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In response to climate change and continued reliance on traditional high-carbon fossil
fuels, promoting the transition toward sustainable energy systems by development of
low-carbon energy resources has been seen as the main strategy for mitigating and
solving global climate change. However, the promotion of low-carbon energy also faces
material supply risks. To provide a reference for the steady and rapid development of
renewable energy and other energy in the future energy market, this paper considers
renewable energy prediction based on a long- and short-term memory network model
as well as the growth rate changes of crude oil, natural gas, nuclear energy, financial
revenues, and expenditure. In the prediction process, it is found that natural gas will be
a strong competitor for the development of renewable energy in the future. When natural
gas grows too quickly, the growth of renewable energy will be negative. On the other
hand, when the monthly growth rate of natural gas and crude oil is smaller than that of
nuclear energy, renewable energy will display a growth trend, and the rate will increase
with the growth of natural gas and nuclear energy. What is more, wind and solar energy
will be limited by metallic materials, such as Dy, Nd, Te, and In. Improving the energy
density of metals plays a key role in China’s transition to a low-carbon energy structure.

Keywords: renewable energy, critical metals, sustainability, LSTM model, forecasting

INTRODUCTION

Renewable energy is an important means to control and reduce carbon emissions in the process of
heat generation and transportation. Its main output form is power supply, which can be directly put
into production and application. It does not need a large amount of investment in transportation
infrastructure like traditional energy required in the past. China’s overall electricity demand has
been growing rapidly, according to the International Energy Agency (IEA). The total electricity
generation capacity in China increased significantly from 621.268 TWh in 1990 to 6282.607 TWh
in 2016. During the same period, the renewable energy generation capacity increased from 126.788
to 1570.566 TWh, among which wind power generation capacity increased from 0.002 to 237.071
TWh and solar photovoltaic power generation capacity increased from 0.002 to 75.256 TWh.
The data show that China’s electricity consumption and demand for renewable energy have been
growing steadily.

In terms of electricity supply, hydropower accounts for a large proportion of China’s total
renewable energy generation, compared with wind and solar. For now, however, China’s main
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means of generating electricity is still through the burning
of fossil fuels. According to the IEA’s statistics on China’s
electricity generation from fossil fuel combustion, the share of
thermal power generation in China’s total electricity generation
decreased from 79.59% in 1990 to 70.40% in 2016. Although
China has gradually attached importance to nuclear power plant
construction and renewable energy power generation since 1990,
it has gradually realized that coal, oil, and natural gas, which will
eventually run out, cause great harm to the environment and
are the key factors leading to the greenhouse effect and global
warming. However, the data show that China’s dependence on
traditional energy sources remains a serious problem.

In 2016, China issued the 13th 5-year plan for renewable
energy development, which aims to achieve emission reduction
targets and accelerate the construction of a low-carbon and safe
modern energy system. In the same year, the share of renewable
energy in the total power generation rose from 16.14% in 2005 to
25% in 2016, which was largely dependent on national investment
in renewable energy. According to statistics from the national
energy administration of China, in 2018, when the total electricity
consumption was 6844.9 TWh, the year-on-year growth was
8.5%, indicating that China’s electricity demand is still on the rise.
However, in 2017, China abandoned 55 TWh of water energy,
41.9 TWh of wind energy, and 7.3 TWh of solar energy, and
the total amount of waste exceeded 100 TWh, equivalent to the
annual electricity output of the Three Gorges power station in
2018, the world’s largest power station. As a result, the capacity of
renewable energy has not been perfectly matched with that of the
energy storage equipment in the past few years.

More than that, the development and utilization of renewable
energy are inseparable from many mineral resources, especially
critical metals which are under high supply owing to high
concentration of production and lack of available suitable
substitutes. This issue has aroused worldwide concern. For the
German wind industry, Shammugam et al. (2019) sees copper and
dysprosium as the most critical materials for development, both
of which clearly exceed Germany’s quota for renewable energy
technologies and will face stiff competition from other sectors for
access to raw materials. In the United States, renewable energy
(mainly wind and solar) is particularly constrained by Te and Dy
(Nassar et al., 2016). However, the concern of China’s energy–
mineral nexus is far behind the environmental benefits and costs
brought by renewable energy.

The characteristics of renewable energy are production of
energy from renewable sources and environmental protection.
The development of renewable energy is an important way
to reduce traditional energy dependence and economic
decarbonization. At the same time, Apergis et al. (2018)
concluded in his research that investing in renewable energy
and medical treatment would help reduce carbon emissions, and
abundant renewable energy could cope with climate change and
improve citizens’ health. Therefore, it is particularly important to
ensure the technology supply of renewable energy and promote
the transformation of China’s energy system. Forecasting the
generation capacity of renewable energy can’t only prevent the
waste of power resources, such as the excess capacity of electric
power and the mismatch between the power supply and the

development speed of the power grid, but also further promote
the healthy development of China’s renewable energy power
generation industry. Therefore, this paper adopts the long-
and short-term memory network (LSTM) renewable energy
generation prediction method to try to determine an accurate
prediction value and then further discuss the key metal demand
on this basis, hoping to provide an important basis for China’s
future renewable energy policy.

LITERATURE REVIEW

Selection of Relevant Indicators for
Renewable Energy Prediction
Many renewable energy prediction studies began in 2000 (Tsai
et al., 2017). Because of the uncertainty of renewable energy
(Notton et al., 2018), the perspective of its prediction is
diversified, which prompts each study to selectively consider
different factors in its prediction, such as traditional energy
(Nadimi and Tokimatsu, 2017), nuclear energy (Kok and
Benli, 2017), policy (Black et al., 2014), installed capacity
(Zhou et al., 2018), technology (Ruedabayona et al., 2019),
and economy (Ozcan and Ozturk, 2019). Therefore, it is very
difficult to accurately summarize and classify existing studies, but
summarizing and reviewing existing studies is helpful to highlight
the characteristics of this study.

The application of renewable energy can replace the burning
of fossil fuels. Some studies have predicted that increasing
the proportion of renewable energy in energy consumption
can reduce traditional energy consumption and reduce carbon
emissions (Chen et al., 2019). Research on the prediction of
renewable energy based on production cost shows that the
extraction time and technological cost of fossil fuels are gradually
increasing, and the investment yield of renewable energy is
expected to be lower than that of oil and natural gas production
(Baranes et al., 2017). The advantages of renewable energy
power production are increasingly prominent. So, the difference
between renewable energy and traditional energy mainly lies in
the sustainable use of energy and the low cost and impact on
the environment (Craig et al., 2019). There are many forms of
renewable energy sources that provide electricity, such as solar
energy, wind energy, biological energy, and hydropower, and can
provide power in an isolated or mixed way (Amri, 2019). This
has led to many parts of the world making use of renewable
energy sources. For example, solar energy is the easiest way to
get free energy and is friendly to the environment; solar radiation
on the surface of the earth is about 1.5 × 1018 KWh/year,
which is about 10,000 times the global energy consumption
(Sharma and Kakkar, 2018). In addition, for renewable energy
resources, the extraction, processing, and power generation
operations tend to be a single operation (Stokes and Breetz,
2018). Hydropower stations only need to collect water from
rivers and mountain runoffs to provide power. Wind farms
can generate electricity simply by turning blades with the
force of the wind.

However, renewable energy also has its shortcomings and
brings difficulties to its prediction. The associated research found
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that the dependency of solar and wind energy resources on the
weather, with its randomness and volatility, makes electric power
production and distribution uncertain and intermittent (Das
et al., 2018), and can lead to sudden emergency power supply
problems. Therefore, other forms of energy are needed to serve
as a necessary supplement (Jenkins et al., 2018). For this reason,
research on the prediction of renewable energy by nuclear energy
shows that the joint investment return rate of nuclear energy,
natural gas, and renewable energy is higher than 30%, whereas
the investment return rate of only using renewable energy is only
between 5 and 30% (Walmsley et al., 2018). It is expected that
when building an energy system that relies on primary natural
resources such as hydropower, wind power, geothermal power,
and solar energy, this can make up for the shortage of natural
resources that cannot meet the power supply demand.

High energy dependence and environmental degradation can
provide strong incentives for the utilization of renewable energy.
Cadoret and Padovano (2016) find that when the government
only considers the environment and does not pay enough
attention to the energy market, renewable energy may increase,
and these environmental policies ignore energy costs which will
have an impact on economic development. From this perspective,
government financial support can also play an important role. In
developed countries, economic efficiency is an important factor
for the success of renewable energy projects (Belaid and Youssef,
2017). A major problem with renewable energy production is
its direct economic cost (Newbery, 2016), which also depends
on economic development. Renewable energy technology is a
capital-intensive technology (Huh and Lee, 2014), so it needs a
lot of investment, especially in the early stages of its development.
The cost for developing countries is much higher than that of
developed countries (Moriarty and Wang, 2015). In addition,
in developing countries, labor force is often insufficient and
the investment environment is more unstable, which makes the
economic value created by renewable energy uncertain (Reddy,
2018). However, economic growth usually leads to an increase
in renewable energy production (Narayan and Doytch, 2017).
As a result, the government is making investments in renewable
energy more valuable by changing the direction of the market
through fiscal and policy measures.

National or regional renewable energy forecasting research
should be a comprehensive study of all types of energy and
fiscal policies. Through the analysis of the above renewable
energy prediction research, it can be found that this only
focuses on the advantages of renewable energy from an
environment perspective, and mostly lacks the consideration
of its intermittent power supply, which can easily cause a
sudden power supply shortage. However, nuclear energy can
only compensate for the shortage of renewable energy in a
limited way owing to the construction cycles of the nuclear
power industry and the limitations of its safety problems
(Dong et al., 2018). The prediction of government finance and
policy support can indeed achieve the purpose of accurately
predicting renewable energy, but it ignores the impact of other
energy sources. This paper forecasts renewable energy from
a more comprehensive perspective based on comprehensive
indicators such as traditional energy, nuclear energy, and fiscal

revenue and expenditure, and further discusses its impact on
renewable energy.

Prediction Methods for Renewable
Energy
Renewable energy prediction research can be divided into two
categories. One kind is the medium- and long-term forecast
which takes the social economic index or some depend on long-
term measurements as the characteristic input. The other is a
short-term prediction based on wind speed or illuminance. The
two types of prediction use different methods because of different
data volumes. The first kind of prediction research mentioned
earlier is relatively mature; in this kind of study, the most widely
used prediction method is the use of regression model (Wu et al.,
2019) as well as fuzzy logic-based prediction (Sivaneasan et al.,
2017), autoregressive integrated moving average model (ARIMA)
(Aasim et al., 2019), Gray model (GM) (Liu et al., 2016), support
vector regression (SVR) (Almusaylh et al., 2018), and artificial
neural network (ANN) (Ghimire et al., 2019). These prediction
methods have their own advantages. For example, for short-term
prediction, linear multivariable prediction, fuzzy logic prediction,
and neural networks based on regression models are the most
accurate, whereas the SVR model is the most appropriate for
a single variable. For long-term prediction, ARIMA and GM
are the most accurate models for linear univariate prediction.
The accuracy and stability of the prediction model can be
improved, and accurate judgment can be made quickly and with
high probability. Although these prediction models each have
advantages, they also have disadvantages. The results obtained by
the regression prediction method cannot reflect the periodicity,
and the fuzzy logic prediction lacks specific algorithm formula.
Although the GM is accurate, it cannot reflect the dynamic
change, whereas the SVR and the ANN often fail to show high
accuracy because of insufficient data.

In the second category of short-term prediction research, the
methods are relatively uniform, mostly using LSTM. The LSTM
model has the ability to memorize the characteristics of time
series. Compared with other neural networks, LSTM models can
effectively use historical data to predict future time points. This
is widely used in prediction because of its prominent advantages
for time series prediction. Zheng et al. (2019) used an LSTM
model to predict electricity consumption. Zhang et al. (2019) used
an LSTM model to predict short-term power generation. Cortez
et al. (2018) confirmed that an LSTM model is more suitable
for predicting emergencies than traditional time series models
and machine learning methods. Srivastava and Lessmann (2018)
applied an LSTM model to predict solar energy and concluded
that this is a reliable prediction model. Yu et al. (2019) used a
combined LSTM-EFG model to predict wind speed.

Recently, China’s national bureau of statistics released
monthly renewable energy supply data to provide support for
relevant researchers. In this paper, an LSTM model is introduced
that combines five characteristic inputs: crude oil output, natural
gas output, nuclear power generation, and fiscal revenue and
expenditure. It is expected that the construction of a prediction
model that factors in the interaction of traditional energy, nuclear

Frontiers in Energy Research | www.frontiersin.org 3 September 2020 | Volume 8 | Article 163

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


fenrg-08-00163 September 20, 2020 Time: 11:5 # 4

Liu et al. Renewable Energy and Material Supply

energy, and financial support will enable the prediction and
comparison of the generation of renewable energy.

Key Metal for Renewable Energy
In recent years, many official reports and academic studies have
shown concern about the mineral density of renewable energy
(Phadke, 2017; Vidal et al., 2017). For example, the European
Union formulated the Strategic Energy Technology Plan (SET-
Plan) to ensure the competitiveness of industrial enterprises
in the new energy supply value chain. The plan prioritized
six techniques: nuclear fission, solar photovoltaic (PV) and
concentrating solar power, wind energy, biological energy, carbon
capture and storage, and power grid. Some scholars further
studied on the metal materials in the use of the six low-carbon
energy technologies for large-scale technology deployment and
identified the five metals with high risk (Moss et al., 2013).
Although a comprehensive deployment of renewable energy is
necessary, considering the development of renewable energy
in China, this study focuses on sorting out metal material
requirements related to hydropower, wind, and solar energy.

Hydropower
Installed hydropower capacity is the largest source of renewable
energy in the power sector, accounting for about 17% (Mallin,
2018) of global electricity demand. In terms of electricity supply,
hydropower also accounts for a larger share of China’s total
renewable energy generation than wind and solar. Hydropower
plants are mainly divided into four categories: run-of-river,
reservoir, pumped storage, and in-stream technology. Each type
requires different materials as a result of different scenarios of
technical application. Roughly, steel and concrete make up the
largest proportion of the pipes and pressure pipes used in the
construction of hydropower stations. Steel is the main material
for turbines, copper (about 8%) is needed for generators and
aluminum is the main component for transmission lines.

Wind and Solar Power
Nassar et al. (2016) analyzed the by-product metal demand
of wind and solar PV power generation in the United States
by 2040 and summarized 11 by-product metals related to
5 key renewable energy technologies (crystalline silicon solar
cells (c-Si), cadmium telluride solar cells (CdTe), copper
indium gallium (di), selenide solar cells (CIGS), amorphous
silicon germanium solar cells (a-SiGe), and wind turbines with
Nd2Fe14B permanent magnets), as follows: silver (Ag), cadmium
(Cd), selenium (Se), tellurium (Te), indium (In), germanium
(Ge), neodymium (Nd), praseodymium (Pr), dysprosium (Dy),
terbium (Tb), and gallium (Ga). Shammugam et al. (2019), who
studied wind turbines, conducted a comprehensive assessment
of the metals used in the development of the German wind
industry and identified steel as the most needed material for
wind turbines, followed by copper and alloys such as chromium,
manganese, and nickel. In addition, copper and dysprosium,
which form the basis of wind turbines, will face particular
competition from PV technology on a large scale. Based on
the deployment of China’s six wind and solar PV technologies,
Wang et al. (2019) proposed eight key materials (neodymium,

dysprosium, cadmium, tellurium, indium, gallium, selenium, and
germanium). He believed that in the future, wind energy–related
materials will increase by 230 to 312 times, and solar energy–
related materials will increase by 20 to 137 times. In addition,
China needs more critical materials to support future renewable
energy targets than Germany and the United States.

DATA AND METHODS

Data Sources and Methods
The data used in this paper are all from the monthly data
from nuclear power generation, crude oil, natural gas, renewable
energy generation, fiscal revenue, expenditure, and six other
indicators in the China national statistical yearbook. Considering
the historical stage of China’s renewable energy development,
here, renewable energy generation is the sum of hydropower
generation, wind power generation, and solar power generation.
The data are divided according to a 9:1 ratio, which is determined
by sample experiments. The research sample in this paper is a
total of 108 sets of data from September 2009 to August 2018. For
training, 90% of the data were used; that is, 97 sets of data from
September 2009 to September 2017 were taken as the training
samples. The remaining 10% were used as test samples, i.e.,
11 sets of data samples from September 2017 to August 2018.
Of the training samples, 90% are used for model construction,
and the assessment of prediction accuracy is performed with
the remaining 10%.

As the country with the largest population and consumption,
China is the cradle of “digital capital.” In recent years, China has
continuously released more detailed data to facilitate research
on various issues, especially monthly data concerning energy
and fiscal revenue and expenditure. This can provide a new
perspective for the prediction of renewable energy. A large
amount of macro data supports the research and enables the
use of more advanced LSTM prediction models. Compared with
the traditional time series approach, which requires only a small
amount of data to achieve a very high accuracy, training with
more data will also make the results more accurate and reliable.
To illustrate the function of the LSTM storage unit, in Figure 1
we use arrows to indicate the operation of a single local LSTM
unit in a layer of the network at time step t. Through activation
functions sigmoid, tanh, and φ, the corresponding Input Gate (it),
Cell (Ct), Output Gate (ot), and Forget Gate (ft) values of the
gate are calculated at the same time with the previous time step
(h(t−1)). The output is the same but also receives the input data
related to the current time step (xt). These are shown in Eqs 1–6.
Here, θxn and θhn are the values before the input and output data
of the unit weight matrix, and bn with n∈(i, g, f , o) of the bias
vector identify the gate.

ft= sigma
(
θxf xt+θhf ht−1+bf

)
(1)

it = sigma
(
θxixt+θhiht−1+bi

)
(2)

∼ct = tanh
(
θxgxt+θhght−1+bg

)
(3)

ct = ft � ct−1+it � ∼ct (4)
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FIGURE 1 | LSTM unit structure (Graves, 2013).

ot = sigma
(
θxoxt+θhoht−1+bo

)
(5)

ht = ot � φ(ct) (6)

Model Building and Scenario Setting
In their forecast of China’s energy demand and self-sufficiency,
Xie et al. (2015) proposed that the self-sufficiency of crude oil
would drop from 40.6 to 35.9% and that of natural gas from
73.1 to 68.6% from 2015 to 2020. From Figure 2, it can be seen
that renewable energy, crude oil, natural gas, and nuclear power
vary over time regarding financial revenue and expenditure, but
from 2015 to 2018 there is a downward trend for crude oil and
the other data. This confirms Xie et al. (2015) on the study of
the self-sufficiency rate of crude oil, but the trend of natural gas
production has not declined over the same period, but gradually
rose in more than 10 years. Perhaps because natural gas is a
clean source of energy, it can be regarded as a supplement
to renewable energy without being restricted in exploitation.
Thus, to ensure the integrity of experiments and the reliability
of the forecasting model, based on 2.1, 2.2, and 2.3, the data
are divided into three types of prediction index of renewable
energy. The first category is crude oil, natural gas on behalf of
non-renewable energy, and nuclear energy forecast of renewable
energy (Merge1). The second is the projections of renewable
energy by nuclear energy and fiscal revenues and expenditures
(Merge2). The third category is the prediction of renewable
energy by crude oil, natural gas, and financial balance (Merge3).
In the end, seven methods can be used to predict renewable
energy in a single and combined form.

The results can be seen in Table 1. The RMSE is the
root mean square error, as shown in Eq. 7. The emergence
of abnormal points (such as abnormally large and abnormally
small values) will lead to errors in the model. According to
the characteristics of intermittent renewable energy, abnormal
values are considered to be normal, so the use of RMSE
to measure the error is not reasonable. MAPE obtains
the ratio between the true value and the predicted value,

which is more appropriate for determining the accuracy of
renewable energy prediction, and is shown in Eq. 8. In similar
studies, Lu (2019) used MAPE as an indicator to measure
the accuracy of the model. Thus, it is concluded that the
three indexes are the most accurate in predicting renewable
energy (Merge4), and the best prediction model is shown
in Figure 2.

RMSE =

√√√√ 1
N

N∑
i=1

(yi − xi)2 (7)

MAPE =
N∑
i=1

∣∣∣∣yi − xi
yi

∣∣∣∣× 100
N

(8)

where N is the total number of data samples, y is the actual value,
and x is the predicted value.

According to the IEA, the share of the world’s energy supply
for renewable energy will be 22% by 2015 and 31% by 2035.
In the medium- and long-term development plan for renewable
energy, the key areas for development from 2010 to 2020 are
hydropower, bio-energy, wind energy, solar energy, and other
renewable energy, including geothermal energy and marine
energy. In recent years, the utilization of renewable energy has
been assigned great importance in China. Renewable energy
rose 15.1% from 2014. China’s renewable energy now accounts
for 16.7% of the world’s total, up from 1.2% a decade ago.
According to the 13th 5-year plan (2015–2020), non-fossil energy
will account for 15% of the total primary energy consumption
by 2020. Data shows that China’s renewable energy generation
capacity (including hydropower generation) has reached 14,386.7
TWh in 2017, indicating that renewable energy resources are very
rich, but using them involves some special technical, economic,
and environmental issues. In BP’s 2019 energy outlook forecast
for China’s energy market in 2040, demand for almost all fuels
is growing, with oil up 19%, natural gas up 1.66 times, nuclear
up 4.05 times, and renewable power up 5.84 times. Renewable
energy is becoming a bigger part of the global energy mix,
especially in the power sector. Therefore, in the discussion
concerning renewable energy growth trends, three scenarios are
considered:

Scenario 1: although China’s major energy and fiscal
monthly data show an overall upward trend in recent years,
as a result of the implementation of the tax reduction
policy, the pressure of balance of fiscal revenues and
expenditures has gradually increased, as shown in Figure 3.
Therefore, the lowest growth rate (non-negative) of the
fiscal revenue and expenditure and other data is calculated
based on the growth of the historical data, so as to predict
the future trend of renewable energy and provide the basis
for scenarios 2 and 3.

R1 = min
{
Ri =

Ni+1

Ni

∣∣∣∣Ri ≥ 0
}

(9)

Scenario 2: considering the intermittency of renewable
energy and the difficulty in matching power production
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FIGURE 2 | Model structure and historical data analysis.

and actual installed capacity, it is assumed that the
renewable energy power supply displays stable growth
under the restraining effect of historical crude oil, natural
gas exploitation and nuclear power supply and the
constraint of financial revenue and expenditure.

R2 =
1
N

Ni+1

Ni
(10)

Scenario 3: to recognize the role of renewable energy
in environmental improvement and emissions reduction,
assuming that the development of renewable energy is
based on financial incentives, this presents a kind of
average (non-negative) rate of additional growth.

R3 =

(
1+

1
N

Ni+1

Ni

)n
(11)

V(tn) = V(t0)(1+Rq)n, q = 1, 2, 3 (12)

In Eqs (9–12), R1, R2, and R3 are the monthly growth,
rates of scenario 1, scenario 2, and scenario 3, including
crude oil, natural gas, nuclear energy, fiscal expenditure,
and fiscal revenue. V(t0) is the value of the starting month,
V(tn) is the value of the ending month, n is the number
of months in the range, and N is the number of data
samples.

RESULTS AND DISCUSSION

Results
It has been shown in section “Model Building and Scenario
Setting” that the prediction of renewable energy by the LSTM
model requires more accurate input of the five data indexes:
crude oil, natural gas, nuclear energy, and fiscal revenue and
expenditure. Therefore, the selection of input characteristics in
various prediction studies is also an important factor affecting the
accuracy of the model. On this basis, the monthly growth rate

TABLE 1 | Error comparison of each model.

Input data RMSE MAPE

Non-renewable energy 23.5893 16.39

Nuclear energy 16.91845 17.23

Fiscal revenue and expenditure 21.89596 21.29

Non-renewable energy + nuclear energy (Merge1) 45.6084 22.36

Nuclear energy + fiscal revenue and expenditure (Merge2) 34.10925 20.75

Fiscal revenue and expenditure + non-renewable energy
(Merge3)

28.36976 21.55

All (Merge4) 25.68142 13.03

Model parameters: epoch = 2000, step = 2, size = 1, lr = 0.001.
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FIGURE 3 | Financial balance.

of renewable energy in 2019 is estimated from three scenarios
according to the outlook of BP, an authoritative international
institution, on renewable energy in China and the historical
trend analysis concerning renewable energy related data, as
shown in Table 2.

According to the different rate of all data, it can be divided into
three different growth trends. The nuclear energy in scenario 1
will remain unchanged for the next 16 months, with the fastest
growth in scenario 3. Natural gas, as a clean energy with higher
core security, shows an increasing trend in all three scenarios,
among which scenario 1 has the fastest growth rate of 3.3% per
month. Crude oil grew the fastest in scenario 3 and the lowest in
scenario 1, which was only 0.02%. In terms of fiscal revenue and
expenditure, the growth rates of scenario 1 and scenario 2 are the
same, respectively 0.28 and 0.87%, lower than scenario 3.

Based on the aforementioned scenarios, renewable energy
output was predicted, and the trend variation and predicted
values for the three scenarios were obtained as shown in Figure 4.
The comparison of the growth rate of the predicted results for
renewable energy under the three scenarios is shown in Figure 5.
In scenario 1, the renewable energy fluctuates between 1288.81
and 1297.13 TWh, with the lowest and highest growth rates of
−21 and 0.06%, respectively. In scenario 2, the renewable energy
fluctuates between 1295.12 and 1513.07 TWh, with the lowest
and highest growth rates of 0.28 and 1.55%, respectively. In
scenario 3, the renewable energy fluctuates between 1295.12 and
1549.18 TWh, with the lowest and highest growth rates of 0.51
and 1.8%, respectively.

Here, we consider a comparative analysis of the indicators.
For scenario 1, nuclear power remains the same, whereas other
indexes show a state of growth. However, the predicted results

indicated a decline. Also, in this scenario, the growth of natural
gas is faster than other indicators. Therefore, it is concluded
that gas is a strong competitor to the future development of
renewable energy. In scenario 2, all the indexes showed an
upward trend. Scenario 1 compared various indicators of growth,
and the growth rate here reduced to 0.68% for natural gas,
nuclear energy growth rose to 1.66%, and other indicators of
growth essentially remained the same. The result showed an
upward trend in sharp contrast to the results from scenario 1,
and demonstrated the likely development of renewable energy
in the future, the importance of nuclear energy to the synergy
of renewable energy, and at the same time once again verified
safe, clean energy is a development in the future of the enemy. In
scenario 3, the monthly growth rate of the indicators is similar
to scenario 2, where growth increased month by month. The
renewable energy prediction results showed an upward trend to
nearly the same extent as scenario 2, and the predicted values
were higher than that month. This confirms that when crude
oil, natural gas has increased less than nuclear power, regardless
of the trend of financial revenue and expenditure, renewable
energy will still increase. This growth is likely to increase with
the increase of the indicators.

Discussion
Influence of Traditional Energy on Renewable Energy
China’s energy demand is still rising, but environmental
problems cannot be ignored. It is an inevitable trend to
develop new energy sources to replace traditional energy sources
and reduce environmental pollution. Nearly 200 parties to
the 2015 Paris agreement agreed to limit global warming to
1.5◦C, and China pledged to reduce its carbon intensity by
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TABLE 2 | The rate of growth in each scenario.

Data Crude oil (%) Natural gas (%) Nuclear energy (%) Fiscal expenditure (%) Fiscal revenue (%)

Scenario 1 0.02 3.30 0 0.87 0.28

Scenario 2 0.08 0.68 1.66 0.87 0.28

Scenario 3

September-2018 0.0800 0.7024 1.6600 0.8776 0.2808

October-2018 0.0800 0.7256 1.6876 0.8852 0.2816

November-2018 0.0800 0.7496 1.7156 0.8929 0.2824

December-2018 0.0801 0.7743 1.7440 0.9007 0.2831

January-2019 0.0801 0.7999 1.7730 0.9085 0.2839

February-2019 0.0801 0.8262 1.8024 0.9164 0.2847

March-2019 0.0801 0.8535 1.8324 0.9244 0.2855

April-2019 0.0801 0.8817 1.8628 0.9324 0.2863

May-2019 0.0801 0.9108 1.8937 0.9405 0.2871

June-2019 0.0802 0.9408 1.9251 0.9487 0.2879

July-2019 0.0802 0.9719 1.9571 0.9570 0.2887

August-2019 0.0802 1.0040 1.9896 0.9653 0.2896

September-2019 0.0802 1.0371 2.0226 0.9737 0.2904

October-2019 0.0802 1.0713 2.0562 0.9822 0.2912

November-2019 0.0802 1.1067 2.0903 0.9907 0.2920

December-2019 0.0803 1.1432 2.1250 0.9993 0.2928

FIGURE 4 | Renewable energy sources providing power forecasts in various scenarios.

40 to 45% by 2020. To fulfill its commitment to the world,
China has made efforts to develop renewable energy through
a number of policies, making renewable energy increasingly
competitive in terms of efficiency, energy production, and
economic efficiency. Both in terms of investment efficiency
and environmental factors, renewable energy has become the
most suitable energy source for China’s development, which is
also the main reason for the reduction of carbon emissions.
Similarly, although natural gas is a kind of non-renewable
energy, it is undeniable that it is a kind of clean energy and
plays an important role in reducing environmental pollution.
Therefore, the competition between natural gas and renewable

energy is the most obvious among non-renewable energy.
Furlan and Mortarino (2018) have verified that renewable
energy and coal, oil, natural gas, and nuclear power are
competitors. The study in this paper also found that there
is a negative relationship between natural gas and renewable
energy, and that the conditions for the existence of this
relationship, namely crude oil, mean that natural gas is
growing faster than nuclear power indicators such as financial
revenue growth. Therefore, the appropriate restriction of natural
gas production in the future energy policies of the Chinese
government may have a positive impact on the development of
renewable energy.
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FIGURE 5 | The growth rate of renewable energy supply in each scenario.

TABLE 3 | Production and reserve of seven metals.

Material Dy Nd Te In Ga Cd Se

Annual production in China – 2015 (unit: tons) (Wang et al., 2019) 1142 15,215 280 350 550 8090 920

Reserve in China (unit: kt) (Wang et al., 2019) 790 6784 6.6 1.3 16.3 92 26

Influence of Nuclear Energy on Renewable Energy
In 2016, nuclear energy accounted for 2% of China’s total power
generation, and the IEA also announced that nuclear energy is
expected to only account for 4% of China’s total power generation
in 2040. However, at the end of 2017, China’s carbon intensity has
been reduced by 46%, and non-fossil energy accounts for 14.3% of
primary energy consumption in 2018. Compared with the target
of reaching 15% by 2020, the gap is only 0.7%. It can be seen that
China cannot solely rely on nuclear energy to reach the emissions
reduction goal. Thus, renewable energy, as an energy market, is
in a state of rapid development with remarkable achievements,
but the intermittency problem will increase with the proportion
of renewable energy power generation, with its long construction
period and relatively small, but clean, energy. The stability of
nuclear power can be used to supplement renewable energy
sources. This research also found that when the nuclear growth is
faster than for natural gas, renewable energy power will increase.
In the case of fiscal revenue and expenditure, the growth rate of
gas is less than the growth rate of nuclear energy, and renewable
energy will increase. This means that the limited production of
natural gas and control of its consumption can lead to more
renewable energy, reducing carbon emissions. As Li and Lu
(2019) proposed, natural gas consumption will be limited to
between 9 and 14%; China’s 2020 carbon intensity will be 15.27%
lower than in 2015.

Assessment of Supply Risks for Individual Metals
Based on the results mentioned previously, it is estimated that
the cumulative supply of renewable energy in the next 16 months

will be between 20,677.25 and 22,816.83 TWh. In 2018, China’s
renewable energy generation capacity reached 1.9 trillion KWh,
including 1.2 trillion KWh of hydropower, 366 billion KWh of
wind power, and 177.5 billion KWh of PV power, accounting
for 63, 19, and 9%, respectively (Ministry of Ecology and
Environment).1 On this basis, it is roughly estimated that in
the next 16 months, the cumulative wind energy supply will be
between 3928 and 4335 TWh, and the cumulative solar energy
supply will be between 1860 and 2053 TWh. Referring to the
analysis of the most common metal requirements for each energy
technology by Moss et al. (2013) and production and reserve of
seven metals in Table 3, the demand of Te and In is more than
two times that of the production in China in 2015. Both metals
also face significant supply risks from their holdings in China.
Dy and Nd, as key materials for wind energy, are close to the total
amount of mining in 2015 and may face the threat of competition
with other sectors in the future.

The future of solar energy in China will be limited
by the need for metal materials, and the deployment of
wind materials will need to be accelerated. To solve this
dilemma, the transformation of China’s energy system needs
to proceed from the following aspects: (1) encouraging the
application of technologies to improve the energy density
of metals, thus easing the dependence on materials; (2)
increase recycling techniques to improve mine recovery rates,
mineral processing, and smelting recoveries; (3) promote the
reasonable extension and combination of industrial chain
of circular economy and improve the recycling of waste;

1http://www.mee.gov.cn/
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(4) in terms of hydrogen energy infrastructure, promote the
advanced system of hydrogen production, hydrogen supply, and
hydrogenation and the main role of enterprises, and improve the
technical standards and testing system.

CONCLUSION

The accurate prediction of renewable energy can be achieved.
It can provide a strong basis for the state to invest in the
construction of capacitors in the power industry, and effectively
solve the waste of wind, water, and solar energy and other
energy caused by the lack of energy storage equipment in China’s
current renewable energy power supply field, and contribute
to China’s sustainable development. Based on non-renewable
energy, nuclear energy, fiscal balance, and other factors related
to the development of renewable energy, this paper establishes
a prediction model and forecasts China’s renewable energy
consumption from September 2018 to December 2019 based on
various monthly data recently released by the Chinese bureau of
statistics. Through the verification and analysis in this paper, the
following three important conclusions can be drawn:

(1) Through the process of selecting indicators through the
LSTM prediction model, it is concluded that China’s
renewable energy is intrinsically related to five variables,
including crude oil, natural gas, nuclear energy, financial
revenue, and expenditure. The prediction of China’s
renewable energy consumption can be achieved by
monitoring these five variables.

(2) In the process of data collection and experimental
comparison, this paper concludes that in the future
development of renewable energy, nuclear energy has an
important synergistic effect on its development, and at
the same time verifies that natural gas, a safe and clean
energy source, is a strong competitor to the development
of renewable energy in the future.

(3) It is confirmed that when the growth rate of crude oil and
natural gas is smaller than that of nuclear energy, regardless
of whether the financial balance remains unchanged or
grows, renewable energy will still grow, and this growth
may increase with the increase of various indicators.
Conversely, when natural gas production increases rapidly,
renewable energy capacity declines.

(4) The development of China’s renewable energy, especially
solar energy, is restricted by metal materials, among which

Te and In are the most prominent. Improving the energy
density of metals plays a key role in China’s transition to a
low-carbon energy structure.

In addition, there are some deficiencies in the prediction process
of China’s renewable energy. Although the Chinese government
has provided researchers with a larger amount of data in recent
years, the limited sample size caused by the relatively difficult
data collection limits the prediction ability of the LSTM model
adopted in this paper. Therefore, the prediction accuracy of
renewable energy is not obviously superior to other traditional
energy prediction models. It is hoped that with the accumulation
of data, the LSTM approach will have more advantages in
predicting renewable energy.
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