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Investment Allocation and Pathway Optimization for Technology R&D
Supporting Deep Decarbonization

XU Shuntian', WANG Can?2, ZHU Junming™
(1. School of Public Policy and Management, Tsinghua University, Beijing 100084, China; 2. School of Environment,
Tsinghua University, Beijing 100084, China; 3. Institute of Climate Change and Sustainable Development, Tsinghua
University, Beijing 100084, China)

Abstract: Achieving CO, peaking and carbon neutrality targets requires sustained low-carbon technological progress and large-
scale deployment. Investment allocation in R&D is the key driver of low-carbon technological progress, involving joint decisions over
investment intensity, timing, and technology portfolios. This study develops a China energy-economy optimization model with endogenous
technological change. It distinguishes between advanced applicable technologies and frontier breakthrough technologies based on the
uncertainty characteristics of R&D returns, and analyzes the optimal R&D investment pathways toward carbon peaking and carbon neutrality
targets using a multi-stage stochastic dynamic optimization framework. The results show that uncertainty in R&D returns substantially
increases the optimal investment intensity for frontier breakthrough technologies. To capture the “high-risk, high-reward” opportunities
under uncertainty, maintaining a relatively high level of R&D effort is essential for ensuring the feasibility and cost-effectiveness of long-
term emission reductions. Further analysis incorporating mitigation timing and population scenarios reveals that R&D investment trajectories
begin to diverge in the near to medium term across early-action, linear, and delayed-action decarbonization pathways, indicating that R&D
deployment strategies need to account for the long-term orientation of climate policy. The low-population scenario requires more than twice
the R&D investment in frontier breakthrough technologies compared to medium- and high-population scenarios, providing a scenario-based
illustration of the systemic influence of socio-economic structural changes. Based on these findings, the paper recommends systematically
strengthening the support systems for innovation activities across both mature and emerging technologies, enhancing cross-sectoral and
cross-disciplinary coordination, and establishing forward-looking mechanisms for technology foresight and assessment.

Keywords: carbon peaking and carbon neutrality targets; technological innovation; R&D investment; pathway optimization
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