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Abstract
Pursuant to the Paris Agreement, China committed itself to peak its carbon emissions by around 2030 and to increase the non-fossil share of
primary energy to 20% at the same time. The government has supported the international agreement by setting and strengthening the domestic
policy targets for an earlier peak and faster reduction, aiming to contain the average global temperature increase to well below 2 �C. We develop
a Kaya Inequality method to assess the time of peak and pace of reduction of China's energy-related CO2 emissions based on the national energy
policy targets for 2030. We find that, despite the minor fluctuations, the current plateau essentially represents the peak emissions and should enter
a phase of steady decline by around 2025, given current trends in energy consumption and decarbonization. Such developments would be
consistent with the strengthened national policy target to achieve 50% of renewable power generation by 2030. However, the basic policy targets
e a 20% share of non-fossil energy and 6 Gtce in total energy consumption by 2030 e would be insufficient to peak carbon emissions by around
2030. The synergy and interplay between domestic policy target setting and international climate commitments shed light on the need to elevate
national climate ambitions under the Paris Agreement and beyond.
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1. Introduction

As the largest national emitter of greenhouse gases, China
committed itself under the Paris Agreement to reach carbon
emissions peak by around 2030 and, in the meanwhile, to
increase the non-fossil share of its primary energy to 20%.
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cooperate with the international accord (Kemp, 2017). In the
Anthropocene, the actions of nation states are key drivers of
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political, social, economic and physical uncertainties (Convery
and Wagner, 2015; Stern, 2007, 2015).

The Chinese government has supported the Paris Agree-
ment and adhered to its Nationally Determined Contribution
(NDC) by setting and strengthening domestic policy targets in
order to reach an earlier peak and achieve faster reduction, in
line with the agreed-upon need to contain the average global
temperature increase to well below 2 �C (Elzen and H€ohne,
2010; Millar et al., 2017; Rogelj et al., 2016). Within weeks
of the Paris Agreement taking effect in 2016, the Chinese
government issued the National Strategy on Energy Produc-
tion and Consumption Revolution (2016e2030), specifying its
targets for energy consumption and non-fossil energy by 2030
(NDRC, 2016).

Chinese energy and environmental policies have delivered
encouraging results so far: the coal cap policy for air pollution
control, combined with economic deceleration and clean en-
ergy development, has likely already led to a peak in coal
consumption in 2013, at least seven years earlier than expected
(Qi et al., 2016). Meanwhile, the energy intensity of the
economy has decreased by more than 45% since 2005,
meeting China's Copenhagen (COP15, 2009) target for 2020
three years earlier than promised. The target for non-fossil
share of primary energy consumption is also on track. The
credibility of the targets is supported by the system of policy
implementation. When policy targets are set as restrictive by
the central government, they are taken as binding at all levels
of local governments and are consequently implemented by
relevant administrative units and enterprises (Qi and Wu,
2013). Historically, China has a track record of consistently
achieving its energy policy targets, especially with respect to
energy efficiency (Qi et al., 2013).

Various data sources have shown that China's energy-
related carbon emissions may have reached a plateau with
minor fluctuations since 2014 (Qi, 2017; Qi and Lu, 2018). Its
projected carbon peak has been examined using different
simulation models, and the modeled peaking time has gener-
ally fallen between 2020 and 2030 (Elzen et al., 2016; Green
and Stern, 2016; Jackson et al., 2015; Jiang et al., 2016, 2013;
Liu et al., 2017; Peters et al., 2017, 2015). These conventional
assessments of emissions peak are based on a bottom-up
modeling approach, the emissions calculated with variables
from the Kaya decomposition. This approach entails as-
sumptions about future economic growth, industrial structure,
technology, energy structure, and additional details about
social-economic factors (Peters et al., 2017), each with a great
deal of uncertainty. The high degree of freedom to adjust the
variables and the uncertainty associated with each variable
make it difficult to assess the credibility of both the modelling
and the range of carbon emissions estimates.

In this study, we address these challenges in climate policy
research by making two important contributions. First, we
develop a novel approach to assess the peaking time and pace
of reduction of China's carbon emissions based on credible
national policy targets, by transforming the static Kaya Iden-
tity to a dynamic Kaya Inequality Model. This method can
reduce the uncertainty of prediction by incorporating national
policy targets. Second, using the Kaya Inequality Model, we
estimate China's carbon emissions peak and reduction under
different scenarios of energy consumption and carbon
intensity, providing decision-makers, stakeholders, and re-
searchers with relevant information on the implications of
different energy policies.

2. Methodology and data
2.1. Reduced Kaya approach
Conventional Kaya Identities are used to assess carbon
emissions (Kaya, 1990). Kaya Identity can be reduced to
include two terms, energy consumption and carbon intensity
of energy:

C¼E�C

E
¼ E�CI ð1Þ

where C is energy-related CO2 emissions, E is total primary
energy use (fossil and non-fossil fuels), and CI is the carbon
emissions per unit energy use (carbon intensity of energy).
2.2. Decomposition
We perform Index Decomposition Analysis in this study
since we don't aim to assess structural changes. When we
consider the interaction terms separated, the change rate of
carbon emissions can be determined by these formulae:

dC

C
¼dðE�CIÞ

E�CI
ð2Þ

dC

C
¼dE�CIþE� dCI

E�CI
ð3Þ

dC

C
¼ dE

E
þ dCl

CI
ð4Þ
2.3. Kaya Inequality
Each term is the standard annual growth rate (%) of each
factor and the magnitude of the interaction term can be
isolated to assess its implications. Since our approach is most
relevant for historical and short-to medium-term trends, then,
Eq. (4) can be transformed into:

DC

C
z

DE

E
þDCI

CI
ð5Þ

Let rE ¼ DE
E and rCI ¼ DCI

CI , carbon emissions will decrease
if rE<� rCI . This criterion can be used to determine the peak
of carbon emissions based on the trend and magnitude of
change of energy consumption and carbon intensity.

For energy consumption (E ), we assume equal annual
growth in the years from 2017 through 2030, thus its annual
percentage change (rE(t)) of E will decrease overtime. Simi-
larly, for carbon intensity (CI ), we assume the carbon intensity
of the energy mix will be equally cut in the next 13 years,
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which means that its annual percentage change (rCIðtÞ) of CI
will increase over time. The logic behind the assumptions
underlines that China's energy consumption will slow down
and energy transition will accelerate in the future as technol-
ogy evolves. To peak emissions by 2030, the growth rate of
energy consumption must be smaller than the reduction rate of
carbon intensity, i.e., rE (2030) � � rCIð2030Þ. Therefore,
under these assumptions, the minimum requirement for a peak
by 2030 is rE ¼ � rCI .

In other words, if rE(2030) > � rCIð2030Þ, i.e., rE >
rE(2030) > � rCIð2030Þ> � rCI , the emissions peak will not
happen by 2030 (He, 2014).

And we use rE to denote the annual growth rate of energy
consumption, averaged over 13 years from 2018 to 2030

(rE ¼
P2030

2018
rEðtÞ

13 ). Similarly, rCIdenotes the 13-year average of

the increase rate of carbon intensity (rCI ¼
P2030

2018
rCIðtÞ

13 ). The

rE ¼ �rCI is hence named the Peaking Possibility Curve (PPC)
(shown in Fig. 3). rE is a non-linear function of the energy
consumption target and rCI is also a non-linear function of the
non-fossil share of energy target.
2.4. Carbon emissions data
Emissions from fossil fuel consumption are used to repre-
sent the total carbon emissions because they constitute the
large majority (80%) of China's total greenhouse gas emissions
(Elzen et al., 2016).

We use the estimation of carbon emissions from Qi (2017)
for consistency. We estimate China's carbon emissions based
on the same methodology in 2006 IPCC Guidelines for Na-
tional Greenhouse Gas. We include only energy-related carbon
emissions. The calculation of historical carbon emissions is a
top-down approach, which includes energy consumption,
calorific value and carbon content per unit fossil fuels, and the
average oxidation rate of the main equipment, carbon seques-
tration of fossil fuels for non-energy use. The formula for
calculating carbon emissions from fuel combustion is: carbon
emissions¼ (fuel consumption � carbon content per unit of
calorific value fuel � carbon sequestration per unit of calorific
value fuel) � carbon oxidation rate during fuel combustion.

Carbon sequestration rate refers to the ratio of carbon
fixed to fossil fuels in their use as non-energy sources.
Since these carbons are not being released into the atmo-
sphere, it needs to be deducted from calculation of carbon
emissions. Despite that the emissions data vary by sources
(Guan et al., 2012; Korsbakken et al., 2016; Liu et al.,
2015), the analysis and conclusion hold true across them.
The comparison of different sources is presented in Table
A1 in the Appendix.

3. Kaya Inequality and the conditions for emissions peak

As mentioned in Section 2, to peak emissions by 2030, the
growth rate of energy consumption must be smaller than the
reduction rate of carbon intensity, i.e. rE < �rCI. While the
Kaya Identity describes the static relationship between carbon
emissions and the driving factors, the Kaya Inequality pro-
vides a criterion for determining the time and condition of
peak emissions based on the trends in those factors.

To apply this criterion, one needs to calculate rE and rCI for
each point in time under different policy scenarios (i.e., a
combination of 2030 policy targets of energy consumption and
non-fossil energy share).

For energy consumption, China's National Energy Strategy
set the energy consumption target at 6 Gtce (1
Gtce ¼ 29.3 � 1012 MJ) by 2030 (NDRC, 2016). China's total
energy consumption was 4.486 Gtce in 2017, leaving a room
for growth of 1.514 Gtce over the 13 years from 2018 to 2030.
Recent studies and current trends in economic restructuring
(towards less energy-intensive sectors), along with energy
efficiency improvements, suggest that national energy con-
sumption is unlikely to exceed 5.5 Gtce by 2030 (Du, 2017;
He, 2014; Li, 2014; Sheehan et al., 2014). Thus, we chose 6
and 5.5 Gtce as the upper and lower targets for energy
consumption in 2030. The corresponding annual average
growth rates rE from 2018 to 2030 would be 1.6% and 2.3%
respectively.

For non-fossil energy share, the decreasing level of carbon
intensity reflects the increasing share of non-fossil energy in
the overall energy mix. The share in 2017 was 13.8%, and the
corresponding carbon intensity was 1.96 tCO2 (tce)�1. The
National Energy Strategy set two targets for non-fossil energy
share by 2030. The basic policy target is 20%, aligned with the
NDC under the Paris Agreement, with the corresponding
carbon intensity being 1.72 tCO2 (tce)�1. The other is an
accelerated transition to generate 50% of electricity from non-
fossil energy sources (NDRC, 2016), which would lead to a
25% share of non-fossil energy in primary energy consump-
tion, assuming electricity use represents 50% of total energy
by 2030. The carbon intensity would be 1.60 tCO2 (tce)�1

under this strengthened target. In the period of 2018e2030, rCI
equals 1.0% for the basic policy target of 20% non-fossil in
primary energy, and 1.7% for the strengthened policy target of
50% non-fossil for electricity generation, or 25% non-fossil in
primary. The accelerated low-carbon energy transition would
be two to four times faster than that of 2005e2017. With the
increasing rate of reduction of carbon intensity, the annual
reduction rate is unlikely to be lower than 1.5% (He, 2014). In
other words, the strengthened policy target for China's energy
transition is plausible in the coming years.

Therefore, in this study, we have assumed several possible
scenarios of energy consumption in 2030 and non-fossil en-
ergy share in 2030, from which we have given three policy
scenarios: 1) he basic policy scenario represents 6.0 Gtce of
energy consumption and 20% share of non-fossil energy by
2030, 2) the strengthened policy scenario represents 5.5 Gtce
of energy consumption and 25% share of non-fossil energy by
2030, and 3) the climate aspiration scenarios represent 5.0
Gtce of energy consumption and 30% share of non-fossil en-
ergy by 2030 (Climate aspiration 1) or 5.5 Gtce of energy
consumption and 35% share of non-fossil energy by 2030
(Climate aspiration 2).



Fig. 2. Carbon intensity in China (1980e2030). The historical line represented

the carbon intensity for 1980e2017, the red, yellow, green, blue, and purple

represented the predicted annual carbon intensity in different scenarios (20%,

25%, 30%, 35% non-fossil in primary energy in 2030, and current trend in

2013e2017). We could see that the current trend extrapolation in energy

transition matches the projection under the strengthened policy scenario.
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To facilitate the comparison and contrast of policy sce-
narios, we develop a model to predict whether the policy
scenario could bring a carbon peak by 2030 based on the Kaya
Inequality as shown in Figs. 1e3. The use of the model is
made simple: for possible combinations of policy targets for
energy consumption and non-fossil fuel share, one can find the
corresponding point in Fig. 3, either below, on, or above the
PPC. If it is one of the latter two, the policy scenario would
bring a carbon peak by 2030. In addition, the greater the
distance from the point to the PPC the earlier the peak will
appear, and the faster the pace of reduction.

A 5.5 Gtce energy consumption by 2030 could happen with
different combinations of economic growth rates and energy
efficiency improvements. Under different economic growth
scenarios, the annual average efficiency improvement for
containing energy consumption below 5.5 Gtce will range
from 3.77% to 4.34%, which fall within the range of efficiency
improvement since 2012. This also means a total of 39%e
44% reduction from its 2017 level in 2018e2030, close to that
of 2005e2017 (40%). Given the fact that energy consumption
per GDP of the service and finance industries is only a quarter
of that from construction and manufacturing, every percentage
shift in economics structure will return a 2% change in effi-
ciency. This indicates that economic restructuring alone can
contribute a 1.5%e2% efficiency improvement every year.

4. Scenarios of a policy-driven emissions peak

Domestic energy policy is essential to delivering the in-
ternational commitment made under the Paris Agreement.
Considering its credibility in policy implementation and
Fig. 1. Energy consumption in China (2006e2030). The historical line rep-

resented the energy consumption from 2006 to 2017, the red, yellow and grey

represented the predicted annual energy consumption in different scenarios

(5.5 Gtce energy consumption in 2030, 6.0 Gtce energy consumption in 2030

and current trend in 2013e2017).
target-setting, we estimate China's carbon emissions peak and
reduction based on the national policy targets for energy
consumption and its share of non-fossil energy.

Combinations of the basic and strengthened policy targets
described above form four possible scenarios, resulting in the
year of emissions peak falling between 2014 and 2052, at a
level between 8.79 and 11.35 GtCO2 (Table 1). Clearly, the
basic policy scenario (or NDC scenario) of 20% non-fossil
share of energy would be insufficient to deliver a carbon
emissions peak by around 2030, and would have to be
exceeded. If the strengthened policy scenario for energy
transition is achieved with a non-fossil share of 25%, China's
carbon emissions would peak in 2024 or 2033, respectively,
depending on whether the total energy consumption is
controlled under 5.5 or 6.0 Gtce. Clearly, accelerated decar-
bonization is key to delivering the emissions peak target under
the Paris Agreement. Under the climate aspiration scenarios,
by 2030, total national energy consumption would be 5.0 Gtce
with 30% non-fossil energy (Climate aspiration 1 in Fig. 3), or
a combination of 5.5 Gtce and 35% (Climate aspiration 2 in
Fig. 3).

Fig. 4 compares emissions trajectories under three policy
scenarios. The top branch of the curve represents the basic
policy scenario, with 6.0 Gtce of energy consumption and 20%
share of non-fossil energy by 2030. The point that represents
basic policy scenario is far below the PPC in Fig. 3, and thus
no peak would appear by 2030, failing to meet China's NDC
target. The middle branch incorporates the strengthened policy
target of 50% non-fossil for electricity, or 25% non-fossil in
primary energy, with anticipated energy consumption of 5.5
Gtce by 2030. Since the point that represents strengthened



Fig. 3. Policy targets and emissions scenarios in 2030. The top x-axis represents the annual growth rate of energy consumption, averaged 2018e2030 (rE), as a non-

linear function of the energy consumption target; and the right y-axis is the 13-year average of the decrease rate of carbon intensity (rCI), also as a non-linear

function of the non-fossil share of energy target. The Peaking Possibility Curve rE ¼ � rCI illustrates the minimum requirements of policy targets that deliver

an emissions peak by 2030. rCI ¼ rE represents a curve that divides the domain into upper and lower parts. Each point above and on the curve represents a policy

scenario that delivers peak carbon emissions by 2030. All combinations below the curve would fail to deliver a peak by 2030 (see Section 2). The dots, basic policy

scenario, strengthened policy scenario and the two climate aspiration scenarios illustrate the four policy scenarios discussed in Section 3.
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policy scenario is above the PPC in Fig. 4, this scenario would
allow an emissions peak to appear in 2024, exceeding China's
commitment under the Paris Agreement and meeting the
necessary condition for the 2�C target. In fact, this scenario is
consistent with the projection generated from trends in energy
consumption and carbon intensity from 2013 through 2017.
Our simulation shows that the 2024 peak emissions under
strengthened policy scenario is only 0.1% higher than the 2017
level, indicating that the current plateau essentially represents
peak emissions, which would enter a phase of steady decline
by around 2025. Under strengthened policy scenario, the
plateau would last for about a decade from 2014 to 2024. The
third branch in Fig. 4 best represents the climate aspiration
scenarios, indicating that China's emissions level had already
peaked in 2014. With prohibitive costs, the climate aspiration
scenarios would reduce carbon emissions back to the 2010
level by 2030, enough to meet China's obligation under the
2 �C scenario (Jiang et al., 2013).

Considering economic and technological feasibility, a
stepwise acceleration of decarbonization may be possible
through ambitious target-setting in China's Five-Year-Plans
(Qi and Wu, 2013; Young et al., 2015). In devising the 14th
Table 1

Peak year and peak emissions level (Gt) under different policy scenarios.

Energy

consumption

in 2030 (Gtce)

Peak year (peak emissions level (Gt))

Basic policy

(non-fossil fuel

share of 20% in 2030)

Strengthened policy

(non-fossil fuel

share of 25% in 2030)

5.5 2042 (9.68) 2024 (8.74)

6.0 2052 (11.35) 2033 (9.62)
FYP, China should consider a path towards 60% electricity use
in total energy consumption, yielding 30% from non-fossil
energy by 2030, and then seek a 35% target for the 15th
FYP (Mccollum et al., 2016), building upon previous success.
Historically, China's FYP performance in emission reductions
has correlated with international climate efforts (Fig. 4); the
rate of growth in emissions decelerated for three years after
COP15 in Copenhagen and plateaued around the time of
COP21 in Paris (Fig. 4).

The trends since 2012 strongly suggest that China's carbon
emissions have reached a rather stable plateau with minor
fluctuations, in effect indicating near-zero growth. Within the
decade-long plateau, occasional fluctuations can be expected
without undermining the essential conclusion about the long-
term emissions trajectory. The plateau itself may be more
meaningful than any specific year of peak.

In summary, to achieve the early peak of China's carbon
emissions by 2030, the total energy consumption should be
controlled below 5.5 Gtce and the proportion of non-fossil
energy in the energy mix should be more than 25%. The
better both targets are achieved, the earlier emissions will
peak. Although the path to an earlier peak could be feasible,
two major obstacles and uncertainty lie ahead. First, contain-
ing energy consumption within 5.5 Gtce may prove difficult.
Despite considerable potential for energy efficiency improve-
ment in manufacturing and heavy industry, as downward
pressure on the economy increases from external or secular
trends, local governments and state-owned enterprises may
expand investment in energy-intensive industries and infra-
structure projects to ensure a relatively high rate of GDP
growth, resulting in a rapid growth of energy consumption.



 Strengthened

Fig. 4. Historical and projected emissions trajectories (2005e2030) under different policy scenarios (The triangle in the figure represents the peak years, FYP

illustrates the Five-Year Plan). The brown line, the red line and green line represent the predicted annual carbon emission under basic policy scenario, strengthened

policy scenario and climate aspiration scenario.
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Second, the greater penetration of clean energy may invite
challenges from the purveyors of the incumbent energy source
(i.e., those that are emissions-intensive), slowing down its
development. In the recent wave of infrastructure investment,
restrictions on coal facility construction have been lifted.
Many coal-fired power projects have been granted permission
in the name of matching generation for Ultra-high-voltage
(UHV) transmission lines. If the development of non-fossil
energy in China falls behind expectation by 100 GW by
2030, the country's trajectory will return to the basic policy
scenario, corresponding to an increase in coal consumption by
about 0.2 Gtce and carbon emissions by about 0.4 Gt CO2,
making it difficult to achieve an early emissions peak.

5. Conclusion and implications for global climate actions

We found that controlling carbon intensity of the energy
system, or the non-fossil share of energy, is critical to
achieving carbon peak in China. Our results show that a mere
20% of non-fossil in the overall energy mix could not lead to a
carbon peak around 2030. To achieve the peaking target for
the Paris commitment, China would have to increase the non-
fossil share of the energy system. Fortunately, the current
projection of the future energy mix supports a much greater
share of non-fossil energy in the national system. If this trend
sustains, the current plateau of carbon emissions would
eventually lead to a declining point before 2030, fulfilling
China's NDC commitment for peaking time. To achieve the
early peak of China's carbon emissions by 2030, the total
energy consumption should be controlled below 5.5 Gtce and
the proportion of non-fossil energy in the energy mix should
be more than 25%. In devising the 14th FYP, China should
consider a path towards 60% electricity use in total energy
consumption, yielding 30% from non-fossil energy by 2030,
and then seek a 35% target for the 15th FYP, building upon
stable plateau of carbon emissions.

The encouraging trends of carbon emissions are largely driven
by economic deceleration and slower growth in power demand
(Gong et al., 2016; Liu et al., 2015; OECD, 2015). This economic
NewNormal, together with a structural shift to sectors with lower
energy intensity and an overall priority for quality growth, en-
ables faster substitution of coal-fired power generation by non-
fossil energy sources. Behind these changes is a major shift in
the national development policy. China's modernization goals,
advanced from 2050 to 2035, call for fundamental improvements
of environmental quality, necessitating an energy revolution to
slowdown the growth of energy consumption and to phase out
fossil fuel use. These domestic policies seem to be working in
synergy with global climate targets.

These developments in China have critical policy implica-
tions for the rest of the world. China's economic slowdown and
restructuring make it possible for a more expeditious substi-
tution of coal-fired power generation by renewable sources.
The real game changers are the evolving energy technologies
(Guan et al., 2014), market dynamics (Liu et al., 2015), and
less energy-intensive consumer behaviors (Yu et al., 2018) that
break the inertia of the present energy structure, making deep
decarbonization possible. Finally, our findings confirm the
conclusion of the UNEP Gap analysis that China is on track to
not only deliver but to exceed its NDC. Considering the fact
that some of the major developed economies may be falling
behind in meeting their NDC pledges (Victor et al., 2017),
China has become the clear leader in delivering on the Paris
Agreement. Other countries should reassess and recalibrate
their efforts to more effectively, and ambitiously, achieve the
needed carbon emissions reductions to avoid dangerous global
climate change (Meinshausen et al., 2015).
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