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Abstract: Consumers initiating returns online may produce secondary packaging, while most of
the packages are produced by plastics. The more products are returned, the more plastics are used.
Existing research indicates that the plastic packages can contribute to the micro-plastics pollution of
the environment. As consumer environmental awareness (CEA) improves, more and more consumers
are willing to pay extra fees to change the materials of packages from plastics to others in order to
protect the environment, prompting enterprises to adjust to their return policies. In this context,
this paper takes environmental quality improvement effort and the environmental coefficient as
decision variables, and compares the manufacturer’s optimal decisions under with and without
return policy. Our results show as follows: (1) There is a positive correlation between CEA and
environmental quality improvement effort and the environmental coefficient; that is, environmental
quality improvement effort and the environmental coefficient increase with an increase in CEA; (2)
When CEA is high (k ≤ τ ≤ d), there is a threshold for manufacturers to invest in environmental
effort. However, when CEA is low (0 ≤ τ ≤ k), regardless of the return policy the manufacturer
implements, its profit increases with the promotion of CEA, and when the manufacturer allows
consumer returns, the relationship is more obvious; (3) The manufacturer should adopt an appropriate
return policy according to the changes in CEA. When CEA is low (0 ≤ τ ≤ k), the manufacturer
should adopt a without return policy; when CEA is high (k ≤ τ ≤ d), the manufacturer should
adopt a full refund (r = p) return policy, which is the optimal profit, and increase investment in
environmental protection. From the above conclusions, we suggest that the government should
increase the publicity of environmental protection, consumers should establish the awareness of green
consumption, and enterprises should increase investment in environmental quality improvement to
achieve sustainable development.

Keywords: return policy; consumer environmental awareness; environmental quality improvement
effort; environmental coefficient; secondary package

1. Introduction

E-Business has greatly changed the people’s consuming behaviors and provides a
more convenient shopping setting both online and offline for the consumers. In online pur-
chasing, the consumers usually encounter an obvious information uncertainty. Consumers
can neither obtain all the information about the products, nor see and touch the products.
Therefore, after receiving the purchased products online, consumers may not be satisfied
with price changes, product misfit, inconsistency with prior valuation and other factors [1],
thus leading to return the products to the resellers [2]. To reduce or ease the disappointment
and shopping risks of consumers caused by dissatisfaction with purchased products, many
e-commerce companies have formulated different return policies, such as full or partial
refunds, return time agreements, and freight instructions, etc. Return policies can reduce
the risk of online shopping to a certain extent and increase market demand, but they have
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also increased the possibility of online returns for consumers. For example, in the Double
11 event held by Alibaba in 2019, the e-commerce platform supported 7 days of no-question
returns, resulting in a large number of returns after the event. The online return rate for
the Double 11 event reached 7%. Furthermore, when consumers apply for replacement,
manufacturers must repackage the returned products (mainly using plastic bags), which
caused micro-plastics pollution in the air, water, as well as land, etc., and environmental
pollution prevention is paid greater attention by researchers, enterprises and governments.
For example. Danilina and Grigoriev [3] studied information provision in environmental
policy design. They provided an intuitive algorithm to compute optimal multi-tier informa-
tion provision policies, both mandatory and voluntary. In Chaudhuri et al. [4], the authors
analyzed the potential effects of different sociodemographic factors that are likely to influ-
ence WaSH profile development. Ji et al. [5] pointed out that the aggressive CO2 emission
reduction policy could stimulate the development of CCS technology, and the electric
power system would still heavily rely on coal resource, while the tough coal-consumption
control policy could directly promote regional renewable energy development and electric
power structure adjustment.

In the context of countries vigorously promoting green consumption, more and more
consumers are paying attention to this micro-plastics environmental pollution prevention
issues, and consumers’ environmental awareness is gradually increasing. This awareness
is called consumer environmental awareness (CEA) [6]. The BBGM Consumer Report
indicates that approximately 51% of Americans are willing to pay more for products with
high environmental quality, and 67% believe that this is an important way to purchase
products with environmental benefits [7]. The increase in CEA has prompted companies
to focus on environmentally friendly products [8]. Moreover, companies produce green
products to improve profit [9]. Supply chain members have proposed reducing carbon
emissions in forward flows [10,11] and implementing measures to recycle unqualified
products [12,13]. The environmental benefits of green and low-carbon products provide
consumers with additional utility, and companies producing green and low-carbon prod-
ucts gain a higher market share, corporate reputation and market value. Related studies
have begun to use environmental quality effort as a factor for increasing demand [14] and
to use the environmental coefficient to measure the environmental protection of enterprise
products [15].

There is a great number of studies focusing on the micro-plastics pollution to water,
where the main source of micro-plastic is from over-packaging in returned products [16–19].
Therefore, we attempted to study the optimal return strategy and micro-plastics prevention
activities to the water of e-commerce enterprises when consumers have environmental
awareness, including efforts to improve environmental quality, the setting of the environ-
mental coefficient, and the change in market demand and return. For simplicity, this paper
refers to e-commerce enterprises as “manufacturers”. We thus investigated the following
questions:

1. With the increase in CEA, how should manufacturers decide the optimal environ-
mental quality improvement efforts and environmental coefficient?

2. How does the change of CEA affect the profit of manufacturers?
3. How should manufacturers decide the optimal return policy during the change

in CEA?
First, we set two variables as the manufacturer’s decision variables (environmental

quality improvement efforts and environmental coefficient). The change of CEA affects
not only market demand but also the return of consumers. In the process of return, con-
sidering CEA, manufacturers will improve packaging, but this improvement will also
increase the cost of return, which further leads to more costs for consumers. However, con-
sumers with higher environmental awareness are more willing to pay for environmental
protection. Therefore, manufacturers must make their best effort to improve environ-
mental quality and the environmental coefficient to address different levels of consumer
environmental awareness.
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Second, on the basis of previous studies, we build a manufacturer’s profit function
model to better reflect the changes of the manufacturer’s profit. With an increase in CEA,
consumers are more willing to pay additional fees for environmental protection in the
process of returns. Furthermore, the manufacturer’s return policy will also increase market
demand, which will impact the manufacturer’s profit. By calculating the manufacturer’s
profit under different policies, we find that the manufacturer’s profit increases with an
increase in CEA, and in the case of returns, the change is more obvious. On the one hand,
the manufacturer’s return policy increases market demand; on the other hand, it also yields
more returns. However, due to the existence of CEA, consumers are willing to pay the cost
of returns, so the manufacturer can maximize its revenue according to the change in CEA.

Third, our research divides the manufacturer’s return policy into two types: with
return policy and without return policy. To some extent, the return policy alleviates the
uncertainty of online purchasing and increases market demand. However, an excessively
generous return policy will also hurt corporate income [20]. Therefore, manufacturers
must adjust the return policy to achieve their goal of maximizing profit. By calculating
and comparing the manufacturer’s profit in two cases, we find that when CEA is low,
the manufacturer should adopt a without return policy and reduce the effort and coefficient
of environmental quality improvement. By contrast, when CEA is high, the manufacturers
should adopt a strategy of returns to improve the effort and coefficient of environmental
protection quality improvement. In this scenario, the manufacturer’s income reaches the
maximum. However, when CEA reaches a threshold, further increases in environmental
quality improvement effort and environmental coefficient are not conducive to increased
corporate profit. Therefore, the manufacturer should develop the optimal return policy
according to the change in CEA to achieve the goal of maximizing its profit. The govern-
ment and other relevant departments should actively promote environmental protection,
improve the environmental awareness of consumers, urge manufacturers to increase invest-
ment in environmental protection packaging, reduce the pollution of secondary packaging,
and practice the concept of sustainable development.

The paper is organized as follows: We illustrate the research motivation and ques-
tions in Introduction; and review the relevant studies in the following section Literature
Review; We then propose the research model and assumptions in Section 3; The model is
analyzed and results are discussed through presenting the propositions and corollaries (see
Appendix A) in Section 4. We provide a special case study of a full refund return policy in
Section 5. Conclusions and discussions are described in the last section.

2. Literature Review

This paper studies a manufacturer’s return policy considering CEA, focusing on the
return policy, CEA and environmental quality improvement. Therefore, we review the
existing literature related to these three aspects.

2.1. Return Policy

Scholars have done a lot of research on the return problem. Padmanabhan and Png
studied the term and method of an enterprise return policy [21], including no return policy,
full refund [22,23] and partial refund [24]. In general, consumers have the right to apply for
a return to the retailer or manufacturer after purchasing goods [25]. Manufacturers usually
adopt the return policies to attract consumers to buy, and a large number of studies show
that the return strategy can increase the profits of manufacturers. For example, in direct
channels, Su studied how manufacturers adopt a return policy when the consumer valuation
is uncertain. The research established a model to compare the manufacturer’s profit under
different refund policies and determined the optimal price, refund and order quantity [20].
Hsiao and Chen studied the relationship between product quality risk and return policy:
they considered the response of heterogeneous consumers to the return policy. Their
research shows that increasing the improvement in product quality does not always yield
optimal benefits [1]. Furthermore, Chen and Bell found that in the dual channel, the return
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policy can increase the manufacturer’s profit [26]. Xu et al. used the newsvendor model to
solve the manufacturer’s optimal refund and return deadline and analyzed the possibility
of using a return policy to coordinate supply chain benefits [27]. Zhang et al. introduced
a two-stage Stackelberg model that allows manufacturers to implement return policies.
The results of the study showed that the return policy is beneficial for manufacturers to
increase profit when considering consumer utility. In addition, the consumer will prefer
manufacturers with return policies when online shopping [28]. Lantz and Hjort [29] and
Pei et al. [30] noted that allowing full refunds has a significant positive impact on consumers’
willingness to purchase and increases market demand. Xu et al. showed that the return
deadline is positively correlated with consumers’ purchase intention. That is, the longer the
return period is, the more willing consumers are to purchase [27].

Most of the previous literature has focused on product quality misfits, refunds, and the
purchase behavior of heterogeneous consumers. These studies analyzed how companies
adjust the optimal product price and quality to maximize profit; however, they rarely
considered the environmental problems caused by returns. In our research, we add the
environmental factor into our model.

2.2. Consumer Environmental Awareness (CEA)

Another question is that of how CEA affects manufacturer’s earnings. CEA is also
receiving increasing attention from scholars. Previous studies have proven that CEA can
indeed improve the performance of enterprises. For example, Conrad studied how CEA
affects market share, product attributes and prices [31]. Yakita showed that if CEA is
sufficiently high, companies can improve profits by producing green products [32]. The lit-
erature on CEA has focused on two areas: product quality improvement and environmental
protection policies.

The first area is quality improvement efforts. Quality improvement efforts are seen
as a key factor in the supply chain management process [33,34]. For example, Liu et al.
and Yu et al. studied how enterprises develop operational strategies under CEA condi-
tions [14,35]. Su noted how zero-sum scenarios and synergy affect the market structure
of environmental products [36]. Zhang et al. studied how CEA affects supply chain man-
agement and coordination [15]. Ouyang and Fu used mathematical modeling to consider
CEA in the energy-sensitive manufacturing industry to study the optimal decisions of
enterprises. They concluded that CEA always has a positive impact on the profits of energy
enterprises [37].

Another area is environmental protection policy, that is, how the government sets
environmental protection strategies to encourage companies to improve the environmental
quality of products [38]. Zhang et al. examined how government subsidy strategies affect
the design of environmentally friendly products [39]. Luo et al. studied the pricing and
emission strategies of two manufacturers with different emission reduction benefits under
capped transactions [40]. Furthermore, Zhang et al. studied how the carbon cap trading
mechanism affects product design and pricing decisions of competitive manufacturers [41].
Zhang et al. studied the impact of CEA on the order quantity and channel coordination
of both retailers and manufacturers. They showed that the retailer’s profit monotonically
increases and that the manufacturer’s profit is convex with respect to the CEA [15].

2.3. Environmental Quality Improvement Efforts

Product quality is an important factor to meet the needs of customers and enterprises.
Many companies use quality improvement as a powerful competitive tool to fulfill con-
sumer expectations [42]. Xie et al. considered the manufacturer’s improvement in quality at
the same price under market segmentation conditions; their results show that the higher the
product quality, the greater the market demand [43]. Giri et al. established a supply chain
model to study the quality and pricing of multiple oligopoly manufacturers in determining
market demand patterns [44]. Chen et al. studied the impact of quality improvement
investments on retailers and manufacturers in a dual-channel two-stage supply chain pro-
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cess. They used a Stackelberg game to achieve the optimal quality improvement effort and
prices. They found that the retailer can enhance the profit with the improvement of quality.
Under different coordination contracts, quality still plays an important role [45]. Reyniers
and Tapiero studied the effect of coordinated contracts on supplier quality levels and
buyer inspection strategies under cooperative and noncooperative conditions. They further
emphasized the importance of contracts and quality management [46]. Lim considered
the supplier’s quality improvement strategy in the case of asymmetric information on the
basis of predecessors [47]. Zhu et al. considered how to coordinate quality improvement
among members in the channel in a single supply chain process [48] . However, the above
literature does not consider the cost sharing of quality improvement efforts in the supply
chain. This work was eventually completed by [49], who found that greater cooperation
should be implemented in the supply chain to improve the level of quality improvement
effort. Chakraborty et al. considered the influence of cooperative behavior on channel
member pricing and quality improvement decisions in the supply chain. They found that
the improvement of quality also increases the supply chain’s profit [50].

The aforementioned literature solves the problem of how manufacturers improve
quality under competitive conditions; however, product returns are rarely taken into
account. In contrast, this article considers the important factor of environmental protection
and attempts to study how manufacturers can make adjustments to environmental quality
improvement efforts in direct channels.

2.4. Research Gap

In summary, most of the previous research on CEA focused on manufacturers’ product
quality improvement and environmental policies. However, the impact of CEA improve-
ment on corporate return strategies is rarely considered. In contrast to previous studies,
(1) this paper considers the manufacturer’s return policy from the perspective of CEA,
viewing CEA as an important factor in research; (2) we build the manufacturer’s profit
function by setting environmental quality improvement efforts and the environmental
coefficient, where environmental quality improvement effort represents the improvement
of packaging by the manufacturer and the environmental coefficient measures the environ-
mental degree of enterprises compared with traditional enterprises; (3) we also compare
the optimal profit of manufacturers under different return policies and discusses the impact
of CEA on the profit of manufacturers.

3. Model
3.1. Model Assumptions

Hypothesis 1 (H1). Basic conditions. Excessively generous refunds do not optimize supply chain
performance [20]. In addition, to confirm the tractability of employing a return policy, the refund
price must satisfy r ≤ p [51,52]. Furthermore, in order to ensure the manufacturer is profitable
and the rationality of the repairing scenario, the price of the product should be greater than the
production cost. Furthermore, the unit repair cost of production for a returned product should be
less than the unit cost of production for a new product. That is p > c > cr [53,54].

Hypothesis 2 (H2). Parameter threshold of CEA. According to the relevant literature, CEA affects
the willingness of consumers to pay for environmental protection [55]. To simplify the complexity of
the model, this paper assumes that CEA is a random variable following a uniform distribution on
[0, d]; that is, τ ∼ U(0, d). When τ = 0, E(τ) = d

2 , indicating that consumers are not willing to
pay for environmental protection.

Hypothesis 3 (H3). Demand function. Suppose that market demand is affected by product price,
consumer environmental awareness, environmental quality improvement efforts and other factors
and that market demand is a linear function of these factors. Similar to the relevant research in
Swami and Shah [56], Dong et al. [57], Wang et al. [58], the demand of the market can be written
as follows:
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D = β− γp + τq (1)

In which β is the market’s demand potential, which is independent of product price
(p), environmental quality improvement efforts (q) and consumer environmental awareness
(τ). γ is the price sensitivity parameter representing the sensitivity of market demand to
product price (γ ≥ 0). To avoid complex discussions, we assume that market demand can
always be met (D ≥ 0).

Furthermore, according to the research in Li et al. [51], a consumer can decide whether
to return the product after receiving the product. Hence, the return model is given by the
following linear equation:

R = u− δq + σr− θτ (2)

where R represents the whole returned quantity and u is the potential return quantity,
which does not depend on the refund (r), environmental quality improvement efforts (q),
environmental coefficient (θ) and CEA (τ) factors. δ and σ are the sensitivity of the return
quantity to the environmental quality improvement effort and refund, respectively. The en-
vironmental coefficient θ represents the difference between the green manufacturer and the
traditional manufacturer in terms of environmental degree. Following Liu et al. [14], we
assume 0 ≤ θ ≤ l. When θ = 0, the manufacturer is a traditional enterprise.

Hypothesis 4 (H4). Packaging cost. Manufacturers may bear more costs, such as secondary
packaging costs and logistics costs, during the return process. Similar to the model used by
Liu et al. [14], Dong et al. [57], Ji et al. [59], the manufacturer’s return cost function can be writ-
ten as

Cp =
ψq2

2
+ θ2e (3)

where Cp represents the manufacturer costs in a direct process, ψ is the coefficient of quality
improvement effort, and e is the fixed packaging cost. The higher the manufacturer’s
investment in environmental protection is, the higher the cost of return.

3.2. Consumer

The goal of consumers is to purchase products that meet their expectations. Consumers
have two options for returning. One is to choose a refund; that is, the consumer returns
the product and receives a certain amount of money. The other is to exchange goods: the
consumer returns the product and receives a new product, but this process may require
a certain return cost. Whether consumers will return goods depends on whether their
utility is satisfied [60]. We use t to represent the proportion of consumers who choose to
exchange goods, and 1− t represents the proportion of consumers who ask for a refund
(0 ≤ t ≤ 1). Supposing that consumers have different levels of consumer environmental
awareness, a higher level of environmental awareness means that consumers are more
willing to pay additional costs for environmental protection during the return process.
The specific parameters and variables are shown in Table 1.

Consumer’s purchase process: (a) the consumer considers whether to buy the product;
(b) the consumer can choose to keep or return the product after receiving the product;
(c) if the consumer chooses to return the product, they can choose a refund or exchange.
Manufacturers meet their return needs based on consumer choice. Figure 1 shows the
process for consumers to purchase goods.

3.3. Manufacturer

Manufacturers seek to maximize profits and minimize unreasonable returns [1]. As-
suming that the manufacturer sets the product’s price p and the refund r [61,62], during the
return process, in the face of consumers with different environmental awareness, the man-
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ufacturer adjusts its environmental quality improvement effort q and environmental coef-
ficient θ and implements the optimal return policy to maximize profits. To compare the
manufacturer’s profit under different return strategies, we assume that the manufacturer
has two return strategies: to accept the consumer’s return application (with return) or to
reject the consumer’s return application (without return).

Figure 1. Consumer purchase process.

Table 1. Model parameters and decision variables.

Parameters

p Price per unit of product
c The unit cost of production for new product
cr The unit repair cost of production for returned product
r Refund for unit product paid by the manufacturer
τ Consumer environmental awareness (CEA)
t Rate of exchange among returned products
e Fixed packaging cost
β Potential market demand
γ Price sensitivity parameter representing the sensitivity of demand to the selling price
u Based return quantity
δ Sensitivity of the return quantity to quality
σ Sensitivity of the return quantity to refund
ψ Fixed investment coefficient of the quality improvement effort

Decision variables

q Environmental quality improvement effort
θ Environmental coefficient

Performance indicator

πM Profit of the manufacturer
πwithout Profit of the manufacturer without return policy

πwith Profit of the manufacturer under general return policy
πwith′ Profit of the manufacturer under full refund policy

4. Analysis

The manufacturer has two return strategies: reject the return (without return) or accept
the return (with return). According to the above assumptions, the profit function of the
manufacturer under the two strategies is as follows.

4.1. Without Return Policy

When the manufacturer adopts the without return policy, that is, R = 0, cr = 0, then
the manufacturer’s profit function can be written as

max πM(q, θ) = (p− c)(β− γp + τq)− (
ψq2

2
+ θ2e)

s.t. β− γp + τq ≥ 0

θ ≥ 0

(4)
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where πM(q, θ) represents the manufacturer’s profit and p(β − γp + τq) indicates the
direct manufacturer’s revenue at price p. The constraint β− γp + τq ≥ 0 ensures that
market demand is positive. In this paper, we consider only the environmental quality
effort, environmental coefficient and packaging cost; we do not focus on price and other
product costs.

Lemma 1. Under the without return policy, when CEA is low (0 ≤ τ ≤ k), consumers will
not purchase the product. When CEA is high (k ≤ τ ≤ d), consumers will purchase the
product when q ≥ (p−c)τ

ψ and will not purchase the product when 0 ≤ q ≤ (p−c)τ
ψ , where

k =

√
2e(2δ(p−c)2e+(1−t)ψΛ)−2e(p−c)δ

(1−t)rψ
.

Consumers with different CEA make different purchasing decisions. When a manufac-
turer implements the without return policy, consumers will be unsure whether the purchased
product meets expectations, and since the product cannot be returned, consumers will be
more cautious when making a purchasing decision. Therefore, consumers with low CEA
will not purchase the product. For customers with high CEA, their purchasing decisions are
more affected by product quality improvement efforts. When the product’s environmental
quality improvement efforts are high, the consumers will choose to purchase the product.

Proposition 1. In the case of without return policy, the optimal decision of the manufacturer in equi-
librium is θ∗ = 0, q∗ = (p−c)τ

ψ , and the manufacturer’s profit is πM(q∗, θ∗) =

(p−c)((p−c)τ2+2ψ(β−γp))
2ψ .

According to proposition 1, the partial derivative of the manufacturer’s optimal
decision, we have ∂θ∗

∂τ = 0, ∂q∗
∂τ = (p−c)

ψ ≥ 0, ∂q∗
∂ψ = − (p−c)

ψ2 ≤ 0. In the case of the no
return policy, the manufacturer does not need to consider the issue of consumer returns,
so the manufacturer does not need to make greater effort on secondary packaging, that is,
θ∗without = 0. In this scenario, consumers pay more attention to quality, so the manufacturer
should improve the product’s quality appropriately.

Corollary 1. In the case of without return policy, the optimal decision of the manufacturer in
equilibrium is θ∗ = 0, q∗ = (p−c)τ

ψ , the manufacturer just need to focus on product quality.

Under the without return policy, according to ∂q∗
∂τ = (p−c)

ψ ≥ 0, ∂q∗
∂ψ = − (p−c)

ψ2 ≤ 0,
∂π∗without

∂ψ = (p−c)2τ2

ψ2 > 0. The lower the packaging cost coefficient ψ is, the higher the
manufacturer’s profit. The environmental quality improvement effort q increases with
an increase in CEA and decreases with an increase in the coefficient ψ of environmental
packaging. Manufacturers can increase profit by increasing the environmental quality
improvement effort q and reducing packaging costs.

4.2. With Return Policy

When the manufacturer implements the with return policy, the manufacturer’s return
function can be written as

max πM(q, θ) = (p− c− cr)(β− γp + τq)− (1− t)r(u− δq + σr− θτ)− (
ψq2

2
+ θ2e)

s.t. β− γp + τq− (u− δq + σr− θτ) ≥ 0

θ ≥ 0

(5)

where t represents the proportion of exchanges among returned products. Thus, 1− t
represents the proportion of requested refunds. (1− t)r(u− δq + σr− θτ) indicates the
manufacturer’s total refund to consumers. The constraint R ≥ 0 ensures that the quantity
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of returns is positive, and D− R ≥ 0 ensures that the quantity of returns does not exceed
the market demand, which is similar to an actual situation. Additionally, CEA affects the
change in market demand and returns and the manufacturer’s profit.

Lemma 2. Under the with return policy, if CEA is low (0 ≤ τ ≤ k), the consumer will purchase
the product when a full refund (r = p) is available and will not purchase the product in the case
of a partial refund (r < p). If CEA is high (k ≤ τ ≤ d), the consumer will choose to purchase

the product. Where k =

√
2e(2δ(p−c−cr)2e+(1−t)ψΛ)−2e(p−c−cr)δ

(1−t)rψ
.

Compared with the without return policy, when the manufacturer offers return credit,
consumers are more willing to choose to purchase because if the product purchased suffers
from quality problems or does not meet expectations, the consumer can choose to return
the product. In this scenario, consumers with low CEA are more inclined to request a
refund, while consumers with high CEA are willing to pay the additional environmental
costs, so they will choose to exchange products.

Proposition 2. In the case of returns, the optimal decision of the manufacturer in the equi-
librium state is as follows: θ∗ = (1−t)rτ

2e , q∗ = (1−t)δr+(p−c−cr)τ
ψ . At this time, the manu-

facturer’s profit is πM(q∗, θ∗) = (p−c−cr)(1−t)δrτ
ψ + (2e(p−c−cr)2+(1−t)2r2ψ)τ2

4eψ + Z, where Z =

(1−t)2δr2+2ψ((p−c−cr)(β−γp)−r(1−t)(u+σr))
2ψ .

According to ∂θ∗
∂τ = (1−t)r

2e ≥ 0, ∂q∗
∂τ = − (p−c−cr)

ψ ≤ 0, when the manufacturer
makes a return contract, q∗ and θ∗ are at a high level. Thus, the manufacturer can increase
investment in environmental quality improvement effort to respond to the change in CEA.

Corollary 2. Under the with return policy, q∗ and θ∗ increase with an increase in CEA. The manu-
facturer should increase the environmental quality improvement effort and environmental coefficient.
Moreover, the manufacturer should control the refund because an excessively generous refund strat-
egy (r > p) will hurt the manufacturer’s profit.

The higher the value of δ is, the less sensitive the customer demand is to the return
policy and the more sensitive the consumer is to environmental quality. Thus, consumers are
more concerned about environmental packaging during the return process: ∂q∗

∂δ = (1−t)r
ψ ≥ 0.

The more generous the refund is, the higher the value of q∗ and θ∗: the refund is
positively related to q and θ. However, an excessively generous refund (r > p) will re-

duce the manufacturer’s profit, according to the equation ∂2π∗with
∂r2 = −(1−t)(4eσ−(1−t)τ2)

2e < 0.
Therefore, manufacturers should control the return payment within a reasonable range
(r ≥ p) for consumers who require a refund while simultaneously increasing environ-
mental quality improvement efforts and environmental coefficient, which can increase
market demand.

From Proposition 2, we obtain ∂q∗
∂ψ = −(1−t)δr+(p−c−cr)τ

ψ2 ≤ 0; the larger ψ is, the greater
the impact on environmental quality improvement efforts. Additionally, the return pack-
aging cost paid by the manufacturer will be higher, which will ultimately decrease the
manufacturer’s profit. Manufacturers should choose to increase environmental quality
improvement efforts instead of setting excessive refunds. Therefore, in the process of
returning, manufacturers should make greater effort in environment quality improvement
and reduce the impact of packaging costs, which can increase profit.

According to the above propositions and corollaries, the game between consumers and
manufacturers is affected by CEA. The consumer who is not price sensitive but has high
environmental awareness should choose a high environmental quality manufacturer that
allows returns. Such consumers can be classified as environmentally sensitive. The consumer
who is more price sensitive but has weak environmental awareness should choose a
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manufacturer that allows returns (r = p). Such consumers can be denoted as price sensitive.
Both types of consumers prefer a return policy.

4.3. Comparison of Two Return Policies

Table 2 shows that manufacturer’s optimal decision under equilibrium state. The man-
ufacturer’s optimal decision making is different under different return policy conditions.
In this part, we further compare the manufacturer’s optimal decision under the without
return policy and with return policy.

Lemma 3. Compared with the without return policy, manufacturers invest more in environmental
quality improvement efforts and environmental coefficients under the with return policy, that is:
∆q∗ = (1−t)δr−crτ

ψ , ∆θ∗ = (1−t)τr
2e , where ∆q∗ = q∗with − q∗without, ∆θ∗ = θ∗with − θ∗without.

Lemma 3 shows that manufacturers invest more in environmental effort under the
condition of a return policy. Because when the manufacturer adopts a without return policy,
no consumer will return the product, so θ∗without = 0. However, under the condition of
a return policy, environmentally sensitive consumers affected by CEA are more willing
to pay for environmental protection, so manufacturers have to increase investment in
environmental protection.

Furthermore, considering that the manufacturer’s return decision is affected by CEA,
as CEA increases, the manufacturer’s profit under different return policies are different
because if the manufacturer does not allow return, consumers may not purchase the
product. Although the manufacturer saves the return cost, both market demand and
revenue will decrease. If the manufacturer allows consumers to return the goods online,
market demand will increase, but the manufacturer will also face more returns. When
the number of returns is too large, the manufacturer must bear considerable return costs,
which is also detrimental to the manufacturer’s profit. Therefore, changes in CEA affect the
manufacturer’s profit: manufacturers should take an appropriate return policy to achieve
their goal of maximizing profit.

Proposition 3. If ψ ≥ (1−t)δr
2(u+σr) , then when CEA is low (0 ≤ τ ≤ k), πwith < πwithout. Thus,

manufacturers should implement the without return policy. When CEA is high (k ≤ τ ≤ d),
πwith ≥ πwithout, manufacturers should implement the with return policy. If 0 ≤ ψ < (1−t)δr

2(u+σr) ,
πwith > πwithout, the manufacturer should choose the with return policy.

According to Proposition 3, we can draw the manufacturer’s optimal decision diagram
as follows, where ψ = (1−t)δr

2(u+σr) ; see Figures 2–4.

Table 2. Manufacturer’s optimal decision under equilibrium state.

Without Return Policy With Return Policy

q∗ (p−c)τ
ψ

(1−t)δr+(p−c−cr)τ
ψ

θ∗ 0 (1−t)rτ
2e

πM(q∗, θ∗) (p−c)((p−c)τ2+2ψ(β−γp))
2ψ

(p−c−cr)(1−t)δrτ
ψ + (2e(p−c−cr)2+(1−t)2r2ψ)τ2

4eψ + Z

where Z = (1−t)2δr2+2ψ((p−c−cr)(β−γp)−r(1−t)(u+σr))
2ψ
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Figure 2. Manufacturer’s optimal decision (0 < ψ0 < k).

Figure 3. Manufacturer’s optimal decision (k < ψ0 < d).

Figure 4. Manufacturer’s optimal decision (ψ0 > d).
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πwith represents the manufacturer’s profit in the case of the with return policy,
and πwithout represents the manufacturer’s profit in the case of the without return pol-
icy. The return policy increases the manufacturer’s profit to a certain extent but does not
always optimize revenue. If consumers have low CEA, they are less willing to pay for
environmental protection. If the manufacturer implements a return policy at this time,
the manufacturer must bear the additional return costs, which will reduce its revenue.
As the CEA gradually increases, consumers become more willing to pay for environmental
protection, and the profit of the manufacturer increases. Therefore, the manufacturer’s
return policy should be adjusted in accordance with changes in CEA.

Corollary 3. Under the with return policy, q∗ and θ∗ increases as CEA increases. If the cost
of improving environmental packaging is low, the manufacturer should increase the environmen-
tal quality improvement efforts and environmental coefficient. Furthermore, the manufacturer
should control the refund because an excessively generous refund strategy (r > p) will hurt the
manufacturer’s profit.

According to Proposition 3, when the manufacturer implements a return policy, its

profit is higher ( πwith > πwithout), and the profit increases r2(1−t)2τ2

4e + (p−c−cr)(1−t)δrτ
ψ − H,

where H = (1−t)(2r(u+rσ)ψ−(1−t)δr2)
2ψ .

Faced with consumers who are sensitive to the environment, manufacturers can
increase environmental quality improvement efforts to satisfy consumers. At the same
time, according to the equation ∂∆π

∂σ = −r2(1− t) < 0, manufacturers can reduce the refund
to prevent consumers from unreasonable returns, especially price-sensitive consumers,
who may purchase goods more for the experience and later return the goods, which is
detrimental to the manufacturer’s profit.

In the process of return, if the cost of improving environmental packaging is lower,
the manufacturer should provide a higher refund and increase investment in environmental
protection simultaneously. According to the equation ∂∆π

∂σ = −r2(1− t) < 0, the lower the
value of ψ is, the lower the cost for manufacturers to improve environmentally friendly
packaging is. Therefore, manufacturers’ efforts to improve environmental quality will be
more attractive to environmentally sensitive consumers.

Manufacturers should distinguish different types of consumers. For price-sensitive
consumers, the manufacturer should reduce investment in environmental protection and
quality efforts and increase market demand by increasing the refund. For environmen-
tally sensitive consumers, the manufacturer can increase investment in environmental
quality efforts and implement a return policy. The reasons are as follows: price-sensitive
consumers pay more attention to price issues, and low CEA with has a weak impact on
the environment. Therefore, manufacturers can adopt a without return policy without
considering consumer returns. When manufacturers implement a with return policy, CEA
has a strong positive correlation between quality improvement efforts and environmental
coefficients. Meanwhile, manufacturers are facing more possibilities for return, and the
cost of returns is gradually increasing. As CEA increases, manufacturers should increase
investment in environmental quality improvement efforts to attract more consumers and
increase market demand.

4.4. Special Case (r = p)

In this part, we consider the return policy in the case of full refund (r = p). In this
scenario, consumer returns depend on environmental quality improvement efforts and
environmental coefficients and have no relationship with the return policy. If a consumer’s
expectations are not satisfied by a product, the consumer can choose to return the product
and receive a full refund. Therefore, the return function should be adjusted as

R = u
′ − δq− θτ (6)
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Similar to the general case, R represents the return quantity. To distinguish between
general refund and full refund policies, we use u

′
to represent the potential return quantity

under the full refund policy, and we suppose u
′ ≥ u.

Hence, the profit function of the manufacturer is as follows:

max πM(q, θ) = (p− c− cr)(β− γp + τq)− (1− t)p(u
′ − δq− θτ)− (

ψq2

2
+ θ2e)

s.t. β− γp + τq− (u− δq− θτ) ≥ 0

θ ≥ 0

(7)

According to Equation (7), we have the following proposition.

Proposition 4. Under the condition of a full refund, the manufacturer’s optimal decision is as
follows: θ∗ = (1−t)rτ

2e , q∗ = ((1−t)δ+τ)(p−c−cr)
ψ , and the manufacturer’s profit is πM(q∗, θ∗) =

τ2 p2(2e+(1−t)2ψ)
4eψ + Z

′
, where Z

′
= (1−t)2δ(p−c−cr)2+2(p−c)((1−t)δ(p−c−cr)τ+(β−γp−(1−t)u

′
))

2ψ .

According to Proposition 4, in the case of a full refund, θ
′
= θ∗, but q

′
> q∗;

therefore, the environmental quality improvement effort is higher under the full refund
policy. Furthermore, the following corollary can be obtained by comparing the full refund
and general return policies, where q

′
represents environmental quality improvement effort

in the case of a full refund.

Corollary 4. Under the with return policy, q∗ and θ∗ increase as CEA increases. If the cost of
improving environmental packaging is low, the manufacturer should increase the environmen-
tal quality improvement efforts and environmental coefficient. Furthermore, the manufacturer
should control the refund because an excessively generous refund strategy (r > p) will hurt the
manufacturer’s profit.

Given a range of CEA (0 ≤ τ ≤ d), compared with that under the general return policy
(r ≤ p), the manufacturer’s profit under the condition of a full refund (r = p) is higher; that

is, π
′
with > πwith, and the profit increases by ∆π = (p−r)(p+r)(1−t)2τ2

4e − (p−c)(1−t)δrτ
ψ + Φ.

Where Φ = (1−t)((p−r)(p+r)(1−t)δ+2(p−c−cr)2δτ−2ψ(pu
′−ru−σr2))

2ψ , π
′
with represents the

manufacturer’s profit in the case of a full refund.
Generally, we believe that providing a full refund is not beneficial for the manufac-

turer’s profit. For example, after purchasing a product, a price-sensitive consumer might
request a return if the product does not meet expectations. At this time, the manufacturer
must pay a full refund to consumer. If the return quantity is too large, the manufacturer’s
actual profits will be reduced. However, according to Corollary 4, the manufacturer’s profit
under the full refund is higher than that under the general case. Although the full refund
policy may result in a greater number of returns, it is limited to price-sensitive consumers.
This strategy also yields increased market demand. For environmentally sensitive con-
sumers, manufacturers can increase their environmental investment to increase their profit
because environmentally sensitive consumers are more inclined to choose to exchange
products and are willing to pay a fee for environmentally friendly packaging, which ulti-
mately increases the manufacturer’s profit. Corollary 4 modifies our understanding of the
partial refund policy (r < p).

4.5. Numerical Example

This paper uses several numerical examples to analyze the changes in the manu-
facturer’s profit to better demonstrate the above propositions and corollary. Similar to
Zhang et al. [15] and Liu et al. [14]. The setting of parameters is consistent with our as-
sumptions and previous research.
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Figure 5 shows the relationship between CEA and the manufacturer decision variables
when CEA is low (τ = 1). The parameters are specified as follows: p = 120, c = 70, cr = 10,
r = 120, t = 0.35, ψ = 4, β = 200, γ = 0.4, u = 20, δ = 0.4, σ = 0.2, e = 1.5. Furthermore,
Figure 6 shows the relationship between CEA and the manufacturer decision variables
when CEA is high (τ = 5). The parameters are specified as follows: p = 120, c = 70,
cr = 10, r = 120, t = 0.35, ψ = 4, β = 200, γ = 0.4, u = 20, δ = 0.4, σ = 0.2, e = 1.5. We
know that when CEA is low, the manufacturer’s profit from the without return policy is
greater than that from the return policy. In contrast, when CEA is high, the manufacturer’s
profit from the return policy is greater than the profit from the without return policy. This
result is consistent with the conclusion of Proposition 3.

Figure 5. Manufacturer’s profit comparisons (τ = 1).

Figure 6. Manufacturer’s profit comparisons (τ = 5).
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5. Discussions

Based on previous study reviews, our research combines current environmental
hotspots and studies the issue of returns of e-commerce companies. CEA is included in
the consideration of the return policy, and environment-related decision variables (q, θ)
are used to measure the manufacturer’s efforts toward environmental protection. This
approach expands the existing research on returns. There are some differences between the
conclusions drawn in this research and those of previous studies.

In Ouyang and Fu [37] research, they concluded that CEA always has a positive impact
on the profits of energy enterprises. However, we found that the manufacturer’s profit is
convex with respect to CEA; The reasons for the different conclusions are as follows: (1) The
two focus on different products. Ouyang and Fu focus on energy industry products, while
this paper focuses on return packaging. (2) The value range of CEA is different. Ouyang
and Fu did not consider the impact of low CEA and high CEA. This paper distinguishes
consumers with high environmental awareness and low environmental awareness. In fact,
CEA cannot increase infinitely, and there is a threshold for CEA. When CEA exceeds this
threshold, the profit of manufacturer will not continue to increase. Meanwhile, several
managerial implications have been found.

First, manufacturers should classify consumers and adjust environmental quality
improvement effort q and environmental coefficient θ appropriately. Propositions 1 and 2
indicate that environmental quality improvement efforts and the environmental coefficient
are affected by CEA. For example, consumers with high CEA (k ≤ τ ≤ d) are more
willing to pay for environmental protection, so manufacturers can increase investment
in environmental quality improvement efforts. By contrast, consumers with low CEA
(0 ≤ τ ≤ k) are more sensitive to price, so manufacturers can correspondingly reduce their
investment in environmental quality improvement efforts.

Second, a full refund (r = p) yields higher profits than a partial refund (r < p).
According to Proposition 3 and Corollary 4, for consumers with high environmental
awareness, manufacturers can adopt a partial refund policy (r = p) to increase market
share. When the manufacturer adopts a full refund policy, its profit is higher than that under
the partial refund policy. Every year, during Tmall’s Double Eleven event, both platforms
and merchants adopt a 7-day unreasonable return policies, which includes full refund
and exchange. This action confirms Proposition 3 and Corollary 4 because manufacturers
adopt a full refund policy to expand their market share, and market demand has increased.
Consumers do not have to worry about restrictions on returns when purchasing goods, so
the manufacturers’ profits increase.

Third, the changes in CEA eventually lead to an equilibrium in the game between
consumers and manufacturers. Corollaries 1–3 indicate that changes in CEA can prompt
manufacturers to adjust return policy, ultimately affecting the profits of manufacturers.
Moreover, manufacturers should make corresponding adjustments based on CEA. If CEA is
generally low, manufacturers should reduce the efforts aimed at environmental protection
and adopt a without return policy. On the contrary, it is the opposite.

6. Conclusions

This paper examined how a manufacturer adopts optimal return policy by establish-
ing a mathematical model. According to the empirical results, we draw the following
three conclusions.

First, CEA has a positive correlation with environmental quality improvement efforts
and the environmental coefficient. This relationship is more obvious when the manu-
facturer allows returns according to Proposition 2. However, when the manufacturer
refuses returns, CEA has no effect on the environmental coefficient. In fact, when CEA
is low, the manufacturer does not need to increase environmental quality improvement
efforts or the environmental coefficient because consumers are not willing to pay extra
for environmental protection in this scenario. If the manufacturer invests more in en-
vironmental protection, profits will suffer. When CEA is high, manufacturers should
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increase their investment in environmental protection efforts: an increase in CEA can
prompt manufacturers to make adjustments in environmental quality improvement and
environmental coefficient.

Second, an increase in CEA has a positive effect on manufacturers’ profits, but the
improvement of CEA does not always increase the profits of manufacturers. According
to Propositions 1 and 2, Given a suitable range of CEA (0 ≤ τ ≤ k), the manufacturer’s
profit increases as CEA increases. Furthermore, under the with return policy, CEA has
a greater impact on the manufacturer’s profit. However, if CEA is high (k ≤ τ ≤ d),
further investment in environmental effort will reduce profits. Although manufacturers
increasing investment in environmental efforts will lead to more costs, CEA will not
increase indefinitely. Therefore, manufacturers should flexibly adjust their investment in
environmental quality.

Third, the manufacturer should adjust the return policy according to changes in CEA.
Proposition 3 and Corollary 3 confirm that the manufacturer should adopt a without return
policy under low CEA conditions and a with return policy when CEA is high. Although a
with return policy can increase market demand, an excessive number of returns will increase
the manufacturer’s return cost and reduce the manufacturer’s profit. If CEA is very low,
the manufacturer’s return contract will reduce profits because consumers are reluctant
to pay extra for environmental protection. If CEA is excessively high, further increases
in the environmental quality improvement efforts and environmental coefficient are not
conducive to increased profits. Therefore, manufacturers should adjust the optimal return
policy according to the changes in CEA to increase profits. Furthermore, we analyzed
the manufacturer’s profit under the condition of a full refund (r = p). According to
Proposition 4 and Corollary 4, if the manufacturer offers a with return policy, its profit in
the full refund scenario is higher than that in the general situation. Therefore, in the case of
consumers with the same CEA, manufacturers should choose a full refund return policy.

Obviously, if the CEA is too low, it is not conducive to environmental protection.
The key to solving this problem is to increase CEA. Consumers should take the initia-
tive to establish environmental awareness and refuse waste. In addition, state and local
governments should actively promote environmental protection and promote circular
development and green consumption. Additionally, CEA should be improved through
publicity and education. At the same time, environmental protection policies can be issued
to relevant companies to prohibit companies from excessively discharging pollution and
consuming resources, promote the use of recyclable packaging bags, and reduce excessive
packaging to achieve the coordinated development of the economy and environmental
protection. In this way, the consumer’s perception of environmental protection can be im-
proved, allowing manufacturers to make further adjustments, such as increasing the use of
environmentally friendly packaging and reducing the use of high-polluting materials such
as foam and plastic so that the consumer–manufacturer game will reach an equilibrium.

There are some limitations in our study. We considered the return policy in the direct
channel, whereas future research can expand the supply chain members by, for example,
considering the bilateral channel. Second, this paper assumes that market demand can
always be met. In the future, we can consider the choice of return policy under inven-
tory restrictions.
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Appendix A

Proof of Proposition 1. Under the without return policy, that is, R(q) = 0, the question can
be written as

max πM(q, θ) = (p− c)(β− γp + τq)− (
ψq2

2
+ θ2e)

s.t. β− γp + τq ≥ 0

θ ≥ 0

(A1)

Then, we can set the Lagrange function L(q, θ, λ1, λ2) = (p− c)(β− γp+ τq)− (ψq2

2 +
θ2e)− λ1(−(β− γp + τq))− λ2(−θ), where λi is the Lagrange multiplier. By differentiat-
ing L(q, θ, λ1, λ2) with respect to q, θ, λ1 and λ2 and setting the result equal to 0, we can
solve this problem using Lagrange’s K-T point method:

∂L
∂q

= (p− c)τ − qψ + τλ1 = 0

∂L
∂θ

= −2eθ + λ2 = 0

∂L
∂λ1

= β− γp + qτ = 0

∂L
∂λ2

= θ = 0

To solve these equations, we investigated two cases:
Case 1. θ∗ = 0, q∗ = (p−c)τ

ψ , λ∗1 = 0, λ∗2 = 0, it is the K-T point. πM(q∗, θ∗) =

(p−c)(pτ2+2ψ(β−γp))
2ψ .

Case 2. θ∗ = 0, q∗ = −(β−γ(p−c))
τ , λ∗1 = −p− (β−γp)ψ

τ2 , λ∗2 = 0. Because λ1 is less than
zero, it is not the K-T point.

To prove that the profit function of the manufacturer is convex, the Hessian matrix of
the manufacturer is obtained as

H(θ, q) =

 ∂2π
∂q2

∂2π
∂q∂θ

∂2π
∂θ∂q

∂2π
∂θ2

 =
[
−ψ 0
0 −2e

]
Solving the matrix problem, we have:∣∣H1(θ, q)

∣∣ = ∂2π
∂q2 =−ψ < 0∣∣H2(θ, q)

∣∣ =( ∂2π
∂q2 )× ( ∂2π

∂θ2 )=2eψ > 0

Thus, the Hessian matrix is a negative positive definite and has a minimum value.

Proof of Proposition 2. Under the with return policy, the question can be written as

max πM(q, θ) = (p− c− cr)(β− γp + τq)− (1− t)r(u− δq + σr− θτ)− (
ψq2

2
+ θ2e)

s.t. β− γp + τq− (u− δq + σr− θτ) ≥ 0

θ ≥ 0

(A2)
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Similar to the verification process above, we obtain function L.

L(q, θ, λ1, λ2, λ3) = (p − c − cr)(β − γp + τq) − (ψq2

2 + θ2e) − λ1(−(u − δq + σr −
θτ))− λ2(−(β− γp + τq− (u− δq + σr− θτ)))− λ3(−θ)
where λi is the Lagrange multiplier. By differentiating L(q, θ, λ1, λ2, λ3)) with respect
to q, θ, λ1, λ2 and λ3 and setting the result equal to 0, we can solve this problem using
Lagrange’s K-T point method.

∂L
∂q

= r(1− t)δ + (p− c− cr)τ − qψ− δλ1 − (−δ− τ)λ2 = 0

∂L
∂θ

= −2eθ + r(1− t)τ − τλ1 + τλ2 + λ3 = 0

∂L
∂λ1

= u− qδ + σr− θτ = 0

∂L
∂λ2

= −u + β− γp + qδ− σr + qτ + θτ = 0

∂L
∂λ3

= θ = 0

To solve these equations, we investigate three cases:
Case 1. θ∗ = (1−t)rτ

2e , q∗ = (1−t)σr+(p−c−cr)τ
ψ , λ∗1 = 0, λ∗2 = 0, λ∗3 = 0, it is the K-T point.

πM(q∗, θ∗) = (p−c−cr)(1−t)δrτ
ψ + (2ep2+(1−t)2r2ψ)τ2

4eψ + 2e(1−t)2δr2+4e(p(β−γp)−r(1−t)(u+σr))ψ
4eψ .

Case 2. θ∗ = 0, q∗ = −(−rδ+rtδ−(p−c)τ)
ψ , λ∗1 = 0, λ∗2 = 0, λ∗3 = −rτ + rtτ. Because λ3 is

less than zero, it is not the K-T point.

Case 3. θ∗ = (ψ(u+σr)−pδτ)τ
2eδ2+τ2ψ

, q∗ = (p−c−cr)τ3+2eδ(u+σr)
2eδ2+τ2ψ

, λ∗1 = r − rt + 2e(pδτ)−(u+σr)ψ
2eδ2+τ2ψ

,
λ∗2 = 0, λ∗3 = 0. In this case, we need to consider the value of λ∗1 .

(a) When 0 ≤ ψ ≤ (1−t)rδ2

u+σr and 0 ≤ τ ≤ ψ(u+σr)
pδ ,λ∗1 ≥ 0, it is the K-T point; otherwise, it

is not the K-T point.

(b) When ψ ≥ (1−t)rδ2

u+σr and (p−c−cr)eσ+(e(ep2σ2−2(1−t)rψ(ψ(u+σr)−(1−t)rδ2)))
1
2

(1−t)rψ
≤ τ ≤ ψ(u+σr)

pδ ,
λ∗1 ≥ 0, it is the K-T point; otherwise, it is not the K-T point. In addition,

πM(q∗, θ∗) = (p−c−cr)((p−c−cr)τ4+4eδ((β−γp)δ+(u+σr)τ))+2ψ((p−c)(β−γp)τ2−e(u+σr)2)
4eδ2+2τ2ψ

.
Similar to Proposition 1, to prove that the profit function of the manufacturer is convex,

the Hessian matrix of the manufacturer is obtained as

H(θ, q) =

 ∂2π
∂q2

∂2π
∂q∂θ

∂2π
∂θ∂q

∂2π
∂θ2

 =
[
−ψ 0
0 −2e

]
Solving the matrix problem, we have:∣∣H1(θ, q)

∣∣ = ∂2π
∂q2 =−ψ < 0∣∣H2(θ, q)

∣∣ =( ∂2π
∂q2 )× ( ∂2π

∂θ2 )=2eψ > 0

Thus, the Hessian matrix is a negative positive definite and has a minimum value.

Proof of Proposition 3. According to Proposition 3, the problem can be written as

∆π = πwith(q∗, θ∗)−πwithout(q∗, θ∗), and we have ∆π = r2(1−t)2τ2

4e + (p−c)(1−t)δrτ−crτ
ψ +

(1−t)(2(u+rσ)ψ−(1−t)δr)
2ψ .

Then, let Λ = 2(u + rσ)ψ− (1− t)δr.

(1) If Λ ≥ 0, that is, ψ ≥ (1−t)δr
2(u+rσ)

, two cases occur:
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(a) When 0 ≤ τ ≤ −2e(p−c−cr)(1−t)δ+ψ
√

(4(p−c−cr)2δe2+2(1−t)rψe(2ψ(u+σr)−(1−t)δr))
r(1−t)ψ , we

obtain the result ∆π ≤ 0, that is, πwith(q∗, θ∗) ≤ πwithout(q∗, θ∗).

(b) When τ ≥ −2e(p−c−cr)(1−t)δ+ψ
√

(4(p−c−cr)2δe2+2(1−t)rψe(2ψ(u+σr)−(1−t)δr))
r(1−t)ψ , we ob-

tain the result ∆π ≥ 0, that is, πwith(q∗, θ∗) ≥ πwithout(q∗, θ∗).

(2) If Λ < 0, that is, 0 ≤ ψ ≤ (1−t)δr
2(u+rσ)

, we obtain the result ∆π ≥ 0, that is, πwith(q∗, θ∗) ≥
πwithout(q∗, θ∗).

Proof of Proposition 4. When the manufacturer implements the full refund policy, the ques-
tion can be written as

max πM(q, θ) = (p− c− cr)(β− γp + τq)− (1− t)p(u
′ − δq− θτ)− (

ψq2

2
+ θ2e)

s.t. β− γp + τq− (u− δq− θτ) ≥ 0

θ ≥ 0
(A3)

The solution of the above equation is similar to that of Proposition 2:
(1) θ∗ = (1−t)(p−c)τ

2e , q∗ = ((1−t)σ+τ)(p−c)
ψ , λ∗1 = 0, λ∗2 = 0, λ∗3 = 0, it is the K-T point.

πM(q∗, θ∗) = τ2(p−c)2(2e+(1−t)2ψ)
4eψ + (1−t)2δ(p−c)2+2p((1−t)δ(p−c)τ+(β−γp−(1−t)u

′
))

2ψ .
The Hessian matrix of the model is similar to that of Proposition 2.

Proof of Corollary 4. According to Proposition 2 and Proposition 4, we obtain the manufac-
turer’s optimal profit under a general return policy and a full refund policy. The difference
between the two values is as follows:

∆π = π
′
with − πwith

∆π =
(p− r)(p + r)(1− t)2τ2

4e
− p(1− t)δrτ

ψ
+

(1− t)((p− r)(p + r)(1− t)δ + 2p2δτ)− 2ψ(pu
′ − ru− σr2)

2ψ
≥ 0

Let Φ = (1−t)((p−r)(p+r)(1−t)δ+2(p−c−cr)2δτ)−2ψ(pu
′−ru−σr2)

2ψ , we obtain:

∆π =
(p− r)(p + r)(1− t)2τ2

4e
− (p− c)(1− t)δrτ

ψ
+ Φ

where π
′
with represents the profit under a full refund and πwith represents the general profit.

The result shows π
′
with ≥ πwith.

All the Propositions and Corollaries have been proven.
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