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Abstract : We investigate the impact of information asymmetry regarding the producer of reman-
ufactured products on the decisions of a manufacturer and an authorized remanufacturer (AR) in a
competitive closed-loop supply chain. Information asymmetry affects consumers’ perceived value of
new and remanufactured products, thereby influencing market dynamics. In our model, the manu-
facturer licenses the AR to remanufacture products, with both parties independently setting prices
and deciding on the policy of information disclosure about the remanufactured products’ producer.
The analysis shows that information symmetry generally results in higher prices for new products
and lower prices for remanufactured products. However, when the AR’s remanufacturing capacity is
bound, there is a threshold in consumer recognition of remanufactured products (net gain value of
product perceived value under information symmetry) which alters the price relationship. When the
AR employs a partial remanufacturing strategy, information symmetry leads to a reduction in the
manufacturer’s licensing fee. Additionally, we find that information symmetry can cause the AR to
adjust its remanufacturing strategies under certain conditions. Due to the perceived value effects,
sometimes there is no threshold for product cost that can cause changes in the information disclosure
policies. Furthermore, the independent decision-making of supply chain members sometimes can allow
the manufacturer to benefit as a free rider. These findings highlight the complex interplay between
information asymmetry, remanufacturing strategies, and remanufacturing licensing.

Keywords : Supply chain management, remanufacturing licensing, information disclosure, free rider,
perceived value
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In this Appendix, we provide the proofs of propositions and lemmas in the paper.

Proof of Propositions 1 and 2

—2

-2
The Hessian matrix of the AR’s decision problem is: [ ?752° 9=9f |, and the first and second order
0—dp  op(0—dp)
2

leading principal minors are:H; = =05 < 0 & Hy = m > 0, so Fg is jointly concave in
pn and p,.. For the convenience of analysis and calculation, we transform the quantity constraints

into price constraints. Therefore, by combining Equations (2) and 0 < ¢, < ¢,, we can obtain
20ppn+6p(6p=0) < 8ppn
O+op SPr> 7

The Lagrangian and Karush-Kuhn-Tucker optimality conditions of the AR’s objective functions
are as follows:

26ppn + dp(6p — 6 dppn
L—(pn_wn)Qn+(pr—Cr_T)QT+)\l(pr— PP P(P )>+>\2<pp pr>7

0+ ép 0
OL _ (0—6p)—2(pn—pr)twn—cr—r 25p sp
Opn 0—3p + A 6+dp + A2 7 =0,
OL _ 2(8ppn—0p,)—dpwn+0(cr+1) M —=A=0
pr 5p(6—3p) L=22=%
20ppn+0p(6p—0)\ _ 3ppn _
s.t. (pr — R ) =2 ( & _pr) =0,
28ppn+3p(dp—0)
Dr > 0+dp s )
pr < pénn'
o 1: — + _ 04w, _ 6p(0+wn) ;
Scenario 1: A\; = 0,2 > 0, p} = =5, and pl = 55—~ To ensure Ay > 0, we can infer that
e > 6pw,,éfGr.

. 25 ppn — n
Scenario 2: \; = \» =0, p;f = & and pt = ‘Wr%”. To ensure %W <p.< 5%, we
_ —50)— —9 n e

dp(0—38p)—(0+6p)r—286 pw <e < Jpw(9 07".

can infer that

0+op
. . _ 4 (0+p) (wntertr)+0% =82 p>+4dp + _ dp(wntcr+r+28p)
Scenario 3: A\; >0, =0, p; = 5(0F397) ,and p;l = BN T e To ensure
A1 > 0, we can infer that ¢, < —§p(9—§p)—9(—€;-p5p)r—25pwn.

Scenario 4: When A; > 0 and Ay > 0, it is impossible to have 0 = ¢, = ¢,, at the same time.

In response to the above three cases, the AR’s response function is substituted into the manufac-
turer’s profit to continue to solve the optimal decision of manufacturer.
* Cn + 0 * Cp+cr +60—4dp

Scenario 1. wb* = 5 Scenario 2. wb* = f—i—r. Scenario 3. w* =

2

By substituting wf*of the three scenarios into p;” and p;", we can obtain the optimal retail price
of the new product and the remanufactured product, i.e., p2* and p2*. Furthermore, substituting p2*

and pB* into 7§ and 75, we can obtain the optimal payoff of the manufacturer and AR, i.e., 75"
and m5*.

: Bx : 827"1@*—}912 —1 Bx :

For Scenario 1, my" is not related to r. For Scenario 2, —5z=* = 5 < 0 holds, so my” pp is

Bx

Bx — 92—cr For Scenario 3, 78 is not related to .

concave in 1, so the optimal royalty fee is rpp = “5==.

Substituting r?* of three scenarios (If it exists) into wB*, pB* pB* xB* and Wg*, we can acquire

the equilibrium decisions of the game between the manufacturer and the AR in Proposition 1.

By substituting the equilibrium decisions into the demand function (Equations (2)), we can easily

obtain three sets of optimal quantities. For Scenario 1, ¢Z* = 0, ¢B* = 9—¢n  For Scenario 2,

40
qB* _ dpcp—0Ocy Bx _ 0—06p—cn+tcr Bx __ 04+dp—cn—cy
s

. Bx _
= bty A = gyt For Scenario 3, ¢/ = ¢7* = FHGess

Cn—Cr+0+0p
—_— 7



Les Cahiers du GERAD G—-2025-04 — Online Supplement 2

This completes the proof of Propositions 1 and 2. The proof of Propositions 3 to 5 is similar to
that of the proof of Propositions 1 and 2, so we omit the proof process.

Proof of Lemma 1

In remanufacturing strategy NR, w2* — wf* = % >0, pB* — pﬁ* = % > 0; In remanufacturing
strategy PR, wB* —wa* = wﬂ >0, pB* —pd* = w >0, pB*—p;f‘* = M < 0;In
remanufacturing strategy FR, wZ* —w* = w, * > wiif p < 9=1: otherwise, wB* < wA
Deﬁne p1 = %. Con&dermg that p € (0,1) and p; > O always hold, we have when 0 < p; < 1,
* > wit if p < 9=, otherwise, wZ* < wi*; when p1 > 1, wP* > wi* for any p € (0,1). Define
pEA = pB _pn*7 pP4 = pP* —pi*, and gg;r = 4(313‘5’)) - 4(%131&?3){;/}), we have %TR > 0, so

pB4 increases with c,.. ¢B4 is given by solving p24 = 0. pB* < pA* if ¢, < cBA; otherwise, p2* > pA*.

o lrr _ __p (5+1)p
dcy — 2(6+35p) 2((0+1)+3(5+1)p)’ we have

solving pTBA =0. p * > pi A if e, < cfQA, otherwise, pr < pr .

o 54 -BA
T < 0, so p?* decreases with ¢,. ¢;5" is given by

This completes the proof of Lemma 1. The proof of Lemma 2 is similar to that of the proof of
Lemma 1, so we omit the proof process.

Proof of Corollary 1

Bx Ax dp—cr _ (6+1)p—2c,
2 4

TP — Tpp = = p(64_1) < 0. This completes the proof of Corollary 1.

Proof of Lemma 3 and Corollary 2

Define nifA = gMDx _ qgdx W%IA = gMPx — 74 in different remanufacturing strategies. In re-
MA
. . °mil _ 1 _ 1 3 . . . : .
manufacturing strategy NR, Gt = g S0+ < 0. Two solutions are obtained by solving

7MA = 0, but one of them is less than 0, and ¢4 is the other one greater than 0, where cM4 . =

V20(0+41) [(6—1)(9—1—-16C) . o2 MA
= 19<9+1) . Therefore, 71P* < 74 if ¢, > c%’fNR, otherwise, T3fP* > miif. 5 =
1( 91) < 0. Two solutions are obtalned by solving 7r = 0, but one of them is less than 0, and
1/20(6+1) 9+1 .
cMA o is the other one %/Irgater than 0, where cMA . = . Therefore, m¥P* < w4 if
*

cn > cMA L n, otherwise, m > 7a*. This completes the proof of Lemma 3 and Corollary 2.

Proof of Lemma 5 and Corollary 3

2 _MA
In remanufacturing strategy PR 86(: L = 4(9i6p) — 2((0+1)i(§+1)p) < 0. Two solutions are obtained
by solving 7344 = 0, but one of them i s less than 0, cM4 , is greater than 0. Therefore, m3/P* < w4l
if ¢, > cMA L5 otherwise, Ti1P* > i,
Prgl 1 L < 0. Two solutions are obtained by solving 744 = 0, but one
Ben? 800—0p) _ (01D —(3+1)p) . R )
of them is less than 0, ¢MA , 4is greater than 0. Therefore, ¥ P* < wa* if ¢, > ¢MA ,p; otherwise,
MD*
> 71'R .
827rIVIA . 0 (0+1) . aQﬂ_ZMA
St = Tp(0=5p) — 36T 0+ =0T 00" To compare the difference between 5ok and 0, we
can obtain p = 0(17((51)(_1‘%2123?975) p2 by solvmg ac = 0. Due to the constraints of § € (0,1)

and 6 € (1,400), p2 > 0 always holds. Then, considering p € (0,1), we obtain two solutions 91 =9
and 0, = 1{% by solving ps = 1, which is a univariate quadratic equation of 8. It is easy to obtain:
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0< 9/1 < 1 and 0/1 < 0, always hold; 6; < 1if § < %, otherwise, 6; > 1. According to the properties

of quadratic function, we have: if 0 < § < %, for any 6 > 1, py € (1,400); if % < 6 < 1, for
MA
1 <6 <0, ps €(0,1), for §; < 6 < 400, pa € (1,4+00). Back to the relationship between 8267;%
1A A
and 0, we have: when py € (0,1), i Tcr% >0if 0 < p < pa, 82:1]% < 0if po < p < 1; when
2 7rMA _MA

> 0. eMA, . and M4, are given by solving 74 = 0.

p2 € (1,+00), for any p € (0,1),

52 TrM M Dx* cMA cMA
Thus, when =522~ < 0, my; 7" < irif e, < mln{cf,1 PRy Cris PR} or ¢, > max{cr1 PR'Cr=PR

otherwise, 73/P* > m4*. When ZZ%A > 0, TP > wirif ¢ < min{eM A, MALRY or ¢ >
max {¢{ 4 pp, % PRI otherwibe i B* < wi7. Then, we obtain: (a) When 0 < § < 1, for any
0 € (1,+00), p € (0,1), MApn <0,0 < MAL, < ¢y, s0 we eliminate e (b) when £ < § < 1,
ifl <6< 91, for 0 < p < po, C %fPR < 0,0 < cMA,L < ¢, so we eliminate ¢4, .: (c) when
1<0 < 1,if 1 <6 <0y, for pp < p <1, EHAPR > ey, 0 < MALL < e, s0 we eliminate ¢4, 5; (d)
When 5 <0<1,if0 >0, forany p e (() 1), eMA . <0, cMALL > ¢, s0 we eliminate both of them.

aQﬂ_MA 0 9+1 82 J\IA 1 8271,1\414 . .
BT = 5050 (5+1)p(((9+1))7(5+1) J) Ber = 3 X ot Therefore, the relationship between
i MA

82 J\IA _MA MA . .
5c=— and 0 s exactly the same as that between =522~ and 0. ;5% p and ¢;57 p g are given by solving

7TRM 4 = 0. The following proof is similar to the prev1ous one, so we omit the process.

The specific expressions for all thresholds of product costs are very complex, so we omit them here.

On the basis of these, it is easy to prove Lemma 4 and Corollary 3.

Proof of Lemma 5 and Corollary 4

2 _MA
In remanufaeti‘lring strategy FR, 88::12 = 4(9+136p) — 2((94_1)4_13(64_1)[)). To compare the difference
2__M 2
between 86::’2 and 0, we can obtain p = 3((@1:15)) = 1p1by solving 88::42 = 0. We have: when

MA

827rMA 27\' . 1 627TMA
0 < p1 <3, % <01f0<p<3p1, BM > 0if 5p$1 < p < 1; when p; > 3, gt <0

C

2_MA
for any p € (0,1). eM4 .. and M4 pare given by solving 7344 = 0. Thus, when 86771‘4 > 0

MD* Asx M M Dx

MA
>7rM if ¢, <min{eMApp, MApR) or ¢y > max {eMA g, cMA LR}, otherwise, T3P < wif.

& TrM MDx Ax M M
When < 0, mifP* < wyp if e < min{eMApg cMApR} or ¢ > max {eMA L MALR)

0therw1se 7TM Dx > qd*. Then, we can obtain:
(a) When 0 < 9=} < 3, for 0 < p < 3py, both M4 and eM4 ., < c,, so we eliminate both of
them.
(b) when 0 < ?_;(15 < 3, for %pl <p<l,eMA o <c, cMALL is too large, so we eliminate both of
them.
(c) when =1 > 3, for any p € (0,1), both ¢M4 ., and ¢4 .. < ¢,, so we eliminate both of them.
BQW%A 1 1 . 8271'%‘4
BT = 80735 — HOTDT30I0)" To compare the difference between 6%2 and 0, we can
2 A
obtain p = :3(291115)) = %pl = 0. We have: when0 < p; < 3, Bc B <0if0<p< 3p1,
o2 A

MA
5oz > 0 if ip1 < p < 1; when p; > 3, sz < 0 for any p € (0,1). éMA,.p and cMA . are

. . 92 A s
given by solving 74 = 0. Thus, when :fz > 0, TP > af* if ¢, < min {5 g, MA LR}

2 MA
or ¢, > max {eMA o p cMA LY, otherwise, mMP* < 7*. When Z:} <0, TMP < mi*if ¢, <

MA MA ise, D -
min {4 ., ep” FR} or ¢, > max {%2 Ry CMA LY otherwise, m > 74*. Then, we can obtain:

( ) When 0 < 253 < 3, for 0 < p < 2p1, eM4 pp < cp, 50 We ehmmate it; (b) when 0 < #=1 < 3, for

ip1 < p<l, cnlfFR is too large, so we eliminate it; (c) When 9=2 > 3, forany p € (0,1), M4 op < ¢,
so we eliminate it.
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827T%A _ 1 _ 1 32ﬂ§\{/1A 1 _ 1
. TOe, T A043%p) | 2AGFDII0ADp)’  de? . B(0130p)  A(GF D36 T 1))
similar to the previous one, so we omit the process.

. The following proof is

The specific expressions for all thresholds of product costs are very complex, so we omit them here.

On this basis, it is easy to prove Lemma 5 and Corollary 4.

Proof of Lemma 6

Since 73, and 7} always have multiple relationships in model RD and model A, i.e. hD* =
2W§D*andﬂ'fj‘ = 2771‘%*, the comparative relationship between ﬂgD*andﬂ'ﬁ*is completely consistent

with m8P* and 7. Define nfi = 7ltP* — rd*in different remanufacturing strategies, The following
proof is similar to the previous one, so we omit the process. This completes the proof of Lemma 7.

The proof of Lemmas 7 to 9 and Corollaries 5 to 6 is similar to the above Lemma and Corollary,
so we omit it.



