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Abstract: This study investigates the sustainability of green innovation under the influence of coopetitive diffusion.
We focus on green innovations which repurpose discarded technology accessories for resale. Original manufacturers
make every attempt to prevent the use of low-cost replacements. To encourage green innovation, incumbent market
leaders need to be provided with business strategies which help them maximize profitability. Using a stochastic
differential game from a Lotka—Volterra system, we predict a coopetitive diffusion path among participant
stakeholders. We find that green innovation, combined with the positive effect of network externalities can indeed
enhance total market growth. Factors such as product characteristics, product pricing, and compatibility protection
strategies must interact properly for green innovation to be sustainable.
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Introduction
Some green innovations possess distinct
advantages, whereas others are characterized by

trade-offs. Governments often provide subsidies and
legal protections to foster particularly risky green
innovations. Despite these advantages, however, not all
innovations survive over time. This study investigates the
conditions for sustainability of such innovations and
strategies for effective diffusion for remanufactured
products in environments marked by both competition
and cooperation.

Historically, innovations are more likely to fail than
to succeed, e.g., cable modems, home circuit networks
and personal digital assistants (PDAs). Fuel cell-powered
vehicle technology has continuously promised various
advantages, but public interest in this technology has
been flagging. In 2003, the United States government
proposed a Hydrogen Fuel Initiative, but reduced its
scope by 2009 due to limited acceptance of the
technology [1]. Superior technology does not ensure that
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an innovation will be successful and sustainable. Thomas
Edison’s success with the incandescent light bulb
represents a classic example of survival amid alternative
innovations: Contrary to common knowledge, the
success of the light bulb owed as much to Edison’s
business strategy as to the technological invention [2]. At
the time, Edison not only confronted strong collusion
among gas utilities but, more importantly, a lack of
electrical connections in households. Edison invested on
an immature innovation among incumbent technologies,
but managed to create sustainable growth through
applying appropriate strategies [2].

Green innovation opportunities arise from creating
alternatives to expensive, disposable accessories. Some
companies sell their main products at a steep discount,
only to recoup on subsequent sales of replacement or
complementary parts, a model sometimes referred to as
“razors and razorblades”. Hewlett-Packard used to derive
more than one-third of its profits from sales of ink and
toner replacements for its printer products [3]. Given the
extraordinarily high margins obtained from this lock-in
effect, material and production efforts are usually
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disregarded. However, the environmental cost of disposal
is transferred to the consumer. A green innovation is to
refill disposed printer cartridges and sell the
remanufactured products back to the consumer. The
remanufacturing and the green value added fill the gap
of environmental protection and provide the
remanufacturer a surprisingly large profit. Although
products with added green value enhance HP’s public
image and strengthen the company’s position against
competitors, HP is threatened by remanufactured
cartridge providers, and litigates against them for patents
infringement. This study investigates the sustainability of
a green innovation practice under coopetitive product
diffusion using cartridge remanufacturers as an example.

To effectively analyze strategic interactions, this
study establishes a stochastic differential game based on
a Lotka—Volterra system for predicting coopetitive
diffusion patterns among green innovation stakeholders
[6]. The model of market growth is based on a widely
known diffusion formulation wused in differential
equations. A previous study [4] investigated the
application of ecological models to business
management and found that the ecological
Lotka—Volterra model can be effectively used in
predictions of business competition and management.
Another study [5] analyzed market segmentation of two
products and conducted experiments to verify the
credibility of the Lotka—Volterra model. They showed
that market evolutionary processes can be closely
described and that business coopetition and
Lotka—Volterra-modeled evolution are closely related.
The same research [5] applied the Lotka—Volterra model
in describing the relationship of market evolution
between manufacturers and remanufacturers to master
the changes of evolution between them under the
interactions of different variables. In [6], sales volume
diffusion dynamics was built based on the Lotka—Volterra
coopetition model.

Discussions concerning remanufacturer
intervention have focused on boycott tactics against
remanufactured goods. A previous study [4] indicated
that although firms cannot directly profit from reverse
logistics, product-recycling systems need to intervene to
prevent unnecessary competition from outrivaling. Given
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the inevitable conflict from remanufacturers, many
studies have begun to consider optimal business
strategies from different aspects of competition, such as
controlling remanufacturer intervention through price
variation and product recycling [7-11].

However, recent studies have focused on the
mutually beneficial relationship between the original and
after-sales markets. Manufacturers could regard
remanufactured products as a vehicle for green sales [12].
Following consumer preference in purchase intention,
manufacturers could abandon first-season profits to
increase production of remanufactured goods, as
described in [1] where manufacturers face pricing issues
of multi-seasonal products due to remanufacturer
interference. Investigating the conflicts between both
firms reveals the possibility of developing mutual sales
aside from the preexisting competition. New trends in

market development also stress conflict resolution
through the application of product coopetition
strategies.

Despite previous reports on the coopetitive
characteristics of accessory markets, we still lack
analytical models focused on the pattern of competitive
diffusion. Given the sales mutualism of the two markets,
simple competitive tactics are inappropriate
determining a manufacturer’s best product strategy
under real-life interactive sales conditions. This study
demonstrates the mechanisms of strategic change in
interactions between manufacturer and remanufacturer
product sales. To elucidate the coopetitive strategic
interactions among firms, this model not only considers

in

the characteristics of a host product and its
remanufactured market but consumer choice and
preference of accessory products as well.

To understand how manufacturer product

strategies affect volume changes in sales, we must first
focus on two aspects: the characteristics of product
demands and market diffusion systems. In terms of
product properties, accessories are manufactured
proprietarily because they require the joint usage of both
the host and the accessory to function properly.
Accessories only have value when used with their
associated host products [13]. When an accessory is
combined with its host product into a systemic product,
the compatibility of an accessory with other brands
influences consumer purchasing intention.

Systemic products have significant impacts on
network externalities which, in turn, have direct or
indirect impacts on consumers. With direct network
externalities, consumer-perceived utility functions are
directly influenced by other consumers of the same
network [14]. With indirect network externalities, the
utility of a consumer’s choice is evaluated in terms of the
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investigated how variety of accessories affects consumer
preferences, which is the central idea of indirect network
externalities. Consumers benefit from network
externalities through the combination of intrinsic
product benefits and network external benefits [17].
intrinsic product benefits arise mainly from the
consumer’s own judgments, whereas external benefits
are influenced by the number of users and accessories.
The perceived value of consumer products rise with
increased variety of complementary options, resulting in
a positive feedback loop unique to network effects [14].
For example, in a host product’s market, demand for
accessories increases with the number of host product
users, thus increased accessories further attract
consumers  through  providing a  variety of
remanufacturing options.

As the installed base grows, increased popularity in
the market provides consumers with better network
externalities. For indirect network externalities, the
growth of the installed base of systemic products is
partly promoted by the accessory market. For example,
during the lifespan of video games, product demands
and market predominance can be controlled by price
adjustments and supply diversification [18]. Market sales
of CD players and CDs are mutually auxiliary [19];
increased variety in complementary software encourages
purchases of hand-held electronic devices and increases
product sales [20]. Therefore, firms that sell systemic
products with such properties should adopt sales
strategies that not only aim to boost basic consumer
installation but consider complementary market support
as well. Such strategies can induce positive feedback
through network externality effects and reach product
diffusion goals.

Through analysis of different market conditions,
the predicted coopetitive diffusion pattern verified that
the manufacturer could gain markedly higher profits by
strategically allowing remanufacturer market
intervention. We postulate that diffusion cannot be
sustained if necessary factors such as product
characteristics, product fragmentation and segmentation
strategy do not properly interact in a competitive
environment. Furthermore, we develop conditions for
product sustainability in alternative markets.

The remainder of this paper is organized as follows.

Section 2 reviews the spatial competition literature and
demonstrates the importance of the current research.
Section 3 discusses the modeling process. Section 4
presents behavior analysis conditions and shows our
results on regional competition and diffusion. Section 5
concludes this paper by emphasizing the importance of
cooperative competitors in the introduction of new
products.
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Protocol Problem Description in
Stochastic Differential Games

Differential games, combining game theory with
control theory, have been widely used in economics and
management sciences [21] and are used in particular to
investigate long-term dynamic negotiations among
participants. A previous study [22] discussed the strategic
interactions of pricing and advertising between suppliers
and retailers using the Stackelberg model of a stochastic
differential game. Considering uncertainty factors of
consumer demand, further insights can be gained from
analytical results that better conform to real-life
situations.

This study considers a coopetitive game between a
manufacturer and a remanufacturer that reproduces an
knock-off accessory. The manufacturer first determines
the prices of new items p, and compatibility or
protection level € The remanufacturer then determines
the remanufactured accessory price. This study models
the coopetition in a Stackelberg game with a symbiotic
Lotka—Volterra stochastic system and derives the solution
in terms of stochastic Hamilton—Jacobi—Bellman (HJB)
equations.
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Figure 1.Conceptual model.

We denote x;and X, respectively as the sales
quantities of the host products and the new accessory
products, while X; represents the sales quantity for the
reproduced accessories - a significant green innovation
that reuses disposable materials from the original
accessory. The host product is priced at p; and the two
accessory products are respectively priced atp, and ps.
The model is shown in Figure 1. The manufacturer mainly
earns profits from host device and accessory sales, which
are respectively represented by r(p,,%;) and £r(p,,X,).
The manufacturer’s prime costs are production cost
v1(x;) of the host product, production cost V,(x,) of the
accessory and compatibility control expenses h;(0) of
the two accessories. Expenses for implementing control
of host and accessory compatibility include costs for
alternations to production procedures and product
protection devices under the assumption that cost is an
increasing convex function with respect to compatibility.
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increasing convex function with respect to compatibility.

In the competitive aspect of the game, both
parties aim for maximal profits. Manufacturer profit is
represented as follows:

7 = (A (p1,x0) = Vi) = m(6) + (P, X:)
g SN

=V, (x;) =, (0)]e”dt

The parameter P represents the discount rate of
the net present values of company profits.
Remanufacturer  profits arise from sales of
remanufactured accessories, represented as r;(ps,Xs) .
Remanufacturer prime costs consist of the product cost
of the remanufactured accessory vs;(ps;,X;)and product
compatibility cost h;(6) , which includes expenses for
product development to ensure compatibility.
Remanufacturer gains result from the difference
between remanufactured accessory sales and production
and compatibility expenses, the function of which is
assumed to be a decreasing convex function to
compatibility. Remanufacturer profit is presented as
follows:

. :Te—pr[,a (Ps.xs)—vs (x5) =y (6)Jat.  (2)

In establishing an equilibrium coopetitive diffusion
model that conforms to strategic interactions between
both parties in the aforementioned product sales
dynamic, the two most frequently used diffusion analysis
models are the Bass and Lotka—Volterra models. Product
coopetition relationships between firms are difficult to
describe using the Bass model and many researchers
have applied ecological models to compensate for its
deficiencies.

The dynamics of competitive diffusion in this paper
are based on a mutualism model. The equations
incorporate additional stochastic terms to describe the
uncertainty from the influence of other firms. Let Q;, for
i = 1,2,3 represent the maximal market sales volume or
the market saturation volume. The dynamics of three
firms in terms of sales volumes are described as follows:

dx, = oy X, [(Q1 —x; )+ é'(pz,p3,9)(x3)]dt

o ()2 () - B

(Q—x,)+ex, — i
fz(pz:pa)(xa_gz(e)) ,
+0,(x,)dz(t)

dx, = a,X,

(4)
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(Q—x3)+esx, —
fi (lepa)(xz —0s (‘9))
+03(x3)dz(t)

Where ¢«; , for i=1,2,3 denotes the intrinsic
growth rate in a market and is assumed to be a constant
and uninfluenced by controlled variables; of(x;) for
i=1,2,3is the variance term; the random variable z(t)
represents a standard Wiener process in a probability
space(Q,1,P).

In the coopetitive process, two opposite forces
from the rivalry partners influence the diffusion pattern
of the products. Let f be the degree to which new and
remanufactured accessories cannibalize each other, and
let &(p.,p:,0) be the contribution of the positive
network effect, which is attributed to the sales of green
innovative accessories produced by a third party. The
cannibalization effect is assumed to be a function of
accessory prices p,and ps;and is related to the extent
of price difference. Variations to the price differences,
(k4(p2—p3)) and (k7(p3_P2)) , between the two
products, may impact consumer purchases of
remanufactured accessories, where k, and k;
respectively represent the influence of price difference
on market demands for new and remanufactured
accessories.

The network effect 5(P2,P3,9) is influenced by
the price difference (ki(p, —ps))and the compatibility
factor (k,(1—6)), where k;is similar to the meaning of
k, and k; , and k, represents the influence of
compatibility on host product sales. k;is the degree of
change in the accessory product market caused by that
of the host product. Host product sales intuitively have a
positive impact on accessory sales. The parameters e,
and e; respectively represent sales benefits to new and
remanufactured accessories.

The protection effect g,(6) represents the
competition of the remanufactured accessory on the
new accessory; conversely, g;(6) represents the opposite
competition effect from the other direction. As
protection  slackens, compatibilities ks(1—6) and
ks(1—6) increase, thereby boosting demand and supply
of remanufactured accessories as well as demand for
host products and new accessories, where ks denotes the
effects of compatibility on new accessory product needs,
and kg represents the effect of the host product market
on demand for remanufactured accessory products.

dx; = a3 dt

(5)

System Strategic Analysis

In investigating the equilibrium of interactive
strategies in the coopetition relationship, cannibalization
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increases in severity when substitutes can be found for
original manufacturer products. Producers must secure
market dominance to prevent remanufactured
accessories from cannibalizing the profit of the original
producer, especially if consumers are less subject to
brand loyalty.

Firms often exhibit distinct competitive advantages
in a market. Some firms enter the market early, quickly
achieving dominance and leading the market by setting
standards for all related products. Late entrants respond
strategically according to the tactics of the market
leaders firms and their own advantages. In this study, the
original manufacturer leads the accessory market and
the accessory remanufacturer must react optimally to
the manufacturer’s decisions. More importantly, the
manufacturer has to maximize profits by determining

business strategies appropriate to the expected
remanufacturer response.
Equilibrium pricing strategies for remanufacturer

(follower)

As the leader in the sequence of decisions, the
manufacturer determines the price p,() of the
accessory product and the degree of compatibility 9(-) .
The remanufacturer makes a corresponding decision
ps(-) according to the given tactics of the leading
manufacturer. Hence, remanufacturer strategic control
can be obtained as follows:

E|lr(pf,xs) -
VF(Xg):maX '([[3(p3 X3)

P3
v3(x3)— hs(0)]dt
such that

X5 (t) = %, (Q, — X,) + e,x,

— £, (203 ) (X, — 95 (0)) + 0, (x,)dz(t) 7)

According to the stochastic HIB equation, defining
remanufacturer costates (including remanufactured
accessory sales variation, oX3(Q; —X3)+e3x; — f5(p,,p3)
(x, —gs(0)), costate V,; and costate V,,,, of its stochastic
term o(x;) and combining remanufacturer objective (6)
and state variable (7) lead to the following HIB equation:

FF
[n—vs—hl+V, X
rVF =max

(8)

+VI

1,

X3X3 EO- (X3)\/X3X3
Under the specific strategy imposed by the

manufacturer, the remanufacturer response strategies

must fulfill the first-order condition for the right-hand

side (RHS) of (8):
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Remanufacturer strategic response p; for the
accessory price ps(-) and compatibility &(-) given by the
manufacturer may be obtained using the first-order
condition. Let p} be replaced with R and substituted
back into (8) to yield an HJ equation (10) with only state
and co-state variables.

1
rv* =[r-v; _h3]+Vx§X§ +Vx§)(3 50'32\/;;@- (10)

Equilibrium price and
manufacturer (leader)

compatibility strategies for

The leading manufacturer adjusts its equilibrium
controls p5 and @ according to market changes when
it perceives the remanufacturer response p. under the
conditions of the preexisting accessory price p:()and
compatibility 6() In such an interaction, the
remanufacturer counter-price strategy R must replace
pE. The problem for the equilibrium control of the
manufacturer can be expressed as follows:

o "1(P1;X1)_V1(X1)
V‘(xl,xz)zmang I —h (6)+n(p2,x,) |dt .
P2,
ARACARAC)

(12)

Substitute A with R in sales dynamics (12), (13),
and (14) as follows:

X1 =X, [(Q — X))+ 8(py, R, O)x: ]+ ox, )dz(t),  (12)
L_ _(QZ —X,)+ e

X2 = 00X, _—fz(pz,R)(x3 _gz(e))— +o(x,)dz(t), (13)
L _(Qg —X3)+e3x1
3 = (3X3 )dz(t),

X3 = QX —f P R)—05(0)) +o(xs)dz(t), (14)

From the objective (11) and sales dynamics (12),
(13), and (14), the following HIB equation is generated:

L
[n=vi—hm+n—-v,-h]+V, x
2
O-l Vx1x1
1X1 2
2
0-3 \/)(3)(3
2

V' (xy,X;) =max< +V, x; +V, x5 +V,

2
O-Z szxz
2

+V,

XaXa

+V,

X3X3

Remanufacturer responsive strategies must fulfill
the first-order condition of the RHS of (15) for the
equilibrium control in HIB equations under the specific
strategy imposed by the manufacturer:
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ORHS _ | .
I o, (17)
06

We can solve for the manufacturer equilibriums
ps() and &'(-) by using the first-order conditions in (16)
and (17). Let L1and L2 respectively replace pi(-)and
6(-), and substitute the results into (15) to obtain an
HJB equation (18) that involves only state and costate
variables as follows:

rVL(Xllxz):[rl —Vi—h +r-v,—h)]

2
L L L a1V,
FV X1 Vi x5 + Vi x5 +V,, ——8 (18)
2 2
o5V, o3V,
+ szxz 2X2Xz + Vx;x; 2X3X3

Systems of equations are established from (10) and
(18) to solve for the costate variables of both firms and
further evaluate the manufacturer equilibriums p, and
0" as well as the remanufacturer equilibrium p; .
However, the costate variables of the model in this study
are complex and difficult to solve explicitly. Hence, sales
dynamics are divided into deterministic and stochastic
parts. The Pontryagin maximum principle can be adopted
to solve the deterministic part, and costate variables are
entered into the stochastic differential equation in
Matlab for equilibrium solutions in a deterministic
differential game. The first-order conditions derived from
HJB equations are then substituted into a stochastic
differential game to obtain all related solutions.

Single-manufacturer market analysis

For comparison, we started the analysis by
modeling a market without remanufacturer intervention.
In the case of a monopolist market, an optimal solution
was obtained. Remanufacturer-related coefficients were
set to zero to remove the influence of remanufacturer.
The sales volumes of the host product and the new
accessory were initially assumed to be equal (Xf = X?) .

We calculated the expected manufacturer profit by
conducting 30 simulation runs under varying market
conditions. Related parameter settings are shown in
Table 1. The level of the beneficial effects of host product
sales on accessory sales (k;) and the host product
intrinsic market growth rate (@, ) were respectively set
to 0.5 and 0.25. The accessory intrinsic growth rate ( ;)
was determined by simulation because we let the rate be
randomly chosen within the range [0.25,0.4],

Selected results from the 30 Monte Carlo
simulations are shown in Figure 2. The optimal pricing

Ed  WWW.ausmt.org

strategy to attract customers is to adopt a lower
accessory price ( p,) to penetrate the market and then
gradually return to the market price. The compatibility 8
is unnecessarily without the intervention of the
remanufacturer. We demonstrate that a proper strategy

can always increase profit in a monopolist market.

Table 1. Parameters for the case of a single manufacturer.

232

Parameters The manufacturer The remanufacturer
a, =0.25
a 1 ’ a3 :O
o, =[0.25,0.4]
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Figure 2. Optimal pricing strategies, sales dynamics and profits for a
single-manufacturer market.
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Manufacturer and remanufacturer mutualism

For coexisting markets, the manufacturer produces
both the host and the accessory products, whereas the
remanufacturer competes by selling a refilled accessory
product. In this situation, we are interested in the
equilibrium strategies of each player.

The initial sales volume of the new accessories was
assumed to be higher than that of the remanufactured
accessories (x2 > x:2). The intrinsic growth rate of the
former was assumed to exceed that of the latter
(& >a3). In previous single-manufacturer scenarios, o
was set to 0.25 for benchmarking, and in this simulation
scenario &, and &; were assumed to be random
numbers within [0.25,0.4] and [0.1,0.25], respectively.
Given that the remanufactured accessory is limited by
the supply of the new accessory, «;is always smaller
thana, . A series of 30 simulations was conducted to
obtain the expected profit of the manufacturer. Under
the premise of maximal rationality, when the two

producers secure approximately the same share,
consumers become more sensitive to differences in
accessory prices but less sensitive to accessory

compatibility. When the two markets of accessories are
imbalanced, the manufacturer can improve its profits if
moderate intervention by the remanufacturer is allowed
by introducing proper pricing and compatibility
strategies.

To increase profits, the manufacturer can allow the
remanufacturer to become moderately involved in the
accessory market. Moderate involvement of the
remanufacturer can widen accessory variety, thereby
promoting host product usage and simultaneously
increasing new demand for remanufactured accessories.
Simulation results show that, given significant superiority
to other suppliers, the original producers can attain
higher profits compared than that of individual sales by
the allowance strategy. This result is consistent with
previous findings in [23].

A significant difference was assumed between the
beneficial effects of the host products and
remanufactured accessories. The former was assumed to
exceed the latter (k; =0.5>k, =0.25). Moreover, the
effects of price differences on new accessory sales were
assumed to be greater than for remanufactured
accessory sales (k, =0.6>k,=0.4). In this simulation
scenario, we examined the effect of the remanufacturer
on the sales of the original manufacturer with
competitive diffusion in the market considered. The
related parameters are shown in Table 2.

In this simulation scenario, the intrinsic growth
rate of the new accessory (@, ) was set to 0.3506 (as in
the new product manufacturer simulation). Random
settings (@, =0.2231) were selected by a Monte Carlo

Ed  WWW.ausmt.org
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Table2. Co-existence of manufacturer and remanufacturer.

Parameter Manufacturer Remanufacturer
a, =0.25
! =[0.1,0.25
a a, =[0.25,0.4] a =l ]
x° x; =2,x2 =2 x3=1.2

233

test, and the effects of the remanufacturer market
entrance on market sales dynamics were examined.
Observation of equilibrium strategies for both firms
demonstrates that manufacturers with greater market
advantage can initially set higher accessory prices ( p; ).
Given remanufacturers’ relative market weakness, they
usually set low prices (p,) to extend market reach.
However, the equilibrium strategies eventually suggest
symbiotic growth in both sales thus, rather than
completely barring remanufacturers, firms can instead
create a win-win situation through properly adjusting
business strategies.

The equilibrium manufacturer strategies and
adjustments suggest that new accessory prices should
follow low-cost penetration strategies to attract
consumers and that compatibility protection should be
lowered gradually. The implied purpose is to allow more
remanufactured accessories to enter the market by
clearing the barrier of hardware protection, thus
boosting customer usage by the spillover effects of all
accessory products. These strategies suggest that new
accessory prices can gradually increase as market
demand grows. The remanufacturer should closely watch
the strategies of the original manufacturer. The best
responsive strategy for a remanufacturer is to maintain a
constant difference in price to avoid retaliation on the
part of the manufacturer by tightening the protection
level 8() for new accessory products. That is, the
remanufactured green innovator should follow the
pricing trend of the original producer and gradually raise
the sales price of remanufactured accessories (as shown
in Figure 3).

As the prices of remanufactured accessories
gradually increase, the cannibalization effect decreases.
As shown in the subplots of Figure 3, the host product
sales rose from an initial volume of 2 to a final volume of
3 and the total sales volume increased from 3.4 to 3.8,
respectively, when the remanufactured accessories were
allowed to co-exist with the original accessories. New
accessory sales grew from 2 to 2.8 in subsequent stages.
Remanufactured accessory sales increased from 1.2 to
1.4 because of the network effect of the growth of the
accessory market. Compared with the previous
single-manufacturer scenario, the introduction of the
remanufactured accessories increased manufacturer
profits, as shown in Figure 4.
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Figure 4.Profit increments in market mutualism.

To determine whether the remanufacturer assists in the
expansion and development of the total market, 30
Monte Carlo simulation results were collected for a

Table 5. Simulations for the nine scenarios in market conditions.

statistical test to determine whether a significant
difference in manufacturer expected returns is indicated
by the presence or absence of cooperative firms. The
hypothesis tests whether the profit of the monopolist
manufacturer is higher than that of the co-existing one.
The results of the t-test in manufacturer profit are
presented in Table 3.

Table 3. t-test of manufacturer profit.

Single Coexistence t P(T<t)
manufacturer Value single tail
19.46 31.05 -15.61 5.99 E-16

Results indicate that the null hypothesis should be
rejected at a significance level of 95%, and a p-value
smaller than 0.05; that is, the remanufacturer
involvement significantly benefits the manufacturer
profits. Test results verify that, in the presence of
asymmetric market competence and strategy-adjusting
abilities, the moderate allowance of remanufacturer
intervention can increase demand for the original
products.

Sensitivity analysis in simulation scenarios

This subsection provides further analysis to
establish relationships among various market factors,
such as market asymmetry and customer sensitivity to
compatibility. We designed a nine-scenario simulation
experiment similar to the design of settings in Table 2.
The parameter settings for this subsection are listed in
Tables 4 and 5:

Table 4. Basic parameter settings for the asymmetrical market.

x0  xP a, a, k, kg k
Xy > X3,
o, > a,, 2 12 0.3506 0.2231 025 05 0.3
k, <k,
X3 >x3,

o <a,, 2
ks >k,

X3 > X3,

o <y, 2
ks <k,

Degree of asymmetry

Low sensitivity

Medium sensitivity High sensitivity

Low (x; =1.6,x; =1.6,x; =1.2) kY =0.1
Med x; =2.0,x; =2.0,x3 =1.2 k2 =0.1
High(x? =2.4,x3 =2.4,,x5=1.2) K =0.1

k=03 kS =0.5
ky=0.3 ky=0.5
ky =0.3 ks =0.5
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1.2 0.2231 0.3506 0.5 0.25 0.3

1.2 0.2231 03506 0.25 05 0.3



Scenarios for sensitivity analysis of market
mutualism were extended, and the equilibrium strategies
were investigated. We assumed that degrees of high,
medium, and low market asymmetry exist in the initial
market shares of the manufacturer and the
remanufacturer. Sensitivity to compatibility was also
considered at high, medium, and low levels. Given
particular degrees of asymmetry and sensitivity, the
manufacturer then determines equilibrium strategies
under which the rival remanufacturer exerts its own
equilibrium strategies. Nine scenarios were compared
and analyzed in the experiment.

Manufacturer equilibrium pricing and compatibility
strategies can be determined in each scenario with

stochastic simulations. The manufacturer profits in
different scenarios are shown in Table 6.
Table 6.Manufacturer profits for the nine market conditions.

Degree of Low Medium High
asymmetry sensitivity sensitivity sensitivity
LowAsymm 5.11 4.42 41
MedAsymm 20.56 20.0 22.92
HighAsymm 52.47 53.26 55.48

Given manufacturer and remanufacturer

mutualism, high consumer sensitivity to compatibility
decreases total sales when market asymmetry is low.
This is because an increase in consumer sensitivity to
compatibility represents a greater degree of cannibalism
than of sales mutualism in the market. The reason is that
the manufacturer does not completely predominate the
market, causing a decline in total sales profit. In addition,
sensitivity to compatibility significantly affects the
manufacturer. When sensitivity is low, new product sales
suffer less from the cannibalization of the
remanufactured products. However, when sensitivity is
moderate, cannibalization negatively affects the
competitive advantages of the manufacturer, and the
profit decreases slightly. When sensitivity increases, the
dual effects of market dominance and sales mutualism
enable the manufacturer to improve its profit.

Simulation analysis of different market conditions
in Figure 5 shows that manufacturer equilibrium
strategies are greatly influenced by the degree of market
asymmetry and the sensitivity characteristics. The
simulation result demonstrates that compatibility
protection must be strengthened as consumer sensitivity
increases. When such sensitivity is maintained at a
moderate level, competition and the benefits of
mutualism cancel each other out. When sensitivity is low,
original manufacturers should tighten product protection
during early sales stages to prevent the cannibalization of
the remanufacturing market from overriding the benefits
of sales mutualism. In addition, despite the occurrence
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of protectionism under conditions of high sensitivity of
compatibility, manufacturers can gradually lower the
level of protection during the product’s lifespan and
tactically allow the entry of remanufacturer to increase
their own profits.
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Figure 5.  Manufacturer equilibrium compatibility control paths for the

nine scenarios.
Conclusion

This study combines the evolutionary part of
market growth and the equilibrium part of strategic
manipulation in a coopetitive diffusion model. We
conclude that a green innovation can be sustainable if all
parties can react strategically according to the market
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dynamics resulting from the response of all parties. We
successfully link the temporal diffusion to a green
innovation in a cooperative analysis in a stochastic
differential game, which has been overlooked in other
studies.

Given sales conflict over time, this study proposes
that manufacturers can manipulate their advantages and
strategies to achieve total sales growth and enter a
win-win market situation. In addition, market asymmetry
and consumer sensitivity to compatibility are key
strategic issues. Given equal market shares, original
manufacturers suffer from severe cannibalization from
remanufacturers. Thus, original manufacturers should
adopt higher compatibility protection strategies to
prevent loss of sales.

As the market changes in complex competitive
interactions, enterprises must not be limited to
conventional responses to competition but rather boost
overall market demand by strategically cooperating with
other firms. The influence of accessory remanufacturers
should also be considered. Interactions among all
accessory manufacturers often change, thereby
influencing the best strategies developed by each
company. The essence of competition has changed
because the new green innovation changes the market
structure in the original market. Strategies which resist
remanufacturer involvement entail higher expenditures
for product protection, and may limit opportunities for
product sales growth due to the lack of diversity in the
accessory market. This situation is undoubtedly adequate
for manufacturers that strive for higher market share and
maximal profits.

This paper provides a new approach to the
dynamic coopetitive diffusion for green innovation.
Although the cooperative diffusion model considers
factors which influence product diffusion (e.g., consumer
preferences, price differences and network externalities),
the study is subject to certain limitations. Future studies
may develop a three-firm model to make the two-party
coopetitive diffusion model presented here better
conform to real-world scenarios. Collection of market
data and appropriate quantification of analytical
verification may also widen the scope of this model.
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