¢ Word Count: 8965

Plagiarism Percentage

20%

| sources:

E’ 2% match (Internet from 19-Jul-2017)
http://jurnalindustri.petra.ac.id/index.php/ind/article/download/20013/19157

E 1% match (Internet from 26-Aug-2015)
http://onlinelibrary.wiley.com/doi/10.1111/j.1540-5915.2012.00394.x/full

1% match (publications)

Wei, Jie, Kannan Govindan, Yongjian Li, and Jing Zhao. "Pricing and collecting decisions in a
closed-loop supply chain with symmetric and asymmetric information”, Computers & Operations
Research, 2015.

1% match (Internet from 13-Aug-2017)
http://repository.petra.ac.id/view/creators/San=3AGan_Shu=3A=3A.html|

1% match (publications)

Li, Xiang. Yongjian Li, and Xiaogiang Cai. "Remanufacturing and pricing decisions with random
ield and random demand", Computers & Operations Research, 2015.

E’ < 1% match (publications)
Supply Chain Coordination under Uncertainty, 2011.

E < 1% match (Internet from 17-Jul-2017)
https:/doaj.org/article/c25762359f374f03a3434a88aaaSe2c4

< 1% match (publications)
Nang, Ze-Bin, Yao-Yu Wang, and Jian-Cai Wang. "Optimal distribution channel strategy for
new and remanufactured products", Electronic Commerce Research, 2016

nyoria
tion Research, 2015.

< 1% match (publications)

Jiang, Hong Wei. "Research on Pricing Strategy of the Closed-Loop Supply Chain in
Heterogeneous Market", Applied Mechanics and Materials, 2012

@ < 1% match (publications)

Jianmai Shi. "Supply Planning for a Closed Loop Supply Chain with Uncertain Demand and
Price-Dependent Stochastic Return”, 2009 International Conference on Business Intelligence and
Financial Engineering, 07/2009

Dlz < 1% match (publications)

Li, Shaorui, Lei Shi, Xiaojing Feng. and Kunpeng Li. "Reverse channel design: the impacts of
differential pricing and extended producer responsibility”, International Journal of Shipping and
Tran: Logistics, 2012.

D]'?' < 1% match (Internet from 06-Sep-2017)
http://surface.syr.edu/cgi/viewcontent.cgi?zamp==&article=1087&context=busad_etd

DM < 1% match (Internet from 20-Sep-2017)
http://lib.dr.iastate.edu/cgi/viewcontent.cgi?amp=&article=2118&context=etd

< 1% match (publications)

Sun, Xiaochen, Yongjian Li, Kannan Govindan, and Yancong Zhou. "Integrating dynamic
acquisition pricing and remanufacturing decisions under random price-sensitive returns”, The
International rnal of Advanced Manufacturing Technol 2013.

< 1% match (Internet from 23-Feb-2016)
http://dyuthi.cusat.ac.in/xmlui/bitstream/handle/purl/1667/Dyuthi-T0149.pdf?sequence=3

Dﬂ < 1% match (publications)
Sha Xi and Chulung Lee. "A GAME THEORETIC APPROACH FOR THE OPTIMAL



http://jurnalindustri.petra.ac.id/index.php/ind/article/download/20013/19157
http://onlinelibrary.wiley.com/doi/10.1111/j.1540-5915.2012.00394.x/full
http://dx.doi.org/10.1016/j.cor.2013.11.021
http://dx.doi.org/10.1016/j.cor.2013.11.021
http://dx.doi.org/10.1016/j.cor.2013.11.021
http://repository.petra.ac.id/view/creators/San=3AGan_Shu=3A=3A.html
http://dx.doi.org/10.1016/j.cor.2014.01.005
http://dx.doi.org/10.1016/j.cor.2014.01.005
http://dx.doi.org/10.1007/978-3-642-19257-9
https://doaj.org/article/c25762359f374f03a3434a88aaa5e2c4
http://dx.doi.org/10.1007/s10660-016-9225-8
http://dx.doi.org/10.1007/s10660-016-9225-8
http://dx.doi.org/10.1080/00207543.2015.1067376
http://dx.doi.org/10.1080/00207543.2015.1067376
http://dx.doi.org/10.4028/www.scientific.net/AMM.236-237.321
http://dx.doi.org/10.4028/www.scientific.net/AMM.236-237.321
http://dx.doi.org/10.1109/BIFE.2009.145
http://dx.doi.org/10.1109/BIFE.2009.145
http://dx.doi.org/10.1109/BIFE.2009.145
http://dx.doi.org/10.1504/IJSTL.2012.049310
http://dx.doi.org/10.1504/IJSTL.2012.049310
http://dx.doi.org/10.1504/IJSTL.2012.049310
http://surface.syr.edu/cgi/viewcontent.cgi?amp=&article=1087&context=busad_etd
http://lib.dr.iastate.edu/cgi/viewcontent.cgi?amp=&article=2118&context=etd
http://dx.doi.org/10.1007/s00170-013-4954-5
http://dx.doi.org/10.1007/s00170-013-4954-5
http://dx.doi.org/10.1007/s00170-013-4954-5
http://dyuthi.cusat.ac.in/xmlui/bitstream/handle/purl/1667/Dyuthi-T0149.pdf?sequence=3
http://search.ebscohost.com/login.asp?r=44.8464934132865&svr=338&lang=en_us&x?direct=true&db=ecd&AN=101457989&site=ehost-live&EPSource=esi

INVESTMENT DECISIONS OF GREEN INNOVATION IN A MANUFACTURER-RETAILER SUPPLY

’—‘18 < 1% match (Internet from 08-Jan-2017)

https://www.pomsmeetings.org/ConfProceedin 65/Full%20Papers/Final%20Full%20Papers/065-
0470.pdf

Dlg < 1% match (publications)
Huang. Min, Pengxing Yi, Tielin Shi, and Lijun Guo. "A modal interval based method for

d on d
of Intelligent Manufacturing, 2015.

DZO < 1% match (Internet from 19-Jul-2010)
http://rss.sciencedirect.com/publication/science/5695

< 1% match (publications)

Ovchinnikov, Anton, Vered Blass. and Gal Raz. "Economic and Environmental Assessment of
Remanufacturing Strategies for Product+Service Firms", Production and Operations Management.
2013

< 1% match (publications)

Aydin. R.. C.K. Kwong. and P. Ji. "Coordination of a Manufacturer and Supply Chain Partners
for Product Line Design with Consideration of Remanufactured Products”, Procedia CIRP, 2015.

< 1% match (publications)

heng-Han. "OEM pr ign in a pri mpetition with remanuf I It
Omega, 2013.

Journal of Intelligent Manufacturing, 2015.

DZG < 1% match (publications)
Shi, J.. "Optimal production and pricing policy for a closed loop system", Resources.
Conservation & Recycling. 201104

@ < 1% match (publications)

Zhonghua Ma. "The Order Quantity Decision of Newsboy Retailer with Financing”, Journal of
m: ien nd Information, 2014

< 1% match (publications)

Kumar, Rajesh, and Parthasarathy Ramachandran. "Revenue management in
remanufacturing: perspectives, review of current literature and research directions"”, International
Journal of Production Research, 2016.

< 1% match (publications)

Gao, Juhong, Hongshuai Han, Liting Hou, and Haiyan Wang. "Pricing and effort decisions in a
d-loop supply chain under different channel power structures", Journal of Cleaner Production.

< 1% match (publications)

Kumar Jena, Sarat, and S.P Sarmah. "Price competition and co-operation in a duopoly
closed-loop supply chain”, International Journal of Production Economics, 2014.

< 1% match (publications)

International Journal of Physical Distribution & Logistics Management, Volume 37, Issue 7
2007-08-05

D32 < 1% match (Internet from 23-Mar-2010)
http://www.allbusiness.com/automotive/automotive-overview/10559314-1.html

@ < 1% match (publications)


http://search.ebscohost.com/login.asp?r=44.8464934132865&svr=338&lang=en_us&x?direct=true&db=ecd&AN=101457989&site=ehost-live&EPSource=esi
http://search.ebscohost.com/login.asp?r=44.8464934132865&svr=338&lang=en_us&x?direct=true&db=ecd&AN=101457989&site=ehost-live&EPSource=esi
https://www.pomsmeetings.org/ConfProceedings/065/Full%20Papers/Final%20Full%20Papers/065-0470.pdf
https://www.pomsmeetings.org/ConfProceedings/065/Full%20Papers/Final%20Full%20Papers/065-0470.pdf
http://dx.doi.org/10.1007/s10845-015-1151-4
http://dx.doi.org/10.1007/s10845-015-1151-4
http://dx.doi.org/10.1007/s10845-015-1151-4
http://rss.sciencedirect.com/publication/science/5695
http://dx.doi.org/10.1111/poms.12070
http://dx.doi.org/10.1111/poms.12070
http://dx.doi.org/10.1111/poms.12070
http://dx.doi.org/10.1016/j.procir.2015.01.040
http://dx.doi.org/10.1016/j.procir.2015.01.040
http://dx.doi.org/10.1016/j.omega.2012.04.004
http://dx.doi.org/10.1016/j.omega.2012.04.004
http://dx.doi.org/10.1016/j.ejor.2015.06.062
http://dx.doi.org/10.1016/j.ejor.2015.06.062
http://dx.doi.org/10.1016/j.ejor.2015.06.062
http://dx.doi.org/10.1007/s10845-013-0797-z
http://dx.doi.org/10.1007/s10845-013-0797-z
http://dx.doi.org/10.1007/s10845-013-0797-z
http://dx.doi.org/10.1016/j.resconrec.2010.05.016
http://dx.doi.org/10.1016/j.resconrec.2010.05.016
http://www.degruyter.com/view/j/jssi.2014.2.issue-4/JSSI-2014-0358/JSSI-2014-0358.xml
http://www.degruyter.com/view/j/jssi.2014.2.issue-4/JSSI-2014-0358/JSSI-2014-0358.xml
http://dx.doi.org/10.1080/00207543.2016.1141255
http://dx.doi.org/10.1080/00207543.2016.1141255
http://dx.doi.org/10.1080/00207543.2016.1141255
http://dx.doi.org/10.1016/j.jclepro.2015.01.066
http://dx.doi.org/10.1016/j.jclepro.2015.01.066
http://dx.doi.org/10.1016/j.jclepro.2015.01.066
http://dx.doi.org/10.1016/j.ijpe.2014.06.018
http://dx.doi.org/10.1016/j.ijpe.2014.06.018
http://www.checkforplagiarism.net/viewEmerald.asp?r=44.8464934132865&svr=338&lang=en_us&oid=54723&key=8a37bdf54d6e51d1352044208a99f930
http://www.checkforplagiarism.net/viewEmerald.asp?r=44.8464934132865&svr=338&lang=en_us&oid=54723&key=8a37bdf54d6e51d1352044208a99f930
http://www.allbusiness.com/automotive/automotive-overview/10559314-1.html
http://www.vaguelogic.com/Propeller/Products/PSM/Datasheets/AD5337.pdf

— Xiangzhou, Yin, Zhou Xiaoshuang, and Li Guang. "The model construction of the third party

participated in closed-loop supply chain coordination based on evolutionary game theory”, 2011
International Conference on E-Business and E-Government (ICEE). 2011

< 1% match (publications)

Li, Xiang. Yongjian Li, and Xiaogiang Cai. "Double marginalization and coordination in the
supply chain with uncertain supply”, European Journal of Operational Research, 2013.

< 1% match (Internet from 11-Nov-2012)
http://www.sciencedirect.com/science/article/pii/S0377221712003396

< 1% match (publications)

Mukhopadhyay, S.K.. "A Stackelberg model of pricing of complementary goods under
information asymmetry", International Journal of Production Economics, 201112

< 1% match (publications)

Chen, Xu, Gang Hao, Xun Li, and Ka Fai Cedric Yiu. "The impact of demand variability and
rnhlmn n vendor' |r||nI nder vendor man inventory str "

< 1% match (publications)

Wang. J.. "Optimum policy in hybrid manufacturing/remanufacturing system”, Computers &
Industrial Engineering, 201104

< 1% match (Internet from 20-Jan-2016)
http://www.ijrer.org/ijrer/index.phplijrer/article/download/2488/pdf_79

< 1% match (publications)

Chen, Jen-Ming, and Chia-l Chang. "Coordinating a closed-loop supply chain using a
bargaining power approach”, International Journal of Systems Science Operations & Logistics, 2014,

< 1% match (publications)

Wang. Kai, Zhongkai Xiong. Xiong Yu, and Wei Yan. "Remanufacturer—Manufacturer
Collaboration in a Supply Chain: The Manufacturer Plays the Leader Role", Asia-Pacific Journal of
Operational Research, 2015.

< 1% match (publications)

Cai, Xiaogiang, Jian Chen, Yongbo Xiao. Xiaolin Xu, and Gang Yu. "Fresh-product supply
chain management with logistics outsourcing”, Omega, 2013.

< 1% match (publications)

sensitive random demand under a buy bac” Mathematlcal Prohlems in Englneerlng Annual 2014
Issue

< 1% match (publlcatlons)

used products and multiple reusable components" Compu!ers & Industrlal Englneenng 201008

< 1% match (Imemet from 20-Sep-2017)

< 1% match (publications)
Kwak, Minjung, and Harrison Kim. "Green profit maximization through integrated pricing and

roduction planning for a line of new and remanufactured products”, Journal of Cleaner Production
2016

< 1% match (publications)

Mawandiya, Bimal Kumar, J. K. Jha, and Jitesh Thakkar. "Two-echelon closed-loop supply
chain determlnlstlc inventory models in a batch production environment”, International Journal of
le Engineering, 2016.

< 1% match (publications)

Li, Ji-cai, Yong-wu Zhou, and Wenyan Huang. "Production and procurement strategies for
seasonal product supply chain under yield uncertainty with commitment-option contracts"
International Journal of Production Economics, 2017.

< 1% match (publications)

YAN, NI-NA, and BAO-WEN SUN. "OPTIMAL STACKELBERG STRATEGIES FOR
CLOSED-LOOP SUPPLY CHAIN WITH THIRD-PARTY REVERSE LOGISTICS", Asia-Pacific
Journal of Operational Research, 2012

[ ] <1% match (publications)


http://dx.doi.org/10.1109/ICEBEG.2011.5881648
http://dx.doi.org/10.1109/ICEBEG.2011.5881648
http://dx.doi.org/10.1109/ICEBEG.2011.5881648
http://dx.doi.org/10.1016/j.ejor.2012.10.047
http://dx.doi.org/10.1016/j.ejor.2012.10.047
http://www.sciencedirect.com/science/article/pii/S0377221712003396
http://dx.doi.org/10.1016/j.ijpe.2009.11.015
http://dx.doi.org/10.1016/j.ijpe.2009.11.015
http://dx.doi.org/10.1016/j.ijpe.2011.05.005
http://dx.doi.org/10.1016/j.ijpe.2011.05.005
http://dx.doi.org/10.1016/j.ijpe.2011.05.005
http://dx.doi.org/10.1016/j.cie.2010.05.002
http://dx.doi.org/10.1016/j.cie.2010.05.002
http://www.ijrer.org/ijrer/index.php/ijrer/article/download/2488/pdf_79
http://dx.doi.org/10.1080/23302674.2014.915356
http://dx.doi.org/10.1080/23302674.2014.915356
http://dx.doi.org/10.1142/S0217595915500402
http://dx.doi.org/10.1142/S0217595915500402
http://dx.doi.org/10.1142/S0217595915500402
http://dx.doi.org/10.1016/j.omega.2012.09.004
http://dx.doi.org/10.1016/j.omega.2012.09.004
http://www.checkforplagiarism.net/viewGale.asp?r=44.8464934132865&svr=338&lang=en_us&oid=92530516&key=914f4f5b078ce8eb3b5a3ce1f5b6309e
http://www.checkforplagiarism.net/viewGale.asp?r=44.8464934132865&svr=338&lang=en_us&oid=92530516&key=914f4f5b078ce8eb3b5a3ce1f5b6309e
http://www.checkforplagiarism.net/viewGale.asp?r=44.8464934132865&svr=338&lang=en_us&oid=92530516&key=914f4f5b078ce8eb3b5a3ce1f5b6309e
http://dx.doi.org/10.1016/j.cie.2010.02.016
http://dx.doi.org/10.1016/j.cie.2010.02.016
http://lib.dr.iastate.edu/cgi/viewcontent.cgi?amp=&article=1089&context=stat_las_preprints
http://dx.doi.org/10.1016/j.jclepro.2016.10.121
http://dx.doi.org/10.1016/j.jclepro.2016.10.121
http://dx.doi.org/10.1016/j.jclepro.2016.10.121
http://dx.doi.org/10.1080/19397038.2015.1128495
http://dx.doi.org/10.1080/19397038.2015.1128495
http://dx.doi.org/10.1080/19397038.2015.1128495
http://dx.doi.org/10.1016/j.ijpe.2016.10.019
http://dx.doi.org/10.1016/j.ijpe.2016.10.019
http://dx.doi.org/10.1016/j.ijpe.2016.10.019
http://dx.doi.org/10.1142/S0217595912500261
http://dx.doi.org/10.1142/S0217595912500261
http://dx.doi.org/10.1142/S0217595912500261

arketin nance mechanism for remanufactu
responsibility", Journal of Cleaner Production, 2017

DSZ < 1% match (publications)
Pinar Martin. "Supply Chain Sourcing in Remanufacturing Operations: An Empirical
Investigation of Remake Versus Buy : Martin, Guide, and Craighead", Decision Sciences, 05/2010

El < 1% match (Internet from 02-May-2016)
http://www.prism.gatech.edu/~aatasu3/index_files/AAV11.pdf

< 1% match (Internet from 15-Apr-2016)
http://eprint.ncl.ac.uk/file_store/pr ion/195203/7E43E084-7702-48DD-A00F-
380742917AF1.pdf

DSS < 1% match (Internet from 03-Mar-2016)
http://ink.library.smu.edu.sg/cgi/viewcontent.cgi?article=1065&context=etd_coll

< 1% match (publications)

Wei, Jie, and Jing Zhao. "Rever: hannel isions for a fuzzy cl | ly chain”,
Applied Mathematical Modelling, 2013.

E’ < 1%‘match (publications)

Gu Qiaolun. "Pricing management for a closed-loop supply chain”, Journal of Revenue and

Es < 1% match (publications)
Studies in Fuzziness and Soft Computing, 2014

< 1% match (publications)

ne nao Upp a nw
Incremental Quantity Discount Policy", 2007 International Col
Networking and Mobile Computing, 09/2007

io K and U
nference on Wireless Communications

< 1% match (publications)

Dongbo Liu. "The Supply Chain Uncertain Programming of the
Manufacturing/Remanufacturing Hybrid System", 2008 4th International Conference on Wireless
Communications Networking and Mobile Computing, 10/2008

< 1% match (Internet from 29-Mar-2014)

Dsz < 1% match (Internet from 28-Mar-2017)

http://iceb.nccu.edu.tw/proceedings/2015/

63| < 1% match (Internet from 01-Sep-2016)
https://www.scribd.com/document/76767389/Fashion-Supply-Chain-Management

’—‘64 < 1% match (Internet from 07-Jun-2017)
http://dblp.dagstuhl.de/pers/hy/w/Wei:Jie

DGS < 1% match (Internet from 15-May-2016)
http://www.inderscience.com/storage/f411128107591236.pdf

< 1% match (Internet from 23-Jun-2016)

7] < 1% match (publications)

Zou, Qingming Ye, Guangyu. "Pricing-decision and coordination contract considering product
design and quality of recovery produc”, Mathematical Problems in Engineering, Annual 2015 Issu

2

< 1% match (publications)

Proceedings of 2013 4th International Asia Conference on Industrial Engineering and

Management Innovation (IEMI2013), 2014.

< 1% match (publications)

Bulmu erra Cane acq

an uart A d, and uud J Ll on
ricing strategies for hybrid manufacturing and remanufacturing systems", International Journal

f



http://linkinghub.elsevier.com/retrieve/pii/S0959652617317894
http://linkinghub.elsevier.com/retrieve/pii/S0959652617317894
http://linkinghub.elsevier.com/retrieve/pii/S0959652617317894
http://dx.doi.org/10.1111/j.1540-5915.2010.00264.x
http://dx.doi.org/10.1111/j.1540-5915.2010.00264.x
http://www.prism.gatech.edu/~aatasu3/index_files/AAV11.pdf
http://eprint.ncl.ac.uk/file_store/production/195203/7E43E084-7702-48DD-A00F-380742917AF1.pdf
http://eprint.ncl.ac.uk/file_store/production/195203/7E43E084-7702-48DD-A00F-380742917AF1.pdf
http://ink.library.smu.edu.sg/cgi/viewcontent.cgi?article=1065&context=etd_coll
http://dx.doi.org/10.1016/j.apm.2012.04.003
http://dx.doi.org/10.1016/j.apm.2012.04.003
http://dx.doi.org/10.1057/palgrave.rpm.5160122
http://dx.doi.org/10.1057/palgrave.rpm.5160122
http://dx.doi.org/10.1007/978-3-642-53939-8
http://dx.doi.org/10.1109/WICOM.2007.1142
http://dx.doi.org/10.1109/WICOM.2007.1142
http://dx.doi.org/10.1109/WICOM.2007.1142
http://dx.doi.org/10.1109/WiCom.2008.1658
http://dx.doi.org/10.1109/WiCom.2008.1658
http://dx.doi.org/10.1109/WiCom.2008.1658
http://www.sustainelectronics.illinois.edu/NSFworkshop/Reading/Environmentally%20Conscious%20Manufacturing%20and%20Product%20Recovery%20%28ECMPRO%29%20A%20Review%20of%20the%20State%20of%20the%20Art.pdf?origin=publication_detail
http://www.sustainelectronics.illinois.edu/NSFworkshop/Reading/Environmentally%20Conscious%20Manufacturing%20and%20Product%20Recovery%20%28ECMPRO%29%20A%20Review%20of%20the%20State%20of%20the%20Art.pdf?origin=publication_detail
http://iceb.nccu.edu.tw/proceedings/2015/
https://www.scribd.com/document/76767389/Fashion-Supply-Chain-Management
http://dblp.dagstuhl.de/pers/hy/w/Wei:Jie
http://www.inderscience.com/storage/f411128107591236.pdf
http://www.slideshare.net/ijreteditor/reverse-logistics-a-review-of-literature
http://www.checkforplagiarism.net/viewGale.asp?r=44.8464934132865&svr=338&lang=en_us&oid=100828085&key=89d8cf8ea8b7ca2eed2abf47899aa600
http://www.checkforplagiarism.net/viewGale.asp?r=44.8464934132865&svr=338&lang=en_us&oid=100828085&key=89d8cf8ea8b7ca2eed2abf47899aa600
http://dx.doi.org/10.1007/978-3-642-40060-5
http://dx.doi.org/10.1007/978-3-642-40060-5
http://dx.doi.org/10.1080/00207543.2014.906073
http://dx.doi.org/10.1080/00207543.2014.906073
http://dx.doi.org/10.1080/00207543.2014.906073
http://dx.doi.org/10.1080/00207543.2014.906073

Production Research, 2014.

< 1% match (publications)

Xiong. Yu, Yu Zhou, Gendao Li, Hing-Kai Chan, and Zhongkai Xiong. "Don't forget your
supplier when remanufacturing”, European Journal of Operational Research, 2013.

< 1% match (publications)

Azadeh, Ali, and Ehsan Mazaheri. "Optimum production planning of a dedicated
remanufacturing process by an integrated simulation-based optimisation approach”, International
Journal of Logistics Systems and Management, 2013

< 1% match (publications)
Zbigniew Kotulski. "Pr

< 1% match (publications)

Jianmai Shi. "Optimal Production Planning for a Closed Loop System with Quality Uncertaint,
of Used Product”, 2011 International Conference on Information Management Innovation
Management and Industrial Engineering, 11/2011

< 1% match (publications)

1. Nyoman Pujawan. "Supply chain management for Disaster Relief Operations: principles and
case studies”, International Journal of Logistics Systems and Management, 2009

< 1% match (publications)

Ketzenberg, Michael E. Zuidwijk, Rob A.. "Optimal pricing. ordering. and return policies for
consumer Goods.", Production and Operations Management, May-June 2009 Issue

< 1% match (publications)

Tsay. Andy A.. "Managing retail channel overstock: Markdown money and return policies
(Articles).(analysis of Proct", Journal of Retailing, Winter 2001 Issue

< 1% match (publications)

Mukhopadhyay, Samar K., and Huafan Ma. "Remanufacturing decisions with uncertain
demand and product return yield", International Journal of Revenue Management, 2015.

- < 1% match (publications)

Céline Michaud. "Green consumer behaviour: an experimental analysis of willingness to pay
for remanufactured products”, Business Strategy and the Environment, 2010

< 1% match (Internet from 19-Aug-2014)
http://www.diva-portal.org/smash/get/diva2:18334/FUL L TEXTO1

< 1% match (Internet from 13-Jan-2017)
http://docplayer.net/1042285-Proceedings-icovacs-2012-international-conference-on-value-
inability- mber-13-15-2012-izmir-turkey.html

< 1% match (Internet from 27-Nov-2015)

http://www.researchgate.net/publication/266749885_Reverse_logistics_and_closed-
loop_supply_chain_A_comprehensive_review_to_explore_the_future

< 1% match (Internet from 10-Sep-2016)

https://journalofremanuf

< 1% match (Internet from 09-Sep-2017)
http:/theses.ucalgary.ca/jspui/bitstream/11023/2169/4/ucalgary_2015_forootan_zaman.pdf

< 1% match (Internet from 20-Apr-2016)
http://www.wseas.us/journal/pdf/mathematics/2016/a065806-791.pdf

< 1% match (Internet from 08-Aug-2017)
http://www.isI21.org/wp-content/uploads/2017/07/Full-paper-31072017.pdf

< 1% match (Internet from 14-Mar-2016)

https://aisberg.unibg.it/retrieve/handle/10446/30768/16154/Fatemeh%20Firouzi%?2c%20PhD%20Thesis.pdf

< 1% match (Internet from 22-Nov-2016)
http://www.tsijournals.com/articl nalysi:



http://dx.doi.org/10.1080/00207543.2014.906073
http://dx.doi.org/10.1016/j.ejor.2013.03.034
http://dx.doi.org/10.1016/j.ejor.2013.03.034
http://dx.doi.org/10.1504/IJLSM.2013.055571
http://dx.doi.org/10.1504/IJLSM.2013.055571
http://dx.doi.org/10.1504/IJLSM.2013.055571
http://dx.doi.org/10.1007/978-90-481-3570-7_3
http://dx.doi.org/10.1007/978-90-481-3570-7_3
http://dx.doi.org/10.1109/ICIII.2011.240
http://dx.doi.org/10.1109/ICIII.2011.240
http://dx.doi.org/10.1109/ICIII.2011.240
http://dx.doi.org/10.1504/IJLSM.2009.024797
http://dx.doi.org/10.1504/IJLSM.2009.024797
http://www.checkforplagiarism.net/viewGale.asp?r=44.8464934132865&svr=338&lang=en_us&oid=71273663&key=a5057a2453d0bb11eb85b4269e90401b
http://www.checkforplagiarism.net/viewGale.asp?r=44.8464934132865&svr=338&lang=en_us&oid=71273663&key=a5057a2453d0bb11eb85b4269e90401b
http://www.checkforplagiarism.net/viewGale.asp?r=44.8464934132865&svr=338&lang=en_us&oid=28298620&key=5be50bba097e11f792ab17aae734fdac
http://www.checkforplagiarism.net/viewGale.asp?r=44.8464934132865&svr=338&lang=en_us&oid=28298620&key=5be50bba097e11f792ab17aae734fdac
http://dx.doi.org/10.1504/IJRM.2015.073828
http://dx.doi.org/10.1504/IJRM.2015.073828
http://dx.doi.org/10.1002/bse.703
http://dx.doi.org/10.1002/bse.703
http://www.diva-portal.org/smash/get/diva2:18334/FULLTEXT01
http://docplayer.net/1042285-Proceedings-icovacs-2012-international-conference-on-value-chain-sustainability-december-13-15-2012-izmir-turkey.html
http://docplayer.net/1042285-Proceedings-icovacs-2012-international-conference-on-value-chain-sustainability-december-13-15-2012-izmir-turkey.html
http://www.researchgate.net/publication/266749885_Reverse_logistics_and_closed-loop_supply_chain_A_comprehensive_review_to_explore_the_future
http://www.researchgate.net/publication/266749885_Reverse_logistics_and_closed-loop_supply_chain_A_comprehensive_review_to_explore_the_future
https://journalofremanufacturing.springeropen.com/articles/10.1186/s13243-015-0014-7
http://theses.ucalgary.ca/jspui/bitstream/11023/2169/4/ucalgary_2015_forootan_zaman.pdf
http://www.wseas.us/journal/pdf/mathematics/2016/a065806-791.pdf
http://www.isl21.org/wp-content/uploads/2017/07/Full-paper-31072017.pdf
https://aisberg.unibg.it/retrieve/handle/10446/30768/16154/Fatemeh%20Firouzi%2c%20PhD%20Thesis.pdf
http://www.tsijournals.com/articles/analysisof-dealing-strategies-and-coordination-of-closedloop-supply-chain-with-differential-price-under-production-cost-.pdf
http://www.tsijournals.com/articles/analysisof-dealing-strategies-and-coordination-of-closedloop-supply-chain-with-differential-price-under-production-cost-.pdf

< 1% match (Internet from 11-Dec-2015)
http://journal.oscm-

< 1% match (Internet from 05-Sep-2017)

< 1% match (Internet from 27-Apr-2016)
http://portal.ku.edu.tr/~okaya/EJOR2010KAYA. pdf

< 1% match (Internet from 06-Jun-2017)
i g . . ¢

< 1% match (Internet from 07-Mar-2016)

< 1% match (Internet from 29-Aug-2017)

< 1% match (Internet from 06-Sep-2017)
http://scholar.uwindsor.ca/cgilviewcontent.cgi?amp=_&article=1155&context=etd

< 1% match (Internet from 12-May-2010)
hitp://www.lib.utexas.edu/etd/d/2007/erzurumlus36047/erzurumlus36047.pdf

< 1% match (Internet from 13-Mar-2017)
https://repub.eur.nl/pub/41330/EPS201329111S9789058923424.pdf

< 1% match (Internet from 17-Mar-2016)

< 1% match (Internet from 20-May-2016)
http://www.ntu.ac.uk/plate_conference/plate_draft_proceedings.pdf

< 1% match (Internet from 12-Aug-2016)

< 1% match (publications)



http://journal.oscm-forum.org/journal/journal/download/20141204235646_Paper_2_Vol._7_No_._1,_2014_.pdf
http://journal.oscm-forum.org/journal/journal/download/20141204235646_Paper_2_Vol._7_No_._1,_2014_.pdf
https://ub-madoc.bib.uni-mannheim.de/39003/1/Diss_Zuber.pdf
http://portal.ku.edu.tr/~okaya/EJOR2010KAYA.pdf
http://studentsrepo.um.edu.my/5865/1/Liew_Kian_Wah.pdf
http://opus.bath.ac.uk/41342/1/Electronic_product_returns_and_potential_reuse_opportunities_050312.pdf
http://orca.cf.ac.uk/100875/1/Impact%20of%20cannibalization%20in%20a%20remanufacturing%20supply%20chain%20preprint.pdf
http://etds.lib.ncku.edu.tw/etdservice/view_metadata?etdun=U0026-0707201200230600
http://scholar.uwindsor.ca/cgi/viewcontent.cgi?amp=&article=1155&context=etd
http://www.lib.utexas.edu/etd/d/2007/erzurumlus36047/erzurumlus36047.pdf
https://repub.eur.nl/pub/41330/EPS2013291LIS9789058923424.pdf
http://www.utadeo.edu.co/files/collections/documents/field_attached_file/memorias_2015_version_final.pdf?height=780&inline=true&width=740
http://www.utadeo.edu.co/files/collections/documents/field_attached_file/memorias_2015_version_final.pdf?height=780&inline=true&width=740
http://www.ntu.ac.uk/plate_conference/plate_draft_proceedings.pdf
https://www.linknovate.com/affiliation/academy-of-military-transportation-36314/all/
http://dx.doi.org/10.1504/IJISM.2006.008597
http://dx.doi.org/10.1504/IJISM.2006.008597
http://dx.doi.org/10.1504/IJISM.2006.008597
http://dx.doi.org/10.1080/00207543.2014.944283
http://dx.doi.org/10.1080/00207543.2014.944283
http://dx.doi.org/10.1016/j.dss.2015.01.002
http://dx.doi.org/10.1016/j.dss.2015.01.002
http://link.springer.com/10.1007/s12351-017-0318-5
http://link.springer.com/10.1007/s12351-017-0318-5
http://link.springer.com/10.1007/s12351-017-0318-5
http://dx.doi.org/10.1016/j.ijpe.2008.07.032
http://dx.doi.org/10.1016/j.ijpe.2008.07.032
http://dx.doi.org/10.1016/j.joms.2005.10.035
http://dx.doi.org/10.1016/j.joms.2005.10.035

< 1% match (publications)

Agueh, Martial. "Local Existence of Weak Solutions to Kinetic Models of Granular Media”
Archive for Rational Mechanit nd Analysis, 2016.

108] < 1% match (publications)

Aydin, R., C.K. Kwong. and P. Ji. "Coordination of the closed-loop supply chain for product
line design with consideration of remanufactured products”, Journal of Cleaner Production, 2016.

< 1% match (publications)

houyang Wang ung Lai, and Lu Gan
ly chain members in uncertainty of consumer

U ong, Hua ao nou cnen
"Analysing remanufacturing decisions of sul
references”, Applied Economics, 2016.

< 1% match (publications)

Mitra, Subrata. "Models to explore remanufacturing as a competitive strategy under
duopoly”, Omega, 2016.

] < 1% match (publications)
ligin, Mehm n rendr.

Analysis, 2013.

< 1% match (publications)

Steeneck, Daniel W., and Subhash C. Sarin. "Pricing and production planning for reverse
supply chain: a review", International Journal of Production Research, 2013.

< 1% match (publications)

Wu, Cheng-Han. "Product-design and pricing strategies with remanufacturing”, European
Journal of Operational Research, 2012

< 1% match (publications)

ang. fu ng nen, Au n ng ne neim (0] U ] J
supply chain with a common retailer", European Journal of Operational Research, 2016.

115] < 1% match (publications)

Agus Zainal Arifin. "Image thresholding using ultrafuzziness optimization based on type 1l
fuzzy sets", International Conference on Instrumentation Communication Information Technology and
Biomedical Engineering 2009, 11/2009

116 ] < 1% match (publications)

Hong. Xianpei, Zongjun Wang. Dezhi Wang. and Huaige Zhang. "Decision models of closed-
I ly chain with remanuf: ring under hybri |-channel collection", The International
Journal of Advanced Manufacturing Technology, 2013.

17| < 1% match (publications)
Re-engineering Manufacturing for Sustainability, 2013.

< 1% match (publications)
LISS 2014, 2015

< 1% match (publications)

Chen, Jen-Ming. and Chia-l Chang. "Dynamic pricing for new and remanufactured products
in a closed-loop supply chain, International Journal of Production Economics, 2013.

120] < 1% match (publications)

Khouja, Moutaz Zhou, Jing. "The effect of delayed incentives on supply chain profits and
consumer surplus.”, Production and Operations Management, March-April 2010 Issue

< 1% match (publications)
Handbook of Manufacturing Engineering and Technology, 2015.

122] < 1% match (publications)

X.. "Supply chain coordination in buyer centric B2B electronic markets"
International rnal of Pr tion Economics, 2004112

< 1% match (publications)

| niract with Bidirectional ion: Improve the Performan f a Decentraliz
System", CICTP 2016, 2016.

124 < 1% match (publications)

supply”, International Journal of Production Economics, 200811



http://dx.doi.org/10.1007/s00205-016-0975-1
http://dx.doi.org/10.1007/s00205-016-0975-1
http://dx.doi.org/10.1016/j.jclepro.2015.05.116
http://dx.doi.org/10.1016/j.jclepro.2015.05.116
http://dx.doi.org/10.1080/00036846.2015.1136400
http://dx.doi.org/10.1080/00036846.2015.1136400
http://dx.doi.org/10.1080/00036846.2015.1136400
http://dx.doi.org/10.1016/j.omega.2015.06.009
http://dx.doi.org/10.1016/j.omega.2015.06.009
http://dx.doi.org/10.1201/b13749-2
http://dx.doi.org/10.1201/b13749-2
http://dx.doi.org/10.1080/00207543.2013.836780
http://dx.doi.org/10.1080/00207543.2013.836780
http://dx.doi.org/10.1016/j.ejor.2012.04.031
http://dx.doi.org/10.1016/j.ejor.2012.04.031
http://dx.doi.org/10.1016/j.ejor.2016.06.011
http://dx.doi.org/10.1016/j.ejor.2016.06.011
http://dx.doi.org/10.1109/ICICI-BME.2009.5417270
http://dx.doi.org/10.1109/ICICI-BME.2009.5417270
http://dx.doi.org/10.1109/ICICI-BME.2009.5417270
http://dx.doi.org/10.1007/s00170-013-4982-1
http://dx.doi.org/10.1007/s00170-013-4982-1
http://dx.doi.org/10.1007/s00170-013-4982-1
http://dx.doi.org/10.1007/978-981-4451-48-2
http://dx.doi.org/10.1007/978-3-662-43871-8
http://dx.doi.org/10.1016/j.ijpe.2013.06.017
http://dx.doi.org/10.1016/j.ijpe.2013.06.017
http://www.checkforplagiarism.net/viewGale.asp?r=44.8464934132865&svr=338&lang=en_us&oid=79646921&key=f2501fc9cdd4257dc8e7491dec4057ed
http://www.checkforplagiarism.net/viewGale.asp?r=44.8464934132865&svr=338&lang=en_us&oid=79646921&key=f2501fc9cdd4257dc8e7491dec4057ed
http://dx.doi.org/10.1007/978-1-4471-4670-4
http://dx.doi.org/10.1016/j.ijpe.2003.09.016
http://dx.doi.org/10.1016/j.ijpe.2003.09.016
http://dx.doi.org/10.1061/9780784479896.040
http://dx.doi.org/10.1061/9780784479896.040
http://dx.doi.org/10.1016/j.ijpe.2008.07.012
http://dx.doi.org/10.1016/j.ijpe.2008.07.012

< 1% match (publications)

125
Eleischmann, Moritz, Michael Galbreth, and George Tagaras. "Product Acquisition, Grading
and Disposition Decisions", Supply Chain Integration Modeling Optimization and Application. 2010,
| paper text:

Pricing Decision for Short Life-Cycle Products in a Closed-Loop Supply E
Chain with

Random Yield and Random Demands Shu San Ganal, | Nyoman Pujawanb, Suparnob, Basuki Widodoc
aDepartment of

Mechanical Engineering — Faculty of Industrial Technology, Petra 40
Christian University, Surabaya 60236, Indonesia

bDepartment of

Industrial Engineering — Faculty of Industrial Technology, Sepuluh E
Nopember Institute of Technology, Surabaya 60111, Indonesia
cDepartment of Mathematics — Faculty of Mathematics and Natural Science

Sepuluh Nopember Institute of Technology, Surabaya 60111, Indonesia

1gshusan@peter.petra.ac.id,

pujawan@ie.its.ac.id, suparno @ie.its.ac.id, 74

b_widodo@matematika

.its.ac.id Abstract Remanufacturing is a product recovery process 115

that transforms a used product into “like-new” condition. It can extend the useful life of a product and help in
reducing waste caused by a huge amount of short life-cycle products. Pricing decisions are an important
aspect of successful remanufacturing and can secure the profitability of a firm. Remanufacturing for end-of-
use products needs to cope with high uncertainties

in terms of the quality and quantity of the acquired product 31

returns. Therefore, after inspection, only a fraction of returns can be recovered through remanufacturing
operations. This uncertainty in recovery yield influences the decisions impacting acquisition, wholesale, and
retail prices. We propose a pricing model that accommodates the

random yield effect of product returns on pricing decisions for short life- E

cycle products in a closed-loop supply chain.

The system

consists of a retailer, a manufacturer, and a collector of used- E

products. We apply a sequential decision approach to 1 determine the optimum pricing decision to
maximize supply chain profit, according to a pricing game that places the manufacturer as a Stackelberg
leader. The results indicate that an increase in remanufacturing costs and manufacturer shortage penalties
increases the remanufactured product’s price and decreases remanufactured product quantity and

the manufacturer’s and retailer’s profit. E

The effect of recovery yield randomness on the system’s profit can be mitigated by involving all

of the members of the supply chain in the 96

pricing decisions. Keywords: pricing, remanufacturing, short life-cycle product, yield of product return 1.
INTRODUCTION Due to recent developments, product life cycle have been becoming
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Coupled with an increasing obsolescence in function and desirability, short life cycle products have created
a huge amount of waste. Remanufacturing is a product recovery process that transforms used products into
“like-new” condition. It can extend a product’s useful life and help in reducing waste. There are three
motives for remanufacturing that are often cited in the literature: ethical and moral responsibility, regulation,
and profitability (Seitz, 2007). The first motive is relatively weak compared with the others, a fact that was
originally noted by Ferrer & Guide (2002). The second motive relies on government regulation, which may
not apply to some countries or states. The importance of profitability, however, is supported by Guide

et al. (2003), Guide et al. (2005), Atasu et al. (2008), and 52

Lund & Hauser (2010). There are three key activities

125

noted by Guide & Wassenhove (2009). They include the management of product return, issues in
remanufacturing operations, and issues in remarketing the remanufactured product. Furthermore, these
researchers find that the business perspective, including pricing, which is part of the market development
activity, is an area that needs to be explored further. The pricing decision is an important aspect of a
successful remanufacturing project and can secure the profitability of a firm. Atasu et al. (2010) find that
cannibalization towards new products is not always occurred when remanufactured product is presented.
Managers who understand the composition of their markets and use a proper pricing strategy should be
able to create additional profit. In a similar manner, Souza (2013) notes that there are two implications when
manufacturer offers remanufactured product alongside new product i.e.

a market expansion effect or a cannibalization effect; hence making the 93

pricing of the two products a critical issue. Therefore, pricing decision is very important in achieving
economic advantages from remanufacturing practices. There are numerous studies on pricing
remanufactured products for profit maximization. For instance, the studies by Ferrer & Swaminathan

(2006), Atasu et al. (2008), Ovchinnikov (2011), and Gan et al. (2015) 47

search for the optimal price and

quantity under a deterministic setting. However, unlike the remanufacturing of consumer and business-to-
business (B2B) returns, the remanufacturing of end-of-use products needs to cope with high uncertainties

in terms of the quality, quantity, and timing of the acquired product returns. 31

After the

collected used products are inspected, only a fraction of the returns can be used in a remanufacturing
operation. This uncertainty can influence pricing decisions. Moreover, neglecting recovery yields could hurt
a firm, such as in Ford's attempt to enter the automotive recycling industry via Greenleaf LLC, which
resulted in failure. A manager at Ford, James L. Richardson, stated that the value of the materials they
bought was lower than the value for which they actually paid (Bakal & Akcali, 2006). Gan et al. (2015) focus
on pricing

decisions in a closed-loop supply chain involving manufacturer, retailer 68

and

collector of used products (cores). They consider a monopolist of a single item with no constraint on the
quantity of remanufacturable cores throughout the selling 3 horizon. Demand functions are deterministic
and linear in price; and they represent the short life-cycle patterns along the entire phases of product life-
cycle. The

proposed find ‘ 104

wholesale and retail prices for both new and remanufactured products; [

and the optimal acquisition

and transfer prices. Recently, Gan et al. (2017) propose
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a pricing decision model for a closed-loop supply chain 66

involving manufacturer, retailer, and collector, where the

remanufactured products are sold via separate sales channel. 112

However, both studies have not yet considered uncertainty in the recovery-yield while the returned cores
are not always economically or technically feasible to remanufacture. Furthermore, they have not
considered random demand, while the product life-cycle is short with an obsolescence effect that would
increase the demand's uncertainty. This paper is an extension to Gan et al. (2015), where we
accommodate the

effect of the random recovery yield of product returns on pricing E

decisions for short life-cycle products in a closed-loop supply chain.

A random recovery yield variable is introduced, which represents the fraction of returns that are
remanufacturable. We considered

a closed-loop supply chain that consists of a manufacturer, a retailer, E

and a collector in a pricing game under Stackelberg leadership with manufacturer as the leader. Hence, the

purpose of this study is to determine the 80

optimum wholesale price, retail price, and acquisition price and the relevant product quantities so that

the supply chain’s profits can be 122

maximized. 2. LITERATURE REVIEW The importance of pricing strategy

in a closed-loop supply chain that concerns remanufacturing has been 30

previously explored in several studies (Guide & Wassenhove (2009), Atasu et al. (2010), and Souza
(2013)). The results from these studies received positive responses, which can be ascertained through the
ever-increasing number of studies on pricing decisions in remanufacturing practices, whether from the
perspective of one member or several key members in the supply chain. 4 In many cases, remanufacturing
is performed by the manufacturer, and so a hybrid system is applied. Pricing models in this setting have
been discussed by several authors. Ferrer & Swaminathan (2006) study a problem where a manufacturer
produces

new products during the first period and offers both new and 55

remanufactured

products during subsequent periods by utilizing the returned number of used products. The

new and remanufactured products are not differentiated but 109
rather
Moreover, |41
models are developed for 2-periods monopoly and duopoly, more than \i

two periods, and the infinite planning horizon.

The models aim to find the optimum quantities and

prices of new and remanufactured products that B

will maximize profit. Extending their work, Ferrer & Swaminathan (2010) propose a similar scenario, but
they differentiated
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between the prices of new and remanufactured products. Atasu et al. E
(2008)

recognize three drivers from demand- related aspects which are competing with the Original Equipment
Manufacturer (OEM) directly, having green segment as a the potential market from, and utilizing the speed
of market growth. The results confirmed that these three factors have strong interactions and significant
impacts on remanufacturing decisions. Furthermore, they manage to

show that remanufacturing can be an effective marketing strategy 70

and not merely a cost-saving strategy or an approach to achieving compliance with environmental
regulations. In the competition with an OEM's strong brand image, the analysis shows that a
remanufacturing strategy could draw more customers. Ovchinnikov (2011) proposes

a model for finding the optimal profit- maximizing prices and quantities of ’T

remanufactured products when both new and remanufactured

product are sold side by side. Customer switching behavior was also studied to understand their choices
behind buying new or remanufactured products and to identify how large is the

fraction of customers who switch from buying new products to 2

remanufactured

ones. Shi et al. (2011) propose a model

to determine the price and quantities of new and remanufactured 11

product, and the used products’ acquisition price,

which would

maximize the total profit of the supply chain. In this model, the price of 51

remanufactured products is not 5 differentiated from

both are 29

Furthermore,

demand and return are both stochastic and price-sensitive. The 73

analysis shows that for a small market size, the optimal strategy is pure remanufacturing. However, for a
large market, the best strategy is mixed manufacturing/remanufacturing. The effect of demand uncertainty
significantly impacts the

production plan and the selling price of new products. Instead, the 26

uncertainty of return affects not only the

remanufacturing plan but also the manufacturing plan of new products 26

Chen & Chang (2013) develop a

dynamic pricing model for new and remanufactured products under a E

constrained supply of used

products. The model is developed with a static environment as the benchmark and a two-period and multi-
period setting over the product life cycle, to determine the optimum prices for maximizing profit. Although the
products are differentiated, they are partially substitutable. Another study by Xiong et al. (2014) takes into
account the lost sales and uncertain quality of used products in developing a pricing model for core product
acquisition for remanufacturing companies. In this model, the demand is stochastic and the objective of the
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model is cost minimization over finite and infinite horizons. Several studies on pricing decisions from the
remanufacturer’s point-of-view are mainly focused on the

selling price of remanufactured products and the optimal acquisition 15

price of used products

(Guide et al. (2003), Bakal & Akcali (2006), Liang et al. (2009), Li et al. ‘ 25

(2009)), in which the remanufacturer performs both collection and remanufacturing processes. Guide et al.
(2003) claim that product recovery management is the primary driver determining the profitability of reuse
activities.

They develop a model to find the optimal selling prices of remanufactured 15

products and the acquisition prices

for each quality class of returns, which together maximize the manufacturer’s profit. Liang et al. (2009)
address the problem of collecting used products when there is a random fluctuation in remanufactured
products’ prices, given the condition that the remanufacturer is required to offer a certain core price to
motivate customers to return the used products. The remanufactured products price is 6 presumed to follow
the Geometric Brownian Motion.

A model is then developed to evaluate the acquisition price of used 11

products.

Moreover, they use option principles to further

determine the selling price of the remanufactures products 11

Remanufactured products’ prices vary according to market sentiment, thus exhibiting the nature of stocks;
hence, the core price shows the characteristics of the options. Other studies, rather than focusing on the
effect of acquisition price

on the quantity and quality of product returns, focus on the effect of 28

random yield. For example, Bakal & Akcali (2006) develop a pricing

model to determine the acquisition and selling prices that maximize 75

profit

when the

supply of used products and the demand for remanufactured parts are 45

deterministic and price-sensitive.

They also investigated the effect of random yield by setting different timings for price decisions. The
recovery yield refers to the

fraction of parts that are remanufacturable, and it can be 32

influenced by used products’ acquisition price. The first setting takes the selling price decision after the
recovery yield is calculated, and the second setting takes the pricing decision prior to the determination of
the recovery yield. Hence, this model simultaneously determines the acquisition and selling prices. Later, Li
et al. (2009) not only consider the effect of random yield but also random demand. They proposed an
optimization model using two-step stochastic dynamic programming. First, they found the optimal selling
price to maximize expected revenue and then calculated the collection price that maximizes the utility of the
firm. This study is further extended in Li et al. (2014), and they study two

sequential decision strategies i.e. First- Remanufacturing-Then-Pricing E

(FRTP) and First-Pricing-Then-Remanufacturing (FPTR)

Therefore, these optimization models attempt to conclude not only the remanufactured product’s
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optimal selling price but also the remanufacturing quantity E

under conditions of random yield and random demand. 35

There are several approaches used in the literature that addresses random yield. Mukhopadhyay & Ma
(2009) study the effect of random yield rates by comparing three cases: the

deterministic yield rate and the random yield rate with the 105

order placed both before and 7 after the actual yield is observed. Ferguson et al. (2009) propose the use of
a grading system to tackle uncertainty in return quantity and uncertainty in the demand for remanufactured
products. They develop a model with capacitated remanufacturing facilities for remanufacturing when
returns have various quality levels. In Roy et al. (2009), the material for remanufacturing process is fed by
the defective units from the production system, The rate of defectiveness is uncertain, and is approximated
by a constant or fuzzy parameter. Teunter &

Flapper (2011) consider multiple quality classes and multinomial quality | 19

distribution for acquired lots and

find that it is necessary to obtain additional used products as safety stock to avoid cost errors. Robotis

et al. (2012) consider the random quality of returns as the source of 61

uncertainty in

remanufacturing costs and propose an inspection environment setting based on the firm's ability to perform
a reliable inspection of used products. Wang et al. (2011)

to get a minimum total cost for the hybrid system. Qiang et al. (2013) provide a finite dimensional variational
inequality problem as the governing equilibrium condition in the existence of stochastic demand and a
returns yield rate. Ahiska & Kurtul (2014)

study a stochastic hybrid manufacturing/ remanufacturing system with 39

substitution using a

discrete-time Markov Decision process,

with stochastic demand and returns. A 39

product substitution strategy and its profitability are studied, and it can be shown that profitability is
significantly affected by the remanufactured-product price to manufacturing cost ratio. The pricing models
within a supply chain that involve several members of the supply chain were also discussed in several
studies. Qiaolun et al. (2008)

consider a supply chain that consists of a manufacturer, aretailer,and | 17

a

collector. These companies are involved in selling new products, collecting used core products,
remanufacturing, and reselling the recovered products. The

manufacturer is the Stackelberg leader, and he determines the 118

wholesale price, whereas the retailer and collector decide on the retail \i

price and the acquisition price of the

used 8 products. The return rate is influenced by
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end-customer’s willingness, and willingness is affected by the collecting

price.

Wei & Zhao (2011) consider fuzziness in customer demands, remanufacturing costs,

and collecting costs in a closed-loop supply chain and

fuzzy theory and game theory to find the

optimal retail price, wholesale price, and remanufacturing rate. There are

two scenarios considered, namely, centralized and decentralized decision scenarios. Wu (2012) uses game
theory

to investigate the OEM’s product design strategy and the
remanufacturer’s pricing strategy.

The OEM has

to consider the level of interchangeability in its product desig
to

find the optimal level because

increasing the level of interchangeability would decrease the OEM’ s
manufacturing cost and the remanufacturer’s cost in

the attempt to cannibalize the

OEM's product. The remanufacturer evaluates its pricing strategy and
decides on either low or high pricing.

In this model, the demands for new and remanufactured products

are both linear and sensitive to price. Wu (2013), similar to Wu (2012), applies game theory to compute
equilibrium decisions when determining the prices of

new and remanufactured products and the degree of the disassemblability
of the

OEM'’s product design. The OEM risks price competition with the

remanufacturer because when the degree of disassemblability is high, it not only reduces the

OEM's production cost but also reduces the remanufacturer’s recovery

cost.

The model is constructed for two-period and multi-period problems. Moreover, the demands for

new and remanufactured products are both linear

However, the

above studies consider only deterministic or fuzzy demand and do not consider randomness in the demand
function. Jena &



javascript:openDSC(7201259, 37, '21243');
javascript:openDSC(491325136, 2909, '32545');
javascript:openDSC(49279596, 37, '2513');
javascript:openDSC(52261779, 37, '12875');
javascript:openDSC(570578337, 1390, '31231');
javascript:openDSC(100828085, 4, '4329');
javascript:openDSC(1314869601, 2909, '28823');
javascript:openDSC(1314869601, 2909, '28827');
javascript:openDSC(3577582075, 2474, '30259');
javascript:openDSC(3941140974, 2474, '32238');
javascript:openDSC(41957879, 37, '5676');
javascript:openDSC(42006317, 37, '3758');
javascript:openDSC(52705647, 37, '362');
javascript:openDSC(7201259, 37, '21243');
javascript:openDSC(491325136, 2909, '32545');
javascript:openDSC(49279596, 37, '2513');
javascript:openDSC(52261779, 37, '12875');
javascript:openDSC(570578337, 1390, '31231');
javascript:openDSC(100828085, 4, '4329');
javascript:openDSC(1314869601, 2909, '28823');
javascript:openDSC(1314869601, 2909, '28827');
javascript:openDSC(3577582075, 2474, '30259');
javascript:openDSC(3941140974, 2474, '32238');
javascript:openDSC(41957879, 37, '5676');
javascript:openDSC(42006317, 37, '3758');
javascript:openDSC(52705647, 37, '362');
javascript:openDSC(7201259, 37, '21243');
javascript:openDSC(7201259, 37, '21243');
javascript:openDSC(7201259, 37, '21243');
javascript:openDSC(7201259, 37, '21243');
javascript:openDSC(491325136, 2909, '32545');
javascript:openDSC(491325136, 2909, '32545');
javascript:openDSC(491325136, 2909, '32545');
javascript:openDSC(49279596, 37, '2513');
javascript:openDSC(49279596, 37, '2513');
javascript:openDSC(49279596, 37, '2513');
javascript:openDSC(52261779, 37, '12875');
javascript:openDSC(52261779, 37, '12875');
javascript:openDSC(52261779, 37, '12875');
javascript:openDSC(52261779, 37, '12875');
javascript:openDSC(52261779, 37, '12875');
javascript:openDSC(570578337, 1390, '31231');
javascript:openDSC(570578337, 1390, '31231');
javascript:openDSC(100828085, 4, '4329');
javascript:openDSC(100828085, 4, '4329');
javascript:openDSC(100828085, 4, '4329');
javascript:openDSC(100828085, 4, '4329');
javascript:openDSC(100828085, 4, '4329');
javascript:openDSC(100828085, 4, '4329');
javascript:openDSC(100828085, 4, '4329');
javascript:openDSC(100828085, 4, '4329');
javascript:openDSC(100828085, 4, '4329');
javascript:openDSC(100828085, 4, '4329');
javascript:openDSC(1314869601, 2909, '28823');
javascript:openDSC(1314869601, 2909, '28823');
javascript:openDSC(1314869601, 2909, '28823');
javascript:openDSC(1314869601, 2909, '28823');
javascript:openDSC(1314869601, 2909, '28823');
javascript:openDSC(1314869601, 2909, '28823');
javascript:openDSC(1314869601, 2909, '28823');
javascript:openDSC(1314869601, 2909, '28823');
javascript:openDSC(1314869601, 2909, '28827');
javascript:openDSC(1314869601, 2909, '28827');
javascript:openDSC(1314869601, 2909, '28827');
javascript:openDSC(1314869601, 2909, '28827');
javascript:openDSC(1314869601, 2909, '28827');
javascript:openDSC(1314869601, 2909, '28827');
javascript:openDSC(3577582075, 2474, '30259');
javascript:openDSC(3577582075, 2474, '30259');
javascript:openDSC(3577582075, 2474, '30259');
javascript:openDSC(3941140974, 2474, '32238');
javascript:openDSC(3941140974, 2474, '32238');
javascript:openDSC(3941140974, 2474, '32238');
javascript:openDSC(3941140974, 2474, '32238');
javascript:openDSC(3941140974, 2474, '32238');
javascript:openDSC(3941140974, 2474, '32238');
javascript:openDSC(41957879, 37, '5676');
javascript:openDSC(41957879, 37, '5676');
javascript:openDSC(41957879, 37, '5676');
javascript:openDSC(41957879, 37, '5676');
javascript:openDSC(41957879, 37, '5676');
javascript:openDSC(42006317, 37, '3758');
javascript:openDSC(42006317, 37, '3758');
javascript:openDSC(42006317, 37, '3758');
javascript:openDSC(42006317, 37, '3758');
javascript:openDSC(42006317, 37, '3758');
javascript:openDSC(42006317, 37, '3758');
javascript:openDSC(52705647, 37, '362');
javascript:openDSC(52705647, 37, '362');
javascript:openDSC(52705647, 37, '362');
javascript:openDSC(52705647, 37, '362');
javascript:openDSC(52705647, 37, '362');
javascript:openDSC(52705647, 37, '362');

Sarmah (2014) study optimal acquisition price management in a 48

remanufacturing system, considering three schemes of

collection: direct, indirect, and coordinated. The model involves

aremanufacturer and a retailer and aims to determine the optimum core 81

price

that maximizes profit within a single period. This study considers random demand, but only

for the remanufactured product. Itis our goal to study 119

pricing decisions with random demand for both

new and remanufactured products within a closed-loop supply chain. E

9 Our study focuses on the random recovery yield and random demands, and we consider all of the key
members of the

closed-loop supply chain: the manufacturer, the retailer, and the 56

collector. Therefore, we consider

both new and remanufactured products and the pricing decisions 28

made by the above-mentioned members. A sequential decision approach is used in this study to calculate
the optimal prices. The

rest of this paper is organized as follows. In section 3, we provide a 14

description of the

problem, which includes the process flow, the variables involved, the demand pattern, the definitions of
multiple functions, and the decision flows. The development of optimization models for each of the three key
members

in the closed-loop supply chain E
is discussed in section 4. In section 5, we provide numerical 65

examples and discuss several important factors in the pricing decisions. Finally, our conclusions are
presented in section 6. 3. PROBLEM DESCRIPTION As depicted in Figure 1, we considered

a closed-loop supply chain that consists of three members: a E

manufacturer, a retailer, and a collector. The closed-loop system is

initiated by the production of new product, which is

sold at a wholesale price to the retailer according to the 90

quantity ordered. The new product is then released on the market at a retail price . After a certain period of
time, some products reach their

end-of-use and become the objects of used products collection. The used 13

product

is acquired by the collector at a certain acquisition price and in a quantity of . The collector performs
inspection, sorting, and cleaning tasks under a random recovery yield . The portions of the collected
products that are remanufacturable are then transferred to the manufacturer at a price as the inputs for the
remanufacturing process. The quantity of remanufactured products made by the manufacturer is dependent
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he retailer’s original order quantity () and the availability of t|

remanufacturable items. The

remanufactured product is sold to the retailer at a wholesale price

and released on the market at a retail price . , , Figure 1. Framework of the closed-loop pricing model
with a random yield The

product considered in this model is a single short life-cycle

item with an obsolescence effect after a certain period, in terms of obsolescence in function and desirability.
The demands are random with four time frames that represent the short life-cycle pattern; this is true for
both

new and remanufactured products, and they have linear prices. As
depicted in Figure 2, there are four time-frames considered in this model. The first time frame

[0, t1] only offers new product on the market, while the second and third
time frames, [t1, ?] and [?, t3], offer

new and remanufactured products. Both new and remanufactured EI
products are

in increasing phase during the second time frame, but are in opposite directions during the third. In the
fourth time frame [t3, T], new product is no longer manufactured, and remanufactured produce is entering
its decline phase. The demand pattern over those time frames

are constructed for both the new and the remanufactured product, and

the governing
ctions follows Gan et al. (2015) i.e. dn (t) ? 22dn2d(tn
)1(?t)U?/ U?2/U ?1(?t ?ke ?2?)U?t?? 2,0 ?;?t

2212213 2 dr(t) ? 222ddr2rL((tt))?2VV/2221V2(hte?22tV3)(122t12)?? ;t1t3?2tt223T where ? ?1%ke k?
U/d0?22U1?2 (3.1), where 2h 22 1V?/ hder0???V (13 2t1 ) (3.2), where dn(t) and dr(t)

are the demand patterns for the new and the remanufactured products.

maximum possible demand for the new product, ? is the time of

highest demand, A is the 11 speed of the change in demand. Parallel definitions are applicable for V, t3,
dr0, and n, respectively,

for the remanufactured product. As the demands for the

new and the remanufactured products are random and both depend on the |E|

price of the new product and the price of the remanufactured product,
the

demand functions

can be expressed as: (,,) = ()(
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L= )t e (B3) ()= 0@ = +)* oo (3.4

where and are random variables with density

functions f(x) and g(x), respectively, and cumulative distribution functions 46
F(x) and G (x),

respectively. The random variable can take an additive form, as in Petruzzi & Dada (1999), Shi et al. (2011),
and Jena & Sarmah (2014), or multiplicative forms,

as in Li et al. (2009), Cai et al. (2010), and Li et al.

(2014).

In this study, we use a multiplicative form because the 99

random variable is a non-negative number (as opposed to a real, zero-mean, random variable in the
additive form). Furthermore, the random term in a multiplicative form only affects the magnitude of the
demand, not the price elasticity of the demand.

The demand function information is shared to and by all members of the E

supply chain. The

pricing game mechanism begins

with the manufacturer, as the Stackelberg leader, releasing the 89

wholesale prices. This information is used by the retailer, along with an observation of the market demand,
in deciding optimal retail prices and product order quantities. Similarly, the collector observes the market

demand for the remanufactured product and decides on the optimal 13

acquisition

price, taking into consideration the random recovery yield. The remanufacturable-acquired products are
then transferred to the manufacturer, who (re)calculates the

both and E

Demand t1 ? t3 T time Figure 2.

Demand pattern for a product with a gradual obsolescence over time E

List of Notations Decision variables: All variables are non-negative. : wholesale price of the new product; <

: retail price of the new product; < : wholesale price of the new product; < : price of the remanufactured
product; < : collection or acquisition price; < Parameters: All parameters are non-negative. : collector to
remanufacturer transfer price for the remanufacturable core product : retailer's order quantity for the new
product : retailer’s order quantity for the remanufactured product : collection quantity 12 : demand potential
of the new product, excluding price sensitivity 34 : demand potential of the remanufactured product,
excluding price sensitivity : new product's price sensitivity, i.e., the

sensitivity of the demand for the new product 43
to
a change in the price of the new product : remanufactured product’ 21

s cross-price sensitivity, i.e., the

sensitivity of the demand for the new product 43
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achange in the price of the remanufactured product 13 : remanufactured 21

product’

s price sensitivity,

i.e., the sensitivity of the demand for the remanufactured 32

product to a change

in the price of the remanufactured product : new product’s cross -price E

sensitivity, i.e., the sensitivity of the

demand for the remanufactured product to a change in the price of the 13

new product

random variable as the multiplicative uncertainty of the demand for the 37

new product;  [0,1] :

random variable as the multiplicative uncertainty of the demand for the 37

remanufactured product;  [0,1] : random yield of the product's return;  [0,1] : unit shortage penalty
applied to the collector by the manufacturer : unit shortage penalty applied to the manufacturer by the
retailer : unit salvage value : unit raw material cost of producing the new product :

unit manufacturing cost of producing the new product : unit 34

remanufacturing cost of producing and selling the remanufactured product

: unit collection cost

: coefficient in the return rate function : exponent of the power function in the return rate function, which
determines the curve’s steepness;  [0,1] 4. OPTIMIZATION The optimization model uses a sequential
decision-making approach under the condition of

objective 50

of

pricing model is to maximize the profits of all of the 94

key players through the payment flows, shown in Figure 3. 14 4.1 Retailer's Optimization The retailer's
pricing decision is very important because the demands are random and price-sensitive, which applies to
the

prices of both the new product and the remanufactured 84

product. Hence, in our proposed model, the retail prices, together with the demand’s random variables, are
the determinants of the quantity of demand. As the Stackelberg leader, the manufacturer makes the first
move in the game by releasing the initial wholesale prices and . The retailer then optimizes its retail prices
through a sequential approach, as presented in (4.1) and (4.2). First, the retailer computes the optimum

quantities of new and remanufactured products (, ) that maximize its E

profit

under the conditions of random demand for each product, given the predetermined retail prices, (, ). Then,
the optimum quantities are utilized to calculate the optimal retail prices. Figure 3. Flow of payments

in the closed-loop supply chain As the demands for 79
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the

new and remanufactured products are random and price- sensitive, the

retailer’s pricing decision significantly impacts the respective price of each product. Furthermore, the

[¢]

determine the size of the demands. 15 As the Stackelberg leader, the manufacturer makes the first move in
the game by releasing the initial wholesale prices and . The retailer then optimizes its retail prices using a
sequential approach, as shown in (4.1) and (4.2). First, the retailer calculates the optimum

quantities of new and remanufactured products (, ) that maximize its ’7

profit

under the conditions of random demand for each product, given the predetermined retail prices (, ). Then,
the optimum quantities are utilized to determine the optimal retail prices. Optim 1: max, M((,)|(,)) = (=) +(
-) 4.1) where (, ) is the solution of Optim 2 Optim 2: max, M((, )I(, )) = max {[ - min((), )] + [ -
min((),)]1- -} (4.2) where () is the total demand over [0, 3]

for the new product, which is a function E

of the random variable , and () is the total demand over [1,T] for the remanufactured product, which is a
function of the random variable . Therefore, () =[0 1+- (1 - +)- +[3(-)+ (1- +)- =12(1- +)-

. (43)0=/181+h—(-1) (1 - +)- +[3(-3)+ (L - +)- = 34(1- +)-
. (4.4) where 12=1 ((1+)-) ((3-)+ ).
(4.5) 3: ((LH+A)=(3=1)) ((3)+) vvrvvmvvmmrimniinireine et (4.6) Proposition 1 The retailer's
expected order quantities

for new and remanufactured products to maximize its profit 110
(4.2) under the given (retail) prices and are: = 12(1 = + )71 () «ceeevvreerererveeeieriereee e @7 =
34(1- +)-1( (4.8) Proof: First, let = 12(1-+) , which is the value of the

random variable when 34(1-+) , which is the value of the random variable when () =. These
variables are similar to the stocking factor that is proposed by Li et al. (2009). The first term in (4.2) can be

expressed as [ - min((), )] = - [min(0,)J= - {0 00 +/1 0} = - lo 00 + O}

@ 16

[ min(Q.)1= - {0 00 + 0}

16

The optimization problem (4.2) thus becomes max, M=m,ax[- {0 00 + 0} - + - {0 00 + 0} -]
.............................. (4.9)As =112(1-+)and 1 =34(1-+),then M= - (12(1-+)() 121-+)+ () -
12(1-0+) = =0 ....... (4.10) N = - (34(13-4(1-++))() + () - 34(A1-(+))) = =0 ....... (4.11) Simplifying the
equations, we find: 17 (12(1-+)) = . (4.12) ~(34(1-+)) =

(4.13) so that the optimal quantities are , where =12(1 - +)-1()and =
34(1 - +)-1() [ged]. Proposition 2 The optimal retail prices that maximize the retailer’s profit (4.1) on the
order quantities of and are and , which satisfies the nonlinear system: 12(1 -2+ +)® () - (- ) (2) ®' () +
34Y () (=) =0 oo, (414)34(1 -2+ +)W (- (=) QW0+ 120 (-)=0
........................ (4.15) where =12(1 - +),and =34(1- +); ®() = -1() and ¥

and ® ‘() = ( andW'()=(" 58

Proof: Substituting and in (4.1), the optimization problem becomes: max, M((, )|(,)) =12(1 = +)-1 () (=)
+34(1- +)-10(-) (4.16) Thus, the first derivative conditions are: [T =12(1 -2+ +
)JTLQ+12(1- +)(-) [FLO1+ 34710 (-)=0,and M=34(L -2+ +) =10 +34(L- +)(-) FL(]+
12-1()(-)=0. As [F1(]=- (2 @' () and [-1 (] = - (2) ¥'(), the resulting linear system is (4.14) and
(4.15) [ged)]. The optimal retail prices and are influenced by the price elasticity and the uncertainty of the
respective

demands for both the new and remanufactured products. 12
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However, when ascertaining the optimal retail prices, it is difficult to provide closed-form solutions. Thus, we
utilize a computational approach and leave the analysis to the numerical study. 4.2. Collector's Optimization
The collector’s problem is significantly influenced by the random recovery yield, as only a portion () of the
returned

used products meets the input requirements of the remanufacturing 78

process. In our model, the quantity of

returns is influenced by the acquisition price ; an approach that has been used in several previous studies,
including Qiaolun

Li (2009) and 7

The collector inspects and sorts the acquired returns and then transfers the remanufacturable items to the
manufacturer at a transfer price of . Returns that do not meet the quality requirement are discarded.
Because the collector determines the collected quantity of remanufacturable items before the random
recovery yield is realized, the actual quantity of remanufacturable items may be higher or lower than the
manufacturer’s order quantity . Therefore, a shortage penalty and a salvage value are incorporated in the
model. The recovery yield is a

random variable with the density function / () and the cumulative 38

distribution function ().

The governing equation for the collection

quantity, as a function of the acquisition price, 95

is givenas: =0() = . (4.17) which is similar to the return rate used in Qiaolun et
al. (2008), where s a positive, constant coefficient, and ?[0,1] is the exponent of the power function, which
determines the curve’s steepness. Therefore, the collector's optimization problem can be expressed as:
Optim 3:max MO = - [MING) = [ =1+ + [ =T+ = (F) cooeeieiee e (4.18)
Proposition 3 The optimal collection quantity for the collector's optimization problem (4.18) is , which
satisfies: (+ =) J0/ () + (- (1+1)()- =01 ...... (4.19) and the optimal collection priceis = () 1/
Proof: Let =, which represents the value of when = thus, replacing with () 1/ according to the collection
function (4.17), the optimization problem Optim 3 becomes: max M() = (+ - ) Jo( =)a) +(-)+ 0 - (0 1/
... (4.20) Applying the first derivative condition, we find: M= (+ -)
[C=)0) +J0 AQT+ 0= (@ +L21) ()= =0 oo et e (421) As = and =-2,
the equation becomes (4.19) [ged]. The optimal collection quantity and price depends on the recovery
yield's randomness, the parameters of the collection function, the order quantity of the remanufactured
product, and the transfer price, as well as the shortage penalty and the salvage value (if applicable).
Because

a closed-form solution is difficult to obtain, we 117
will use

anumerical study to analyze the effects of several important parameters, 69

such as the

parameters for , , , and the yield's randomness. 4.3. Manufacturer’ Optimization During the third stage, the
manufacturer tracks the prices set and the quantities ordered by the retailer, as well as the actual quantity
of remanufacturable items supplied by the collector, after the random recovery yield has been realized.
Therefore, the manufacturer

is not necessarily always able to supply the retailer’'s order quantities of the | 77

remanufactured product because the ability of the manufacturer

is dependent on ability of 29

collector to meet the quantity requirements. Consequently, a shortage penalty may be imposed on the
manufacturer by the retailer to increase the level of order fulfillment. Thus, the manufacturer's optimization
problem is expressed as: Optim 4: max, M= (- =)+ [min(,) (- =)-[-1]+]
................................................... (4.22) where and
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are the unit raw material cost and the unit manufacturing cost, respectively, 60

for the new product,

whereas is the remanufacturing cost and is the unit shortage penalty. Proposition 4 The optimal wholesale
prices are and , which satisfies: @' () (= =)+ P () =0 ...occoeeiiiiiiiiiiiiiiiies 4.23)1 WOI(--))+
O+ (100 =)A0) =0 vttt (4.24) Proof: As the retailer’s optimum
quantities are given in (4.7) and (4.8), the optimization problem becomes: max, M=® () (- - )+ [min (¥
0)(==)-[YO-1+]....... ... (4.25) Let = 34(1-+)-1() W(), which represents the value of the
random recovery = yield when =. Therefore, the optimization problem can be expressed as: max, M= ®
0(= =)+ (= =)+ (== +) JO(=)A0 cceeverrrrene (4.26) As is a function of , taking the first derivative of
can be accomplished by applying the chain rule with =W'() 1. Therefore, the first derivative conditions
are: (1) M= &' () (- =)+ ®() =0, which yields (4.23). 2) = (- =) + + [0(=)a)+ (- - +) [Jo(-
)h()] =0, which can be simplified into (4.24) [qed]. The optimal

wholesale price for the new product depends on the retailer’ s price, the \i

raw material and

manufacturing unit costs, and the cumulative

distribution function of the random variable governing the randomness of 91

the

product’s demand function. It is interesting that even though the 101

demand for the

new product is sensitive to the retail price of the remanufactured product, [

the optimal wholesale price does not depend on any parameter in the remanufacturing process flow. As for
the optimal wholesale

price of the remanufactured product, along with the parallel factors in the 42

new product’s optimal wholesale price calculation, the

quantity of the collection, the recovery yield randomness, and the penalty factor all affect the optimum, as
well as the

new product’s retail price. The retailer’ \i

s order quantity may change in response to the optimal wholesale prices, which are decided by the
manufacturer. However, increases in wholesale prices, compared with the respective original wholesale

prices of the new and remanufactured products, will reduce the retailer's 24

order quantities

under this responsive system. Furthermore, as

it is difficult to obtain closed-form 44

solutions, we will use a

numerical approach to study the effects of 44

several important factors. 5. NUMERICAL EXAMPLE The price sensitiveness of the demands for

[¢]

=0.003, =0.0001, =0,004, and =0,0002. The demand capacity of the new product contains the
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parameters , 0, and , such that 12 = 4000, whereas the demand capacity of the remanufactured product
involves the parameters , 0, and , such that 34 = 1500. The unit raw material

cost for the new product is = 50; the unit manufacturing cost is = 40; the E

unit remanufacturing cost is = 20; and the unit collecting cost is 102

0 = 4. The parameters of the return rate function are = 0.1 and = 0.7. The collector’s shortage penalty and
salvage value are =5 and = 8, respectively, whereas the manufacturer's shortage penalty is = 50. The
transfer price is = 40. The initial

released 8
=120 and =80
for the new and remanufactured products, respectively. We use a 24

uniform distribution for the

random variables in the demand functions and the recovery yield. This type of distribution is previously
applied in Li et al. (2014) and Mukhopadhyay & Ma (2009). Furthermore, , , and are random variables with
a uniform distribution that have finite support [0,1]. The optimization problems are solved using Matlab. We
performed sensitivity analyses for several factors that are important for the pricing decision, namely, the unit
remanufacturing cost, the manufacturer’s shortage penalty, and the parameters of the random yield. The
results are shown in Tables 1 - 4. The

existence and uniqueness of the solution to the 107

optimization problem is revealed using a graphical approach, whereby we plot the profit functions over the
domain of the decision variables. These

plots can be seen in Figure 4, Figure 5, and Figure 6 for the retailer's, the | 33

collector’s, and the

manufacturer's profit functions, respectively. Table 1 shows that

an increase in the remanufacturing cost will lower the E

although ‘ 83

collector’s profit is unaffected by remanufacturing cost changes. Moreover, the remanufacturing cost

does not affect the retailer’s 124

or the 24 collector’s pricing decisions, as shown in the analytical model, but it does affect

the wholesale price of the remanufactured product. As the 22

remanufacturing cost increases, the

manufacturer responds by increasing the

wholesale price of the remanufactured product rather than decreasing 108
the

quantity produced, as shown in Figure 7. Therefore, both the retailer and the manufacturer receive lower
profits, although the manufacturer’s profit decreases twice as quickly as the retailer’s. Similarly, as shown in
Table 2, when the manufacturer’s shortage penalty increases, the

retailer’s and the manufacturer’s profits ’?
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decrease, whereas the collector’s profit is again unaffected. In this scenario, the manufacturer reacts by
simultaneously increasing

the wholesale price of the remanufactured product (enough to cover the 22

risk of

it receiving shortage penalties)

and decreasing the produced quantity of the remanufactured product. E
Although both the

manufacturer and the retailer are hurt by the lowered profits, in this scenario, the retailer's profit decreases
slightly faster than the manufacturer's (see Figure 8). Retailers profit function x 10 4 10 8 Retailers profit 6 4
20250 200 300 150 250 200 100 150 pr pn Figure 4. The Retailer's Profit Function Collectors profit
function 1000 500 0 Collectors profit -500 -1000 -1500 -2000 2 1 Manufacturer profit 0 -1 -2 -3 -4 20 40 60
80 100 120 140 160 180 200 qc Figure 5. The Collector's Profit Function Manufacturers profit function x 10
4 -5 200 180 160 140 120 100 200 300 prw 80 60 100 pnw Figure 6. The Manufacturer’s Profit Function
Table 1. Effects of changes to the remanufacturing cost 30 20 10 5 Wholesale price of new product ()
171.09 171.09 171.09 171.09 Retail price of new product () 252.19 252.19 252.19 252.19 Quantity of new
product () 337.62 337.62 337.62 337.62 Wholesale price of remanufactured product () 150.93 148.46
146.12 144.99 Retail price of remanufactured product () 190.44 190.44 190.44 190.44 Quantity of
remanufactured product () 73.11 76.56 79.73 81.21 Acquisition price of used product () 8.26 8.26 8.26 8.26
Quantity of used product collected () 241.20 241.20 241.20 241.20 Manufacturer's profit (M) 32,458.81
33,207.42 33,989.07 34,391.43 Retailer's profit (1) 30,267.95 30,592.69 30,912.68 31,070.33 Collector's
profit (M) 1,207.78 1,207.78 1,207.78 1,207.78 Total system’s profit () 63,934.54 65,007.89 66,109.53
66,669.54 Table 2. Effects of changes to the manufacturer’s shortage penalty 70 50 30 10 Wholesale price
of new product () 171.09 171.09 171.09 171.09 Retail price of new product () 252.19 252.19 252.19 252.19
Quantity of new product () 337.62 337.62 337.62 337.62 Wholesale price of remanufactured product ()
151.35 148.46 144.99 140.65 Retail price of remanufactured product () 190.44 190.44 190.44 190.44
Quantity of remanufactured product () 72.51 76.56 81.21 86.64 Acquisition price of used product () 8.26
8.26 8.26 8.26 Quantity of used product collected () 241.20 241.20 241.20 241.20 Manufacturer's profit ()
32,855.83 33,207.42 33,616.15 34,391.43 Retailer’s profit (M) 30,213.35 30,592.69 31,070.17 31,692.54
Collector's profit (M) 1,207.78 1,207.78 1,207.78 1,207.78 Total system’s profit () 64,276.96 65,007.89
65,894.10 67,001.09 The shift in the mean value of the random yield influences the profits received by all
three parties in a positive direction, as presented in Table 3. As the expected value of the random yield
increases, a larger portion of the collected used products will meet the remanufacturing requirements.
Hence, the probability of supplying less than the order quantity

decreases, and the total quantity of the remanufactured product 10

increases. Furthermore, the

collection price also increases to escalate the collection quantity as a response to the higher order

quantities of the remanufactured product. All of the 10

members’ profits increase as the expected value of the random yield increases, as a result of increased
order fulfillment and reduced or fewer penalties. Consequently, the collector’s percentage profit increase is
significantly higher than those of the others because the recovery yield of product returns is isolated to the
collector’s inspection and sorting process. Table 3. Effects of changes to the mean value of the random
yield U[0.1,0.7] ~[, ] U[0.2,0.8] U[0.3,0.9] Wholesale price of new product () 175.84 175.84 175.84 Retail
price of new product () 251.69 251.69 251.69 Quantity of new product () 318.56 318.56 318.56 Wholesale
price of remanufactured product () 152.77 152.50 152.50 Retail price of remanufactured product () 193.43
193.43 193.43 Quantity of remanufactured product () 35.44 35.75 36.06 Acquisition price of used product ()
6.01 6.14 6.14 Quantity of used product collected () 194.07 197.12 197.12 Manufacturer’s profit (1)
26,685.70 26,702.54 26,719.45 Retailer's profit () 25,601.45 25,623.28 25,645.37 Collector’s profit ()
801.20 957.67 1,116.61 Total system’s profit (1) 53,088.36 53,283.49 53,481.43 A similar argument applies
for the variance of the random yield, as shown in Table 4.

It is interesting to note that an increase in the variance of 63

the random yield is responded to by a lowering of the wholesale and collection prices and that this action
increases the remanufactured product's quantity, which, in turn,

increases the supply chain’s profits, as shown in 123

Figure 9 and 10. However, the effect of the decrease in the wholesale and collection prices according to the
increase in the variance of the random yield is more notable than that of changes to the mean value.
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We find that the wholesale price of the remanufactured product and the 76

collection price are more robust against a shift in the mean value of the random yield rather than against a
change to the random yield's variance. Table 4. Effects of changes to the variance of the random yield
U[0.2,0.8] ~[, ] U[0.1,0.9] U[0,1] Wholesale price of new product () 175.84 175.84 175.84 Retail price of new
product () 251.69 251.69 251.69 Quantity of new product () 318.56 318.56 318.56 Wholesale price of
remanufactured product () 152.50 149.23 146.94 Retail price of remanufactured product () 193.43 193.43
193.43 Quantity of remanufactured product () 35.75 39.66 42.55 Acquisition price of used product () 6.14
5.45 4.97 Quantity of used product collected () 197.12 181.25 169.83 Manufacturer’s profit (1) 26,702.54
26,914.92 27,067.62 Retailer's profit (M) 25,623.28 25,913.33 26,138.30 Collector’s profit () 957.67
1,723.15 2,218.29 Total system’s profit (1) 53,283.49 54,551.40 55,424.21 The effects of the
remanufacturing cost and the shortage penalty are consistent with Li et al. (2014), who demonstrated that
an increase in the parameters of the remanufacturing cost and the shortage penalty

decreases the optimal quantity of the remanufactured product, reduces 10

the

manufacturer’s profit, and increases the

wholesale price of the remanufactured product. However, in Li et al. 12

(2014), the effect of the shortage penalty on the remanufacturing quantity is not conclusive, and,
unfortunately, such a situation does not occur in our model. In addition to the above results, by analyzing
the whole

supply chain, we find that the E

retailer’s profit is also affected by changes to the

©
>

remanufacturing cost, in terms of the extended effects of the change in remanufacturing quantity, although
the collector’s profit remains unaffected in this situation. Figure 7. The effect of changes to the remanu-
facturing cost

on the supply chain’s profit Figure 8. The effect of 27

changes to the short- age penalty

on the supply chain’s profit Figure 9. The effect of 27

changes to the yield’s randomness on the wholesale price profit

Figure 10. The effect of changes to the yield's variance on the 106

supply chain’s The price elasticity of the remanufactured product also has a consistent effect, as previously
demonstrated in Li's work (Li et al., 2009; 2014), which showed

that an increase in the price elasticity of the remanufactured product 23

decreases the

optimal remanufacturing quantity, the wholesale price, the selling price ’?

and the

used product collection price,

which, in turn, decreases the total profits of the supply chain. 88

Table 5 shows these results. However, we observed that the effect of an increase

in the price elasticity of the remanufactured product on the \i
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collector’s profit is not conclusive because the collector’ profit is significantly influenced by the transfer price.
The determination of the transfer price should be a coordinated decision, not one that is decided by one
party and then imposed upon the other, as the calculated

values of the optimum transfer price for the manufacturer and the 19

collector conflict. When the problem is addressed only

from the point-of-view of the manufacturer’ s problem, the conflict between | 25

the

optimum transfer price values for the manufacturer and the collector may not be observed. Moreover, the
effect of the remanufactured product’s elasticity in relation to the new product’s pricing can be studied under
this model. For example, an increase

in the price elasticity of the remanufactured product decreases the new E
product’s
wholesale and retail prices, as well as 114

its optimal quantity, which, taken together, result in new product pricing rates that are significantly lower
than those of the remanufactured product. The development of a pricing model that involves three members
of

shows a discriminated effect 92

recovery yield’s randomness. A higher degree of uncertainty in the recovery yield results in a lowering of the

wholesale price of the remanufactured product, which leads to increases in E
the

optimal remanufacturing quantity and the manufacturer's profit 5

Although Li et al. (2009) find that recovery yield randomness does not influence the manufacturer’s
expected profit, Li et al. (2014) show that an increase in the recovery yield’s variance can

lead to an increase in the price of the remanufactured product, which then 53

decreases the

expected quantity

and the manufacturer’s profit. By ’?
involving all
of the supply chain members in the pricing decisions, the effect of 17

recovery yield randomness can be mitigated and, further, can even slightly improve the total profits of the
system. Table 5. Effects of changes to the price elasticity of the remanufactured product 0.003 0.004 C
0.005 0.006 Wholesale price of new product () 171.91 171.09 170.61 170.29 Retail price of new product ()
253.82 252.19 251.22 250.58 Quantity of new product () 338.72 337.62 336.84 336.23 Wholesale price of
remanufactured product () 179.74 148.46 129.08 115.75 Retail price of remanufactured product () 238.57
190.44 160.88 140.75 Quantity of remanufactured product () 86.64 76.56 59.72 45.75 Acquisition price of
used product () 10.43 8.26 6.43 4.89 Quantity of used product collected () 285.55 241.20 201.76 166.13
Manufacturer's profit (M) 38,018.70 33,207.42 30,619.36 29,094.53 Retailer's profit (M) 33,453.26
30,592.69 29,051.39 28,139.37 Collector's profit (M) 483.10 1,207.78 1,483.51 1,473.85 Total system’'s
profit (M) 71,955.06 65,007.89 61,154.26 58,707.75 6. CONCLUSION The

facing 100
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that includes remanufacturing processes

under conditions of random yield and random demand 35

is an important problem for which an acceptable solution needs to be determined because this problem
significantly affects the profitability of all of the members of the supply chain. Unlike many previous studies,
which generally only consider one member of the supply chain, we developed a model that involves three
key members—a manufacturer, a retailer, and a collector—of a supply chain that produces, sells, collects
returns, remanufactures, and resells a short life cycle product. The results show that the remanufacturing
cost and the manufacturer’s shortage penalty influence

the wholesale price of the remanufactured product and impact the 59
retailer’ s and the

manufacturer’s profits. Decreases in the remanufacturing cost and the manufacturer's shortage penalty

increase the supply chain’s total profits. 120
On the other hand, the mean value and variance of the 62

random yield have positive

effects on the supply chain’s profits; the higher the 103
mean value and the variance of the random yield, the 72

higher each member’s profits. We also find

that the wholesale price of the remanufactured product is more 30

robust against a shift in the mean value of the random yield than against a change in the random yield's
variance. Whereas

previous studies found the effect of the shortage penalty on the 98

remanufacturing quantity to be inconclusive, we find that an increase in the shortage penalty is responded
to by a decrease in the remanufacturing quantity and a reduction in the

profits of the manufacturer and the retailer. Moreover, we find the 18

variance of the recovery yield to

have a 33 different effect compared with that of previous studies, as a higher variance responds by lowering
the price of the remanufactured product. Hence, higher quantities result in stable and slightly higher
manufacturer profits. Pricing decisions involving

a manufacturer, a retailer, and a collector working together in one system 14

resultin

significant improvements

to the total profits of the supply chain 116

compared with pricing decisions made solely by a manufacturer. Therefore, coordinated decisions
accompanied by

information sharing among the supply chain members can improve the 85

supply chain’

s performance in making pricing decisions that maximize profits for all
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of the supply chain members. Finally, this 6

model could be extended to include coordinated decisions, which would be an important future research
step. 7. REFERENCES Ahiska, S. S., & Kurtul, E. (2014). Modeling and analysis of a product substitution
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