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Abstract

The market for remanufactured products made from marine plastic waste is expanding
rapidly, but the recycling rate of this waste remains strikingly low. This disconnect forces
conventional plastic recycling firms to make a consequential strategic choice: enter the
marine plastic recycling supply segment by expanding to build market power or enter
by competing as a specialized supplier. To examine this trade-off, this paper develops a
two-period game-theoretic model that contrasts entry strategies and performance under
monopolistic and competitive market structures. We derive and compare equilibrium
pricing, quantities, and profits for the relevant supply chain participants in both settings
and then characterize the conditions under which one entry mode dominates the other. The
results indicate that neither the preferred entry strategy nor the profitability that follows is
driven by a single parameter. Instead, outcomes are shaped by the joint effects of consumer
tastes, remanufacturing costs, and the scale of capacity investment cost required for entry.
When consumers show a stronger preference for conventional remanufactured products,
a supplier pursuing monopolistic expansion can earn higher profits by offering a more
flexible product portfolio. By contrast, when the cost of remanufacturing marine plastics
and the associated capacity investment cost are relatively low, the environment favors
a specialized, competitively oriented entry strategy. Profit allocation within the supply
chain is also closely tied to remanufacturer costs: as these costs fall, suppliers are able to
appropriate a larger share of total profits. Overall, the analysis provides a theoretical basis
for entry decisions in the emerging marine plastic recycling industry and offers actionable
guidance for firms facing different demand and cost conditions across market structures.

Keywords: remanufacturing; entry strategy; marine plastic waste; supply chain management

1. Introduction

Plastic waste is accumulating in marine environments at a pace that has made the
problem both highly visible and difficult to ignore [1]. Current estimates suggest that
roughly 8-12 million metric tons of plastic enter the oceans each year, with consequences
that extend beyond ecological damage to include economic losses and wider social costs.
Against this backdrop, the circular economy has gained traction in plastics policy and
corporate practice, shifting attention from end-of-pipe cleanup toward keeping plastic
materials in use through closed-loop recovery and reuse.

Regulatory and market forces are jointly reshaping the value proposition of marine
plastics. Policy actions at multiple levels are reframing them from an environmental liability
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into a potential secondary raw material. Concurrently, growing consumer awareness of
plastic pollution, corporate sustainability commitments, and brand differentiation strate-
gies have spurred demand for products made with “ocean-bound” or recycled marine
plastics. This demand is often associated with a green premium, reflecting consumers’
willingness to pay a higher price compared to conventional recycled plastics, which signals
the emergence of this market segment. This brand-driven demand has sent clear market
signals: for instance, Adidas partners with the environmental organization Parley to trans-
form plastics collected from coastal areas into premium sportswear; fast-moving consumer
goods giants like Procter & Gamble have also pledged to scale up the use of marine plastics
in their packaging. On the industry side, as a specialized processor, Veolia Huafei Polymer
Technology (Zhejiang in China) Co., Ltd. (Huzhou, China) joined Zhejiang Province’s
“Blue Cycle” project in 2021. Its recycled marine plastic can command a price about four
times that of conventional recycled plastic, with profits significantly surpassing those of
traditional recyclers. These cases collectively validate the existence of differentiated market
valuation and the green premium for marine plastics.

However, upstream supply has not kept pace with this demand growth. It is important
to clarify that the marine plastic waste examined in this study specifically refers to plastic
waste that has already entered the marine environment or, due to its disposal location
and management practices [2], is at high risk of directly entering waterways and reaching
the ocean, thus requiring complex preprocessing steps such as collection, desalination,
and quality screening. The dispersed sources and difficulties in retrieval and transport,
coupled with these necessary preprocessing steps, result in significantly higher collection
and preprocessing costs compared to terrestrial plastics, keeping recovery volumes at
a low level. This supply bottleneck manifests in reality as two distinct challenges: on
one hand, technology-driven projects like “The Ocean Cleanup” highlight the extreme
logistical and cost challenges of large-scale recovery in the open ocean; on the other
hand, practices like “Plastic Bank” in the Philippines innovate collection networks through
community empowerment models, partially alleviating difficulties in source collection, yet
they still face the severe technical challenge of upgrading low-quality, mixed waste into
standardized industrial feedstock. This elevated and complex cost structure, combined
with the dedicated capacity investments required downstream for remanufacturing, creates
a critical bottleneck hindering market development.

The resulting supply—demand gap presents a fundamental strategic choice for in-
cumbent recycling suppliers (the upstream actors) regarding market structure: should
they leverage their scale and network advantages for monopolistic expansion, integrating
control over this new, differentiated material stream, or should they remain focused on
terrestrial plastics, leaving the marine segment to specialized competitive entrants? This
choice hinges on how different upstream market structures (monopoly vs. competition)
affect equilibrium pricing, quantities, and profit distribution—a question not adequately
addressed in the existing literature.

Research on closed-loop supply chains has predominantly focused on downstream re-
manufacturers’ decisions, while analytical attention to upstream suppliers’ entry strategies
and pricing behavior for differentiated recycled feedstocks has been limited. This omission
is significant, because marine plastics differ from conventional recycled inputs in ways that
are central to strategic interaction: their recovery is costlier, their preprocessing is more
demanding, and their demand stems from consumers’ heterogeneous preference for their
green attributes.

To address this gap, we develop a two-period game-theoretic model of a two-echelon
supply chain to compare two second-period market structures: (i) monopolistic expansion,
where the incumbent supplier provides both terrestrial and marine plastic waste, and
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(ii) specialized competition, where an entrant supplies marine plastics while the incumbent
remains focused on terrestrial waste. This framework allows us to isolate how market
structure shapes outcomes. We focus on three questions:

(1) What features of the marine plastic segment materially affect supplier decision-making?

(2) How do consumer preference 6, the marine remanufacturing cost cs, and the scale
of capacity investment cost A jointly determine whether entry is profitable under
monopoly versus competition?

(3) How does profit sharing between suppliers and the remanufacturer change across
these structures, and through what mechanisms?

This study contributes by shifting analytical attention upstream, providing a unified
comparison of monopoly and competitive equilibria in this setting, and offering prac-
tical implications for firms and policymakers regarding when integrated expansion or
specialized competition is preferable and how cost reductions reshape bargaining power.

2. Literature Review

In what follows, we organize the literature around three strands that are most relevant
to our setting: (1) coordination and decision-making in CLSCs under different channel
structures; (2) competitive and cooperative interactions among remanufacturing-related
actors; and (3) the role of external drivers such as consumer preferences and regulation. We
then highlight the remaining gap for marine plastic waste recycling and use it to motivate
the present study.

2.1. Foundational Models: Coordination, Pricing, and Power Structures

Early studies on CLSCs developed the basic analytical tools for coordination and
pricing in reverse channels. A widely cited example is Savaskan, et al. [3], who studied
reverse-channel design in the presence of competing retailers and provided a benchmark
framework for evaluating collection performance. Subsequent research broadened this
framework by bringing channel power and incentive design into the model. Heese et al. [4],
for example, showed how alternative power allocations between manufacturers and retail-
ers change both profitability and collection efficiency. Related work also examined how
competition among manufacturers affects equilibrium outcomes and how coordinating con-
tracts can be designed when governments apply combined incentives and penalties [5,6].
A common message across these papers is that who moves first, who sets which prices,
and how incentives are structured can materially shape both economic results and envi-
ronmental performance—an insight that motivates our use of supplier-led (Stackelberg)
decision-making and explicit cost asymmetries in the model.

These literature sources provide the basic two-echelon, Stackelberg-game framework
we adopt. However, crucially, we relax the homogeneous-cost assumption common in
foundational models by introducing a positive collection cost for marine plastics (co) and
a convex capacity investment (Aq2). These modifications are essential to capture the
high specialized costs of marine plastic recovery and processing, which are central to
its economics.

2.2. Dynamics of Competition and Cooperation

A second major strand focuses on strategic interaction among original equipment
manufacturers (OEMs), independent remanufacturers, and third-party collectors. The
report by Ferrer and Swaminathan [7] is often cited as an early analytical treatment of how
an OEM should respond when independent remanufacturers enter and compete, which
is closely related to questions of entry and product differentiation. Another set of studies
examines governance choices in the reverse channel, in particular the trade-off between
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vertical integration and outsourcing. Orsdemir, et al. [8], for instance, compare an OEM’s
remanufacturing decisions under direct competition with an independent remanufacturer
versus a setting where the OEM authorizes that remanufacturer. In addition, both dynamic
game formulations and empirical evidence have been used to identify when cooperation
can be sustained and how channel power affects remanufacturing performance [9,10].
Taken together, these literature sources highlight two points that are central to our setup:
market structure matters, and the roles assigned to upstream and downstream players
(integrated versus specialized, leader versus follower) can change equilibrium decisions and
profit outcomes—motivating our comparison of monopolistic expansion and specialized
competition on the supplier side.

From the literature in this section, we transpose the classic “integration vs. specializa-
tion” lens upstream to the supplier tier. Our core dichotomy between monopoly (Model M)
and competition (Model C) directly operationalizes this strategic choice. This focus is
justified, because the initial bottleneck and key strategic decisions in the nascent marine
plastic chain lie at the feedstock supply level.

2.3. Incorporation of External Factors

As CLSC research developed, many models were extended to account for external
conditions that firms face in practice. One prominent direction concerns regulation, partic-
ularly extended producer responsibility (EPR). Corsini, et al. [11] seek to bridge this gap by
making use of quantitative analyses to investigate how key issues related to WEEE directive
transposition and organizational settings adopted by each member state influenced the
results achieved in those member states in terms of collection from households. In parallel,
a large body of literature examines demand-side heterogeneity associated with environ-
mental preferences. Debo, et al. [12] for example, assessed model market segmentation
based on willingness to pay for “green” attributes and analyzed how it shapes technology
adoption and remanufacturing decisions under regulation. Related work has incorporated
operational and financial considerations, including investment in green R&D [13], the joint
role of subsidies and cost-sharing in improving collection outcomes [14], and financing
arrangements for sustainable operations under capital constraints [15,16]. More recent
studies refine these themes with greater empirical and behavioral detail. Khyzhniakova [17]
proposes a model of internal and external communications for a manufacturing enterprise.
Furthermore, he identifies analytical indicators that allow for assessment of the growth
level in environmental responsibility at these listed stages. He, et al. [18] investigate the
economic and environmental implications of OEMs’ strategic desired quality level choices
under remanufacturing outsourcing. This study investigates the threshold for environmen-
tal impact for different lifecycle phases. Overall, these extensions reinforce a general point:
remanufacturing outcomes are shaped not only by operational costs and channel structure,
but also by the broader regulatory environment and by how consumers interpret and value
“green” attributes.

Following the tradition of modeling green segmentation [12], we internalize con-
sumer preference via parameter 8, which governs both the willingness-to-pay difference
and competitive substitution between terrestrial and marine products. This captures
the “green premium” as an endogenous market outcome, central to the marine plastic
value proposition.

2.4. Focus on Specific Product and Industry Contexts

Because remanufacturing settings differ widely across products and industries, a
growing set of studies has moved from generic CLSC structures to more context-specific
analyses. For capital-intensive durable goods (e.g., heavy machinery), researchers have
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emphasized issues such as quality uncertainty and the strategic interaction between OEMs
and independent remanufacturers [19]. In the context of the energy transition, another
active stream focuses on electric vehicle (EV) batteries, where pricing, take-back/return
policies, and network design are studied under policy instruments such as subsidies and
carbon trading [20].

Marine and ocean-bound plastics have also started to receive focused attention, with
research expanding beyond initial technical assessments. Nagy, et al. [21] propose a method-
ology to estimate plastic release to the ocean, considering a more detailed characterization
of each river basin, including natural attributes and manmade constructions that may act
as barriers or boosters for this release. Heath, et al. [22] assess the lifecycle environmental
and economic trade-offs of alternative chemical recycling routes for mixed ocean-bound
plastics, highlighting how technology choice maps to a cost frontier. Complementing these
studies, a growing body of work examines the distinctive institutional dimensions of this
market. Izadi, et al. [23] investigate the solution of an ocean waste plastic management
system model. The model is represented by a nonlinear system which is divided into
three compartments. Moreover, it gives the basic reproduction number and discusses the
existence of equilibria, and the local stability of equilibria are investigated. Parsamanesh,
et al. [24] investigate a mathematical model in the form of a system of ordinary differential
equations, consisting of three compartments: plastic waste, marine debris, and recycled
material. This study first describes the model formulation and presents some of its fun-
damental properties. Then, it derives the model’s equilibria and its basic reproduction
number using the next generation matrix method. Additionally, this study proves the
global stability of the model at these equilibria. Tehrani and Cui [25] investigate plastic
waste management, focusing on Japan. The volume of plastic waste in Japan is more than
8 million tons, and less than a quarter of the plastic waste is subjected to recycling. This
research explores the underlying factors that have made Japan one of the highest users of
plastic. In addition, this study evaluates different strategies that are utilized in Japan to
deal with the reduction in plastic utilization and plastic waste.

This section notes that research on closed-loop supply chains has gradually shifted
from generic models toward contextualized analyses of specific fields. Particularly re-
garding marine plastics, existing literature has largely focused on technical assessments,
environmental lifecycle analyses, methods for estimating plastic flux into the oceans, and
regional governance practices—primarily empirical and technical issues. However, there
remains a lack of in-depth theoretical modeling and comparative research on the systematic
strategic behaviors and operational coordination mechanisms within the supply chain
for this material stream. The key decision-making structures and dynamic impacts that
distinguish marine plastic wastes from conventional recycled materials have yet to be
fully elucidated.

2.5. Identified Research Gap and This Study’s Position

To systematically clarify the position of this study within the existing literature, key
literature sources spanning foundational models of closed-loop supply chains, competition
and cooperation, external factors, and specific contexts (e.g., marine plastics) are compared
in Table 1.

It is evident that, although the CLSC and remanufacturing literature is extensive, two
gaps remain salient for the marine plastics setting considered here. First, despite the fact
that feedstock suppliers constitute the first bottleneck in any closed-loop system, most
analytical work has concentrated on downstream decisions—those of OEMs/independent
remanufacturers and, in some cases, retailers. By contrast, upstream suppliers’ strategic
choices, especially the entry decision into a new and differentiated recycling stream and
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the associated pricing behavior, have received limited treatment in formal models. Second,
while recent empirical and technical studies (e.g., [21]) have started to document the realities
of marine plastic recovery, comparatively few papers develop analytical frameworks that
capture supplier-level strategic interaction and competition in this setting.

Table 1. Literature comparison: focus on upstream supplier strategies.

Reference Primarv Focus Supplier Entry Feedstock Market Structure
y Modeled? Differentiated? Compared?
Savaskan, et al. [1] Reverse channel design ~ No No No
Ferrer and Downstream
. remanufacturer No No No
Swaminathan [5] L.
competition
Orsdemir, et al. [6] OEM remanufacturing No No No
strategy
Atasu, et al. [9] EPR policy analysis No No No
Debo, et al. [12] Green consumer No No No
preference
Zhu and He [15] E/f[; tg;al—sp ecific EPR No Yes (Material type) No
Rahman and Lee [19] Mal.“me plast.u? supply Addre:sse.d Yes No
chains (empirical) (Descriptive)
This Study Suppher entry into Yes Yes (Ma.rlne vs. Yes (Mo.nf)poly vs.
marine plastic recycling Terrestrial) Competition)

This omission is consequential, because marine plastics differ from conventional re-
cycled inputs along several dimensions that are central to equilibrium behavior: recovery
is costly and logistically difficult, preprocessing and quality control are more demanding,
and demand is often shaped by a “green” attribute whose valuation varies across con-
sumers. These features jointly generate a strategic environment that is not well represented
by models that treat recycled feedstock as a homogeneous input or abstract away from
upstream competition.

Therefore, this study directly bridges these gaps. By drawing upon classic channel
structure analysis [26] to construct a game-theoretic model, we provide formal analytical
rigor that complements recent empirical work. We focus explicitly on the upstream sup-
plier’s strategic entry decision into the marine plastic waste recycling sector, systematically
comparing outcomes under monopolistic expansion and specialized competition. In doing
so, we integrate and extend insights from the foundational work on channel power and
competitive interactions, as well as the latest understanding of material-specific contexts, to
offer a novel theoretical framework for understanding the profitability drivers and supply
chain implications of this critical strategic choice.

3. Model Preparation
3.1. Problem Description

We consider a two-period game within a two-echelon supply chain consisting of a
single supplier (S) and a single remanufacturer (R). The core strategic dilemma revolves
around the supplier’s decision to enter the nascent but promising market for marine
plastic waste recycling in the second period and how this choice is shaped by the resulting
market structure.

Period 1 (Baseline): The supplier collects only terrestrial (conventional) plastic waste
and sells it to the remanufacturer at a wholesale price. Using this input, the remanufacturer
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produces and sells remanufactured products based on terrestrial plastics. This baseline
therefore involves a single feedstock stream (Figure 1).

%% P
Supplier : Remanufa : Market

cturer

Figure 1. Baseline in period 1.

Period 2 (Strategic Expansion): Market conditions change in the second period: the
remanufacturer introduces a marine-plastic product line in response to rising demand
and regulatory pressure. This expansion creates a new business opportunity upstream, as
the supplier may now consider supplying marine plastic waste in addition to its existing
terrestrial stream.

Option A (Monopolistic Expansion): The incumbent supplier (S), as the expanding
entity, must bear most or all of the upfront investments required to enter the marine plastic
recycling market. These investments include specialized vessels, port preprocessing equip-
ment, and new collection and sorting centers. The remanufacturer (R) is responsible for
its own backend production investment (represented in the model as Ag?), which is used
for the remanufacturing of marine plastics. Leveraging its existing network and capital,
supplier S integrates and controls the entire chain from collection to preprocessing. It is
responsible for establishing a unified collection system and implementing quality control
and may lead or exclusively hold related traceability systems and environmental certifica-
tions (such as marine plastic content certification), thereby strengthening its market power
and product premium capability. As the sole upstream node, supplier S simultaneously
supplies both terrestrial and marine plastics to R. This bundled supply relationship grants
S strong bargaining power, enabling it to achieve overall profit maximization by adjusting
the wholesale prices of the two materials (w; and wp), as illustrated in the “internal sub-
sidization” strategy analyzed in this paper. This creates a monopolistic supplier market
in the second period, denoted as Model M (see Figure 2). In this sequential game, the
monopolistic supplier acts as the Stackelberg leader.

w,
L Remanufa P

Wo cturer Do

Market

Supplier
S

Figure 2. Option A for period 2.

Option B (Specialized Competition): The new specialized entrant supplier (O) must
independently bear all the upfront investments required to establish its marine plastic
recycling business. The remanufacturer (R) similarly bears its own backend production
investment. This reflects the dispersion of capital investment under specialized division of
labor. Specialized supplier O controls the collection network and primary preprocessing of
marine plastics and may develop its own independent certification or traceability schemes.
The remanufacturer R or third-party certification bodies may become more deeply involved
in supervision to ensure the authenticity of the “marine-origin” feedstock and meet brand
customer requirements. This reflects the division of labor and checks and balances inherent
in specialization. The remanufacturer R needs to negotiate and transact separately with
supplier L, who focuses on terrestrial plastics, and supplier O, who specializes in marine
plastics. The competition between L and O at the input level weakens their respective
bargaining power (particularly manifested as Nash competition in Model C), allowing R to
obtain lower input costs but potentially facing more complex supply chain coordination
challenges. Thus, in period 2, two suppliers engage in Nash competition: the incumbent
(supplier L, for terrestrial) and the new entrant (supplier O, for marine). The remanufacturer
remains the single downstream player. This scenario is denoted as Model C (see Figure 3).
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Supplier L wy 122

Remanufa

Supplier O w, cturer Po

Market

Figure 3. Option B for period 2.

This modeling framework allows us to isolate and compare the economic and strategic
consequences of the supplier’s fundamental choice: to leverage its incumbent position for
monopolistic expansion into a new green market or to stay specialized and face market
competition. The comparison between Model M and Model C directly addresses our core
research questions regarding optimal entry strategy and profit distribution under different
market structures.

3.2. Basic Assumptions

To formalize the game-theoretic models (M and C), we establish the following assump-
tions, which capture the key economic and operational distinctions between terrestrial and
marine plastic waste recycling.

Assumption 1 (Pricing and Product Flow). The supplier (S) collects terrestrial waste and marine
plastic waste, selling them as raw materials to the remanufacturer at wholesale prices wy and wo,
respectively. The remanufacturer then produces and sells two types of remanufactured products to
the market at retail prices py, (terrestrial-based) and po (marine-based).

Assumption 2 (Collection Cost Structure). Following the analytical convention in the closed-loop
supply chain literature that often normalizes the baseline cost of established operations to zero to
sharpen the focus on the incremental cost of new system components (see Savaskan, et al. [27], who
normalize the collection cost for conventional channels in their benchmark model), we normalize the
unit collection cost for terrestrial plastic waste to zero. By contrast, marine plastic waste is costly to
recover, because it must be retrieved from dispersed sources and typically requires transport and
pre-treatment (e.g., cleaning/desalination) before it can be used. The unit collection cost for marine
plastic waste is denoted as co > 0.

Assumption 3 (Remanufacturer’s Capacity Investment Cost). Producing remanufactured
products from marine plastic waste requires dedicated equipment and process upgrades, so the
remanufacturer must incur an additional capacity investment cost. Consistent with standard
quadratic investment specifications in the operations literature [28], we model this cost as C = Aq?,
where A > 0 measures the scale (or intensity) of capital investment needed to establish the marine-
plastic line. This formulation captures the idea that expanding capacity becomes increasingly costly
as the marine output level increases.

Assumption 4 (Material Intensity and Production Cost). Marine plastic remanufactured
products are entirely sourced from marine plastic waste [29]. To maintain analytical tractability and
focus on the primary cost differentials, we assume a constant input—output coefficient, a common
simplification in supply chain models dealing with material transformation (e.g., standard Leontief
production function representations). The parameter n > 1 denotes the units of marine plastic
waste required to produce one unit of final product [30], reflecting material loss during the intensive
cleaning and processing.

Assumption 5 (Demand Substitution). The terrestrial and marine plastic remanufactured
products are imperfect substitutes. Following Ferguson and Toktay [5], their inverse demand
functions are given by

po=0Q —qo0 —0qL, (1)
pL=0(Q—q0 —qr), (2)
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where Q is the potential market size, normalized to 1 [1].

Economic Interpretation: This system captures two essential features of the market.
First, the parameter 6 € (0,1) synthesizes the relative market positioning of the terrestrial
product. It simultaneously scales the base willingness- to pay for the terrestrial product
(intercept) and governs the substitution intensity between the two products (cross-effect).
Alower 0 implies that consumers perceive the terrestrial product as less valuable relative to
the marine alternative; this not only directly lowers the price they are willing to pay for the
terrestrial product p;, but also weakens the competitive pressure (cross-price effect) that
terrestrial product quantity exerts on the marine product’s price po. This is a parsimonious
way to model a market where the “green” attribute of marine plastics both creates a vertical
differentiation (value difference) and influences the horizontal competition pattern. We
assume pp > pp, in equilibrium, which requires 6 to be sufficiently less than 1, consistent
with the presence of a green premium for marine plastics.

Assumption 6 (Market Expansion Effect of Competition). Under the competitive scenario, the
potential market demand is assumed to be 1, whereas under the monopoly scenario, it is assumed to
be Q = 1 — qj. This assumption is grounded in the market diffusion theory proposed by [31,32]:
the entry of competitors typically brings about advertising effects, media exposure, and increased
consumer awareness, thereby activating a portion of previously untapped market demand. In this
paper, the monopolist in the first period has already satisfied part of the market q7, leaving a residual
potential demand of 1 — q7. Entering the second period, if the monopoly remains, market awareness
does not change significantly, and the potential demand stays at 1 — q7; if a new competitor enters,
its market activities (such as environmental promotion and new product launches) will awaken
some dormant demand, restoring the total potential demand to the initial market capacity of 1. This
assumption reflects the positive externality of competition on market size, aligning with the typical
diffusion patterns observed in emerging industries.

Assumption 7 (Game Sequence and Structure). The supplier (S), as the upstream party, hold
the first-mover advantage as a Stackelberg leader. The remanufacturer acts as the follower. In Model
C, the two suppliers (L and O) engage in Nash competition simultaneously, deciding their respective
wholesale prices [26].

The assumption that the supplier acts as the Stackelberg leader in setting whole-
sale prices reflects a commonly adopted power structure in the closed-loop supply chain
literature, particularly in settings where upstream participants control scarce or differ-
entiated input flows [26,27]. In the context of marine plastic recycling, several industry
characteristics reinforce the plausibility of this assumption:

(1) Entry barriers and resource scarcity: Marine plastic collection involves high logistical
costs and specialized equipment and often operates in geographically dispersed or
legally complex environments. These factors create natural entry barriers and can
confer first-mover advantages to established or early-entrant suppliers.

(2) Material differentiation and “green” premium: Marine plastics carry a distinct envi-
ronmental attribute that is valued by downstream consumers and brands. Suppliers
who secure access to or control over this differentiated feedstock can exert pricing
influence, especially when certification and traceability are required.

(3) Upstream consolidation trends: In practice, many recycling markets show tendencies
toward consolidation at the collection and preprocessing stages, which can strengthen
the bargaining position of larger suppliers relative to downstream manufacturers.

Key notations are summarized in Table 2.
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Table 2. Symbol descriptions.

Symbol Description
wo Wholesale price of marine plastic waste
wy, Wholesale price of terrestrial plastic waste
po Selling price of remanufactured products from marine plastic waste
PL Selling price of remanufactured products from terrestrial plastic waste

Demand quantity for remanufactured products from marine

10 plastic waste
Demand quantity for remanufactured products from terrestrial
qL plastic waste
c Unit remanufacturing cost of marine plastic products (hereafter
S referred to as marine plastic waste remanufacturing cost)
c Unit collection cost of marine plastic waste (hereafter referred to as
© marine plastic waste collection cost)
0 Consumers’ willingness to pay for remanufactured products from
terrestrial plastic waste
A Capital input coefficient for manufacturers engaging in marine plastic
waste remanufacturing
" Number of units of marine plastic waste required to produce one unit
of remanufactured marine plastic product
Q Potential market demand quantity

4. Model Construction and Optimization Analysis
4.1. First Period

The profit function for the remanufacturer is

ITir = (p12 — w1L)q1L 3

The supplier’s profit function is
Ihs = wiLqiL (4)

The market demand function is
qL=1-piL (5)

The optimal solution for the first period is obtained as w}; = 1, pi; = 3,q}; = 1. The
market residual potential demand is 3. Here, the subscript j = {1} denotes the first period.

4.2. Second Period

The second period is divided into two scenarios: if suppliers recycle marine waste
plastic from the first period, Model M applies; otherwise, Model C applies.
In both models, the remanufacturer’s profit is

IIg = (po — ¢s — nwo)qo — Aqo” + (pL — wL)qL (6)

In Model M, the supplier’s profit function is
g = (wo — co)nqo + wrqr (7)

In Model C, the supplier’s profit function is

I} = wrqr (8)

https://doi.org/10.3390/su18042025


https://doi.org/10.3390/su18042025

Sustainability 2026, 18, 2025 11 of 26

In Model C, the competitor’s (hereafter also referred to as the competing supplier’s)
profit function is

ITp = (wo — co)nqp )

Using reverse induction, the equilibrium solutions for both models are obtained, as
shown in Table 3. All proofs can be found at Appendix A.

Table 3. Comparison of optimal decisions across the two models.

Variable Model M Model C
w deon—4cg+3 2A—2cg—20—2Acg—Af+2con+cgf+2Acon+2
o - & n(4A—0+4)
w? 30 9(2A+cs—9+con+1)
L 8 IA—0+4
X 12A + 4cg — 96 — 3A6+ 14A + 2c5 — 90 + 2Acs — 12A0 + 2con — 2c56 + AG?—
Po 4con — 4cgh — 4conb +9 2A%0 + 8A? 4 362 + 2Acon — Acsf — 2cond — Acon + 6
16(A—0+1) 2(4A2—5A0+8A+62—50+4)
* 9% 0(6A+cg—20+con+5)
" N 2 254 361 2 Acs + A
- cs — 2A + 20+ 2Acs + A+
96 *% B 2con — csf +2Acon — conb —2
2(4A2—5A0+8A+6%—56+4)
qt 3A+dcg+4eon (A+1)(24+cg—b+con+1)
L T6(A—011) 2(4A2-5A60+8A+62—50+4)
. 9AB — 90 — 24cs — 24con + 24csh + 16cs>+ (As1) 4A%0 + 4Ac0?n? + 8Acocsit — 8Acon + 4Acs? — 8Acs — 3A0% + 8A0 + 4A — 3c0?n20 + 4eo?n?
Iy 16c02n? + 32cocsh + 24cond + 9 —6c0cs10 + 8cocsn + 2c0nb? + 6cond — 8cont — 3526 + 4eg? + 2502 + 6c50 — 8cs — 502 + 60 + 4
256(A—0+1) 4(A—0+1)(4A—0+4)2
30(3A+4cg+4con )
H; T128(A—6+1) -
/1<co m#) (4c5+30-+4con-3)
T6(A—0+1)
. 25 —2A+20+2Acs + A8+ )’
115 - 2con — cgb + 2Acon — cond —2
2(4A—0+4)(4A2-5A0+8A+62-50-+4)
11 _ 0(A+1)(24+cg—0+con+1)?

2(4A—6+4) (442 —5A0+8A+6%—50+4)

4.2.1. Equilibrium Analysis Under Model M
Proposition 1. Under conditions 0 < co < 3(11;9) and 0 < 8 < %, if nco + M <cg <

w—nco,w6<wz;if0<cs<nco+3(1;7n9)

, W > Wi

The proof of Proposition 1 can be found at Appendix B. Proposition 1 reveals the
fundamental impact of downstream remanufacturing costs (cs) on the pricing strategy
of a monopolistic supplier: when downstream costs are high, the supplier lowers the
wholesale price of marine plastics; when downstream costs are low, the supplier raises
it. The underlying logic reflects the supplier’s dynamic game-theoretic strategy as a
market leader: its pricing decision aims to balance short-term profit with long-term supply
chain collaboration. When downstream costs are high, the supplier actively reduces the
wholesale price to share cost pressure and sustain production scale, constituting a market
cultivation strategy of “trading price for volume.” Conversely, when downstream costs
fall, the supplier raises prices to capture a share of the green premium and efficiency
gains, shifting toward “value appropriation.” This means that, before entering the market,
suppliers should carefully assess the manufacturing cost level of downstream partners—-if
downstream costs are high, a low-price penetration strategy is advisable; if downstream
efficiency is high, higher premiums can be secured. At the same time, downstream firms
should recognize that their own cost-control capability directly determines their bargaining
power in profit distribution.

Proposition 2. Under the conditions 0 < co < W and0 < A <1-6,if w -

nco<cs<3(14;9)—nco),qg<qf;zf 0<cS<W—nco),q6>qz.

The proof of Proposition 2 can be found at Appendix C. Proposition 2 shows that a
monopolistic supplier’s supply structure for marine versus terrestrial plastics dynamically
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adjusts with the downstream remanufacturing cost (cs): when downstream costs are high,
marine plastic output is lower than terrestrial plastic output; when downstream costs are
low, marine plastic output surpasses terrestrial plastic output.

This reflects the supplier’s “proactive capacity-matching” strategy as a supply chain
coordinator. Its supply decisions are not made independently, but closely follow the profit
orientation and production choices of the downstream firm. When downstream production
of marine plastics contracts due to high costs, the supplier reduces its supply accordingly
to avoid inventory buildup and resource misallocation. Conversely, when downstream
expands marine plastic production due to lower costs, the supplier actively shifts its
supply structure, directing resources toward the higher-value segment to jointly maximize
chain-wide profits. The supplier’s capacity allocation must focus on tracking downstream
technological cost changes. The downstream technological maturity (reflected in cg) is a
key signal for upstream adjustments in recycling structure and capacity investment. When
downstream costs remain high, investment in marine plastic recycling capacity should
be cautious; when there are significant downstream cost reductions, resources should
be swiftly reallocated toward the marine plastic recycling system to capture the green
premium and market growth opportunities.
Proposition 3. When 0 < cg < % - #
derive greater profits from marine waste plastics (115, > 1%, and Iz, > Il ). When % —
SAASRER L (LTA)Q —ncp < cg < @ —ncoand 0 < cpo < 73(17 4(”1+A)9>,0r when 73(17 4(nl+A)9) <
co < 3(29), both the monopoly supplier and the recycler derive greater profits from land-based
plastic waste (115, < IIg;, Iy < Iy ).

— nco, both monopolistic suppliers and recyclers

The proof of Proposition 3 can be found at Appendix D. Proposition 3 indicates that
the profit comparison for both the supplier and remanufacturer, between marine and
terrestrial plastics, is jointly determined by downstream remanufacturing cost (cs) and
upstream recycling cost (cp). Only when both costs are sufficiently low will the profits
from marine plastics surpass those from terrestrial plastics. This reveals that a shift in
the entire supply chain’s profit model depends on system-wide cost breakthroughs. Cost
reduction in a single segment is insufficient to alter the profit structure. Only when the
entire “recycling-remanufacturing” chain achieves low costs will the commercial potential
of marine plastics be fully unlocked, shifting the chain’s profit center. Until then, terrestrial
plastics remain the more stable profit source. This tells us that, when deciding whether
to strategically pivot toward marine plastics, firms (whether supplier or remanufacturer)
must conduct a full-chain cost audit. Optimizing only their own segment is insufficient;
they must also assess their partner’s cost position. Before costs are collaboratively reduced
across the industry, maintaining flexibility in the business portfolio (i.e., not abandoning
terrestrial plastics) is a more robust strategy.

Proposition 4. Monopoly suppliers earn higher profits than remanufacturers, IT < I1g.

The proof of Proposition 4 can be found at Appendix E. Proposition 4 reveals that,
under a monopoly structure, the supplier consistently earns higher profits than the remanu-
facturer. This indicates that profits are structurally concentrated upstream in this emerging
market. This outcome stems from the supplier’s control over the scarce “green” feedstock
and its ability to capture the associated premium. The remanufacturer, despite bearing
production risks, depends on this bottleneck resource, limiting its bargaining power. This
finding suggests that suppliers hold a dominant position in this nascent industry. For a
sustainable chain, downstream firms may need to seek alternative inputs or collaborative
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agreements, while suppliers should avoid excessive pricing that could stifle long-term
market growth.

4.2.2. Equilibrium Analysis Under Model C

.y 3Anco—nfco+2A%4+3nco+A+0—-1 _2A%4A46-1
Proposition 5. When 0 < cg < 34013 , 0 <Zco < sAg3 0 <
N 2 1 * %, 3Anco—nbco+2A+3nco+A+6—1
1—-2A A, and A < 3, then q5 > gqj, when 34013 < g <

— 2Anco_nbeo  Abidnco 2ALN2 o o o < 2AARTL 9 < 1 242~ A, and A <
bor —HAGHARISL <o < AR then qp < a.

The proof of Proposition 5 can be found at Appendix F. Proposition 5 shows that, in a
competitive market, whether marine plastics can achieve output superiority depends on
dual cost constraints both upstream and downstream. Output surpasses that of terrestrial
plastics only when both the recycling cost (cp) and the remanufacturing cost (cg) are
sufficiently low; otherwise, terrestrial plastics remain dominant. This reveals the “cost
linkage effect” in a specialized competitive market: a cost advantage in any single segment
is insufficient to shift the product structure; it requires cost competitiveness across the
entire chain to change the market landscape. As a specialized entrant, the decision must be
based on a two-way cost assessment—being efficient alone is not enough; it also requires
downstream partners to have low-cost remanufacturing capabilities. The optimal entry
timing should prioritize identifying or creating a market window where both the upstream
and downstream components have achieved low costs.

A0+20—2A—2 —nb>4+2n0 A+nb+A0+20—2A—2 <

Proposition 6. Under the conditions 1 < n < —

00+A—0) ’ n(2+2A—nf)
0(A—6+1 —n6? Dy
co < 7514_912), or n > —ZA;“Z, 0 < ¢ < = +2"971’?;:’29Xf3$29 2A=2 " when
n(—nfco+2Aco—2A0+624+2c0—0)+A(2—0)—20+2 < < —(2Anco—nbeco+AB+2nco—2A+20—2) 4 <
2A79?n9+2 . CS) 2A—0+2 » Wo
. n(—nbco+2Aco—2A0+0+2c0—0)+A(2—0)-20+2 %
wj,; when 0 < cg < A T2 , Wey > Wi

The proof of Proposition 6 can be found at Appendix G. Proposition 6 reveals that, in
a specialized competitive structure, whether the wholesale price of marine plastics exceeds
that of terrestrial plastics fundamentally depends on the profit margin of downstream
remanufacturers: when downstream manufacturing costs (cs) are low, remanufacturers
exhibit strong demand for marine plastic feedstock, granting specialized suppliers greater
bargaining power and enabling them to capture part of the green premium through higher
wholesale prices; conversely, if downstream costs are high, weak demand forces suppliers
to lower wholesale prices to sustain supply chain cooperation. This mechanism illustrates
that the pricing power of upstream suppliers essentially mirrors the profitability and cost
efficiency of the downstream segment. Therefore, specialized recycling firms should treat
the cost structure of downstream partners as a core determinant of pricing and aim to enter
the market during periods when downstream technology matures and costs decline, in
order to achieve better profit capture.

- iy —/(1+A
Proposition 7. Under the conditions 0 < cp < 1(717+)9 and 0 < 0 < A%rl' when 0 <

cs < 1—+/(14A)0 —nco, [T}, > I and 115 > I1}; when 1 — /(1 + A)0 — nco <
n(2Aco—0co+2c0)—2A+A0+20—2 1—4/(17A)0 AG-—2A420-2

g < — Wt or n < c0 < —S@i-ery  Hro <

Iy, and I15 < ITj.

The proof of Proposition 7 can be found at Appendix H. Proposition 7 shows that, in
a competitive structure, whether the marine plastic stream becomes more profitable than
the terrestrial one for both the specialized supplier and the remanufacturer depends on
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a concurrent reduction in costs across the supply chain. Only when both the upstream
recovery cost (cp) and the downstream remanufacturing cost (cs) are sufficiently low does
the total surplus generated by the marine segment become large enough to dominate
profits. This highlights a critical system-level cost threshold for green materials: isolated
cost advantages are insufficient to shift profit centers. Therefore, specialized suppliers and
remanufacturers must coordinate their efforts to reduce systemic costs or carefully time
their strategic focus on the marine business until such alignment is achieved.

4.2.3. Model Comparison

Proposition 8. Under all conditions, both marine and land-based plastic waste output are lower
under monopoly than under competition, g¥* < qg* and gM* < g¢~

The proof of Proposition 8 can be found at Appendix I. Proposition 8 demonstrates
that a monopolistic supplier structure consistently leads to lower output for both marine
and terrestrial plastics compared to a competitive supplier market. This occurs because a
monopolist, facing no upstream rivalry, exerts stronger bargaining power and sets higher
wholesale prices, which increases costs for the downstream remanufacturer and ultimately
suppresses production volumes. In contrast, competition between specialized suppliers
weakens their individual pricing power, leading to lower input costs for the remanu-
facturer, higher output that better matches market demand, and greater overall supply
chain efficiency. This finding underscores a fundamental trade-off: while monopoly may
benefit the incumbent supplier, it constrains total market output and consumer access to
remanufactured products.

- BAO-+130—4nfco—4A—4 8A0+130—4A—4
Proposition 9. When 0 < c5 < 0 ;0 <o < —SEEEEA, A<

_ PRI N
%, —143 <f< %,orA < 421;3%, 0 < % then wé\)/l* S wg*;when 8A0+136 i?)eco 444 _

3(1-9) 8A0-+130—4A—4 4-130 4 1
¢s < =g~ —nco, 0 < co < —Fgg— A < g <0 < i

4(26—-1)” 13
_8A0+130—4A—4 3(1-0)
4n6 4n

or

<cp < , then wi* < w§*

The proof of Proposition 9 can be found at Appendix J. Proposition 9 reveals that
whether the wholesale price of marine plastics is higher under monopoly (w}!*) or compe-
tition (w§*) is determined by a cost-driven threshold: when downstream remanufacturing
Costs (cs) and capacity investment scale (A) are sufficiently low, the monopolist raises

wM* above w§* to capture the enhanced green premium enabled by efficient downstream
production. However, if downstream costs remain high, the monopolist lowers w* below
the competitive level to sustain minimal downstream participation, whereas competition
can still support a modest price due to specialization. This underscores that a supplier’s
pricing strategy under different market structures is not static, but adapts strategically to
the efficiency and scale of downstream operations.

Proposition 10. When 0 < cg <1 A + 3 % _ nco, 0<co< W, Hi 2 <A< 4+59
0r0<A<119 ,11<9<1thenw >w when1A+56 (1 9)

50—4A+4 110—2 4450 50—4A+4
HC0,0<CO<T,T<A<T 81
then wﬁ/l* < w%*

—ncp < g <
<o < (4n oA > 119{2,

, or

The proof of Proposition 10 can be found at Appendix K. Proposition 10 examines
how the wholesale price of terrestrial plastics compares under monopoly versus compe-
tition. It finds that a monopolistic supplier can charge a higher price for terrestrial waste
(wM* > w*) primarily when downstream production of marine plastics is efficient (low cg
and manageable A) and consumer preference for terrestrial products is sufficiently strong
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(high ). In this scenario, the monopolist leverages its control over both material streams to
elevate prices across the board. Conversely, if marine plastic recovery or remanufacturing
is costly, the weakened demand for the entire system limits the monopolist’s ability to
sustain high terrestrial prices, often making them lower than in a competitive market
(wM* < wt*). This indicates that the pricing power of a monopolist over a mature product
line is contingent on the health and profitability of the new, differentiated segment it aims
to control.

19_ 1+3A 70—12A—4 139 10

—nco,0<co<T, <A< T4

or0 < A< B0 10 <9 <1, then pILVI* > pS*; when ¢ — B34 —yeq < g < (1 o) _

— 9
1’lCo,0<Co<79 %iA 4/139 10<A<794,01’79 ng 4<C < ( )

Proposition 11. When 0 < cg <

C*

, then pM

The proof of Proposition 11 can be found at Appendix L. Proposition 11 compares
the retail price of terrestrial remanufactured products across market structures. It finds
that this price can be higher under monopoly (pM* > p¢*) only when downstream marine
remanufacturing is sufficiently efficient (low cg and A). In such cases, the monopolist’s
strategy of raising wholesale prices for both material streams (as shown in Propositions
9 and 10) transmits these higher input costs downstream, forcing the remanufacturer
to increase the final retail price p;. Conversely, when downstream efficiency is low, the
monopolist’s weakened position leads to lower wholesale prices, which can result in a lower
retail price under monopoly than under competition (pM* < p%*). This result highlights
that the retail price of a mature product is not determined in isolation, but is critically
influenced by the cost dynamics and pricing strategies applied to a new, co-existing green
product line within the same supply chain.

Conclusion 1. [n the marine plastic waste remanufacturing market, the sales price of marine plastic
waste remanufactured products is lower under supplier monopoly conditions than under supplier
competition conditions. This contradicts the traditional economic intuition that “competition drives
prices down.”

As shown in Figure 4, regardless of the scenario, the price of marine plastic recycled
products decreases as cs and A decrease, with prices being higher under competitive
conditions.

Figure 5 demonstrates the same trend. This occurs because reductions in production
costs and investment scale lower the unit cost of recycled marine plastic products, thereby
decreasing their price. Simultaneously, in competitive scenarios, suppliers focus on their
own product lines; as investment increases, costs inevitably rise, ultimately leading to
higher prices. This counterintuitive conclusion is primarily driven by the interplay of two
key mechanisms within the model.

Pressure to allocate downstream investment costs: In the competitive model (C), the
remanufacturer exclusively bears the full convex capacity investment cost Agp? required
to establish the marine plastic production line. To cover this rapidly increasing cost and
maintain profitability, the remanufacturer has a stronger incentive to set a higher retail
price po, thereby transferring part of the investment burden to consumers.
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Figure 4. Comparison of marine plastic recycled product prices when 6 = 0.7.
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Figure 5. Comparison of marine plastic recycled product prices when 6 = 0.3.

Strategic price-reduction incentive for the upstream monopolist: In the monopoly
model (M), the monopolistic supplier provides both material streams. When the profit from
terrestrial products is substantial (i.e., 8 is relatively high), the supplier has an incentive to
strategically lower the wholesale price of marine plastics wp to stimulate greater down-
stream production of marine products. This not only expands sales of marine feedstock,
but, more importantly, allows the supplier to enhance overall brand value or market share
through the “green” product line, thereby indirectly supporting profits from its terrestrial
business. This move essentially represents the monopolist leveraging its integrated posi-
tion to engage in internal subsidization or cross-coordination, which mitigates the double
marginalization effect in the supply chain and ultimately leads to a lower retail price.

5. Numerical Analysis

Following Wang, et al. [33], we set n = 1.5 and c¢p = 0.1. To represent contrasting
market perceptions of the “green” attribute, we assign 6 = 0.3 and 6 = 0.7. These values
reflect a high green-premium scenario (where consumers strongly value marine plastics)
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and a low green-premium scenario (where they are seen as closer substitutes), respectively.
The choice is informed by empirical ranges of environmental premiums and provides clear
comparative insights. Sensitivity analysis confirms that our key insights are qualitatively
robust within a reasonable range of 6.

5.1. Comparison of Remanufacturer Profits Under Monopoly and Competition Conditions

Conclusion 2. When 6 is high, as cs and A decrease, remanufacturer profits in the competitive
model increase significantly, while profits in the monopoly scenario decline (as shown in Figure 6).
However, when 6 is low, as cg and A decrease, remanufacturer profits in both models increase
(as shown in Figure 7). Simultaneously, remanufacturer profits in the competitive model are
consistently higher.

T

0.16 5
0.14
0.12 4
0.1+
=
0.08 ~
0.06

0.6
0.04

0.02 S
0

Figure 6. Comparison of remanufacturer profits under monopoly and competition conditions when
6 =0.7.
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Figure 7. Supplier profit comparison under monopoly and competition conditions when 6 = 0.3.
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The fundamental reason lies in the competitive model’s greater effectiveness at low-
ering wholesale prices for waste plastic, reducing remanufacturers’ costs, and achieving
higher sales volumes, thereby consistently yielding higher profits. Specifically, reduced
production costs and investment scale better enable remanufacturers to control expenses.
Counterintuitively, however, monopoly-mode remanufacturers experience declining prof-
its alongside falling cg when 8 is high. This occurs because higher 6 leads to reduced
production of marine plastic remanufactured goods. Although remanufacturers produce
more land-based plastic goods, the market is already saturated with these homogeneous
products, yielding significantly lower profits than marine plastic remanufactured goods. Si-
multaneously, lower production costs imply lower entry barriers, which conversely means
remanufacturers lack pricing power.

5.2. Supplier Profit Comparison Under Monopoly and Competition Conditions

Conclusion 3. As shown in Figure 8, when 0 is high, as investment scale decreases, competitive
suppliers’ profits decline while monopoly suppliers’ profits rise, achieving higher profits within
a certain range. The same holds when 0 is low (Figure 9). However, when cg is high, monopoly
suppliers’ profits do not necessarily increase.

.
1y

0.15

0.1

0.05

g
0. §
T 4

Figure 8. Profit comparison between monopoly suppliers and competitive scenarios for land-based
plastic waste suppliers when 6 = 0.7.

This occurs because reduced investment costs lower the unit cost of marine plastic
recycled products, ultimately decreasing their price and increasing demand. This, in turn,
partially impacts demand for land-based plastic recycled products, leading to the observed
phenomenon. Furthermore, when consumer preference for land-based recycled products
is low, excessive consumer demand for marine recycled products coupled with higher
production costs for recyclers enables recyclers to dominate the industry. This allows them
to suppress marine waste plastic prices, capturing substantial profits. This also indicates
that, when downstream players excessively control industry discourse, suppliers entering
new industries may not necessarily secure higher profits.
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Figure 9. Profit comparison between monopoly suppliers and competitive scenarios for land-based
waste plastic suppliers when 6 = 0.3.

Conclusion 4. As shown in Figure 10, when 6 is high, supplier profits under monopoly conditions
consistently exceed those of competitive suppliers. Conversely, when 6 is low (Figure 11), competitive
suppliers only achieve higher profits when both production costs and investment costs remain at
low levels.

b
b
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0.02
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s

Figure 10. Profit comparison between monopoly suppliers and competitive scenarios for marine
waste plastic suppliers when 6 = 0.7.

The reason lies in the fact that, under the monopoly model, suppliers additionally
recycle terrestrial plastic products, enabling them to achieve higher profits in most scenarios.
However, if consumer acceptance of terrestrial plastics is low, suppliers’ profits from this
segment become extremely minimal. Consequently, when marine plastic recycled products
gain market traction, profit growth remains sluggish. Recycling enterprises should enter
this new industry with limitless potential based on end-market preferences and abandon
outdated industries when necessary.
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Figure 11. Comparison of supplier profits for marine plastic waste under monopoly and competitive
scenarios when 6 = 0.3.

6. Conclusions

This study reveals that recycling suppliers’ decisions to enter marine plastic waste
remanufacturing fundamentally depend on consumer preferences and the costs borne by
downstream remanufacturers. When the market favors marine plastic remanufactured
products and remanufacturers’ production costs are low, suppliers benefit from specializ-
ing in recycling, potentially even abandoning terrestrial plastic waste recycling in certain
scenarios. When consumers place limited value on marine plastic products and reman-
ufacturers face high production costs, entering marine plastic recycling is unlikely to be
profitable for suppliers. In such cases, suppliers may be better served by maintaining a
diversified recycling portfolio to manage risk or by postponing entry until costs fall or
demand conditions improve.

For a monopolistic supplier, the analysis also suggests a contingent pricing policy.
When the remanufacturer’s costs are high, lowering wholesale prices for marine feedstock
can help sustain downstream participation and support the diffusion of marine plastic
products. When the remanufacturer’s costs are low, the supplier can raise wholesale prices
and capture a larger share of the surplus associated with the marine “green” attribute.
Under supplier competition, the implication is different: entry is most attractive when
cost conditions allow the marine stream to scale, and competitive pricing can help avoid
upstream shortages that would otherwise compress remanufacturers’ margins and slow
market development.

This study has several limitations, most of which stem from the stylized structure
needed for tractability. First, we assume a single remanufacturer and complete informa-
tion; this abstracts from downstream competition and from information frictions such as
verification and certification of “ocean plastic.” Second, the two-period setting does not
capture longer-run dynamics, including learning-by-doing, path dependence, or behavioral
concerns such as perceived fairness, and it does not explicitly incorporate policy tools
(e.g., subsidies, take-back mandates, or penalties). Third, the objective is restricted to
firms” economic profits, leaving aside other welfare criteria such as consumer surplus and
environmental or social benefits. Extending the framework to multi-period, multi-agent,
and multi-objective settings would be a natural direction for future research and could
provide a broader basis for both managerial decisions and policy design.
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This study provides a theoretical lens for analyzing entry strategies in the emerging
marine plastic recycling market. While the stylized model offers generalizable insights
into the strategic trade-offs shaped by consumer preferences and cost structures, we ac-
knowledge that its conclusions are derived under specific, simplified assumptions. The
absence of empirical case studies limits the direct mapping of results to any particular firm
or region. However, the analytical framework and the derived conditions (e.g., the roles of
6, cs, and A) establish a foundational logic and a diagnostic tool for practitioners. Future
research that tests and refines these propositions through case-based or empirical analysis
would be a valuable complement, further bridging theory with the complex realities of this
evolving industry.

Author Contributions: Writing—original draft preparation, K.W.; writing—review and editing,
X.W. and L.Z.; supervision, L.Z. All authors have read and agreed to the published version of
the manuscript.

Funding: The authors thank the Major Project in Philosophy and Social Sciences of Universities
under the Jiangsu Provincial Department of Education (2024SJZD052) and the Humanities and Social
Sciences Foundation for Young Scholars of China’s Ministry of Education (13Y]C630223) for funding
this research.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in
the article.

Conflicts of Interest: The authors declare no conflicts of interest.

Appendix A. Analysis of Two Models

Analysis of Model C: Substituting the price functions pp = % —qgo —0qpand pp =
(2 — g0 — q.) into I yields

3
g = —Aqp — qo (Cs +4qo +nwo +6qr — 4) —qr(wr +0(qL +4q0 —3/4)] (A1)
Thus, the Hessian matrix for Manufacturer R’s profit function is

—2A-2 =20

A2
—20 —20 (A2)

From A > 0and 0 < 6 < 1, we obtain —2A —2 < 0 and 46(1 + A — 6) > 0. Therefore,
this Hessian matrix is negative definite, indicating that manufacturer R’s profit function is
concave and has an optimal solution. Differentiating go and q; from Iz and solving the
simultaneous equations yields

4cg +30 — 4wy, +4nwo —3

= A3
90 8(A—6+1) (A3)
46cs + 3A0 — 4w — 4Awy + 4nbwp
= A4
I 80(A—0+1) (Ad)
Substituting these into the supplier’s profit function gives
_ n(4cs 430 — 4wy, 4 4nwo — 3)(co — wo) i wy (40cs + 3A0 — 4w — 4Aw; + 4nbwp) (A5)

8(A—06+1) 80(A—0+1)
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Thus, the Hessian matrix for supplier S’s profit function is

n? n

0—A-1 1+A—-0
n 4A+4

TFA—6 10(0-A-1)

(A6)

2 . .
Hﬂif‘*’) > 0. Therefore, the Hessian matrix of
supplier S’s profit function is negative definite, indicating that the profit function is concave

. 2
From n > 1, we obtain 53— < 0 and a

and has an optimal solution. Differentiating IIs with respect to wp and wy, then solving
the simultaneous equations, yields wpo = W and w; = 3/86. Substituting wp and

wy into gp and g1, as well as pp and p;, we obtain

_ 4cs 4360 +4ncpo -3

= A7
fo 16(1+A—0) (A7)
3A +4cs +4nco

= A
= T6(1+A-0) (A8)
pL=960/16 (A9)

12A +4cg — 90 — 3A0 + 4ncp — 46cs — 4nbcp + 9

- Al
po 16(1+ A—9) (A10)
Parameter range of Model M: From 0<4go < 1, we obtain 0 < cg < 3(147_9) — nco.

0<gr <1

3(1-6)
1
Analysis of Model C: Substituting the price functions po = 1 —qp — 09 and

—ncp > 0, weobtain 0 < ¢p < 3(59).

Furthermore, since
pL = 6(1 —go — qr) into IR yields
g = —Aqg — qo(cs + go + nwo + 0q. — 1) — qr[wy +6(qL + g0 — 1)] (A11)

Thus, the Hessian matrix for manufacturer R’s profit function is

Al12
—20 —20 (A2)

—2A -2 —29]

Since this Hessian matrix is negative definite, manufacturer R’s profit function is
concave, and an optimal solution exists. Differentiating g0 and gy, from I'lg and solving the
simultaneous equations yields

_cs—|—9—wL+nwo—1

0 = 20A-611) (AL3)
‘7L2905+A929(ZL_9T%+WWO (Al14)

Substituting these into the profit functions of both suppliers yields
ITp — ”(Cs+9—ﬂizflgi—1;)(co—wo) (A15)
I, = wy (0cs + AB — wp — Awp + nbwg) (A16)

20(A—0+1)

Taking the second partial derivatives of wp in Ilp and wy, in Iy yields — A_”igﬂ < 0and

- ﬁ < 0, respectively, indicating the existence of an optimal solution. Next, taking

the first partial derivatives of wp in Ilp and wy, in I}, and solving the simultaneous equa-
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. . —20— — — _ 6(2A—0 1
tions, we obtain wo = 2A—-20—-2Acg Az&idi%iic)s—&-ZAnco 2c5+2 and w; ( 4A+ngiics+ )

Substituting wo and wy, into o and g, and into pp and pr, respectlvely, we obtain

2c5 —2A +20+2Acs + A8 +2nco — Ocs + (2A — 0)ncp — 2

=— Al17
fo 2(4A7 —5A0 + 8A + 02 — 50 + 4) (A7)

(A+1)(2A+cs—0+nco+1)
— A18
L= T34+ 4A2 — 540 + 8BA — 50) (A18)

. 0(6A +cs —20 +nco +5)
PL= 8A 2018 (A19)
_ 14A+2c5 — 90 +2Acs — 12A0 + 2nco — 20cs + A6? — 2A%0 + 8A% + 3602 + 2Anco — Afcs — 2nbco — Anbco + 6 (A20)
o= 2(4+4AZ —5A0 + 8A — 50)
Appendix B

Proof of Proposition 1. Let wo — wL = 0, yielding ¢s = nco + ( % When cs < 0,
3(nf—1)
4n

we have ¢p < . To satisfy co > 0, we must also satisfy § > . When 0 < ¢5 <

@ — ncp, we have 3(”271) <co < M . To satisfy cp < (1 6), we must also satisfy

%2< 0 < n%rl When cg > 3(29) — nco, to satisfy co > 39(gn 1), we must also satisfy

a1 <0 <1LQED.U

Appendix C

Proof of Proposition 2. Let ‘70 —gqM =0, yielding cg = 3(1_7;_9) —ncp. When cg < 0, then
3(1-A-0) 3(1-6)

co > =g, whencg > 0, then cp < (17‘29)

it must also satisfy A < 1 — 6, thus proving the proposition. [J

To satisfy the condition 0 < cp < =5,

Appendix D

Proof of Proposition 3. Let H% — HsNi = 0 and HIQAO — HIQAL = 0. Solving yields two

w M —ncp. When cg; < 0, we have

3(1-v/(A+10)  31_p)

, we must also satisfy y — =5 <

—nco and cgp =
(1 9)

roots:cg; =

1
3(17 (A+l)9>
co > ———;—=. Tosatisfy cp <

. 3(1-y/(AF18)  31-p) . .
0. Since T — =4~ < 0holds for all cases, no additional conditions need be
3(1-/(4+1)0) ) .
met. When cg; > 0, we have cp < —————*. To satisfy cp > 0, we must also satisfy

) _ 3(6—4/(A+1)0 _
0 < %H' Since cg1 — (% — nco) = (f> < 0, the case cg1 > 3%19) —nco

need not be considered. Furthermore, since cgp, — (T — nco) = ——5—>>0,we
only need to examine the sign of cg;. Q.E.D. [

Appendix E

Proof of Proposition 4. Let HéVI — IT¥ = 0. Solving yields two roots: —nco + (1 % +

3(17 (97A71)9>

7 . Since (6 — A —1)60 < 0, this equation has no real solutions. Furthermore,

since the coefficient of C% is m > 0, we have H]SVI > H%A .QED.O

0<go<1
0<qL<1

2Anco— Af+2nc0o—2(14+A—
. Furthermore, from — =20 n9co—; Aegfgo (1+A-6) 0,

A6—2(1+A—6)
n(2A—06+2)

Parameter Range of Model C: From { , we obtain 0 < cgc <

_ 2Anco—nfco+Ab+2nco—2(1+A—0)
2A—60+2

we obtain 0 < ¢cp < —

. (csc is the upper bound for this model.)
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Appendix F
Proof of Proposition 5. Let g5 —¢¢ = 0. Its solution cgp is less than
_ 2Anco—nfco+A8+2nco—2(1+A—0) _2A’+A4+0-1 _ AB-2(1+A-9) .
2A-0+2 -+ When c¢sp < 0, =T7350050 < c0 < —Tma-er2)
2 . 2 _ .
when cg, > 0, cg < 7%, and satisfying 7% > 0, we obtain
0 <1-2A2-Aand A< }.0
Appendix G
Proof of Proposition 6. Let wg — wf = 0. Its solution is
—n20co+2Anco—2Anf+n6?— Ab+2nco—nb+2(A—0+1 .
Cs3 = 0 0 TIA— 0T ( ). When 0 < cs3 < csc, the following
2A+2 <n
condition  must also  hold: 0 102 +2n9A+n9+A9+29—2A—2 or
<cto < (2424 -—18)
—nf>+2nA+nb+A6+20-2A-2 _ , - 0(A-0+1)
n(2+2A—n0) 24072 gD [0
—n6?12n0A1n0+A0120-2A-2 _ . O(A-0+1) "
n(2+2A—n0) o 2A— 9+2
Appendix H

Proof of Proposition 7. Let IT§ — II¢ = 0 and II$, —I1I§;, = 0. Solving yields two

identical roots: cg4 = 1 —nco + /0(A+1) and cs5 = 1 —nep — /(A +1). Since cgg —
(2A—0+2)\/0(A+1)+0(A+1)

csc = YA—672 is always greater than 0, only the magnitude of cg5 needs
. . —2A+6-2)1/0(A+1)+6(A+1) .
consideration. Moreover, cgss — c5c = (Z24+ )2 Aﬁg J:; J+6(A+1) is always less than 0.
. 1—/0(A+1 _ - )
When cg5 < 0, we obtain n( 1) <co < —%; when cg5 > 0, we obtain

0 < co < —UAHD Ven(AH). To satisfy 17{;& > 0, the condition 6 < 47 must also hold.
QED.OI
_ _12p2
From cgc — 3(14 o _ nco} = <2A+§fﬁﬁ:§ Sl 0, we know that the common

interval of model M and model C coincides with that of model M.

Appendix I
Proof of Proposition 8. Let qIC‘)A - qg = 0, yielding cg = —4”960+4A974362+4A79+4 < 0;
2

let gM— q(L: = 0, yielding cg = i +(12_8”Co_Sszigfégco_snco_gﬂg. Then subtract cgpy
2 2

from this, resulting in 44 H@Q‘i{ fg 042 S . Q.E.D. (csp is the upper bound of cg in

model M). [

Appendix ]

Proof of Proposition 9. Let w¥ — wS = 0. Solving yields cgs = 2462421130 o yyhep

4— 392 100 Gince
8A9 4A—44130
< g

cs6 < 0, we obtain cp > W when cgg > c5p, we obtain A <
A > 0, we must also satisfy: 6 < 2. When 0 < cg4 < Csp, we obtain cp

% and {5 < 0 < 3. QED.O

Since cp > 0, we must additionally satisfy: A < 120-1)

Appendix K

Proof of Proposition 10. Let wL —wL 0, yielding cg; = % 589 nco. When

cg7 <0, we obtain 59%17‘“‘ <co < 3(1 6)
A > 119 When Cs7 > Csp, We obtaln A< 1 . Since A > 0, we must additionally
satlsfy 0 < 11 When 0 < cg7 < Cspm, wWe obtaln co < M Since cp > 0, we must
additionally satisfy M — 5 < A< 59 +1.QED.O

. For the inequality to hold, we must also satisfy
1o _
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Appendix L
Proof of Proposition 11. Let pﬁ/l — p(Lj =0, yielding cgg = % - # —nco. When cgg < 0,
we obtain 597%# <co < 3(;6); when cgg > cgp, we obtain A < % — %. Since A >0,
we further require: 6 > %. When 0 < cg7 < cgpr, we obtain ¢p < 79*%#. Since cp > 0,
we further require: %9 — % <A< % - % Q.ED.O
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