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Abstract: Mitigating the environmental impact of used express packaging has become an urgent 

imperative for firms seeking to assume environmental responsibility. Here, we considered a closed-loop 

supply chain comprising a package manufacturer and a logistics firm and explored the optimal green 

innovation strategy (upstream-invest, downstream-invest, or collaboration). First, we observed that, 

contingent upon the specific entity undertaking green innovation and the associated investment 

efficiency, heightened consumer environmental awareness does not unilaterally increase recycling 

volume, nor does it invariably diminish the recycling incentives of logistics firms. Second, due to the 

high investment threshold, cooperative innovation is difficult to achieve. However, when the 

manufacturer considers environmental, social, and governance (ESG) dual-purpose, it prefers to 

achieve collaboration by shouldering a larger share of the innovation investment, thereby creating 

win-win scenarios. Third, when the logistics firm invests in green innovation independently or 

cooperatively, the manufacturer’s green innovation level increases monotonically with its ESG concern 

in both scenarios. This strategic framework can optimize green innovation investments in circular 

packaging and meet consumer environmental expectations while maintaining a performance advantage. 
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1. Introduction  

The exponential growth of logistics services has intensified the environmental challenges posed by 

express packaging waste in sustainable logistics operations. Commodity express packaging produces 

more than 21 million tons of packaging waste annually. This waste of resources and environmental 

pollution create a serious social burden [1]; hence, reducing the adverse effects of packaging waste on 

the environment is urgent. Numerous countries worldwide are actively advocating the development of 
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new technologies related to packaging waste, including China [2], the United States [3], Germany [4], 

and Japan [5]. 

Green innovation represents a primary pathway for improving the recyclability and sustainable 

value of express packaging. Driven by the concept of sustainable development, both upstream and 

downstream firms in the logistics supply chain are increasingly engaging in green innovation practices 

for circular express packaging. This trend reshapes the conventional supply structure and opens new 

avenues for collaboration between packaging manufacturers and logistics firms. In practice, the 

logistics firm is an important central hub connecting upstream manufacturers and consumers, and 

primarily undertakes the innovation, transportation, and recycling of express packaging. For example, 

Amazon’s Frustration Free Packaging (FFP) program requires packaging to be  100% recyclable and 

unbreakable [6]. SF Express developed the “π-box” packaging box independently, made of 

polypropylene honeycomb material, in which each package can be recycled more than 70 times [7]. JD 

Logistics’ Qingliu package can be recycled more than 20 times [8]. Overall, enhancing express 

packaging through material and structural improvements driven by green innovation facilitates recycling 

and simultaneously strengthens the business competitiveness and environmental performance of logistics 

firms. At the same time, upstream packaging manufacturers encounter strategic dilemmas in balancing 

their response to green development initiatives with the need to maintain competitive advantage. 

Although investments in green innovation can help sustain market competitiveness, they also entail 

substantial costs. For example, Zhilu Technology [9] has developed recyclable packaging solutions for 

various logistics firms, while the American firm Limeloop [10] independently designed parcel bags that 

can be reused up to 2000 times. To mitigate innovation costs and risks, some upstream and downstream 

firms have adopted collaborative approaches. For example, BBCA Biotechnology Inc. partnered with 

China Post to establish a joint manufacturing laboratory that applies the biomaterial PLA to the 

production of recyclable express packaging [11]. Similarly, Finland’s Repack Inc., in cooperation with 

the national postal system, developed collapsible recycling bags that can be returned through mailboxes 

for reuse [12]. Such upstream–downstream collaborative innovation models allow packaging 

manufacturers and logistics firms to leverage their respective strengths in design and manufacturing, 

thereby mitigating innovation risks and improving resource allocation efficiency. Nevertheless, the reuse 

of circular express packaging may reduce the demand for new packaging, potentially diminishing 

upstream manufacturers’ sales and complicating cooperation between the two parties. 

The above cases illustrate that, in practice, green innovation in circular express packaging can be 

initiated by upstream manufacturers, downstream logistics firms, or both parties collaboratively. 

Upstream-led innovation (e.g., Zhilu Technology) is driven by the manufacturers’ need to balance 

environmental responsiveness with competitive advantage under cost pressure. Downstream-led 

innovation (e.g., Amazon, SF Express) is motivated by logistics firms’ role as the central hub connecting 

manufacturers and consumers, enabling them to improve both operational efficiency and environmental 

performance through material and structural enhancements. Collaborative innovation (e.g., BBCA and 

China Post, Repack and Finland Post) is driven by the desire to share investment risks and leverage 

complementary strengths. However, the conditions under which these three scenarios can be 

implemented remain unclear, creating a practical challenge: firms find it difficult to pre-evaluate which 

innovation model will yield the optimal economic and environmental outcomes. Meanwhile, these three 

innovation strategies have a clear theoretical rationale. From the perspective of game theory, the reuse of 

circular packaging may reduce manufacturers’ sales of new packaging, leading to conflicts of interest 

and a deadlock in cooperation between upstream and downstream partners. From the perspective of 

resource dependence theory, manufacturers possess material technology resources, while logistics firms 

control the recycling network and customer interface; the collaboration between the two parties 
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represents the flow and sharing of resource advantages. Therefore, it is necessary to compare their 

optimality within a unified closed-loop supply chain framework. 

The strategic interaction of green innovation between upstream and downstream firms becomes 

complex when express packaging recycling is integrated into a closed-loop supply chain (CLSC). For 

upstream packaging manufacturers, greater product recyclability achieved through green innovation 

leads to more reuse cycles, which may in turn reduce logistics firms’ demand for new packaging products. 

Conversely, if manufacturers refrain from engaging in green innovation, they risk losing orders from 

sustainability-oriented logistics firms. This dynamic creates a strategic tension wherein environmental 

benefits may conflict with short-term economic incentives. Consequently, packaging manufacturers are 

motivated to explore optimal green innovation strategies. From the downstream perspective, logistics 

firms’ investment decisions in green innovation are influenced by multiple operational factors. As the 

direct beneficiaries of innovative recyclable packaging, logistics firms must weigh the costs of green 

innovation investment against the cost savings generated through recycling, while simultaneously 

considering how consumer environmental awareness affects their investment and operational strategies. 

This is because consumer environmental awareness not only shapes recycling efficiency but also 

influences market demand. 

As consumer environmental awareness increases and logistics operations mature within a 

sustainable framework, the single purpose of profit maximization reveals inherent limitations. The classic 

agency theory reveals that technological input is constrained by the firm’s profit-maximization objective 

in traditional corporate analysis [13]. Schneider and Murray [14] argued that continued economic growth 

and profit-driven practices perpetuate an unsustainable cycle, one that does little to advance 

environmentally responsible business conduct or ethical progress. To overcome these shortcomings, 

firms incorporate environmental, social, and governance (ESG) criteria into their strategic objectives, 

forming a growing trend toward ESG-oriented firms [15]. ESG serves as a governance framework 

aligning corporate objectives with stakeholder interests across environmental, social, and governance 

dimensions [16]. The transition toward dual-purpose firms, seeking both economic and sustainability 

goals, may fundamentally reshape operational decisions such as green innovation and collaborative 

behavior [17]. However, the financial implications of ESG practices remain debated: while some studies 

suggest that ESG investment does not yield direct economic benefits and may even negatively affect 

performance [18,19], others highlight positive correlations between ESG engagement and financial 

outcomes [20,21]. The uncertainty surrounding the economic impact of ESG practices motivates this 

study to examine how ESG governance influences green innovation decisions within sustainable logistics 

supply chains. 

In light of these issues, this study aims to investigate the strategic interactions and optimal green 

innovation decisions between upstream packaging manufacturers and downstream logistics firms in the 

development of circular express packaging. It seeks to address the inherent tension between 

environmental sustainability and economic performance. Specifically, the study seeks to answer the 

following research questions: (1) What is the optimal green innovation strategy for circular express 

packaging for sustainable logistics supply chain firms? (2) How does consumer environmental awareness 

affect packaging recycling and the innovation level? (3) How do ESG manufacturers reshape the optimal 

green innovation strategy? 

To answer the above research questions, we construct a Stackelberg game model consisting of a 

package manufacturer, a logistics firm, and consumers. Under this framework, the manufacturer produces 

express packaging, while the logistics firm purchases the packaging from the manufacturer, provides 

express delivery services to consumers, and then collects and recycles the packaging for reuse. We 

investigate the strategic choices of green innovation of circular express packaging under three scenarios: 
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(1) the packaging manufacturer independently invests in green innovation; (2) the logistics firm 

independently invests in green innovation of circular express packaging; and (3) the logistics firm and 

the manufacturer collaborate on green innovation through cost-sharing contracts. In addition, we extend 

the model to examine the optimal strategy shifts for manufacturers pursuing both profit maximization 

and ESG objectives. 

Our research contributes to the literature and offers managerial implications in four key ways. First, 

in terms of model construction, we tailor a closed-loop supply chain framework to the unique 

characteristics of circular express packaging. Unlike prior studies that focus on product 

remanufacturing [22], our setting assumes that reused packaging does not require costly refurbishment; 

consumers are indifferent to the number of uses as long as it provides adequate protection during transit. 

As green innovation improves packaging recyclability, more reusable packages re-enter the market. 

Because consumers prefer more environmentally friendly products, this increased availability of 

reusable packaging may consequently reduce the logistics firm’s demand for new packaging from the 

manufacturer. Traditional research on green innovation has predominantly focused on how it enhances 

environmental performance, brand image, or market share [23,24], while paying limited attention to 

the potential adverse effect whereby green innovation may suppress demand for new products by 

increasing the supply of reusable products. This trade-off is frequently observed in practice but receives 

limited analytical attention. By aligning the model with this practical feature, this assumption directly 

mirrors real logistics operations and enhances the applicability of our findings to sustainable logistics 

supply chains.  

Second, we explicitly incorporate two observable factors into the recycling function: the logistics 

firm’s recycling incentive measures and consumers’ environmental awareness. Usually, the recycling 

incentive always decreases as environmental awareness increases, while the recycling rate increases with 

environmental awareness. This is because higher environmental awareness implies that consumers are 

more willing to participate in recycling [25], which motivates the logistics firm to reduce its recycling 

incentive. However, we identify two novel findings: (i) When the logistics firm participates in green 

innovation (downstream-innovation or cooperation innovation), and the investment efficiency is high, 

the logistics firm increases its recycling incentive as consumer environmental awareness increases. This 

is because the logistics firm’s involvement in green innovation gives it a better understanding of the 

package’s recyclability, leading it to believe that the product is worth a higher recycling incentive. (ii) 

When the logistics firm does not participate in green innovation (upstream-innovation) and the 

investment efficiency is high, the recycling quantity decreases as consumer environmental awareness 

increases. This occurs because the manufacturer significantly improves packaging recyclability and 

raises the corresponding wholesale price. Consequently, the logistics firm reduces its recycling incentive. 

However, the negative effect of this reduced incentive outweighs the positive effect of environmental 

awareness, resulting in the counterintuitive phenomenon of an overall decline in the recycling quantity 

as consumer environmental awareness increases. For practice, logistics firms should adjust their 

recycling incentive strategies based on whether they participate in green innovation and the level of 

investment efficiency, urging firms to carefully balance incentive design. Our framework also offers a 

tool for packaging manufacturers to evaluate innovation investments under the risk of recycled products 

cannibalizing sales of new products.  

Third, our analysis demonstrates the superiority of collaborative green innovation investment and 

identifies its boundary conditions, which directly responds to the practical question of which innovation 

mode works best. Traditional closed-loop supply chain research typically treats logistics firms as passive 

recycling executors [26]. Even when it is explicitly recognized that collaborative innovation outperforms 

independent innovation [27], the conditions under which it does so remain unidentified. In contrast, this 



3484 

Journal of Industrial and Management Optimization  Volume 22, Issue 7, 3480–3503. 

study proposes that logistics firms should extend their activities upstream to the packaging design stage 

and identifies the boundary conditions under which collaborative innovation outperforms independent 

innovation. We find that joint investment in recyclable packaging technology can achieve a win-win 

outcome for both manufacturer and logistics firm, with green innovation level and recycling volume 

always higher than under independent investment. In practice applications, this implies that logistics 

firms should extend their operational expertise upstream, participating in packaging design to improve 

recyclability while preserving protection performance. This finding provides a cooperative roadmap for 

logistics firms to transition from a pure “use” model to a circular “design–use–recycle” system, thereby 

enabling them to act as both recyclers and innovators, establishing a more effective collaborative 

innovation closed-loop recycling mechanism. 

Fourth, collaborative innovation, though efficient, is often difficult to sustain in practice. Thus, we 

explore the role of the manufacturer’s ESG dual-purpose in promoting collaborative innovation. We 

show that an ESG dual-purpose manufacturer is willing to take on a larger share of innovation costs, 

thereby significantly expanding the Pareto improvement region for collaboration. Contrary to earlier 

studies [18,19] that find limited or negative economic effects of ESG concerns, our results reveal that 

under a collaborative innovation strategy, ESG concerns can create strategic value, even expanding the 

optimal region compared to pure profit maximization. This finding contributes to stakeholder theory and 

the literature on sustainable business models by clarifying how ESG governance generates economic 

benefits beyond compliance. It also offers a practical guideline for managers: when collaborative 

innovation is desirable yet blocked by cost-sharing barriers, emphasizing ESG objectives can break the 

deadlock and unlock mutually beneficial cooperation.  

The remainder of this paper is organized as follows: We review the related literature in Section 2. 

In Section 3, we describe the model settings and obtain the equilibrium results. In Section 4, we analyze 

the equilibrium results. In Section 5, we extend the model to consider ESG dual-purpose. We conclude 

the main findings and discuss the managerial insights in Section 6. 

2. Literature review 

Our paper is primarily associated with two research streams. The first concerns green innovation in 

sustainable supply chains; the second focuses on recycling and reuse in express packaging supply chain 

operations, integrating the product characteristics of the circular express packaging into the discussion. 

2.1. Green innovation in sustainable supply chains 

Green innovation is an efficient green management activity to improve the environmental attributes 

of products [28]. In the context of low-carbon targets, how to alleviate environmental pressure through 

green innovation is an important practical issue. Many studies have focused on the issue of green supply 

chain management and found that firms investing in green innovation can bring both economic and 

ecological benefits [29,30]. Li et al. [31] examined the dynamics of a firm’s green process innovation 

under green-based price regulation and network externality and found that the monopolist’s innovation 

efforts and green performance were below the socially optimal level. In contrast, our study extends the 

analysis from a single monopoly to green innovation strategies led respectively by a green packaging 

manufacturer and a logistics firm, as well as collaborative strategies, thereby broadening the context for 

analyzing innovation efforts and green performance. 

Green innovation includes product green innovation and process green innovation. Product 

innovation activity is mainly concerned with improving product quality and increasing sales, while 

process innovation activity focuses on reducing production cost (Bonanno and Haworth, 1988). Since 
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demand depends on price and quality, many studies suggest that design or quality improvement through 

green innovation plays a crucial role in increasing demand [32,33]. In the practice of adopting green 

innovative products, firms’ decisions not only depend on their own performance but are also influenced 

by competitors. Yue et al. [34] explored the optimal reusable packaging adoption strategies of two 

competing e-commerce platforms in the presence of green consumers, where the equilibrium outcomes 

depend on reusability and innovation costs. Deng et al. [35] examined a closed‑loop supply chain that 

includes a risk‑averse retailer and a third‑party remanufacturer, showing that risk aversion affects 

remanufacturing model selection. In contrast, our study considers circular express packaging that can be 

directly recycled and reused by logistics firms, without involving remanufacturing or third‑party 

remanufacturers.  

Many studies have investigated the impact of a cooperative green innovation strategy on supply 

chain profits. Different innovation costs shared by supply chain members in a collaboration affect the 

level of greening, price, and profitability of the product [36]. However, collaborative innovation is not 

always accepted, and the contract preferred by the upstream and downstream firms depends on a trade-

off between costs and benefits [28]. Different power structures and investment periods in the supply 

chain also affect a firm’s choice of collaborative innovation strategy [37]. Cantu and Tunisini [38] 

focused on supply chain networks composed of non-commercial participants and adopted a case study 

approach to reveal how social embeddedness mechanisms facilitate collaborative circular innovation. 

In contrast, this study complements research on supply chains composed of commercial participants, 

identifies when cost-sharing-based collaborative innovation outperforms independent innovation, and 

introduces the manufacturer’s ESG dual-purpose objective as a key variable for resolving the “difficulty 

of collaboration”.  

Current literature has extensively examined economic benefits and strategic choices of green 

innovation within supply chains. However, research on how to optimize green innovation strategies to 

balance environmental and economic benefits within a low-carbon sustainability framework remains 

relatively limited. In particular, studies examining the interaction between supply chain firms and 

consumer behavior factors remain underdeveloped. This study constructs a theoretically innovative 

model of the interaction between environmental drivers and technological factors, providing the first 

quantitative analysis of how consumer environmental awareness, green innovation efficiency, and ESG 

dual-purpose systematically influence supply chain innovation decisions. Thus, we fill a gap in existing 

literature by integrating consumer behavior and offering a theoretical analysis of multi-factor interaction 

mechanisms within the sustainable governance framework. 

2.2. Recycling in express packaging supply chain operations 

Many core factors influencing recycling efficiency have been examined in the literature, including 

recycling incentives and government subsidies [39], corporate social responsibility and consumers’ 

environmental awareness [40], and recycling channels and perceived convenience [41]. Some studies 

highlighted the critical role of green consumers. Environmentally conscious consumers notably drive 

recycling effectiveness [25] and influence firms’ recycling policies and incentive decisions [42]. As 

retailers raise incentives, consumers participate more, while a low proportion of green consumers 

inevitably hinders the large-scale application of reusable packaging [34]. Resnitzky et al. [24] treated 

external pressures (e.g., policies, regulations, public environmental awareness) as exogenous drivers and 

employed qualitative research methods to analyze their important role in facilitating innovation projects 

of packaging recycling cooperatives. In contrast, this study focuses on how for-profit firms 

(manufacturers and logistics firms) form collaborative innovation through game theoretic interactions in 

the absence of third-party social organizations and captures the dual role of consumer environmental 
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awareness in both promoting recycling and reducing logistics firms’ incentives for innovation, thereby 

providing a more nuanced mechanism analysis for the literature. 

Many studies have focused on the impact of green innovation on product recycling. In the recycling 

stage, green innovation helps increase product performance and recyclable value [43], reduces 

environmental impacts by raising recycling frequency [44], and improves recyclability [45]. In the post-

recycling stage, green innovation facilitates the reuse or remanufacturing of recycled products [46]. 

Moreover, the product reuse rate is positively correlated with the level of green innovation [47], while 

product reuse also incurs refurbishment costs [48]. Kao et al. [49] identified barriers to developing green 

express packaging (e.g., insufficient R&D in green innovation, difficulties in recycling) through 

empirical research. In contrast, this study quantifies the optimal levels of green innovation investment 

and strategic choices through a game-theoretic model, thereby providing directly applicable decision 

support for firms. 

Existing literature has predominantly investigated stakeholder decision-making in supply chain 

recycling, determinants of recycling efficiency, and the contribution of green innovation to product 

recyclability and remanufacturing. However, it lacks systematic analytical models linking green 

innovation strategies with green consumer recycling behavior, failing to examine the comparative 

advantages of collaborative over independent innovation in recycling outcomes of circular express 

packaging. This study fills these gaps by developing a model grounded in the operational characteristics 

of circular express packaging. Based on the practical characteristics of circular express packaging, we 

construct a parameter framework in which recycled packaging can be directly reused without incurring 

refurbishment costs or price discounts. The findings offer valuable insights and managerial implications 

for designing effective green innovation and recycling strategies in sustainable logistics systems. 

3. Problem and model 

3.1. Model formulation 

We consider a CLSC consisting of a packaging manufacturer and a logistics firm, incorporating 

different green innovation strategies into the model. The model structures for the green innovation 

strategies are shown in Figure 1. We assume that supply chain firms make decisions based on the pursuit 

of profit maximization, i.e., a single profit-maximization objective. Then, we relax this assumption in 

Section 5, where the manufacturer pursues an ESG dual-purpose objective, which is a linear combination 

of optimizing profits, environmental impact, and consumer surplus. 

The forward channel. The manufacturer produces new circular express packaging at unit cost 𝑐 

and supplies them to the logistics firm at unit wholesale price 𝑤 . For simplicity, we normalize 

manufacturing cost 𝑐  to 0. The logistics firm incorporates express packaging as part of its logistics 

services, with the sales price of each express packaging denoted as 𝑝 . Additionally, owing to the 

characteristics of circular express packaging, the logistics firm can directly reuse the recycled express 

packaging without incurring any refurbishment costs [50].  
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Figure 1. The green innovation strategies model structures. 

The reverse channel. Consumers’ recycling behavior is influenced by their environmental attitudes 

and responsiveness to external incentives. We consider that both consumers’ environmental awareness e 

and product green innovation level 𝑥 affect the recycled circular express packaging quantity 𝜂, i.e., 𝜂 =
(1 + 𝑥)𝑒, where (1 + 𝑥) captures the positive effect of green innovation on the proportion of packaging 

that is returned, because more eco-friendly packaging encourages consumers to return it. Furthermore, 

the recycling incentive or subsidy is recognized as an effective stimulus for promoting recycling behavior; 

thus, we assume that the logistics firm provides an incentive 𝑟 to consumers who participate in recycling. 

With this incentive, the recycling quantity is expressed as 𝜂 = (1 + 𝑥)𝑒 + 𝑏𝑟 [22,26,51], where b is the 

sensitivity coefficient of consumers to the provided incentive, and 𝑏𝑟 represents the positive effect of 

recycling incentives on the recycling quantity. In practice, many logistics firms adopt incentive measures 

to guide consumers to actively participate in express packaging recycling. For example, Amazon offers 

cash rewards to incentivize merchants and consumers to use recycled packaging. Cai Niao Express has 

offered gifts such as eggs, tissues, and express coupons in exchange for used packaging [52].  

Green innovation strategies. This study considers three innovation strategies: (1) We define that 

the express packaging manufacturer (denoted as 𝑚) independently invests in green innovation of circular 

express packaging as the upstream-innovation strategy (Model M). (2) The logistics firm (denoted as 𝑙) 
independently invests in green innovation of circular express packaging as the downstream-innovation 

strategy (Model L). (3) The logistics firm and the manufacturer collaboratively invest in green innovation 

of circular express packaging as the collaborative innovation strategy (Model C), in which the logistics 

firm’s share of the investment cost if 𝛿, and the manufacturer’s share is (1 − 𝛿). 

Green innovation. The green innovation of circular express packaging focuses on utilizing eco-

friendly materials or designs to improve the recyclability of express packaging. For example, SF 

Express’s “π-box” uses polypropylene (PP) environmentally friendly honeycomb materials, in which 

each box can be recycled more than 70 times. As such, enhancing recyclability can significantly reduce 

the generation rate of packaging waste. Let 𝑥𝑖 denote the firm i’s green innovation level, where 𝑥𝑖 ∈

(0,1), 𝑖 ∈ {𝑚, 𝑙}. The investment cost of green innovation is a quadratic function 𝐼(𝑥𝑖) =
𝜆𝑥𝑖

2

2
, where 𝜆 

denotes the cost coefficient; a higher cost coefficient indicates lower investment efficiency [22], and the 

investment cost increases monotonically with the cost coefficient and the convexity of green innovation 

level [53]. 

Consumer utility. Consistent with the traditional model of consumer preference, the consumer’s 

willingness-to-pay 𝜃 for the new package is heterogeneity uniformly distributed in [0,1]. Previous studies 
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have shown that consumers with environmental awareness tend to prefer green products [54]; thus, we 

model the consumer’s net utility as 𝑈 = 𝜃 − 𝑝 + 𝑥, which means that a higher green innovation level 

increases consumers’ utility. Consumers will purchase only when 𝑈 > 0.  

The demand. We assume that the potential market size is 𝐴, and the recycling quantity of used 

express packaging affects the logistics firm’s purchase quantity of new express packaging; thus, the 

demand function of new packaging is expressed as 𝑞 = 𝐴 − 𝑝 − 𝜂 + 𝑥, and the inverse demand function 

can be obtained as 𝑝 = 𝐴 − 𝑞 − 𝜂 + 𝑥. For simplicity, we normalize 𝐴 to 1 [55].  

The sequence of events. We model the interactions between the manufacturer and the logistics firm 

in three stages. In stage 1, the green innovation level is decided by different entities under different 

strategies. In stage 2, the manufacturer sets the wholesale price of new packaging based on the green 

innovation level. In stage 3, the sales price and recycling reward are decided by the logistics firm. The 

sequence of events is shown in Figure 2, and all notations are shown in Table 1. 

 

Figure 2. Sequence of events. 

Table 1. Notations. 

Decision variables Definition 

𝑤 Wholesale price of a unit new circular express packaging 

𝑝 Retail price of a unit circular express packaging 

𝑞 Sales quantity of new circular express packaging 

𝑥 Green innovation level of circular express packaging 

𝑟 Recycling incentive for consumer provided by the logistics firm 

𝛿 Proportion of investment cost shared by logistics firm  

Exogenous parameters Definition 

𝜂 Recycling quantity of used circular express packaging 

𝑒 Consumer’s environmental awareness 

𝑏 Sensitivity coefficient of consumer’s recycling incentive 

𝜆 Investment cost coefficient for green innovation 

𝐼(𝑥𝑖) Green innovation investment cost of circular express packaging 

𝜋𝑚
𝑗

 Profit of the manufacturer in Model 𝑗, 𝑗 ∈ {𝑀, 𝐿, 𝐶} 

𝜋𝑙
𝑗

 Profit of the logistics firm in Model 𝑗 

𝑎 ESG concern degree of the manufacturer 

𝑢 Carbon emissions of unit new express packaging 
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3.2. The models 

3.2.1. Model M: Green innovation by the manufacturer 

In model M, the express packaging manufacturer independently invests in green innovation of 

circular express packaging, i.e., upstream-innovation strategy. The optimization problem of the logistics 

firm is:  

𝑚𝑎𝑥
𝑞𝑀,𝑟𝑀

𝜋𝑙
𝑀 = (𝑝𝑀 − 𝑤𝑀)𝑞𝑀 + (𝑝𝑀 − 𝑟𝑀)𝜂𝑀,                                       (1) 

The first term in Equation (1) denotes the profit from selling new express packaging, while the 

second term denotes the profit from selling recycled express packaging.  

The optimization problem of the manufacturer is:  

                                                             𝑚𝑎𝑥
𝑤𝑀,𝑥𝑚

𝑀
𝜋𝑚

𝑀 = 𝑤𝑀𝑞𝑀 −
𝜆𝑥𝑚

𝑀2

2
.                                                                (2) 

The first term in Equation (2) denotes the profit from wholesaling new express packaging, and the 

second term denotes the green innovation investment cost. 

We derive the equilibrium results by backward deduction. The boundary conditions for satisfying 

the nonnegative equilibrium results are 0 < 𝑒 < 𝑒̄, 𝑏̱ < 𝑏 < 1 , 𝜆1̱ < 𝜆 < 1 . The upper limit 𝑒̄ means 

that consumer environmental awareness is not too high, which is consistent with the reality that there is 

a relative lack of consumer education on environmental awareness. The lower limit 𝑏̱ means that the 

consumer’s sensitivity coefficient for recycling incentives is not too low; this makes sense for logistics 

firms to offer recycling incentives. The lower limit of green innovation cost coefficient 𝜆1̱ represents the 

upper bound of investment efficiency, which is consistent with the reality that green innovation is 

associated with technological thresholds and risks. 

3.2.2. Model L: Green innovation by the logistics firm  

In Model L, the logistics firm (denoted as 𝑙) independently invests in green innovation of circular 

express packaging, i.e., downstream-innovation strategy. The optimization problem of the logistics firm 

is: 

 𝑚𝑎𝑥
𝑥𝑙

𝐿,𝑞𝐿,𝑟𝐿
𝜋𝑙

𝐿 = (𝑝𝐿 − 𝑤𝐿)𝑞𝐿 + (𝑝𝐿 − 𝑟𝐿)𝜂𝐿  −
𝜆𝑥𝑙

𝐿2

2
,                                      (3) 

The optimization problem of the manufacturer is:  

                                                                𝑚𝑎𝑥
𝑤𝐿

𝜋𝑚
𝐿 = 𝑤𝐿𝑞𝐿.                                                                              (4) 

Similarly, the boundary conditions for satisfying the nonnegative equilibrium results are 0 < 𝑒 <
𝑒̄,   𝑏̱ < 𝑏 < 1 , 𝜆2̱ < 𝜆 < 1. 

3.2.3. Model C: Green innovation by cooperation  

In Model C, the logistics firm and the manufacturer collaboratively invest in green innovation of 

circular express packaging, and the logistics firm shares a proportion 𝛿 of the green innovation cost, i.e., 

collaborative innovation strategy. The logistics firm’s optimization problem is: 

𝑚𝑎𝑥
𝑞𝐶,𝑟𝐶,𝛿

𝜋𝑙
𝐶 = (𝑝𝐶 − 𝑤𝐶)𝑞𝐶 + (𝑝𝐶 − 𝑟𝐶)𝜂𝐶 −

𝛿λ𝑥𝑚
𝐶2

2
,                                    (5) 

The manufacturer’s optimization problem is:  

 𝑚𝑎𝑥
𝑤𝐶,𝑥𝑚

𝐶
𝜋𝑚

𝐶 = 𝑤𝐶𝑞𝐶 −
(1−𝛿)𝜆𝑥𝑚

𝐶2

2
.                                                      (6) 
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Similarly, the boundary conditions for satisfying the nonnegative equilibrium results are 0 < 𝑒 < 𝑒̄,  

𝑏̱ < 𝑏 < 1 and 𝜆3̱ < 𝜆 < 1 . 

4. Analysis 

In this section, we analyze the optimal green innovation strategy of the supply chain through a 

comparison of equilibrium results and explore the impacts of different green innovation strategies on 

operational decisions.  

4.1. Analysis of the green innovation decisions 

Lemma 1. The impact of environmental awareness 𝑒 on the green innovation level 𝑥:  

(1) In Model M, 𝑥 decreases in 𝑒, i.e., 
∂𝑥

∂e
< 0.  

(2) In Model L and Model C, 𝑥 increases in 𝑒, i.e., 
∂𝑥

∂e
> 0. 

Lemma 1 reveals that environmental awareness exhibits significant heterogeneous effects on green 

innovation level across different models. In Model L and Model C, environmental awareness 

demonstrates a positive correlation with green innovation levels, consistent with conventional 

expectations. Conversely, in Model M, increased environmental awareness paradoxically leads to 

reduced green innovation levels, which defies conventional intuition. 

Conventional intuition suggests that an increase in consumer environmental awareness should drive 

firms to increase their green innovation investment in order to cater to market demand, capture green 

premiums, or establish differentiated competitive advantages. However, when packaging manufacturers 

invest independently in green innovation, the opposite result emerges. The underlying economic logic 

can be comprehensively explained by the following propositions and lemmas. First, manufacturers have 

a relatively low investment threshold; this production advantage enables them to achieve a higher 

innovation level (𝑥𝑀 > 𝑥𝐿), yet the diminishing marginal returns lead manufacturers to rationally reduce 

their investment. Second, anticipating that increased environmental awareness may boost the volume of 

recycling, retailers reduce their recycling incentives (
𝜕𝑟

𝜕𝑒
< 0) in an attempt to “free ride”, which implies 

that manufacturers’ green innovation investments are not fully visible to or recognized by consumers. 

This further diminishes manufacturers’ willingness to invest in green innovation. 

Proposition 1. The optimal green innovation decisions:  

(1) The green innovation level is the highest in Model C, i.e., 𝑥𝐶 > 𝑚𝑎𝑥{𝑥𝑀, 𝑥𝐿}.  
(2) If the collaborative cannot be achieved (𝜆1̱ < 𝜆 < 𝜆3̱), there are two scenarios: 

1) when 0 < 𝑒 <
1

21
, 𝑏̱ < 𝑏 < 𝑏1, then 𝑥𝑀 > 𝑥𝐿. 

2) when 0 < 𝑒 <
1

21
, 𝑏1 < 𝑏 < 1, 𝜆2̱ < 𝜆 < 𝜆3̱, or 

1

21
< 𝑒 <

1

5
, 𝜆̄2 < 𝜆 < 𝜆̄3. 𝑥𝐿 > 𝑥𝑀 

The results of Proposition 1 demonstrate that the collaborative model (Model C) possesses distinct 

advantages in promoting green innovation, with its optimal green innovation level consistently exceeding 

those of the other two models. This finding supports cooperative innovation theory [56], indicating that 

inter-firm collaboration can effectively enhance green technology innovation investment through cost-

sharing mechanisms.  

When the cooperative investment cannot be achieved, the green innovation activity will be 

conducted by either the manufacturer or the logistics firm exclusively. Specifically, when consumer 

environmental awareness and the consumer’s lower incentive sensitivity coefficient are lower, the 

manufacturer tends to invest a higher green innovation level (𝑥𝑀 > 𝑥𝐿). In this scenario, logistics firms 

recycle less used packaging, so they will procure more new packaging from manufacturers, which 
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benefits the manufacturers. On the contrary, when the situation is conducive to the logistics firm recycling 

more used packaging, the logistics firm tends to invest a higher green innovation level in order to save 

purchasing costs ( 𝑥𝐿 > 𝑥𝑀). 

Proposition 1 offers clear practical guidance: when collaboration is feasible, firms should adopt 

cooperative innovation; otherwise, they must decide the innovation leader based on market conditions. 

Manufacturer-led innovation is preferable when consumer environmental awareness and incentive 

sensitivity are low, whereas logistics firm–led innovation is better when consumer environmental 

awareness is high. 

4.2. The optimal recycling decisions  

Lemma 2. The effect of environmental awareness 𝑒 on recycling incentive 𝑟 and recycling quantity 

𝜂:  

 In Model M, (1) 𝑟 decreases in 𝑒, i.e., 
𝜕𝑟

𝜕𝑒
< 0.  

(2) If the investment efficiency is relatively low (𝜆 is higher), 𝜂 increases in 𝑒, i.e., 
𝜕𝜂

𝜕𝑒
> 0; if the 

investment efficiency is relatively high (𝜆 is lower), 𝜂 decreases in 𝑒, i.e., 
𝜕𝜂

𝜕𝑒
< 0. 

In Model L and Model C, (1) if the investment efficiency is relatively low (𝜆 is higher), 𝑟 decreases 

in 𝑒, i.e., 
𝜕𝑟

𝜕𝑒
< 0; if the investment efficiency is relatively high (𝜆 is lower), 𝑟 increases in 𝑒, i.e., 

𝜕𝑟

𝜕𝑒
> 0.  

(2) 𝜂 increases in 𝑒, i.e., 
𝜕𝜂

𝜕𝑒
> 0. 

Lemma 2 reveals the impact of consumer environmental awareness on the logistics firm’s recycling 

incentive and recycling quantity. Under upstream-innovation strategy, the recycling incentive always 

decreases with environmental awareness. This is because higher environmental awareness means 

consumers are more willing to participate in recycling [25], which motivates logistics firms to reduce 

recycling incentives. However, we find that when the logistics firm participates in green innovation, as 

in Model L and Model C, higher consumers’ environmental awareness also prompts the logistics firm to 

offer a higher recycling incentive when the investment efficiency is relatively high. This is because the 

logistics firm, being involved in green innovation, is better informed about the package’s recyclability 

and therefore believes that the product is worth a higher recycling incentive. 

The correlation between recycling quantity and consumer environmental awareness depends on the 

efficiency of green innovation investment in circular express packaging. Generally, higher consumer 

environmental awareness leads to a higher recycling quantity. However, under the upstream-innovation 

strategy, when investment efficiency is relatively high, the recycling quantity decreases as consumer 

environmental awareness increases. This is because, at high levels of investment efficiency, the 

manufacturer substantially improves packaging recyclability (𝑥𝑀 > 𝑥𝐿) and wholesale price (𝑤𝑀 > 𝑤𝐿). 

In response, the logistics firm reduces its recycling incentive, anticipating that environmentally conscious 

consumers will voluntarily return the packaging. However, the negative effect of reduced incentives 

outweighs the positive effect of heightened environmental awareness, resulting in an overall decline in 

the recycling quantity as consumer environmental awareness rises. 

Proposition 2. Optimal express packaging recycling decisions:  

(1) The recycling incentive and recycling quantity are the highest in Model C, i.e., 𝑟𝐶 >
𝑚𝑎𝑥{𝑟𝑀, 𝑟𝐿} and 𝜂𝐶 > 𝑚𝑎𝑥{𝜂𝑀, 𝜂𝐿}. 

(2) If the collaborative contract cannot be achieved, there are two cases: 

1) when 0 < 𝑒 <
1

21
, 𝑏 < 𝑏 < 𝑏1, and 𝜆1̱ < 𝜆 < 𝜆2̱, the recycling incentive and recycling quantity 

are higher in Model M, i.e., 𝑟𝑀 > 𝑟𝐿 and 𝜂𝑀 > 𝜂𝐿.  
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2) When 0 < 𝑒 <
1

21
, 𝑏1 < 𝑏 < 1 , 𝜆2̱ < 𝜆 < 𝜆3̱ , or 

1

21
< 𝑒 <

1

5
, the recycling incentive and 

recycling quantity are higher in Model L, i.e., 𝑟𝐿 > 𝑟𝑀 and 𝜂𝐿 > 𝜂𝑀. 

Proposition 2 reveals that Model C is the most conducive to maximizing the recycling quantity of 

circular express packaging. Additionally, when the investment efficiency is relatively high, higher 

consumer environmental awareness prompts the logistics firm to lower the recycling incentive under 

upstream-innovation strategy, and manufacturers set a lower green innovation level (𝑥𝑀 > 𝑥𝐿, 𝜂𝑀 > 𝜂𝐿, 

𝑟𝑀 > 𝑟𝐿). This allows manufacturers to avoid the consequence of the new package purchase quantity 

being greatly squeezed by the recycling quantity. When investment efficiency is relatively low, the 

downstream-innovation strategy is more conducive to recycling green innovation (𝑥𝐿 > 𝑥𝑀, 𝜂𝐿 > 𝜂𝑀). 

Proposition 2 provides practical implications for recycling decisions in logistics supply chains. 

When investment efficiency is high, manufacturers should strategically limit their green innovation levels 

to avoid excessive substitution of new packaging sales, while logistics firms can lower recycling 

incentives without harming recovery performance. In contrast, when investment efficiency is low, 

logistics firms should take the lead in green innovation to enhance recycling outcomes. 

4.3. Analysis of production and pricing decisions  

Proposition 3. Analysis of production and pricing decisions:  

(1) When 0 < 𝑒 <
1

21
, 𝑏 < 𝑏 < 𝑏1, 𝜆1̱ < λ < 𝜆3̱, the sales quantity and wholesale price are higher 

in Model M, i.e., 𝑞𝑀 > 𝑞𝐿 and 𝑤𝑀 > 𝑤𝐿.  

(2) When 1) 0 < 𝑒 <
1

21
, 𝑏1 < 𝑏 < 1, 𝜆2̱ < 𝜆 < 𝜆3̱; 2) 

1

21
< 𝑒 <

1

5
 , the sales quantity and wholesale 

price are higher in Model L, i.e., 𝑞𝐿 > 𝑞𝑀 and 𝑤𝐿 > 𝑤𝑀.  

(3) When 𝜆3̱ < 𝜆 < 1, the sales quantity of new product and wholesale price are the highest under 

Model C, i.e., 𝑞𝐶 > 𝑚𝑎𝑥{𝑞𝑀, 𝑞𝐿} and 𝑤𝐶 > 𝑚𝑎𝑥{𝑤𝑀, 𝑤𝐿}.  

Proposition 3 shows that the logistics firm always tends to purchase more new products at higher 

wholesale prices and achieves maximum sales under the cooperation innovation. Therefore, the demand-

stimulating effect of green innovation level on product demand for logistics firms outweighs the demand-

suppressing effect of wholesale prices, which is driven by the joint influence of green innovation level 

and recycling decisions. The logistics firm is willing to pay more to purchase more new products with a 

higher green innovation level to quickly capture the market and attain a green image. It follows that the 

green innovation level has a greater impact on the logistics firm’s purchasing decisions than the wholesale 

price. Proposition 3 offers a clear practical insight for logistics managers: they should not hesitate to 

accept increased procurement costs if the innovation level is sufficiently high, as the resulting market 

expansion and green image enhancement will more than compensate. This challenges the conventional 

cost‑first logic and encourages managers to prioritize green innovation performance in partner selection 

and contract design. 

In addition, the green innovation investment efficiency moderates the effect of consumer 

environmental awareness on wholesale prices and sales quantity. With the increase in consumers’ 

environmental awareness and the improvement of investment efficiency, the manufacturer’s motivation 

shifts from “high price for a novelty” (i.e., setting higher wholesale prices, 
𝜕𝑤

𝜕𝑒
> 0, 

𝜕𝑞

𝜕𝑒
< 0) to “small 

profit but rapid turnover” (i.e., setting lower wholesale prices, 
𝜕𝑤

𝜕𝑒
< 0, 

𝜕𝑞

𝜕𝑒
> 0). 

4.4. Analysis of the optimal green innovation strategies for circular express packaging 

Proposition 4. The optimal green innovation strategy for the manufacturer: 
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(1) When 0 < 𝑒 <
1

21
, 𝑏 < 𝑏 < 𝑏1, and 𝜆1̱ < 𝜆 < 𝜆𝑖1 , the manufacturer prefers the upstream-

innovation strategy, i.e., 𝜋𝑚
𝑀 > 𝜋𝑚

𝐿 . 

(2) When 1) 𝜆 > 𝜆′; 2) 0 < 𝑒 <
1

21
, 𝑏 < 𝑏 < 𝑏1, 𝜆𝑖1 < 𝜆 < 𝜆3̱, and 𝑏1 < 𝑏 < 1, 𝜆2̱ < 𝜆 < 𝜆3̱; 3) 

1

21
< 𝑒 <

1

5
, 𝜆2̱ < 𝜆 < 𝜆3̱, the manufacturer prefers the downstream-innovation strategy, i.e., 𝜋𝑚

𝐿 > 𝜋𝑚
𝑀 .  

(3) When 𝜆3̱ < 𝜆 < 𝜆′, the manufacturer prefers the collaborative innovation strategy, i.e., 𝜋𝑚
𝐶 >

𝑚𝑎𝑥 {𝜋𝑚
𝑀 , 𝜋𝑚

𝐿 }. 

 
            (a) 𝑏 = 0.3                                       (b) 𝑏 = 0.7 

Figure 3. The optimal green innovation strategy for the manufacturer. 

Proposition 4 shows that the region where upstream manufacturers are willing to undertake green 

innovation independently is extremely limited (see R1 in Figure 3). Specifically, the manufacturer prefers 

the upstream-innovation strategy only when consumer environmental awareness and the recycling 

incentive are relatively low, and investment efficiency is relatively high. Otherwise, the manufacturer 

prefers the collaborative innovation strategy when investment efficiency is at an intermediate level (see 

R3 in Figure 3), and prefers the downstream-innovation strategy when the investment efficiency is 

relatively low (see R2 in Figure 3). The economic reason behind non-cooperation is that although the 

manufacturer may gain a higher order quantity in a cooperative model, lower investment efficiency 

prompts the logistics firm to reduce its cost-sharing proportions (
𝜕𝛿

𝜕𝜆
< 0 ). Consequently, the 

manufacturer bears higher investment costs associated with the higher green innovation level.  

Proposition 4 provides clear practical guidance for manufacturers regarding green innovation 

strategy selection. Manufacturers must evaluate two key practical parameters: consumer environmental 

awareness and investment efficiency. When both awareness and efficiency are low, downstream 

innovation is preferable; when efficiency is at an intermediate level, collaborative innovation yields the 

best outcome; only when efficiency is very high, and both awareness and recycling incentives are low, 

should manufacturers consider independent innovation. This quantitative framework helps manufacturers 

achieve optimal resource allocation and risk control in green innovation. 

Proposition 5. The optimal green innovation strategy for the logistics firm: 

(1) When 1) 0 < 𝑒 <
1

93
(6√5 − 5), 0 < 𝑏 < 𝑏, λ𝑖2 < 𝜆 < 𝜆3̱; 2) 

1

93
(6√5 − 5) < 𝑒 <

1

5
, 𝑏 < 𝑏 <

1, 𝜆1̱ < 𝜆 < 𝜆2̱, the logistics firm prefers the upstream-innovation strategy, i.e., 𝜋𝑙
𝑀 > 𝜋𝑙

𝐿. 

(2) When 1) 0 < 𝑒 <
1

93
(6√5 − 5), 0 < 𝑏 < 𝑏, 𝜆2̱ < 𝜆 < 𝜆3̱; 2) 

1

93
(6√5 − 5) < 𝑒 <

1

5
, 𝑏 < 𝑏 <

1, 𝜆2̱ < 𝜆 < 𝜆3̱, the logistics firm prefers the downstream-innovation strategy, i.e., 𝜋𝑙
𝐿 > 𝜋𝑙

𝑀. 

(3) When λ > 𝜆3̱ , the logistics firm prefers the collaborative innovation strategy, i.e., 𝜋𝑙
𝐶 >

𝑚𝑎𝑥{𝜋𝑙
𝐿 , 𝜋𝑙

𝑀}. 
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       (a) 𝑏 = 0.3                                      (b) 𝑏 = 0.5                                       (c) 𝑏 = 0.7 

Figure 4. The optimal green innovation strategy for the logistics firm. 

Proposition 5 shows that the region where downstream logistics firms are willing to undertake green 

innovation independently is also extremely limited (see R2 in Figure 3). When green innovation 

investment efficiency for circular express packaging is excessively high, logistics firms tend not to 

innovate themselves due to high costs. When investment efficiency is too low, innovation is less effective 

than procurement. Specifically, when the investment efficiency is relatively low, the logistics firm 

prefers the collaborative innovation strategy (see R3 in Figure 4). When investment efficiency is 

relatively high, the logistics firm prefers the upstream-innovation strategy (see R1 in Figure 4). 

Proposition 5 provides a strategic insight: logistics firms should focus on their core operations, such as 

logistics and packaging recycling, while leaving packaging production and innovation to upstream 

partners. This suggests that logistics managers should treat packaging innovation as a service to be 

procured or co-developed, rather than an in-house capability to be over-pursued. 

Proposition 6. The Pareto improvement areas:  

(1) When 0 < 𝑒 <
1

21
, if 𝑏 < 𝑏 < 𝑏1 and 𝜆1̱ < 𝜆 < λ𝑖1, both the manufacturer and the logistics firm 

prefer the upstream-innovation strategy, i.e., 𝜋𝑚
𝑀 > 𝑚𝑎𝑥 {𝜋𝑚

𝐶 , 𝜋𝑚
𝐿 } , 𝜋𝑙

𝑀 > 𝑚𝑎𝑥{𝜋𝑙
𝐿 , 𝜋𝑙

𝐶}.  

(2) When 1) 0 < 𝑒 <
1

21
, 𝑏1 < 𝑏 < 𝑏2 , 𝜆2̱ < 𝜆 < λ𝑖2, and 𝑏2 < 𝑏 < 1, 𝜆2̱ < 𝜆 < 𝜆3̱; 2) 

1

21
< 𝑒 <

1

93
(6√5 − 5), 𝑏 < 𝑏 < 𝑏2, 𝜆2̱ < 𝜆 < λ𝑖2, and 𝑏2 < 𝑏 < 1, 𝜆2̱ < 𝜆 < 𝜆3̱; 3) 

1

93
(6√5 − 5) < 𝑒 <

1

5
, both 

the manufacturer and the logistics firm prefer the downstream-innovation strategy, i.e., 𝜋𝑚
𝐿 >

𝑚𝑎𝑥 {𝜋𝑚
𝑀 , 𝜋𝑚

𝐶 }, 𝜋𝑙
𝐿 > 𝑚𝑎𝑥{𝜋𝑙

𝑀 , 𝜋𝑙
𝐶}. 

(3) When 𝜆3̱ < 𝜆 < 𝜆′ , both the manufacturer and the logistics firm prefer the collaborative 

innovation strategy, i.e., 𝜋𝑚
𝐶 > 𝑚𝑎𝑥 {𝜋𝑚

𝑀 , 𝜋𝑚
𝐿 } , 𝜋𝑙

𝐶 > 𝑚𝑎𝑥{𝜋𝑙
𝐿 , 𝜋𝑙

𝑀}.  

 
    (a) 𝑏 = 0.3                                  (b) 𝑏 = 0.5                                 (c) 𝑏 = 0.7 

Figure 5. The Pareto improvement areas. 

Proposition 6 demonstrates the win-win region where manufacturers and logistics firms can achieve 

a Pareto improvement. It provides a quantitative foundation for evaluating collaborative green innovation 

strategy in sustainable logistics by establishing clear threshold conditions. The Pareto improvement 
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framework provides valuable insights into collaborative strategies across different levels of innovation 

investment efficiency and consumer environmental awareness scenarios. Proposition 6 offers 

practitioners a practical threshold-based tool for identifying win‑win collaborative green innovation. 

Managers can apply the Pareto improvement framework to evaluate whether a given investment 

efficiency and consumer awareness level falls inside the cooperation region, thus preventing fruitless 

negotiations. More importantly, the proposition exposes a real‑world “business vacuum”, i.e., situations 

where no firm innovates. 

This framework fails to address the business vacuum that arises when neither manufacturers nor 

logistics firms engage in green innovation; it overlooks the institutional and regulatory constraints within 

sustainable logistics practices, such as the European Green Deal [57] and China’s 14th Five-Year Plan 

for Modern Logistics Development [58]. Furthermore, this study only examines the innovation strategies 

of firms operating under a single profit-maximization purpose, yet the single-purpose model is no longer 

fully applicable in the increasingly complex sustainable market context. To optimize sustainable 

innovation strategies for logistics firms, manufacturers must rethink their position within the supply chain 

and transition toward an ESG dual-purpose objective. The next section presents a detailed discussion. 

5. Extension model: ESG dual-purpose of the manufacturer 

5.1. Extended models 

ESG dual-purpose represents a paradigmatic shift in business strategy, transitioning from traditional 

profit-maximization models to dual-value creation frameworks that integrate economic and social 

objectives. Under this ESG-driven approach, firms are better positioned to reconcile the competing 

interests of diverse stakeholders, including internal stakeholders, supply chain partners, consumers, and 

society. Therefore, in this section, we consider that the manufacturer’s ESG dual-purpose is achieved by 

incorporating two parts into the profit function: (1) the concern for consumer surplus, 𝐶𝑆 =
𝑞2

2
; (2) the 

concern for environmental impact, 𝐸 = 𝑢(1 − 𝑥)𝑞, where 𝑢 denotes the carbon emissions per unit of 

new circular express packaging, and 𝑢(1 − 𝑥) denotes that green innovation can reduce carbon emissions. 

Thus, the change in total manufacturer’s profit structure under ESG dual-purpose is expressed as 𝑎(𝐶𝑆 −
𝐸), and 𝑎 denotes the manufacturer’s ESG concern degree. For simplicity, we normalize both 𝑏 and 𝑢 to 

1; relaxing this assumption will not change the main results.  

There are also three strategy models here. Under the scenario of a manufacturer with ESG dual-

purpose, we denote the scenario where the packaging manufacturer and the logistics firm independently 

invest in green innovation as Model DM and Model DL, respectively, and the scenario where the logistics 

firm collaborates with the manufacturer as Model DC.  

5.2. The impact of the manufacturer’s ESG dual-purpose on operation decisions 

Lemma 3. Analysis of the changes in firms’ willingness to invest in green innovation: 𝜆1
𝐷
̱ >

𝜆1̱; 𝜆2
𝐷
̱ > 𝜆2̱, 𝜆3

𝐷
̱ > 𝜆3̱. 
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Figure 6. Changes in willingness to invest in green innovation. 

Notes: 𝜆 > 𝜆1
𝐷
̱  is the region where the manufacturer is willing to invest in green innovation; 𝜆 > 𝜆2

𝐷
̱  

is the region where the logistics firm is willing to invest in green innovation; 𝜆 > 𝜆3
𝐷
̱  is the region where 

both the manufacturer and the logistics firm are willing to cooperatively invest in green innovation. 

By comparing the boundary conditions of Model 𝑗  and Model ℎ , 𝑗 ∈ {𝑀, 𝐿, 𝐶} and ℎ ∈
{𝐷𝑀, 𝐷𝐿, 𝐷𝐶}, we can intuitively find that when the manufacturer considers ESG dual-purpose, the 

investment cost coefficients under all three strategies increase, indicating that both the manufacturer and 

the logistics firm are willing to invest more than the scenario considering single profit -maximization 

purpose. This is due to the fact that the manufacturer incorporates consumer surplus and environmental 

benefits into its business performance; thus, the manufacturer and the logistics firm are willing to 

accept a higher investment threshold. Based on these findings, this study further examines the 

effectiveness and rationality of the mechanism by which ESG dual-purpose promotes sustainable 

innovation in the logistics industry. 

Lemma 4. Analysis of the impact of manufacturer’s ESG concern 𝑎 on the green innovation level 

𝑥, wholesale price 𝑤, recycling quantity 𝜂, recycling incentive 𝑟, and logistics firm’s sharing proportion 

of investment cost 𝛿. 

Table 2. The impact of ESG concerns. 

Variables 𝜕𝑥

𝜕𝑎
 

𝜕𝑤

𝜕𝑎
 

𝜕𝜂

𝜕𝑎
 

𝜕𝑟

𝜕𝑎
 

1 − 𝛿 

low 𝑎 high 𝑎 low 𝑎 high 𝑎 low 𝑎 high 𝑎 low 𝑎 high 𝑎 

Model DM ↗ ↘ ↗ ↘ ↗ ↘ ↗ ↘ - 

Model DL ↗ ↗ ↗ ↘ ↗ ↘ ↗ ↘ - 

Model DC ↗ ↗ ↗ ↘ ↗ ↘ ↗ ↘ ↗ 

*Notes: “↗” denotes that the variable increases with 𝑎; “↘” denotes that the variable decreases with 𝑎; “Low 𝑎” denotes 0 <

𝑎 < 𝑎′; “high 𝑎” denotes 𝑎′ < 𝑎 < 𝑎̅. 

Lemma 4 indicates that the manufacturer’s ESG concern exhibits a convex relationship with the 

relevant parameters under Model DM. Specifically, when the manufacturer’s ESG concern 𝑎 is relatively 

low, the green innovation level and wholesale price increase with the manufacturer’s ESG concern, and 

the green innovation level improves compared to Model M (𝑥𝐷𝑀 > 𝑥𝑀). Consequently, the logistics firm 

also prefers to increase recycling incentives and collect more used products. When 𝑎 is relatively high, 

the marginal benefits of green innovation tend to diminish. In other words, manufacturers’ ESG concern 
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is effective but limited in increasing green innovation levels. This is because the initial investment in 

green innovation is relatively small, yielding significant technological improvements. However, 

achieving a higher green innovation level later requires breakthrough innovations and substantial 

investments. When weighing economic considerations, manufacturers will not make excessive 

investments. Moreover, while a higher green innovation level enhances the environmental friendliness 

of the unit product, it simultaneously stimulates overall sales growth, potentially leading to the “Jevons 

Paradox” phenomenon, where technological advancement instead increases total resource consumption 

and environmental impact [59]. Under Model DL and Model DC, sustainable logistics supply chains 

benefit from manufacturers’ higher ESG concerns; the manufacturer not only supports the logistics 

firm’s green innovation level by offering a lower wholesale price but is also willing to share a larger 

proportion of green innovation costs in cooperation (
∂𝛿

∂a
< 0), which reduces the financial pressure on 

the logistics firm. 

As upstream supply chain players, manufacturers strategically invest in green innovation to capture 

market opportunities and enhance competitive positioning. This upstream investment enables logistics 

partners to optimize operational efficiency across transportation, packaging, and recovery processes, 

creating shared value throughout the supply chain ecosystem. This upstream-innovation strategy 

represents a viable business model for sustainable logistics development, where early-stage innovation 

investments generate long-term cost advantages and market differentiation opportunities. 

5.3. The optimal green innovation strategy under the manufacturer’s ESG dual-purpose 

Proposition 7. The optimal green innovation strategy under the manufacturer’s ESG dual-purpose:  

For the manufacturer:  

(1) When 𝜆′′′ < 𝜆 < 1, the manufacturer prefers the collaborative innovation strategy, i.e., 𝜋𝑚
𝐷𝐶 >

𝑚𝑎𝑥{𝜋𝑚
𝐷𝐿, 𝜋𝑚

𝐷𝑀}.  

(2) When 𝜆̄3
𝐷 < 𝜆 ≤ 𝜆′′′, the manufacturer prefers the downstream-innovation strategy, i.e., 𝜋𝑚

𝐷𝐿 >
𝜋𝑚

𝐷𝑀. 

For the logistics firm: 

(1) When 𝜆̄3
𝐷 < 𝜆 < 1, the logistics firm prefers the collaborative innovation strategy, i.e., 𝜋𝑙

𝐷𝐶 >

𝑚𝑎𝑥 {𝜋𝑙
𝐷𝐿, 𝜋𝑙

𝐷𝑀}.  

(2) When 𝜆̄2
𝐷 < 𝜆 < 𝜆̄3

𝐷, the logistics firm prefers the downstream-innovation strategy, i.e., 𝜋𝑙
𝐷𝐿 >

𝜋𝑙
𝐷𝑀. 

The Pareto improvement areas: 

(1) When 𝜆′′′ < 𝜆 < 1 , both the manufacturer and the logistics firm prefer the collaborative 

innovation strategy, achieving a win-win result, i.e., 𝜋𝑚
𝐷𝐶 > 𝑚𝑎𝑥{𝜋𝑚

𝐷𝐿 , 𝜋𝑚
𝐷𝑀} , 𝜋𝑙

𝐷𝐶 > 𝑚𝑎𝑥 {𝜋𝑙
𝐷𝐿 , 𝜋𝑙

𝐷𝑀}.    

(2) When 𝜆̄2
𝐷 < 𝜆 < 𝜆̄3

𝐷 , both the manufacturer and the logistics firm prefer the downstream-

innovation strategy, achieving a win-win result, i.e., 𝜋𝑚
𝐷𝐿 > 𝜋𝑚

𝐷𝑀 , 𝜋𝑙
𝐷𝐿 > 𝜋𝑙

𝐷𝑀. 
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(a) Pareto areas of Model ℎ, ℎ ∈ {𝐷𝑀, 𝐷𝐿, 𝐷𝐶}   (b) Pareto areas of Model 𝑗, 𝑗 ∈ {𝑀, 𝐿, 𝐶} 

Figure 7. Pareto improvement areas under the manufacturer’s ESG dual-purpose. 

Under the ESG dual-purpose framework, the manufacturer’s performance includes not only profits 

but also consumer surplus and environmental impact. When the green innovation investment efficiency 

is extremely low (𝜆′′′ < 𝜆 < 1), the high green innovation investment costs can only be balanced through 

collaboration between the manufacturers and the logistics firms. Therefore, the collaborative innovation 

strategy achieves Pareto improvement. When the investment efficiency is at a medium level (𝜆̄3
𝐷 < λ <

λ′′′), the green innovation effect of the upstream-innovation strategy is limited, cooperation involves 

coordinating cost-sharing proportion issues, and the marginal benefits of cooperation diminish. At this 

point, the downstream-innovation strategy achieves Pareto improvement. Furthermore, by comparing the 

sizes of the Pareto improvement regions [see Figure 7 (a) vs. (b)], we can intuitively find that the 

collaborative innovation strategy under the manufacturer’s ESG dual-purpose has a larger optimal area 

than that under the manufacturer’s single profit-maximization purpose.  

These theoretical results have several important practical implications. First, for logistics firms, the 

ESG performance of upstream firms should be considered as a non-economic yet core criterion when 

selecting cooperation partners. Especially in collaborative green innovation, ESG is not merely a 

compliance or reputational practice; it directly expands the feasible space for mutually beneficial green 

innovation collaboration by coordinating cost‑sharing mechanisms. Second, the comparison of Pareto 

regions provides practitioners with an intuitive decision-making reference. Practitioners should first 

evaluate the green innovation investment threshold required to achieve their operational management 

objectives. Based on where this threshold lies within the industry, they can then choose between 

advancing collaborative innovation efforts or pursuing independent innovation led by each party. Third, 

these findings guide the logistics industry in recognizing and adopting ESG practices. By promoting ESG 

standards throughout the logistics supply chain (e.g., carbon disclosure requirements or green 

procurement guidelines), relevant firms can optimize their cost structures and accelerate green 

technology diffusion without relying on heavy subsidies. 

6. Conclusions 

This study examines green innovation strategies for circular express packaging in a closed-loop 

supply chain comprising a manufacturer, a logistics firm, and consumers. Our key findings are 

summarized as follows: 

First, consumer environmental awareness and innovation investment efficiency jointly determine 

the optimal green innovation strategy. Collaborative innovation consistently achieves higher green 

innovation levels than independent approaches, and the effect of consumer awareness on green 

innovation level and recycling quantity is non-monotonic. These findings highlight that environmental 
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and technological factors interact rather than operate independently. Second, due to the high investment 

threshold, cooperative innovation is inherently difficult to achieve. Nevertheless, when the manufacturer 

pursues an ESG dual-purpose objective, it prefers to enable collaboration by shouldering a larger share 

of innovation investment, thereby creating win-win scenarios. This provides theoretical proof that 

ESG-driven cost-sharing mechanisms can overcome barriers to cooperation, allowing logistics firms to 

extend their core expertise into upstream value creation and facilitating the establishment of circular 

systems. Third, when the logistics firm invests in green innovation independently or cooperatively, the 

manufacturer’s green innovation level increases monotonically with its ESG concern in both scenarios. 

This reveals a cross-member transmission mechanism through which ESG concerns facilitate supply 

chain innovation. 

This research provides significant practical guidance for different stakeholders navigating 

sustainable innovation strategies in circular express packaging. For packaging manufacturers, when 

investment efficiency is high, they should exercise caution regarding independent green innovation, as 

higher consumer environmental awareness may reduce profits. Under an ESG dual-purpose objective, 

manufacturers are advised to proactively shoulder a larger share of innovation costs to enable 

collaboration. For logistics firms, recycling incentive strategies should be adjusted based on whether the 

firm participates in green innovation: when a logistics firm invests in green innovation (downstream or 

collaboratively), it can afford to increase recycling incentives as consumer awareness rises. This is a 

counterintuitive operational recommendation, but it can amplify recycling benefits. Managers of logistics 

firms should adopt a systematic approach integrating consumer awareness, innovation efficiency, and 

upstream-downstream capabilities rather than relying on single-factor decisions. As the optimal driver of 

circular packaging, logistics firms should extend their operational expertise upstream, leverage their 

operational advantages (e.g., packaging design, transportation, and recycling) to amplify the value of 

supply chain collaboration, and establish a sustainable logistics system of “design–use–recycle”. For 

policymakers, collaborative innovation is desirable yet blocked by cost-sharing barriers; policies that 

encourage manufacturers to adopt ESG objectives can break the deadlock and unlock mutually beneficial 

cooperation. Additionally, our boundary conditions can identify when each innovation strategy is socially 

optimal, which can inform subsidy or regulatory design. Overall, these insights help enterprises develop 

precise management strategies that enhance long-term competitiveness and social value. We demonstrate 

that the ESG framework promotes collaboration among sustainability-oriented firms and enables multi-

stakeholder value creation. 

There are some avenues for future research. First, in terms of modeling, our model could be extended 

to multi-tier supply chain networks to examine the scalability of our findings. The linear demand and 

cost assumptions could be relaxed to test robustness under more complex market dynamics. Second, 

empirical validation using real-world data would enhance practical applicability as the circular packaging 

industry matures. Third, future research could explore how technological uncertainty, remanufacturing, 

and regulatory policies affect the identified strategic dynamics. 

Author contributions 

Shuli Yang: Writing-original draft, software, methodology, visualization, formal analysis, 

conceptualization; Junwu Chai: Supervision, funding acquisition, conceptualization; Zhifeng Qian: 

Writing-review & editing, funding acquisition, formal analysis, conceptualization. 

 

 

 



3500 

Journal of Industrial and Management Optimization  Volume 22, Issue 7, 3480–3503. 

Use of Generative-Al tools declaration 

In the preparation of this work, the authors used ChatGPT to assist in improving the clarity of the 

language. All AI-assisted content was critically reviewed and verified by the authors. 

Declaration of competing interest  

The authors declare that they have no competing financial interests or personal relationships that 

may have influenced the work reported in this study. 

Funding 

This work was financially supported by the National Natural Science Foundation of China [Grant 

No. 72402087], Natural Science Foundation of Sichuan Province [Grant No. 2025NSFSC1932], and Soft 

Science Special Project of Gansu Basic Research Plan [Grant No. 24JRZA037]. 

References 

1. S. Zhang, H. Hou, G. Wang, Y. Yao, Y. Zhang, H. Xu, Exploring the metabolic characteristic of 

express packaging waste to promote the synergy of pollution and carbon reduction, Environ. Impact 

Assess. Rev., 106 (2024), 107523. https://doi.org/10.1016/j.eiar.2024.107523 

2. State Council, Guiding opinions on accelerating the green transition of express packaging (No.115 

of the General Office of the State Council), 2020. Available from: 

https://www.gov.cn/zhengce/zhengceku/2020-12/14/content_5569345.htm.  

3. U.S. Environmental Protection Agency, EPA releases bold national strategy to transform U.S. 

recycling, California Stands at forefront, 2021. Available from: 

https://www.epa.gov/newsreleases/epa-releases-bold-national-strategy-transform-us-recycling-

california-stands-forefront.  

4. KPMG, New packaging implementation act tightens obligations for companies, 2025. Available 

from: https://kpmg-law.de/en/new-packaging-implementation-act-tightens-obligations-for-

companies/. 

5. Government of Japan, Concerning the act on promotion of resource circulation for plastics, 2022. 

Available from: https://www.gov-online.go.jp/eng/publicity/book/hlj/html/202205/202205_09_en.html. 

6. Elabel, Amazon pushes more brands towards frustration free packaging, 2021. Available from: 

https://zhuanlan.zhihu.com/p/540697558.  

7. R. Wang, Reusable up to 70 times, it gives your valuables an exclusive “golden bell cover” when 

shipping with SF Express, 2022. Available from: 

https://baijiahao.baidu.com/s?id=1730527008153912276&wfr=spider&for=pc. 

8. Jiayuan, Recyclable over 20 times! JD Logistics has deployed 100,000 “Green Stream Boxes” across 

China, 2017. Available from: https://www.xitongzhijia.net/news/20171208/114198.html.  

9. J. Huang, Green design international awards showcase (13) | zero-tape nestable reusable box, 2025. 

Available from: http://www. toutiao.com/article/7472763074852749835/?wid=1782289434597. 

10. LimeLoop, Revolutionizing smart reusable packaging, 2022. Available from: 

https://www.thelimeloop.com/guide/blog/revolutionizing-smart-reusable-packaging. 

11. K. Gu, Anhui post and Fengyuan group signed a comprehensive strategic cooperation agreement, 

2022. Available from: https://www.bengbu.gov.cn/ldzc/lddt/50003263.html. 

12. Repack, The package refurbished tech deserves, 2023. Available from: https://www.repack.com/. 

https://doi.org/10.1016/j.eiar.2024.107523
https://www.epa.gov/newsreleases/epa-releases-bold-national-strategy-transform-us-recycling-california-stands-forefront
https://www.epa.gov/newsreleases/epa-releases-bold-national-strategy-transform-us-recycling-california-stands-forefront
https://kpmg-law.de/en/new-packaging-implementation-act-tightens-obligations-for-companies/
https://kpmg-law.de/en/new-packaging-implementation-act-tightens-obligations-for-companies/
https://www.gov-online.go.jp/eng/publicity/book/hlj/html/202205/202205_09_en.html
https://zhuanlan.zhihu.com/p/540697558
https://baijiahao.baidu.com/s?id=1730527008153912276&wfr=spider&for=pc
https://www.xitongzhijia.net/news/20171208/114198.html
https://www.thelimeloop.com/guide/blog/revolutionizing-smart-reusable-packaging
https://www.bengbu.gov.cn/ldzc/lddt/50003263.html
https://www.repack.com/


3501 

Journal of Industrial and Management Optimization  Volume 22, Issue 7, 3480–3503. 

13. M. C. Jensen, W. H. Meckling, Theory of the firm: Managerial behavior, agency costs and ownership 

structure, J. Financ. Econ., 3 (1976), 305−360. https://doi.org/10.1016/0304-405X(76)90026-X 

14. A. Schneider, J. Murray, Escaping the loop of unsustainability: Why and how business ethics matters 

for earth system justice, J. Bus. Ethics, 196 (2025), 21−29. https://doi.org/10.1007/s10551-024-

05728-6 

15. S. D. Dmytriyev, R. E. Freeman, J. Hörisch, The relationship between stakeholder theory and 

corporate social responsibility: Differences, similarities, and implications for social issues in 

management, J. Manag. Stud., 58 (2021), 1441−1470. https://doi.org/10.1111/joms.12684 

16. W. Ping, Y. Mao, Q. Zhu, H. Shu, ESG-driven corporate value creation under the paradigm of 

ecological civilization: Evidence from the shareholder, industrial chain and consumer channels, Soc. 

Sci. China, 44 (2023), 129−157. https://doi.org/10.1080/02529203.2023.2192090 

17. A. Arya, B. Mittendorf, R. N. Ramanan, Beyond profits: The rise of dual-purpose organizations and 

its consequences for disclosure, Account. Rev., 94 (2019), 25−43. https://doi.org/10.2308/accr-

52166 

18. K. E. Aupperle, A. B. Carroll, J. D. Hatfield, An empirical examination of the relationship between 

corporate social responsibility and profitability, Acad. Manage. J., 28 (1985), 446−463. 

https://doi.org/10.2307/256210 

19. R. Narula, P. Rao, S. Kumar, A. Paltrinieri, ESG investing and firm performance: Retrospections of 

past and reflections of future, Corp. Soc. Responsib. Environ. Manag., 32 (2025), 1096−1121. 

https://doi.org/10.1002/csr.2982 

20. M. G. Bruna, S. Loprevite, D. Raucci, B. Ricca, D. Rupo, Investigating the marginal impact of ESG 

results on corporate financial performance, Finance Res. Lett., 47 (2022), 102828. 

https://doi.org/10.1016/j.frl.2022.102828 

21. S. Taddeo, P. Agnese, F. Busato, Rethinking the effect of ESG practices on profitability through 

cross-dimensional substitutability, J. Environ. Manag., 352 (2024), 120115. 

https://doi.org/10.1016/j.jenvman.2024.120115 

22. A. Atasu, G. C. Souza, How does product recovery affect quality choice? Prod. Oper. Manag., 22 

(2013), 991−1010. https://doi.org/10.1111/j.1937-5956.2011.01290.x 

23. Y. S. Chen, S. B. Lai, C. T. Wen, The influence of green innovation performance on corporate advantage 

in Taiwan, J. Bus. Ethics, 67 (2006), 331−339. https://doi.org/10.1007/s10551-006-9025-5 

24. M. H. C. Resnitzky, G. Grander, L. F. da Silva, E. D. R. S. Gonzalez, Innovation projects of 

packaging recycling to a circular economy, Sustain. Oper. Comput., 2 (2021), 115−121. 

https://doi.org/10.1016/j.susoc.2021.05.005 

25. T. Ramayah, J. W. C. Lee, S. Lim, Sustaining the environment through recycling: An empirical 

study, J. Environ. Manag., 102 (2012), 141−147. https://doi.org/10.1016/j.jenvman.2012.02.025 

26. R. C. Savaskan, S. Bhattacharya, L. N. Van Wassenhove, Closed-loop supply chain models with 

product remanufacturing, Manag. Sci., 50 (2004), 239−252. https://doi.org/10.1287/mnsc.1030.0186 

27. Q. Qian, L. Liu, Y. Yang, To innovate or not? The optimal innovation strategy choice in a supply 

chain-from the perspective of the leading supplier, Int. Trans. Oper. Res., 32 (2025), 2398−2428. 

https://doi.org/10.1111/itor.13400 

28. X. Yu, Y. Lan, R. Zhao, Strategic green technology innovation in a two-stage alliance: Vertical 

collaboration or co-development? Omega, 98 (2021), 102116. 

https://doi.org/10.1016/j.omega.2019.102116 

29. G. Wei, X. Chen, X. Qin, Product greenness and pricing strategy of supply chain incorporating 

asymmetric heterogeneous preferences, IEEE Access, 9 (2021), 11563−11584. 

https://doi.org/10.1109/ACCESS.2021.3050550 

https://doi.org/10.1016/0304-405X(76)90026-X
https://doi.org/10.1007/s10551-024-05728-6
https://doi.org/10.1007/s10551-024-05728-6
https://doi.org/10.1111/joms.12684
https://doi.org/10.1080/02529203.2023.2192090
https://doi.org/10.2308/accr-52166
https://doi.org/10.2308/accr-52166
https://doi.org/10.2307/256210
https://doi.org/10.1002/csr.2982
https://doi.org/10.1016/j.frl.2022.102828
https://doi.org/10.1016/j.jenvman.2024.120115
https://doi.org/10.1111/j.1937-5956.2011.01290.x
https://doi.org/10.1007/s10551-006-9025-5
https://doi.org/10.1016/j.susoc.2021.05.005
https://doi.org/10.1016/j.jenvman.2012.02.025
https://doi.org/10.1287/mnsc.1030.0186
https://doi.org/10.1111/itor.13400
https://doi.org/10.1016/j.omega.2019.102116
https://doi.org/10.1109/ACCESS.2021.3050550


3502 

Journal of Industrial and Management Optimization  Volume 22, Issue 7, 3480–3503. 

30. J. Jian, B. Li, N. Zhang, J. Su, Decision-making and coordination of green closed-loop supply chain 

with fairness concern, J. Clean. Prod., 298 (2021), 126779. 

https://doi.org/10.1016/j.jclepro.2021.126779 

31. H. Li, L. Ge, J. Xi, S. Li, Dynamic analysis of a firm’s green and process innovation under green-

based price regulation in a monopoly market with network externality, J. Ind. Manag. Optim., 22 

(2026), 776−805. https://doi.org/10.3934/jimo.2026028 

32. R. Chenavaz, Dynamic pricing, product and process innovation, Eur. J. Oper. Res., 222 (2012), 

553−557. https://doi.org/10.1016/j.ejor.2012.05.009 

33. P. Ma, H. Wang, J. Shang, Contract design for two-stage supply chain coordination: Integrating 

manufacturer-quality and retailer-marketing efforts, Int. J. Prod. Econ., 146 (2013), 745−755. 

https://doi.org/10.1016/j.ijpe.2013.09.004 

34. R. Yue, X. Xu, Z. Li, Q. Bai, Reusable packaging adoption in e-commerce markets with green 

consumers: An evolutionary game analysis, J. Retail. Consum. Serv., 81 (2024), 103818. 

https://doi.org/10.1016/j.jretconser.2024.103818 

35. Z. Deng, M. R. Shaharudin, S. S. R. Shariff, M. L. Tseng, Decision-making of third-party 

remanufacturing supply chain with risk aversion and retail service, J. Ind. Manag. Optim., 22 (2026), 

1693−1725. https://doi.org/10.3934/jimo.2026063 

36. D. Ghosh, J. Shah, Supply chain analysis under green sensitive consumer demand and cost sharing 

contract, Int. J. Prod. Econ., 164 (2015), 319−329. https://doi.org/10.1016/j.ijpe.2014.11.005 

37. K. Kogan, C. S. Tapiero, Optimal co-investment in supply chain infrastructure, Eur. J. Oper. Res., 

192 (2009), 265−276. https://doi.org/10.1016/j.ejor.2007.08.038  

38. C.L. Cantu, A. Tunisini, A circular innovation strategy in a supply network context: Evidence from 

the packaging industry, J. Bus. Ind. Mark., 38 (2023), 220−238. https://doi.org/10.1108/JBIM-07-

2021-0325 

39. J. Chai, Z. Qian, F. Wang, J. Zhu, Process innovation for green product in a closed loop supply chain 

with remanufacturing, Ann. Oper. Res., 333 (2024), 533−557. https://doi.org/10.1007/s10479-020-

03888-y 

40. Y. Liu, T. Xiao, Pricing and collection rate decisions and reverse channel choice in a socially 

responsible supply chain with green consumers, IEEE Trans. Eng. Manag., 67 (2019), 483−495. 

https://doi.org/10.1109/TEM.2018.2887118 

41. J. Li, Y. Xu, J. Jiao, R. Yang, J. Zha, Do recycling channels affect young consumers’ choices for 

formal power battery recycling? J. Clean. Prod., 425 (2023), 138766. 

https://doi.org/10.1016/j.jclepro.2023.138766 

42. X. Guo, X. Li, J. Bian, C. Yang, Deposit or reward: Express packaging recycling for online retailing 

platforms, Omega, 117 (2023), 102828. https://doi.org/10.1016/j.omega.2022.102828 

43. Y. Fernando, M. L. Tseng, R. Sroufe, A. Z. Abideen, M. S. Shaharudin, R. Jose, Eco-innovation 

impacts on recycled product performance and competitiveness: Malaysian automotive industry, 

Sustain. Prod. Consum., 28 (2021), 1677−1686. https://doi.org/10.1016/j.spc.2021.09.010 

44. X. Guo, S. Yao, Q. Wang, H. Zhao, Y. Zhao, F. Zeng et al., The impact of packaging recyclable 

ability on environment: Case and scenario analysis of polypropylene express boxes and corrugated 

cartons, Sci. Total Environ., 822 (2022), 153650. https://doi.org/10.1016/j.scitotenv.2022.153650 

45. B. Sarkar, M. Ullah, M. Sarkar, Environmental and economic sustainability through innovative 

green products by remanufacturing, J. Clean. Prod., 332 (2022), 129813. 

https://doi.org/10.1016/j.jclepro.2021.129813 

https://doi.org/10.1016/j.jclepro.2021.126779
https://doi.org/10.3934/jimo.2026028
https://doi.org/10.1016/j.ejor.2012.05.009
https://doi.org/10.1016/j.ijpe.2013.09.004
https://doi.org/10.3934/jimo.2026063
https://doi.org/10.1016/j.ijpe.2014.11.005
https://doi.org/10.1007/s10479-020-03888-y
https://doi.org/10.1007/s10479-020-03888-y
https://doi.org/10.1108/JBIM-07-2021-0325
https://doi.org/10.1108/JBIM-07-2021-0325
https://doi.org/10.1007/s10479-020-03888-y
https://doi.org/10.1007/s10479-020-03888-y
https://doi.org/10.1109/TEM.2018.2887118
https://doi.org/10.1016/j.spc.2021.09.010
https://doi.org/10.1016/j.scitotenv.2022.153650
https://doi.org/10.1016/j.jclepro.2021.129813


3503 

Journal of Industrial and Management Optimization  Volume 22, Issue 7, 3480–3503. 

46. W. Wang, Y. Wang, D. Mo, M. M. Tseng, Managing component reuse in remanufacturing under 

product diffusion dynamics, Int. J. Prod. Econ., 183 (2017), 551−560. 

https://doi.org/10.1016/j.ijpe.2016.06.010 

47. M. R. Galbreth, T. Boyaci, V. Verter, Product reuse in innovative industries, Prod. Oper. Manag., 

22 (2013), 1011−1033. https://doi.org/10.1111/j.1937-5956.2012.01330 

48. M. Mahmoudi, I. Parviziomran, Reusable packaging in supply chains: A review of environmental 

and economic impacts, logistics system designs, and operations management, Int. J. Prod. Econ., 

228 (2020), 107730. https://doi.org/10.1016/j.ijpe.2020.107730 

49. C. K. Kao, M. Sun, Z. B. Tang, Y. P. Luo, F. Zeng, Green manufacturing strategy of e-commerce 

express packaging in china, Int. Technol. Manag. Rev., 9 (2020), 11−26. 

https://doi.org/10.2991/itmr.k.200304.001 

50. Y. Xiao, S. X. Zhou, Trade‐in for cash or for upgrade? Dynamic pricing with customer choice, Prod. 

Oper. Manag., 29 (2020), 856−881. https://doi.org/10.1111/poms.13140 

51. L. Meherishi, S. A. Narayana, K. S. Ranjani, Integrated product and packaging decisions with 

secondary packaging returns and protective packaging management, Eur. J. Oper. Res., 292 (2021), 

930−952. https://doi.org/10.1016/j.ejor.2020.11.022 

52. Y. Chen, From reusable courier boxes to “cartons for eggs” campaigns, green recycling is taking off 

during the Double 11 shopping festival, 2022. Available from: 

https://www.thepaper.cn/newsDetail_forward_20761286. 

53. Q. Zhang, J. Zhang, G. Zaccour, W. Tang, Strategic technology licensing in a supply chain, Eur. J. 

Oper. Res., 267 (2018), 162−175. https://doi.org/10.1016/j.ejor.2017.11.036 

54. Z. L. Liu, T. D. Anderson, J. M. Cruz, Consumer environmental awareness and competition in two-

stage supply chains, Eur. J. Oper. Res., 218 (2012), 602−613. 

https://doi.org/10.1016/j.ejor.2011.11.027 

55. Z. Liu, K. W. Li, B. Y. Li, J. Huang, J. Tang, Impact of product-design strategies on the operations 

of a closed-loop supply chain, Transp. Res. Part E, 124 (2019), 75−91. 

https://doi.org/10.1016/j.tre.2019.02.007 

56. E. Von Hippel, The sources of innovation, In: Innovation cooperation between competing firms 

(Chapter 8), Oxford University Press, 1988, 102−110. 

57. European Commission, European green deal: Commission proposes transformation of EU economy 

and society to meet climate ambitions, 2021. Available from: 

https://ec.europa.eu/newsroom/move/items/717355/. 

58. P. Wang, A new blueprint for high-quality development in modern logistics, 2023. Available from: 

https://www.xinhuanet.com/city/20230104/fc9f6ede12bb4f2ea36642363ed177fa/c.html. 

59. D. Yu, B. Xu, The jevons paradox in the ai era: Artificial intelligence adoption for enhancing 

environmental sustainability at the firm level, Econ. Anal. Policy, 90 (2026), 946−966. 

https://doi.org/10.1016/j.eap.2026.01.060 

© 2026 the Author(s), licensee AIMS Press. This is an open access 

article distributed under the terms of the Creative Commons 

Attribution License (https://creativecommons.org/licenses/by/4.0) 

https://doi.org/10.1016/j.ijpe.2016.06.010
https://doi.org/10.1111/j.1937-5956.2012.01330
https://doi.org/10.1016/j.ijpe.2020.107730
https://doi.org/10.2991/itmr.k.200304.001
https://doi.org/10.1111/poms.13140
https://doi.org/10.1016/j.ejor.2020.11.022
https://www.thepaper.cn/newsDetail_forward_20761286
https://doi.org/10.1016/j.ejor.2017.11.036
https://doi.org/10.1016/j.ejor.2011.11.027
https://doi.org/10.1016/j.tre.2019.02.007
https://www.xinhuanet.com/city/20230104/fc9f6ede12bb4f2ea36642363ed177fa/c.html
https://doi.org/10.1016/j.eap.2026.01.060

