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Abstract Nowadays, the effective supply chain is consid-
ered more than ever. In this study, a supply chain com-
posed of a dominant retailer and a non-green product
supplier is investigated. Base demand is always fluctuating
in the real market. Thus, considering the base demand
disruption risk is one of the factors approaching the
problem to reality as discussed in this model. Then, the
retailer encounters the challenge of entering a new sup-
plier producing the substitutable product of the first
product. New supplier produces the green product. Thus,
the competition of green and non-green products in this
study is considered with other factors. Another challenge
for retailer is the type of optimal alliance, determining the
optimal green degree of the second product, and deter-
mining the optimal refund amounts. In this study, some
factors such as base demand disruption risk, green pro-
duct, alliance selection, and return policy are considered.
A game theory approach is used for solving the problem
and getting optimal decisions. Finally, some sensitivity
analysis based on the alliance strategies and greenness of
the SCM has been done by numerical examples.
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Introduction

Today, customers in real market are ever-increasing pow-
erful; therefore, an individual’s customer satisfaction drives
the necessity for having an innovative and effective supply
chain. Generally, problems with the coordination between
supply chain members are highlighted because of the
increasing competition among supply chain members.
Researchers are engaged on different policies to achieve
this coordination (Leng 2005; Kumar et al. 2013; Singh
et al. 2019). As a result, different types of policies and
strategies are implemented for enhancing the effectiveness
of the supply chain. Such strategies are return policies (Zhu
2012; Hu et al. 2014), revenue sharing policies (van der
Rhee et al. 2014; Zhang et al. 2019), quantity discounts
(Zhou 2007; Tsai 2007; Peng et al. 2018), etc. One new
method of coordination in supply chain is strategic alliance
which has been recently considered by researchers (Am-
rouche and Yan 2013; Karray and Sigué 2015). In most of
the researches, supplier has the power within the supply
chain (Zhou et al. 2008; Liu et al. 2019). On the other hand,
supplier is not the foremost powerful member of the supply
chain all the time. Retailers can play an active role as a
robust member within the market. Thus, retailer can be the
dominator in the supply chain (Zhou et al. 2015; Taleizadeh
et al. 2017). This study investigates the pricing issue with
strategic alliance in a supply chain which the retailer is a
leader and new potential supplier wants to enter the speci-
fied supply chain. In reality, we face with dynamic and
volatile market, and our supply chain would face with the
arrival of new members. Consequently, the concept of new
member is essential to be implemented within the model.
Amrouche and Yan (2013) stated that there is a highly
significant difference between strategic alliance among the
supply chain members and vertical integration. Strategic
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alliance implies that supply chain members share all their
power to achieve the common goal but work indepen-
dently. Vertical integration means that two different stages
of supply chain (e.g. producer and retailer) work under the
identical management to extend their power in the market
(Amrouche and Yan 2013). In this study, different strate-
gies of alliance among the supply chain members are
studied. Because of the rise of competition among the
retailers in today’s market as well as the variety of prod-
ucts, the supply chain members must seek for encouraging
policies for customers to possess more sale and increase the
number of customers in supply chain. It is argued that
customer loyalty is an essential factor for supply chain
success which is influenced by retail price and retail ser-
vices (Yuen and Chan 2010). Thus, in today’s competitive
market, customers have more power in the supply chain.
For this reason, different policies must be implemented for
satisfying the customer. As mentioned, return policies are
one of these policies. However, nowadays the product
return is not only due to the adverse quality, but other
reasons such as the difficulty of product installation and
implementation, incompatible performance of product,
customer performance, or customer regret can cause the
product return (Shulman et al. 2011). Furthermore, the
optimal refund amount must be determined because
although the full refund amount increases customer satis-
faction, it is not in favor of the producer (Xu et al. 2015).
Therefore, determining the optimal refund amount is one of
the factors discussed in this study.

Another factor which can bring competitive advantage
to the modern supply chain is green products (Basiri and
Heydari 2017; Mari¢ and Opazo-Basaez 2019). The issue
of sustainability in supply chain has been emphasizing due
to the social, environmental and economic aspects (Hak
et al. 2016). The population is increasing according to the
reports (UN 2017). Thus, producers have to consider the
customers’ needs and environment simultaneously. In this
regard, producing products with appropriate quality and
lowest negative effect on the environment is concerned in
researches (Hong et al. 2019). Environmental aspect of
sustainability is essential to be modeled in the researches
(Everard and Longhurst 2018). In addition, customer’s
awareness of climate change and pollution makes manu-
facturers to produce environment-friendly products. In the
industry with increased production, the use of fossil fuels
and pollution is increasing (Mahmoudi and Rasti-Barzoki
2018). Hence, achieving the goal of sustainability through
producing green products has been discussing (Madani and
Rasti-Barzoki 2017). Such concerns guide the manufac-
turers toward producing green products to contend with
harmful effects of the supply chain activities (Jakhar 2014;
Shibin et al. 2016). As a result, studying the green product,
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its effect on supply chain, and green degree of products are
among the factors discussed in this study.

When green products are produced, customers have to
choose based on their priorities. As a result, the demand
between choosing the green and non-green product is
considered. Due to the variety of the products, it is crucial
for firms to produce based on the real demand. Thus, it is
essential for firms to plan their approach by considering the
disruptions (Waller and Fawcett 2013; Schniederjans et al.
2020). In general, most studies on supply chain manage-
ment are conducted under normal conditions. In other
words, the market demand is constant and the producer has
the full information. In real conditions, the human and
natural factors can cause demand fluctuations in the mar-
ket. Disruption risk management minimizes the negative
effects of risk on the performance of supply chain (Ali
et al. 2018). Demand is one of the factors that is very
effective in supply chain performance. Demand disruption
occurs due to the factors such as losing the main customers,
creative competitors, and inappropriate prediction of
demand (Koblen and Skurkové 2015). Consequently, the
demand disruption is considered as probable in the model
and its effect is studied numerically in the two-stage supply
chain where the retailer is leader and the suppliers are
followers.

Consequently, as mentioned above, we studied different
types of alliance strategies in a two-echelon sustainable
supply chain composed of retailer and supplier in the
presence of disruption risk and we investigate the effect of
some parameters on the green degree in four alliance
strategies. We determine the optimal value of refund
amount, retail price, wholesale price, favorable margin of
revenue and green degree in all possible alliance strategies.
Also, we provide insights into the effects of green degree in
all possible alliance strategies and the impact of the arrival
of a new member into the supply chain. We determine
some factors which can change the optimal alliance strat-
egy. In all previous statements, we consider return policy
and its effects on our model. To best of our knowledge this
is the first time these factors are modeled together for
improving our decisions in the real market. Following
questions are answered in this study:

1. Is it beneficial for the retailer to accept the arrival of a
green product?

2. Which parameters can change the optimal alliance
strategy?

3. What is the effect of return rate in the supply chain in
all kinds of alliance strategies?

4. How probability of demand disruption can change the
green degree in all kinds of alliance strategies?
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5. How the retailer can coordinate the supply chain by
considering the demand disruption between green and
non-green products?

The sections of this paper are organized as follows.
“Review of literature” section provides a review of liter-
ature. “Problem Statement” section presents the structure
of the studied supply chain and defines the four alliance
strategies. In “Model Formulation” section, we formulize
the different models. In “Optimal Solutions” section,
optimal solutions for different strategies are discussed. A
procedure is proposed in “Decision-Making Stages of
Optimal Alliance Strategy Selection™ section for selecting
the optimal alliance strategy. Numerical analysis is pre-
sented in “Numerical Example” section. In “Sensitivity
Analysis” section, the sensitivity analysis is discussed.
Finally, in “Conclusion” section the summary of our
research is provided.

Review of Literature

The form and selection of alliance type in supply chain is a
significant issue. In this study, the word “alliance” means
that the various supply chain members cooperate and have
benefit sharing mechanism to own more sale and profit
(Taleizadeh et al. 2017). There is little research on alliance
selection in supply chain system. Gayle and Brown (2014)
presented a model about airline indicating how alliance can
affect demand and supply. In addition, Amrouche and Yan
(2013) studied the effect of strategic alliance on decision-
making associated with to pricing in a supply chain com-
posed of a producer and two retailers. They found that
strategic alliance cannot be always profitable for supply
chain members. Karray and Sigué (2015) investigated the
supply chain composed of three manufacturers that in this
chain, two manufacturers of complementary product and
one manufacturer of independent product worked. In their
study, three scenarios are studied by using the game theory
such as no promotional partnership is among the members,
promotional partnership is between the producers of com-
plementary products, and promotional partnership is
between all three members. Thus, the optimal case of
alliance and partnership is selected after reviewing three
scenarios. Nguyen (2019) studied performance evaluation
in a construction industry and used up-to-date data envel-
opment analysis method to extend the effectiveness of the
choice. The issue of finding the optimal alliance strategy
was discussed to provide managers beneficial insights.
Zhou et al. (2015) studied the pricing issue with alliance
selection in a supply chain where retailer plays a role as
leader and the upstream member can enter the supply
chain.
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Market is not constant in the economic system and real
world. Thus, a new member can enter the supply chain at
any time. Hauser and Wernerfelt (1998) studied the deci-
sions on competitive pricing when a new member enters
the market. Little research was conducted on the challenges
related to the arrival of new members. So that, many
researchers such as Tyagi (1999) and Schultz (1999) con-
sidered the arrival of a downstream member such as retailer
to the chain and studied its effect on pricing. In addition,
some studies were conducted within which the supplier
prevented the arrival of a new supplier to the supply chain
by considering some limitations such as the study of Xiao
and Qi (2010). Then, Arbatskaya (2001) considered a
supply chain using low-price guarantee strategy for pre-
venting the arrival of a new member to supply chain. As it
is mentioned above, Zhou et al. (2015) studied the arrival
of an upstream member by implementing alliance selection
for coordination. In their research, return policy is not
considered as a promotional policy.

Todays, many promotional policies are considered in
addition to the pricing policies which are used for customer
attraction due to the intense competition between the
retailers selling their similar products via traditional and
online channels. For instance, return policy is one among
these policies. In return policies, the refund amount in
purchase of consumer and decisions related to return are
very significant. The effect of partial refund amount and
full refund amount on customer return was studied by
Mukhopadhyay and Setoputro (2004). In the mentioned
study, the effect of return policies and pricing strategy on
consumer purchase and product return decisions in an
online sale channel is studied that the return amount in that
demand only depends on return policy. Ai et al. (2012)
studied the case where two supply chains producing sub-
stitutable products compete with one another. In the two
desired supply chains, there is demand uncertainty and
pricing issue is studied in two states of presence and
absence of full return policy indicating that the role of full
return policy when there are two competitive chains differs
from when there is just one supply chain. Xu et al. (2015)
investigated the return policies when the customer evalu-
ation depends on the refund amount and the time when the
customer can return that product. Based on the study
conducted by Su (2009), full refund causes adverse and
unnecessary returns. Javadi et al. (2019) defined a model
which considered environmental concerns. This study
investigates optimal pricing under governmental policies in
a dual-channel supply chain and different types of return
policies. Li et al. (2019) investigated a supply chain with a
manufacturer which can sell its product in online and tra-
ditional channels. In their study, they search about the
effects of four return policies: full refund amount in the
online channel, full refund amount in the traditional
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channel, full refund amount in both channels, no refund
amount in both channels. As a result, the optimal refund
amount must be considered too. Thus, Taleizadeh et al.
(2017) studied pricing and alliance selection by consider-
ing the return policy and arrival of a new member to the
supply chain. In their study, they ignore the effect of risk in
the model.

Supply chain risk management is a systematic approach
for identifying, evaluating, reducing, and controlling the
disruption risks in supply chain which are considered for
controlling the negative effects of risks on supply chain
performance (Aqlan and Lam 2016; Aldrighetti et al. 2019).
In line with the effective management of supply chain,
organizations analyze and identify the internal and external
risks. Chen and Xiao (2009)studied a supply chain com-
posed of a producer, dominant retailer, and several marginal
retailers. In their study, the coordination between supply
chain members is studied when there is the demand dis-
ruption risk. Huang et al. (2012) studied the production and
pricing issue for a two-period and two-channel supply chain
composed of a producer and a retailer when there is a
demand disruption risk. Cao et al. (2013) investigated the
coordination mechanism in a supply chain composed of a
manufacturer and n retailers when the demand and cost
disruptions are considered simultaneously. In addition, in
their study, the coordination mechanism is used by con-
sidering the revenue sharing and the effect of these two risks
on the contracts of revenue sharing to select the optimal
strategy for supply chain members. Aqlan and Lam (2016)
investigated the supply chain optimization and simulation
techniques for risk management in supply chain. Pi et al.
(2019) considered pricing and service strategies in a supply
chain which consists of a manufacturer and two retailers. In
the mentioned supply chain, manufacturer sells its product
through online channel and two retailers in the presence of
demand disruption. Paul et al. (2017) studied a three-stage
supply chain composed of several manufacturers, distribu-
tors, and retailers. Three approaches are presented in their
study: the first approach presents an ideal program for
unlimited time horizon and a program for the time any
change occurs in data. The second approach presents a
program for managing predictive demand changes. Finally,
an approach is presented for studying the sudden disruption
management of production. Ali et al. (2018) investigated
the price and service levels in a supply chain composed of a
producer and several retailers with demand disruption risk.
The mentioned study deals with supply chain in centralized
and decentralized states. Based on previous analyses, the
prices and service levels are affected by demand disruption
risk. Evaluating risks in green supply chain is considered in
Mangla et al. (2015). Rahmani and Yavari (2019)defined a
model which demand disruption risk is considered in a dual-
channel green supply chain. In their model pricing,
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greenness and production variables are formulated. Because
of the importance of having environment-friendly products,
researchers have started considering the concept of green
supply chain and its effects.

Environmental concerns are increasing with the expan-
sion of production and increase in consumption. Thus, the
supply chain members arrange to reduce the negative
effects resulted from increasing production by using the
concept of green supply management which means the
purchase, production, distribution, marketing, and man-
agement of green products. Madaan and Choudhary (2015)
studied product recover system as a strategy to reach sus-
tainability in the supply chain. Zahraee et al. (2018) studied
factors which are important in choosing suppliers for green
activities in automotive industry in Iran. Kafa et al. (2013)
studied the sustainability performance in the management
of a supply chain to which the green concept was added for
evaluating the sustainability performance. Zhang and Liu
(2013) examined the three-stage supply chain that the
demand function depends on the product green degree and
in this study the green degree is considered as constant.
Zhu and He (2017) explored the fact that how green level
can be affected by different factors in a supply chain
composed of two manufacturers and one retailer. Yang and
Xiao (2017) studied a supply chain with the involvement of
the government. The supply chain in their study consists of
three members. In all three cases, the game theory is used
by considering the involvement of government, when the
consumer demand and production cost are fuzzy, to study
the pricing, level of green, and expected benefit. Madani
and Rasti-Barzoki (2017) investigated the government
policies for guiding the production toward more green and
sustainable production of products. In their study, the
benefit of supply chain in case of the financial involvement
of the government and product green degree is studied in
centralized and decentralized strategies. Mahmoudi and
Rasti-Barzoki (2018) considered a green supply chain in
which the government looks for optimal decisions to
encourage the producers observe the values and control the
production of greenhouse gases and global warming. In
fact, the financial involvement of government is considered
in their supply chain. Basiri and Heydari (2017) studied a
supply chain producing a non-green product but attempting
to sell a new green product. Jamali et al. (2018) investi-
gated the pricing issue in two competitive supply chains
having two sale channels. These two supply chains produce
two substitutable products. Jamali and Rasti-Barzoki
(2019) studied a sustainable supply chain consists of two
manufacturers, produced green and non-green product, and
a third-party to examine how the carbon emission and
delivery time can be reduced. They found that for gaining a
profitable supply chain and acceptable sustainability, it is
important to have strategies for competition between
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members. In the mentioned study, the model is solved in
centralized and decentralized games. In this study, the
optimal price for both products and optimal green degree
for the second product are studied.

As mentioned, the study of supply chain when there is
such a risk in the real market became significant due to the
presence of demand disruption risk. Todays, green products
are highly considered for having the green supply chain. In
this study, the supply chain in which the retailer is leader is
addressed and the return policy with alliance selection is
studied in four strategies. In this chain, it is possible to
enter a new potential supplier producing the green product.
These factors are studied together to model the real market.

Problem Statement

In this study, the pricing policies, return, and alliance
selection are studied in a two-echelon supply chain com-
posed of retailer and supplier. In this supply chain, supplier
provides the retailer with his product in wholesale price
and the retailer sells it to the customer. Here, there is the
possibility of product return both from customer to retailer
and from retailer to supplier. In this supply chain, the
retailer is the most powerful member having the role of
leader and other members should follow him. Since the
retailer has the role of leader, he must make decision on
whether the new member is allowed to enter or not. For this
purpose, first the retailer must consider his profit in the
current conditions while the new member enters. If the
profit of retailer increases with the arrival of the new
member, the retailer will allow the new member enter (No
alliance); otherwise, the retailer will not allow (Base
mode). Then, if the retailer allows the new member enter
the supply chain, the retailer must make decisions on
alliance with the new member in four strategies. Retailer
(R) has the responsibility of establishing alliance among
the members. Supplier (S) and new vendor (V) produce the
substitutable products. In addition, here the vendor pro-
duces green product while the old supplier produces the
non-green product. Another issue that is discussed is to the
extent of green degree in case of entering the new vendor.
Thus, the following four alliance strategies are studied:

e RV alliance: In this case, the retailer joins the new
vendor.

e RS alliance: In this case, the retailer joins the old
supplier.

e RSV: In this case, the retailer joins both members.

e No alliance (N): In this case, there is no alliance
between the supply chain members.

In addition, the base demand disruption risk is defined in
problem definition. Demand cannot be considered constant
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and definitive in the real world and some factors change the
demand. Thus, risk is considered to approach the problem
to the real world. The disruption risk can change the
demand with a probability. Figures 1 and 2 show the
desired supply chain at the base mode and when the new
supplier enters.

Model Formulation

The following symbols are used to model the problem. The
value of all parameters, decision variables, and functions is
between 0 and 1 while the values of profit function are
between —1 and +1.

Symbols

Parameters:

cl cost of the unit of first product by the old supplier

c cost of the unit of second product by the new
supplier

w The demand replacement rate between the first and
second products due to the retail price

0 The demand replacement rate between the first and
second products due to refund amount

Y1 The demand increase rate due to the refund amount
of the first product

) The demand increase rate due to the refund amount
of the second product

Fy The basic return of the first product which is not
dependent on the refund amount

F, The basic return of the second product which is not
dependent on the refund amount

fi return rate of the first product which is dependent
on the refund amount

§i) return rate of the second product which is
dependent on the refund amount

M The sensitivity coefficient of the green degree on
the first product demand

A The sensitivity coefficient of the green degree on
the second product demand

u The cost-coefficient of the product green degree

KRV The share percent of retailer from the profit

obtained from RV alliance

kR The share percent of new supplier from the profit
obtained from RV alliance

kﬁs The share percent of retailer from the profit
obtained from RS alliance

kRS The share percent of new supplier from the profit

obtained from RS alliance

The share percent of retailer from the profit

obtained from RSV alliance

RSV
kR
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Fig. 1 Supply chain before the
arrival of the new supplier Supplier 1 B Retailer Py Customer
| W, — rp —
Fig. 2 Supply chain at the w, n
resence of the new supplier . <
P PP Supplier 1
W,
Py
Retailer Customer
> P,
W,
Supplier 2
r
W,
kgsv The share percent of old supplier from the profit — Dj The demand function of the first product with
obtained from RSV alliance demand disruption risk
KRSV The share percent of new supplier from the profit D, The demand function of the second product with

obtained from RSV alliance

Aa;  The effect of disruption risk on the base demand of
the first product

Aa,  The effect of disruption risk on the base demand of
the second product

o The probability of disruption risk for the first
product

®; The probability of disruption risk for the second
product

Decision variables:

Py The retail price for the first product

P,  The retail price for the second product

U, The favorable margin of revenue obtained from the
first product for retailer

U, The favorable margin of revenue obtained from the
second product for retailer

ri  The refund amount of the first product

r»  The refund amount of the second product

W, The wholesale price of the first product

W, The wholesale price of the second product

0 The green degree of the second product

Functions:

D} The demand function of the first product at the base
mode

RB The return function of the first product at the base
mode

D, The demand function of the first product without
disruption risk

D, The demand function of the second product without
disruption risk

@ Springer

demand disruption risk
Ry The return function of the first product

R The return function of the second product

3 The profit function of retailer at the base mode

s The profit function of old supplier at the base mode

ng The profit function of retailer in no-alliance
strategy

ny The profit function of old supplier in no-alliance
strategy

o The profit function of new supplier in no-alliance
strategy

7S The profit function of RS alliance

78S The profit function of new supplier in RS alliance

nkY  The profit function of RV alliance

78V The profit function of old supplier in RV alliance

A The profit function of RSV alliance

Base Model

In the base model, no new supplier enters the supply chain.
Thus, initially the supply chain is composed of a supplier
producing non-green product and a retailer selling his
product as wholesale. Demand functions and return
amounts for the first product at this strategy are as follows
while the demand functions are considered linearly (e.g.
Zhou et al. 2015; Taleizadeh et al. 2017). The effect of
disruption risk is shown as Aa,, and the effect of refund
amount is considered in demand functions.

DY = (1+Aay) — P+ 711 (1)
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D} =1—Pi+yn (2)
Rll3 :Fl +f1r] (3)

Thus, the profit functions of retailer and supplier at the
base mode, where no new supplier has entered the supply
chain yet, are as follows while the disruption risk
probability is as @;:

g = (Pr = W)[(1 +Aarp) = Pr+ ] — (n
— W))R? (4)

iy = (Wi —c)DBo, + (Wi — c)D (1 — ¢y) — W, RP
(5)

Alliance Strategies

After the arrival of the new supplier to the supply chain, the
demand functions for the first non-green product and the
second green product in risk and non-risk modes as well as
the functions related to return values are as follows:

Dy = (1+Aa;) — (1 + w)P; 4+ @Py + (p, + 0)ry — 0,

— b
(6)
D, =(1+ A{@) —(1+ )P+ 0P+ (p, + 0)ra — Oy
+ A0
(7)
Di=1-—(1+w)P +wP+ (y,+0)r; —0r, — 0
(8)
Dy =1— (14 )Py + P + (y, + 0)ry — O + 20
9)
Ry =Fi+fin (10)
Ry =F, +fory (11)

In Egs. (6)—(9), the effect of green degree for the second
product on the demand of the first and second products is
shown. In other words, the demand of the first product
decreases to 4,0 because the green feature of the second
product attracts more attention of customer to this product.
Thus, the demand of the second product increases to 0
(Li et al. 2016; Jamali and Rasti-Barzoki 2018). In these
equations about demand functions, when there is disruption
risk, the base demand value changes as Aa; and Aa, for the
first and second products. It must be noted that the base
demand parameter is considered as 1.

No-alliance Strategy
In this strategy, the new supplier enters the supply chain

with the approval of the retailer. No alliance is formed
between the supply chain members with the decision of the
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retailer and all members make decisions independently. In
this case, the profit functions of each supply chain member
are shown as follows:

ny = (Wi —c)Digy + (Wi — ¢1)Di(1 — @) — WiRy

(12)
my = (Wa — c2)D2py + (Wa — c2)Da(1 — @) — WaR,
H/Z
~n
(13)
my = Ui[(14+ Aarp;) — (1 + @ )P + Py + ri(y; 4 0)
— 0Or, — )»10/]4-

U>[(1 + Aaz,) — (1 + @ )Py + Py + ra(y, + 0)
— 9}"1 + ;QH,] — (}"1 — Wl)Rl — (VQ — Wz)Rz

(14)

The production of green product applies extra cost to the
new supplier. Thus, another cost as ,ue—; is imposed to the
new supplier as well as the regular costs for production, as
observed in profit function of old supplier in Eq. (12),
resulting in reduced profit. Such a reduction is shown in
Eq. (13) (Li et al. 2016; Jamali and Rasti-Barzoki 2018;
Gao et al. 2016).

RV Alliance

After the arrival of the new member to the supply chain,
the retailer may create alliance with the new supplier to
obtain the maximum profit. In this case, the profit function
of the old supplier and profit function in alliance strategy
for the other two members of the chain are as follows:

TEIS{V = (W] — C])ﬁ](pl + (W[ — C])D](l — (pl) — W|R|
(15)
My = (P2 — c2)Dyy + (P2 — c2)Ds(1 — @,)
+ U[(1+Aa19,) — (1+ o )P+ 0Py +ri(y, +0)

2

— 01‘2 — )»10,} — r2R2 — (}’1 — Wl)Rl — ,ll?

(16)
RS Alliance

In another strategy, the retailer may establish alliance with
the old supplier producing the non-green product to max-
imize his profit. In this strategy, the profit function for the
new supplier and profit function in alliance strategy are
shown as follows:
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my = (Wa — 2)D2gpy + (Wa — 2)Da(1 — ) — WaRy

9/2
_#7
(17)
EES = (P1—c1)Dio, + (P —c1)Di(1 — o)
+U2[(1+Aa2(p2)—(l+w )P2+(1)P1 (18)

+ 7‘2(”/2 + 9) — 0r; + /129/]
— 1R — (n—W)R,

RSV Alliance

This alliance strategy is for the time when all three mem-
bers of the supply chain have an alliance to maximize the
profit of retailer. Thus, the profit function in this strategy is
calculated as follows:

taY = (Py — c1)Digy + (P1 — c)Di (1 — ¢y) + (P2
— 2)D2py + (P2 — ¢2)Ds(1 — ¢3) — 1Ry — 12R»
9/2
—n
(19)

Optimal Solutions

After obtaining the profit functions for three members of
the supply chain in different strategies of alliance, we solve
the proposed model. As mentioned, in this problem the
retailer is a leader and other supply chain members follow
him while making decisions. When the new supplier enters
the supply chain, no alliance is established between the two
suppliers, but the formation of such an alliance is per-
formed only by the retailer. In fact, there is a Nash game
between the two suppliers.

Solving the Model at the Base Mode

Consider that the retailer in this supply chain is a leader.
Due to the Stackelberg game and backward induction
method, this model is solved. In this model where no new
supplier is added yet to the two old members, first the profit
function of the old supplier is optimized to this decision
variable by using the backward induction method. Then the

values are placed in the profit function of the retailer and
the optimal values of his decision variables are calculated.
The price of the retailer for the first product is as follows:

P =W+ U (20)
By replacing Egs. (1), (2), (3), and (20) in Eq. (5) the

profit function of the old supplier is as follows:

7'5153 =W, —ci+c W, — W, U —W%—F]Wl —|—Aa|(p1W1
—cAarp; — iWir + Wi — ey + alUy

(21)

The second derivative of the desired function is used to
study the concavity of single variable functions. It can be
proved that the profit function in Eq. (21) in W, is concave
(Proved in “Appendix 17). Thus, the optimal value of the
product wholesale price is calculated as follows:

Wi=1=Pi+nry +c —fin—Fi+Aaq g (22)

By replacing Egs. (3) and (22) in Eq. (4), the profit
function of retailer in this strategy is as follows:
TEg = 2F1 — (] +3P] —|—F16‘1 —2F1P1 —F1r1
—2Aay, + 1Py + 2firy — 2pyr1 — fir; — F}
— 2P} — Aajoi — fir
— ’V%V% —|—2F1Aa](p1 — 2F1f1r1 —|—2F1y1r1
—c1Aa1p) +3Aa Py + ey — apin
— 2f1P1r1 + 3'})1P1l"1 —+ 2f1y1r%
+2fidarpyry — 2y Aaypyry — 1
(23)
In order to prove the concavity of profit function with
two decision variables in Eq. (23), the Hessian matrix is
used. The minor of the first order should be negative while
the minor of the second order should be positive for
concave profit function and such conditions are studied in
“Appendix 1”. By obtaining the partial derivatives for

these two decision variables and solving the obtained
equations, P, and ry are obtained as follows:

_6fi = 2F\fy = 3F1yy + 2e1fi — 21y, + 2F19] — et + 2/ — 2Fifiys + cifiyy + 6fiAaig

Py 2 2
4f7 — 41y + 8fi — 1 (24)
2ffAay — 2fip,Aay @,
4f7 — 4fiy + 8 — 1
@Springer ‘@’
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ry =
2fi —4F1 + 9 — 4R A +2F1) + 2aifi — aiyy + 2fiAaip, +y,Aaig,
Aff —4fiy, + 8 — %

(25)

At the base mode, when the new supplier with green
product is not entered the supply chain, first the retailer as a
leader calculates his decision variables from Egs. (24) and
(25) by Stackelberg game. Then, the old supplier who is the
follower of the leader calculates his decision value from
Eq. (22) based on the decisions of the retailer.

Solving the No-alliance Strategy

With the arrival of the new member to the supply chain
producing the green product, the desired supply chain finds
three members including the retailer establishing alliance
between the members as a leader, old supplier producing
the first and non-green product, and new supplier produc-
ing the green product, and this product is a substitute for
the first product. In this case, no alliance is established
between the supply chain members based on the decision
of the retailer. By using the game theory, solving this
model is as follows. The price of the second product is
considered as follows:

P, =W,+ U, (26)

Based on backward induction method, first two suppliers
simultaneously optimize their profit functions and then
replace the values in the profit functions of the retailer.
Therefore, the decision variables of the retailer are
calculated. In order to determine the profit function of
the old supplier, Egs. (6), (8), (10), (20), and (26) are
placed in Eq. (12). The following equation is obtained:

7IIS\I =W, —c — F{W; — le2 —c1Aa o,
+ bc Uy + beyWy — c1yyr — cioPy + Aaj o W)
+ 110 = ¢10r + ¢10r, — BU W,
—AnWi + 91 Wy + oPaWy — 7,0'W;
— 0 W, — 0w,
(27)
The concavity of Eq. (27) in W, is shown in “Appendix

1”. Thus, the optimal wholesale price of the product by
using the partial derivative is calculated as follows:
W| =

bey — Fy + Aaypy — bUy — firy + yy11 — A0 + oUs + oWa + 0r) — 0ry + 1
2b

(28)

In order to determine the profit function of the new
supplier, Egs. (7), (8), (11), (20), and (26) are replaced in
Eq. (13). Then, the desired profit function is obtained as
follows:

9/2
7'55 = W2 — Cy — F2W2 — bsz — ,u7 — czAa2<p2
+ bey Uy + bea Wy — coyars
+ Aaz(pZWQ — 6‘2/120/ — U,
— oWy + c20r — c20ry — bU,W, — W,
+ P, Wo 4 IO Wy + U, Wy + oWa W,
— 07‘1W2 + 0]"2W2
(29)

Based on the conditions considered in “Appendix 17,

Eq. (29) in W, and ®’ is concave. Thus, the equations for

decision variables by using the partial derivatives of
functions and solving the equations are as follows:

. 2[?,[1[1 — Fy 4+ bcy + Uy — 0rp + Va2 + Ory — for, — bU, + Aazq)z] — 2bC2)é + w1 Aacr

1%
: U(Ab2 — w?) — 2b)2 + iyl (32)
n ,uw[l — F +bc) +wU;, — 0ry + "1+ Ory — firp — bU, + Aal(pl]
w(4b? — ?) — 2b23 + w12y
W, =
bcy — Fr + Auz(pz —bU, — fary + 7,12 + /120/ + oU; + oW + 0ry — 0rp + 1
2b

(30)

)\,
0 =2 (W — ) (31)

U

By replacing Eqgs. (28) and (29) in Eq. (30), the optimal
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wholesale price of the second product is calculated as Wo = B, + ByUi + B3Us + Byr1 + Bsra (38)
follows:

After simplification, Eq. (38) is obtained based on the
following equations:

By replacing Eq. (38) in Eq. (31), the optimal value of
green degree of the second product is calculated as follows:

_ 2bp[l — Fy + bey + Aarpy] + o[l — Fy + bey + Aayg,] — 2bcr /iy + wlilacs

33
d 1(4b? — a?) — 2b72 + wiiia (33)
2bum + pw A
= 34 0 =— (B + PUi + P3Us + fur1 + Psra — ¢ 39
p2 (462 — 0?) — 2672 + wiia (34) 'u(ﬂl BoUs + B3Us + Byr1 + Bsra — c2) (39)
 + 2% By replacing Eqs. (32) and (33) in Eq. (28), the optimal
BS = 2 (35) ; H
(4b? — @2) — 2bJ% + w1 g value of wholesale price for the first product is calculated
as follows:
W — 2bu — AAy + pow + FM% — )é + b)éU1 —|—fl/l§r2 —2b%uU, — yligrl — wi%Uz + w?ul;
: U(Ab2 — w?) — 2bJ2 + wiyJa
n }30}‘2 — /%07‘1 —2bF 1 u+ M Fy — Foun— bcl/l% + 2b2c1,u — Aal(pllg — Cga))é — Aaz(pzillz
w(4b? — ?) — 2bJ3 + wiily (40)
+ Aazq)z,u — be] Ury + Zbylurl + b;h])nZUZ + ba),uU2 +f2/l]/12r2 —fz(l)[ll’z — '))2/11)»2}’2 + Vo UT
©(4b? — w?) — 2b75 + wiy iy
. 2bubry — 2bubry — wl1 AUy + A1 A20r — 21 720r, — oubry + oubr, + 2bAay @i+ bey Ay Ay + beyop
(4b2 — @?) — 2b)5 + wiily
4, — (7, + 0 — fi) o — 2bud (36) Due to .the simpl.iﬁcation, Eq. (46) is obtained by using
4= u(db? — a?) — 2b)~§ T wiiks the following equations:
oy — 2bu — Ay Ay + pow + Fl/l% — /1% —2bF 1+ A AaFy — Foou — bcllg + 2b201,u - Aal(plﬂé — czco}é — Aaz(pz/lliz
W(4b? — ?) — 2b)3 + wliJa
(41)
0 — £)2bu — uwl 2 _op? 21— wi2
Bs — (72 + 0 —f2)2bpu — pow () bl = 2b* i+ 0 — o) (42)

(b2 — ) — 223 + iy (b — ) — 222 + Wiy
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biyg + bou — i3
(4% — ?) — 2bI3 4+ Wiy s

a3 = (43)

} fidh = 0125 — 230 — 2bfip+ 2by, p+ 260 + 21720 — wopd
4 u(4b? — w?) — 2b/l§ + wAi Ay

(44)

o 172+ 50+ frda o = frop — 1o + Do = 200 — 21/a0 + ol
’ (4b? — ) — 2b72 + iy /s

(45)
Wi = oy + U 4+ 03Uy + ogry + 051 (46)

By replacing Eqgs. (10), (11), (20), (26), (38), (39), and
(46) in Eq. (14), the profit function of the retailer is as
follows:

ay 21 a3 a4 ap dapy apiz a4

U, = det azl 22 4z a4 det azl dx dxz a4
asy 3 d4sz das4 asy dasz dszz as4
aql 24 a43 Q44 aq) A4y 443 Q44

(50)
ay aiz 71 ai4 a dapy apz a4

ri = det al axp p az4 det daz) dx a3z a4
asr asz 73 as4 asy dasz dasz as4
aqr A4 24 Q44 aq1 A4y 443 Q44

(51)

ny = Uy + Uy + oy Fy + B1F2 — Fary — bU} — bU3 — fir} — fors + 30U; + B0U; + Fiogry + Fiosry, + Fafyr
+ Fafisra + FiooUy + Fro3Us + FafyUs + Fof3Us — onbUy — BB Us + aufiry + Bifara + Aarp Uy + Aayp, Uy
+ ajoUy + BioU; 4 y11 Uy + 912Uz + 20U Uy + 0r1Uy — 0r U — Ora Uy + 0ryUy — 0abU? — bB3Us + aufir?
+ ﬁ5f2r§ — ogbr Uy — asbryUy — bfyri Uy — bBsraUs + oasfirira + Paforira — azbU, Uy — BrbUUs + aofir Uy
+ oafir Uz + PoforaUs + BaforaUs + agor Uy + aswrUs + fyor Uy + Bsor U 4+ aawU Us + f30U, U,
N B3/3U3 + B173Us — c2J3Uy — PodidaUd + BadariUs + BsiaraUs + Bo U Us — By2a2qUy + c22i 22U,

_ (BahiZon Uy + B3 214U Uz + BsiiZaraUy)
1

This profit function is concave in U, U,, r|, and r,
(Based on the conditions studied in “Appendix 1). Thus,
the obtained equations can be formulated as follows in a
matrix by taking partial derivatives from the profit function
of the retailer in the related decision variables and placing
the obtained equations equal to zero.

air ap ap as | | U 21
az; dx a4 ax U, _ |2 (48)
asy azm ax; ay | | 23
aq1 Qg A3 dag | | 2 24

The optimal values of U;, U,, r;, and r, are determined
as follows:

21 an a3 ap ail ap a3 apg
Z a a a a a a a
Uyj=det | 2 @2 @23 axn det | %21 @22 @23 axn
axp az asy a1 azx az asg
24 A4y Q43 Qa4 as1 Q4 Q43 Q44
(49)

(47)
ay ap aiz 21 ap app apz a4
ry = det dazr dx dxz 22 / det azy dx dz3 A4
asy aszy dsz 3 asy aszy dsz das4
aqr A4y 443 24 a41 Q42 443 Qa4
(52)

The retailer obtains U;, U,, r;, and r, values from
Egs. (49)—(52). Then, the old and new suppliers calculate
the optimal values of W5, ®’, and W; from Egs. (38), (39),
and (46). Finally, the optimal value of the retail price for
the first and second products is obtained from Egs. (20) and
(26).

Solving the RV Alliance Strategy
With the arrival of new supplier to the supply chain, the

retailer decides to ally with the new supplier. After estab-
lishing the alliance between the two above-mentioned
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members, the old supplier optimizes his profit function
independently. Based on Stackelberg game, first the old
supplier optimizes his profit function by backward induc-
tion method then the profit function resulted from the
alliance between the two other members is optimized. For
calculating the profit of each member in the alliance, the
share percent of retailer and new supplier must be deter-
mined. By replacing Egs. (6), (8), (10), and (20) in
Eq. (15), the profit function of the old supplier is as
follows:

=W —c| — FiW, — bW? — ¢jAa @, + be U,
+bei Wy — c1yri — cioP2 + Aa o, Wy
+ 10 = ¢10r) + ¢10r, — BUW,
—AnWi + pn Wi + 0P, W, — 2,0'W,
— 0w, — 0nW,
(53)
Equation (53) is concave as shown in “Appendix 1”. In
order to find the optimal wholesale price of the first
product, we take partial derivative of the profit function of

the old supplier in Eq. (53). Thus, the optimal wholesale
price of the first product is as follows:

bCl —F1+Aa1(p1 —bUl —flrl +y]r1 —).19/+wP2+0r1 —97‘2+1

W1:

2b
(54)

By using Eqgs. (55)—(58), as shown below, Eq. (54) is
simplified and Eq. (59) is obtained:

1 +bey — F1 +Aayo,

A= % (55)
w

Ay =—

=5 (56)
0

Az =—

= (57)
nto0-h

Ay ="

4 5 (58)

1 /ll /
Wl:A1+A2P2—A3}’2—|—A4r1—EUl—%H (59)

In order to obtain the profit function of RS alliance,
Egs. (7), (9), (10), (11), and (20) are placed in Eq. (16):

@ Springer

FU b
—Fll"1 12 : bP2 2

f2r2 - = 0/2 + F1A,Py — F1A3r,

V=P, —cy+ FiA

—fir
+ F1A4r — CzAazq)z

+ by Py — A1bUy + Avfiry + Aaxp, Py — coyors
—+ AalgolUl — Czﬂuze/ — U — Ao + AjoPsy

SUs

— C2/129/ — %U]

+ P,Pary + c20r) — 20, —%rl Uy +y,nU;

3 A
+ AQPZQI +7(0P2U1 — ?IUIH' — 0Py + 0Py

+ 9U1}"1 — 0U1V2
+ A4f1r% +A4CL)P§ + Azcrory + Agcrmr

— AxbPyU; + Ayf1Pary + AsbroUy — Aybri Uy
— Aszfirira — AsoPar
Fi
+ AjoPrr — LQ/ ArcrowPy + ng)b/” o
fl/Ll / wll /
—P,
2b no = 2b 0
(60)

The profit function of alliance in Eq. (60) is concave in
Uy, P,, ry, r», and ®’ due to the conditions mentioned in
“Appendix 17. The partial derivative is taken from the
profit function of Eq. (60) with respect to decision
variables. Such derivatives are set equal to zero and then
converted as matrix shown below:

ay dy dyy o ay  ds U, Z)
ay  dy dy ay  dys P, Z
ay dy dy ay  dis rno| =124 (61)
ay ayp Ay s r Zy
as; dsy ds3 ds,  dss o zs

By solving the above matrix, the optimal values of Uy,
P, 11, 12, and ©®’ can be calculated from the following
equations:

U, = det

! / / !
det| a3, ayn az dy  ass
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ay oz a/13 iy a/IS
ay 7, dy dy s
Py=det|ay 7y ay ay dis
ay Iy dy iy djs
as; 75 dsy dsy  dss (63)
dy ap dy dy o as
ay dxp a’23 ay, ds
det| dy, a-, di d., d.
31 O3z diz d3y dss
ay  dy dy Ay dgs
as; as, dsy dsy ass
dy ap 7y dy ags
ay  ay T Ay A
n=det|dy ay % dyy dis /
dy dy Zy Ay s
as; as, T dsy dss

dy dy dy dy as (6
ay  ay dy dy s
det|ay a3y, dy; dy ay
ay ayp aﬁB ay, ays
as, as, ds; dsy ass
ay ap dy 7 ags
ay  ay dy Z dy

rp=det|dy ay dy Z ay /

dy dy dy Ty djs
! ! ! / !

L ds; dsp ds / Zs s (65)

ay 4y dy dy ds
dy ay dyy dy s
det| a3 ay, dy dy dis
ay ap 0213 Ayy aﬁts
as; ds, ds3 ds, dss
ay dyp djy a7
! a,21 aizz “:23 Ay 2
0 =det| a3 a3 ay ay 2
dy dyp dy oy 7
ds; a5, dsy as (66)
ay dy dyoay as
dy dy dy dy  dis
det| dy a5y dy ay dss
ay Ay d dy s
ds, ds, ds3 a5, dss
In this case, the retailer and new supplier have alliance
with each other and this alliance, as the leader in supply
chain, obtains the optimal value of U;, P», ry, rp, and ®’
from Egs. (62)-(66). Then, the old supplier who is the
follower calculates the optimal value of his decision from
Eq. (59). Then, the old supplier, who is the follower,
calculates the optimal value of his decision from Eq. (59).
Then, the optimal wholesale price of the first product is
obtained from Eq. (20).

L 4

Solving the RS Alliance Strategy

RS alliance is another strategy. In order to obtain the profit
function of new supplier, Egs. (7), (9), (11), and (26) are
placed in Eq. (17):

9/2
7T\R,S = W2 — Cy — F2W2 - bW22 - [l? - CzAaquZ

+ bcy Uy + by Wy — cpy,10 — cowPy
+ Aazq)z W, — CZ;QQ/
+ 20r) — c20ry — bUW, — foraWa + 9,1 Ws
+ COP] W2 + le/Wz — 0"] W2 + 01’2W2
(67)
Based on conditions studied in “Appendix 17, the profit
function is concave in W, and ®’. In order to obtain the
optimal value of decision variables, the partial derivatives

are set equal to zero. In this case, the following equations
are obtained:

W, =

w— czig — Fopi+ beaypt + Aay oy pt — bulUs — foury + pours + opPy — pbry + ubr,
2bu — /1%

(68)

By using Egs. (69)—(72), the simplified Eq. (73) is
obtained:

uw— cz)é — Fou+ beap + Aax o,

A = 69
1 Zbﬂ—ig ( )
U
Al = —"—" 70
= S (70)
uo
. (A e — 71
= (1)
G=——
2bu— 25
/ / / / bu
Wy =A| + AP — Asrp + Ay — o U, (73)
2bp — 75

)»2 b,u
0 =—=|A,+AP —Ari +Ary ———— U — c2>
1 ( 2bp — 75
(74)

By replacing Egs. (6), (8), (10), (11), (26), (73), and (74)
in Eq. (18), the profit function of alliance between the old
supplier and retailer is obtained:
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S = Py —¢i + Uy + A\Fy — Firy — Fary — bP}
— bU; — fir} — fors + ASFaPy — ALFar
+ AyFory — c1Aay @,
+bei Py + Aayg Py — c17yr1 + Aay oy U
—c1wUy + 9, Piry — 10 + ¢10r, + . Us
+2wP Uy + 0Pyry — OP 1y — Or U,
+ 0r U, —|—A2f2r§ —O—A’ngPlrz — Agfz}’lr2
— Alcio — A|bUy + Al fors + Ajo0Py
+ ALoPt + Alcior
— Ajcior, — AYbP1Us + Asbri U, — Aybr Uy
— ASoPr + A oPr, — AycioPy

bl; Abdi
2 : ~2U§_ 2 ZP%
H— 4 H
Fab A5 A4S
—ziu,Uz + 2A2P1U2 =210,
2bp — 72
2
+A£1)é ’ _ bfz,ur2U2 All(,‘lﬂvl/lz — 6‘261}.122
2bu — /15 u
AL A
+ B e ll 2 }’1P1
+ (All ;L% — Cz/g) U2 + )u]/lz(Cz +A’26‘|)P1 - AgCl/‘L])Qr]
u
T A;Clﬂl)vzrz _ AQ/LIAZ P1r2 . bcl;Ll}..zUz bCl(}J‘u,Uz
It 1 2bu—75  2bu—73
b2y — bo
(bhita Zbow)
2bu — 7,5
(75)

The above-mentioned function is concave in Py, U,, rq,
r» under the conditions studied in “Appendix 1”. First, the
partial derivatives of Eq. (75) are taken then the
formulations are set equal to zero. Now, we can
formulate them as a matrix as follows and obtain the
optimal values of decision variables:

" 1 1 " "
ajpp ap diz Ay Py <]
7 1 1 i !
ayy Ay dpz Ay U| _ |2 (76)
a// a/l a// al/ r - 1
31 3 dz3 A3y 1 3
" 1 " " "
g Qg dg3 Ay r 2y

By solving the matrix in Eq. (76), the optimal values of
decision variables are obtained from the following
equations:

@ Springer

/! 1 " 1
Zp ap ap dy
1" 1 "
) Ay Gy a4y
1" Vi "
i3 Az dzz Ay
/! 1 i
4 Qyp GQu3 Ay (77)
a a// al/ a//
11 12 913 dyy
" 1 7
ay) Gy dy3 Ay
det " 1 "
a3p 4z dzz Ay

1 1 "
Ay Qgp Qg3 Gy

a a a a
21 22 23 24
det| 5 7

det dy; Ay dpyz Ay
1

Ay Qgp Q43 Yy (80)
1 " 1 "
det| %21 9 Gz
"
az; Az dzz Ay
1
a4 Qqp Gy Ay

In this problem, the retailer is leader in supply chain.
Thus, when he establishes an alliance with one of the
members, the established alliance is known as the leader of
the supply chain. First, from Egs. (77)-(80) the optimal
value of Py, U,, ry, r, is calculated. Then, the new supplier
who is the follower obtains the optimal values of his
decision variables from Eqs. (73) and (74). In addition, the
optimal value of P, is obtained from Eq. (26).

Solving the RSV Alliance Strategy

In this case, the retailer decides to establish the alliance
between three members of supply chain. In addition, all
three members of the supply chain must determine their
profit share percent including kRSV, k8SV, and %5V, In
order to formulize the profit function in this case, Egs. (1),
(7), (8), (9), (10), and (11) are replaced in Eq. (19). Thus,
the profit function in this strategy is as follows:

L 4
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nisv =Pi—ci—cy+ Py —Firi — Fary —bP%
—bP5 — fir? —ford — g@'z —c1Aa1@, — crAay ¢,
+ bci Py + bey Py
+AarpP1 + Aax Py — 1y — cayara
— 1Py — 2Py + 1740 — c2dn0 + 7, P11y
+ y2Pary — 10 4 ¢10ry + 201
— 201y + 20P Py — A P10 + 2oP20 + 0P 1y
— OPyry + 0Psr

(81)

The profit function for the alliance in Eq. (81) is
concave in Py, Py, ry, 15, and ®’ (See “Appendix 17). In
order to optimize the profit function in Eq. (81) and obtain
the optimal values of decision variables, the partial
derivatives of Eq. (81) are taken with respect to Py, P»,
ri, 1, and ®’ and we set the formulations equal to zero, so
we can formulate them as a matrix as follows:

n 7 1" " n P] "

ap 4dp a3 4y ds 4|
dyodh dod k|| P | |2
dy ol ||| = |2 (82)
diy diyodhodlodl| || |2
dy dloalod di|lo] [

Thus, the optimal values of decision variables are
calculated as follows by solving the above matrix equation:

gy al

Po=det| df dl aly d

§ody dyal d
A T

" " n n "
det| a3 ayp ax ay  ass

(83)

" " " " "
Ay Gy Gu3 Gy Gy
n " n " "
ds; dsp ds3 dsq dss

ay o al
Py=det|dly &l dly d
diy ol al d

di Al dl d

dr At
dot| i all dlf dli !
di oy al di

" " " " "
ap 12 < 14 a5
" " " " "
ayp 4y % 4y dps

_ " n " " "
rp=det|ay a3 3 Ay s
" " " " "
Ay Qqp 2y Gyq Gys

i " " n "

a a Z a a
51 dsp Zs 54 dss
" " " " " (85)

det |yl all dy
dy ol df ol d

" " " " "

ds; dsp) ds3 dsq  dss
" n " " "
ap dp 43 4 dys
p=det|d d dh 2l
dy ol dh ddll
dyalh ol Al
ol
det |ty dlh i dy d
diy ol dh ol d

n " " " "

ds; dspy dsz dsy  dss

" " " " "

app ap diz a4y 4

" n i " "

ay Gy dyz Qyy 2

0 =det|d db ali ol o
A
dyaly dldl

dy dy dy dy o

det| a3 ayp ay ay  dis
didh al dl df

ds; dsy as; s, dss

The optimal values of decision variables are calculated

from Eqgs. (83)-(87).

Decision-Making Stages of Optimal Alliance
Strategy Selection

At sections (4) and (5), some models are presented for all
strategies of alliance strategy and the optimal solutions for
solving these models are studied. In the desired supply
chain, a new supplier with a green product intends to enter
the two-echelon supply chain composed of a supplier and a
dominant retailer. In order to make decision in this strat-
egy, the following procedure is used:

First, the profit function of retailer is calculated when no
new supplier is not entered yet to the supply chain. Then,
the profit of retailer is calculated by using the above-
mentioned equations when the new member is added to the
supply chain, but no alliance is established between the
members. If the profit of retailer in both strategies is pos-
itive and the profit of retailer is more, when no new
member is added to the supply chain, the new member is
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not allowed to enter. Otherwise, the total profit obtained
from the alliance is calculated from Egs. (16), (18), and
(19) for three strategies of alliance (Hiv, His, and Hﬁsv).
Then, the profit of each alliance member is obtained for
each supply chain member. Alliance strategies are sorted in
a descending order based on the profit of retailer. If the
profit of retailer is the same in two or several strategies,
these strategies will be sorted in a descending order based
on the total profit of the supply chain. Accordingly, if the
profit of retailer and at least one of the other supply chain
members is greater than zero at the first level of ranking,
this level of strategy will be selected. Otherwise, the next
level will be studied. If none of the ranked levels is con-
sistent with the above-mentioned conditions, no alliance
strategy will be selected as the optimal alliance strategy.

Numerical Example

In this study, the parameters used in the model are shown
in Table 1 for the numerical analysis of the problem. First,
all model parameters must have a value between zero and
one. In addition, the return value for both products must be
less than the demand value in risky and non-risky modes
(Rl < Min{D1 s D_l}, R2 < MiH{Dg, ITQ})

Regarding the parameters value in Table 1 and the
obtained equations at section (4), the optimal values of
decision variables and profit function values at the base
mode are calculated. The results are shown in Table 2.
Then, the decision variables and profit values for each
member of the supply chain are calculated by using the
obtained equations for decision strategy. Now, the optimal
alliance strategy is discussed due to the obtained results.

Comparing the profit functions of retailer at the base
mode and when the new supplier has entered the supply
chain without, no alliance shows that the arrival of a new
member increases the profit of retailer. Thus, the retailer
allows the new member enters the supply chain. Based on
the profit values calculated in Table 3 and percent of profit
sharing in Table 1, ranking the alliance strategies is cal-
culated in Table 4. Accordingly, RV alliance strategy
allocating the first rank in Table 4 is selected as the optimal
strategy.

The obtained results indicate that any alliance between
the supply chain members increases the total profit of the
supply chain. However, in the studied model, the main
criterion for selecting any optimal alliance is the profit of
retailer. Table 4 shows the optimal profit of all three
members in RS and RSV strategies while it is not selected
as optimal strategy because the profit of retailer in RV
strategy is more than these two strategies. Thus, this
strategy is selected as the optimal strategy
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Sensitivity Analysis

In order to study the effect of changing some parameters on
the type of selected optimal strategy, the green degree and
effect of disruption risk, first some rules are considered.
These are as follows:

1. If the value of the obtained decision variables is more
than 1, these variables will be considered as 1.

2. If the optimal value of return is negative, this value
will be considered as zero.

3. If the optimal value of refund amount is more than the
retail optimal value, the optimal value of refund
amount will be equal to the optimal value of the retail
price.

In the obtained tables, the bold parts indicate the use of
these rules.

The details of the conducted analysis are shown in some
Tables in “Appendix 2”. Based on Fig. 3, the effect of
changing the parameter A, on green degree can be
observed. This figure shows that the green degree for all
mentioned strategies increases with the increase in this
parameter. As a result, the effect of this increase in RV
strategy for green degree is more. This conclusion is
observed in the study of Yang and Xiao (2017). In other
words, the effect of green degree in demand increases.
Thus, the green degree increases to have more demand.
Furthermore, by observing Fig. 3, it can be understood that
the green degree has its highest value in no alliance strat-
egy when A, is equal to 0.01, while in other alliance
strategies the highest value of the green degree is in RV
strategy. As shown in Fig. 4, the green degree reduces in
all alliance strategies with the increase in this parameter. In
this case, the decrease in the green degree of the second
product in RV and RSV strategies are greater than other
strategies. However, according to Tables 5 and 6, the
changes of these two parameters cause no change in the
selected optimal strategy.

Figure 5 shows the effect of changing the parameter u
on green degree. Thus, the green degree decreases with the
increase in this cost-coefficient. In other words, the costs
for producing the green product increase with the increase
in this parameter. Thus, the new supplier has to select less
green degree for his product to reduce the costs and com-
pete with the first product. In addition, as shown in Table 7,
the profit of new supplier producing the green product
reduces with the increase in this parameter while the profit
of the other two members in all alliance strategies increa-
ses. However, no change is created in the type of selected
optimal strategy.

Based on Fig. 6, showing the effect of changing the
probability of disruption risk occurrence, it can be observed
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Table 1 The parameter values of the model

Parameter Value Parameter Value
o} 0.7 A2 0.02
® 0.05 u 0.1
cy 0.4 Aa; = Aay 0.2
e 0.15 kgRY 0.7
1="2 04 kY 0.3
Fi=F 0.1 kg®® 0.7
h=£f 0.11 ks®S 0.3
?1 =0, 0.1 kg% 0.7
s 0.01 ks®*Y = ky®SY 0.15
Table 2 The results of the base mode (B)
Demand Return Decision variables Profit Total profit of the chain
D, D, R, W, P, ry R S
0.4364 0.2364 0.1365 0.5199 0.8962 0.3315 0.1222 — 0.04021 0.152
Table 3 The results at any alliance strategy
Alliance N RV RS RSV
strategy
Demand D, 0.1757 0.23145 0.3327 0.22557
D 0.3757 0.43145 0.5327 0.32557
D, 0.4275 0.6463 0.363 0.61997
D, 0.6275 0.8463 0.563 0.71997
Return R, 0.1475 0.15112 0.122 0.11801
R 0.147 0.16338 0.1486 0.1591
Decision Wi 0.6057 0.41258 - -
variables W, 0.4492 - 0.2879 -
U, 0.3174 0.43146 - -
U, 0.3689 - 0.5117 -
P, 0.9231 0.84404 0.7615 0.7606
P, 0.8181 0.6953 0.7995 0.6749
r 0.4316 0.46474 0.1999 0.53724
e 0.4276 0.57621 0.4414 0.53724
®’ 0.05984 0.07181 0.02757 0.068927
Profit A - 0.36955 0.2763 0.31061
R 0.256 - - -
S — 0.04907 -0.059186 - -
1 0.06765 - 0.0099 -
Chain profit 0.27458 0.310354 0.2862 0.31061

that the total profit of the supply chain increases with the
increase in risk occurrence while RV strategy is still used
as the optimal strategy. Figure 7 shows the effect of

2 4

changing the cost of the first product. The total profit of the
supply chain in all strategies reduces with the increase in
this cost while this parameter causes a change in the
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Table 4 Ranking based on the net profit of each member in every selection strategy

Alliance strategy Net profit of each member of the supply chain Rank
R S \%
RV 0.258678 — 0.059186 0.110862 1
N 0.256 — 0.04907 0.06765 2
RS 0.19341 0.08289 0.0099 3
RSV 0.217427 0.0465915 0.0465915 4
0.14 0.1
0.09
g 012 ¥ 008
& 01 & 0.07
g 0.08 g 0.06
g g 0.05
v 0.06 @ 0.04
& &
v 0.04 o 0.03
£ £ 0.02
0.02 P’ 0.01
0
0.01 0.015 0.02 0.025 0.03 0.005 0.0075 0.01 0.0125 0.015
mN 0.02992 0.04489 0.05984 0.07481 0.08982 mN 0086998  0.077959 0.05984 0.0599 0.050875
mRV 0017246  0.044511 0.07181 0.099185 0.12664 mRV 0090482 0081146  0.07181 0.062491  0.053169
mRS 001376 0.02067 0.02757 0.0395 0.03881 mRS  0.02758 0.02758 0.02757 0.02756 0.02756
HRSV 0016386  0.042637  0.068927  0.095279 0.12171 RSV 0086998  0.077959  0.068927 0.0599 0.050875

EN ERV mRS mRSV

Fig. 3 The effect of changing parameter 4, on green degree

0.16
0.14
g o012
g o
$ 008
v
& 0.06
v
£ 0.04
0.02 ‘
0
0.05 0.075 0.1 0.125 0.15
N 0.1372 0.08401 0.05984 0.04614 0.03736
ERV 0.1438 0.0958 0.07181 0.0574 0.0479
=RS 0.0552 0.0368 0.02757 0.0221 0.0184
=RSV  0.13808 0.091953  0.068927 0.05512 0.045927
mN mRV uRS m RSV

Fig. 4 The effect of changing parameter A, on green degree

optimal strategy. This result is observed in the study of
Taleizadeh et al. (2017). Based on Table 9, the no-alliance
strategy will be selected as the optimal strategy if the value
of this parameter is 0.2 and 0.3.

Figure 8 shows that with the increase in parameter c; the
green degree increases. In other words, the new supplier
increases the green degree for his product in order to
remain in the market, compare to it, and attract the cus-
tomer because price and cost do not only matter to the
customers but other factors such as green degree are of
great significance.
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EN mRV ERS mRSV

Fig. 5 The effect of changing the parameter p on green degree

n

£ 032

$ 031

Z o3

z 0.29

£ 028

5 027

€ 026

8025

£ o024

s 0.05 0.075 0.1 0.125 0.15
uN 0.26736 0.27047 0.2745 0.27569 0.28282
mRV 0301771 0306043 0310354  0.314713  0.319091
mRS 0.2793 0.2829 0.2862 0.29 0.2936
RSV 0.30634 0.308469 0.31061 0.312749 0.31488

EN ERV HRS mRSV

Fig. 6 The effect of changing the probability of disruption risk
occurrence on the total profit of the supply chain

The effect of changing the parameter f; in all strategies
can be observed in Table 10. Based on the obtained results,
this parameter causes some changes in the optimal strategy.
Based on the mentioned table, when f; is equal to 0.165,
the no-alliance strategy is selected as the optimal one.
However, changing the parameter f; can have effect on the
selected optimal alliance strategy, in Fig. 9, it can be
observed that this parameter has a little effect on the green
degree and its impact on the mentioned decision variable is
greater in no alliance strategy than others.
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04 -
0.35
03
0.25
0.2
0.15
0.1
0.05

Total profit of the supply chain

0.2 03 04 05 0.6
EN 0.30956 0.28512 0.2745 0.24403 0.20481
HRV 0.377542 0.339658 0.310354 0.28969 0.27764
uRS 0.367852 0.321976 0.2862 0.26244 0.24658
RSV 0.38174 0.34028 0.31061 0.29274 0.284849

uaN =RV mRS mRSV

Fig. 7 The effect of changing the parameter c¢; on the total profit of
the supply chain

The green degree
o
b3

0.2 03 04 05 0.6
uN 0.03862 0.04914 0.05984 0.07054 0.08126

mRV  0.066097 0.068944 0.07181 0.074687 0.07756
mRS 0.0232 0.02539 0.02757 0.02976 0.03168
RSV 0.057113 0.06302 0.068927 0.074835 0.080742

EN ERV RS mRSV

Fig. 8 The effect of changing the parameter c; on green degree of
products

In Fig. 10, axis X represents parameter /,, axis Y repre-
sents parameter y, and axis Z shows the green degree of the
second product. The green degree in all strategies has the
maximum amount when parameter 1, is maximum and
parameter u is minimum. In addition, the green degree in
RYV alliance strategy is maximum than the other strategies.
In RV, RS, and RSV alliances, the green degree is more
when the two parameters are maximum than the case the
two parameters are minimum. The opposite is true in no-
alliance strategy. The details of calculations can be
observed in Table 11.

Conclusion

With the increasing significance of effective supply chain,
companies seek to select different approaches for achieving
this goal. In addition, the production of green products is
another factor strongly discussed in production due to the
increasing concerns in relation to the environment. Demand
is always fluctuating in the real world. Thus, this demand
fluctuation is simultaneously discussed in the studies along

L 4

0.14
0.12
¥ 01
8
© 008
c
v
L 0.06
o0
v
£ 004
0.02
0
0.055 0.0825 0.1375 0.165
— 0.1136 0.1183 0.1203 0.1206
e RV 0.071553 0.071825 0.071722 0.071606
e RS 0.02715 0.02748 0.02761 0.02764
RSV 0.0675 0.068623 0.069071 0.069154

Fig. 9 The effect of changing the parameter f; on green degree of
products

0.1

0.015

Y Axis 005 o0t X Axis

Fig. 10 The effect of simultaneous change of A4, and u on green
degree

with the other factors to approach the presented models to the
reality. In today’s market, new members may enter the
supply chain producing the substitutable products of the
existing products. Thus, the arrival of upstream members is
an important factor that should be considered in the supply
chain. In this regard, the supply chain is discussed when the
retailer has the role of leader and faces the challenge that
whether he should allow the arrival of the substitutable green
product to the first product or not. As observed, the arrival of
the new supplier to the supply chain is studied in all alliance
strategies in favor of all supply chain members. In addition,
the optimal alliance strategies among all supply chain
members are studied by solving the presented models
Based on the obtained results, creating a centralized
supply chain is not always beneficial for all supply chain
members. Hence, different alliance strategies must be
studied for obtaining an effective and profitable supply
chain. Based on the conducted study in this desired supply
chain, the cost production of the first product and param-
eter f; cause a change in the optimal alliance strategy.
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However, it does not mean that other parameters are
ineffective in the model, but the effect of changing the
parameters on the profit of the supply chain members can
be observed due to the results shown in the tables. On the
other hand, we displayed that the changing of parameter f;
does not have a significant effect on the value of the green
degree. Moreover, the increase in the cost of production of
the first product increases the green degree. The production
of green products applies different costs on the manufac-
turer. Therefore, the optimal value of the green degree is
analyzed.

As shown, the increasing sensitivity coefficient of the
green degree increased the green degree of the second pro-
duct that is more in RV alliance, so that when this sensitivity
coefficient equals to 0.03, the green degree of the second
product increases to 0.12664. The increase in sensitivity
coefficient of green degree in RS is very low. In addition,
when /4, is equal to 0.01, the green degree has its highest
value in no alliance strategy, but in other alliance strategies
the highest value of the green degree is in RV strategy.
Furthermore, the increased cost-coefficient of green degree
decreases the green degree. This sensitivity to the increasing
cost-coefficient of the green degree in RS alliance is lower
compared to other alliance strategies. Lastly, we showed the
effect of simultaneous change of 4, and p on the green
degree. We observed the lowest and highest value of the
green degree in all kinds of alliance strategies and noticed
their differences among strategies. Consequently, the pro-
posed model comprised of different factors investigates the
real situations in the market and provides numerical example
and sensitivity analysis to give understandable insights.

For having an effective supply chain, managers must
formulate their model. By using the proposed model in this
study, it can be seen that, forming an alliance is not ben-
eficial all the time for members. It means that managers
must make decision based on the profit of the members.
When alliance is formed, it is shown that changing the cost
of the production and parameter f; can change the optimal
alliance strategy. Thus, return rate of the non-green product
changes the optimal alliance strategy. Additionally, it can
be seen that the green degree is various in 4 types of alli-
ance strategies. On the other hand, In RV, RS, and RSV
alliances, the green degree is more when A, and p are
maximum than the case the two parameters are minimum.
The opposite is true in no-alliance strategy. In addition,
arrival of the new green producer in not beneficial for the
retailer all the time; therefore, by formulating the real sit-
uation the optimal decision can be made.

Our study can be extended by considering deadline for
return products. This model is studied in single period; thus
it can be studied in multi-period phase. In this study online
channel is ignored. As a result, studying the supply chain
when there is a chance for both online and traditional

@ Springer

channel would be interesting to investigate. Adding cost
disruption risk to the model can make our model more
realistic. In general, the problem statement can extend to
other industries like medical supply chain.
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Appendix 1
Proving the concavity of Eq. (21):

627ESB
= -2<0 88
owp ~ 2F (88)

Thus, the desired equation is concave in the decision
variable.
Proving the concavity of Eq. (23):

o*nB
GP%R = —-4<0 (89)
o? ng azng
oP2  OP,Or
det 62 7'5%3 aZlnB : > 0 (90)
R R

6r16P1 6r%

Proving the concavity of Eq. (27):
azng

= -2b<0 1
aw? = (o1)

Thus, Eq. (91) is concave in the decision variable.

Proving the concavity of Eq. (29):

The following conditions must be established for the
concavity of Eq. (29):

o’y
= _2b<0 92
ow3 - (92)
—2b 1y 2
= — A >
det( P _ﬂ) 2bu—25>0 (93)

Equation (92) is always established and the established
Eq. (93) must be studied.
Proving the concavity of Eq. (47):

ang SO (94)
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ay  apn
azy an

det >0 (95)

app diz a3
det| ay; ax» axp| <0 (96)
as; dasy ass

ap apz aiz apg

a a a a
det| @21 @G22 a3 axn >0 (97)
as; azx a4 axy
L Q41 Qa2 Q43 Qa4
The four above-mentioned conditions must be

established for the concavity of Eq. (47). Obviously, the
elements of the above-mentioned matrices are as follows:

P o’y a o’y g *nf 4
11 — @U% ) 12 — aUlaU27 13 — aU]arl ) 14
627t§ 627t§
= - =— 98
dUor, M T o2 ©8)
Proving the concavity of Eq. (53):
627115“’
=-2b<0 99
ow? (99)

Thus, Eq. (99) is concave in the decision variable.

Proving the concavity of Eq. (60):

Equation (60) is concave in Uy, Py, ry, 1>, and ®’ when
the following conditions are established:

!
ay (100)
(a, d
det| "} "121 >0 (101)
Ld21 A
r ./ ! /
app ap dap
det|ay, db, dabhy| <O (102)
/ ! /
L 431 d3p dzg
r ./ ! / !
app dp a3 dy
/ ! / !
a a a a
det | 7t "2 "B 1 >0 (103)
Az Az d3z Ay
/ ! / !
LG4 Qqp Qg3 Gy
r ./ ! / ! /
ay ap 4 ay 4
/ ! / ! !
ayy dyp dyz3 Gy s
det| a3 a3y, dy dy s | <0 (104)
/ ! / ! !/
dqp Ay Az Gyq Gys
/ ! / ! !/
L4517 dsp ds3 dsqy  dss
The elements of the matrices are as follows:
2_RV 2_RV 2_RV
a,:ans 4 :ans a,:ans J
dur " ouop,’ P ousor T M
2_RV 2_RV 2_RV
:Gns J :ans A :6 g (105)
oUW, B T au 00 TR T 002

Proving the concavity of Eq. (67):

L 4

62n§,s
= —-2b<0 106
=2b A 2
frng — A >
det( Iy _ﬂ) 2bpu—i2>0 (107)

Equation (106) is always established while the
establishment of Eq. (107) must be studied. In case of
correct establishment, it can be said that Eq. (67) is
concave in W, and ®’.

Proving the concavity of Eq. (75):

"
ay; <0 (108)
rnm i
a a
det| )1 121 >0 (109)
ap dxp
r ./ 1 "
app ap ap
" 1 "
det|ay, a5 ay| <0 (110)
" 1 "
L 431 d3p 433
r ./ 1 " 1
app dp a3 Ay
" 1 " 1
a a a a
det| 7t 72 R >0 (111)
dz; dz dzz Ay
" 1 " 1
L G41 G4 Ga3 Gy

The above conditions must be established for concavity
of Eq. (75).

Proving the concavity of Eq. (81):

For proving the concavity of Eq. (81) in Py, Py, 1y, 72,
and ®’ the following conditions must be studied and the
function in Py, P,, r;, 12, and ®’ is concave when the
following conditions are established.

n
4" <0 (112)
r m "
a a
11 12
det| v 4| =0 (113)
Ld21 A
rm " "
app ap dap
det|dayy dayy, ajy| <0 (114)
n " n
L 431 d3p a3
rm n " "
11 9 43 dy
" " " "
a a a a
21 Gy Gy Ay
det| i n n w | =0 ( 115 )
dz; dz d3z Ay
" " "n "
L 441 GQqp Qg3 Ay
r ./ " " " "
g I i B B
/) 1
) Ay Gyz Ay Gps
det|ay i al | <0 (116)
" n " " "
dqp gy g3 Gyq dys
" n " " "
Lds1 dsp ds3 dsqy dss

Appendix 2

See Tables 5, 6, 7, 8, 9, 10 and 11.
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Table 11 The effect of the simultaneous change of /, and u on green degree

RV Ao
0.01 0.015 0.025 0.03

u
0.05 0.0345 0.08909 0.1988 0.2542
0.075 0.023 0.05936 0.1324 0.1691
0.125 0.0138 0.0356 0.07931 0.1012
0.15 0.0115 0.02967 0.06607 0.08432
N e

0.01 0.015 0.025 0.03
u
0.05 0.06856 0.10289 0.17164 0.20609
0.075 0.042005 0.062995 0.10503 0.12607
0.125 0.023065 0.0346 0.057673 0.069214
0.15 0.018678 0.028018 0.04667 0.056044
RS ;.2

0.01 0.015 0.025 0.03

u
0.05 0.02755 0.04136 0.0692 0.08327
0.075 0.01838 0.02759 0.04608 0.0554
0.125 0.01101 0.01654 0.0276 0.03315
0.15 0.009176 0.01378 0.02298 0.0276
RSV Ao

0.01 0.015 0.025 0.03
u
0.05 0.085355 0.19105 0.24434 0.03279
0.075 0.056867 0.12715 0.16249 0.021852
0.125 0.034103 0.076184 0.097296 0.013107
0.15 0.028416 0.063465 0.081039 0.010922
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Key Questions

1. What will be the best strategy and return policy during
disruption in supply chain management ?

2. How can we obtain the flexibility in SCM by defining a good
alliance strategy?

3. What will be the effect of green products and return policy in
the final price for the customers?
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