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Abstract. Build a closed-loop supply chain which consiststleé manufacturer, the
remanufacturer and the retailer, taking the patestection factor as the basic variable of
the closed-loop supply chain decision-making modisltroducing the retailer's
bidirectional fairness concerns factor. The inferenof the manufacturer and the
remanufacturer considering or not considering thiiler’s fairness concerns to the
demand of products and the profit of the closeqhlsopply chain is researched by using
game theory. The results show that: the retaitedsectional fairness concerns does not
affect the demand of products and the profit otesyswhen the manufacturer and the
remanufacturer consider the retailer's fairnesscexans. The retailer’s bidirectional
fairness concern will reduce the demand of prodant$ the profit of system when the
manufacturer and the remanufacturer do not congluerretailer’s fairness concerns.
where, the retailer's fairness concerns about taeufacturer impact on the demand of
products and the profit of system is higher tham firness concerns about the
remanufacturer.
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1. Introduction

As an important part of the economic cycle develepithe remanufacturing industry has
the unique advantages of cost saving, energy saviraerial saving and emission
reduction, which has attracted great attention frleenbusiness community and academia.
Companies typically have two models for remanufidictu activities: one is a
remanufacturing activity by an original equipmenamuafacturer; and the other is a
remanufacturing activity by a third-party remantfeer. Research shows that
remanufacturing by the remanufacturer is more coiw@uto increasing consumers'
perceived value of new products compared to theufaaturer remanufacturify
Therefore, more and more original equipment manufacs are beginning to outsource
remanufacturing activities to remanufacturers. Heave the sales of remanufactured
products will invaded the market share of new pobslto a certain extent. In order to
maintain the market share of new products andmaire profits, OEMs began to delegate
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remanufacturing activities to remanufacturers afthrm of patent licenses(such as Apple).
The introduction of remanufacturers has changedatiginal profit distribution pattern of
the closed-loop supply chain. Research by behdwommomist Kehnema et al. shows that
people tend to show great attention to the distidbuof profits, which leads to fairness
concerns[2]. Therefore, when manufacturers intreduemanufacturers into the
closed-loop supply chain through patent licensihgs important to study the impact of
fairness concerns on the closed-loop supply chain.

The decision-making research on the closed-lopplgchain under patent protection
has achieved fruitful results. Zhong-kai et ald@td the product pricing strategy under the
patent protection, and realized the coordinatiothefclosed-loop supply chain by using
the revenue-cost sharing mechanism[3]. Cheng-raralethave further promoted
Zhong-kai's research [4]. Jian-ming et al. studieel impact of patent protection on
closed-loop supply chain pricing strategies undferéntial pricing [5]. Ben-rong et al.
introduced patent protection in the research cexldloop supply chain channel strategy,
which further enriched the research in this fiélf [

All above literatures assume that the decisionergln the closed-loop supply chain
are completely rational, but the behavioral ecomsmesearch shows that the decision
makers are often not completely rational, espgcisdinsitive to the unfairness of the
distribution of benefits. Ho et al. first used engal research to show that there is fairness
concerns in the supply chain [7]. Then, the scisolasearch on the behavior of fairness
concerns in the supply chain is mainly divided irdbannel coordination under fairness
concerns [8-9], supply chain coordination [10],. Ke-yong et al. first introduced the
behavior of fairness concerns into the closed-wagply chain and studied the impact of
fairness concerns on product pricing strategiep Bubsequently, the scholars studied the
pricing and coordination strategies of the closmapl supply chain based on the
manufacturer's fairness concerns [12-14], the reffiaaturer's fairness concerns[15] and
the retailer's fairness concerns [16-17], wheranghyue et al. scholars studied the impact
of the manufacturer's bidirectional fairness conseon the bargaining power of the
decision makers of the closed-loop supply chain, ipnored the possibility of patent
protection in closed-loop supply chain.

In summary, firstly, the research on the impagiatent protection on the closed-loop
supply chain has achieved fruitful research resitiswever, in the context of patent
protection in the closed-loop supply chain, furttiscussion on the impact of other factors
(such as: fairness concerns) on the closed-logplgupain remains to be further explored.
Secondly, when the system is constructed from thudsgects, a single subject tends to
have fairness concerns at the same time for ther o subjects. The existing research
mainly discusses the impact of one-way fairnessears on the closed-loop supply chain,
but the research on the bidirectional fairness eomxin the closed-loop supply chain is
not deep enough. Therefore, there is an urgent teexkpand the object of fairness
concerns from one-way to bidirectional for furtihesearch.

Different from previous researches, this papestoits a closed-loop supply chain
consists of the manufacturer, the remanufacturer #ne retailer, and takes patent
protection factors as the basic variables of theear-loop supply chain decision-making
model. To focus on: under the bidirectional faisiesncerns of the retailer, the effect and
extent of the impact of each one-way fairness acms¢mcluding the retailer’s fairness
concerns to the manufacturer and the retailenadais concerns to the remanufacturer) on
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the demand of products and profits of the closeg-lsupply chain. To assist the supply
chain to control and manage each one-way fairnessecns, and minimize the adverse
impact of the retailer's bidirectional fairness eams on the closed-loop supply chain.

2. Problem description and assumption

Research in a closed-loop supply chain consistaeofnanufacturer, the remanufacturer,
and the retailer, when the manufacturer patemdice to the remanufacturer, to study the
impact of the retailer’s bidirectional fairness cems on the demand of products and the
profit of closed-loop supply chain. The stackelbgegne with the manufacturer as the
leader in the closed-loop supply chain system. maeaufacturer and the remanufacturer
are unfairness concerns, where the manufacturespnsible for the production of new
products, and the remanufacturer is responsible ecycling and producing
remanufactured products, the retailer has bidivealifairness concerns and is responsible
for selling new and remanufactured products. Figusbows the closed-loop supply chain
decision structure model.

consumer

remanufacturer

Figure 1: Closed-loop supply chain decision structure

Based on the above basic description, the followdegcribes the symbols and basic
assumptions of this article.

(1) The recycled old products can all be useddananufacturing, and the output of new
products and remanufactured products can exactyy the needs of the market.

(2) The unit cost, wholesale price, and sales poicéhe products are;, w;,p;, where

i = (n,r) denotes the new product and the remanufacturelliproespectively. To ensure
that all members of the closed-loop supply chaistesyp are profitable, they must be
satisfied:p,, > w,, > c,.p, > W, > ;..

(3) The unit patent fee if; the unit cost of recycling old productsps

(4) Assume that consumers have heterogeneous demfandnew products and
remanufactured products: Consumers' willingnegsatofor new products i&~N[0,1].
Compared to new products, consumers’ willingnegsaofor remanufactured products is
0 € [0,1]. Assume that the market's total deman@ is 1, in order to enable consumers
to have the desire to purchase remanufactured pigdthis article only analyzes the

situation of@p,, > p,. According to the utility function derivationy,, = 1 — p;:gr,qr =

Opn—Dr
8(1-6)’
market demand for remanufactured products.

(5) H]-krepresents the profit of system membein model k, wherej = (N,R,r)
represents the manufacturer, the remanufacturet, tha retailer respectively. And
k = (,D,F,NF) represents the centralized decision-making maithel, decentralized
decision-making model, the decentralized decisiodehunder the manufacturer and the
remanufacturer consider the retailer’s fairnessceoms and the decentralized decision

where g,, represents the market demand for new produgtsiepresents the
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model under the manufacturer and the remanufachateconsider the retailer’s fairness
concerns. All the profits in this article are thedretical profits when the product sales
exactly meet the demand of products.

(6) ¢ indicates the retailer’s fairness concerns factar the manufacturer, ang,
indicates the retailer’s fairness concerns forrémanufacturer.

(7) To make the study meaningful, we assurhe- ¢,,)(1 — 6) > 6c¢,, — ¢, — p.

3. The decision of closed-loop supply chain undenéairness concerns
3.1. The centralized decision model
Under the centralized decision model, the manufactthe remanufacturer and the retailer
build a decision-making system to determine pricétigategies for new products and
remanufactured products to maximize system’s @ofihe profits of the system is:
, , nc[ = @n—)qn + (or —¢r —p)gr (1)
To solution% =0, ‘;r:f = 0 simultaneouslyp, = lzﬂ,pr’ = QHTTH’;
Therefore, the demand for new and remanufacturediets and the profits of system are:
I I _ (1_Cn)2 + (an_cr_p)z.

c T 4 46(1-6) '

| _ 1-0-cytctp | _ Bcp—cr—p,
In = 2(1-6) Ar = 260(1-6) '

3.2. The decentralized decision model
Under the decentralized decision model, relevacisdms of each members of the system
are based on maximizing their own profits.
The profit function for the manufacturer, the rem@cturer and the retailer are:
My = Wn —c)dn + fqr (2)
Ng=Wr—¢—p—far 3)
I, = (pn — Wn)qn + (pr — wy)q,(4)
In a stackelberg game with the manufacturer aketiger, solving the above profit function

inversely according to the game sequence can laéneblt
an — }I:%, PrD — 69+9cg+cr+p; WrD _ 9cn+cr4+p+29, nD _ 1+2cn; fD _ 9—c2r—p;
Therefore, the demand of new and remanufacturedupts are:
D _ 2(1-0-cp)+Ocptcr+p D _ fcn—cr—p.
In- = 8(1-6) YT T gg(1-6) !
The profits of the manufacturer, the remanufactaret the retailer are:
D _ 20—202-40c,+402%cy+20c,2—02c,2—26c, (c,+p)+(cr+D)?,

My 166(1-6) '
I D _ (Bcn—cr—p)°.
R — )
320(1-9)
Ml = 40-462%-80c,+80%c,+46c,2—30%¢, % —20cy(cr+D)+(cr+D)?,
r 646(1-0) ’

4. The decision of closed-loop supply chain undehé retailer's bidirectional fairness
concerns

This article assumes that in the closed-loop supiphin system, the manufacturer and the
remanufacturer are unfairness concerns, the retalee bidirectional fairness concerns,
where the retailer has fairness concerns for theufaaturer(call it below: vertical one
fairness concerns) and fairness concerns for thamafacturer(call it below: vertical two
fairness concerns). In this paper, we refer tostheies of Shao-ftf! and zhang-yU&”,
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assuming that the retailer’s fairness concerngyutilnction is:

Up =1 — ( (I — 1) = {o (Mg — 11;) (5)
The retailer's fairness concerns utility functisrdivided into three parts: the first part is
the retailer's profit function, the second partthe retailer’s fairness concerns utility
function for the manufacturer, and the third parthie retailer’s fairness concerns utility
function for the remanufacturer, whefe=[0,1] (i =1,2) indicates the retailer’'s degree of
fairness concerns, and the mdgetends to 0O, the lower the fairness concerns ofetagler,
the more it tends to 1, the higher the fairnessents of the retail€f’.

4.1 The manufacturer and the remanufacturer conside the retailer’s fairness
concerns

When the manufacturer and the remanufacturer censlié retailer’s fairness concerns,
the retailer’s fairness concerns will directly ughce the manufacturer’s and the
remanufacturer’s pricing decisions. At this poitfiie retailer's strategy is based on the
maximization of the utility function, and the skgy of the manufacturer and the
remanufacturer are based on maximizing the profitfion. The same as the game order

under the decentralized decision, using the inveoigion method:
F _3+cn, F _ Ocptertp ﬁ F_ 0-c—p)A+{1+0) L.
P =77 = 8 4 ST = 24401420, =F

F _ 1+§1+8+cn(1+301+(3) F _ 0(1+2{1+43) 1+30,
2+40,+2{, 2+2{1+4, 2+2{1+44,
(cr+p) (1441 +3{3)—0cn{y

wy, =Ew, F +G;

where G = , the demand of products are:

2+2{1+44,
q F _ Ocp—2cp+c,+p—20+2, F_ Ocp—cr-p,
n 8(1-0) AT 86(1-6) "’
Bringing product pricing and demand into the préditction can earn the profits of each
member and system, omitted here.

Proposition 1. When the manufacturer and the remanufacturer denshe retailer’'s

H D
fairness C(_)nC_emIs,iF = an:er = prD; an = an:qu =4qr -
Proof: omission.

Proposition 1 indicates that: When the manufactaner the remanufacturer consider the
retailer’s fairness concerns, product pricing aathdnd are not affected by the retailer’s
fairness concerns. Therefore, the retailer’s faisneoncerns will only affect the profit
distribution among the members and will not aftbet profits of the system.

Proposition 2. When the manufacturer and the remanufacturer denshe retailer’s
fairness concerns:

(1) 2 "’gg'F > 0; |"’B“;F |aa“§
@0 <o [ <

F F
@3) "’;ﬁ > 0,"’;52 <0; |6a“§1 |a;§2 :
(@) anc _ ’6;'1;2 —0

Proof F|nd the partial derivative of the profit of eatlembers and system with respect to
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the factor of fairness concer§gand &, respectively. Take manufacturer as an example.

any” _awnF g arF g oamyf _ ow,F af
9 ot M T ag T Tl LM Tl
ow 2(1+¢3)(cp—1) owy, 201 (1—cp) awn Bwn
Because—= = , = >0, >|
041 (2+431+243)? 5{2 (2+4{1+2§z)2 04, a4,
based on proposition 1, obviousf2- < 0, LTSS 0; |anM |aHMF
5(’1 24, 0§, 9§,

The certification of other members and systemh&s same as manufacturer. The
proposition 2 is proofed.

Proposition 2 indicates that: When the manufactanel the remanufacturer consider
the retailer's fairness concerns, the manufactsirprofits decrease with vertical one
fairness concerns and increase with vertical tviméas concerns, vertical one fairness
concerns has a higher impact on the profits ohthaufacturer than vertical two fairness
concerns, therefore, the retailer’s bidirectionairrfess concerns reduces the
manufacturer’s profits. The remanufacturer’s peofitcrease with vertical one fairness
concerns and decrease with vertical two fairness@ms, vertical two fairness concerns
has a higher impact on the profits of the remartufac than vertical one fairness concerns,
therefore, the retailer’s bidirectional fairnesscerns reduces the remanufacturer’s profits.
The retailer’s profits increase with vertical oa@tiess concerns and decrease with vertical
two fairness concerns, vertical one fairness carschas a higher impact on the profits of
the retailer than vertical two fairness concermereéfore, the retailer’s bidirectional
fairness concerns increases the retailer’s profits.

4.2. The manufacturer and the remanufacturer not caosider the retailer’s fairness
concerns

Due to the lack of information circulation in thiesed-supply chain, or the manufacturer
and the remanufacturer completely dominate the etavkll cause the manufacturer and
the remanufacturer to disregard the retailer'snéss concerHg. Therefore, it is
necessary to make a specific analysis of the aecddithe closed-loop supply chain under
this situation.

When the manufacturer and the remanufacturer osider the retailer’s fairness
concerns, the manufacturer and the remanufactua&e mecision based on non-fairness
concerns in the system. Their pricing decisiontheesame as the pricing decision under
unfairness concerns decentralized decision, where:

Ny D1t N _ n_w

0—c,—p
Wp' =W = 2 W = Wy ) f fD 2r

But the retailer’s decision is also based on mazimgi its fairness utility function. Then:
N _ cn(1+3)+3+40,1+30,, N — 0cn(1+{1+283)+(cr+p)(1-{;1)+6(6+81+6(,),

n 4(1+¢1+43) e 8(1+{1+4{3) '
N _ 0en(1+8:4+28)+(cr+p) (1-0)-2(14 ) (cat6-1). N _ (Bcn—cr—p)(1-01).
n 8(1-60)(1+{1+{>) i 80(1-6)(1+{1+¢2)’

Bringing product pricing and demand into the prédiiction can earn the profits of each
members and system, omitted here.

Proposition 3. When the manufacturer and the remanufacturer orider the retailer’s
fairness concerns:

aqn ag," 2q,"
1 0,292~ 5 0. | >
(1) 5 < 0%, a2,

aQTN
g, I

BQnN
04,

N F] N aq N
oftr” - 24r <0;| S
( 79¢, az, ¢y
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Proof: Find the partial derivative of the demand of preiduith respect to the factor of
fairness concerng,and ¢, respectively.

agqn" _ _ Ocn=cr=p) G+ (Ater+p—6-cn)(2+205),
¢y 8(1-0)(1+{1+{2)? '
aQnN — [((Ocn—cr—p)+2(1+cr+p—60—cp)]{1+0cn—cr—p.
a4, 8(1-6)(1+{1+73)? '
Because(1 — c,)(1 —0) > Oc, — ¢ — p, obviously,
aQn aCIn 0qn 0qu
07y <0 (1€} > 0; |6(1 |6(z
a‘h _ (Ocn—cr—p)(2+3) | aQr _ (Ocp—cr—p)(1=44).
0% 8O(1-0)(1+{1+()? 0L,  80(1-0)1+(1+(3)?
20" o, |20t |6qr . Proposition 3 is proved.
g, a4y

Proposmon 3 indicates that: When the manufactared the remanufacturer not
consider the retailer’s fairness concerns, the ael&new products decrease with vertical
one fairness concerns and increase with verticaf#ivness concerns, vertical one fairness
concerns has a higher impact on the demand of medupts than vertical two fairness
concerns, therefore, the retailer’s bidirectioratfess concerns reduces the demand of
new products. The demand of remanufactured prodietsease with vertical one and
vertical two fairness concerns, vertical one fameoncerns has a higher impact on the
demand of remanufactured products than vertical failmess concerns, therefore, the
retailer’s bidirectional fairness concerns redubesdemand of remanufactured products.

Proposition 4. When the manufacturer and the remanufacturer ordider the retailer’s
fairness:

N N N "
(1) 0 IMm_ 9, limglﬂ% >0; |ag?1 | |BETMZ '
@ G- <05 <o |632 >[5
(3) a“’ < o,1im¢ﬁoaaTz< 0,1img, -y a;g >0 |a:<r1N - |6§5er
(4) anc <0, 1imgﬁo% <0, limg,y a:; >0 |a;1;1 |6§{CZN

Proof. Find the partial derivative of the profit of eatlembers and system with respect to
the factor of fairness concerrigand &, respectively. Take the manufacturer as an
example.

ony" aqn da,N. amy" _ 6(1-cp)M—(6-c,—p)N,
T A T T T E M ICRY AT ALY
where: M= (Oc, — ¢, — p)(l + {1)+2(Q4+c,+p—0—c,),N=(0c,—c —
p)(1 — ), based on proposition 3, obviously,
My N My N oy N
0, a%; >0’| 9, >| ag,
The certification of other members and system & shme as the manufacturer. The
proposition 4 is proofed.
Proposition 4 indicates that: When the manufactared the remanufacturer not
consider the retailer’s fairness concerns, the neffiaeturer’s profits decrease with vertical
one and vertical two fairness concerns. The matwi@cs, the retailer’'s and the system'’s

0 i Ay 0 i
<0, 1m<1_>oa—(2 <90, 1m<1_>1
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profits decrease with vertical one fairness congetime effect of the vertical two fairness
concerns on the manufacturer’s, the retailer’s tm system’s profits is affected by
vertical one fairness concerns: When the degregedical one fairness concerns is
towards 0, the manufacturer’s, the retailer’s dredgystem’s profits decrease with vertical
two fairness concerns, on the contrary, the matwifacs, the retailer's and the system’s
profits increase with vertical two fairness conaerdertical one fairness concerns has a
higher impact on the profits of each members arstegy than vertical two fairness
concerns. The retailer’s bidirectional fairness aans reduces the profits of each
members and system.

4.3. Comparative analysis
Proposition 5. Comparing the profits of each members and systethree situations,
including: unfairness concerns, the manufacturet #re remanufacturer consider the
retailer’s fairness concerns, the manufacturer #wedremanufacturer not consider the
retailer’s fairness concerns.
(1) m,,° > m," > mn,";
(2) MR > 1R > nR";
Q) 1, >mn?>mnn;
4 nL =nr>nn;
Proof: take the manufacturer as an example.
HMD _ HMF — (Bcn—cr—p)?+26(1-6)(1—cn)?.
160(1-6)(1420,+3,)
m,F —1,N = (Bcn—cr—p)* (38124381 0o +82* + 41 +82)+28: 2 0(1-6) (1—cp)?.
166(1-6)(1+241+42)(1+{1+{2) '
Obviously, ITy,” — 1,," > 0,11,," — 11,,Y > 0. The certification of other members and
system is the same as manufacturer. The propositisproofed.

Proposition 4 indicates that: When the manufactaine the remanufacturer consider
the retailer’s fairness concerns, the profits @hemembers and system are greater than the
profits when the retailer’s fairness concerns isagumsidered. Compared with the profits
under unfairness concerns, the retailer’s fairnesscerns reduces the profits of the
manufacturer and the remanufacturer, increasesvitgrofits, and keeps the total profit of
the system unchanged.

6. Conclusion

This paper builds a closed-loop supply chain cdésisisf the manufacturer, the
remanufacturer and the retailer, background in wtlie manufacturer patent licensing the
remanufacturing activity to the remanufacturer,stody the impact of the retailer's
bidirectional fairness concerns on closed-loop Bugipains. Get the following conclusion.
(1)When the manufacturer and the remanufacturesidenthe retailer’s fairness concerns,
the demand of new and remanufactured productsatraffiected by the retailer’s fairness
concerns. When the manufacturer and the remanugachot consider the retailer’s
fairness concerns, the retailer’s bidirectionalnfass concerns reduces the demand of new
and remanufactured products, where, vertical oineefss concerns has a higher impact on
the demand of new and remanufactured productswvibidical two fairness concerns.
(2)When the manufacturer and the remanufacturesidenthe retailer’s fairness concerns,
the retailer’s bidirectional fairness concernséases its own profit but decreases the profit
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of the manufacturer and the remanufacturer, wherdical one fairness concerns has a
greater impact on the profit of the manufacturet tie retailer than vertical two fairness
concerns, vertical two fairness concerns has ategrampact on the profit of the
remanufacturer than vertical one fairness concewisen the manufacturer and the
remanufacturer not consider the retailer’'s fairnesscerns, the retailer’'s bidirectional
fairness concerns decreases the profit of each emnand system, where, vertical one
fairness concerns has a greater impact on thet mofach members and system than
vertical two fairness concerns.

Through the above conclusions, we can get theovfatlg related management
lessons:

The retailer’s fairness concerns from the manufactbas a much greater impact on the
demand of products(especially the demand of rena@twied products) and the profit of
system than its fairness concerns from the rematwrr. Therefore, focusing on
managing the retailer's fairness concerns frommtapufacturer can effectively reduce the
losses to closed-loop supply chains caused bygsérnoncerns.

The research in this paper is based on the sogle-closed-loop supply chain model,
and the conclusions obtained are limited. Furtksearch can extend the period of the
model to multiple cycles, so that the conclusiohthe study can be better applied to the
actual situation.
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