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  Abstract                                                                                                                                                             

In this work, we developed a model framework of energy-economy-environment integrated system to explicitly explore 

the impacts of policy options on China’s achievement of energy and climate pledges in 2030. The results show that roles 

of carbon taxes and alternatives subsidies played on the attainment of China’s committed energy and climate targets are 

significantly different; more specifically, the policy of carbon tax performs more remarkable on emissions peaking, while 

the deployment of non-fossil energy technologies is influenced more by the alternatives subsidy. As a consequence, the 

government should pay great attention on optimizing the policy options and coordinating the policy effects of both 

carbon taxes and subsidies, in order to reach both the energy and climate goals in 2030 simultaneously.  

Keywords: Integrated modeling; Emission peaking; Non-fossil energy development; Optimal policy options 

Introduction 

     Before Paris agreement, China has proposed its 
intended nationally determined contributions (INDC) 
plan, in which it is committed to peak its CO2 emissions in 
around 2030, and increases the proposition of non-fossil 
energy in total primary energy consumption (TPEC) to 
20%. Actually, it remains more than 12 years ahead of the 
target time, and whether the energy and climate pledges 
could be achieved is still full of uncertainties, involving 
the uncertainties on economic growth, energy technology 
progress, as well as subjective policy options. To be 
specific, with stringent policy efforts, the probability to 
peak China’s emissions in time will be largely increased, 
and the peaking year could even be advanced for several 
years [1,2] while if we negatively response to emission 
abatement, then the target will be rather difficult to reach 
correspondingly [3,4], in effect, even if we make some 
efforts, the carbon peaking point may still be much later 
than the committed time [5]. Hence, analyzing the 
probability of achieving China’s INDC plan is actually 
discussing the options of optimal policies. 

     By employing the one-sector energy-economy-
environmental (3E) integrated model, CE3METL, we 
attempt to investigate the discrepant effects of some 
specific policies, i.e., carbon taxes and subsidies, on the 
attainment of INDC targets, and explore the 
corresponding role of optimal policy combination. 
CE3METL is the Chinese version of E3METL, Energy-
Economy-Environmental Model with Endogenous 
Technological change by employing Logistic curves, which 
has been well developed by Duan HB [6] in 2013, and 
features its policy-driven multi-logistic technological 
diffusion mechanism [6]. To implement this study, we 
need to consider the possible emission budget (emission 
cap) of China under the global 2-degree warming-limit 
threshold. Raupach, et al. [7] discuss the differences of 
emission space allocation among crucial principles, such 
as grandfathering, equality, as well as blended one of 
both. Actually, Raupach’s [7] emission budget plan in 
terms of inertia fits in well with the estimation of Ding, et 
al. [8] based on this, we refer it as our emission cap.   
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Additionally, we assume that the emission constraints are 
mainly achieved by the endogenous carbon taxes levied 
on fossil fuels, and subsidies on alternatives are also taken 
into account as other policy options [6]. 
 
     The optimal simulation reveals that revenues from 
carbon taxes largely overpass the subsidy expenditures, 
as shown in (Figure 1), and to successful peak China’s 
carbon emissions in 2030, the ratio of cumulative carbon 
tax and subsidy should be greater than 4. On one hand, we 
strictly requires that the carbon tax revenue fully covers 
the subsidy costs to keep the integrated system balanced, 
which should tell part of this story. On the other hand, the 
high proportion of cumulative carbon tax to subsidy 
closely relates to the stringency of emission budget. 
Overall, the stricter the carbon tax policy over subsidy, 
the higher likeness of carbon peaking will gain. For 

example, to peak China’s carbon emissions in around 
2025, the ratio of cumulative carbon tax and subsidy 
should be greater than 5.5. As observed in (Figure 1), 
given a lower ratio, the 2030 carbon peaking target is also 
likely to attain, and with respect to the higher ratio, the 
main discrepancy lies in different peak values. In general, 
with the stringency of carbon tax policy, the 
corresponding emission peak tends to decline. For 
instance, we could successfully achieve the committed 
emission peak goal in 2030, with the ratio of cumulative 
carbon tax revenues and subsidy costs both at 4.5 and 5.4, 
while the peak value for the former is 10.3 GtCO2, and the 
latter is less than 100 GtCO2. Thus, when discussing the 
achievement of China’s carbon peaking target, we should 
pay great attention on the policy optimization and 
options; also, emphasis is also needed to put on the 
specific peak values. 

 
 

 

Figure 1: Impacts of policy optimum to attainment of energy and climate targets. 
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     With respect to the significant influence of carbon tax 
policy on emissions control, the deployment of non-fossil 
energy technologies affects more by the alternative 
subsidies. This study reveals that the share of non-fossil 
energy in the TPEC will steadily grow, as the decreasing of 
proportion of carbon tax to subsidy. To be specific, given 
the proportion higher than 5.5, the share of non-fossil 
energy in 2030 is generally lower that 17%; if the 
proportion declines to 4.5, the corresponding non-fossil 
energy share may overpass 20%, i.e., the committed 
energy development goal could be reached. Moreover, 
keep the role of subsidy in the policy mix further 
enhanced and the proportion of carbon tax to subsidy 
lowers to less than 4, and then the share of non-fossil 
energy will be as high as 22% in 2030. As a consequence, 
we should sufficiently stress the discrepant policy effects 
of carbon tax and subsidy and deeply coordinate the 
potential relationships between the attainment of energy 
and climate tasks, in order to simultaneously achieve the 
carbon peaking and non-fossil energy development 
pledges.  
 
     In closing, as for emissions control and non-fossil 
energy deployment, carbon tax and alternatives subsidy 
play rather different roles; specifically, the carbon tax 
policy performs much better in emissions mitigation, 
while the development of non-fossil technologies may 
affects more by the targeted subsidy. In fact, the 
attainment of carbon peaking pledge requires that the 
effect of carbon tax in the policy mix is many folds larger 
than that of subsidy, and the specific peaking time 
depends on both policy combination and the magnitude of 
peak values. As a contrast, the stronger the effect of 
alternatives subsidy in the mix policy, the larger the 
probability of achieving the committed carbon peaking 
goal will be. Consequently, in order to guarantee the 
achievement of the energy and climate pledges, it is rather 
important for the government to optimize the policy 
options when making related action strategies, especially 
for the multiple combinations of carbon taxes and 
alternatives subsidies.  
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