? frontiers ‘ Frontiers in Marine Science

@ Check for updates

OPEN ACCESS

EDITED BY
Ivan Sola,
University of Alicante, Spain

REVIEWED BY
Yen-Chiang Chang,

Dalian Maritime University, China
Nitin Agarwala,

National Maritime Foundation, India

*CORRESPONDENCE
Mingbao Chen
mbchen2016@hotmail.com

RECEIVED 08 October 2023
accepTeD 30 November 2023
PUBLISHED 20 December 2023

CITATION
Chen M, Xu Z and Wang Y (2023)

Entry barriers and tripartite evolutionary
game analysis of seawater desalination
under the government regulation in China.
Front. Mar. Sci. 10:1309515.

doi: 10.3389/fmars.2023.1309515

COPYRIGHT

© 2023 Chen, Xu and Wang. This is an open-
access article distributed under the terms of
the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Marine Science

TvPE Original Research
PUBLISHED 20 December 2023
po110.3389/fmars.2023.1309515

Entry barriers and tripartite
evolutionary game analysis
of seawater desalination
under the government
regulation in China

Mingbao Chen'**, Zhibin Xu** and Yuhao Wang**

tCenter of Marine Development, Macau University of Science and Technology, Macau, Macau
SAR, China, ?Marine Research Center, Southern Marine Science and Engineering Guangdong
Laboratory, Zhuhai, China, 3Marine Development Research Institute, Ocean University of China,
Qingdao, China, “The Institute of Sustainable Development, Macau University of Science and
Technology, Macau, Macau SAR, China

Seawater desalination is a new promising marine industry and an important
way to supplement the shortage of land water resources and promote the
efficient use of seawater resources. Currently, the global desalination
industry is rapidly developing. In China's new development plan, large-
scale development of the seawater desalination industry is also an
important strategic goal. However, compared to the technological
development of the seawater desalination industry, its marketization is
affected by various factors, and its development level is still relatively low.
Therefore, based on real industry data, this paper constructs a tripartite
evolutionary game model for seawater desalination enterprises, water
supply enterprises, and the government, and identifies several entry
barriers for seawater desalination in China. The results include: (1) For
seawater desalination to enter the market in China, government
supervision limit should be no greater than 400,000 tons per day, about
13.8% of total seawater desalination scale. (2) The entry cost should be no
more than 10 million yuan per day for seawater desalination, which is
equivalent to approximately 18.25 trillion yuan during a five-year period.
Finally, (3) political relatedness should be at least 2.0 for seawater desalination
to take place, and 3.0 for it to develop in full swing. The paper also discusses
the division of state- and foreign-owned water companies and reveals that
government subsidies are only effective if foreign-owned companies seek
rents. Based on the findings of the study, we propose pertinent policy
recommendations including top-level planning, desalinated water
infrastructure development, subsidy policy implementation, and public
engagement. These recommendations aim to aid the Chinese government
in fostering the desalination sector.
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1 Introduction

Water is an essential natural resource that plays a critical role in
the sustenance and progress of humanity. The sustainable
development of the global water environment is currently
experiencing significant problems due to the substantial rise in
water consumption resulting from the exponential growth of the
world’s population and rapid economic development. This scenario is
further exacerbated by the escalating issue of water pollution.
Presently, a substantial proportion of the global population,
approximately 3.6 billion individuals, encounters insufficient water
availability for a minimum duration of one month annually.
Projections indicate that this figure is anticipated to escalate to over
5 billion individuals by the year 2050 (Boretti and Rosa, 2019). The
water deficiency is especially pronounced in populous countries like
China. Since the initiation of China’s reform and opening up policies,
there has been a notable surge in economic development and
population concentration along the coastal regions. Consequently,
this has resulted in a heightened demand for water resources.
Nevertheless, based on pertinent statistical data, it is evident that
China’s average freshwater resources are merely a quarter of the
global average (Piao et al., 2010). This scarcity of water is particularly
pronounced in over 600 cities across China, where approximately 400
cities face perennial water insufficiency, and 110 cities experience
severe water scarcity, resulting in an annual deficit of nearly 6 billion
cubic meters (Cheng et al, 2019). The issue of the uneven spatial
distribution of water resources has led to a growing discrepancy
between the availability of water resources and economic variables, as
highlighted by Liu et al. (2010). Hence, it is imperative to provide
substantial backing for the sustainable growth of the seawater
desalination sector in order to augment the supply of water
resources and enhance the overall water supply framework. This
endeavor holds considerable importance not only for China but also
for other water-scarce countries, as it seeks to overcome the
constraints posed by limited water resources, improve the efficiency
of energy use and attain economic and social progress of superior
quality from marine resources, which are outlined by the Sustainable
Development Goals (SDGs) 6,7 and 14 of the 2030 Agenda.

Seawater desalination technology, as a nascent approach to
freshwater production, remains relatively unaffected by temporal,
spatial, and climatic constraints. The desalinated water generated
through well-established techniques exhibits exceptional water
quality and ensures a consistent supply. Consequently, this
technology presents a viable solution to mitigate the scarcity of
freshwater resources in coastal regions and islands. Consequently,
China has strategically designated the desalination sector as a
national rising industry, implementing a comprehensive strategy
as early as the onset of the 21st century. China’s saltwater
desalination sector has had substantial advancements over the
years, with notable breakthroughs and considerable gains in the
research and development of important technologies and
equipment. Regarding the overarching framework, there have
been the issuance of regulations and policies such as the Action
Plan for the Prevention and Control of Water Pollution and the
Action Plan for the Development and Utilization of Seawater
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Desalination (2021-2025). These initiatives aim to endorse the
“promotion of extensive utilization of seawater desalination” and
provide institutional safeguards for the seawater desalination sector
(Geall and Ely, 2018; Li et al., 2019). According to recent studies
conducted by Ai et al. (2022); Lee (2021); Ruan et al. (2021), it is
anticipated that the total capacity of desalination in China will
surpass 2.9 million tons per day during the 14th Five-Year Plan.
Additionally, the new capacity of desalination is projected to reach
approximately 1.25 million tons, resulting in a substantial increase
in desalination capabilities. China has made significant
advancements in the localization of key technological equipment
and innovation capabilities related to seawater desalination. This
includes the development of reverse osmosis membranes and
desalination treatment chemicals. As a result, China now
possesses the necessary conditions for the large-scale application
of desalination technology (Fritzmann et al., 2007; Qu et al,, 2011;
Chen et al,, 2016; Lin et al, 2021). Nevertheless, despite the
imperative nature of industrializing desalination for the
attainment of a sustainable water resources society, there exist a
range of impediments that impede the progress of the
desalination sector.

The desalination enterprises in the existing Chinese water
resources system function under a market-based framework,
rendering it vulnerable to significant limitations during its initial
phases of establishment (Lin et al., 2021). The desalination industry
encounters several challenges in attracting private capital, including
significant barriers to entry, complex pipe network connections,
extended periods for capital return, limited project profitability,
high energy consumption and low output levels, and a lack of
investment interest from the market. Additionally, China’s water
market structure permits foreign capital to directly engage in the
development of public service areas related to urban water supply
and drainage, as well as pipeline networks. Foreign capital
extensively participates in various forms of China’s urban water
operations, including franchising (Zhao, 2020b). The government’s
regulatory role in public utilities has been challenged and its
leverage has been weakened due to the significant influx of
foreign capital into the water market. Additionally, the
application of desalination for external water supply is primarily
limited to industrial sectors such as thermal power generation,
petrochemicals, iron and steel, and other high-energy-consuming
enterprises. Despite the efforts made by cities such as Tianjin and
Qingdao to explore the social supply of desalinated water, the
acceptance of desalination among the public remains low due to
factors such as the high cost of desalination, lack of public
acceptance, and inadequate policy mechanisms. Consequently,
desalination enterprises face the dual risk of insufficient user
acceptance and financial losses.

Additionally, China’s water pricing structure is not adequately
rationalized, leading to a disparity in the water market between
desalinated seawater and tap water. Moreover, the water pricing
structure in China is characterized by its lack of reasonableness,
resulting in a clear disadvantage for desalination in the water
market when compared to tap water. This issue stands as the
central challenge that requires immediate attention and resolution
in the context of desalination in China. China has failed to develop a
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favorable water pricing mechanism within the context of a market
economy, resulting in a disconnection between the price of water
resources and their intrinsic value. The implementation of a subsidy
policy for tap water in China has been a significant measure in
assessing the well-being of its population, leading to the
establishment of relatively cheap pricing for tap water. The
desalination project in China is implemented with a market-
oriented approach, taking into consideration various factors such
as production equipment costs, material investment, energy
consumption, pipeline network installation, and seawater pre-
treatment. Despite technological advancements, the cost of
desalinated water in China has approached the global average
cost of approximately 5-8 yuan per tons. However, it remains
relatively high compared to the price of tap water. According to
Yang et al. (2021), the desalination business has challenges in a fully
competitive water market due to its limited competitive edge, hence
impeding its overall development. From an economic perspective, it
is imperative that the price of water be set in a manner that
accurately reflects the complete cost associated with its provision.
Due to the government-dominant mode and tap water-based
structure of China’s water market, this development creates a
tripartite game pattern involving desalination enterprises, tap
water supply enterprises, and the government. The introduction
of desalinated water into the water resources market poses a
significant challenge to both tap water supply enterprises and
the government.

Current methods applied for addressing the development status
of seawater desalination include statistical production cost models
(Gao et al.,, 2017), parametric cost analysis (Ghaffour et al., 2013),
integrated fuzzy comprehensive risk evaluation (Zhang et al., 2020),
and invest-return analysis (Papapetrou et al., 2017). However, these
methods only predict the development of seawater desalination on a
given basis and leave the other parties of water government
(including government and tap water competitors) untouched.
The cost analyses used in these studies only reflect the production
state of seawater desalination and neglect the reactions of other
stakeholders that may affect seawater desalination in reverse.
Besides, the data input models can only show changes in one
direction, while hindering further insight of multiparty
evolutions. Hence, the present study employs the evolutionary
game research methodology to examine a tripartite game
involving the government, desalinated water enterprises, and tap
water enterprises. The objective is to investigate the market access
barriers faced by desalinated water and analyze the behavioral
choices made by aforementioned parties. Ultimately, this research
aims to offer a novel explanatory framework for the development of
the desalinated water industry.

Evolutionary game theory is founded upon the premise of
bounded rationality and employs evolutionary game strategies
(ESS) to elucidate the equilibrium state of the game (Smith and
Price, 1973; Quan et al, 2020). This is achieved through the
utilization of a set of nonlinear first-order differential equations (in
continuous cases) and nonlinear difference equations (in discrete
cases) to analyze the dynamics of the simulation (Taylor and Jonker,
1978), alongside other methodologies. Evolutionary game models are
frequently employed to forecast the influence of various behavioral
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strategies adopted by individuals on the stability of the overarching
model. Moreover, these models find extensive application in
analyzing the strategic behavioral decisions made by stakeholders
within fully competitive market environments (Sohrabi and
Azgomi, 2020).

Scholars have undertaken evolutionary game studies in the
application of evolutionary game theory, focusing on the
government and enterprises as the primary entities, and exploring
various industries and perspectives. Li et al. (2021) conducted a
study that developed an evolutionary game model to examine the
influence of reward and punishment mechanisms on the process of
export safety regulation of pharmaceutical products between
pharmaceutical export enterprises and government regulators.
Fairchild (2008) also employed an evolutionary game model to
analyze the game dynamics between the government and
enterprises, highlighting the significant relationship between
enterprise eco-governance motivation and investment cost.
Furthermore, Du et al. (2021) investigated the eco-governance
motivation and investment cost of the government, examined the
supervisory and management behaviors of government
departments towards marine ranching enterprises, emphasizing
the crucial impact of the government’s supervisory measures and
rewarding and punishing strategies on the behavioral choices of
enterprises. In the context of the classic game system (government-
firm), certain scholars have duly acknowledged the significance of
the public as a vital organic element inside society. Chen (2012)
conducted a comprehensive analysis of the historical development
and intricate nature of the existing property rights system in coastal
mudflats. The study emphasized the need for a well-balanced
mechanism that effectively coordinates the interests of the
government, fishermen, and enterprises. This mechanism aims to
foster active participation from all three parties in the game and
competition. In a related study, Wan et al. (2021) examined the
conditions for achieving an evolutionary equilibrium and
the strategies employed by the involved parties to stabilize the
evolutionary process. The researchers developed a three-party
evolutionary game model to investigate this phenomenon. The
findings revealed that consumer recognition of products indirectly
influences the production behavior of enterprises. Additionally, the
study demonstrated that stricter government regulations serve to
curb opportunistic behavior by enterprises and ensure fair
transactions. In their study, Gao et al. (2022b) examined the
tripartite game mechanism involving the government, marine
enterprises, and the public within the framework of new media.
The findings of their research indicated that the establishment of a
just new media environment can provide favorable outcomes for
marine ecological governance.

In summary, within the realm of evolutionary game theory, the
utilization of finite rationality as a determinant for decision-making
offers a more comprehensive explanation for the ability of game
participants to select stable strategic behaviors at the initial level.
Hence, drawing upon the principles of evolutionary game theory, it
is both rational and feasible to develop a trilateral evolutionary
game model encompassing desalination companies, tap water
supply companies, and the government. The objective is to
discern the obstacles to market entry within China’s desalination
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industry, thereby facilitating an analysis of the enduring strategies
adopted by the involved stakeholders.

This study commences by presenting an overview of the current
state of China’s desalination business, followed by a summary of the
existing challenges faced by the industry. It ultimately finds that the
pricing situation serves as the primary reason impeding the growth
and progress of the desalination sector. Assumptions are
incorporated into the model premises and construction process,
resulting in the development of a three-party evolutionary game
model involving desalination enterprises, water supply enterprises,
and the government. The resulting model aims to identify various
barriers to entry that arise when desalinated water is introduced
into the water resource system. The investigation of each game
subject in the model involves examining the stability of evolutionary
strategies (ESS). This stability analysis is conducted using Lyapunov
stability theory to assess the stability of the strategy combination.
The present investigation employs research data and numerical
simulation technology to conduct a simulation analysis, examining
the effects of various parameter modifications (see Table 1) on the
stability of evolutionary strategies. Upon the culmination of the
investigation, definitive findings and policy suggestions are
presented, alongside a comprehensive analysis of the
study’s shortcomings.

2 Materials and methods
2.1 Model assumptions

Hypothesis 1. Among others, the three most important players
of the game are seawater desalination, tap water and the
government, which are finite rational and therefore their
strategies gradually reach an evolutionarily stable state over time.

Hypothesis 2. The game strategy set of seawater desalination is
6 = (0,, 0,) = (Enter the market, Do not enter the market), and it
chooses to enter the market with a probability of x and not to enter
with a probability of 1 —x. The strategic space of tap water is as
follows: A = (4;, 4,) = (Rent-seeking, No rent-seeking), and it is
partly foreign-owned (o) and partly government-owned (1 - ¢).
The probability of tap water’s selection of 4, is y, and the probability
of the selection of 4, is 1 — y. The strategies of government in water
market is not simply divided into supervision and non-supervision
(Eghbali et al., 2022), but more subtly categorized as “strict
supervision” and “weak supervision” (Chen et al., 2021; Gao
et al., 2022a, 2022b), therefore can be expressed as: o = (0}, 0;) =

(Strict supervision, Loose supervision). The probability of the
government’s choice of 0y is z, and the probability of the choice of
o,is1 - z

Hypothesis 3. The cost of entry for seawater desalination into
the market is C,, and the initial market share of seawater
desalination is Q,, directly gained from the market share of tap
water Q. After entering the market, seawater desalination
contributes political benefit to the government depending on its
market share (Shelare et al., 2023), with a rate of political
relatedness of g. It also pays taxes to the government depending
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on its income, with a rate of t — t,. Seawater desalination sells at a
price of P.

Hypothesis 4. The government may give taxation subsidies to
seawater desalination with a probability of 8 (Xie et al., 2019). If the
government chooses to adopt loose supervision on seawater
desalination, its market share will decrease by Q.. If the
government chooses to adopt strict supervision on seawater
desalination, its market share will be fixed at Q,. The cost for
strict supervision is fixed at C; (Du et al., 2022).

Hypothesis 5. Foreign-owned () tap water may choose to seek
rents with the cost of C, to attain market share of Q,, directly gained
from seawater desalination (Ding et al., 2023). Government-owned
(1 - &) tap water does not seek rents. Foreign-owned (¢) tap water
pays taxes to the government depending on its income with a rate of
t, and government-owned (1 — ¢) tap water pays taxes with a
subsidized rate of t — t,. Tap water sells at a price of P.

Hypothesis 6. The government gives subsidies to government-
owned (1 — o) tap water with a subsidized rate of t,. It may choose
to supervise foreign-owned (o) tap water if the latter seeks rents
(Ouyang et al., 2022), decreasing its market share by Q, under loose
supervision and fixing its market share at Q; under
strict supervision.

2.2 Payoff matrix construction

According to aforementioned model hypotheses (see Figure 1),
the payoff matrix of the tripartite evolutionary game model is
constructed as follows (see Table 2).

2.3 Evolutionary strategic stability analysis

2.3.1 Strategic stability analysis of
seawater desalination

Assuming that the expected income of seawater desalination
entering the market is E;;, the expected income of not entering
market is E,, and the total average expected income is E;.

E; =yz-(QP-C)+y(1-2) - [(Q.~ Q- Q)P ~-C,]
+(1-9)z-(QP-C)+(1-y(1-2)-[(Q-Q)P-C]
=2(QP-C,) +(1-2)[(Q. - Q- yQ)P - C,]
Ep=0
E; =xEy +(1-x)E;,

The replicator dynamic equation of seawater desalination is
as follows:

FO) = 5 = By~ ) = - (B ~ By

= x(l - x)[zQsP - Ce + (1 - Z)(Qe - Qs _er)P}
The first-order derivative of F(x) and the supposed G(y) are:

dF(x)
dx

=(1-2x)[z2Q,P- C, + (1 -2)(Q, - Q, — yQ,)P]
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G(}’) = ZQsP - Ce + (1 - Z)(Qe - _er)P

According to the stability theory of the differential equation (Zhou
et al, 2022), the probability of seawater desalination entering the
=x(1-x)G(y) =
40 < o, G(y) is a decreasing

market x in a stable state must satisfy F 0 as well

as % =(1-2x)G(y) < 0. Since —*

function with respect to y. Therefore when y = 5- [Z?;Pz)ff +Q, - QS}

= y* here is G(y) = 0, yielding & (") = 0, seawater desalination does

not determine a stabilization strategy. When y > y* here is G(y) < 0,
ar)

yielding <5
is G(y) > 0, yielding % |x=1 < 0, making x = 1 an ESS point. The

strategic diagram of seawater desalination is (see Figure 2):

_o < 0, making x = 0 an ESS point. When y < y* here
lx=0 g p y<y

The evolutionary phase diagram of the strategy for seawater
desalination shows that the probability of entering the market is the
volume of A;, and the probability of not entering the market is the
C,
-Q

volume of Az Noting that it begins at zy = 1 - 5555 and ends at
-Q
7 =1-g54 (@ > z):

+Q, - QS} dzdx + z,

// 2QP-C,
(1-z)pP

{Qs[ z-In(1 -2)] +—1n(1 —z)} .

+ 2

Q

1 C, 1-z,
= ar |:QS(ZO -z))+ (7— Qs> lnl_izzl()} + 2y

VAz ZI_VAl

Inference 1. The probability of seawater desalination entering
the market V,, has a negative relationship with the cost of entry C,
and the amount of supervision Q.

Proof: It can be seen from the integral of V,; that z, and z, are
both monotonically decreasing functions of C,, and z, decreases

faster than z, therefore making z, — z, a decreasing function of C,
1 Zi = I R2Q-Q,
Q. —2Q;

and In{—* =1In a constant with respect to C,.

Inference 2. The probability of seawater desalination entering
the market V, has a negative relationship with the amount of rent-
seeking Q,.

Proof: It is evident that 20 =1-

function with respect to Q, while ; =1 - QC—“‘Z%
1- zl

Q.-2Q-Q, is a decreasing
is unaffected by Q,,
=In QzQ QQ' a decreasing function of Q,.

therefore making In ;
The decreasing numerator and increasing denominator generally
compose a decreasing function of Q,.

2.3.2 Strategic stability analysis of tap water

Assuming that the expected income of tap water rent-seeking is
E,,, the expected income of no rent-seeking is E,,, and the total
average expected income is E,.
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Eyn=xz-[(Q-Q)P-Cl+x(1-2)-[(Q-Q +Q+Q)P-C]
+(1-xz-(QP-C)+(1-x)(1-2)-(QP-C,)
=QP-C, -x[z2QP+(1-2)(Q - Q - Q)P
Ey =xz2-(Q = Q)P +x(1-2) - (Q - Q. + Q)P
+(1-x)z-QP+(1-x)(1-2)-Q,P
= QP - x[zQP + (1 -2)(Q. — Q)P]
E, =yEy +(1-y)Ep

The replicator dynamic equation of tap water is as follows:

F(y) == =y(Ey - E,) = y(y = 1)(E;, — E))

=y(1 - y)[x(1-2)Q.P-C]
The first-order derivative of F(y) and the supposed H(x) are:
dF(y)

T = (1 - Zy)[x(l - Z)Q,P— Cr]

H(x) =x(1-2)Q,P-C,

According to the stability theory of the differential equation, the
probability of tap water rent-seeking y in a stable state must satisfy
F(y) = y(1 -y)H(x) = 0 as well as dF(y) = (1 -2y)H(x) < 0. Since

dl;(" >0, H(x) is an 1ncreas1ng function with respect to x.

Therefore when x = dF(Y)

m = x* there is H(x) = 0, yielding =5
0, tap water does not determine a stabilization strategy. When X<
x* there is H(x) < 0, yielding (y ly—o < 0, making y = 0 an ESS
point. When x >x* there is H(x) >0, yielding dF(y) ly-1 <0,
making y = 1 an ESS point. The strategic diagram of tap water is
(see Figure 3).

The evolutionary phase diagram of the strategy for tap water
shows that the probability of rent-seeking is the volume of B,, and
the probability of not entering the market is the volume of By,

noting that it ends at zy = 1 —

a [l C, C, 1
VBI = %)‘ A 7(1 — Z)QrP dzdy + Qirf) = |:QrP In 1= Z:|
C [, QP
= QP (ln C + l)

Inference 3. The probability of tap water rent-seeking y is

P, which are calculated as

’

Zl) C
+ r
o TQp

negatively correlated with the cost of rent-seeking C,, but it is
positively correlated with the amount of rent-seeking Q,

Proof. When in =t<1, there is [t(Inl+1)] =lnl>o0,
making it an increasing function of Vp but a decreasmg function
of Vg,.
impacted by é},,
negatively impacted by Q,.

Therefore, the probability of rent-seeking is negatively

which is positively impacted by C, and

2.3.3 Strategic stability analysis of government

Assuming that the expected income of government strict
supervision is E3;, the expected income of loose supervision is Es,
and the total average expected income is Ej.
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E;; =xy-{Qg + (t = Bt)P] + tQP + (t — t)(Q; —2Q,)P + C, — C;}
+x(1-y) - {Qg+ (t - Bt)P] + [tar + (t - t)(1 — )|(Q, - Q)P - C;}
+(1=x)y- QP+ (t - t)(Q, - Q)P+ C, - C
+(1-x)1A-y) - {[ta+(t-t)1-a)P-C}

=xQ,[g + (t = Bt)P] + y[tQP + (t — t)(Q, — Q)P
+ (1 -yt + (t-t)(1 - @)]QP
—xy(t = t)QP — x(1 - y)[tor + (t = t,)(1 = @) QP + yC, - C;

(Q - Q- Q)g +(t - Bt)P] + t{oUQ - Q. + Q) + QP

y'{+(t—ts)(l—a)(Q,—QeJrQS)PJrC, }
+x(1 =) {(Qe = Q)[g + (= Br)P] + [to + (¢ - £)(1 - ))(Q ~ Qe + Q)IP}
+(1-x)y- {t(aQ, +Q,— Q)P+ (t—t)[(1-)Q, - Q, + QP+ C,}
+(1=x)(1-y) [ta+(t-t)1-a)]QP

=x(Qe = Q[g + (£ = )P + y[taQ P+ (¢ — £)(1 — ) Q,P]

+ (1 -pta+ (t-t)(1 - @)]QP —xyQ,[g + (t — Bt,)P]

+xy{tlo( = Q. + Q) + QP + (t — t)(1 - a)( - Q, + Q)P}

+(1=x)y[H(Q, = Q)P + (t — £)(- Q, + Q)P
+x(1-pta+ (- t)(1- )] Q, + Q)P +yC,

E; =zE; + (1 -2)Es,

E; =

The replicator dynamic equation of government is as follows:

d .
F(z) = d—f = 2(Es, - B) = 2(z = 1)(Es, — Ey,)

= z(z - D{x(Q, — 2Q)[g + t,(1 — ot — B)P] + yt,(axQ;

+Qr - ZQS)P +xy[7Qrg + ts(l - a)QsP - ts(l - ﬁ)QrP] + CS}

The first-order derivative of F(z) and the supposed I(y) are:

dF
) = e DIX(Q - 2Q)]g+ 61 - @~ PP+ (00, + Q,

—2Q)P +xy[-Q,g + t,(1 - )Q.P - t,(1 - B)Q,P] + C;}
I(y) = x(Q, - 2Q))[g + t,(1 — ot = B)P] + yt,(aQ, + Q, — 2Q,)P

+xy[-Q,g + t,(1 - )Q,P - t,(1 - B)Q,P] + C;

According to the stability theory of the differential equation, the
probability of government strictly supervising z in a stable state
must satisfy F(z) = z(z — 1)I(y) = 0 as well as % =Q2z-DI(y) <
0. Since %}f) >0, I(y) is an increasing function with respect to y.

_ -C—x(Q,—2Q,)[g+t,(1-a—p)P] s 2
Therefore when ¥ = 15a7020)P 150, g+i(-0Q. P (1P = Y

there is I(y) =0, yielding @; 0> government does not
Z

determine a stabilization strategy. When y > y** there is I(y) < 0,
yielding
dF@) |, <0, making z=0 an ESS point. When y < y** there

dz
is I(y) > 0, yielding dl;(zz)

|,=1 <0, making z = 1 an ESS point. The
strategic diagram of government is (see Figure 4).

The evolutionary phase diagram of the strategy for government
shows that the probability of strict supervision is the volume of C;,
and the probability of loose supervision is the volume of C,, which
are calculated as (supposing (Q, — 2Q,)[g + t,(1 — - B)P] = R,
(0Q +Q -2Q)P =S, - Qg + (1 - 0)QP ~ t,(1 - QP = T)

v _/‘ /' —C, = x(Q. —2Q)[g + t,(1 — o~ B)P| ded
“=Jo o 4(@Q+Q -2Q)P+x-Qg+ (1 - QP - t,(1- QP
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:/1/1 —CS—Rxd dy:_&_ (-=RS+C,T)In(S+ Tx)
o Jo T T2
= W H{(=CI[-Qg + (1 - 0)QP ~ t,(1 - B)Q,P]
+(Q —2Q)[g + (1 - & = PP|t(a2Q; + Q, = 2Q))P}int(aQ; + Q, - 2Q,)P
+x[~Q,g + t(1 — 0)QP ~ t,(1 - B)Q,P]
= x(Q, —2Q)[g + (1 - o = BP|[-Q,g + t,(1 = )Q.P — t,(1 - B)Q.P|}

VCz =1- VC]

Inference 4. The probability of government implementing strict
supervision z has a negative relationship with political relatedness g.

Proof. R = (Q, —2Q,)[g + t,(1 — a — B)P] is positively related
to ¢ and T =-Q,9+t(1 - )QP —t,(1-PB)Q,P is negatively
related to g, which are at the positions of numerator and
denominator, making the expression overall decreasing with
respect to g.

Inference 5. The probability of government implementing strict
supervision z has a negative relationship with the cost of
supervision C;.

Ry (~RS+C,T)In (S+Tx)
Re  (RSGDInGTx)

Proof. In the expression - . , C, is at the

numerator position with a negative sign, therefore making it
negatively related with the probability of strict supervision z.

2.4 Equilibrium stability analysis

The Jacobian matrix of the tripartite evolutionary game system

F(x) = x(1 = x)[z2QP - C, + (1 = 2)(Q, - Q; = yQ)P] =0
E(y) = y(1 - y)[x(1-2)Q,P~C] =0

x(Q. - 2Q)[g + (1 - & - B)P]

+yt(aQ; + Q, — 2Q,)P =0
+xy[-Q,9 + t(1 — )Q.P - £,(1 - B)Q,P] + C,

F(z) =z(z-1)

Solving these equations generates eight equilibrium
points: E;(0,0,0), E,(1,0,0), E;(0,1,0), E4(0,0,1), E5(1,1,0), Es
(1,0,1), E;(0, 1, 1), Eg(1,1,1) (Bjornerstedt and Weibull, 1994). The
Jacobian matrix of the tripartite evolutionary game is
(Gao et al., 2022a):

9dF(x) dF(x) 9F(x)

] 1 ] P ] 3 dx dy dz
T=\1LJJ | = 9F(y) 0F(y) 9F(y)
= |Jalste | T | Tox oy oz
]7 ]8 ]9 0F(z) dF(z) dF(z)
dx dy 0z
a —Zx){ 2QP-C, } =x(1-x)(Q. - 2Q. - yQ)P
+1-2)Q - Q- yQ)P ~y1-paQ P
Y- -2QP Q.= 2Q)g + (1~ = p)P
(Q.-2Q)[g +t(1 - - B)P| 2(z-1) (2z-1) +p(aQ, + Q- 2Q)P
- l){ +9[-Q9+ 41 - QP - 11 - HQ.P] } { sl aerLt-par } { +9[-Q.g + 11 - QP - 11 - QP +C, }

Using Lyapunov’s first method (Gao et al., 2022b): if all
eigenvalues of the Jacobian matrix have negative real parts, then
the equilibrium point is an asymptotically stable point of ESS; if at
least one of the eigenvalues of the Jacobian matrix has a positive real
part, then the equilibrium point is an unstable point; if except for
the eigenvalues whose real part is zero, the other eigenvalues of the
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Jacobian matrix have negative real parts, then the equilibrium point
is in a critical state, and its stability cannot be determined by the
sign of the eigenvalues. Equilibrium analysis has revealed the ESS
points to be E;(0,0,0), E,(1,0,0), E5(1,1,0) and E4(1,0,1) (see
Table 3).

3 Simulation analysis
3.1 Analysis of ESS points

3.1.1 ESS point (0,0,0)

With C, > (Q, — Q)P at point E;(0,0,0) (see Figure 5), as the
amount of government supervision Q, increases, the probability of
seawater desalination entering the market x decreases, and the
probability of government strict supervision z increases. As the
political relatedness g increases, the probability of seawater
desalination entering the market x increases, and the probability
of government strict supervision z decreases. As the probability of
government subsidy to seawater desalination 3 changes, there are
no significant changes in the strategic probabilities of x and z.

3.1.2 ESS point (1,0,0)

With C, < (Q, — Q)P at point E,(1,0,0) (see Figure 6), as the
amount of government supervision Q; increases, the probability of
seawater desalination entering the market x increases, and the
probability of government strict supervision z decreases. As the
political relatedness g increases, the probability of seawater
desalination entering the market x decreases, and the probability
of government strict supervision z increases. As the probability of
government subsidy to seawater desalination 3 changes, there are
no significant changes in the strategic probabilities of x and z.

3.1.3 ESS point (1,1,0)

With C, < (Q, - Q;— Q)P and (Q, —2Q,-Q)[g+t,(1-a -
B)P| + t,[aQ, + (1 - ®)Q, — (1 + @)Q,]P + C, > 0 at point E5(1,1,0)
(see Figure 7), as the amount of government supervision Q, increases,
the probability of seawater desalination entering the market x
increases, and the probability of government strict supervision z
decreases. As the political relatedness g increases, the probability of
seawater desalination entering the market x decreases, and the
probability of government strict supervision z increases. As the
probability of government subsidy to seawater desalination f
increases, the probability of seawater desalination entering the
market x decreases, and the probability of government strict
supervision z increases.

3.1.4 ESS point (1,0,1)

With C, < QP and (Q, —2Q,)[g + t(1 —a—B)P] + C, < 0 at
point E¢(1,0,1) (see Figure 8), as the amount of government
supervision Q, increases, the probability of seawater desalination
entering the market x decreases, and the probability of government
strict supervision z increases. As the political relatedness g
increases, the probability of seawater desalination entering the
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market x decreases, and the probability of government strict
supervision z increases. As the probability of government subsidy
to seawater desalination [ increases, the probability of seawater
desalination entering the market x decreases, and the probability of
government strict supervision z increases. This shows that after
entering the market and meeting strict supervision, the effect of
government subsidies to seawater desalination is no

longer significant.

3.2 Effect of parameters

3.2.1 Effect of government supervision

To analyze the effect of government supervision Q;, consider
C, > (Q, — Q,)P and start at (0.5,0.5,0.5) (see Figure 9). At first
when the parameter Q, stays at 50, the probability of seawater
desalination entering the market x soon plummets to zero in 0.1 t.
As Q lowers to 40, the probability of seawater desalination entering
the market x stays between 0.2 and 0.3. As Q, lowers to 25, x rises to
1.0 within 0.1 ¢.

3.2.2 Effect of entry cost

To analyze the effect of entry cost C,, consider C, > (Q, — Q,)P
and start at (0.5,0.5,0.5) (see Figure 10). At first when the
parameter C, stays at 1050, the probability of seawater
desalination entering the market x soon plummets to zero in 0.1 ¢
. As C, lowers to 1000, the probability of seawater desalination
entering the market x stays slightly above 0.2. As C, lowers to 950, x
rises to 1.0 within 0.1 ¢.

3.2.3 Effect of political relatedness

To analyze the effect of political relatedness g, consider C, >
(Q, — Q)P and start at (0.5,0.5,0.5) (see Figure 11). At first when
the parameter g stays at 1.0, the probability of seawater desalination
entering the market x soon plummets to zero in 0.1 ¢. As g rises to
2.0, the probability of seawater desalination entering the market x
stays slightly above 0.1. As g rises to 3.0, x rises to 1.0 within 0.1 .

3.3 Evolution analysis

According to Zou et al. (2022), using different initial strategies
within the range of [0,1], four groups of data are randomly
combined and evolve 50 times with the change over time. The
operation results of arrays are shown in Figure 12, respectively.

Under condition C, > (Q, — Q,)P, strategic combinations
quickly evolve into E;(0,0,0). Under conditions C, < Q,P and (Q,
-2Q,)[g9 + t,(1 - a - B)P] + C, < 0, strategic combinations are
quick to converge at E,(1,0,0). Under conditions C, < (Q, — Q, —
Q)P and (Q, -2Q, - Q)[g + (1 - &= PP + t[aQ, + (1 - )Q,
—(1+ 0)Q,]P + C, > 0, the strategic combinations end at E5(1, 1,0).
Finally, under conditions C, < Q,P and (Q, —2Q,)[g + f,(1 - o —
B)P] + C, < 0, strategic combinations first aggregate to (0, 0,0) and
then converge at E4(1,0,1).
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4 Results and discussion

4.1 Results

By specifying three major parties in the seawater desalination
industry and proposing hypotheses about their behaviors, a
tripartite evolutionary game analysis based on real industrial data
is performed. Through model inferences, the probability of seawater

desalination entering the market is found to have a negative

(OTO, )]

relationship with the cost of entry, the amount of government
supervision, and the amount of rent-seeking of foreign-owned water
companies. The probability of tap water rent-seeking is negatively
correlated with the cost of rent-seeking, but positively correlated
with the amount of rent-seeking. The probability of government
implementing strict supervision has a negative relationship with
political relatedness and the cost of supervision. According to
Lyapunov’s first method, a total of four ESS points, including
(0,0,0), (1,0,0), (1,1,0) and (1,0,1) are specified under various
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Dynamic evolution trend of the behaviors of seawater desalination
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FIGURE 3
Dynamic evolution trend of the behaviors of tap water.
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Dynamic evolution trend of the behaviors of government.

conditions. As the probability of government subsidy to seawater
desalination changes, there are no significant changes in the
strategic probabilities of desalination entering market or
government strict supervision. Evolution analyses from diverse
beginning points reveal that solutions are quick to converge at
(0,0,0), (1,0,0), (1,1,0) and (1,0,1).

Hypothesis 1 is proven because the three players of the game
reach an evolutionarily stable state over time. Hypothesis 2 is partially
proven because at ESS Point (0,0,0), seawater desalination only
chooses to enter the market when government supervision is no
greater than 400,000 tons per day. Hypothesis 3 is partially proven
since entry cost should be no more than 10 million yuan per day for

Equilibrium Point (0,0,0)

10.3389/fmars.2023.1309515
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entry. Hypothesis 4 is partially proven because at ESS Point (1,0,1),
tax subsidies are only effective if foreign-owned companies seek rents.
Hypothesis 5 is proven because in Inference 2, the probability of
seawater desalination entering the market is found to negatively
correlate with the amount of rent-seeking of foreign-owned water
companies. Hypothesis 6 is partially proven at ESS Point (1,1,0), as
the amount of government supervision Qg increases, the probability
of seawater desalination entering the market x increases.

In this study, under the spirit of government regulation, several
barriers of entry for seawater desalination in China are identified.
(1) For seawater desalination to enter the market in China,
government supervision should be no more than 400,000 tons per

Equilibrium Point (0,0,0)

FIGURE 5
Dynamic game evolution at point (0,0,0).
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Dynamic game evolution at point (1,0,0).

day, about 13.8% of total seawater desalination scale. (2) The entry
cost should be no more than 10 million yuan per day for seawater
desalination, which is equivalent to approximately 18.25 trillion
yuan during a five-year period. This result is similar to the 21 billion
standard the Chinese government spent in water treatment
infrastructure (Parsa, 2021). Finally, (3) political relatedness
should be at least 2.0 for seawater desalination to take place, and
3.0 for it to develop in full swing. This means the direct responsible
department should be at least as closely related to seawater
desalination as the Ministry of Water Resources (MWR). The
article also sheds light into the division of state and foreign-
owned water companies and argues that government subsidies are
only effective if foreign-owned companies seek rents. Currently,
China’s desalination scale has not matched the Action Plan’s goal of
2,900,000 t/day, and entry cost is still higher than 10 million yuan/d.
Moreover, it is governed by some politically less-relevant
departments such as the National Development and Reform
Commission (NDRC). To reconcile these issues, the article
proposes several measures in the Discussion part.

4.2 Discussion
4.2.1 Top-level design

As delineated in the article, the 2025 goal of 3 million tons of
desalinated seawater per day would be unachievable if speed
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remains the same. To speed up production, based on results of
the evolutionary game analysis, several solutions are proposed. This
requires the government to realign top designs, both relaxing
limitations on seawater desalination and increasing the political
relatedness of administrations concerning it.

First, considering C, > (Q, — Q;)P, the amount of government
supervision Q; must be as low as 400,000 tons per day for seawater
desalination to enter market and compete with normal tap water,
which requires a total elevation of its status in the government’s
strategic plans. China needs to attach greater importance to
seawater desalination from a strategic level of water resource
security (Ai et al, 2023). The advancement of the desalination
sector holds significant implications as a supplementary means of
augmenting China’s water resources. The current threshold
required for desalinated water to join the water resources market
is excessively high, so constraining the supply of desalinated water
and impeding the industry’s capacity to respond to developmental
needs. Hence, it is imperative for the government to establish a
comprehensive policy that mandates the integration of desalinated
water into the national water network. This inclusion should be
regarded as a strategic measure to augment the existing water
supplies, while also ensuring the optimal utilization of the
completed desalination facilities. In the context of the water
resources market, it is advisable for the government to exercise
caution in its level of involvement in market competition behavior.
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FIGURE 7
Dynamic game evolution at point (1,1,0).

The government, as a significant regulator in the three-party game,
ought to establish suitable rules and regulatory safeguards for the
water resources market. This entails encouraging competition
between desalinated water and tap water firms, while also
ensuring the establishment of a robust market competition system
that promotes healthy development.

Second, considering C, > (Q, — Q,)P, political relatedness g of
administrative departments with seawater desalination should be at
least 2.0 for it to enter market, and higher for it to prosper, which
requires a thorough reform of government divisions in terms of
reference (Duan et al., 2023). The desalination sector is subject to
various administrations due to the intricate nature of the
governmental management system. The management of the
desalination industry in China is overseen by several government
agencies. These include the NDRC, Ministry of Finance (MOF),
Ministry of Industry and Information Technology (MIIT), and
Ministry of Science and Technology (MOST). The NDRC is
responsible for formulating development strategies, while the
MOF handles industrial and financial policies. The MIIT focuses
on technical equipment development, and the MOST is involved in
scientific and technological research and development.
Additionally, the Ministry of Natural Resources (MNR) is tasked
with controlling and exploiting natural resources, specifically
seawater, which is relevant to the desalination process. The
Ministry of Ecology and Environment (MOE) is responsible for
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addressing any ecological pollution issues that may arise during
desalination production. Lastly, the MWR is in charge of overseeing
the national water resources. The MWR takes the responsibility of
coordinating and managing the water resources at a national level.
The seawater desalination industry encompasses a comprehensive
chain of processes, including seawater extraction, pre-treatment of
seawater, treatment through reverse osmosis membrane or
distillation, filtration of desalinated water, and release of
concentrated water. The process of seawater desalination is a
comprehensive undertaking that involves the allocation of
government rights, responsibilities, and interests within a
structured framework. Additionally, the desalination industrial
process is characterized by its intricate nature. There exists a
notable discrepancy in various aspects of seawater desalination
projects, including project placement, supervision, rights, and
obligations, as well as interests. However, these areas have not yet
been clearly defined. The adoption of diverse management modes
not only results in diminished political significance of government
departments and desalination, but also undermines the
government’s role as a regulatory authority. Hence, it is
imperative to elucidate the rights and obligations of pertinent
governmental entities, precisely delineate the primary unit of
accountability, establish an inter-departmental and inter-regional
coordination and management framework for the advancement of
the seawater desalination sector, and harmonize the roles of
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Equilibrium Point (1,0,1)

FIGURE 8
Dynamic game evolution at point (1,0,1).

relevant departments. These measures are essential for facilitating
the extensive growth of the seawater desalination industry.

As the simulation results indicate, government supervision,
entry cost and political relatedness are the most important tasks
for enhancing seawater desalination. Among them (see Figure 13),

0
Equilibrium Point (1,0,1)

10.3389/fmars.2023.1309515

Equilibrium Point (1,0,1)

government supervision (including utilization planning and
regulations) is led by the MWR and assisted by NDRC, MNR,
MOF and others. Entry cost (industry policies) is most directly
related to the NDRC and partly related to MWR, MIIT, MNR and
MOF. Based on the concentration of tasks, the most politically
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Effect of government supervision during strategic evolution
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Effect of entry cost during strategic evolution

related department is the MWR (leading 4 tasks and participating in
2 tasks). To foster a benign environment for seawater desalination
to enter, the MWR should collaborate with provincial and
municipal subdivisions to craft utilization plans and reasonable
regulations. The NDRC, despite politically less related, should also
coordinate industry policies to optimize the entry costs.
Furthermore, it can be integrated with the current state of
China’s political system, which is overseen by the State Council.
This involves the establishment of the MWR and the NDRC, along
with other relevant government departments, to collectively lead the
coordination and management of the seawater desalination
industry. This mechanism encompasses various aspects of the
industry chain, including industry planning, industry leadership,
policies for industrial support, guidance on pricing and resource

allocation, and industry supervision. The objective is to streamline
government oversight processes and enhance the efficacy

of supervision.

4.2.2 Implementation for the seawater
desalination project

Another major issue concerning the development of seawater
desalination is the entry cost. According to game analysis, consider
C, > (Q, - Q,)P, C, must be lowered to 1000 to enter market, and
950 to prosper. This equals 10 million yuan per day, identical to the
stipulation in the National Twelfth Five-Year Science and
Technology Development Plan.

The cost of desalination is significantly influenced by the
accessibility of essential technologies and equipment utilized in
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FIGURE 11
Effect of political relatedness during strategic evolution.
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Seawater task structure of China's departments, collected from official policy files. NDRC, National Development and Reform Commission; MWR,
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TABLE 1 Relevant parameters and data resources of the evolutionary game model.

Variable Meaning Value Unit Data Source
Q; Total water 1643.84 10,000 | Center of Science and Technology Industrial Development (CSTID), the Ministry of Housing and Urban-
market share t/day Rural Development of the People’s Republic of China”
Q, Seawater 290 10,000 Action Plan for the Desalinization and Utilization of Seawater (2021-2025) (Ministry of Natural Resources,
desalination share t/day 2021) @
after entering
the market
Q, Foreign-owned water 100 10,000 | By appointment
plants gained share t/day
after rent-seeking
Qs Government 100 10,000 | By appointment
regulation limits t/day
P Price of water 4 ¥/t Measures for the Administration of Urban Water Supply Prices (National Development and Reform
per ton Commission, 2021)
C, Entry cost of 1000 10,000 | National Twelfth Five-Year Science and Technology Development Plan (Zhu et al., 2019)
seawater desalination ¥/day
C, Rent-seeking cost of 2000 10,000 | By appointment
foreign-owned ¥/day
water plants
C, Government 500 10,000 | By appointment
supervision cost ¥/day
t Tax rate 0.13 / Detailed Rules for the Implementation of the Interim Regulations of the People’s Republic of China on
Value-added Taxes (State Taxation Administration of the People's Republic of China, 2009)
ts Tax subsidy rate 0.07 / Notice of the Ministry of Finance and the State Administration of Taxation on the Application of Low
Value Added Tax Rates and Policies on Collecting Value Added Tax by the Simple Approach to Some
Goods 2(3) and Article 3 (Ministry of Finance and the State Administration of Taxation, 2009)
g Political relatedness 2 / Introduction to the Functions of the Beijing Municipal Commission of Development & Reform (Beijing
Municipal Commission of Development & Reform, 2015) ©
o Foreign-owned ratio 0.5 / Zhao (2020)
of tap water plants
B Probability of 0.2 / By appointment
government
subsidizing
seawater desalination

@ By the total amount of water shortage in cities across the country.

@ The “Action Plan” clearly states that by 2025, the total scale of seawater desalination in the country will reach more than 2.9 million tons per day.

© Based on the amount of subsidy for enterprises per ton of tap water.

the process. The reverse osmosis membrane method is responsible
for producing approximately 67% of the total volume of desalinated
water. However, it is worth noting that the procurement of essential
materials and equipment, including reverse osmosis membrane
components, energy recovery devices, and high-pressure pumps,
heavily relies on imports. The rate of localization is found to be
below 50 percent, which is determined by comparing the
investment cost of the project equipment (Zhu et al., 2012; Gong
et al, 2019). The market share of domestic reverse osmosis
membranes is as low as 10 percent (Lin et al., 2021). The limited
localization rate of essential technologies and equipment utilized in
the production of desalinated water results in elevated entry costs
for desalination, hence impeding the progress of the seawater
desalination sector. It is also important to acknowledge the
associated drawbacks, including the elevated expenses incurred in
acquiring membrane materials and the stringent water quality
requirements imposed by the characteristics of the raw water
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source. Hence, it is advisable for the government to provide
guidance and support to universities, research institutes,
desalinated water enterprises, and other pertinent entities in
enhancing their capacity for independent innovation. This
includes efforts to enhance the localization rate and technological
competitiveness of core desalinated water technology and
equipment, as well as key basic raw materials. Additionally, it is
crucial to foster the development of a comprehensive desalinated
water industry chain.

Furthermore, the use of scientific strategies for clustering and
developing industrial parks with high water consumption can
effectively leverage the benefits of industrial clustering and
minimize the expenses associated with desalinated water
transportation and utilization. Efficient utilization of the
operational desalination facilities should be prioritized, with a
focus on coordinating the planning and implementation of
seawater desalination, seawater recycling, and cooling projects. It
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TABLE 2 Payoff matrix of the tripartite evolutionary game model.

Tap Water

10.3389/fmars.2023.1309515

Government

Strict Supervision (z)

Loose Supervision (1-z)

Seawater Enter Market (x) Rent- QP-C, (Q.-Q,-Q)P-C,
Desalination seeking (y)
(Q -QIP-C, (Q-Q +Q+Q)P-C,
Qg+ (t = Bt)P] + tQP + (t - t)(Q; - (Q - Q- Q)lg+(t=Pt)P] +t{a(Q - Q + Q) + QP+ (t -
2Q)P +C, - C, t)(1 - o) (Q - Q. + Q)P+ C,
No Rent- QP-C, (Q.-Q)P-C,
seeking (1-y)
(Q - Q)P (Q -Q. +Q)P

Do Not Enter Rent- 0

Qg+t = Bt)P] + [tor+ (£ - £)(1 -
a)](Q - Q)P-C

Q= Q)g + (t = BtP] + [tor + (t = t)(1 = )(Q - Q. + Q)P

0

Market (1-x) seeking (y)

QIP - Cr

QP-C,

No Rent- 0
seeking (1-y)

QP

QP+ (t—t)(Q - Q)P+ C, ~ C;

[ta+(t-t)(1 - )]QP - C,

HoQ +Q - Q)P+ (t—1)[(1-)Q - Q +QIP+C,
0
QP

[tor+ (t - t,)(1 - @)]Q,P

is advisable to leverage government policy guidance to the greatest
extent possible in order to satisfy the water requirements of high
water-consuming industrial parks in sectors such as thermal power,
chemical, and metallurgy. This approach aims to enhance the
potential for industrial applications and expand the utilization of
desalinated water, thereby facilitating cost reduction in the
desalination process. Currently, an agglomeration of desalination
plants under the Seawater Transfer Project should be established on
the pattern of South-North Water Transfer Project, especially in
coastal cities with highly water-dependent industries such as
thermal power, chemical industry, and metallurgy to apply the
size-scale effect.

4.2.3 Subsidy policy

Numerous pertinent research findings have demonstrated that
the selection of desalinated water in the market has noteworthy
consequences influenced by both demand and supply factors
(Zou and Liu, 2016). According to the notice from the Ministry
of Finance and the State Administration of Taxation, as a benefit of
add value products, seawater desalination enterprises enjoy a
maximum tax subsidy rate #; of 7%. However, tax cuts in larger
scales especially designed for desalinated water need to be
implemented, to further differentiate it from tap water.

The current methodologies employed to ascertain the cost of
water are insufficient, leading to a notable disparity between the
intrinsic worth of piped water and prevailing pricing mechanisms.
The pricing structure for piped water typically excludes the
incorporation of government investments and assistance in the
establishment of reservoirs, construction of pipeline networks,
cross-regional diversions, and water transfers. Government
subsidies for the establishment of these water facilities have been
implemented for an extended duration and have exhibited an
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annual upward trend, hence resulting in a reduction in the overall
expenses associated with tap water production (Li et al, 2013).
Furthermore, tap water, being a crucial strategic resource with
implications for national welfare, falls under the purview of the
government’s macro-control mechanism. This entails the
implementation of various measures, such as financial subsidies,
to facilitate the government’s coordination and regulation of tap
water prices. In contrast, the present desalination industry functions
within a fully market-oriented framework, characterized by a dearth
of robust government financial backing and subsidies. Typically,
enterprises are compelled to make substantial initial investments in
land and equipment for the establishment and functioning of
desalination ventures, thereby leading to elevated initial
production costs for desalinated water (Duan et al., 2023). While
many desalination plants presently employ waste heat from power
plants for cogeneration, the comparatively elevated production
expenses associated with desalinated water pose challenges in
achieving full market competitiveness against tap water, unless
supported by government subsidies and suitable tax advantages.
Proposing the implementation of preferential policies, such as
investment subsidies or loan interest subsidies, to support the
establishment of seawater desalination projects (Lv et al., 2023).
Local financial resources can be utilized to offset the disparity in cost
between desalinated water and the local municipal water supply.
Additionally, the implementation of preferential regulations can
ensure that the power rates for desalination firms align with those
applicable to residents. Simultaneously, it is reccommended that the
government enhance its financial assistance, establish funds for
industrial growth, and provide support to desalination firms under
certain conditions, in order to generate funds through the issuance
of stocks, bonds, and other mechanisms. The government
progressively directs social forces, private capital, and venture
capital to engage in the realm of seawater desalination, thereby
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contributing to the development and management of engineering
facilities. A comprehensive investment and financing policy
e e - - &6 @ - - framework has been developed to enhance the operational and
investment landscape of the seawater desalination sector,

Conditions

employing many approaches.

5 AR B 4.2.4 Informal establishment
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public acceptance of desalinated water, and cultivate a favorable
public opinion environment conducive to the widespread adoption
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hypotheses and discussed the roles of government regulation. Two
hypotheses were proven and four were partially proven, and the
most important conditions for seawater desalination development
were revealed to be government supervision (<400,000 t/d), entry
cost (<10 million yuan/d) and political relatedness (>2.0). Based on
an analysis of China’s alluvial diagram of sectoral task structure, it
has been determined that the MWR and the NDRC are the most
crucial government departments due to their governmental
oversight, political significance, and entry cost considerations.
Consequently, it is recommended that a collaborative
management mechanism be established, led jointly by the MWR
and the NDRC, with the active involvement of other pertinent
government departments. This initiative aims to improve the
effectiveness of governmental governance and facilitate the
coordinated development of the desalination industry within
the Chinese context. This paper offers recommendations in the
domains of high-level planning, implementation of desalination
projects, and government subsidy policies, providing guidance for
the future advancement of desalination initiatives in China. The
study is limited by the exclusion of institutional spending and the
absence of data derived from surveys, studies, and expert
assessments. The article hopes not only to draw conclusions and
suggestions for China, but also for other densely populated and
water-stressed countries with strong government regulation to use
seawater desalination as an alternative towards a more sustainable
future and fulfil the SDGs 6, 7 and 14.
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