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Abstract: A key issue that concerns governments is how to formulate optimal technology subsidies
and green tax standards to promote the intelligent transformation of manufacturing enterprises. In
this work, the Pollutant Emission Indicator Trading Mechanism (PEITM) is proposed, and green
taxes are divided into Tax of Pollutant Emissions (TPE) and the Tax of Excess Pollutant Emissions
(TEPE). On this basis, we study the impact of green taxes and technology subsidies on the intelligent
transformation of enterprises in different manufacturing environments from the government’s
perspective and provide the optimal government subsidy scheme under different green tax policies.
Although it seems counter-intuitive, enterprises” usual responses to increases in TPE and TEPE are
non-monotonic. Moreover, we find a threshold effect for the government’s green taxation. Blindly
increasing or reducing taxes may not promote intelligent transformation, but instead force enterprises
towards negative choices. Lastly, an effective measure for the government to promote the intelligent
transformation of manufacturing enterprises is proposed: by properly adjusting TPE and TEPE,
governments can produce more cost-effective intelligent products than ordinary ones. Consequently,
intelligent products will sell better than ordinary products, and manufacturing enterprises will be
able to consciously carry out intelligent transformation to remain viable.

Keywords: intelligent transformation; green taxes; environmental governance; technology subsidy;
market transaction mechanism

1. Introduction

With the integration and development of the traditional manufacturing industry
with 5G, artificial intelligence, and other next-generation information technologies, the
intelligent transformation of the traditional manufacturing industry for the sustainable
development of enterprises has become a field of great research interest [1-3]. For exam-
ple, Sany Heavy Industry Co., Ltd. (Changsha, Hunan, China) established an intelligent
monitoring and data analysis platform—the Enterprise Control Center—by continuously
increasing investment in technology research and development and technological innova-
tion. Through the interconnection of production equipment and intelligent monitoring,
real-time remote monitoring enabled the enterprise to increase the operating rate by 10%,
increase the utilization rate by more than 50%, reduce the defect rate by 14%, and reduce
the consumption of heat, gasoline, diesel, and electricity. However, many small- and
medium-sized enterprises refuse to carry out intelligent transformation, mainly because
of the high cost and risk of intelligent transformation, which hinders many enterprises
from transformation [4]. Although many studies have shown that government subsi-
dies for technological innovation can facilitate intelligent transformation, a key question
arises as to whether government financial subsidies can cover the cost of intelligent trans-
formation [5-8]. In addition to financial subsidies, the government should take further
measures, such as environmental regimes [9,10], to facilitate the intelligent transformation
of enterprises.
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Based on the above analysis, it is clear that the government is an integral part of the in-
telligent transformation of enterprises. Among the many government policies that promote
the intelligent transformation of enterprises, environmental policies and financial subsidies
play an important role [11-13]. Some governments have adopted financial subsidies to
stimulate enterprises towards intelligent transformation. Currently, technology innovation
subsidies (TIS) and technological innovation awards (TIW) are the two most important
forms of government financial subsidies. TIS means that the government subsidizes a
certain percentage of the actual investment of the enterprise for the implementation of
technological innovation [14,15]. For example, Henan Province in China provides an ex
post facto subsidy of 30% of the actual investment in equipment and R&D for technologi-
cal innovation demonstration projects. TIW is a government incentive for companies to
innovate based on the results of their technological innovation [16]. For example, Henan
Province offers a matching bonus of up to RMB 0.3 million for first-time certified high-tech
enterprises and up to RMB 3 million for newly approved national major innovation plat-
form carriers. In addition to the aforementioned financial subsidies, the government also
uses the environmental system to promote the intelligent transformation of enterprises,
and green taxation has become the main tool of the government. The government uses
the principle of tax leverage to increase the tax cost of high resource consumption and
environmental pollution to compel enterprises to improve their intelligent technologies,
reduce pollutant emissions, and help them transform their production. At present, the
Tax of Pollutant Emissions (TPE), the Tax of Excess Pollutant Emissions (TEPE), and the
Pollutant Emission Indicator Trading Mechanism (PEITM) are the main instruments of
governmental green taxation. TPE is a tax on the exploitation, pollution, and damage of
environmental resources by entities and individuals [17,18]. The government sets emission
standards for pollutants and collects TPE within the standards and collects TEPE from
outside the standards (Fullerton 2017) [19]. PEITM is an effective approach to introducing
the market mechanism into environmental protection through the premise of the paid
use of the environment, by approving the total amount of emissions in the region and
establishing a trading market between supply and demand [20,21]. The general practice of
PEITM is that a government agency assesses the maximum amount of pollutants that can
be emitted in a certain area to meet the environmental capacity and divides the maximum
allowed emissions into a number of emission shares, with each share being one emission
right. In the primary market of emission rights, the government offers the emission rights
to the emitters for a fee by certain means, such as bidding, auctioning, etc. After purchasing
the emission rights, the discharger can buy or sell the emission rights in the secondary
market according to the usage.

Although government initiatives such as TIS, TIW, TPE, TEPE, and PEITM can facili-
tate intelligent transformation, their effects may be diverse. There has been a substantial
amount of literature that has examined the impact of different government initiatives
on the intelligent transformation of enterprises [22,23]. However, there are still several
problems that require solving: according to the characteristics of enterprise production,
enterprises are classified as light, medium, and heavy polluters; therefore, (1) how can
the government formulate the optimal financial subsidy scheme and taxation strategy
for different types of enterprises? (2) How can green taxation facilitate the intelligent
transformation of enterprises? (3) How do green tax strategies affect government financial
subsidy programs? From the perspective of government policymaking, it is important to
understand the effectiveness of green taxation strategies and financial subsidy programs
on the intelligent transformation process of different types of enterprises. This will help to
determine which green tax strategies and financial subsidy programs are most effective in
ensuring further intelligent transformation for different types of enterprises.

In this study, we propose a three-level game model for the interaction between govern-
ment, intelligent and non-intelligent transforming firms, and consumers in a competitive
environment. In this approach, the government acts as a leader to maximize social welfare
by setting the level of financial subsidies and green tax rates. Government subsidies and
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green taxes will influence the intelligent transformation and pricing decisions of intelligent
transformation companies, the pricing decisions of non-intelligent transformation compa-
nies, and the purchasing decisions of consumers. These decisions—of manufacturing firms
and consumers—will, in turn, influence the government’s choice of subsidy programs
and taxation strategies. This study provides theoretical support for the government’s
decision-making process to determine subsidy schemes and taxation strategies for different
types of enterprises with the goal of maximizing social welfare. The main contributions of
the work are as follows:

e  We proposed the PEITM, by which the government establishes legal rights to pollutant
emissions and gives such rights the property of a commodity that can be bought and
sold to achieve the control of pollutant emissions. Thus, the pollution emissions charge
has been changed from a single pollutant emissions charge to pollutant emissions
charges that can coexist with excess pollutant emissions charges. Green taxes are
consequently divided into TPE and TEPE.

e  We designed the tax rate threshold according to principle of tax leverage, which leads
to a threshold effect of the government’s green taxation, by which an effective mea-
sure for the government to promote the intelligent transformation of manufacturing
enterprises can be proposed.

e The work provides a theoretical basis for the government to formulate reasonable
tax policies for different types of polluting enterprises. Manufacturing enterprises
with high energy consumption and high pollution will receive more obvious incentive
effects for intelligent transformation.

The remainder of the paper is organized as follows. Section 2 provides a literature
review. Section 3 presents three subsidy schemes. Section 4 presents three subsidy schemes
and constructs a game model. Section 5 analyses the optimal decision of the three subsidy
schemes. Section 6 analyzes the optimal government green taxes scheme. Section 7
discusses the policy enlightenment of this research and Section 8 concludes. All evidence
from this study is available in the Appendices A and B.

2. Literature Review

This research is largely inspired by previous studies on government financial subsidies
and green taxes to promote the intelligent transformation of enterprises. These studies are
briefly reviewed below.

2.1. Literature on Green Tax

In the field of green taxes, the stimulating effect of green taxes can have a chain
effect through a change in the way companies produce. Green taxation, also known
as environmental taxation, takes its prototype from the externality theory proposed by
Marshall. Chiroleu et al. (2014) clarified that green taxes should include sewage charges
and all taxes with a greening effect [24]. Matsukawa et al. (2012) considered green taxes
to be the total amount of taxes to solve the social problems caused by environmental
pollution [25]. Studies related to green taxation have focused on environmental effects and
economic effects. Kuralbayeva et al. (2019) found that green taxes can significantly suppress
carbon emissions in China but with significant regional heterogeneity. The inclusion of
energy-saving and emissions reduction measures in the assessment system can further
leverage the environmental effects of green taxes [26]. Loomis et al. (2008) argued that
the abolition of emissions fees and the introduction of environmental taxes may lead
to conflicting objectives of government, environmental protection, taxation, and other
regulatory authorities, which may hinder the implementation of the policy [27]. Some
scholars have therefore broadened the study of the economic effects of green taxes to
include the study of the economic effects of environmental regulations. Li et al. (2019)
suggested that environmental regulations are positively correlated with economic growth
and that long-term gains can compensate for short-term losses [28]. The role of green taxes
on the green transformation of manufacturing has always been controversial. On the one
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hand, green taxes increase production costs and reduce corporate profits. However, on the
other hand, appropriate tax policies can guide companies to green production, offsetting
the negative effects of rising costs through productivity gains and the development of new
markets. This is the battle between the so-called “crowding-out effect” and the “Porter
effect”. Li et al. (2019) found that there is heterogeneity in the impact of environmental
taxes on manufacturing industries. The introduction of an environmental protection tax
may be detrimental to technological upgrading [29]. Hu et al. (2020) found that tax
incentives for specific enterprises encouraged technological research and supported the
green transformation [30].

2.2. Literature on Technology Subsidy

In the research on technology subsidies, government subsidies for technological
innovation can be divided into two forms. The first is direct funding, which is arranged
through the fiscal budget. The other is indirect funding, which includes various incentives
such as taxation and government procurement. The related research is divided into three
parts: (1) Government subsidies have an incentive effect on technological innovation. The
literature on this part argues that subsidies can promote enterprises to carry out more R&D
activities. Wu et al. (2021) argued that government R&D subsidies are positively related
to enterprises’ R&D investment. Sufficient non-R&D subsidies can effectively strengthen
the incentive effect of R&D subsidies on enterprises’ R&D investment. In addition, R&D
subsidies can promote firms’ innovation output through direct and indirect channels [31].
Jia et al. (2021) conducted a least-squares analysis using Statal6 software and showed
that Chinese Government R&D subsidies have a significant incentive effect on enterprises’
investment in technological innovation [32]. Klette and Moen argued that R&D activities
have typical externalities. That is, the knowledge spillover R&D activities generated by
enterprises will enable other enterprises, including competitors, to acquire knowledge-
sharing and innovation capabilities [33]. (2) Mixed effects. Yi et al. (2021) used the Ministry
of Science and Technology’s database of innovation-oriented enterprises to study Chinese
high-tech enterprises and found an inverted U relationship between Ré&D subsidies and
innovation performance. The high dependence on government resources, as evidenced
by the high proportion of R&D expenditures from government subsidies, diverted the
attentional resources of recipient enterprises and led to lower innovation performance [34].
Yang et al. (2019) constructed a panel threshold effect model to examine the threshold
effect of government subsidies on renewable energy investments. They further explored
the effects and differences between the type of government subsidies and firm size [35].
(3) Crowding-out effect. If government R&D policies do not have the desired policy
effect, they cannot provide incentives for enterprises to engage in substantial technological
innovation. Jiang et al. found that when enterprises receive more government subsidies,
the technological innovation promotion effect of enterprises is inhibited [36].

2.3. The Position of This Study

There is growing interest in the impact of government subsidies and green taxes on the
intelligent transformation and innovation of firms. However, these studies have yet to reach
a uniform conclusion. A review of the relevant literature reveals that scholars have mainly
studied the impact of government subsidies or green taxes on the intelligent transformation
of enterprises from a single perspective [37-43]. Few scholars have combined the two
studies of government subsidies and green taxes. In addition, most of the studies on
green taxation do not distinguish between TPE and TEPE, and most of the studies do not
introduce PEITM. In addition, most of the studies only focus on certain types of enterprises
and do not classify the enterprises according to the type of pollution.

The purpose of this study is to examine the interactions between government, intelli-
gent transformation companies, non-intelligent transformation companies, and consumers
in order to help governments make the best choices for green tax programs and technology
subsidy programs. In this study, we classify Chinese manufacturing enterprises as light,



Sustainability 2021, 13, 13321

50f27

medium, and heavy polluters according to the characteristics of the industry. Moreover,
in this study, the synergistic mechanisms of TIS, TPE, TEPE, and PEITM are explored to
assist the government in designing a reasonable green tax policy to promote the intelligent
transformation of enterprises. This paper constructs a theoretical framework for using
government tax leverage to promote the intelligent transformation of enterprises and uses
it to clarify the relationship between government subsidies, green taxes, and the intelligent
transformation of enterprises.

3. Path Selection for Transformation of Chinese Manufacturing Enterprises
3.1. TIS for Transformation of Enterprises

In the intelligent transformation of manufacturing enterprises, the biggest shortcom-
ing, in the Chinese context, is the lack of awareness and motivation of technological
innovation in manufacturing enterprises. Achieving technological innovation is a long-
cycle, high-investment project, and therefore, many manufacturing enterprises in China
usually choose to import technology from other enterprises to achieve development. Al-
though the above-mentioned development model of manufacturing enterprises can help
achieve economic growth in the short term, this development model is unsustainable
and will cause problems such as low overall product quality, shortage of core produc-
tion technologies, and low-level simple repetition of manufacturing processes, making it
difficult for Chinese manufacturers to enter the high-end manufacturing field with high
technology content, high added value, and strong competitiveness. In today’s large-scale
and socialized technology R&D, high-tech and product R&D is characterized by large-scale
high R&D costs, and many professional talents are required, which makes enterprises bear
high risks. Therefore, according to the development needs of manufacturing enterprises
and China’s economic development strategy, the government needs to influence manufac-
turing enterprises to engage in technological innovation through technology subsidies and
reduce the risk of technological innovation in order to promote technological progress and
the transformation of manufacturing enterprises. Currently, the Chinese government has
supported—via subsidies—some technological innovations. For example, from 2005 to
2008, the financial resources of the Autonomous Region amounted to RMB 100.39 million,
supporting 115 projects.

3.2. Market-Oriented PEITM for Transformation of Enterprises

The core idea of PEITM is that the government establishes legal rights to pollutant
emissions and gives such rights the property of a commodity that can be bought and sold to
achieve the control of pollutant emissions. The manufacturing enterprises decide whether
to buy or sell the pollutant emissions indicators on their own based on the needs of enter-
prise development. Because the government sets overall pollutant emissions targets to meet
environmental requirements, no matter how said emissions indicators are traded among
manufacturing enterprises, they will not lead to a decline in environmental quality. By
establishing a market-based trading mechanism, improvements in the trading mechanism
of energy use rights, pollutant emissions rights, innovating mechanisms of paid use, budget
management, investment and financing, cultivating and developing the trading market,
economically stimulating manufacturing enterprises to pursue product structure upgrades,
and improving the technology initiative development of manufacturing enterprises can
lead to the realization of the intelligent transformation of manufacturing industries.

3.3. Green Tax System for Sustainable Development in China

As an important system of environmental management in China, pollutant emissions
charges have played a positive role in promoting the control of emission units, raising
funds for pollution control, and strengthening environmental protection efforts. With
the development of China’s social economy, the existing pollutant emissions charges
system can no longer meet the needs of reducing the total amount of pollutant emissions
and improving environmental quality. According to the Law of the People’s Republic of
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China on the Prevention and Control of Water Pollution, the Law of the People’s Republic
of China on the Prevention and Control of Air Pollution, and other relevant laws on
environmental protection, the pollution emissions charge has been changed from a single
pollutant emissions charge to pollutant emissions charges that can coexist with excess
pollutant emissions charges.

Although China currently does not have an environmental tax in the legal sense, since
the tax-sharing system in 1994, China’s environmental-related tax revenue has continued to
increase. In 2007, it was estimated at about RMB 529 billion, which has laid the foundation
for the implementation of environmental taxes to prevent ecological destruction and
environmental pollution. It is worth noting that since 2000, China’s tax revenues, which
are closely related to the environment, such as resource tax, consumption tax, and urban
construction tax, have grown rapidly. The proportion of total tax revenue has been around
11%, accounting for the total national income, and this proportion has continued to increase.
In 2002, the proportion was 1.7%, and in 2007, the proportion rose to 2.14%. In the mid-
1990s, environmental tax revenue in OECD countries accounted for 2-3% of each country’s
GDP. The environmental tax revenue of countries with higher proportions such as Denmark,
Czech Republic, Finland, and others accounted for more than 3% of GDP; the U.S. is lower,
at about 1%. It can be seen from the perspective of resources and the environment that
China’s current tax system is close to the level of OECD countries in the mid-1990s in terms
of income. This shows that China’s current tax system has a “light green” foundation.

Through the above-mentioned problems in the intelligent transformation of Chinese
manufacturing enterprises, this paper considers the trading rights of pollutant emissions
indicators, the TPE, TIS, and TEPE, and establishes a game model for manufacturing
enterprises to foster intelligent manufacturing.

4. Model
4.1. Event Sequence

In the case of duopoly, this paper establishes a Stackelberg game involving the gov-
ernment, intelligent transformation manufacturing enterprises and non-intelligent trans-
formation manufacturing enterprises, and consumers as participants. Among them, the
government, as the leader of the Stackelberg game, maximizes social welfare by formu-
lating technology subsidies, green tax rates, and pollutant emissions trading indicators.
Among them, the green taxes include TPE and TEPE. The manufacturers determine the
degree of intelligence transformation (expressed as s > 0), the retail price of intelligent
products (expressed as pg), and the retail price of non-intelligent products (expressed as
pN)- Then, consumers make purchasing decisions to meet their own needs. In Figure 1, the
relationship between decision makers is illustrated. Below, we give the relevant variables
of the model.

Government

e 1
| |
. | - -

Technology subsidy—————»| Manufacturing enterprises | _ _ ~Intelligent products-— — » :
: making intelligent :
Green taxes | transformation < Y |
: i . :
1 ! | | H
| =R ! ! |
! £ : - !
' l =4 g :
| P o o 3 |
<«—Social Welfare——1 =3 E; a Consumer | !
| El 3 o |
| = Z 3 B |
: =1 | =) !
| E ! (f :
| 1) | | |
| B | | |
: v : |
| Manufacturing enterprises | v :
Green taxes : that have not made |
| intelligent transformation |- — -Non-intelligent products- — »| :
! |

|

Figure 1. Relationship between decision makers.
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Model parameters

c: The marginal production cost of non-intelligent transformation enterprises.

After a manufacturing enterprise implements intelligent transformation, it can gener-
ally reduce internal costs while reducing the marginal external costs of production.

k: Cost reduction rate. After manufacturing enterprises through intelligent transfor-
mation, production costs are reduced to a certain extent.

B: R&D cost factor.

B(s — s0)°: The cost of intelligent transformation of enterprises. The greater the degree
of intelligent transformation of an enterprise, the more intelligent transformation costs the
enterprise invests.

7: Negative environmental impact per unit of production of non-intelligent transfor-
mation enterprises (environmental governance fees).

¢: The environmental improvement effect of the increase in the degree of unit intelli-
gence transformation.

¢(s — sp)ds: The reduction in the negative impact of production on the environment,
after the intelligent transformation of the enterprise.

SP: The enterprise gains income from the sale of unit pollutant emissions indicators.

u: The influence coefficient of the sustainable development of the enterprise after the
intelligent transformation of the enterprise.

go: Pollutant emission standards set by the government.

o: The TEPE rate. (Additional tax rates are outside the scope of pollutant emissions
Standards go.)

n: The government’s technology subsidies for enterprises undergoing intelligent
transformation.

«: The TPE rate. (Tax rates within the scope of emissions standards g.)

b: Consumer’s budget value for the product.

A: The degree of enterprise intelligent transformation brings additional utility coeffi-
cients to users.

s: The degree of intelligence of the enterprise after the intelligent transformation.

so: The initial degree of intelligence of the manufacturing enterprise.

ps: The products price of an intelligent transformation enterprise.

pn: The product prices of a non-intelligent transformation enterprise.

t: The travel cost or switching cost per unit distance.

x: Consumer location.

4.2. Consumer Utility

For consumers, products produced by intelligent transformation enterprises and non-
intelligent transformation enterprises can be substituted; however, intelligent products
can increase consumer satisfaction. Take Guangdong Xiaoxiong Electric Appliance Co.,
Ltd. (Foshan, China) as an example. The Bear Health Pot Household Multifunctional
Boiling Teapot that the company produces can monitor the water temperature of the pot
body in real time and adjust and automatically to keep water warm and reserve heating,
among other functions. Compared with ordinary kettles, it not only meets the basic needs
of consumers but also provides consumers an additional experience. Following many
marketing and operations management studies, we use the Hotelling model to describe
the difference between products produced by intelligently transformed enterprises and
products produced by non-intelligently transformed enterprises in a duopoly environment.
Potential consumers are evenly distributed along the Hotelling line, ranging from 0 to 1.
The products of intelligent transformation enterprises are located at 0, and the products of
non-intelligent transformation enterprises are located at 1. Therefore, the utility function
for consumers to purchase products produced by intelligent transformation enterprises
and products produced by non-intelligent transformation enterprises is as follows:

ug =b+A(s —sg) — ps — tx
{ uy =b—py—t1-x) @
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When consumers buy products produced by intelligent transformation enterprises at
x, the purchase price of tx will be incurred. Otherwise, if consumers buy the products of
non-intelligent transformation enterprises at x, the price of (1 — x) will be incurred.

Therefore, when ug = uy, we can obtain when consumers purchase products of
intelligent transformation enterprises and the products of non-intelligent transformation
enterprises; the position where there is no difference between the products of the intelligent
transformation enterprises and the products of the non-intelligent enterprises is:

1 1
=4 =[As— - 2
X' =5+ 5 [As = s0) + pn = ps] )
Therefore, in a duopoly environment, we can give consumers the demand function
for purchasing products of intelligent transformation enterprises:

ds = 2+ L[A(s —s0) + px — ps] 3)

2 2t
The demand function of consumers buying products from non-intelligent transforma-
tion enterprises is:

1 1
Ay =1—-ds =z — =[A(s— - 4
N s =5 = 5;[AMs —s0) + pn — ps] 4)
When consumers buy products from intelligent transformation enterprises, the utility

to consumers is:

*

x 1
Ug = / ugdx = [b+ A(s —s9) — ps|x™ — Et(x*)2 (5)
0
When consumers buy products from non-intelligent transformation enterprises, the
utility to consumers is:

1
UN:/X*uNdx:b—pN—é—(b—pN—i‘)x*—%t(x*)2 (6)

This paper classifies polluting enterprises as (1) slightly polluting enterprises—the
enterprise’s pollutant emissions are less than gp; (2) moderately polluting enterprises—
manufacturing enterprise’s pollutant emissions are higher than gg, but they can meet their
emissions requirements by purchasing pollutant emissions indicators; and (3) severely
polluting enterprises—manufacturing enterprise’s pollutant emissions are higher than gy,
and the purchase of pollutant emissions indicators cannot meet the needs of the enter-
prise. According to the relationship between the pollutant emissions of the manufacturing
enterprises and the maximum pollutant emissions g¢ specified by the government, we
established six models for the manufacturing enterprises and the government. Manufac-
turing enterprise 1 undergoes intelligent transformation; enterprise 2 does not undergo
intelligent transformation.

4.3. The utility of the Government and Manufacturing Enterprises

Model 1: When ydn < go, [Y — ¢(s — s0)]ds < o, that is, the pollutant emissions of
manufacturing enterprise 1 is lower than gp, and the pollutant emissions of manufacturing
enterprise 2 is lower than go.

The revenues of manufacturing enterprise 1 and manufacturing enterprise 2 are:

7ts = [ps — ¢+ k(s —s0)]ds — B(s — s0)> +11B(s — 50)” + (s — 50) — [y — (s —50)]ds (7)

N = (pny —¢)dn — aydy (8)
where ps — c+ k(s —sp) and (pn — ¢) represent the unit product revenue of manufacturing
enterprise 1 and manufacturing enterp