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Abstract: Replacing traditional products with green products has become a key way to achieve
decoupling between economic development and environmental pollution. As an incentive
mechanism, subsidies can be provided by a government to facilitate the popularization and acceptance
of green products. Subsidies play a significant role in encouraging the development of green products.
We explored the proper optimal subsidy mechanism for green products from the angle of maximizing
the net policy return, which cannot only encourage the development of green products but also do
not aggravate financial burden for the government. In order to explore the optimal subsidy level
for green products from the perspective of net policy benefit maximization, this paper established
the optimal subsidy principal-agent models and a numerical example was presented to verify the
effectiveness of the model we constructed. The results show that improving investors’ preference
and eliminating asymmetric information contribute to reduce subsidy cost savings. Additionally,
improving consumer environmental awareness, promoting the development and application of green
technology, and reducing market risk reduce subsidy costs. This article provides policymakers with
an effective subsidy scheme to accelerate the development of green products and achieve sustainable
development goals.

Keywords: green products; subsidy policy; asymmetric information; consumer environmental
awareness; principal-agent model

1. Introduction

Environmental issues have long attracted worldwide attention. Rapid economic growth has
always been accompanied by overuse and deterioration of natural resources [1]. Excessive consumption
of natural resources results in serious damage to the environment. Green growth is a mode of economic
growth which means environment-friendly and sustainable development [2]. Developing green
products is an effective way to promote green growth [3].

There is no uniform definition of green products so far. To achieve the purpose of this study,
we define the term “green” primarily from an environmental perspective. According to the existing
literature, we have summarized that green products must meet the following three criteria for
environmental quality: (1) the product will not harm the environment during use and saves more
energy than a traditional product [4]; (2) the product will not damage the environment after it is
discarded [5]; (3) the production process and supply chain management meet the requirements of
environmental protection [6]. The term of “green products” can be applied to describe products that
devote to improving the eco-environment and social quality [7].

Replacing traditional products with green products has received widespread attention as an
important measure to solve economic development and environmental problems. For instance,
electric vehicles, which are green products, contribute to reducing carbon emissions observably by
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30 to 50 percent and increase the utilization efficiency of energy resources by 40 to 60 percent [8].
Electric vehicles are considered to an effective way to solve many environmental problems in China,
for instance, energy crises and air pollution [9]. Furthermore, Chen and Song (2017) found that
photovoltaics, a green product, could help reduce outnumber six billion tons of CO2 emission per
annum by the year 2050, which is nearly equivalent to the total number of direct carbon dioxide
emissions of the global transportation industry in 2014 [10].

However, compared with ordinary products, green products are usually more expensive.
The production of green products tends require industrial raw materials that are biodegradable
by microorganisms, harmless and packaged with recycled materials. Thus, compare to ordinary
products, the selling price of green products is 20–25% higher in general [11]. If select green products
instead of ordinary products, consumers may need to pay a premium, but the direct beneficiary is the
eco-environment [12]. Some constraints on the production and promotion of green products remain: on
the one hand, the production of green products requires higher-level production processes, technology
and management experience; on the other hand, consumers pay a certain premium when buying
green products.

The development and promotion of green products depend on three main conditions. The first
condition is the environmental regulations, which state a set of minimum environmental requisites that
products need to satisfy in most industrialized countries [13]. With strict environmental regulation,
the production of green and high value-added products is promoted, while resource-intensive,
heavily contaminated products decrease [14]. The second condition is the subjective intention and
technical feasibility of enterprise green product research and development. The government hopes
that enterprises will actively participate in research and development of new green technology and
products, especially at the beginning of new green technology; however, these new technologies
are not yet mature, and the market prospects of the new products are unclear. As profit-driven
organizations, enterprises naturally have the characteristic of risk aversion. In this case, a reasonable
and effective subsidy mechanism of the government for green products can reduce the market risk of
new green technology and new products and help the government and enterprises form a long-term
cooperative mechanism in green product research and development and promotion. The third
condition is the public demand for green products, which depends mainly on the consumption level
and environmental awareness among members of the public. Government subsidies for green products
not only effectively stimulate the consumption demand of residents but also gradually cultivate
awareness of environmental protection and the concept of green consumption among residents.
The expansion of market demand and the growth of the sales volume of green products can provide
financial support for R&D and promotion of green products and form a positive circular mechanism
for the development of green industries [15–17].

Financial subsidies have become an effective way for the government to encourage and support
the development of green products [18–20]. It is an incentive mechanism, which can stimulate
enterprise to produce green products [3,21,22]. With the expansion of an industry, on the one hand,
the demand for subsidy funds increases rapidly, and the gap to be filled by government subsidies
becomes increasingly larger. On the other hand, disordered market subsidies may lead to excessive
reliance on financial subsidies for the sale of green products, thus disrupting the effectiveness of
market mechanisms [23]. Within a set budget, the government should fully consider the interests of
enterprises and consumers and design a scientific and reasonable subsidy policy to correctly guide
the development of green industries and to maximize the policy benefits and social welfare. It is a
challenge task to design reasonable subside policy for green product development [24].

Peng (2013) adopted a Stackelberg equilibrium to determine the optimal subsidy for green
products. His study concluded that the more remarkable the energy or environmental performance
or the higher the initial cost of green products, the higher the subsidy level should be; the optimal
subsidy level decreases over time with increasing environmental awareness and the learning curve [25].
Bi et al. (2017) studied the use of subsidy policy to encourage enterprises to adopt green technologies.
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In addition, they found that the subsidy policy was affected by the level of green technology, the growth
coefficient of unit per-unit cost and the coefficient of environmental improvement [26]. Guo and
He (2016) investigated the influence of the government subsidies on social welfare, suppliers and
manufactures’ profit [27]. They concluded that the sensitivity of consumers to price is the key factor
that influences the government’s choice of subsidy policy. To explore the mutual effect between
the subsidy policy and firms’ marketing regimes, Li and Li (2017) focused on a Stackelberg game
framework. The government may implement a useless subsidy policy [28].

The existing literature has achieved a basic consensus on the importance of government’s role
in the supply of green products. The government can use appropriate policy measures to stimulate
the enthusiasm of enterprises for producing green products. The establishment of a scientific and
effective subsidy policy for green products is a challenging task for the government. The current
literature mainly discusses the influence of environmental awareness, green technology level and
market risk on the design of government subsidy policies. However, previous studies have not
considered the negative effect of asymmetric information between governments and firms in the
design process of green product subsidy policies. In encouraging enterprises to develop and promote
green products, the government must face the problem of how to determine the subsidy amount,
no matter what direction it takes in designing the subsidy policy. On the one hand, an excessive
subsidy amount will lead to excessive financial pressure on the government. On the other hand, with
a small subsidy amount, it is difficult to produce effective incentives for green product production
enterprises. In both cases, the government cannot achieve the established policy goals. The individual
rationality of pursuing profit maximization and the collective rationality of government promoting
green and sustainable economic development as a social organization aiming to profit have different
interests and conflicts to a certain extent. The government is unable to monitor the specific actions
of the enterprise in real time and therefore cannot comprehensively grasp them. The enterprise may
adopt opportunistic actions such as “deception and compensation” to suit its own economic interests,
thus failing to meet government policy objectives [29]. The principal-agent theory provides an effective
analytical method for solving the problem.

Principal-agent theory has always been used to design optimal policies for agents under
the conditions of information asymmetry and benefit conflict [30]. Many studies have discussed
government incentive issues using the principal-agent theory. Zhang et al. (2018) discussed the
government reward-penalty mechanism between two competing manufacturers and a recycler in
a loop-locked supply chain under asymmetric information according to the dynamics game theory
and principal-agent theory [31]. Wang et al. (2018) established a government optimal incentive
model by combining reciprocal preference theory with a principal-agent model to ensure project
benefits [32]. Altenburg and Engelmeier (2013) analyzed the principal-agent relationship between solar
investors and the government based on the principal-agent theory, and pointed out that the design and
implementation of government subsidies are of great significance for promoting solar investment [29].

We intend to design the optimal subsidy mechanism of green products from the perspective
of government revenue maximization to fill the gaps in the literature. In the case of asymmetric
information and perfect information, we construct an optimal subsidy principal-agent model for
green products from a maximal policy benefit perspective to promote the development of green
products, which less previous literature has studied. In addition, this study reveals benefit conflicts
between policy makers and green product investors and examines how investors’ preference and
relevant parameters (such as consumer environmental awareness parameter, green technology
parameter and market risk parameter) affect the government’s benefit. Not all these factors have been
taken into account in the existing studies [10,33]. Research on subsidy policies for green products
has important theoretical and practical significance for emerging economies, represented here by
China, to transform their traditional economic development mode of high-energy consumption,
high materials consumption and high emissions and to realize social-economic green development
and sustainable development.
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This article is organized as: In Section 2, we construct principal-agent model. In Section 3,
we discuss the optimal solution for models under the asymmetric information and complete
information respectively. In Section 4, a numerical example is offered to show the effectiveness
of the model and discuss the effect of different parameters. Section 5 presents the discussions and
conclusions. All the proofs of lemmas and propositions are provided in the Appendix A.

2. Model Formulation

In Section 2, we discuss the principal-agent relationship between the government and inventors
firstly. Then, we analyze the sequence chart of formulation and enforcement of subsidy policies for the
green product market. According to these analyses, we obtain assumptions and variables to construct
principal-agent model for green products. A flow-model depicting the principal-agent model for green
products is shown in Figure 1.
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Figure 1. A flow-model depicting the principal-agent model for green products.

In addition to traditional sellers and producers, there is also a fund supplier for the production of
green products. In this paper, the producers and fund suppliers of green products are referred to as
“investors”. The investment preference of green product investors is directly related to product output
Various social and economic factors (such as expected investors’ profits, environmental awareness,
or market risk) affect investors’ investment preference. The government hopes to change the mode of
economic growth, improve the environment, realize the sustainable development and improve the
overall welfare of society by popularizing green products.

Consumers buy green products in the hope of meeting their own needs while enjoying the energy
saving and environmental protection benefits brought by such products. However, the government
is unable to directly provide the products and services that consumers need and can only entrust
investors and encourage enterprises to produce and sell green products through green product subsidy
policies. As rational economic actors, investors pursue the maximization of their investment income.
Therefore, they dynamically adjust their investment preference according to changes in the green
product subsidy policy and market economy environment while being entrusted by the government.
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However, the government cannot monitor and accurately grasp investors’ investment preference in
real time [10]. Thus, there is a problem of information asymmetry and interest conflict between the
government (principal) and the investors (agent). The rest of this paper establishes the principal-agent
model, and investigates the government’s optimal subsidy policy for green products.

2.1. Basic Variables and Assumptions

The sequence chart of formulation and enforcement of subsidy policies for the green product
market is shown in Figure 2. After the government formulates the subsidy policy for green products,
investors decide whether to invest in the production of green products according to the principle of
maximizing their own interests. After the green products enter the market, investors can obtain the
corresponding government subsidies and operating income. The government obtains policy benefits
from the promotion and usage of green products, achieves its goals of ecological environmental
protection, economic sustainable development and maximization of social welfare.
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The significance of government subsidies for green products lies in improving the investment
preference of investors and transferring enthusiasm for producing green products to the investors.
The following aspects of the impact of the investment preference of the investors on the green product
market can be considered.

• The investment preference for green products is the comprehensive performance of the
environmental awareness, risk preference and expected return level of the investors. Considering
the information equivalence between investors, investors with a higher investment preference
for green products are more likely to achieve their business development goals by introducing
advanced green production technology and producing innovative products.

• The government hopes that investors can show a high investment preference for green products.
However, China, as the largest developing country in the world, has made a late start, and
consumers in China have not yet formed an awareness of environmental protection and the
concept of green consumption. In addition, the level of acceptance of the green product market
is still low. It is necessary for the government to formulate green product subsidy policies to
improve the investment preference of investors.

• From the perspective of consumers, a high investment preference of investors will expand the
supply and audience scope of green products and affect consumers’ cognition of green products.
Therefore, a high investment preference of investors will lead to an increase in the market
recognition of green products.

Based on these descriptions, the following assumptions and variables are presented in this article.
Assumption 1: x denotes the investors’ investment preference. x is asymmetric information

between government and investors. The government cannot accurately assess the real investment
preference x. The government’s estimate of the investment preference is characterized as a random
variable ξ supporting [0, a], and where 0 < a ≤ 1. The distribution function and derivative function
are F(x) and f (x) respectively, where F(x) and f (x) satisfy d

dx

(
F(x)
f (x)

)
< 0 [33].
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Assumption 2: The return that investors get from green product features is expressed as:

π(q(x), g(x), x) = r(x, α) + g(x) · q(x)− C(q(x), x, ε, β)

where r(x, α) is the investment that consumers pay for green products, and α presents consumers’
environmental awareness. Because green products are more environmentally friendly, consumers with
higher awareness of environmental protection are willing to pay a premium for green products [34].
In addition, p(x) denotes government unit subsidy cost under preference x. q(x) presents the total
yield of green products with the investors’ investment preference x. p(x) · q(x) not only presents the
total government subsidy but also donates part of the investors’ revenue. C(q(x), x, ε, β) represents the
investors’ costs of quantity q(x), ε is the market risk, such as an uncertain economic environment and
policy changes; β represents green technology. Moreover, for each ∀x ∈ [0, a], we assume that [35,36]

∂r(x, α)

∂x
≥ 0,

∂C
∂x

< 0,
∂2C
∂q∂x

< 0,
∂2C
∂q2 ≥ 0,

∂3C
∂q∂x2 ≥ 0,

∂3C
∂q2∂x

≤ 0

Assumption 3: The government’s policy benefits come from supporting and promoting green
products, which is related to environmental production and energy conservation. m(q(x)) denotes
the government’s policy returns, which are influenced by the total production of green products q(x).

m(q(x)) is an increasing and concave function, which satisfies ∂m(q(x))
∂q ≥ 0, ∂2m(q(x))

∂q2 ≤ 0.

2.2. Construction of the Model

The difference between the policy returns and the total subsidy costs constitutes the net policy
benefit of the government. Thus, the government’s expected net policy gain can be expressed as:

E[m(q(ξ))− p(ξ)q(ξ)]

2.2.1. Model under Asymmetric Information

Investors aim to maximize their profits by deciding whether to invest in green products.
The government cannot accurately assess investors’ investment preference that is private information.
To get a high subsidy or a high premium transfer, the investor claims his preference is y, while his
real preference is x. To motivate the investor to be truthful, the incentive-compatible constraint of the
investors is given as:

π(q(x), p(x), x) ≥ π(q(y), p(y), x) ∀x, y ∈ [0, a] (1)

where π(q(x), p(x), x) indicates that the investor faithfully reports his preference to the public and
provides green products under preference x. π(q(y), p(y), x) represents that the investor expresses
preference y to obtain a high subsidy p(y) or a premium transfer r(y, α), but he provides green products
under preference x in fact.

The assumption is that the investor have other options. The inventors are profit-driven, and their
goal is to maximize profits. To ensure the investor’s participation in the green product market,
the participation constraint is given as:

π(q(x), p(x), x) = r(x, α) + p(x) · q(x)− C(q(x), x, ε, β) ≥ π0∀x ∈ [0, a] (2)

where π0 is the investor’s reserved profit. π0 could be positive or it could be negative. Hence,
the investor may invest in green products unless the expected profit is higher than π0.
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In the circumstance of asymmetric information, the principal-agent model for green products can
be represented by the following formula:

max
(q(·),p(·))

E[m(q(ξ))− p(ξ)q(ξ)]

s.t.
r(x, α) + p(x) · q(x)− C(q(x), x, ε, β) ≥ r(y, α) + p(y) · q(y)− C(q(y), x, ε, β), ∀x, y ∈ [0, a]
π(q(x), p(x), x) = r(x, α) + p(x) · q(x)− C(q(x), x, ε, β) ≥ π0, ∀x ∈ [0, a]

(3)

2.2.2. Model under Complete Information

The government can monitor and accurately grasp investor’s investment preference in real time
with perfect information. Thus, making a contract to satisfy the investor’s retained profit is enough.
Under the condition of complete information, the optimal principal-agent subsidy model is:

max
(q(·),p(·))

E[m(q(x))− p(x) · q(x)]

s.t.
r(x, α) + p(x) · q(x)− C(q(x), x, ε, β) ≥ π0, ∀x ∈ [0, a]

(4)

3. Model Analysis

In this section, by analyzing the models (3) and (4) under the scenarios of asymmetric information
and perfect information, we obtain optimal solutions. Concrete and intimate proofs are presented in
the Appendix A.

It is quite difficult to get the solution of Model (3) which involves the optimization of triples.
In addition, the incentive-compatibility constraint (1) is also an optimization problem. Therefore,
to make this problem easier to solve, we intend to obtain the equivalent forms of incentive compatibility
constraint (1) and participation constraint (2).

Lemma 1. The incentive-compatible constraint (1) is equal to:
dr(x, α)

dx
+

dp(x)
dx

q(x) +
dq(x)

dx
p(x)− ∂C(q(x), x, ε, β)

∂q(x)
· dq(x)

dx
= 0

dq(x)
dx

> 0, ∀x ∈ [0, a]
. (5)

The lemma indicates that when the investor’s preference is high, he will increase his investment
in green products; that is, the optimal production of green products increases with the investor’s
preference. It means the existence of the optimal solution. According to Equation (5), we obtain

dr(x, α)

dx
+

dg(x)
dx

q(x) +
dq(x)

dx
p(x) =

∂C(q(x), x, ε, β)

∂q(x)
· dq(x)

dx

This equation indicates that the investor’s marginal benefit should be equal to the marginal cost,
which lays the foundation of the following lemmas.

Lemma 2. The participation constraint (2) is equal to:

r(0, α) + p(0)q(0)− C(q(0), 0, ε, β) = π0.

Lemma 2 shows that if the participation constraint is binding at the minimum point 0. Then,
any point in the interval [0, a] is a binding constraint. It greatly simplifies the participation constraint (2).
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The government aims to promote the development of the green products by providing subsidy
policy. Thus, the participation constraint is binding, which means the expected return of inventors
should be equal to their retained return π0. The governmentaims to maximize the net policy gain.
The government’s net policy decreases with the green product subsidy p(x) · q(x). Therefore, it is
necessary for the government to select the lowest pay to meet the participation constraint.

Lemma 3. Model (3) can be represented as

max
(q(·),p(·))

∫ a
0

[
m(q(x)) + r(x, α)− C(q(x), x, ε, β) +

1− F(x)
f (x)

· ∂C(q(x), x, ε, β)

∂x
− π0

]
f (x)dx

s.t.
dr(x, α)

dx
+

dp(x)
dx

q(x) +
dq(x)

dx
p(x)− ∂C(q(x), x, ε, β)

∂q(x)
· dq(x)

dx
= 0, ∀x ∈ [0, a]

dq(x)
dx

> 0, ∀x ∈ [0, a]

. (6)

We simplify the objective function decision variables only related to q(x) and independent of p(x)
in this lemma to get the optimal solution of model (3).

Proposition 1. We make the assumption that the optimal solution to model (3) is (g∗(x), p∗(x)), thus the
following equations exist:

∂m(q∗(x))
∂q∗ − ∂C(q(x),x,ε,β)

∂q∗ + 1−F(x)
f (x) ·

∂2C(q∗(x),x,ε,β)
∂x∂q∗ = 0

p∗(x) = C(q∗(x),x,ε,β)−r(x,α)−
∫ x

0
∂C(q∗(t),t,ε,β)

∂t dt+π0
q∗(x)

. (7)

Proposition 2. Assumption that the optimal solution to model (4) is (p∗∗(x), q∗∗(x)), the following
equations exist: {

∂m(q∗∗(x))
∂q∗∗ = ∂C(q∗∗(x),x,ε,β)

∂q∗∗

p∗∗(x) = C(q∗∗(x), x, ε, β)− r(x, α) + π0
. (8)

Under the condition of perfect information, the investor’s optimal green products yield satisfies
marginal cost equal to marginal benefit.

Propositions 1 and 2 indicate that the investor’s investment preference x and parameters (such as
the consumer environmental awareness parameter α, green technology parameter β and risk parameter
ε) all have important implications for the optimal solutions p∗(x) and p∗∗(x). We will discuss these
relationships through a practical example in Section 4.

4. A Numeric Example

We give a numeric example to testify the optimal solution of the models and verify their
effectiveness in this section. We made the assumptions as follows for the sake of simplify without
losing generality.

The assumption is that investors’ investment preference x satisfies a linear uncertainty

distribution. The density function of x is: f (x) =

{
1, 0 < x < 1
0, others

, and the distribution function is

F(x) =


0, x ≤ 0
x, 0 < x < 1
1, x ≥ 1

.
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The transfer paid to the investor is r(x, α) = µ · αx2. Let m(q(x)) = µ ln q denotes the
government’s policy gain function, where the variable µ(µ > 0) balances the dimension; the cost
function is C(q(x), x, ε, β) =

εq
x+1 e−β. Therefore, the benefit function of the investors is:

π(q(x), p(x), x) = µ · αx2 − εq
x + 1

e−β + p(x)q(x).

Therefore, in the case of asymmetric information, the principal-agent model of the optimal subsidy
policy issue about green products is:

max
(q(·),p(·))

E[µ ln q− p(x)q(x)]

s.t.

µ · αx2 − εq
x + 1

e−β + p(x)q(x) ≥ µ · αy2 − εq
y + 1

e−β + p(y)q(y), ∀x, y ∈ [0, 1]

µ · αx2 − εq
x + 1

e−β + p(x)q(x) ≥ π0, ∀x ∈ [0, 1]

According to the description above and Equation (7), the optimal green products yield and
government subsidies under asymmetric information can be expressed as:

q∗ =
µ(x + 1)2

2εe−β
, ∀x ∈ (0, 1]

p∗(x) =
εe−β

(
µ− 2µαx2 + 2π0

)
µ(x + 1)2 , ∀x ∈ [0, 1]

Similarly, under the condition of perfect information, the optimal green products yield and
government subsidies are as follows:

q∗∗ =
µ(x + 1)

εe−β
, ∀x ∈ (0, 1]

p∗∗(x) =
εe−β(µ− µαx + π0)

µ(x + 1)
, ∀x ∈ [0, 1]

We obtain dq∗
dx = µ(x+1)

εe−β > 0; thus, the optimal quantity of green products increases with investors’
preference x, which satisfies the equivalent Model (6).

For simplicity, we set α = 0.2, ε = 0.3, β = 0.4, µ = 0.5, π0 = 0. The optimal quantities and
subsidies trends of green products are described in Figures 3 and 4.
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Figure 3. Functional image of q, q* and q** denote the optimal quantity of green products under
asymmetric information and complete information respectively.
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Figure 4. Functional image of unit subsidy p, p* and p** denote the optimal unit subsidy price under
asymmetric information and complete information respectively.

As shown in Figure 3, with the increase in investment preference level x, the output of green
products q∗(x) and q∗∗(x) increases gradually, which indicates that the higher the investment
preference of investors, the higher the output of green products is, whether information symmetry
or information asymmetry exists. In addition, with the increase in investment preference level
x, the difference between output q∗(x) under information asymmetry and output q∗∗(x) under
information symmetry gradually shrinks, indicating that with the increase in the investment preference,
investors are less likely to falsely report their investment preference. As shown in Figure 4, under the
circumstances of asymmetry information and perfect information, the government subsidies for green
products decrease with the increase in the investment preference of investors. When the investment
preference is high, investors will choose to invest in the production of green products even if the
policy incentive is small, and the government can then achieve the established policy goals with less
fiscal expenditure. According to the principal-agent theory, due to the existence of information costs,
the government must pay a certain cost to obtain more real information. Under the same level of
investment preference, the unit subsidy price (p∗∗(x)) under the condition of information symmetry is
higher than the unit subsidy price (p∗(x)) under the condition of information asymmetry.

In actual economic activities, the investment preference of investors is often difficult to obtain
accurately. As agents, investors have information advantages over the government. Therefore,
to describe the relationship between government subsidies, policy returns and the preference of
investors, we choose the three relations under the condition of information asymmetry to conduct
further analysis (as shown in Figure 5). When the investment preference of investors is low, higher
government subsidies are needed to play an incentive role. In this case, the policy returns of
government are low. When the investment preference of investors increases, the subsidies of
government will decrease, and the policy returns of government will increase accordingly. Therefore,
it is a rational choice of the government to improve the production preference of investors for green
products. However, as private information, investment preference cannot be accurately obtained by
the government. Under the condition of information asymmetry, effective government propaganda
and guidance and public awareness of environmental protection will help improve the investment
preference of investors. At the same time, the government should build a series of regulatory
systems to prevent investors from falsely reporting their investment preference to fraudulently obtain
government subsidies.
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Figure 5. The influence of investor preference on the optimal subsidy and government revenue under
the condition of information asymmetry, p* denotes optimal unit subsidy price under asymmetry
information; m(q*)-p*q* denotes the optimal policy returns under asymmetry information.

Equation (7) has an intuitive interpretation that investors’ preference x, consumer environmental
awareness α, green technology β and market risk ε all affect the optimal subsidy level. Let µ = 0.5,
π0 = 0, and we choose α = {0.2, 1.2} , β = {0.4, 1.4} , ε = {0.3, 1.3} . Figure 6 describes the effect
under different parameters with the same investor’s investment preference. As shown in Figure 6,
a lower parameter ε and a higher parameter α and β reduce the government’s unit subsidy. According to
the analysis above, we can find that accelerating green technology innovation will be the breakthrough
point to reduce costs, but the investor’s investment preference is the key factor in the short term.
Moreover, the government could reduce investment risk and provide the investors with a stable
environment. This will demonstrate higher potential for success in investing to green products and
enhance investors’ confidence in the green product market to absorb more capital.

Briefly, improving investors’ preference for green products and consumer environmental
awareness, promotes the development and application of green technology, lowering market risk and
contributing to subsidy cost savings. Therefore, in the long run, any improvement of these factors will
be contribute to the realization of the government’s target of maximal policy benefit without heavy
financial burden, and will be conducive to the market-oriented development of green products.Symmetry 2019, 11, x FOR PEER REVIEW 12 of 18 
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5. Discussions and Conclusions

With the aggravation of the energy crisis and the deterioration of the eco-environment during
global economic development, green products with the characteristics of energy conservation and
environmental protection have attracted extensive attention from all countries in the world. In China,
the largest developing country in the world, green products are still in the initial stage of development.
As their prices are generally higher than those of traditional products, green consumption has not
yet been popularized in the public consciousness. Currently, the government’s subsidy policy is
very important in promoting the development of green products. Consumers’ levels of acceptance
and recognition of green products are still low. An appropriate government subsidy policy will
not only stimulate the development of green products but also reduce the financial burden for the
government. Therefore, we build a principal-agent model between the government and investors for
the development of green products from the perspective of maximizing government net policy gain.
The results of the research show that the higher the investment preference level of investors for green
products, the stronger the environmental awareness, the better the green technology of green products
and the smaller the market investment risk, the more conducive the situation is to reducing the subsidy
cost for green products and improving the policy returns of the government. The research conclusion
provides beneficial policy enlightenment for the government to realize its goals of maximizing the
returns of its green product subsidy policy and promoting the healthy development of green products
and green industry. The results show that improving investors’ preference and eliminating asymmetric
information reduce subsidy costs. Additionally, improving consumer environmental awareness,
promoting the development and application of new green technology, and lowering market risk all
reduce government’s policy subsidies. This article provides policymakers with an effective subsidy
scheme to accelerate the development of green products and achieve sustainable development goals.

1. In the developing countries represented by China, the imbalance of regional economic
development is prominent, and significant regional differences in the residents’ consumption
level, green technology development level and recognition of green product markets lead to
significant regional differences in production costs, sales prices and the investment preference for
green products. Therefore, the government should fully consider the regional differences in key
factors when formulating the subsidy policy for green products.

2. The government should strengthen subsidy policy propaganda for green products, improve the
transparency and credibility of the subsidy policy, and strengthen the green products propaganda
in terms of economic benefits and environmental protection to stimulate the investment interests
of investors and improve their investment preference. In a long-term effective subsidy mechanism,
the government should also perfect a series of regulatory systems to prevent investors from
falsely reporting their investment preference to the government to fraudulently obtain subsidies.

3. The government, non-governmental organizations and investors should jointly undertake the
tasks of improving public awareness of environmental protection and establishing the concept
of green consumption through propaganda and education, public welfare activities and free
experiences so that consumers can truly realize the advantages of green products in saving energy
and protecting the environment. Consumers’ overall cognition and demand for green products
can further promote the development of green industry and increase the investment preference
of investors to gradually weaken the dependence of green products on government subsidies
and realize the healthy and orderly development of green products by relying on market forces.

4. The green production technology level of green products has an important impact on reducing
the cost of government subsidies. Green technology innovation can effectively reduce the
production cost of green products and has a vital effect on the popularization and promotion
of green products. Therefore, the government should encourage the R&D and promotion of
green technology through tax incentives and policy support to improve the technical level and
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innovation capability of green industries. In addition, when green technology makes significant
progress in saving costs, policy makers should develop exit mechanisms.

5. The government should create a stable investment environment for green product investors to
ensure the realization of green product subsidy policy. Frequent changes in policy will reduce the
investment confidence of green product investors. Due to the hysteresis of policy effect, the effect
of policy enforcement will often not show up until a certain period. At the same time, it will take
a certain period to evaluate the effect of policy enforcement. During this period, the government
should avoid drastic fluctuations in policy and create a stable operating environment for green
product investors.

The government subsidy and incentive policy for green products is quite important to stimulate
the development of green products. Good incentive mechanism and scientific and reasonable
government subsidy policy cannot only effectively promote the development of green products,
but also will not bring excessive financial burden to the government. In the long term, effective subsidy
mechanism can gradually reduce the dependence of green product investors on government subsidies,
which contribute to the marketization development of green products.

Based our research, inventors’ preference, consumer environmental awareness, new green
technology, and the market risk have significant effect on the government’s subsidy policy. In fact,
further research should pay attention to distinct green levels (i.e., the higher green level of products
are, the more environmental friendly they are) of green products, industrial difference and region
difference on more detail conditions in green products market. In addition, empirical analysis would
be one of the directions of our future research to support our study once the date of green products is
statistically available.
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Appendix A

Proof of Lemma 1.

We make assumption that T(x, y) = r(x, α) + p(x)q(x) − C(q(x), x, ε, β), which presents the
benefits of the investor with investment preference x but choosing investment preference y, where
∀x, y ∈ [0, a], x 6= y. Inequality (1) can be presented as T(x, x) ≥ T(x, y), where ∀x, y ∈ [0, a].
To guarantee the inequality is established, T(x, y) need to satisfy the first-order conditions ∂T(x,y)

∂y

∣∣y=x =

0, and the second-order condition ∂2T(x,y)
∂y2

∣∣y=x ≤ 0, where ∀x ∈ [0, a].
Then, we can obtain first-order condition:

dr(x, α)

dx
+

dp(x)
dx

q(x) +
dq(x)

dx
p(x)− ∂C

∂q(x)
· dq(x)

dx
= 0 (A1)

The second-order condition, we can get:

d2r(x, α)

dx2 +
d2 p(x)

dx2 q(x) +
d2q(x)

dx2 p(x) + 2
dp(x)

dx
dq(x)

dx
− ∂2C

∂2q(x)
·
(

dq(x)
dx

)2
− ∂C

∂q(x)
· d2q(x)

dx2 ≤ 0 (A2)

By differentiating (A1) with respect to x, we can obtain:
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d2r(x, α)

dx2 − ∂2C
∂2q(x)

·
(

dq(x)
dx

)2

− ∂C
∂q(x)

· d2q(x)
dx2 − ∂2C

∂x∂q(x)
· dq(x)

dx
+

d2 p(x)
dx2 q(x) +

d2q(x)
dx2 g(x) + 2

dp(x)
dx

dq(x)
dx

= 0 (A3)

Applying (A3) and (A2) yields ∂2C
∂x∂q(x) ·

dq(x)
dx < 0. According to assumption 2, ∂2C

∂q(x)∂x < 0; Thus,

dq(x)
dx

≥ 0, ∀x ∈ [0, a] (A4)

Additionally, according to dq(x)
dx ≥ 0 and ∂2C

∂q(x)∂x < 0,

r(x, α) + p(x)q(x)− C(q(x), x, ε, β)− [r(y, α) + p(y)q(x)− C(q(y), x, ε, β)]

= C(q(y), x, ε)− C(q(x), x, ε) + r(x, α) + p(x)q(x)− r(y, α)− p(y)q(y)

=
∫ y

x
∂C(q(t), x, ε, β)

∂q
· dq(t)

dt
dt−

∫ y
x

∂C(q(t), t, ε, β)

∂q
· dq(t)

dt
dt

=
∫ y

x

(
∂C(q(t), x, ε, β)

∂q
− ∂C(q(t), t, ε, β)

∂q

)
· dq(t)

dt
dt

(A5)

When y > x, we can obtain

r(x, α) + p(x)− C(q(x), x, ε, β) ≥ [r(y, α) + p(y)− C(q(y), x, ε, β)] (A6)

Similarly, when x > y, inequality (A6) still holds. Thus, the inequality (1) is established. �

Proof of Lemma 2.

Since π(q(x), p(x), x) = r(x, α) + p(x)− C(q(x), x, ε, β), differentiating it with respect to x. Thus,
we can get:

dπ(q(x), p(x), x)
dx

=
dr(x, α)

dx
+

dp(x)
dx

q(x) +
dq(x)

dx
p(x)− ∂C

∂q(x)
· dp(x)

dx
− ∂C

∂x
(A7)

It follows from (1) and from assumption 2, ∂C
∂x < 0, that

dπ(q(x), p(x), x)
dx

= −∂C(q(x), x, ε, β)

∂x
> 0 (A8)

Equation (A8) indicates that π(q(x), p(x), x) is increasing with respect to investment preference
x. Consequently,

π(q(x), p(x), x) ≥ π(q(0), p(0), 0), ∀x ∈ [0, a] (A9)

Then, the participation constraint is equal to

r(0, α) + p(0)− C(q(0), 0, ε, β) = π0 (A10)

�

Proof of Lemma 3.

Integrating (A8) from (0, x), we can obtain

π(q(x), p(x), x)− π(q(0), p(0), 0) = −
∫ x

0

∂C(q(x), x, ε, β)

∂t
dt
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By (A10), we can yield

p(x) =
C(q(x), x, ε, β)− r(x, α)−

∫ x
0

∂C(q(x),x,ε,β)
∂t dt + π0

q(x)

The Model (3) objective function can be presented as

E[m(q(ξ))− p(ξ)q(ξ)]
=
∫ a

0

[
m(q(x)) + r(x, α)− C(q(x), x, ε, β) +

∫ x
0

∂C(q(t),t,ε,β)
∂t dt− π0

]
f (x)dx

=
∫ a

0

[
m(q(x)) + r(x, α)− C(q(x), x, ε, β) +

1−F(x)
f (x) ·

∂C(q(x),x,ε,β)
∂x − π0

]
f (x)dx

(A11)

According lemmas above, we simplify the objective function decision variables to be only related
to q(x) and independent of p(x). Thus, we can present Model (3) as:

max
(q(·),g(·))

∫ a
0

[
m(q(x)) + r(x, α)− C(q(x), x, ε, β) +

1− F(x)
f (x)

· ∂C(q(x), x, ε, β)

∂x
− π0

]
f (x)dx

s.t.
dr(x, α)

dx
+

dp(x)
dx

q(x) +
dq(x)

dx
p(x)− ∂C(q(x), x, ε, β)

∂q(x)
· dq(x)

dx
= 0, ∀x ∈ [0, a]

dq(x)
dx

> 0, ∀x ∈ [0, a]

�

Proof of Proposition 1.

According to the objective function (A11), we make Equation (A12) as follow:

L(q(x), x) = m(q(x)) + r(x, α)− C(q(x), x, ε, β) +
1− F(x)

f (x)
· ∂C(q(x), x, ε, β)

∂x
− π0 (A12)

The second-order variation of (A12) with respect to q is:

∫ a

0

∂2L(q, x)
∂q2 · (∂q)2dF(x).

It follows from assumptions (2)–(3) that
∫ a

0
∂2L(q,x)

∂q2 · (∂q)2dF(x) < 0. The optimal yield of green

products q∗(x) satisfies
∫ a

0
∂L(q∗ ,x)

∂q · dF(x) = 0, i.e.,

dm(q∗(x))
dq∗

− ∂C(q(x), x, ε, β)

∂q∗
+

1− F(x)
f (x)

· ∂2C(q∗(x), x, ε, β)

∂x∂q∗
= 0 (A13)

Thus, we can get p∗(x):

p∗(x) =
C(q∗(x), x, ε, β)− r(x, α)−

∫ x
0

∂C(q∗(x),x,ε,β)
∂t dt + π0

q∗(x)
(A14)

Let M(x) = 1−F(x)
f (x) . The derivation of (A12) with respect to can be presented as:

(
d2m(q(x))

dq∗2 − ∂2C(q∗(x),x,ε,β)
∂q∗2 + M(x) · ∂3C(q∗(x),x,ε,β)

∂x∂q∗2

)
· dq∗(x)

dx

= ∂2C(q∗(x),x,ε,β)
∂x∂q∗ − dM(x)

dx
∂2C(q∗(x),x,ε,β)

∂x∂q∗ −M(x) · ∂3C(q∗(x),x,ε,β)
∂x2∂q∗

(A15)
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According to assumptions (2)–(3), we can obtain dq∗(x)
dx > 0. Therefore, (q∗(x), p∗(x)) is the

optimal solution of Model (3) under the condition of asymmetric information. �

Proof of Proposition 2.

Under perfect information, investors’ preference is completely transparent; thus, guaranteeing
the participation constraint is enough. If the participation restrictions are not equal, the government
can adjust the subsidies to investors. Then, Model (4) is equivalent to

max
(q(·),p(·))

E[m(q(x))− p(x)q(x)] (A16)

r(x, α) + p(x)q(x)− C(q(x), x, ε, β) = π0, ∀x ∈ [0, a] (A17)

Thus, by taking participation constraint (A17) into object function (A16), we obtain m(q(x)) +
r(x, α)− C(q(x), x, ε, β)− π0. We can yield the first-order condition:

∂m(q∗∗(x))
∂q∗∗

=
∂C(q∗∗(x), x, ε, β)

∂q∗∗

q∗∗(x) and p∗∗(x) satisfy p∗∗(x)q∗∗(x) + r(x, α)− C(q∗∗(x), x, ε, β) = π0

Therefore, the proof is completed. �
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