION AND VALIDATION ......oititiiee ettt ne s 337
Tetsuo Yamada, Shota Hasegawa, Yuki Kinoshita, Shuho Yamada, Masato Inoue, Christoph Rosebrock, Stefan
Bracke

STUDY ON SUSTAINABILITY DEVELOPMENTS IN INDUSTRIAL PRACTICE .....cccceoiiiiinenieeeeie 345

Kai Lindow, Andrea Kaluza, Rainer Stark



FEASIBILITY STUDY AND DEVELOPMENT OF A SUSTAINABLE SOLAR THERMAL
POWER PLANT THROUGH UTILIZATION OF MINE WASTELANDS ......ooooieee e 353
Wilson R. Nyemba, Prominent Munanga, Charles Mbohwa, Simon Chinguwa

MAINTENANCE, REPAIR AND OVERHAUL

STRUCTURAL REPAIR USING COLD SPRAY TECHNOLOGY FOR ENHANCED

SUSTAINABILITY OF HIGH VALUE ASSETS ...ttt bbb b e 361
Christian A. Widener, Ozan C. Ozdemir, Michael Carter

CONDITION BASED MONITORING OF BOILER PARAMETERS IN A THERMAL POWER

STATION (CASE OF ANONYMOUS COMPANY ) ..ottt te e steste b stesee e ssestessesseseseesessessessens 369
Tawanda Mushiri, Tichaona Kennedy Mhazo, Charles Mbohwa

NEW AGE ADVANCED SMART WATER PIPE SYSTEMS USING TEXTILE REINFORCED

CONGCRETE .o bbbt bbb e e b e e s bt e b e s b e ke oAbt e b £ e b e R e e bt e b b e b e b e e bt s b e e b b e e b s 376
Till Quadflieg, Yiska Goldfeld, Goezdem Dittel, Thomas Gries
VISION-BASED IDENTIFICATION SERVICE FOR REMANUFACTURING SORTING.......cccccoiiiiiiiiieieies 384

Marian Schliter, Carsten Niebuhr, Jan Lehr, Jorg Kriiger

ENERGY EFFICIENCY

ENERGY SAVING BY MANUFACTURING TECHNOLOGY ....ccociiiiiiiiiiie e 392
A. Erman Tekkaya
CONTROL UNIT FOR A CORELESS STATOR FOR USE WITH SI ENGINE STEPPING VALVE................... 397

I. Zibani, R. Marumo, J. Chuma, |. Ngebani, K. Tsamaase
INCREASING ENERGY EFFICIENCY IN TURNING OF AEROSPACE MATERIALS WITH
HIGH-PRESSURE COOLANT SUPPLY ...ttt ittt b et sbe b be et bt e bt et sbeenbenbe e e naean 405
Tolga Cayli, Fritz Klocke, Benjamin Dobbeler
HYBRID SIMULATION-BASED OPTIMIZATION OF DISCRETE PARTS MANUFACTURING

TO INCREASE ENERGY EFFICIENCY AND PRODUCTIVITY oottt 413
Thomas Sobottka, Felix Kamhuber, Matthias Rassler, Wilfried Sihn
ENERGY AND MATERIAL EFFICIENCY METRICS IN FOUNDRIES ..ot 421

Emanuele Pagone, Konstantinos Salonitis, Mark Jolly

EDUCATION

INFLUENCE OF GAMING ELEMENTS ON SUMMATIVE ASSESSMENT IN ENGINEERING

EDUCATION FOR SUSTAINABLE MANUFACTURING ......cooiiiiirii e 429
Mustafa Severengiz, Ina Roeder, Kristina Schindler, Ginther Seliger

EXPLORING GAMIFICATION TO SUPPORT MANUFACTURING EDUCATION ON

INDUSTRY 4.0 AS AN ENABLER FOR INNOVATION AND SUSTAINABILITY ..o 438
Esdras Paravizo, Omar Cheidde Chaim, Daniel Braatz, Bernd Muschard, Henrique Rozenfeld

INSERTION OF SUSTAINABILITY PERFORMANCE INDICATORS IN AN INDUSTRY 4.0

VIRTUAL LEARNING ENVIRONMENT ..ottt ettt neeane 446
Omar Chaim, Bernd Muschard, Edson Cazarini, Henrique Rozenfeld

FIRST PROOF OF CONCEPT FOR LANGUAGE INDEPENDENT LEARNSTRUMENTS IN

SPECIAL MACHINERY ASSEMBLY ...ttt bbbt b bbb e r e n s 454
Jan P. Menn, Carsten Ulbrich, Giinther Seliger

ASSESSMENT

TARGET-ORIENTED ANALYSIS OF RESOURCE CONSUMPTION IN MANUFACTURING

PROGCESS CHAINS ..t b bbbt s e b e h b e e b e e b s e b e e a e e b e e R e e b e e b e s b e et e b e e b e b e e be e b e s 462
A. Demmer, N. Klingbeil, F. Klocke, M. Putz, R. Schmitt, T. Vollmer

THE REGIONAL AND SOCIAL IMPACT OF ENERGY FLEXIBLE FACTORIES.........ccooiiiieiteeceeees 468

Eric Unterberger, Hans Ulrich Buhl, Lukas Hafner, Fabian Keller, Robert Keller, Steffi Ober, Caroline Paulick-
Thiel, Gunther Reinhart, Michael Schopf, Peter Simon

SPECIFYING TECHNOLOGY AND REBOUND IN THE IPAT IDENTITY ..oooiiiiiiieeeeeee e 476
Christopher L. Magee, Tessaleno C. Devezas



A METHOD TO ESTIMATE THE TOTAL VOC EMISSION OF FURNITURE PRODUCTS........cccecvevvevienee. 486
Roberto Menghi, Silvia Ceccacci, Alessandra Papetti, Marco Marconi, Michele Germani

THE ASSESSMENT METHODS OF THE LEVEL OF COUNTRIES ENVIRONMENTAL SAFETY .....c.ccoev.... 494
Vladimir Glinskiy, Lyudmila Serga, Mariya Khvan, Kirill Zaykov

CIRCULAR ECONOMY

AN APPROACH TO FAVOR INDUSTRIAL SYMBIOSIS: THE CASE OF WASTE ELECTRICAL

AND ELECTRONIC EQUIPMENT ...ttt iiieiie ettt ee st stee e e a et e snea e staesnteaseeaseaessaeanseensaeesseennseanneesnanennaesnseenses 502
Marco Marconi, Fabio Gregori, Michele Germani, Alessandra Papetti, Claudio Favi

UNLOCKING ECONOMIC VALUE AND SUSTAINABLE FURNITURE MANUFACTURING

THROUGH RECYCLING AND REUSE OF SAWDUST ....ooitiiiiiiiiitie ettt 510
Wilson R. Nyemba, Allen Hondo, Charles Mbohwa, Luxmore Madiye

PROCESS

WEAR REDUCTION ON CUTTING INSERTS BY ADDITIONAL INTERNAL COOLING OF
THE CUTTING EDGE ... oottt ettt ettt ettt e ettt e e st e e e ettt e e e e ab e e e sabae e e eabae e e eabeeesabaeeaatbaeeesabeeesabaseaneeas 518
Friedrich Bleicher, Manuel Reiter

PRODUCTION SYSTEM

EQUIVALENCE ASSESSMENT METHOD FOR THE RESOURCE EFFICIENCY OF

EQUIPMENT, TECHNOLOGIES AND PRODUCTION SYSTEMS .....coiiiiiiieieie e 525
A. P. Kuznetsov, H.-J. Koriath, A. V. Kalyashina, T. Langer

A PROBABILISTIC APPROACH TO THE STOCHASTIC JOB-SHOP SCHEDULING PROBLEM.................. 533
Shraga Shoval, Mahmoud Efatmaneshnik

TOTAL QUALITY MANAGEMENT IN INDIAN MANUFACTURING SMES. ........ccociiiiiereececese e 541

Saumyaranjan Sahoo, Sudhir Yadav

CUTTING

DIAMOND WIRE SAWING OF SOLAR SILICON WAFERS: A SUSTAINABLE

MANUFACTURING ALTERNATIVE TO LOOSE ABRASIVE SLURRY SAWING ......ccoeiiiiiiiineecieese 549
Arkadeep Kumar, Shreyes N. Melkote

POTENTIALS FOR THE OPTIMIZATION OF SAWING PROCESSES USING THE EXAMPLE

OF BANDSAWING MAGCHINES ... .ottt bbbt b b b e bbb b e et b e et b e e b b 567
Daniel Albrecht, Hans-Christian Mohring

EVALUATION OF THE INFLUENCE OF DIFFERENT CLAMPING CHUCK TYPES ON

ENERGY CONSUMPTION, TOOL WEAR AND SURFACE QUALITIES IN MILLING

OPERATIONS ...t bbbt b e b e s bt ekt e s b e e b e e At ek e e R b e A b £ e s b e b e eR b e eb £ e s b e b e en b e ebe e be e bt en b e ebeeseenbeenbenbeenes 575
B. Thorenz, H.-H. Westermann, M. Kafara, M. Nutzel, R. Steinhilper

NEW TECHNOLOGIES

HIGH PRECISION MACHINING OF HYBRID LAYER COMPOSITES BY ABRASIVE

WATERJIET CUTTING ..ottt sttt bbbt bt b e b e e st ek e e st e e b e e he ekt eh b e nb e e b e e bt eheenbeesbenbeaneenaenbeen 583
M. Putz, A. Rennau, M. Dix

PRODUCTION TECHNOLOGY OF CORES FOR HYBRID LAMINATES CONTAINING

RUBBER POWDER FROM SCRAP TYRES ..ottt 591
L. Kroll, S. Hoyer, M. Klaerner



ENTREPRENEURIAL INITIATIVE

DEVELOPMENT OF LOW COST SOLID-LIQUID SEPARATION PROTOTYPE USED FOR

RECOVERING NUTRIENTS FROM WASTEWATER IN THE GAZA STRIP ..ot 599
Samir Alnahhal, Samir Afifi, Glnther Seliger
A LOCAL LEARNING MARKET TO EXPLORE INNOVATION PLATFORMS ......cccoiiiiiiiieeeee 607

Kirsten Van Fossen, Jeremie Morfin, Steve Evans
LEVERS INFLUENCING SUSTAINABLE WASTE RECOVERY AT HOUSEHOLDS LEVEL: A

Bupe Getrude Mwanza, Charles Mbohwa, Arnesh Telukdarie

NANOTECHNOLOGY

CARBON NANOTUBE GREASE AND SUSTAINABLE MANUFACTURING........cccooi i 623
Haiping Hong, Greg Christensen, Christian Widener

A TARGETED FUNCTIONAL VALUE BASED NANOCLAY/PA12 COMPOSITE MATERIAL

DEVELOPMENT FOR SELECTIVE LASER SINTERING PROCESS ........cccooiiiiiiiteeiee e 630
Sunil Kumar Tiwari, Sarang Pande, Santosh M. Bobade, Santosh Kumar

ADDITIVE MANUFACTURING

INFLUENCE OF BINDER QUANTITY ON DIMENSIONAL ACCURACY AND RESILIENCE IN
1T 2 o = 4 1 N 8 L USRS 638
M. Kafara, J. Kemnitzer, H.-H. Westermann, R. Steinhilper

BUILD TIME ESTIMATION MODELS IN THERMAL EXTRUSION ADDITIVE

MANUFACTURING PROCESSES.......c.o oottt bt r ettt b bt n e nns 647
George Komineas, Panagis Foteinopoulos, Alexios Papacharalampopoulos, Panagiotis Stavropoulos
CONCEPT OF SUSTAINABLE DATA FOR A SELECTIVE LASER MELTING MACHINE...........ccccciiiiinnnn. 655

Eckart Uhlmann, Rodrigo Pastl Pontes, Abdelhakim Laghmouchi, André Bergmann

INDUSTRY 4.0

MOVING FROM INDUSTRY 2.0 TO INDUSTRY 4.0: A CASE STUDY FROM INDIA ON

LEAPFROGGING IN SMART MANUFACTURING ..ottt 663
Anandi lyer

MANUFACTURING IN THE FOURTH INDUSTRIAL REVOLUTION: A POSITIVE PROSPECT

IN SUSTAINABLE MANUFACTURING ..ottt sb et nb e sie e b sne b s 671
Nubia Carvalho, Omar Chaim, Edson Cazarini, Mateus Gerolamo

DECENTRALIZED INTELLIGENCE: THE KEY FOR AN ENERGY EFFICIENT AND

SUSTAINABLE INTRALOGISTICS. ...ttt sttt b e sttt b e s be et b e et sbeenbesbeenbesneenbesbeen 679
Michael Scholz, Xu Zhang, Sven Kreitlein, J6rg Franke

STRATEGIES FOR THE RECOVERY AND RECYCLING OF PLASTIC SOLID WASTE (PSW):

A FOCUS ON PLASTIC MANUFACTURING COMPANIES .......cooiiiiiii e 686
Bupe Getrude Mwanza, Charles Mbohwa, Arnesh Telukdarie

ENERGY EFFICIENCY

METHODOLOGY AND MODEL FOR PREDICTING ENERGY CONSUMPTION IN

MANUFACTURING AT MULTIPLE SCALES ...ttt 694
Jan Reimann, Ken Wenzel, Marko Friedemann, Matthias Putz

ENERGY EFFICIENCY AND DEMAND SIDE MANAGEMENT: A CASE STUDY OF A

HOLISTIC ENERGY CONCEPT IN POLYMER PROCESSING ......cociciiiiiiiiieieeee et 702
D. Khripko, H. Dunkelberg, D. L. Summerbell, J. Hesselbach

A ‘SYSTEM’ INTEGRATION FOR ENERGY RECOVERY WITHIN DATA CENTRES USING

COMBINED COOLING AND POWER TECHNOLOGY ......oiiiiiiiiiisieeie sttt sttt 710
Y. Luo, J. Andresen, H. Clarke, M. Rajendra, M. Maroto-Valer



ENERGY EFFICIENCY OF STATE-OF-THE-ART GRINDING PROCESSES. ..o 717
M. Hacksteiner, H. Peherstorfer, F. Bleicher

DESIGN

SUSTAINABLE ASPECTS REGARDING A MULTI-CRITERIA & CROSS-COMPONENT

PREDICTION OF PROPERTY CHANGE POTENTIALS WITHIN THE PRE-DEVELOPMENT

PHASE OF TECHNICAL PRODUCT SYSTEMS ...ttt sttt sttt nesnean 725
Jerome Kaspar, Tobias Luedeke, Philip Meiser, Michael Vielhaber

A COMPUTER-AIDED MOLD DESIGN FOR TRANSFER MOLDING PROCESS IN

SEMICONDUCTOR PACKAGING INDUSTRY ...ttt sttt sttt sbe et sbe et sbeesaesbesnneneeen 733
M. R. Alam, M. A. Amin, M. A. Karim

THE DESIGN OF PORTABLE AUTOMOBILE REFRIGERATOR POWERED BY EXHAUST

HEAT USING THERMOELECTRIC.......o ot ne s 741
Simon Chinguwa, Christopher Musora, Tawanda Mushiri

VIRTUAL PROTOTYPING TECHNOLOGIES ENABLING RESOURCE-EFFICIENT AND

HUMAN-CENTERED PRODUCT DEVELOPMENT ..ottt 749
C. Allmacher, M. Dudczig, P. Klimant, M. Putz

ADDITIVE MANUFACTURING

PATH PLANNING FOR THE INFILL OF 3D PRINTED PARTS UTILIZING HILBERT CURVES................... 757
Alexios Papacharalampopoulos, Harry Bikas, Panagiotis Stavropoulos
MANUFACTURING OF CARBIDE TOOLS BY SELECTIVE LASER MELTING ......cccocvviieiie e 765

Eckart Uhlmann, André Bergmann, Robert Bolz

ASSESSMENT

INVESTIGATING CURRENT SMART PRODUCTION INNOVATIONS IN THE MACHINE

BUILDING INDUSTRY ON SUSTAINABILITY ASPECTS ... .ottt ettt e ebea e aes 774
M. W. Waibel, G. A. Oosthuizen, D. W. du Toit

SUSTAINABILITY IMPACT OF DIGITIZATION IN LOGISTICS ...ttt 782

Yasanur Kayikci

INTEGRATED PRODUCT AND PRODUCTION ENGINEERING APPROACH - A TOOL-BASED

METHOD FOR A HOLISTIC SUSTAINABLE DESIGN, PROCESS AND MATERIAL

SELECTION ...ttt bbb e s bbbt E e e e st ek b b H b e h e e b £ e b e e bt bbbt e st e bttt e bt b et e bt 790
Pascal Stoffels, Jerome Kaspar, Dirk Bahre, Michael Vielhaber

DEVELOPMENT OF A CLASSIFICATION AND GENERATION APPROACH FOR

INNOVATIVE TECHNOLOGIES. ...ttt b et b e et bt e e et e et e saeenbesbe e b e nne e e 798
A. P. Kuznetsov, H.-J. Koriath

STRATEGY

COMPETENCES MAPPING AS A TOOL TO INCREASE SUSTAINABILITY OF

MANUFACTURING ENTERPRISES ...ttt ne s 806
Francesco Melosi, Giampaolo Campana, Barbara Cimatti

IMPLEMENTATION OF LEAN PRODUCTION SYSTEMS IN SMALL AND MEDIUM-SIZED

PHARMACEUTICAL ENTERPRISES ... .ottt bttt sttt ettt seenbean 814
Felix Sieckmann, Hien Nguyen Ngoc, René Helm, Holger Kohl

AN EFFICIENCY-ORIENTED BATCH REDUCTION PROCEDURE FOR HAZARDOUS

IMATERIAL ... bbb h b e bbb e b e e R b oAb e b e b e e b b e e bbb e e s b e e b e e b e e b r e 822
Friedrich A. Halstenberg, Eleanor Y. Chen, Guido Rumpel, Ralph Schneider, Rainer Stark

A STUDY OF RESOURCE-EFFICIENT TECHNOLOGIES FOR CITIES OF THE FUTURE TO

BE SUSTAINABLE ... .ottt b e b e s et b e e a b e ek e e b e oo b e e R b e o b £ e R e e bt e Rb e eb e 2R e e ke e mb e s beeReeabeenbe s b e ebeenbeanean 830
Wen Liu, Steve Evans

THE DEVELOPMENT OF THE FOOD INDUSTRY AS A CONDITION FOR IMPROVING

RUSSIA’S NATIONAL SECURITY oottt sttt b et b e se bt sb et be et e b e e st e s beanbenbeesnenbeanras 838
Vladimir Glinskiy, Lyudmila Serga, Michael Alekseev, Natalia Samotoy, Ekaterina Simonova



THE INFLUENCE OF WASTE COLLECTION SYSTEMS ON RESOURCE RECOVERY: A
LY SRR 846
Bupe Getrude Mwanza, Charles Mbohwa, Arnesh Telukdarie

DESIGN

THE SUSTAINABLE CO-DESIGN OF PRODUCTS AND PRODUCTION SYSTEMS ... 854
P. Lumsakul, L. Sheldrick, S. Rahimifard

THE INDUSTRIAL SYMBIOSIS IN THE PRODUCT DEVELOPMENT: AN APPROACH

THROUGH THE DFIS ...ttt s et e et e st e e aeesab e e te e e ste e seeaabe e teeesseesaeeenbeessaeesseesaseanseenreen 862
Gabriel Couto Mantese, Michael Jordan Bianchi, Daniel Capaldo Amaral

DEVELOPMENT OF A PROCEDURE FOR ANALYSIS OF FAILURE CHAINS IN COMPLEX

MECHATRONIC SYSTEMS TO IMPROVE SUSTAINABILITY ..ooooiiie sttt 870
Ovidiu Bielefeld, Hendrik Dransfeld, Nadine Schliiter
MEASURING SIMPLICITY IN MECHANICAL DESIGN ...ttt ettt e e staa e 878

Niv Krayner, Reuven Katz

OPTIMIZATION OF MANUFACTURING SUSTAINABILITY IN THE ETHIOPIAN

INDUSTRIES ... .ottt ettt et s b e e et esat e e be e et ee e teeasbe e teeaseeess s e ente et aeesteeanseenteeesteensseente e taeanteesnseenteenreen 890
Melesse Workneh Wakjira, Holm Altenbach, Perumalla Janaki Ramulu

DESIGN OF AN AUTOMATED AND INTELLIGENT ROCK BREAKER: CASE OF PLATINUM

MINE PLATINUM COMPANY IN ZIMBABWIE ........cccotiiiiiieitst ettt st sbe et sneebessaeaesnean 898
Tawanda Mushiri, Charles Mbohwa

Author Index



