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On 29 January 2025, the European Commission unveiled the Competitiveness Compass, 

a set of policy guidelines that highlights the need to align industrial decarbonization and 

long-term competitiveness. While existing literature recognizes the importance of 

innovation to develop or scale up low-carbon technologies, the link between firm-level 

green inventions and their real-world impacts on technological change, efficiency and 

emission levels has largely been overlooked. This paper investigates this relationship in 

the context of heavy industry firms regulated by the European Union Emissions Trading 

System from 2013 to 2020. In a first stage, efficiency and technological progress are 

assessed using a Technological Frontier Analysis, applied to emissions data from the EU 

Transaction Log and financial and operational data from ORBIS. In a second stage, a 

firm-level panel econometric model evaluates the effects of green patenting---measured 

using PATSTAT data---on firms' efficiency and technological progress. The results reveal 

a paradox: firms engaging in green patenting are, on average, less likely to contribute to 

technological change in their sector than non-green-patenting firms. This suggests that 

carbon-intensive technological lock-in may constrain the transformative impact of green 

innovation, allowing firms using conventional technologies to achieve greater performance 

gains from their innovative activities. 
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Executive summary 

 

 

On 29 January 2025, the European Commission unveiled the Competitiveness Compass, a set of 

policy guidelines aimed at “reigniting economic dynamism in Europe” (European Commission, 

2025b). A central pillar of this initiative is the creation of a joint road map that aligns industrial 

decarbonization with long-term competitiveness. Designing effective policies that promote green 

innovation and industrial decarbonization while maintaining competitiveness requires a nuanced 

understanding of how these objectives interact, of the policy instruments capable of shaping their 

alignment, and of how industrial production systems function (Dakpo et al., 2016; Diesing et al., 

2025; Morfeldt & Silveira, 2014). 

Building on this need for a better understanding of industrial production systems in view of 

decarbonization, this paper contributes to research on directed technical change and the impact of 

the EU’s carbon market, the EU ETS, on heavy industry by addressing a key gap in the literature: 

the missing link between green inventions and actual firm-level decarbonization and production 

outcomes. While prior studies have established that the EU ETS has spurred low-carbon patenting 

activity (Calel, 2020; Calel & Dechezleprêtre, 2014), and others have assessed general trends in 

technical change within EU~ETS sectors Dzemydaité & Naruševičius, 2023; Morfeldt & Silveira, 

2014), there remains limited evidence on whether such patented inventions have translated into 

measurable emission reductions or efficiency gains.  

This study complements existing literature by jointly analyzing technical and climate efficiency at 

the firm level among industrial firms regulated under the EU ETS' third phase (2013–2020). 

Applying a Technological Frontier approach, the analysis goes beyond identifying innovation 

signals to evaluate whether firms that engage in low-carbon patenting are also those that shift or 

approach the technological frontier. In a second step, patent data is added to run a firm-level panel 

econometric analysis in which a firm's distance to the frontier is explained by firm characteristics 

and patenting behavior. 

Key Findings: 

• Efficiency dispersion is uneven across EU ETS sectors. Sectors like paper, chemicals, 

and non-metallic minerals display significant heterogeneity in their firms' efficiency levels, 

highlighting a large potential for efficiency gains among laggards, while firms in sectors such 

as cement and steel produced via electric arc furnaces (EAF) are more uniform. 

• Technological progress is driven by a small number of firms within each sector. This 

suggests the presence of a strong leader–laggard dynamic. 

• Green patenting does not directly imply improvements in firm-level efficiency, even 

when the measure of efficiency includes both emission and output in its measure. This 

counterintuitive result could be explained by brown technological lock-in: firms diverting 

resources from brown innovation to green innovation lose out to firms that are pushing the 

technological frontier faster by continuing their investments in brown technologies. 

Ultimately, achieving deep decarbonization in heavy industries will require a dual focus on 

accelerating technological breakthroughs among sectoral leaders while ensuring broader diffusion 

of innovations and process changes across lagging firms. Policymakers must also look beyond 

patent-based metrics and prioritize direct evidence of emission reductions when evaluating the 

effectiveness of climate regulations. 
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