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Abstract: As a developing country, extensive carbon and sulfur emissions are associated with China’s
rapid social and economic development. Chief among them are the emissions from coal and oil
consumption. This paper focuses on the demand side, attempting to regulate the range of relative
price of oil to coal at the consumption level. Through the adjustment of the relative price, the goal of
reducing the emissions of carbon and sulfur could be achieved in the market of energy consumption.
Data regression is applied to investigate the functional relationship between emissions and energy
prices. The results indicate that when the coal price is less than 300, the higher relative price leads
to less carbon and sulfur emissions; when the coal price is more than 300 and less than 500, there
exists an optimal relative price which has the least carbon emissions, and this value is not more than
11.5; when the coal price is more than 500, the smaller relative price is beneficial to decline carbon
and sulfur emissions. The changed trend of relative price-sulfur emissions is very similar to relative
price-carbon emissions. Compared to the present energy situation in China, the relative price of oil to
coal still need to be reduced especially when coal price is more than 500.
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1. Introduction

Global primary energy consumption has increased with a low growth rate in recent years. In 2015,
the world’s primary energy consumption only rose 1.0%, which dropped to the lowest value in
recent 20 years. The main contributor was the reduction of China’s coal consumption [1]. According
to the National Bureau of Statistics, coal has accounted for about 70% of the total primary energy
consumption in China since 1978. The large amount of coal resources widely used in steel industry
and thermal power plants promote the economic growth of China, and they are nearly in line in
the past 30 years [2]. Meanwhile, the high dependence on coal combustion brings excessive carbon
emissions. Over 80% of carbon emissions in China are caused by coal combustion [3]. In 2012, 83% of
energy-based emissions were from coal, which hold more than half of the total. Fourteen percent were
from oil, and only 3% from natural gas [4]. The excessive carbon emissions cause a noticeable effect on
the global climate, such as global warming, sea level rise, and GDP reduction. The Intergovernmental
Panel on Climate Change (IPCC) predicted that the global surface temperature will increase by 4.8 ◦C
and sea levels by 0.82 m by the year 2100 [5]. In addition, carbon emissions have been estimated to
cause a loss of 5% to 20% annual global GDP [6]. Reducing carbon emissions is urgent for all countries.
At the Copenhagen conference, China promised to decrease 40–50% of its carbon intensity by 2020
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with respect to 2005 levels. Furthermore, this target was listed as a compulsory requirement of the
long-term National Economic Development Plan.

The National Bureau of Statistics noted that from 2013 to 2015, the proportion of Chinese coal
consumption was 67%, 66%, and 64% respectively. That is to say, the coal consumption proportion is
decreasing. Simultaneously, the oil consumption showed an increasing tendency at the same period,
which led China to be the biggest import country in 2015 [1]. The increasing consumption of oil
brought a great number of sulfur emissions, which degraded the air quality and damaged public
health [7], leading to acid deposition, photo-chemical smog, heavy haze, etc. [8–11]. Especially, PM2.5
has a great impact on human health, the global climate, and regional visibility, causing increasing cases
of lung disease [12–14]. Thus, sulfur emissions and carbon emissions cannot be ignored. It is an urgent
and imperative issue that the government must face.

How to effectively reduce carbon and sulfur emissions? Some measures, such as industrial
structure adjustment, energy efficiency improvement, and technological progress, have been put
forward to reduce energy consumption and carbon and sulfur emissions steadily. Technological
progress is often argued as a key approach for energy conservation and emission reduction. However,
excepting a technological approach that can increase supply, China also needs to find a way to decrease
demand [15]. Energy price, the key indicator of energy market in China, contains plenty of market
information on the supply-demand relationship, the imports and exports, and government policies, etc.,
and is currently regarded as a core and key element for energy-saving and emissions abatement [16,17].
In fact, the Chinese government has chosen energy price as the critical role in economic and social
development, and regulated it at a low level for a long time [18]. In fact, not just China, but many
other countries regard energy price as an important regulating measure in the market. These countries
generally orient energy price focusing on raising price to disfavored production or lowering consumer
price to affect energy consumption for users [19].

Although many studies have researched the key role of energy price and its impact on
environment in China, the results vary considerably due to different points of view and perspectives.
This paper attempts to investigate the market-oriented energy price as a mechanism to manage its
carbon and sulfur emissions in the context of the coal and oil market at the consumption-level.
Especially, we firstly chose a database of daily energy price and consumption in China from
January 2014 to December 2015, and confirmed the functional relationship between energy price
and related carbon and sulfur emissions. Then, the range of relative price of oil to coal was estimated
for the purpose of carbon and sulfur abatement.

We used energy price of oil and coal in the period 2014–2015 in China as our research context and
scope of study for two reasons:

Firstly, energy price is often considered to have an impact (positive or negative) on energy
consumption [20–22]. Further, Li and Lin [23] confirmed the vital role of energy price that affected
energy consumption and environment quality. Therefore, energy price provides us with a quantitative
instrument to study emissions reduction.

Second, coal and oil hold high proportion in total energy consumption, and play a critical role in
carbon and sulfur emissions. In recent years, the Chinese government has announced a series of coal
and oil reform policies. In 2013, the double-track coal pricing system was abolished by the Chinese
government for the market coal and the contact coal. In 2014, several coal-related fees, including coal
price-regulating and environmental-compensation fund, have been canceled. Oil regulation rules were
performed in 2013. The government adjusts the domestic oil price according to international oil price
every ten working days.

The aim of the government’s regulatory strategies are to save energy and reduce emissions via
price adjustment. This means that energy price reform is the most urgent energy issue in China,
and energy price should be a good starting point to study emission problems. Some researchers
pointed out that government regulation keeping domestic energy price at a low level led to
energy price distortions, which could result in wasteful energy consumption and environmental
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deterioration [24–27]. The distorted energy price containing lots of information of government policy
lost the feature of market at the product-level. This paper studies how variation trend of energy
consumer price affects carbon and sulfur emissions at the consumption-level. Consumer price is the
end-use price after government regulation. It is the synthesis of actual price including taxes, surcharges,
rebates, and so on. The research at the level of consumption guarantees that results in this paper
contain the influence of government regulation. The main contributions of this paper to the literature
are as follows: firstly, consumer price of coal and oil, the daily consumption quantity of coal and oil,
and related carbon and sulfur emissions during 2014–2015 are captured; second, our investigation
extends previous study by analyzing the possible correlation between energy price and carbon/sulfur
emissions; third, we get the optimal relative price of oil to coal in different price ranges of coal at the
consumption-level, and policy implications for environment improvement are suggested.

The remainder of this paper is organized as follows. Section 2 presents a literature review.
Section 3 briefly introduces the relevant theoretical approach and processes data. In Section 4, we carry
out a regression analysis of the model and analyze the experimental results. Section 5 focuses on the
conclusion, presents some policy implications, and points out the limitations in this paper.

2. Literature

Prior research that studied the influence of energy price on carbon and sulfur emissions were
related to two parts. One was the relationship between energy price and energy consumption,
and another was the causal relationship between energy consumption and carbon/sulfur emissions.

Many studies suggested that the total energy consumed and fossil fuel used (coal and oil) had
positive causal relationships with carbon emissions. These studies were conducted for Pakistan [28],
India [29], the Middle East and North Africa [30,31], India and China [32], the Commonwealth
of Independent States [33], Europe [34–37], and the United States [38,39]. However, some studies
concluded different results suggesting that the total energy consumption was found to barely have a
relationship with carbon emissions. In addition, other studies verified that such relationships were
dependent on circumstances. Khan et al. [40] showed in their study the different causal relationships
in different countries. In several groups of countries, there was no relationship between energy
consumption and carbon emissions [41,42]. The relationship between energy consumption and carbon
emissions varied in different countries because of different national conditions, geographic positions,
and energy departments. In China, the positive relationship between energy consumption and carbon
emissions has been confirmed in many studies [43–48]. Wang et al. [43] indicated the existence of
a bidirectional positive causality between energy consumption and carbon emissions in the period
1995–2012. Hu et al. [46] examined the impact of energy consumption on concomitant air emissions
during 2000–2011 and showed that China’s energy consumption led to the increasing impact on
emissions. In earlier empirical studies by Chang [45], Li et al. [48], and Zhang et al. [47], the causality
between energy consumption and related carbon emissions in the periods of 1981–2006, 1985–2007, and
1978–2007, respectively, and demonstrated that energy consumption and carbon emissions indicated
bidirectional causality with a feedback effect.

Research on the causal relationship between energy price and energy consumption found both
negative and positive relationships. The negative own-price elasticity for coal and oil was found by
Bloch et al. [49] in 2015, which implied that the consumption of coal and oil fell with rising price.
Yuan et al. [20] concluded that the higher price decreased energy consumption in Chinese industrial
and residential sectors in the long run. Liu and Zhao [50] found that increasing energy price restrained
residential energy consumption in China from 1993–2011. Many studies in China verified that,
basically, energy price negatively caused carbon emissions. Haugom et al. [51] showed that yearly
changes of oil price in the range of 2–12% would likely cause substantial structural changes in the
oil demand. Zhang and Xu [22] and Hang and Tu [52] concluded that the effects of energy prices on
energy consumption varied by sector, region, and energy source in China.
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Thus, the change of coal or oil price will not only affect their own energy consumption, but also
influence the consumption of the other alternative energy through the choice of consumers. At the
same time, the dynamic pricing of coal and oil is bound to appear and the relative price can be obtained.
The relative price could reflect the relationship between coal consumption and oil consumption by
rule and line rather than absolute price. The optimization of relative prices could be explored to
optimize energy market structure and reduce the emissions of carbon and sulfur. In brief, energy
price greatly influences energy consumption, and both of them have an impact on carbon and sulfur
emissions. What is more, the relative price of oil to coal, as an important indicator in energy market,
is also relative to carbon and sulfur emissions. Studying the characteristics of the relative price is
helpful to understand the current energy market and reveal the impact of relative price change on
environmental quality.

3. Methodology and Data

3.1. Methodology

In time series modeling, economic theory is applied to analyze the relationship among variables.
The inverse demand function is adopted in this paper. It is specified as follows:

Di = f (Pi) (1)

where Pi and Di denote the energy price and consumption quantity of the i-th fuel. Using energy
consumption data and the method proposed by IPCC [53], we calculate carbon and sulfur emissions
caused by energy consumption.

W1 = ∑
i

Di × CO2EFi (2)

W2 = ∑
i

Di × SO2EFi (3)

where W1, W2 represent the amount of carbon dioxide emissions and sulfur dioxide emissions
generated by energy consumption; CO2EFi, SO2EFi indicate CO2 emission coefficient and SO2 emission
coefficients of the i-th fuel, respectively.

As an invisible hand in the market, energy price is an important indicator that reflects the market
fluctuation and influences environmental quality. Many studies have confirmed that the change of
energy price not only affects energy consumption but also has an impact on concomitant energy
consumption–carbon and sulfur emissions. Taking Equation (1) into Equations (2) and (3), we get

W1 = f1 (Pi) (4)

W2 = f2 (Pi) (5)

In this paper, it is assumed that energy price will affect energy consumption and related carbon
and sulfur emissions. With the change of the energy situation, it is very necessary to investigate the
relationship between energy price and carbon and sulfur emissions in recent years at the consumption
level. The analysis and prediction in the paper are beneficial to risk management and provide policy
suggestions for the government.

3.2. Grey Correlation Analysis

Grey correlation analysis (GCA), proposed by Deng in 1982 [54], is an important part of grey
system theory (GST) and can be applied to determine the relational degree through weight value,
which is correctly assigned to the feature of indicators. GCA is used to evaluate the relational degree
between data sequences of two features based on the similarity of geometric tendency of sequence
time series [55]. In the GCA process, time series data is not needed to satisfy a normal distribution, and
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there is no necessity to test the statistical significance of the GCA result. The higher the relative degree
between two time series, the higher the value we give to the relative degree of the corresponding
data sequences [56,57]. In the current research of economic time series, Jia et al. (2015) studied the
multivariate dynamic correlation of oil prices using an optimal wavelet analysis based on GCA [58].

The following give the detailed method of calculating the grey correlation degree. If the data
series of a system are 

X0 = (x0 (1) , x0 (2) , ...., x0 (n))
X1 = (x1 (1) , x1 (2) , ...., x1 (n))
...
Xm = (xm (1) , xm (2) , ...., xm (n))

, (6)

The grey correlation degree of X0 and Xi on the point of k is γ (x0 (k) , xi (k))

γ (x0 (k) , xi (k)) =
min

i
min

k
|x0 (k)− xi (k)|+ ξ max

i
max

k
|x0 (k)− xi (k)|

|x0 (k)− xi (k)|+ ξ max
i

max
k
|x0 (k)− xi (k)|

(7)

and

γ (X0, Xi) =
1
n

n

∑
k=1

γ (x0 (k) , xi (k)) (8)

where ξ ∈ (0, 1) is usually given the value of 0.5. Deng [54] found that 0.5 is the optimum value of ξ,
because this value provides moderate distinguishing effects and good stability.

3.3. Data

This paper aims to explore the relationship between energy price and carbon and sulfur emissions
at the consumption level. Additionally, the Chinese consumer price and the consumption of coal and
oil during 2014–2015 are collected.

Data in this paper are taken from the International Gas Network and China Coal Market Online
(CCTD). The data of oil consumption and oil price are primary from the National Development and
Reform Commission (NDRC). Therein, the coal consumption data are monthly and the coal price data
are daily. For unitive analysis, the final data of coal price are the weighted average of month. The unit
of oil consumption is converted into the uniform unit of billion tons of standard coal.

The coefficients of carbon emissions will follow the value 0.68 T/tec and 0.585 T/tec of coal and
oil, respectively. The coefficients of sulfur emissions will follow the value 0.024 T/tec and 0.04 T/tec
of coal and oil. These data are from the Energy Research Institute of the National Development and
Reform Commission.

4. Calculation

Regression analysis is a methodology that allows a functional relationship among dependent
variables and independent variables to be found. It includes two forms: linear regression and nonlinear
regression. The relationships between energy price and carbon and sulfur emissions are believed to
be nonlinear because the linear form may cause greater deviation from real data. On the contrary,
polynomial regression is a special form of nonlinear regression, and shows promising results because
of the reasonable accuracy and relatively simple implementation compared with other methods.

The functional relations between energy price and carbon/sulfur emissions at the consumption
level established in Section 3 are estimated to use polynomial regression by fitting with the method of
least squares. We assumed that P1 and P2 are consumer price of coal and oil as predictor variables,
W1 and W2 are carbon and sulfur emissions caused by the consumption of coal and oil as the respond
variables; the consumption of coal and oil are denoted as D1 and D2, respectively. The simulated
results are shown as follows:
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W1 = 55, 638.9008 + 40.8897P1 − 21.3877P2 − 0.2912P2
1 + 0.046P1P2 + 0.0003855P2

2 (9)

W2 = 2006.944 + 1.8307P1 − 0.7489P2 − 0.01125P2
1 + 0.001703P1P2 + 0.000009122P2

2 (10)

Then, grey correlation analysis (GCA) was applied as a verification to explore the correlation
between the price and emissions data. The processed price data of coal and oil are taken into
Equation (8). The results show that the correlation coefficients between coal price and carbon/sulfur
emissions are 0.6091 and 0.6049. The correlation coefficients between oil price and carbon/sulfur
emissions are 0.7943 and 0.7814, respectively. This indicates that a stronger correlation exists between
consumer price of coal and oil and related carbon and sulfur emissions. The conclusion further
illustrates that carbon and sulfur emissions could be expressed as a function of energy price.

In order to further analyze the rationality of regression, the standardized residual and standard
deviation distribution of carbon emissions and sulfur emissions in Equations (9) and (10) are shown in
Figures 1 and 2.
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Figure 1. (a) The standardized residual of W1; (b) The standardized residual of W2.
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Figure 2. (a) The standard deviation distribution of W1 in Equation (9); (b) The standard deviation
distribution of W2 in Equation (10).

In Figure 1, the values of the standardized residual are mainly distributed above and below the
X-axis evenly. The sum of residual errors of selected Equations (9) and (10) are relatively small. In order
to analyze the standardized residual further, Figure 2 presents the standard deviation distribution of
carbon emissions and sulfur emissions, and it approximates a normal distribution.
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5. Results and Discussion

This paper considers the role of trending relative price of oil to coal and studies the impact on
carbon and sulfur emissions. Taking the relative price of oil to coal as α, Equations (4) and (5) can be
rewritten as

Wi = fi (P1, αP1) , i = 1, 2 (11)

This equation is interpreted as a plane in a three-dimensional graph of Wi in the vertical
direction vs. P1 and α defining a base plane. We chose energy consumer price of coal price in
the range of (0, 800) (Yuan/tce), which is the possible minimum and maximum of coal price in current
market condition.

When the coal price varies from 0 to 800 (Yuan/tce), the impact of gradual increase in coal price
on CO2 and SO2 are illustrated in Figure 3a,b. It shows that CO2 and SO2 are affected by coal price
changes, and mainly present two stages in variation tendency. In the first stage, coal price with a
low value exhibits an inapparent variation of CO2 and SO2 emissions, regardless of the range of
relative price. In the second stage with a higher consumer price of coal, CO2 and SO2 emissions
generally increase. Overall, CO2 and SO2 emissions show a similar variation tendency. Particularly,
the minimum quantities of CO2 and SO2 emissions exist within a certain price range.

(a) (b)

Figure 3. (a) The three-dimensional graph of W1, P1, and α; (b) The three-dimensional graph of W2,
P1, and α.

In order to analyze the trend concretely, coal price range is broke into three parts: 0–300 (Yuan/tce),
300–500 (Yuan/tce), 500–800 (Yuan/tce). We focus the discussion on coal price in a range from
300 (Yuan/tce) to 500 (Yuan/tce) because the current consumer price of coal remains in this interval as
a whole. The evolution trends of CO2 and SO2 emissions with coal price between 0–300 (Yuan/tce) and
500–800 (Yuan/tce) are worth studying because they represent the probable situation in the prospective
energy market. The data from the Annual Report on Coal Industry in China 2015 showed that the
price of market coal before 2008 was less than 300 (Yuan/tce). The investigation on the lower coal
price enriches market feature and enhances understanding of the relationship between relative price
and CO2 and SO2 emissions. As for government regulation on energy price (especially fossil fuel),
the removal of fossil fuel subsidy would lead to higher energy prices, which is well within the range
from 500 (Yuan/tce) to 800 (Yuan/tce) [59]. For ease of observation and comparison, the consumer
price of coal and relative price of oil to coal during 2014–2015 are shown in Figure 4.
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Figure 4. The three-dimensional graph of W1, P1, and α.

According to Figure 4, monthly data of coal price mainly remains in a range from
300–500 (Yuan/tce), and the relative price of oil to coal is not less than 8. In the following discussion,
coal prices in different ranges are selected, and then cross-sectional views of CO2 and SO2 emissions
with relative price changes are presented. Because the relative price is tightly related to consumer
price of oil, which suffers from the influence of the international oil market to some extent. There is no
limit to the range of the relative price of oil to coal. Thus, this paper investigates the curve of CO2 and
SO2 affected by relative price in different ranges of coal price.

When the coal price varies between 300–500 (Yuan/tce), the cross-sectional views of CO2 and SO2

emissions are simulated in Figure 5. We can see that both CO2 and SO2 emissions caused by coal and
oil consumption are fluctuant and present different characteristic curves under different values of coal
price. The SO2 emissions have a similar evolution process with the CO2 emission trend. Moreover, the
relative price of oil to coal significantly affects CO2 and SO2 emissions.
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Figure 5. (a) The cross-sectional views of W1 with coal price P1 between 300–500; (b) The cross-sectional
views of W2 with coal price P1 between 300–500.

Combining Figure 5 with specific calculation, when the relative price is less than 9, CO2 and SO2

emissions decrease with the increase of coal consumer price. Meanwhile, when the ratio is greater
than 14, the nearly reverse trend of carbon and sulfur emissions are presented obviously. Further,
coal price in a range from 300 (Yuan/tce) to 500 (Yuan/tce) will adjust the value of relative price at the
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point of intersection, which moves to a lower value of relative price. Through numerical calculation,
the optimal relative price of oil to coal is around 12.5. Thus, the smaller the values the relative price
and coal price have, the lesser emissions emit of amounts the CO2 and SO2.

When the coal price is in the range of 0–300 (Yuan/tce) and 500–800 (Yuan/tce), the cross-sectional
views of emitted CO2 and SO2 emissions are described in Figures 6 and 7, respectively.
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Figure 6. (a) Cross-sectional views of W1 with coal price P1 between 0–300; (b) Cross-sectional views of
W2 with coal price P1 between 0–300.
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Figure 7. (a) Cross-sectional views of W1 with coal price P1 between 500–800; (b) Cross-sectional views
of W2 with coal price P1 between 500–800.

According to Figure 6a,b, with relative price increases, CO2 and SO2 emissions have a similar
mitigate. In particular, when the coal price is 200 (Yuan/tce), the pace of decline rate accelerated
from the previous coal price that is less than 200. Meanwhile, when the coal price is 300 (Yuan/tce),
CO2 and SO2 emissions have an obvious slowdown trend with a relative price that is more than 16.
Therefore, when consumer price of coal ranges from 0 to 300 (Yuan/tce), the smaller coal price and
relative price goes against the abatement of CO2 and SO2 emissions, but the impact on CO2 and SO2

increase is not obvious. The result indicates that coal price lower than 300 is far more favorable to
decrease CO2 and SO2 emissions.

In Figure 7, the changed trends of carbon and sulfur emissions are completely different from the
variation trends in the range of coal price between 0–300 (Yuan/tce). When the coal price is from
500 (Yuan/tce) to 800 (Yuan/tce), the evolution of carbon emissions and sulfur emissions show a similar
increasing trend regardless of the value of relative price. Further, greater values of coal price show
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faster growth ratio. Thus, the reduction in both consumer price of coal during 500–800 (Yuan/tce) and
relative price is beneficial to decrease CO2 and SO2 emissions. Compared with variation trend during
0–300 (Yuan/tce), the decrease of relative price becomes more pressing and urgent in the market of
energy consumption.

6. Conclusions

The high speed of economic growth requires large amounts of energy input. The selection of
different energy sources are closely related to the environment quality, which is an issue of long
concern by the public and government. As the energy market rises or falls, the emissions of CO2

and SO2 are unstable and continuously changing. Energy price is influenced by energy demand and
supply, and has a significant impact on the CO2 and SO2 emissions. This research investigated the
impact of relative consumer price of oil and coal on CO2 and SO2 emissions at the consumption level
during 2014–2015 using regression analysis.

For a certain coal price, a better relative price is helpful to reduce CO2 and SO2 emissions.
This paper explored and obtained the optimal relative price of oil to coal when the coal price varies
in different ranges. When the coal price is more than 300 (Yuan/tce) and less than 500 (Yuan/tce),
the optimal relative price should be less than 11.5 to ensure the CO2 and SO2 emission reduction.
Coal price less than 300 (Yuan/tce) has no special requirement on the relative price. When the coal
price is more than 500 (Yuan/tce), it is very necessary to decrease the relative price to a low value.

Comparing the existing relative price with simulated optimal relative price, the existing relative
prices range from 8–12.5, corresponding to average coal price from 360–510 (Yuan/tce). The current
relative price is relatively reasonable in the market of energy consumption. Special attention must be
paid to the coal price, which should be no more than 500 (Yuan/tce).

6.1. Policy Implications

The research conclusions are also significant for policy makers in China to pay attention to the
findings. The consumer price of coal and oil containing government regulation contains plenty of
market information. This paper studied the impact of relative price of oil to coal on related CO2 and
SO2 emission at the consumption level. According to this study, some suggestions are put forward for
the government to alleviate the current high CO2 and SO2 emission from the following aspects.

First, government pricing of energy is one of the policy instruments in China. In theory, energy
price affects demand and supply, and is an important control measure for energy consumption and
related CO2 and SO2 emissions. In this paper, grey correlation analysis verified the compact correlation
between energy price and emissions. Thus, the government can adjust energy price as a powerful tool
to reduce CO2 and SO2 emissions. The results provide the government with a practical and feasible
foundation for market regulation.

Second, government adjustment of coal price at low-level should ensure that the relative price
of oil to coal is not more than 11.5, especially when coal price is more than 500. Due to the dominant
position held by coal and oil consumption, regulations on coal and oil price affect related CO2 and SO2

emissions, and then have a significant impact on total emissions. This paper studies the influence of
the relative price of oil to coal on CO2 and SO2 emissions with different ranges of coal price. The results
present different adjusting and controlling extents of relative price comprehensively, no matter what
the range of coal price is.

6.2. Limitations and Future Research Directions

With the acceleration of urbanization, energy consumption as well as carbon and sulfur emissions
grew rapidly during the period 2014–2015. Considering social stability and environmental quality,
energy price in China has been processed for a long time. This study adopts a static framework
to analyze the short-run effect of the relative price of oil to coal in China’s coal and oil sectors.
However, the government pricing of coal and relative price may also have long-term effects. Estimation
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of long-term coal price and relative price is necessary. Therefore, the future research directions
are as follows: firstly, estimating the changing scale of relative price in China over a longer time;
secondly, estimating the evolution trend of coal price and the related relative price of oil to coal that
excludes government subsides; last but not least, estimating environmental impacts (carbon and sulfur
emissions) when the coal price without government subsidies in China’s different energy sectors.
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