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Overview

Addressing the escalating climate crisis necessitates the accelerated advancement of technological innovations for
climate change mitigation (TICCM) (Dhakal et al., 2022). Environmental regulation is widely acknowledged as a
pivotal driver of such advancements, supported by the Induced Innovation Hypothesis (IIH) and the Weak Porter
Hypothesis (WPH) (Jaffe et al., 2002, 2005; Rennings, 2000; Rennings & Rexhduser, 2011). Among regulatory
mechanisms, emissions trading systems (ETSs), as market-based instruments, are particularly prominent for their
cost-effectiveness and capacity to provide dynamic and sustainable innovation incentives (Jaffe et al., 2002; Liu et
al., 2022; Rennings, 2000; Requate, 2005; Rogge et al., 2011).

A systematic review, however, reveals that current evidence on the relationship between ETSs and TICCM is
incomplete, with most studies constrained by temporal lags and geographic scope (Chen et al., 2024). In particular,
quantitative research on the European Union ETS (EU ETS)—the oldest system with the largest trading volume and
value—is nearly absent for phases III (2013-2020) and 1V(2021-2023), and available findings remain divergent.
These research limitations underscore several critical and unresolved questions: How substantial has the impact of
the EU ETS been on TICCM over nearly two decades? How do these impacts evolve dynamically across different
phases of system development? Does technical and regional heterogeneity exist in these impacts? This study
addresses these issues by offering a comprehensive quantitative investigation into the relationship between the EU
ETS and TICCM. Our new insights provide empirical evidence for the effectiveness of ETSs in incentivizing
technological innovation, while also contributing to the broader evidence base for ITH and WPH.

Methods

This study adopts a quasi-natural experimental design, leveraging the EU ETS as a policy intervention to
quantitatively assess its impact on the number of patent applications for climate change mitigation
technolohgies(CCMT). We apply the Sequential Synthetic Difference-in-Differences (SSDID) method, which
integrates the features of the Synthetic Control Method (SCM) and Difference-in-Differences (DID) approaches and
enables the assessment of the dynamic effects of staggered policy implementation (Serenini & Masek, 2024). A
unique firm-level dataset was constructed by matching European Union Transaction Log (EUTL) accounts with firm
identifiers from Orbis, identifying 12,106 firms ever constrained by the EU ETS.

Results

A pronounced surge in patent applications for CCMT by EU ETS-regulated firms was observed immediately after
the system's implementation, followed by a sharp decline. From the start of Phase II (2009), annual patent
applications stabilized at an average of 300. Empirical estimates indicate that the EU ETS increased patent
applications by 0.053 on average, with statistical significance at the 90% confidence level. The dynamic impact
assessment shows a phase-dependent pattern, with the strongest effects observed mid-phase and diminishing at the
phase boundaries. Across Phases I, II, and III, the mean impact value shows a notable increase. Significant industry-
region heterogeneity is evident, with pronounced positive effects in the manufacturing and energy supply sectors.

Conclusions

Overall, this study demonstrates that the EU ETS exerts a statistically significant yet modest positive impact on
TICCM. The incremental and phase-dependent variation in impact reflects policy delays and evolving regulatory
effectiveness. The findings also highlight pronounced industry and regional disparities, suggesting that certain
sectors respond more strongly to regulatory incentives than others. By offering a long-term, comprehensive analysis
of the EU ETS’s influence, this study contributes valuable insights for refining market-based environmental
regulations to better support TICCM and achieve climate mitigation objectives.
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