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Supplementary Materials 

(1) Proof of the equilibrium results in Model NN 
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(2) Proof of Proposition 1 
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(3) Proof of the equilibrium results in Model NH 
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(4) Proof of Proposition 2 
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(5) Proof of the equilibrium results in Model RN 
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(6) Proof of Proposition 3 
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(7) Proof of the equilibrium results in Model RH 
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 
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
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When2 ( )( ) 0n rnA m na     ,  then  0
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
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In  summary,  the  following  constraints  must  be  satisfied  to  guarantee  economically 

meaningful non‐negative equilibrium outcomes. 
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(13) Proof of Proposition 7 
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(14) Proof of Proposition 8 
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(15) Proof of Proposition 9 
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①When  )1()1( nr   ,  only  if  the  refund  guarantee  strength  s   surpasses  1s  

RH NH  . Then procuring remanufactured core components becomes the optimal strategy  ; 

②When  )1()1( nr   , only if the refund guarantee strength  s   is lower than  1s , 

RH NH  . Then procuring remanufactured core components becomes the optimal strategy. 

 (16) Proof of Proposition 10 
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( (1 ) (1 ) ) ( ) 1 ( ) ( 1 (1 ) )n n s n n s n nA A s B c w c A A A                   
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Therefore,   
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(17) Proof of Proposition 11 
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Let 
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(1 ) (1 )( ) (1 ) ((1 ) ) 0r r s r r r sAs A B c s A A w c                    

( (1 ) (1 ) ) ( ) (1 ) ( ) ( (1 ) (1 ) )r r s r r s r rs A A B c w c A A A                       

Since   
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(1 ) (1 ) (1 )( (1 ))r r r rA A A A             
 

Therefore,   
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 , only  if  3ss  ,   
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(18) Proof of Consumers Surplus (CS) for Table 5 
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8
NRH NRH NRH NRH s sA A s B c A EC A s B c

W CS ES
A

  


       
   

 

(19) Data    nondimensionalization for base case 

In  summary,  the  following  constraints  must  be  satisfied  to  guarantee  economically 

meaningful non‐negative equilibrium outcomes. 

1nw   



  1

(1 )(1 )n n sw s c     

rw 
 

(1 )( )r r sw s c      

B  

A

AscB s 
  

Since  1nw  , we nondimensionalize  0.5nw 
 
in the base case. 

Therefore,  0.5 0.25r nw w  . 

Since  60 100 74 1000 444nEe     
 
EUR,  then  nEe

 
is  normalized  as 

444
0.5 0.5 0.052

4300
n

n
n

Ee EUR
Ee

w EUR

 
     . 

Since    0.1r ne e ,    then  0.1 0.0052r nEe Ee   . 

According to the data,  0.002n  ,  5 0.01r n   . 

Since  rw 
,  1 ,  1  ,  0 1a  ,  then  the nondimensionalization data  for base 

case is shown as follows Table S1:   

Table S1 The nondimensionalization data for base case 

Case  nw   rw   n   r   a      sc      
  nEe

  rEe
 

Data for 

Base 

Case 

0.5  0.25  0.002  0.01  0.7  0.7  0.05  0.5  60    ‐0.052  ‐0.0052 

 

 


