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ORIGINAL ARTICLE

Sustainable supply chain coordination under competition and green
effort scheme

Seyyed-Mahdi Hosseini-Motlagh , Samira Ebrahimi and Abbas Jokar

School of Industrial Engineering, Iran University of Science and Technology, Tehran, Iran

ABSTRACT
In supply chain (SC) context, many SC members make sustainability effort not only to help
the environment but also promote the market demand. Under such a situation, effective
strategies should be adopted to coordinate the members’ sustainability decisions such as
carbon emission reduction and green effort decisions. This article makes contributions to the
literature on SC coordination by proposing a novel model for coordinating sustainable sup-
ply chain (SSC) under competition. In this investigation, a manufacturer invests to reduce
the carbon emissions and two retailers compete on investing in the green effort. Firstly, the
profit of SSC members and optimal decisions are determined under the decentralised and
centralised systems. Then, a three-party compensation-based contract is proposed for coordi-
nating the SSC decisions and a Nash bargaining model is proposed to fairly share the sur-
plus profit. The results indicate that the proposed contract not only improves the whole SSC
profit and its members compared to the decentralised system, but also improves the whole
SSC performance regarding sustainability. Therefore, the coordination contract is applicable
and efficient from both economic and sustainability viewpoints.
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1. Introduction

In the recent decades, global warming problem has
attracted a great deal of attention of researchers,
companies, and governments. Carbon emissions are
known as one of the main causes of the global warm-
ing (Bai, Xu, & Zhang, 2018). The manufacturers emit
a large amount of carbon into the environment in
their manufacturing process. Accordingly, the govern-
ments try to alleviate carbon emissions by posing
some strict rules (He, Dou, & Zhang, 2017). Carbon
emission tax regulation as one of the main environ-
mental protection policies is imposed by the govern-
ment to enforce the manufacturers to release less
amount of emissions (Yang, Luo, & Wang, 2017).
Under the tax policy, the manufacturers must pay for
per unit of carbon emissions that they release into the
environment (Lee, 2019). Hence, the manufacturers
try to behave more responsible towards the social and
environmental issues. For this purpose, they invest in
advanced technologies to release less amount of emis-
sions (Yang & Chen, 2017). In addition, with the
increase in the customers’ environmental awareness,
the market demand is boosted by increasing the sus-
tainability level (Dai, Zhang, & Tang, 2017).

Generally, manufacturers’ sustainable products
are sold by multiple competitive retailers in order to
improve the sales volume of products (Hosseini-

Motlagh, Nematollahi, Johari, & Sarker, 2018b). In
today’s business environment, the retailers are inter-
ested to participate in the environmental activities
in order to enhance their reputation and brand
images (Claro, Neto, & de Oliveira Claro, 2013).
They try to attract more customers by investing in
the green effort. Moreover, with the increase in con-
sumers’ environmental awareness, price competition
is changed to sustainability competition in the SCs
(Yang, Zhang, et al., 2017). Therefore, the retailers
compete on the green effort and their demand
depends on both their green effort and that of their
rivals. Under such a case, the retailers’ green effort
directly influence the manufacturer’s market
demand. Thus, the manufacturer can cooperate with
the retailers on green effort investment to persuade
them to increase the green effort investment. The
cooperative investment is applied by the manufac-
turer to achieve more market share in competition
with other manufacturers.

Under such a situation, each SSC member’s deci-
sions (i.e., remanufacturer’s and retailers’ sustain-
ability effort) not only influence its own profitability
but also influence the profitability of other SSC
members and the whole SSC. Thus, applying a suit-
able coordination mechanism to improve the whole
SSC and all SSC members’ profit is of high import-
ance. Accordingly, in this study, we aim to
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coordinate all different decisions of SSC members.
To this end, a coordination contract can be devel-
oped to convince the independent SSC members to
optimise their sustainability decisions from the
whole SSC viewpoint.

In this study, we consider a SSC in which the
manufacturer determines the sustainability level and
two retailers competitively determine the level of
green effort. In addition, to improve the environ-
mental sustainability in the SSC, the manufacturer
cooperates in the retailers’ green effort. This prob-
lem is modeled in three different structures. In the
decentralised structure, two game structures (i.e.,
Cournot and Collusion) are investigated between
the two retailers. Then, under the centralised model,
the optimal decisions are determined from the whole
SSC viewpoint. Finally, in the coordinated structure, a
developed three-party compensation-based contract is
applied which not only enhances the SSC economic
and environmental performances, but also enhances
the profitability of SSC members. The main points of
this study are explained as follows: (1) Finding the
optimal sustainability level and the green effort in a
competitive SSC under the carbon emission tax policy.
(2) Evaluating the effect of sustainable competition
and cooperative investment scheme on the perform-
ance of the SSC. (3) Develop a new contract to simul-
taneously coordinate the multiple links of the SSC. (4)
Evaluating the effect of coordination under the carbon
emission tax policy.

The main contributions of the current article are
summarised as: (1) The level of green effort and
sustainability level are determined under three dif-
ferent decision-making structures. (2) The impact of
competitive situations on the green effort between
duopolistic retailers and the impact of cooperative
investment on the performance of SSC are investi-
gated. (3) A three-party compensation-based con-
tract is developed to coordinate the investigated SSC
and a Nash-bargaining model is applied to fairly
divide the surplus profit among the SSC players.

The rest of the current study is structured as follows.
Section 2 reviews the related literature. The problem
statement is defined in Section 3. Section 4 provides
model formulation under decentralised, centralised, and
coordination systems. Parametric analysis and
Numerical analysis are respectively provided in Sections
5 and 6. Section 7 provides the managerial insight.
Finally, Section 8 represents the conclusions. In order
to better present the article, we moved all proofs of
propositions to the Online Supplementary Appendix.

2. Literature review

In this section, the related literature is reviewed in
three main streams: (1) Sustainability effort in the

SSC, (2) Competition in the SSC, and (3)
Cooperative investment in the SSC. Afterward, the
research gaps and contributions of the current study
are addressed.

2.1. Sustainability effort in the SSC

In the recent decades, with the increase of environ-
mental awareness, it is significantly important to
incorporate sustainability issues besides the trad-
itional economic indicators (Paksoy & €Ozceylan,
2014). Consequently, the investigation of SSCs is
becoming popular among the scholars. Savaskan
and Van Wassenhove (2006) coordinated a closed-
loop SC under price competition between two
retailers. Sinayi and Rasti-Barzoki (2018) considered
a green SC in which the manufacturer has both
environmental and social concerns. Jamali and
Rasti-Barzoki (2018) studied the price competition
of a green product with a non-green product in two
SCs. Safarzadeh and Rasti-Barzoki (2019a) investi-
gated a residential energy-efficiency program in a
SSC consisting of supplier, manufacturer, and the
government. Safarzadeh and Rasti-Barzoki (2019b)
examined an energy-efficiency program in a SSC
consisting of two energy-efficient and inefficient
manufacturers and an energy supplier.

Some papers have focused on reducing the car-
bon emissions as a sustainability effort under emis-
sions policies. Dong, Shen, Chow, Yang, and Ng
(2016) analysed a SSC with a manufacturer and a
retailer under cap-and-trade regulation. Bai, Chen,
and Xu (2017) coordinated a manufacturer–retailer
SSC under cap-and-trade regulation. Xu, He, Xu,
and Zhang (2017) investigated the manufacturer’s
carbon abatement under cap-and-trade regulation.
Yang, Luo, et al. (2017) studied the effect of revenue
sharing and first-mover advantage in the process of
reducing a manufacturer’s carbon emissions. Xu,
Chen, and Bai (2016) proposed a supplier-manufac-
turer system in which the manufacturer invests in
carbon emission reduction. Xu, Qi, and Bai (2018)
coordinated a dual-channel SC under carbon emis-
sion capacity. Yuyin and Jinxi (2018) studied the
manufacturer’s carbon emission reduction under the
carbon tax policy. Bai, Gong, Jin, and Xu (2019)
examined the carbon emission reduction activity
and pricing competition.

All the aforementioned papers have mainly
focused on the sustainability effort of the manufac-
turer. However, they have neither investigated the
environmental sustainability effort of the retailers
nor sustainability competition in the SSC. Thus,
considering simultaneous sustainable activities in
both echelons of SSC is of high importance. Unlike
all above papers, we consider a SSC in which
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members in both echelons simultaneously make the
sustainability effort. To be more precise, the manu-
facturer invests in the sustainability level to release
less amount of emissions and two retailers invest in
the green effort.

Swami and Shah (2013) proposed a manufactur-
er–retailer channel where both of the members
invest in the green effort. Dai et al. (2017) devel-
oped a green SC where both the upstream and
downstream tried to save the energy. Although the
above-mentioned papers considered green activities
for both upstream and downstream, they have
studied neither the sustainability level for reducing
the carbon emissions nor the competition on the
sustainability effort, even though, in practice, the
effects of sustainable competition cannot be
neglected in the SSC. Moreover, there has been less
attention on SSC coordination under simultaneous
sustainable activities in both echelons of SSC. In
contrast to the existing literature, in this study, the
manufacturer invests to release less amount of emis-
sions and two duopolistic retailers competitively
invest in the green effort. Moreover, this article for
the first time proposes a new coordination contract
to simultaneously coordinate the manufacturer’s
sustainability level and the retailers’ green effort.

2.2. Sustainability competition in the SSC

With the increase in consumers’ sustainability
awareness, the demand of sustainable products
improves. Consequently, the competition in SSCs
has changed from price competition to sustainability
competition (Yang, Zhang, et al., 2017). The litera-
ture on competition mainly focused on some com-
mon factors such as retail price (e.g., Bai et al.,
2019; Madani & Rasti-Barzoki, 2017; Savaskan &

Van Wassenhove, 2006). To the best of our know-
ledge, few papers have considered the competition
on sustainability effort. For instance, Yang, Zhang,
et al. (2017) investigated the competition between
two manufacturers on the carbon emissions reduc-
tion. Zhu and He (2017) proposed a manufacturer–-
retailer SC in which the price competition and the
greenness competition are analysed. Hafezalkotob
(2017) considered a price and energy-saving compe-
tition between two SCs.

In the above-reviewed studies, environmental
competition has been investigated between the man-
ufacturers of SSCs. Moreover, all the above reviewed
papers investigated competitive situation on the
energy-saving, greenness, and carbon reduction.
While, the current study for the first time investi-
gates sustainability competition between the retailers
on the green effort. Furthermore, SSC coordination
has received less attention under the competitive
situation. Moreover, to model the competition, all
the above papers investigated Cournot game strat-
egy. However, we consider that two duopolistic
retailers follow Cournot or Collusion game strat-
egies. In addition, this article proposes a new
method to simultaneously coordinate the manufac-
turer–retailer links in the SSC under both Cournot
and Collusion behaviors of the retailers.

2.3. Cooperative investment in SSC

Cooperative investment is often applied by SSC
members in order to improve the level of environ-
mental effort. Under the cooperative investment, the
sustainability level is decided cooperatively between
the SSC members (Ghosh & Shah, 2012). Ghosh
and Shah (2012) compared the impact of coopera-
tively and independently determining the green level

Table 1. A brief review of the related literature.

Reference

Environmental
consideration

Type of competition
on environmental issues

Cooperative
investment SSC Links� coordinationUpstream Downstream Cournot Collusion

Ghosh and Shah (2012) � � Mþ R Two-part tariff
Swami and Shah (2013) � � Mþ R Two-part tariff
Dong et al. (2016) � Mþ R Revenue sharing
Xu et al. (2016) � SþM Two-part tariff
Yang and Chen (2017) � � Mþ R –
Xu et al. (2017) � Mþ R Wholesale price

and cost sharing
Bai et al. (2017) � Mþ R Two-part tariff

and revenue sharing
Yang, Luo, et al. (2017) � � Mþ R –
Dai et al. (2017) � � � Mþ R –
Yang, Zhang, et al. (2017) � � Mþ R Revenue sharing
Hafezalkotob (2017) � � Mþ R Profit sharing
Bai et al. (2018) � SþM Investment sharing
Safarzadeh and

Rasti-Barzoki (2019b)
� G-S-M –

Li et al. (2019) � � Mþ R –
Proposed model � � � � � MþMulti R Three-party

compensation-based
contract

�G, Government; S, Supplier; M, Manufacturer; R, Retailer.
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on its optimal level. Yang and Chen (2017) studied
the impact of cooperative investment by a retailer
on the carbon emissions abatement and profitability
of both the retailer and manufacturer. Dai et al.
(2017) investigated a cooperative investment in
which the upstream shares the energy-saving cost of
the downstream. Li, Zhang, Zhao, and Liu (2019)
considered a SSC in which the retailer offers rev-
enue-sharing and cost-sharing contracts to improve
the manufacturer’s carbon emission reduction.

Although the above-mentioned studies investi-
gated cooperative investment, in these studies, com-
petitive situation has been ignored. In addition, in
these studies, coordinating sustainability issues has
received less attention. Different from the studies in
the related literature, this article applies a coopera-
tive investment in a competitive SSC. In this article,
the manufacturer cooperates in the green effort of
both duopolistic retailers by paying a fraction of the
retailers’ green cost. Furthermore, this article con-
tributes to the research field of SC coordination by
proposing a three-party compensation-based con-
tract to coordinate the manufacturer–retailer links
under cooperative investment and competition.

2.4. Research gaps and contributions

A summary of the reviewed literature is presented
in Table 1. According to Table 1, the research gaps
and contributions of this article are as follows:

� Most of the previous studies on SSC coordination
assume that only one member of the SSC takes
part in the sustainability issues (e.g., Bai et al., 2019;
Dong et al., 2016; Yang, Luo, et al., 2017). Few
studies such as Swami and Shah (2013) and Dai
et al. (2017) have considered green effort for both
upstream and downstream. However, in the two
mentioned studies, both the carbon emission reduc-
tion effort and sustainability competition have been
ignored. In the current study, we propose an ana-
lytical SSC coordination scheme in a SSC where
not only the manufacturer invests in sustainability
issues, but also the duopolistic retailers invest in the
green effort as a sustainable issue.

� Although the previous papers have considered the
sustainability competition in the SSC (e.g.,
Hafezalkotob, 2017; Yang, Zhang, et al., 2017; Zhu
& He, 2017), they all have modeled the competitive
situation under Cournot game strategy. In contrast
to the literature, we investigate the competition
between retailers on the green effort under different
game behaviors of the retailers (i.e., Cournot and
Collusion). Unlike the existing literature which has
investigated competitive situation on the energy-

saving, greenness, and carbon reduction, the current
study considers the competition on the green effort
of the retailers. Moreover, in this study, a new
method is developed to simultaneously coordinate
the multiple links in the SSC under both Cournot
and Collusion behaviors of the retailers.

� Although some scholars have investigated the
cooperative investment in the SSCs (e.g., Ghosh &
Shah, 2012; Li et al., 2019), they have ignored the
sustainability competition in the SSCs. Moreover, SC
coordination has received less attention. In this paper,
we apply a cooperative investment under the com-
petitive environment. More precisely, the manufac-
turer offers the cooperative investment to both
competitive retailers. This article contributes to the
research field of SC coordination by proposing a
three-party compensation-based contract to coord-
inate multiple links between the manufacturer and
its retailer under cooperative investment and com-
petition. The developed contract not only achieves
channel coordination but also fairly shares the
extra profit among the SSC actors using a Nash-
bargaining model.

3. Problem statement

In this article, a two-echelon SSC consisting of one
manufacturer and two duopolistic retailers is investi-
gated. In this SSC, a great deal of carbon is gener-
ated by the manufacturer during its production
process. In order to control carbon emission, the
government has taken a tax regulation, which makes
the drastic reduction of emissions. According to this
regulation, the manufacturer has to pay taxes per
unit of carbon emissions. This policy enforces the
manufacturer to invest in new technologies in order
to release less amount of emission.

On the other hand, the products are sold by two
competitive retailers. Due to the high level of com-
petition in the market, retailers are not a price setter
and consequently the price decision in our problem
is considered as an exogenous price. Since these two
retailers are sustainability concerned, they are
involved in sustainable activities as well as the
manufacturer. Two retailers invest in the green
effort to increase sustainable development. Such sus-
tainability effort could increase the product demand
as the consumers pay attention to eco-friendly prod-
ucts when purchasing. Market demand for products
is competitive from sustainable aspect. Thus, the
demand of retailers not only is affected by their
own sustainability effort but also is influenced by
that of each other. Therefore, there is a sustainable
competition between two retailers on the green
effort investment. In real world situations, there
often exists two common types of competitive
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behaviors among the retailers: (1) Cournot behavior
in which they compete with each other in the mar-
ket, and (2) Collusion behavior in which they make
an agreement to jointly cooperate in the market sec-
tor. Moreover, the green effort applied by the
retailers could influence the market share of the
manufacturer such that the higher are the sustain-
ability effort, the higher are the market shares.
Therefore, to achieve competitive advantage, the
manufacturer wants to encourage its retailers to
invest more in the green effort. To this end, the
manufacturer cooperates with its retailers on the
green effort through paying a fraction of their costs.
We named this scheme as cooperative investment.

In the decentralised situation, the manufacturer
individually makes decisions on the sustainability level
and the fractions of green effort costs paid to the
retailers. On the other hand, the two retailers inde-
pendently decide on the investment in the green effort
without considering the profits of its competitor and
the manufacturer. However, such individually deci-
sion-making could influence the SSC profit and its
chain members as well as the sustainability level.
Therefore, this individual structure is not economic
and sustainable from the whole SSC perspective.
Accordingly, the manufacturer aims to use an effective
mechanism to create the best performance of the
whole SSC from both economic and sustainable points
of view. Coordination contracts are effective schemes
which are able to achieve profit improvement for the
entire SSC and its members (Nouri, Hosseini-Motlagh,
Nematollahi, & Sarker, 2018). We propose a three-
party compensation-based contract as a coordination
plan to coordinate sustainable decisions of the manu-
facturer and its retailers. Figure 1 demonstrates the
structures of the investigated SSC.

3.1. Notations

The main parameters and variables used throughout
the article are expressed in Table 2.

4. SSC model development

In this section, the profit functions of SSC actors
and the optimal values of the sustainability level ðsÞ,
the fraction of green effort costs ðuÞ and the level
of green effort ðgiÞ are calculated under three differ-
ent systems. At first, similar to Dong et al. (2016)
and Swami and Shah (2013), in the SSC literature,
the market demand is considered as a linear func-
tion of the sustainability level and the level of green
effort. Retailer i’s demand is formulated in Equation
(1).

Di s, gi, gjð Þ ¼ d þ ssþ hgi � cgj; i, j ¼ 1, 2; i 6¼ j

(1)

In which, dð> 0Þ represents the market base.
More precisely, the demand of retailer i is a linearly
increasing function of the sustainability level (s) and
is also linearly increasing in its level of green effort
(gi) and decreasing in its competitor’s level of green
effort (gj).

The retailers’ green effort costs are modelled
based on a quadratic form in Equation (2). Such a
quadratic function is also used in the related litera-
ture such as Swami and Shah (2013) and Basiri and
Heydari (2017).

Green effort cost ¼ 1
2
�1gi

2 (2)

Let Pri denote the retailer i’s profit function
which is modeled in Equation (3).

Pri gið Þ ¼ p� wð ÞDi s, gi, gjð Þ �
1
2

1� uð Þ�1gi2 (3)

Where the first term represents the sale revenue
which is calculated by many studies in the literature
such as Yang, Zhang, et al. (2017) and Ebrahimi
and Hosseini-Motlagh (2018). The second term
denotes a fraction of the green effort costs that
retailer i pays based on the cooperative investment.
Such a cost sharing scheme is used in similar cases

Figure 1. The structure of the SSC.
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as in Zhou, Bao, Chen, and Xu (2016) and Johari
and Hosseini-Motlagh (2018).

On the other hand, the manufacturer’s demand,
which is sum of the retailers’ demand, is calculated
in Equation (4).

Dt s, g1, g2ð Þ ¼ 2d þ 2ssþ ðh� cÞðg1 þ g2Þ (4)

The carbon emissions are calculated based on the
emissions per unit of product ða� bsÞ: Since the
carbon emissions level cannot be completely omitted
by investing in advanced technologies, it is supposed
that 0 � s < a

b , similar to Bai et al. (2017).
Therefore, the total carbon emissions by the manu-
facturer are calculated in Equation (5).

Total carbon emissions ¼ ½ a� bsð ÞDtðs, g1, g2Þ�
(5)

Moreover, the manufacturer’s sustainability costs
are modelled based on a quadratic function in
Equation (6), similar to Xu et al. (2016).

Sustainability cost ¼ 1
2
�2s

2 (6)

Accordingly, the manufacturer’s profit function
which is denoted by Pm, is calculated in Equation (7).

Pm s,uð Þ ¼ w�mð ÞDt s, g1, g2ð Þ
� c a� bsð ÞDt s, g1, g2ð Þ

h i

� 1
2
�2s

2 � 1
2
u�1 g1

2 þ g2
2

� �
(7)

In which, the first term denotes the sale revenue,
the second term represents the tax of releasing car-
bon, the third term is the cost of sustainability level
and the last term is the sharing cost of green effort
according to the cooperative investment scheme.

4.1. Decentralised system

Under traditional structure named decentralised sys-
tem, each SSC actor determines decisions individu-
ally to gain its maximum profit (Nematollahi,
Hosseini-Motlagh, & Heydari, 2017a). In the SSC
investigation, the level of manufacturer’s sustainabil-
ity and green effort for the retailers directly influ-
ence the market demand and consequently the
profitability of all SSC members. Under the decen-
tralised system, a Manufacturer-Stackelberg game is
used in which the manufacturer is the Stackelberg
leader and each of retailers is its followers.
Moreover, different behaviors may be followed by
the retailers, that is, Cournot and Collusion behav-
iors. To find the optimal solutions on the SSC deci-
sions, backward induction is applied. Thus, first, the
retailers determine the green effort and then consid-
ering the retailers’ responses, the manufacturer
decides on its decisions. In the following, the

optimal decisions of SSC members are studied
under Stackelberg-Cournot and Stackelberg-
Collusion structures, respectively.

4.1.1. Stackelberg-Cournot system
In this structure, two retailers follow Cournot behavior
in which both retailers simultaneously determine their
decisions (Hosseini-Motlagh, Nematollahi, & Nouri,
2018a). Using backward induction, the SSC members’
decisions are achieved under the Stackelberg-Cournot
game indicated by S-Ct.

Proposition 1. Under the Stackelberg-Cournot struc-
ture, the retailer i’s profit function is concave w.r.t. gi:

Therefore, the optimal value of gi is obtained in
Equation (8).

gi ¼ hðp� wÞ
�1ð1� uÞ (8)

The problem of the manufacturer under the Cournot
game, MPS�Ct, is modeled in Equations (9–9d).

MPS�Ct : Pm s,uð Þ ¼ w�mð ÞDt s, g1, g2ð Þ
� c a� bsð ÞDt s, g1, g2ð Þ

h i

� 1
2
�2s

2 � 1
2
u�1 g1

2 þ g2
2

� �

(9)

Subject to:

g1 2 argmax Pr1ðg1Þ (9a)

g2 2 argmax Pr2ðg2Þ (9b)

0 � s <
a
b

(9c)

0 � u � 1 (9d)

Proposition 2. Under the Stackelberg-Cournot struc-
ture, the manufacturer’s profit function is concave
w.r.t. s for a given u when �2 > 4cbs:

Table 2. The parameters and variables used in the article.
Parameters Description

d The market base of products
s Customers’ sensitivity to the sustainability

level, s > 0
h Customers’ sensitivity to the level of

green effort, h > 0
c Competition factor related to the level of

green effort, c > 0
�1 Cost coefficient of green effort, �1 > 0
�2 Cost coefficient of sustainable investment, �2 > 0
p Retail price
w Wholesale price
m Manufacturer’s unit purchase price
a Carbon emissions for each unit product when the

manufacturer does not invest in sustainability
b Sensitivity coefficient of the sustainability

level on decreasing carbon emissions
c Tax on each unit carbon emission
Decisions variables
gi Level of the green effort for retailer i
s Sustainability level
u The fraction of green effort costs which is

shared by the manufacturer
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Hence, the optimal value of sustainability level (s)
is determined in Equation (10).

sS�Ct ¼ 2cb �1 1� uð Þd þ h h� cð Þ p� wð Þ
� �þ 2s�1 1� uð Þ w�m� cað Þ

�1 1� uð Þð�2 � 4cbsÞ
(10)

As mentioned before, the fraction of the green
effort costs (u) is restricted to a limited interval
0, 1½ �: Thus, to find the optimal values of manufac-
turer’s decisions under the Stackelberg-Cournot sys-
tem, the following algorithm is designed:

Stackelberg-Cournot optimal algorithm

Step 1: Set u ¼ 0:
Step 2: Calculate s using Equation (10).
Step 3: Calculate g1 and g2 using Equation (8).
Step 4: Calculate and save the manufacturer’s profit

from Equation (9), according to the current
set ðs,u, g1, g2Þ:

Step 5: If u > 1, go to step 6. Otherwise, set u ¼
uþ e and go to step 2 (where e is
small value).

Step 6: Set ðs,u, g1, g2Þ which achieve the maximum
profit of the remanufacturer is optimal.

According to backward induction, the optimal
level of green effort for retailers are determined in
Equation (11).

gi
S�Ct ¼ hðp� wÞ

�1ð1� uS�CtÞ (11)

4.1.2. Stackelberg-Collusion system
In the Stackelberg-Collusion structure ðS� CnÞ, the
Collusion behavior is pursued by two retailers in
which the retailers cooperatively decide on their
decisions (Hosseini-Motlagh et al., 2018a). Let
PS�Cn

R define the retailers’ profit function which is
sum of the profits of two retailers and is formulated
in Equation (12).

PS�Cn
R g1, g2ð Þ ¼

X2
i¼1

PriðgiÞ

¼ p� wð Þ 2d þ 2ssþ h� cð Þ g1 þ g2ð Þ� �

� 1
2

1� uð Þ�1 g1
2 þ g2

2
� �

(12)

Proposition 3. Under the Stackelberg-Collusion
structure, the retailers’ profit function is concave
w.r.t. g1and g2:

According, the optimal values of g1 and g2 are
determined in Equation (13).

g1 ¼ g2 ¼ ðh� cÞðp� wÞ
�1ð1� uÞ (13)

The problem of manufacturer under the
Collusion game, MPS�Cn, is modeled in Equations
(14–14c).

MPS�Cn : Pm s,uð Þ ¼ w�mð ÞDt s, g1, g2ð Þ
� c a� bsð ÞDt s, g1, g2ð Þ

h i

� 1
2
�2s

2 � 1
2
u�1 g1

2 þ g2
2

� �

(14)

Subject to:

g1, g2 2 argmax PRðg1, g2Þ (14a)

0 � s <
a
b

(14b)

0 � u � 1 (14c)

Proposition 4. Under the Stackelberg-Collusion
structure, the manufacturer’s profit function is con-
cave w.r.t. s for a given u when �2 > 4cbs:

Thus, the optimal value of sustainability level (s)
is achieved in Equation (15).

sS�Cn ¼
2cb �1 1� uð Þd þ h� cð Þ2 p� wð Þ

� �
þ 2s�1 1� uð Þ w�m� cað Þ

�1 1� uð Þð�2 � 4cbsÞ
(15)

The optimal solution of uS�Cn can be calculated
through an algorithm similar to that applied in the
Stackelberg-Cournot game. Using backward induc-
tion, the optimal values of the retailers’ decisions
are obtained in Equation (16).

g1
S�Cn ¼ g2

S�Cn ¼ ðh� cÞðp� wÞ
�1ð1� uS�CnÞ (16)

4.2. Centralised system

Under the centralised system which is indicated by
Cen, all SSC decisions are made by one decision-
maker such that it maximises the whole SSC profit
(Nematollahi, Hosseini-Motlagh, Ignatius, Goh, &
Nia, 2018). Let PCen

sc define the whole SSC profit
function, which is sum of the profits of manufac-
turer and retailers, formulated in Equation (17).

PCen
sc g1, g2, sð Þ ¼ PmðsÞ þPr1ðg1Þ þPr2ðg2Þ

¼ p�m� caþ cbsð ÞDtðs, g1, g2Þ
� 1
2
�1 g1

2 þ g2
2

� �� 1
2
�2s

2

(17)

Proposition 5. Under the centralised system, the
whole SSC profit function is concave w.r.t. g1, g2 and
s when �1 4cbs� �2ð Þ > 2 cb h� cð Þð Þ2:
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Therefore, the optimal values of s, g1, g2 are
obtained in Equations (18) and (19), respectively.

sCen ¼ 2cb�1d þ 2cb h� cð Þ2 p�m� cað Þ þ 2s�1ðp�m� caÞ
�1A1 � 2c2b2ðh� cÞ2

(18)

where A1¼�2�4cbs and A2¼2�1A1�4c2b2ðh�cÞ2:
Although the centralised system maximises the

whole SSC profit, it may not necessarily be desirable
from all SSC members’ perspective. This is because
this joint structure may incur losses to some SSC
actors and thus they do not take part in the central-
ised structure. Therefore, to encourage SSC mem-
bers to shift their decisions to the centralised model,
coordination contracts as incentive scheme could be
used among different SSC members. In the SC
coordination literature, different contracts have been
developed to align different decisions of individual
SC members such as collaborative decision-making
(Hosseini-Motlagh et al., 2018b), quantity discount
(Yang, Munson, Chen, & Shi, 2015), revenue shar-
ing (Zhou & Wang, 2012), cost sharing (He, Xu,
Xu, & Wu, 2016), combine buy back and wholesale
price contracts (Jokar & Hosseini-Motlagh, 2019),
and delay in payment (Jazinaninejad, Seyedhosseini,
Hosseini-Motlagh, & Nematollahi, 2018).

4.3. Coordinated system

In the coordinated model, to compensate SSC mem-
bers’ losses incurred under the centralised system, a
novel three-party compensation-based contract is
proposed among all SSC members under both
Stackelberg-Cournot and Stackelberg-Collusion
games. The links between the manufacturer and its
retailers can be coordinated by the proposed three-
party compensation-based contract and conse-
quently channel coordination across multiple links
can be achieved. Under the proposed three-party
compensation-based contract, two coordination
parameters, that is, (1) the wholesale price ðwÞ and
(2) the fraction of green effort costs ðuÞ are
obtained in such a way that the profitability of SSC
actors improves compared to their individual profits
in X game which demonstrates the Stackelberg-
Cournot and Stackelberg-Collusion game structures.
In this situation, the retailers pay wX for each

product and the manufacturer shares the fraction of
retailers’ green effort costs, uX: In addition, under
the proposed three-party compensation-based con-
tract, all SSC decisions (i.e., manufacturer’s sustain-
ability level and retailers’ green effort) are set
consistent with those of the centralised model.

Therefore, the SSC members’ profit functions under
the proposed three-party compensation-based con-
tract considering X game, which is indicated by
Co� X, are modeled in Equations (20) and (21),
respectively.

PCo�X
m wX ,uX , sCen

� �
¼ wX �mð ÞDt sCen, g1

Cen, g2
Cen

� �

� c
h
a� bsCenð ÞDt sCen, g1

Cen, g2
Cen

� �i

� 1
2
�2s

Cen2 � 1
2
uX�1 g1

Cen2 þ g2
Cen2

� �

(20)

PCo�X
ri wX ,uX , gi

Cen
� �

¼ p� wX
� �

Di sCen, gi
Cen, gj

Cen
� �

� 1
2
ð1� uXÞ�1giCen2

(21)

The SSC members participate in the coordinated
model if and only if their profits are at least equal
to those of the decentralised X game ðDec� XÞ in
Equations (22) and (23), respectively.

PCo�X
m ðwX , uX , sCenÞ > PDec�X

m ðuDec�X , sDec�XÞ
(22)

PCo�X
ri ðwX , uX , gi

CenÞ > PDec�X
ri ðgiDec�XÞ (23)

Equation (22) provides at least required profits
for the manufacturer to participate in the proposed
three-party compensation-based contract and Equation
(23) provides the minimum expectation of retailer i to
take part in the proposed contract. Equations (22–23)
guarantee that the profits of all SSC members improve
in the proposed contract relative to the decentralised
X game. Each pair of the parameters of the proposed
three-party compensation-based contract, ðwX ,uXÞ
divides the extra profit among all SSC members.
However, to fairly share the achieved profit among all
SSC participants, a Nash-bargaining model is proposed
in a way that the optimal values of the fraction of
green effort costs and wholesale price are determined.
Accordingly, the proposed three-party coordination-
based scheme under the Nash-bargaining strategy,

g1
Cen ¼ g2

Cen ¼
h� cð Þ A2 p�m� cað Þ þ cb 4cb�1d þ 4cb h� cð Þ2 p�m� cað Þ þ 4s�1 p�m� cað Þ

� �� �

A2�1
(19)
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CNB is modeled in which the multiplication of extra
profit acquired by each SSC member is maximised
subject to its minimum required satisfaction condi-
tions, in Equations (24–24c).

CNB : Max ¼ ðPCo�X
m �PDec�X

m ÞðPCo�X
r1 �PDec�X

r1 Þ
ðPCo�X

r2 �PDec�X
r2 Þ

(24)

Subject to:

PCo�X
m ðwX , uX , sCenÞ �PDec�X

m ðuDec�X , sDec�XÞ � 0

(24a)

PCo�X
r1 ðwX , uX , g1

CenÞ �PDec�X
r1 ðg1Dec�XÞ � 0

(24b)

PCo�X
r2 ðwX , uX , g2

CenÞ �PDec�X
r2 ðg2Dec�XÞ � 0

(24c)

The coordination parameters of the proposed
three-party compensation-based contract can coord-
inate multiple links and all SSC decisions under
both Stackelberg-Cournot and Stackelberg-Collusion
games and guarantee the profit improvement of all
SSC members.

5. Parametric analysis

In this section, the parametric analysis of proposed
model is discussed.

5.1. Effect of u, c, h, p, m1 on the sustainability level

The following proposition is provided to analyse the
manufacturer’s optimal sustainability level.

Proposition 6. (1) As the optimal fraction of green
effort costs which is shared by the manufacturer
increases, the manufacturer’s sustainability level
grows. This is because the green effort investment
improves and leads to increase in the market
demand. Accordingly, the manufacturer can invest
more in the sustainability level. (2) By increasing the
competition level between two retailers on the level of
green effort (c), the manufacturer’s optimal sustain-
ability level will be lower. Since the green effort
decreases under the intense competition, the market
demand decreases and leads to less investment in the
sustainability level. (3) By growing customers’ sensi-
tivity to the green effort (h), the manufacturer will be
able to increase its sustainability level, because by
increasing the consumers’ sensitivity, the market
demand improves and this enables the manufacturer
to increase the sustainability level. (4) The optimal
sustainability level of manufacturer will be increased
as the retail price increases. Due to more investment
in green effort by the retailers for high retail prices,
the manufacturer’s sustainability level can be

improved. (5) A higher cost of green effort (�1),
would result in a lower optimal sustainability of the
manufacturer. This is because the green effort invest-
ment decreases by increasing the cost. Thus, it leads
to decrease the market demand and consequently
decrease the manufacturer’s ability to invest in sus-
tainability level.

5.2. Effect of h, u, c, w on the green effort

The findings from the parametric analysis on the
retailers’ green effort are presented through
Proposition 7.

Proposition 7. (1) If the customers’ sensitivity to
green effort (h) increases, then the retailers will invest
more in the green effort, because a high green effort
attracts more consumers and leads to profitability.
(2) The optimal green effort rises if the optimal frac-
tion of green effort costs of manufacturer increases.
(3) As the competition factor related to the green
effort (c) grows, the retailers’ investment in green
effort will decrease. (4) With a higher wholesale price
(w), the retailers’ optimal green effort will be lower.

5.3. Effect of u and c on the total demand

Through Proposition 8, the effect of u and c on the
total demand is discussed.

Proposition 8. (1) Increasing the optimal fraction of
green effort costs shared by the manufacturer will
increase the total demand of products. This result
implies that the manufacturer should increase the
fraction of green effort costs to improve its market
share. (2) As the competition factor related to the
green effort (c) increases, the total demand of prod-
ucts will be decreased.

5.4. Effect of d on the per unit carbon emission

The effect of market base on the per unit carbon
emission is presented in Proposition 9.

Proposition 9. As market base (d) increases, the per
unit carbon emission decreases. This result shows
that by increasing the market base, the manufac-
turer’s total carbon emissions decreases relative to
production volume. This is because the high level of
market base enables the manufacturer to improve its
investment in the sustainability level.

6. Experimental results and sensitivity analysis

In this section, the proposed models are analysed by
using the data of an Iranian cooking oil company.
There are many external variables which affect some
parameters of the model and make it hard to
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calculate them. Due to the complexity of quantifying
some parameters (e.g., customers’ environmental
awareness and competition intensity), they are esti-
mated according to the model assumptions. In add-
ition to case data, three additional test problems are
designed to illustrate the performance of the pro-
posed model. Moreover, sensitivity analyses on the
key parameters are provided by using the data of
the case study.

6.1. Case study

This study is motivated by a real case of cooking oil
industry in Iran. Because of the confidentiality reasons,
the name of all SSC members are changed into other
names in this article. GANDOM as an Iranian company
produces cooking oil products. The government
imposes a carbon emission tax regulation and sets a tax
of c ¼ 0:1 Toman per 1000 credits for each unit of
carbon emission. Under this policy, GANDOM invests
in new technologies to reduce emissions. The amount
of carbon emissions for each cooking oil without sus-
tainability investment is a ¼ 4 units and the sensitivity
coefficient of the sustainability level to decreasing car-
bon emissions is b ¼ 0:2: The cost coefficient of sus-
tainability investment is �2 ¼ 6 Toman per 1000 level
for the company. Moreover, the company pays the
manufacturing cost of m ¼ 7 Toman per 1000 oil for
each cooking oil. The market base of GANDOM is d ¼
50 per item: By reducing the emissions for cooking
oils, the market demand increases with coefficient s ¼
5: The company sells cooking oils to the end-customer
through two competing chain stores which are named
HYPER and NAJM.

HYPER and NAJM purchase the cooking oils
with wholesale price w ¼ 11 Toman per 1000 oil
and sell cooking oils to the consumers at price p ¼
15 Toman per 1000 item: Both HYPER and NAJM
are involved in sustainable activities and invest in
the promotional eco-friendly cotton bag (PECB)
scheme as a green effort in order to increase sus-
tainable development. Under the PECB scheme,
eco-friendly bags that are made from cotton are per-
fect alternatives instead of using plastic bags at the
shopping. On the eco-friendly bag, there is a large
surface area that chain stores promote the manufac-
turer’s carbon emission reduction by printing the
company’s brand, green index, and environmental
slogans. The PECB scheme could increase the cook-
ing oil demand with coefficient h ¼ 6: The two
chain stores compete on the level of PECB and the
competition factor is c ¼ 2: The cost coefficient of
green effort is �1 ¼ 5 Toman per 1000 level for the
chain stores. Moreover, the PECB scheme applied
by chain stores could have positive influence on the
market share of the company. Thus, to achieve

competitive advantage, GANDOM wants to encour-
age its chain stores to invest more in the PECB
scheme. To this end, the company applies the
cooperative investment scheme in which GANDOM
cooperates with its stores on the PECB scheme.

The results of running the proposed models are
denoted in Supplementary material Table S3. The
optimal solutions are determined under all systems.
According to the results, the following observations
are obtained:

Comparing two game structures under the decen-
tralised model reveals that under the Stackelberg-
Collusion structure, the profitability of the retailers
is increased in comparison with the Stackelberg-
Cournot game. However, the profitability of manu-
facturer and the whole SSC are decreased compared
to Stackelberg-Cournot game. Consequently, the
retailers are interested to follow Collusion pattern
while the Cournot game is more profitable for the
manufacturer and the whole SSC.

Under the centralised system, the SSC profit as
well as retailers’ profit are greater than those of
both decentralised game structures. However, the
centralised system decreases the manufacturer’s
profit compared to those of the decentralised ones.
Therefore, the manufacturer refuses to take part in
the centralised system. In this situation, according
to Supplementary material Table S3, the proposed
compensation-based contract can entice the manu-
facturer to choose the centralised decisions by
ensuring profit improvement for both manufacturer
and retailers compared to the decentralised system
and achieve a win-win-win situation for SSC actors.
Our findings also reveal that the proposed compen-
sation-based contract is of high applicability as it
can achieve channel coordination under both
Cournot and Collusion games of two retailers.

From sustainability perspective, the proposed
compensation-based contract increases the sustain-
ability level than that of the Stackelberg-Cournot
and Stackelberg-Collusion games. This result shows
that the manufacturer invests more in eco-friendly
technology under the proposed coordination plan.
As a result, the proposed compensation-based con-
tract can make a considerable decrease in the car-
bon emissions. It can be concluded that the
proposed compensation-based contract not only
provides a profitable situation for all SSC players, as
discussed above but also enhances the sustainabil-
ity level.

From the green effort perspective, comparing
Cournot and Collusion game behaviors of retailers
suggests that the retailers decrease their green effort
under the Collusion game, in comparison with the
Cournot one. Whereas, the proposed compensation-
based contract increases the green effort for retailers
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in comparison with the decentralised structures.
Moreover, according to Supplementary material
Table S3, under decentralised Stackelberg-Collusion,
the manufacturer increases the fraction of sharing in
the green effort costs relative to the decentralised
Stackelberg-Cournot. Because the retailers decrease
their investment in the green effort under the
Stackelberg-Collusion game and so the manufacturer
wants to encourage the retailers to increase their
investment in the green effort.

6.2. Test problems

In order to indicate the performance of the pro-
posed models under various data parameters, we
designed three additional test problems. The data of
Test problems 1, 2, and 3 which are indicated in
Supplementary material Table S4 are designed using
the data from Dong et al. (2016), Xu et al. (2016),
and Bai et al. (2017), respectively.

The results of running three Test problems are
indicated in Supplementary material Table S5. From
Supplementary material Table S5, in three test prob-
lems, the green effort level under the Cournot
model is higher than that of the Collusion model.
Moreover, under the Collusion game, although the
retailer’ profitability increases, the manufacturer’s
profitability decreases compared to the Cournot
game. As can be seen in Supplementary material
Table S5, under all test problems, the centralised
model leads to the optimal profit for the whole SSC
while it may cause a loss for some SSC members.
Accordingly, by applying the developed three-party
compensation-based contract, it is observed that the
whole SSC profitability and its members improve in
comparison with the decentralised systems.
Furthermore, under the proposed contract, the sus-
tainability level and green efforts improve compared
to the decentralised structures. Moreover, under the

coordinated model, the carbon emissions decrease
which is consistent with the result of case study.
Therefore, the developed three-party compensation-
based contract is able to enhance both the economic
and environmental aspects of SSC. The results of
the three test problems are similar to that of the
case study, which indicates that the obtained strat-
egies by the proposed model can be generalised into
other similar cases.

6.3. Sensitivity analysis

A series of sensitivity analysis on the key parameters
(i.e., s, c, h, d, c) is conducted to analyse the pro-
posed models. The data of case study are applied for
the sensitivity analysis.

Figure 2(a) and (b) demonstrate the effect of cus-
tomers’ environmental awareness (s) on the sustain-
ability level and level of green effort under
decentralised game structures and coordinated model.
From Figure 2(a), by increasing s, the sustainability
level increases under all structures. However, in the
coordinated system, the sustainability level is higher
than decentralised game structures under different val-
ues of s: Figure 2(a) shows that by increasing s, the
proposed contract will make SSC system behave more
sustainable which results in carbon emissions reduc-
tion. On the other hand, from Figure 2(b), under dif-
ferent values of s, although the green effort goes up
under all structures, the coordinated model improves
the green effort compared to those of the decentralised
ones. It can be concluded that the coordinated struc-
ture can promote environmental measures through
increasing sustainability level and green effort.

Figure 3(a), (b), and (c) show the effect of s on
the profitability of the manufacturer, retailers, and
the entire SSC under all different structures. As
shown in Figure 3(a), by growing s, the manufac-
turer’s profit improves under all structures.

Figure 2. Effect of customers’ sensitivity to sustainability (s) on the sustainability level and green effort.
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Although the manufacturer invests more in the sus-
tainability level under the coordinated system, its
profit is higher than those of decentralised struc-
tures. This is because the proposed coordinated
model increases the sustainability level which leads
to reductions in carbon emissions and consequently
increases customers’ demand. From Figure 3(a), the
centralised structure is not profitable for the manufac-
turer since its profit decreases compared to the decen-
tralised games. The proposed contract persuades the
manufacturer to take part in the coordinated structure.
Figure 3(b) illustrates that the profit of retailer
improves under all structures by growing s: Moreover,
under the centralised structure, the profit of the
retailer is greater than those of the other structures for
all values of s: Under the coordinated structure, the
profit of retailer is more than those under the
Stackelberg-Cournot and Stackelberg-Collusion game
structures. Also, Figure 3(c) indicates that SSC profit
is enhanced for all values of s under all structures.
Indeed, by increasing s, SSC achieves optimum profit

under the coordinated structure because the sustain-
ability level reaches the maximum value. As a result,
the proposed coordinated structure is of high import-
ance as it creates more profit for the retailers, manu-
facturer, and whole SSC.

Figure 4 illustrates the impact of retailers’ competi-
tion level (c) on each retailer’s profit under decentral-
ised and coordinated structures. According to Figure 4,
as the competition intensity on the green effort
between the retailers increases, the retailer’s profit
decreases in all systems. Form Figure 4, under the
decentralised models, the profit of retailer is less than
those of the coordinated models even for high values
of c: Since in highly competitive levels, the coordin-
ation models are more profitable than the decentralised
models. It implies that the proposed compensation-
based contract is of high applicability and efficiency.

Figure 5 illustrates the impact of changing cus-
tomers’ sensitivity to green effort (h) and the com-
petition factor related to green effort (c) on the
whole SSC profit under decentralised structures and

Figure 3. Effect of customers’ sensitivity to sustainability (s) on the manufacturer’s, retailer’ and SSC profit.
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coordinated model. According to Figure 5, under
the coordinated structure, the overall SSC profit is
more than those of the decentralised structures for
all values of h and c: As a result, the proposed com-
pensation-based contract is able to improve the
whole SCC profit compared to those of decentral-
ised models.

The impact of the tax per unit (c) on the amount
of carbon emissions under the different models is
denoted in Figure 6. From Figure 6, by growing c,
the amount of carbon emissions decrease under all
structures. Under the tax regulation, by increasing
c, the manufacturer increases the sustainability
effort to decrease the amount of carbon emissions.
Furthermore, under the decentralised structures, the
amount of released carbon emissions is more sub-
stantial than that of the coordinated system for all
values of c: From Figure 6, it is concluded that the
proposed contract not only improves the whole SSC
profitability but also improves the sustainability level
of the SSC. Therefore, the coordinated system is
able to enhance the performance of the SSC from
both economic and environmental viewpoints.

Figure 7 denotes the changes of the SSC profit
with and without tax regulation under the coordinated
structure. According to Figure 7, the profitability of
the SSC increases under both situations which is a
result of increasing the market base. As shown in

Figure 7, under carbon emissions tax, the entire SSC
profit is higher than the profit of SSC without tax
regulation. Therefore, it can be concluded that the tax
regulation has a positive influence on the amount of
carbon emissions. Moreover, the tax regulation not
only releases less amount of emissions but also enhan-
ces the profitability of SSC. Thus, the carbon emis-
sions tax regulation is an efficient system for reducing
the emissions under the proposed coordinated model.

7. Managerial insights

In this section, several useful managerial insights are
generated based on the extensive sensitivity analyses
conducted in this study.

� Impacts of tax on each unit carbon emission:

Under the tax regulation, the government can
control the carbon emissions by changing the tax on
each unit emission. Under such a situation, the SSC
managers can entice the SSC members to take part
in the coordination model in order to facilitate the
decreasing carbon emissions and costs of tax (see
Figure 6). Therefore, participating in the coordin-
ation model can enhance the level of environmental
and economic sustainability.

� Impacts of green effort competition:

The SSC members’ strategy on determining the
green effort is one of the important factors which
influence the profitability of SSC managers. Under
intense green effort competition, the decentralised
structure may lead to an improper strategy (see
Proposition 7(3)). Moreover, under the Collusion
game, the retailers invest less in green effort compared
to the Cournot behavior. Regarding the results, using a
three-party compensation-based contract can improve
the strategy on determining green effort under intense
competition (see Figure 4). Thus, the proposed

Figure 4. Effect of competition factor related to the green
effort (c) on the retailer’s profit.

Figure 5. Impact of h and c on the SSC profit.

Figure 6. Effects of changing the tax per unit emissions on
the carbon emissions.
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contract can enhance not only the environmental sus-
tainability but also the economic sustainability.

� Managing demand by applying the cooperative
investment scheme:

One of the main issues which the managers face is
to manage the demand of product. In today’s business
environment, by increasing the consumers’ environ-
mental awareness, the higher level of the sustainability
increases the market demand. According to the results
of this investigation, the managers can improve the
sustainability level of the SSC by applying the coopera-
tive investment scheme and consequently increase the
demand of the product (see Proposition 8(1)). The
cooperative investment is a valuable scheme for the
managers in order to keep their competitive advantage.

� Role of carbon emissions tax policy in profitability:

When the tax policy is imposed on the SCs, the
managers are enticed to invest in new technologies to
reduce carbon emissions and accordingly regulate the
costs of tax policy. On the other hand, because of the
importance of environmental issues, the consumers
tend to purchase the products with high level of sus-
tainability. Thus, by investing in new technologies, the
managers’ business become a sustainable system that
leads to increase in the market share in the competi-
tive business environment. Therefore, the managers’
profitability can be improved if they make a suitable
decision on the sustainability level of the products.
According to the results, the coordination mechanism
can be a suitable decision that is extremely efficient in
economic sustainability (see Figure 3).

� Performance of three-party compensation-
based contract:

To manage the sustainability improvement, the
managers can apply the developed three-party com-
pensation-based contract. The proposed contract

can simultaneously coordinate the sustainability
level and the green effort in a SSC under competi-
tion. Consequently, it can be able to enhance the
economic and environmental dimensions of the sus-
tainability (see Figures 2 and 3). In addition, based
on a Nash-bargaining model, the obtained surplus
profit from coordination is shared among the SSC
members and provides a win-win-win situation.

8. Conclusions

With the increase in customers’ environmental
awareness, sustainability effort attracts the attention
of SC members. The current study investigated a
SSC in which the manufacturer released carbon
emissions during its production process.
Accordingly, carbon emissions tax regulation was
imposed on the manufacturer. Under this policy,
the manufacturer invested in new technologies to
reduce the emissions. The sustainable products were
sold by two retailers, who competitively applied a
green effort scheme. Since the green effort affected
the manufacturer’s market share, a cooperative
investment scheme was developed by him to
improve the green effort. According to the coopera-
tive investment, the manufacturer paid a fraction of
green effort cost. In this study, three different struc-
tures were analysed: (1) decentralised system under
Cournot and Collusion games, (2) centralised sys-
tem, and (3) coordinated system. The optimal solu-
tions of the above structures were compared to
analyse the impact of game behaviors on the chain
decisions and sustainability performance. Under the
coordinated model, a novel three-party compensation-
based scheme was proposed to entice the SSC players
to take part in the coordinated system. Moreover, the
extra profit was distributed by using a Nash-bargain-
ing game among the members. Data of Iranian cook-
ing oil industry and three test problems were used to
examine the performance of SSC and further some
sensitivity analyses were performed. The key findings
are summarised as follows:

� From the manufacturer’s sustainability standpoint,
the best sustainable performance will be gained
through the coordinated system. Therefore, the car-
bon emissions decrease significantly under the
coordinated models in comparison to the decen-
tralised game models.

� From the retailers’ viewpoint, the best green
effort will be achieved through the coordinated
system. Furthermore, the Cournot model will
perform significantly well in comparison with the
Collusion structure in terms of green effort.

� From the whole SSC viewpoint, the coordinated
system will provide the best profitability

Figure 7. Effect of market base on the SSC profit with and
without tax regulation.
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performance. The proposed three-party compen-
sation-based contract will resolve the channel
conflict and entice the SSC members to make
centralised decisions. To be more precise, the
proposed coordination contract is capable of
convincing the SSC members, either with
Collusion or Cournot game behaviors, to make
the global decisions.

� From the manufacturer’s profitability perspective,
the Cournot system will lead to a notably higher
profit compared to the Collusion system.
Moreover, the coordinated Cournot model is
superior to the coordinated Collusion model.

� From the retailer’s profitability perspective, the
Collusion model will gain more monetary benefit
compared with the Cournot model. Moreover,
the coordinated Collusion model has more prof-
itability in comparison with the coordinated
Cournot model.

There are many SCs competing with each other
in the real world. Though, in this article and most
of the relevant studies, a single multi-echelon SC
has been considered. Future research can extend the
current study by considering multiple competing
SCs. Moreover, other coordination contracts such as
cost sharing, two-part tariff, and revenue sharing
can be used to coordinate the SSC.
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