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The development of renewable energy in Fujian province has entered a bottleneck period in
recent years. Considering the impact of COVID-19, how to formulate the provincial energy
development strategy based on the 14th Five-year Plan is an important issue that need to
be addressed for Fujian. This paper constructs a provincial Computable General
Equilibrium model to analyze the cost of energy transition to renewable resources and
tries to find a better pathway that integrated into account social efficiency and cost. The
simulation results show that after the implementation of energy substitution, the actual
electricity price will increase by about 1.6% and the electricity consumption in various
sectors will also decrease, especially in the secondary industry. Overall, the marginal
impact of energy substitution on the economy is significant.

Keywords: energy cost, transition efficiency, COVID-19, CGE model, fujian

INTRODUCTION

Under the impact of COVID-19, the global economy has been hit hard, and the uncertainty of the
energy transition has further widened. On the one hand, economic recovery needs to rely on cheaper
traditional fossil energy and the pull force of energy-intensive industries. On the other hand, the anti-
globalization caused by COVID-19 has made countries around the world pay more attention to
energy supply security, which will bring about the renewable energy industry some new development
opportunities. With a new round of industrial revolution, the contradiction between energy supply
and demand has become increasingly prominent. Moreover, the increasingly serious negative effects
of fossil energy utilization on the environment and energy security have become a great challenge for
world economic development (Wei et al., 2019). Therefore, increasing the proportion of renewable
energy and transitioning to a low-carbon energy system has become the primary goals of all countries
(Watari et al., 2019).

China, the largest developing economy, has been undergoing rapid urbanization and
industrialization. However, with the rapid economic growth, a series of energy problems have
appeared one after another and there is huge pressure for promoting energy conservation and
emission reduction (Shao et al,, 2016). The coal-dominated energy supply has been meeting the
requirements of electricity demand and rapid economic growth, but it also leads to environmental
challenges (He et al., 2017). Thus, developing renewable energy and upgrading energy structure plays
a strategically important role in China’s sustainable development (Ji and Zhang, 2019).

Fujian is a coastal province in China, which has advantages in renewable energy endowment with
limited coal endowment, and the renewable energy resources has a large room for utilization. In
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recent years, with the strong support of national policies and the
promotion of industrial policies, the proportion of renewable
energy consumption in Fujian has increased continuously.
However, with the development of renewable energy, Fujian
has also encountered the problem of rapid expansion of the
subsidy funding gap and path dependence. In this context,
encouraging renewable energy power generation to participate
in electricity market competition and forcing the connection to
the grid with a competitive price will become the main
development direction. And achieving green transformation at
a lower cost has become an urgent problem in Fujian.

With rich renewable energy resources, Fujian has enormous
potential for renewable power generation. The water resources in
Fujian are abundant, and with good water conservancy facilities
construction conditions. According to the statistics from the
International Renewable Energy Agency (IRENA), the global
hydropower weighted average Levelized Cost of Energy
(LCOE) has increased from US$0.037/kWh in 2010 to
US$0.047/kWh in 2019. Although the cost has increased, the
LCOE is still lower than the cheapest new fossil fuel power
generation cost. Recently, Fujian’s hydropower generation has
become stable at around 30 billion kWh, and installed
hydropower capacity is about 11,560 MW in 2019,
approximately 85% of technically developable resources. Under
the constraints of existing technology, hydropower resources
have been almost exhausted and future development is limited.

In the past ten years, the cost of onshore wind power has
dropped by 40%, reaching US$0.053/kWh in 2019. However, the
areas with rich onshore wind energy resource tend to be
economically developed, where population density is high and
land resources are scarce. Thus onshore wind power development
will always be restricted due to the location, and the contradiction
of “wind without field” is prominent. Moreover, with the
equipment upgrading, such as large-capacity offshore wind
turbines, offshore wind farms have begun to take advantage of
economies of scale. The overall power generation cost has
dropped by 40%, and the installed cost has dropped by 18%.
As of September 2019, the installed capacity of offshore wind
power in Fujian was 49.0MW, accounting for 7% of the
cumulative installed capacity of the country.

With the improvement of China’s key technologies for
photovoltaic power generation, the conversion efficiency and
manufacturing yield have increased significantly. Meanwhile,
the supporting costs have also been declining. Between 2010
and 2019, the price of solar panels and the overall cost of power
generation has dropped by 90% and 80%, respectively. In 2019,
the cumulative installed capacity of photovoltaic power
generation in Fujian was 1.69 million kW, with a rising trend.
Distributed photovoltaic power generation may be the dominant
trend in the future. However, since 2016, the development of solar
energy in Fujian has faced difficulties, with low power generation
and large fluctuations. The instability of photovoltaic power
generation puts forward higher requirements for power grid
peak and frequency modulation.

Overall, the amount of renewable energy power generation in
Fujian has continued to increase. However, the proportion of
renewable energy consumption is still low. Besides, with the
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gradual elimination of subsidies, the cost of renewable energy
is still expensive compared with fossil energy. How to accelerate
the green energy transformation and improve the renewable
energy efficiency in a way that conforms to the resource
characteristics of Fujian? And which kind of renewable energy
consumption structure has the advantages of both efficiency and
cost? To solve the prominent contradiction between energy
supply and demand, these questions should be carefully
considered and answered. Therefore, this paper aims to figure
out the impacts and economic cost of renewable energy
development and energy transition in Fujian.

The contributions and innovations of this article are as
follows. First, taking Fujian as a studying case, this paper
constructs a provincial CGE model based on the standard
CGE model. Second, the previous studies that focus on the
cost of the energy transition at the provincial level are limited.
This paper simulates and analyzes the effects of the substitution of
different renewable energy sources, and further evaluates the
efficiency and cost of different energy transition paths. Third, this
paper tries to find a more efficient pathway for Fujian’s renewable
energy development based on the simulation results and the
characteristics of energy utilization in Fujian.

The rest of this paper is organized as follows: Literature Review
reviews some related literature. Methodology introduces the
construction of the provincial CGE model. Simulation Results
analyzes the simulation results. And Conclusion proposes some
targeted policy suggestions.

LITERATURE REVIEW

So far, countries around the world have implemented different
strategies for the energy transition. The United States and
Germany play the leading role, and these two countries have
explored more mature transition paths (Dong et al., 2016). Driven
by the goal of ensuring energy security, the United States has
promoted the national energy transformation through
technological revolution, e.g., the shale gas revolution (Tran
and Smith, 2017). Germany carries out the top-level system
design according to the resource endowment, aiming at
speeding up the transformation to a renewable energy-based
consumption structure (Dong et al, 2016). The EU uses
quantitative indicators to encourage members to accelerate
renewable energy development, with fixed electricity prices or
premium subsidies, as well as carbon trading or carbon taxes.
Combining carbon standards, the energy transition continues to
be accelerated (Lebelhuber and Steinmiiller, 2019; Schmid et al.,
2019). Among emerging economies, India has continuously
increased the proportion of renewable energy through policies
such as fixed electricity price and renewable quota system
(Lawrenz et al,, 2018). Brazil has gradually improved its long-
term dependence on hydropower, oil and gas by supporting the
construction of new energy sources and introducing renewable
energy bidding and auction mechanisms (Gils et al., 2017). Other
countries have also successively formulated energy development
plans, placing renewable energy in an important strategic position
(Akuru et al., 2017; Davidescu et al., 2018).
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By observing the pathways in energy transition in different
countries, we can find that the influencing factors of a country’s
energy transition efficiency include resource endowment, energy
technology innovation, subsidies and incentives for renewable
energy, competitiveness, laws and the market role in energy
resource allocation (Rodrigues et al., 2016; Guo et al, 2019).
And countries with higher energy transition efficiency usually
implement a package of plans and measures.

For a long time, China’s energy consumption structure has
been uneven, heavily dependent on coal and imported oil. Geng
and Ji (2014) argued that even though China’s energy self-
sufficiency rate remained at a relatively high level, the energy
supply security had been facing multiple challenges. Qin (2018)
suggested that the energy transition pressure in China was huge.
In recent years, China has introduced a series of incentive policies
to encourage the development of renewable energy and clean coal
utilization technologies (Chen et al., 2019). Many scholars have
focused on the factors affecting the optimization of China’s
energy structure. For example, Qin (2018) analyzed the
reserves, production and consumption status of various energy
resources in China. They pointed out that coal, natural gas and
renewable energy would become the three pillars of China’s
energy system. Wang et al. (2018) and Yang et al. (2019)
studied China’s energy transformation and economic
development through transnational comparison, they
concluded that the feasible path of China’s energy
transformation could be divided into three stages. Dou and
Cui (2016) suggested that a high proportion of renewable
energy development target would have a large negative impact
on the economy. Yu et al. (2017) argued that energy storage was
the precondition of large-scale integration and consumption of
renewable energy system (RES). However, China’s energy storage
industry was at the exploration stage and far from
commercialization, which restricted the development of RES to
a certain extent. Burandta et al. (2019) suggested that the Chinese
government needed to increase the interaction and incentive
measures of stakeholders to ease the resistance of local
participants to the low-carbon transition.

According to the analysis of the current state of the energy
transition in domestic and abroad, we find that different countries
adopts various measures of transition, and even the same measure
can exert heterogeneous effects. Increasing the consumption
proportion and reducing the cost of renewable energy are the
main goals of all countries. However, considering that renewable
energy is intermittent, random and highly volatile, it is still a big
challenge to integrate large shares of variable renewable energy
into the power system (Gils et al., 2017). And the relatively high
cost of renewable energy conversion and services are a common
dilemma faced by many countries and regions (Hirth and Steckel,
2016). Besides, the current energy storage technology is not yet
sufficient for increasing energy demand, and issues such as the
competition between renewable energy and land for food
production will become severe challenges in the energy
transition process (Poulsen and Lema, 2017; Amigues and
Moreaux, 2019).

There is no consensus yet on how to balance the relationship
between transition efficiency and energy cost. Gils et al. (2017)
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found that the expansion of wind and solar power was more
cost-efficient than the construction of additional hydroelectric
plants by employing REMix energy system model.
Aboumahboub et al. (2020) thought a diverse renewable
energy supply through cost-optimal combination of solar PV
and wind and benefiting from spatial smoothing effects of a
powerful transmission grid leads to a lower storage demand
than in a solar-dominated supply with low inter-regional
connectivity. Wang and Zhang (2018) proposed that
sufficient regulatory resources were needed to respond the
load fluctuations to ensure a real-time balance of the power
system. With renewable energy access to the grid on a large-
scale, the difficulty in balance of the peak and valley is also
increased. When regulatory resources are insufficient, it is
necessary to choose to abandon wind and solar energy. Tran
and Smith (2017) argued that the challenges for transformation
toward renewable energy mainly include grid reliability, energy
storage, system cost, and system lifetime.

The CGE model, which is a computer-based simulation, can
be used to analyze the interaction of the entire economy and the
inside relationships. In the CGE simulation, a general equilibrium
condition can be seen as benchmark case, and a new general
equilibrium will be achieved after introducing policy shocks.
Babatunde et al. (2017) concluded that the application of CGE
model on the field of climate change is important and numerous,
especially in China. They identified the current state-of-the-art
and summarized the major drivers of low carbon economy that
are analyzed in the current researches. Based on the recursively
dynamic CGE model, Ojha et al. (2020) discussed the role of
carbon tax on policy goals in emerging economies from three
aspects: faster GDP growth, greater inclusiveness and greener
economy. Cui et al. (2020) analyzed the economic and
environmental feasibility of reducing renewable power cuts in
China. Based on the 2015-2017 renewable power reduction rate,
they used a dynamic multi-sectoral CGE model to simulate the
reduction in renewable energy cuts between 2021-2030. Lin and
Wu (2020) constructed a recursive dynamic CGE model to
predict oil demand and further studied the influences of
electric vehicles on oil demand, macroeconomics and
emissions. They found that in China, the oil demand could
reach its peak in 2029 due to the development of electric
vehicles. By using the CGE model, Xiao et al. (2020) set the
eight policy scenarios to analyze the economic and environmental
effects of reduction in electricity prices and coal output, and
further proposed some policy targets. Huang et al. (2020)
discussed several policies about clean energy transformation
on income gap in China through dynamic CGE mode. Their
results suggest that the low-carbon policies are important to
achieve NDC targets.

In summary, most studies on energy transition at different
countries usually focus on the macro and national levels, and
there are limited researches focus on the cost of the energy
transition at the provincial level. This paper tries to fill up the
research gap. Based on the characteristics of energy utilization in
Fujian Province, this paper investigates the impact of different
renewable energy substitutions on transition costs by conducting
a provincial CGE model.
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FIGURE 1 | Model structure of CGE.

METHODOLOGY

Model Structure of CGE

Based on the standard CGE model, this paper combines the
characteristics of the provincial economy to construct a
provincial CGE model, the details are presented in Figure 1.
The production sector is the principal component of production
activities, which purchases intermediate inputs from the
commodity market, as well as capital and labor inputs from
the factor market. The commodities produced by the production
sector flow into the commodity market, and the factor payment is
allocated to the factor market.

The source of the commodity market is life activities within
the province, and the output of the commodity market
ultimately supplies four types of final use, which are
consumption, investment, net export, and inter-provincial net
outflow. In the factor market, factor payment is paid to each
subject of the national account, which include resident account,
government account, enterprise account, foreign account, and
domestic provincial account. There are also taxes and transfer
payments across accounts, and each account satisfies the
principle of income and expenditure balance. The demand
for commodities in each account constitutes aggregate
demand. Thus, the CGE model completes the macroscopic
closure.

The production activities of the production sectors are
described by the production function, and the structure is
shown in Figure 2. This project refers to the setting of the
mainstream CGE model and adopts the setting of the 6-layer
production function. Among them, energy input is separated
from intermediate input and is combined with capital and labor
input requirements. In the first layer of nesting, the CES function
includes two types of inputs, which are “factor-energy” and “non-
energy intermediate input”. “Factor-energy” is composed of two
types of inputs, including labor and capital-energy. Non-energy
intermediate input is calculated according to the Leontief
function based on the proportion of different intermediate

EAEPE®EIM)

FIGURE 2 | Production function structure.

inputs, and “Energy-capital” is composed of capital and energy
investment.

As for energy input, the model adopted in this study is divided
into non-electric and electric power input. Non-electric energy
input includes primary fossil energy and refined oil. Different
energy varieties within non-electric energy are generally difficult
to be replaced. For example, refined oil is mainly used in the field
of transportation or used as raw material input in chemical
production, which cannot be replaced by other energy
resources in a short time. And as the price of refined oil is
much higher than that of coal, coal demand in the industrial
sector (such as power generation) cannot be easily substituted.
Therefore, the production function of non-electric energy input is
set to be the Leontief function.

To meet the needs of electricity price policy determination,
the power sector is split by referring to the input structure of
different power in the Global Trade Analysis Project (GTAP)
database when designing the CGE model structure. The split
power supply consists of intermediate inputs in power
generation as well as transmission and distribution. Since
electricity is inseparable from transmission and distribution
inputs from power generation enterprises to end-users, the
production function of the power supply is Leontief type,
that is, for each unit of electricity provided to the terminal,
the proportion of input to power generation and input to
transmission and distribution remains the same. Besides, the
power generation sector has been divided into six types,
including electricity, coal power, gas power, hydropower,
nuclear power, wind power, and photovoltaic power. Since
there won’t be huge changes in the power supply structure in
the short term, then in the static model, it is assumed that the
structure proportions of these six kinds of power supplies
remains unchanged. When considering changes in the power

Frontiers in Energy Research | www.frontiersin.org

February 2021 | Volume 9 | Article 630847


https://www.frontiersin.org/journals/energy-research
www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles#articles

Lin et al.

supply structure, it can also be calculated by adjusting the
structural coefficients of the Leontief function of the power
sector.

As for the CES function, taking the production function of
total output as an example, the specific form is shown in Eq. 1.
Among them, a, is the efficiency factor or scale factor, and the
higher the value, the higher the output capacity under a certain
input. 8, is the contribution share coefficient of different inputs.
The parameter p is related to the elasticity of substitution and can
be calculated according to ¢ =1/(1-p). QA represents the
number of output products, QKELA indicates the input of
factor and energy complex products, and QINTA means
intermediate input.

QA =aqa, [SQQKELAP + (1 - 6u)QINTAP]1/p (1)

Deducing form teh CES function, the input variables has the
following identity relationship. Among them, PKELA represents
the composite product price of factor and energy input, PINTA
represents the price of other intermediate inputs, PA represents
the product price.

= (2)
PINTA 1-6,\ QKELA
PA - QA = PKELA - QKELA + PINTA - QINTA (3)

PKELA &, (QlNTA)”’

The CES functions at each level of the production function are
similar in form to the above formula and they are not described
here. Besides, for intermediate inputs, the functions are Leontief
type, which are presented in Eq. 4 and Eq. 5. Among them,
QINTA, indicates the total amount of intermediate input of the
sector, ica, is the share coefficient of the intermediate input
structure, which represents the proportion of the product of
sector ¢ in the intermediate input of each unit of sector a;
PINTA, is the intermediate investment price.

QINT,, = ica, - QINTA, Y
PINTA, = ) icac, - PQ, )
ceC

In the final demand, the investment function is calculated
according to the Leontief function, that is, the internal structure
of the investment product remains unchanged. The consumption
function uses the linear expenditure system function. In the case
of maximum consumer utility, it satisfies the following equation:

max u(q) = Z BiIn(qi —v;)
., =1 (6)
s.t. Zp,-q,- =Y

After obtaining the first-order optimization conditions for
Eq. 6, the consumption function can be derived as Eq. 7. Where,
y; represents the basic living consumption of a certain
commodity, that is, every commodity has a lower limit of
consumption. f3; represents the marginal budget share spent
on a product. The basic idea of the linear expenditure system is
that after consumers have satisfied their basic subsistence

The Cost of Energy Transition

consumption, the remaining used to

purchase other consumer goods.

piq; = pjY; + ﬁj ( Y- ZP!’%‘) ?)

consumption is

The Settings of Power Sector

In the Input-Output table of Fujian, the power sector is taken
as a whole. In order to describe the characteristics of the power
sector, the power sector needs to be further split. The splitting
process first needs to determine the composition of different
types of power sources and transmission and distribution in
power costs. As for the proportion of transmission and
distribution costs in the cost structure, it can be obtained
by dividing the transmission and distribution price by the
retail electricity price in the National Energy Administration’s
“2017 National Electricity Price Regulatory Bulletin”. As for
the proportion of other power sources, according to the on-
grid electricity prices of different power sources and the on-
grid electricity rates of different power sources in Fujian
Province in 2018 China Power Yearbook, the on-grid costs
of different power sources can be calculated, and then the
proportion of the on-grid costs of different power sources in
the terminal power cost can be calculated. The Input-Output
table shows the data of value quantity, but different physical
quantities of electricity are needed when considering the
impact of energy transformation. Therefore, when
considering the input of the power sector in the production
function, the conversion of physical quantities and value
quantities is required.

The corresponding physical quantity can be calculated
according to Eq. 8 for every one unit of electricity
consumption. Among them, A is the proportion of electricity
cost occupied by transmission and distribution, #; is the
proportion of different power sources in the power structure,
PE; is the price of different power supplies. The value quantity-
physical quantity conversion system can be obtained by Eq.9, it
indicates how many kWh of actual power consumption
corresponds to the value of power consumption per one
Chinese yuan.

ET, =) (1-M\)n,/PE; ®)
e=1/ET, )

As the prices of different power sources are different, when
simulating changes in the power supply structure, by adjusting #,,
a new power value-to-physical conversion coefficient can be
obtained, which can also reflect changes in power supply costs.

Data Sources

The Input-Output table is the key to construct the CGE model,
and its compilation requires a large amount of national economic
accounting data. Generally, the input-output table is compiled
every 5 years. At present, the latest data in Fujian Province is the
2017 Fujian Input-Output Table compiled in 2020, which
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TABLE 1 | The settings of 30 sectors.

The Cost of Energy Transition

Code Sector Code Sector

1 Agriculture, forestry, animal husbandry and fishery products and services 16 Other manufacturing industries

2 The mining industry 17 PTD (power transmission and distribution)

3 Food and tobacco 18 Coal power

4 Textile 19 Gas power

5 Textile clothing, shoes, hats, leather, down and its products 20 Hydropower

6 Wood products and furniture 21 Wind power

7 Paper making, printing and cultural and educational sporting goods 22 Nuclear power

8 Petroleum, coking products and nuclear fuel processing products 23 Photovoltaic

9 Chemical products 24 Production and supply of gas and water

10 Non-metallic mineral products 25 Building

11 Metal smelting and rolling products 26 Transportation, warehousing and postal services

12 Metal products 27 Information transmission, software and information technology services

13 General and special purpose equipment 28 Business, accommodation and catering

14 Transportation equipment 29 Finance, real estate, business and residential services

15 Electrical and electronic equipment manufacturing 30 Public utilities and residents’ organizations

PV Impact on total output

GDP |

Wind
3.0%

Hydro
19.0%

FIGURE 3 | Fujian’s power generation structure in 2017.

contains 142 departments. In order to facilitate the construction
of the model, this paper merges and splits the Input-Output table
and the power production and supply department is divided into
the transmission and distribution department and six power
generation departments. In the process of splitting, the total
input of each transmission, distribution, and different power
supply is determined according to the proportion of the total
input in the power department. Then, according to the input
structure of different power sources in the GTAP database, the
input structure of the split department is decomposed. Besides,
other departments are merged according to the features of the
industry, and finally, the Input-Output table of 30 sectors can be
obtained. The department settings are presented in Table 1, and
the Social Accounting Matrix (SAM) table is compiled based on
data from Fujian Statistical Yearbook, Fujian Financial Yearbook,
China Statistical Yearbook, and China Financial Yearbook.

Comsumption - I S-Hyrod

[ s-Wind
| [0 s-Nuclear
Investment P !
Net Export [- Ap

-0.07 -0.06 -0.05 -0.04 -0.03 -0.02
Variation %

-0.01 0 0.01

Impact on electricity sector

d

Second industry eletricity -1.
Third industry electricity - =

Real electricity price [

Total electricity demand

0.5 0 0.5 1
Variation %

Impact on sector

Output of first industry -

Output of second industry -

Output of thrid industry

-0.035 -0.03 -0.025 -0.02 -0.015 -0.01 -0.005 0
Variation %

0.005

FIGURE 4 | The marginal impact of different power sources growth.

SIMULATION RESULTS

The Influence of Different Power Supply
Changes

The power generation structure of Fujian is shown in Figure 3.
Among them, coal and gas power generation account for 52.1% in
total. Besides, nuclear power and hydropower generation account
for 44.6% in total, while wind and photovoltaic power generation
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TABLE 2 | Changes in power generation structure.

Growth during the
13th five-year plan

Average
annual growth (%)

The Cost of Energy Transition

Power generation structure
in 2017 (%)

Power generation structure
in 2020 (%)

(%)

Coal 52.10 8.75
Gas 0.00 0.00
Hydropower 0.00 0.00
Wind power 184.00 23.22
Nuclear power 59.80 9.83
Photovoltaic 500.00 43.10

43.56 44.46
8.27 6.56
17.64 14.00
4.55 6.75
25.27 26.57
0.71 1.66

only account for 3.3% in total. Since coal power generates the
highest carbon emissions for each unit electricity production, this
paper assumes that coal power will be gradually replaced by other
power sources during the simulation process.

In the simulated scenario, we first separately examine the impact
of increasing the proportion of hydropower, nuclear power, wind
power and photovoltaic in the power generation structure. The
following four scenarios correspond to the impact of a 1% increase in
the share of these four sources in the power generation structure, and
the simulation results are shown in Figure 4. It can be seen from
Figure 4 that only an increase in the proportion of hydropower will
lead to a positive increase in economic output. The increases in the
proportion of nuclear power, wind power, and photovoltaics will
lead to a decline in economic output, and photovoltaics have the
greatest impact on economic output. Conversely, the growth of
hydropower will cause the price of electricity to fall, while the growth
of nuclear power, wind power, and photovoltaics will lead the price
of electricity to increase.

Influence of Power Structure Transition
According to the power structure of Fujian Province’s 13th Five-
Year Plan and the power generation structure in 2017, the
changes in the power structure of Fujian Province by 2020 are
calculated and the overall changes in the power structure are
simulated. Besides, according to the growth rate of different
power supply structures in the 13th Five-Year Plan, the annual
growth rate of different power supply installations can be
calculated. Under the condition that the operating hours of
power generation remain unchanged, the growth rate of
installed power supply is the same as that of power
generation, then the change of power structure can be
calculated accordingly.

As can be seen from Table 2, wind power and photovoltaic
power generation have the most forceful development
momentum. During the “13th Five-Year Plan” period, wind
power has increased by 184%, with an average annual growth
rate of 23.22%. Photovoltaic power generation has increased by
500%, with an average annual growth rate of 43.10%.
Hydropower was almost unchanged. Compared with 2017, in
the energy consumption structure of Fujian Province in 2020, the
proportion of wind power, photovoltaic power, and hydropower
will change by 2.2, 0.95, and 3.64%, respectively. According to the
analysis in The Influence of Different Power Supply Changes, the
increase in the proportion of hydropower will lead to a positive
increase in economic output. However, hydropower in Fujian was

TABLE 3 | Impact on macroeconomic.

Variable Variation compare with
baseline
GDP -0.08%
Electricity price 1.64%
Household income 0.01%
Government income -0.41%
Enterprise income 0.21%
Household consumption -0.08%
Government consumption -0.42%
Investment -0.04%
Net export -0.10%

almost unchanged during the 13th Five-Year Plan. Therefore,
there is a contradiction between renewable energy development
and economic development.

Table 3 lists the simulation results of the macroeconomic impact.
The power structure transition will reduce Fujian’s GDP by 0.08%.
However, the impact varies across national accounts. Compared to
fossil energy generation, the renewable energy sector has a higher
value added and therefore leads to higher incomes for household and
enterprise. However, the overall level of tax burden in the renewable
energy sector is low and even subsidies are required, thus leading to
lower government income. Real electricity prices will rise by 1.64%
due to the higher cost of generating electricity from renewable
sources, which will also have a negative impact on consumption,
investment and net exports.

The increase in the actual electricity price will lead to cost raise
in various sectors and negatively affect the output of each
department. Meanwhile, producers will respond to electricity
price raises and substitute electricity input by other factor
inputs. Hence, electricity consumption in various sectors will
decline, which can be illustrated by Figure 5. Among them, the
electricity consumption of electrical and electronic equipment fell
the most, with a drop of 1.64%. Electricity consumption in the
mining industry has fallen less, only by 0.98%.

CONCLUSION

This paper applies the provincial CGE model to analyze the cost
of the energy transition to renewable resources, taking Fujian as
an studying case. The simulation results show that the growth of
hydropower will cause the price of electricity to fall, and positive
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FIGURE 5 | Changes in electricity consumption by sector.
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effect the gross output. However, the growth of nuclear power,
wind power, and photovoltaics will lead the price of electricity to
increase and have a negative impact on the economy. According
to the 13th Five-Year Plan of Fujian Province, the energy
transition will increase actual electricity price by about 1.6%,
and the GDP will decline by 0.08%. The electricity consumption
of each sectors will also be affected. Overall, the marginal impact
of energy substitution on the economy is significant. Therefore,
the future energy development pattern of Fujian should gradually
shift to the clean energy system.

On April 15, 2020, the document entitled “the notice on the
formulation of the 14th Five-year Plan for the development of
renewable energy” was released, which stressed that the market-
based low-cost development strategy of renewable energy would be
highlighted in the future. Therefore, the development of renewable
energy in Fujian during the 14th Five-Year Plan period must focus
on the strategy of “four revolutions and one cooperation”. It is
necessary for Fujian to scientifically put forward a renewable
energy development plan based on energy resource endowment
and renewable energy development status. Through this way, the
costs of the renewable energy can be continuously reduced, and the
goal of high efficiency and high-quality can be obtained. According
to the above discussions and conclusions, we put forward the
following suggestions.

First, to better utilize renewable energy resources, it is necessary to
systematically evaluate Fujian’s energy endowment and coordinate
the relationship between the renewable energy development and
national land planning. According to the above analysis, the impact

of different types of renewable energy development on Fujian’s
economic output is heterogeneous. However, the development of
renewable energy also needs to fully consider the feasibility of
planning. The government should scientifically demonstrate the
development goals and principal task based on renewable energy
resource endowment. Moreover, related local departments should
comprehensively assess the current status of renewable energy
development in Fujian, and carefully analyze influencing factors
such as the endowment constraints, technological development
trends, and the ability to absorb renewable energy technologies.
Besides, the government needs to put forward reasonable overall
goals and specify the subclass goals.

Second, it is essential to promote local electricity consumption
and inter-provincial electricity transmission. The local
government of Fujian needs to focus on the energy balance in
East China and increase their influence on surrounding areas.
The electricity demand from other provinces will also help to
promote the development of renewable energy in Fujian and the
highly efficient transmission network provides the
indemnification for optimal resource allocation. Thus, effective
measures are needed to actively improve renewable energy
demand and expand inter-provincial transmission. Besides, the
optimal power resource allocation should be improved with the
marketization of power spot.

Finally, the government should fully consider the affordability
of the economy when developing renewable energy. According to
the simulation results, in addition to hydropower, the
development of other renewable energy sources will lead to a
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decline in economic output. Therefore, how to develop renewable
energy while ensuring economic growth is a key issue worthy of
government attention. Fujian can take various measures to
promote cooperation among universities and scientific
research  institutions, and encourage innovation and
technological progress in utilization of renewable energy. The
environment with intellectual property protection will promote
the extension of the renewable energy industry chain, making
new industries the main driving force for economic growth.
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