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Abstract: Industrial carbon dioxide (CO2) emissions are mainly derived from fossil energy use,
which is composed of procedures involving extraction of energy from the natural system as well as its
exchange and consumption in the social system. However, recent research on low-carbon transitions
considers the cost of energy commodities from a separate perspective—a biophysical or monetary
perspective. We introduce the energy intensity ratio (EIR), which is a novelty perspective combining
biophysical and monetary metrics to estimate the cost of energy commodities in the low-carbon
energy transitions. This combination is essential, since the feedback of energy into the biophysical
system will influence the performance of energy in the economic system and vice versa. Based on
the Logarithmic Mean Divisia Index (LMDI), we developed the EIR-LMDI method to explain the
changes in CO2 emissions. The changes in CO2 emissions caused by the EIR are the net energy effect.
In China, the net energy effect kept CO2 emissions at a compound annual growth rate of 6.15% during
2007–2018. Especially after 2014, the net energy effect has been the largest driver of the increase in
CO2 emissions. During the study period, high net energy usually indicated high CO2 emissions.
Coal is the most important energy commodity and dominates the net energy effect; the least volatile
component is the EIR of natural gas. The EIR affects CO2 emissions by the price crowding-out effect
and the scale expansion effect, which make the process of low-carbon transition uncertain. The results
illuminate that policymakers should monitor the net energy effect to prevent it from offsetting efforts
to reduce energy intensity.

Keywords: net energy; low-carbon transition; EIR-LMDI; energy commodity

1. Introduction

After the Paris Agreement, governments have struggled to balance the rate of economic growth and
the amount of industrial carbon dioxide (CO2) emissions. From the perspective of energy consumption,
the integrated CO2 emission factor of energy and the integrated energy intensity of the economy
drive changes in CO2 emissions over time. The integrated CO2 emissions factor is determined by the
proportion of each energy commodity (e.g., crude oil, gas, coal, and nuclear energy) in the energy
structure. The integrated energy intensity is defined as the energy consumption per unit of gross
domestic product (GDP) in an economy.

In previous studies, a great number of indicators that assess sustainable development issues for
industrial CO2 emissions associated with economic development exist. Commonly, researchers develop
systems of indicators to satisfy the research criteria [1]. Guo Li introduces energy efficiency,
economic growth, energy use (non-renewable energy), and clean energy substitution (renewable
energy) as the indicators affecting CO2 emissions, and believes that resource melioration for energy
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consumption and economic growth have indispensable roles in reducing CO2 emissions. However,
energy efficiency in the mining and extraction-related sector as well as the circular economy have
not translated into CO2 emission reduction in China and Nigeria [2]. G. Ortega-Ruiz introduces
types of energy sources, sizes of the economic sectors, and value of the gross domestic product as the
indicators affecting CO2 emissions, and believes that India’s CO2 emissions increased due to the rapid
economic growth and decreased due to the change in energy intensity [3]. More generally, the effects of
activity, structure, intensity, fuel mix, and emission factor are introduced as the indicators affecting CO2

emissions [4–7], and the indicators could be classified into two categories: the integrated CO2 emission
factor of energy and the integrated energy intensity of the economy. In this study, the previous systems
of indicators are updated by introducing the energy intensity ratio (EIR) to obtain a new perspective
on industrial CO2 emissions.

The intuition is that a smaller integrated CO2 emission factor and lower integrated energy intensity
of the economy bring an efficient low-carbon transition. There is certain feedback if we consider that the
biophysical system and the economic system are independent systems. However, once energy flows
into the economy, it exists in both the economic system and the biophysical system, and is measured in
monetary units and physical units in turn. The interaction between the two systems makes the feedback
uncertain. In biophysics, energy follows the second law of thermodynamics [8], and in economics,
energy follows the law of supply and demand [9]. The biophysical system and economic system jointly
determine the future energy consumption and low-carbon transition scenario, not just one of them.
Therefore, we need a bridge to link the two systems. In our opinion, net energy has the potential to
perform this function. The concept of net energy was first proposed by Howard Odum [10] and was
defined as the energy extracted minus the energy invested in the process of extraction. Subsequently,
it evolved into the energy return ratio, which is represented by the energy returned from the energy
extraction process divided by the energy invested to obtain that energy [11–13]. Then, the net energy
analysis was still based on the biophysical system.

From biophysical perspectives, societies are complex adaptive systems, and their structures or
functions are maintained by energy input [14]. Since 1980, the energy consumption per capita of a
country scales with 3/4 of the power of its GDP per capita, just as a mammal’s metabolism scales
with 3/4 of the power of its mass [15]. Anthropologists suppose that consuming too much energy in
extraction processes leads to the collapse of society [16–18]. The classic example is the collapse of the
Roman Empire. While the energy needed to expand the empire was increasing, the energy derived
from the expanding borders decreased. The diminishing of the marginal energy entering the empire
caused the diminishing of the average energy of the empire. As a result, the energy balance was broken,
and the empire eventually collapsed [16]. The biophysical perspectives indicate that the variation of
net energy largely determines the expansion and contraction of a society.

In economic research, econometric economists examine the dynamic relationship between energy
consumption, usually in the form of energy cost shares or expenditures on energy as a fraction of GDP,
and economic growth [19–21]. The results illuminate that the share of energy expenditures relates,
usually negatively, to economic growth. The energy cost shares for preindustrial economies with lower
economic growth are much higher than those for industrial and postindustrial economies with higher
economic growth [22]. In contrast, there is a dearth of studies relating net energy to economic scenarios.
King [22] deems it is essential to include net energy in macroeconomic modeling, especially for energy
economy analysis. For example, net energy analysis can inform whether the change in energy intensity
comes from the change in energy cost and price. Based on this point of view, net energy should be
treated as a significant factor influencing CO2 emissions.

The explicit difference is that the net energy in the biophysical system is measured by physical
metrics, and in the economic system, it is measured by monetary metrics. Although the traditional
net energy analysis is a worthful perspective, it is unable to be the bridge linking the two systems.
As a result, existing research has not yet effectively included net energy into the CO2 emissions
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model. In our opinion, the energy intensity ratio (EIR) can be a new analysis of net energy to link the
biophysical system and economic system.

Regarding the research method, we have reviewed the available research on decomposing CO2

emissions into different key drivers and quantitatively analyzing the influence of drivers [23–25].
In general, there are two common decomposition methods: Structural Decomposition Analysis
(SDA) [26,27] and Index Decomposition Analysis (IDA) [28,29]. The method of SDA requires
input–output table data as support, and is merely used in less than 10% of studies. In contrast,
the method of IDA is widely used in more than 90% of environmental economic research. IDA is
especially suitable for CO2 emissions models since it only requires department aggregation data and
few factors [30]. Based on the assessment, the Logarithmic Mean Divisia Index (LMDI), derived from
IDA, is the most suitable for our purpose given the data available [31,32]. In previous studies,
the LMDI approach was always used to decompose the driver of energy consumption into three
categories: activity, structural, and intensity effects, or to decompose the driver of CO2 emissions
into five categories: activity, structural, intensity, fuel mix, and emission factor effects. Regardless of
the decomposition of energy consumption or CO2 emissions, these studies have not considered the
net energy effect. We introduce the net energy effect, specifically the EIR, into the analysis of CO2

emissions. The method derived from the LMDI is called EIR-LMDI in this study.
The contribution of this study is that it introduces the EIR, which is a novelty perspective

combining biophysical and monetary metrics to estimate the cost of energy commodities in low-carbon
energy transitions. The combination solves the problem that feedback could not be formed between
the biophysical system and the economic system in previous studies. In addition, when data are too
scarce to perform the original net energy analysis, the EIR can perform a valid simulation of the trend
for biophysical net energy. Meanwhile, the construction of the EIR-LMDI model not only includes the
EIR into the driving factors of CO2 emissions, but also quantifies the EIR’s effect.

2. Data and Methods

2.1. Data Description

The data, including the price of energy commodities, energy consumption, and CO2 emissions,
are available from the BP Statistical Review of World Energy 2019. In order to make different
energy commodities comparable, we converted the consumption of oil, coal, gas, nuclear energy,
hydroelectricity, and renewables (million tons oil equivalent) into the consumption of energy (TeraJoules,
TJ), respectively. The approximate conversion factors are available from the BP Statistical Review of
World Energy 2019. The gross domestic product (GDP) of China is available from the National Bureau
of Statistics. The exchange rate is available from China’s foreign exchange trade system. All data sets
were sampled from November 2007 to May 2018 at a yearly frequency. The CO2 emissions coefficients
of different energy commodities are as follows: Oil is 73,300 kgCO2/TJ, coal is 101,000 kgCO2/TJ,
and natural gas is 56,100 kgCO2/TJ.

2.2. Methods

2.2.1. Energy Intensity Ratio (EIR) and Net Energy

Access to sufficient affordable energy is an important factor for the success of a low-carbon
transition [33]. In our opinion, net energy can play the function of evaluating the difficulty of obtaining
energy. In the biophysical system, net energy is the ratio of the energy extracted to the energy invested,
and the energy flow is measured in physical units [22]. In practice, the energy flow embodied in
the investment process cannot be assessed precisely. We employed a price-based proxy to perform
the original net energy analysis [34,35]. The proxy is the energy intensity ratio (EIR) in this paper.
While the original net energy analyzes the energy flow just based on the biophysical perspective,
the EIR makes net energy analysis feasible by introducing economic variables.
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The EIR equation is

EIRpn =

1
pn

ε
=

1
pn

TEC
GDP

=

[TJ
$

][
TJ/yr
$/yr

] , (1)

where n is the type of energy commodity, including oil, coal, gas, nuclear energy, hydroelectricity,
and renewables; EIRpn is the EIR of energy commodity n in a given country; Pn is the annual average
price (e.g., USD/year) of energy in energy commodity n; 1/Pn indicates the energy that can be produced
per unit price, whose metric unit is terajoules per dollar (TJ/USD). GDP is the gross domestic product
of the country; TEC is the total energy consumption in a country; and ε is the energy intensity in a
given country (TEC/GDP), whose metric unit is terajoules per dollar (TJ/$).

Compared to the original net energy, the EIR is a price-based proxy and scales the price of energy
commodity n into a dimensionless ratio via the energy intensity. King indicated that the time series
of the EIR correlates well with the original net energy based on data from the United States [35].
The major reason for this high correlation is as follows. The EIR represents the amount of energy
obtained by spending one dollar relative to the amount of energy it takes to generate one dollar of
output in the economy [22]. The numerator 1/Pn in Equation (1) represents the energy produced by
one dollar of energy commodity n. The denominator in Equation (1) represents the energy required to
produce one dollar in the GDP. In effect, there is an assumption in the EIR analysis that all monetary
investments to produce energy occur at the energy intensity of the overall economy rather than at the
energy intensity of a specific energy commodity [36]. The energy intensity of the overall economy is
the weighted average of the energy intensities of all energy commodities [37]. For most countries and
energy commodities, there are not enough data to perform the original net energy analysis. The EIR
can imitate net energy by introducing monetary metrics.

EIRpn =

1
pn

TEC
GDP

=

[MJ
$

][
MJ/yr
$/yr

] ∝ ·

Eout
·

Einvest

(2)

Equation (2) indicates the process of imitation.
·

Eout is the energy production in a year, and
·

Einvest
is the energy consumption in a year. The left part of ∝ indicates the definition of the EIR, and the
right part of ∝ indicates the definition of biophysical net energy. The parts on both sides of ∝ are not
equal, but are infinitely close. Biophysical net energy represents energy efficiency in the mining and
extraction-related sector and indicates the gap between energy input and energy output. Therefore,
the import and export of energy should not be considered in biophysical net energy. If we divide the
energy consumption by GDP, the trends of the EIR will be consistent with the biophysical net energy.
Accordingly, the EIR is a valid analysis of net energy in this paper.

2.2.2. Net Energy and Logarithmic Mean Divisia Index (LMDI)

Assume that G is the CO2-related aggregate and there are n factors driving the changes in G over
time. The amount of change caused by each factor is x1, x2 . . . xn. In Equation (3), the subscript i is a
subcategory (energy commodities) of the CO2-related aggregate changes. At the subcategory level,
the relationship Gi = x1,ix2,i · · · xn,i holds. The general index decomposition analysis (IDA) identity is
as follows [6].

G =
∑

i

Gi =
∑

i

x1,ix2,i · · · xn,i (3)

We decompose the aggregate changes by additive decomposition:

∆Gtot = GT
−G0 = ∆Gx1 + ∆Gx2 + . . .+ ∆Gxn, (4)
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where the subscript tot represents the total change, and the terms on the right-hand side give the effects
associated with the respective factors in Equation (4) [6].

G0 =
∑

i x0
1,ix

0
2,i · · · x

0
n,i is the aggregate change at time 0.

GT =
∑

i xT
1,ix

T
2,i · · · x

T
n,i is the aggregate change at time T.

Based on the IDA approach, the effect of the kth factor on the right-hand side of Equation (4) is:

∆Gxk =
∑

i

L
(
GT
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i

)
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xT
k,i

x0
k,i
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i

ln GT
i − ln G0

i

ln

xT
k,i

x0
k,i

, (5)

where:
L(a, b) = (a− b)/(ln a− ln b) as defined in [38].
In this paper, changes in CO2 emissions from energy commodities are studied by quantifying the

impacts of changes in five different factors: the cost effect, the net energy effect, the energy intensity
effect, the structural effect, and the emission factor effect. The subcategory of the aggregate is energy
commodities. The IDA identity in Equation (3) is

C =
∑

i

Ci =
∑

i

PiEi
Q

PiEi

E
Q

Ei
E

Ci
Ei

=
∑

i

ECi·EIRi · I · Si ·Ui (6)

where: ECi is the cost effect of energy commodity i, which is driven by the expenditure on energy
commodity i (PiEi). EIRi is the net energy effect of energy commodity i, which is driven by the EIR of
energy commodity i (Q/PiEi). “I” is the energy intensity effect, which is driven by the energy intensity
of the economy (E/Q). Si is the structural effect, which is driven by the share of energy from energy
commodity i (Ei/E). Ui is the emission factor effect, which is driven by the emission factor for energy
commodity i (Ci/Ei).

In Equation (6), we introduce the EIR as the driver of CO2 emissions, which we call the net energy
effect. This decomposition is based on the method of the Logarithmic Mean Divisia Index (LMDI).
In this study, the LMDI, which includes net energy effect, is referred to as the EIR-LMDI. The aggregate
change in CO2 emissions from time 0 to time T is as follows:

C = CT
−C0 = ∆Ccos + ∆Cnet + ∆Cint + ∆Cstr + ∆Cem f , (7)

where:
The change due to the cost effect of energy commodities is given by

∆Ccos =
∑

i

wi ln

ECT
i

ECT
i

. (8)

The change due to the net energy effect of energy commodities is given by

∆Cnet =
∑

i

wi ln

EIRT
i

EIRT
i

. (9)

The change due to the energy intensity effect is given by

∆Cint =
∑

i

wi ln
(

IT

I0

)
. (10)
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The change due to the structural effect is given by

∆Cstr =
∑

i

wi ln

ST
i

ST
i

. (11)

The change due to the emission factor effect is given by

∆Cem f =
∑

i

wi ln

UT
i

UT
i

. (12)

wi is the logarithmic mean,

wi =
CT

i −C0
i

ln CT
i − ln C0

i

. (13)

3. Results

3.1. Net Energy Effect Gradually Becomes the Greatest Factor Driving the CO2 Emissions Up

In the study, we introduce net energy as one of the factors driving changes in CO2 emissions.
By putting the EIR into the LMDI, we extract the effects of net energy on CO2 emissions. The results
are shown in Figure 1.

Figure 1. Cumulative change of CO2 emissions in 2007–2018.

Figure 1 presents the results of the cumulative effect of each of the drivers of CO2 emissions
in China from 2007 to 2018. The lines indicate that some drivers pull CO2 emissions downward,
and others push CO2 emissions upward. The comprehensive effect is that CO2 emissions are rising
over the period. The energy intensity effect is the largest and most stable driver pulling CO2 emissions
in China downward, decreasing CO2 emissions by 119% until 2018. Compared to the energy intensity
effect, the energy structure effect in China has little effect on CO2 emissions, decreasing CO2 emissions
by only 5% until 2018. The influences of the energy cost effect and net energy effect are time-varying,
driving CO2 emissions up by 79% and 77% until 2018, respectively. However, their trends are different.

Let us focus on the cumulative net energy effect. There are two important points for the net
energy effect. One is in 2012: Before 2012, the net energy effect pulled the CO2 emissions downward.
The other is in 2014, after which year the net energy effect exceeded the energy cost effect and became
the greatest factor pushing the CO2 emissions upward. In Section 3.2, we will explore the internal
mechanism of this trend.
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Figure 2 is a “waterfall” chart showing the compound annual growth rate of CO2 emissions
apportioned to the five drivers during 2007–2008 (as described in Section 2.2.2). The compound annual
growth rate of the change in CO2 emissions is given by Equation (14):

CAGR = (1 + total change)ˆ(1/number of years) (14)

Figure 2. Compound annual growth rate of CO2 emissions in 2007–2018.

The energy cost effect and net energy effect are the drivers pushing the CO2 emissions up (6.29%
and 6.15%, respectively), while the energy intensity effect and energy structure effect are the drivers
pulling the CO2 emissions down (−9.46% and −0.37%, respectively). The comprehensive effect is
that CO2 emissions achieve a compound annual growth rate of 2.62%. Although the integrated CO2

emissions coefficients of energy can be reduced by adjusting the energy structure, the space for reducing
the carbon emission coefficient of individual energy commodities is limited due to the fixed molecular
formula for specific energy commodities. Therefore, we assume that the CO2 emissions coefficients
of energy commodities are constant during the sample period and the emission factor effect is zero.
The result shows that net energy is the second large factor worth paying attention to. The net energy
effect is the second major factor in raising the overall CO2 emissions, and it deserves attention.

According to the energy commodities we choose, the EIR of energy commodities is divided into
the EIRs of coal, oil, and natural gas. Figure 3 shows that the most volatile component is the EIR of oil,
and the least volatile component is the EIR of natural gas. The fluctuation of the EIR of coal dominates
the change of the net energy effect. For most of the period from 2007 to 2018, the EIR of natural gas
is smaller than its initial value in 2007. For the EIRs of oil and coal, there are two important points.
One is in 2012; after 2012, the change in the EIR of coal exceeded the change in the EIR of oil, and both
increased sharply. Especially for the EIR of oil, its variation exceeded the variation in the EIR of coal in
2014. Furthermore, coal is the most important energy commodity dominating the total net energy effect.
In China, coal is the most consumed energy commodity, accounting for 58–74% of the total energy
consumption between 2007 and 2018, and the CO2 emission coefficient of coal is the highest among
fossil energies: oil—73,300 kgCO2/TJ, coal—101,000 kgCO2/TJ, and natural gas—56,100 kgCO2/TJ.
For these two reasons, the net energy of coal dominates the net energy effect of CO2 emissions.
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Figure 3. Energy intensity ratio (EIR) of commodities and the net energy effect.

3.2. Two Mechanisms of Net Energy Effect

There are two mechanisms of the EIR affecting CO2 emissions. One is the price crowding-out
effect, and the other one is the scale expansion effect. The EIR is a perspective from which to observe
net energy, and it represents the amount of energy one can obtain by spending one dollar relative
to the amount of energy it takes to generate one dollar of output from the economy. According to
the definition, when GDP increases with less energy consumption or more energy is produced with
less capital investment, the EIR will increase. In the net energy analysis, there are two conversions in
the EIR. The first is biophysical metrics translated into economic metrics, and the second is economic
metrics translated into biophysical metrics. These two conversions constitute a complete cycle of
energy participation in economic activities. The EIR reflects the efficiency of the energy flow in the
economy. The larger the EIR is, the more efficient the energy flow. More efficient energy flow means
less energy input gains more energy output, which leads to a lower price (see Figures 4–6) [39].

Figure 4. EIR of oil and oil prices.
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Figure 5. EIR of coal and coal prices.

Figure 6. EIR of natural gas and natural gas prices.

If energy is available at a lower price, economic entities may waste energy, and tend to consume
more energy and produce more CO2 emissions. This process will offset the energy intensity effect,
decreasing the CO2 emissions. We call this the price crowding-out effect. In addition, higher EIR
indicates higher energy flow efficiency, and also means that less energy can support more GDP growth.
This process will provide greater flexibility for the energy balance in economic expansion and will
overcome the energy constraints of GDP growth. The expansion of the economic scale incurs an
increase in total energy consumption and CO2 emissions. This is similar to the example of the Roman
Empire. If the marginal energy gains per unit of plundered land became greater than the marginal
energy costs, the net energy accumulated in the expansion would promote the further expansion of the
empire. We call this the scale expansion effect.

In Section 3.1, the results show that there are two important points for the net energy effect. One is
around 2012, and the other is around 2014. In Figures 4–6, after 2012, the EIR of energy commodities
increased; at the same time, the price of energy commodities decreased. This indicates that the price
crowding-out effect became significant. In our opinion, this is the reason why the net energy effect
began to push the CO2 emissions upward in 2012. The continuous price decline caused the net energy
effect to exceed the energy cost effect in 2014. However, the trend of the price and EIR was reversed in
2014, which caused the trend of net energy effect to be reversed (Figure 1).
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4. Discussion and Conclusions

4.1. Discussion

The results indicate that the net energy effect increased CO2 emissions by 6.15% every year
during 2007–2018. Therefore, when studying CO2 emissions, net energy deserves more attention
than it has previously received. In the process of the dynamic evolution of the net energy effect,
there are two distinct stages. One is between 2007 and 2010, and the other is between 2012 and 2018.
The former pulls the CO2 emissions down, and the latter pushes the CO2 emissions up. At the same
time, the energy intensity effect decreased CO2 emissions by 9.46% every year steadily. Therefore,
both scholars and policymakers believe that controlling energy intensity is the most effective measure
to control CO2 emissions. The perspective is that the smaller the energy intensity is, the smaller CO2

emissions will be. Though this is certain in the biophysical system, it is doubtable considering the
economic system. When energy circulates in the economic system, it is measured by both biophysical
and economic metrics. The interaction between the two metrics determines the future scenario of
energy and CO2 emissions. While the energy intensity is declining continuously, the net energy will be
increasing, leading to more CO2 emissions. This process is realized through two mechanisms: the price
crowding-out effect and the scale expansion effect. These two effects will offset the energy intensity
effect, decreasing CO2 emissions. Therefore, reducing energy intensity does not always reduce CO2

emissions effectively.
When the net energy of oil is greater than 2.5, the decrease in oil prices and the price crowding-out

effect will become significant (see Figures 3 and 4). When the net energy of coal is great than 1.6,
the decrease of coal prices and the price crowding-out effect will become significant (see Figures 3 and 5).
When the net energy of natural gas is greater than 1.1, the decrease of natural gas prices and the
price crowding-out effect will become significant (see Figures 3 and 6). At present, this study cannot
quantitatively assess the scale expansion effect.

In the process of CO2 emission reduction, scholars and policymakers should pay more attention to
the net energy effect. With the increase of the energy intensity effect, the net energy effect will gradually
increase, and will eventually become the main factor leading to the increase of CO2 emissions.

4.2. Conclusions

Differently from traditional studies, we introduced net energy analysis to explore the drivers of
industrial CO2 emissions. The net energy effect is an important factor causing fluctuations in CO2

emissions. There are many net energy metrics, and the biophysical form is the most original. When data
are too scarce to perform the original type of net energy analysis, the EIR offers a valid simulation
of the trend for biophysical net energy. In China, from 2007 to 2012, the net energy effect drove the
reduction of CO2 emissions, and from 2012 to 2018, the net energy effect drove the increase in CO2

emissions. After 2014, the net energy effect has been the largest driver of the increase in CO2 emissions.
Overall, the net energy effect maintained CO2 emissions at a compound annual growth rate of 6.15% in
2007–2018. There is a strong positive correlation between the EIR and CO2 emissions. This result is in
line with the study of Guo Li, and he believes that energy efficiency in the mining and extraction-related
sector has not translated into CO2 emission reduction in China and Nigeria [2]. The greater the EIR is,
the greater the net energy effect, which always means more CO2 emissions, will be. This correlation is
due to two reasons: The first reason is the price crowding-out effect. An increase in the EIR leads to a
decrease in price, which stimulates an increase in energy consumption and, ultimately, an increase in
total CO2 emissions. The second reason is the scale expansion effect. According to the definition of the
EIR, an increase in net energy means an increase in energy flow efficiency. More energy flow efficiency
can support sustained economic expansion, which incurs an increase in total energy consumption
and CO2 emissions. Furthermore, coal is the most important energy commodity dominating the net
energy effect.
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The implications of the study results are as follows. The decreases in energy intensity and the
marginal cost of energy in the economy are conducive to the increase in net energy. Increases in net
energy may lead to an increase in total energy consumption, indirectly increasing the amount of CO2

emissions. Therefore, in the case of a low-carbon transition, policymakers should monitor the net
energy effect to prevent the price crowding-out effect and scale expansion effect from offsetting efforts
to reduce energy intensity. As a result, reducing the emission coefficient by adjusting energy structure
can be a more effective way to achieve a low-carbon transition than adjusting energy density. On the
one hand, reducing energy intensity will cause the price crowding-out effect and scale expansion
effect. On the other hand, economic development needs energy input, and it is becoming more and
more difficult to reduce CO2 emissions by relying on the energy intensity effect. However, the energy
structure effect just pulls the CO2 emissions down by −0.37% annually. There is greater potential to
reduce CO2 emissions by adjusting the energy structure. In view of this, policymakers need to provide
more policies promoting energy structure adjustment.
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