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Table 1 Models participating in the comparison of scenarios
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Table 2 Key socioeconomic assumptions for China from 2020 to 2060
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Fig. 1 China’s emission pathways of energy CO: (a), fossil fuel and industrial process CO2 (b), and
greenhouse gases (c) from 2020 to 2060
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Fig. 2 China’s CO» pathways for industry (including industrial processes) (a), buildings (b),
transportation (c), and energy supply (including electricity, heat, oil refinery, hydrogen production, and
other fuel processing industries) (d) sectors from 2020 to 2060
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Fig. 3 Emission reduction contributions of different sectors in different periods
2.2 BRRIEHFTRE
2020—2030 4, —XAEURTH 2 (AU RS SR T EAT XA, S8t K X B TR 7 K
IR ) RO ATS R T () $90 BB 28 50t 75 R PRI AR 080, EL 65 A e 7 v AN 2 DA RS b I 75 SR G .
2030 4F, —IRBEVEIHE St A BT AL 56 12 tee, P10~P90 JEHEy 47.9 12~63.8 12 tce. —IKFE
YR PR EEAE 2030 AT G LA BUA BN . B 2035 4F, —IRBRIRIE TR AL EURIGE TR 2 0.6 12
tee, AALAREIR G R BBEFESTT) IR 35% (P10~P90 Ja[A 31%~47%), REWSTER
2035 4 NDC EEAb A BEIR T A G FR bR . 3 2050 4F, —IRAEIRE REE(E N REE T 10 12 tee,
Al AR A BEVR EE B A7 802 65%. ZHURALR IR, —IRBEIEH Dol 5 Sk IR T R,
2060 IR AEIRIFIRELT 42 12 tee, IFMUATREVRELFE L) 80%. DHUBEAL— IR BEVRITH TR A2 1E 2050
FJa B, AR TR AT R A BERGR T AN AL DA 2 0 1) 75 SRl R U REAE L3k, B
CCUS. AW A fE. DACCS SEHOAR M ] S BUS AR RERRCR T R4, M TIE1S REIRIHE 2 A i Iel
TH (4. BEERE, JefREE R fA R PRI, AR R R, ARl ES
BERE, M REHE S — XA P &, IR ARl S s T R BRa R



&l 4 2020—2060 4FH [F — K AEIRIE P CRAED (AR AR S ORI (b)
Fig. 4 China’s primary energy consumption (electric heat equivalent) (a), and non-fossil energy share
(coal equivalent) (b) from 2020 to 2060
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Fig. 5 China’s final energy consumption (a), electricity (b), and hydrogen (c) energy share from 2020
to 2060
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Fig. 6 China’s power capacity (a) and power generation (b) from 2020 to 2060. (Data ranges for total
power capacity and total power generation are derived from multi-model intercomparison result, power

capacity mix and power generation mix are sourced from the China TIMES model)
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Fig. 7 China’s self-sufficiency rate of oil (a) and natural gas (b) from 2020 to 2060
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Multi-model intercomparison study of China’s low carbon transition pathways under the
“Dual Carbon” goal
ZHANG Shu, CHEN Wen-Ying
Institute of Energy, Environment and Economy, Tsinghua University, Beijing 100084, China
Abstract: China’s low carbon transition under the “Dual Carbon™ goal has entered a critical stage
characterized by deep, substantive implementation and coordinated action across multiple sectors. In the
face of complex technological, economic, and social uncertainties inherent in long-term and deep
decarbonization, scenario assessments based on a single model are often subject to structural biases arising
from differences in underlying mechanisms and parameter assumptions. Consequently, systematically
conducting multi-model intercomparison studies to extract robust, cross-model consensus through cross-
validation has emerged as a crucial way for objectively identifying transition dynamics and mitigating
decision-making risks. This study synthesizes and compares the latest results from 22 domestic and
international energy and climate models published since 2021. It provides a systematic assessment of
China’s low carbon transition pathways under the “Dual Carbon™ goal in terms of greenhouse gas emissions
trajectories, energy system evolution, energy and resource security risks, and the investment requirements
and economic costs of the transition. The results show that China’s carbon emissions are likely to peak in
the early years of the Fifteenth Five-Year Plan (FYP) period and decline by approximately 10% from the
peak level by 2035. Both primary (electric heat equivalent) and final energy consumption are projected to
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peak around 2030. By 2060, the share of non-fossil energy in primary energy consumption (coal equivalent)
and the electrification rate of final energy demand are expected to rise to approximately 80% (10th—90th
percentile range: 77%—-97%) and 62% (10th—90th percentile range: 56%—77%), respectively. Although the
low-carbon transition can fundamentally reverse China’s dependence on imported oil and gas, it will also
give rise to new energy security challenges, particularly those related to power system flexibility and the
supply of critical minerals. The additional investment required to achieve carbon neutrality in the energy
supply sector is estimated at RMB 123-246 trillion. Based on these findings, we recommend seizing the
critical window of opportunity during the Fifteenth FYP to accelerate forward-looking emission reduction
deployments. It is imperative to construct a deep decarbonization paradigm characterized by multi-sectoral
coordination and multi-gas synergy. Furthermore, concerted efforts must be concentrated on overcoming
the bottlenecks in strategic frontier technology chains, such as hydrogen energy, long-duration energy
storage, and CCUS (carbon capture, utilization, and storage) to facilitate a comprehensive socioeconomic
transition that is secure, economically viable, and sustainable.

Keywords: Climate change mitigation; Carbon peaking and carbon neutrality; Decarbonization pathways;
Multi-model intercomparison project; Energy transition; Integrated assessment model (IAM)
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