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Climate Debate
• Global overheating is increasingly at the forefront of policy concerns

‣ Tight link between carbon emissions and temperature changes (Hasselmann-Manabe, NP 2021)

‣ The rise of decarbonization policies

‣ The stated objective is to reduce carbon emissions sufficiently to avoid an average temperature  
rise of no more than 1.5 degrees Celsius by 2050 (net neutrality)

• Active debate on how to control emissions
‣ Regulatory pressure may be insufficient to control emissions

‣ Transition to a green economy also requires innovation in green technology

‣ Implicit assumption in the debate is that green innovation leads to decarbonization… 

‣ …but is this assumption validated in the data?

• This talk: take a global perspective on the role of green innovation in decarbonization
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The Role of Green Innovation
• Two views on the role of green innovation:

• 1) (Dominant) Green innovation fosters firm investments in green technologies and 
subsequent reduction in carbon footprint (e.g., Aghion et al. 2016; Cohen et al. 2022)

‣ Brown firms change from carbon-intensive production to renewable production

‣ Brown firms improve efficiency of their fossil fuel use

• 2) Green innovation may stimulate consumption/production (the demand for the product). 
An increased efficiency of technology could lead to greater use and ultimately an increase 
in carbon emissions
(Jevons (1865) paradox: The CO2 Question)

• Empirical large-scale firm-level evidence on the net effect of green innovation and its 
drivers is very limited
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Context and Questions
Empirical Context: Global patenting activity 
• A large sample of global firms with carbon emissions data from 81countries
• Time period: 2005-2020

• What predicts green innovation of companies?

• What is the impact of green innovation on future corporate emissions and other policies?

• Are there spillovers to other companies?



Data



Datasets
• We collect information on all firms (public and private) in Orbis IP Financial data, Factset, and 

Worldscope
‣ Info on financial variables: assets, leverage, roe, capex, country of incorporation

• Merge with Orbis IP patent data
‣ Info on global patents of public and private firms: USPO, JPO, and EUPO

• Firm-level data on pollution from S&P Global Trucost (Bolton and Kacperczyk, 2021)
‣ Scope 1, scope 2, and scope 3 carbon emissions 

 Scope 1 greenhouse gas (GHG) emissions occur from sources that are controlled or owned by a firm
 Scope 2 and scope 3 are indirect and are related to energy consumption and supply chain
 Emission data of public companies

• Firm-level institutional data from Thomson Reuters, analyst data from IBES, internal 
governance data from Refinitiv, media data from Ravenpack



Our Sample
• Annual frequency over the period 2005—2020

• 11,344 global firms with financial, patent (any), and emission data
‣ 5,635 firms have at least one green efficiency patent registered over the time period
‣ 2,815 firms have at least one brown efficiency patent registered over the time period

• # of patents of all firms is 8,574,197; avg. # per firm is 755.84; avg. # per firm and year is 64.13

• Total number of green (brown) patents of all firms is 649,775 (216,719)

• Average number of green (brown) patents per firm is 57.28 (19.10)

• Average number of green (brown) patents per firm and year is 4.88 (1.57)

• 62,273 observations with complete financial, patent, and emission data (extensive margin)

• # of firm-year observations with either of the two patents matched to Trucost is approximately 28,668 
(intensive margin)



Classification of Innovation Activity
• We consider the following three types of innovation

‣ i) Green: Technologies that may substitute carbon dioxide emitting technologies for carbon dioxide-free 
technologies

‣ ii) Brown efficiency: Technologies that improve process efficiencies of fossil fuel sources and thus reduce 
carbon dioxide emissions per output

‣ iii) General efficiency: Technologies that improve processes efficiencies and thus reduce carbon dioxide 
emissions per output

• Classifications: 
‣ OECD 
‣ IPC Green Inventory 
‣ Fossil fuels (FF) efficiency improving classes by Lanzi et al. (2011) 
‣ Self classification based on Corporate Knights Clean 200

• Examples of innovation classifications:
‣ Green: Wind energy
‣ Green: Nuclear fusion reactors
‣ Brown: Emissions abatement from stationary sources 
‣ Brown: Oil spill and pollutant clean-up 
‣ General efficiency: Energy storage
‣ General efficiency: Landfilling



Measures of Innovation Activity
• We distinguish between worldwide (less stringent) patents and EUPO (more stringent patents)

• Results presented for EUPO

• We define measures of innovation activity

• GREENRATIOWW: green patents filed at any patent office in the world over the total number of patent filings in 
that year

• GREENRATIOEP: green patents filed at EUPO over the total number of patent filings in that year
• BROWNRATIOWW: brown patents filed at any patent office in the world over the total number of patent filings 

in that year
• BROWNRATIOEP: brown patents filed at EUPO over the total number of patent filings in that year



Patent Ratios over Time



Patent Ratios over Time across Regions



Empirical Specifications



Baseline Empirical Models: Firm-Level
• Pseudo Poisson MLE (for the extensive margin) and OLS (for the intensive margin)
• Standard errors double-clustered at firm and year dimensions

• Baseline model 1:
Patent Ratiof,t= 𝑏𝑏0 + 𝑏𝑏1𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙1𝑓𝑓 + Ω𝐶𝐶𝑙𝑙𝐶𝐶𝐶𝐶𝐶𝐶𝑙𝑙𝑙𝑙𝑠𝑠𝑓𝑓 + Γ𝑐𝑐 + Γ𝑖𝑖∗𝑡𝑡 + 𝑒𝑒𝑓𝑓,𝑡𝑡

• Baseline model 2:
𝐸𝐸𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑙𝑙𝐶𝐶𝑠𝑠 f,t+h= 𝑏𝑏0 + 𝑏𝑏1Patent Ratiof,t + Ω𝐶𝐶𝑙𝑙𝐶𝐶𝐶𝐶𝐶𝐶𝑙𝑙𝑙𝑙𝑠𝑠𝑓𝑓 + Γ𝑐𝑐 + Γ𝑖𝑖∗𝑡𝑡 + 𝑒𝑒𝑓𝑓,𝑡𝑡; h=1, 3

• Baseline model 3:
𝐶𝐶𝑙𝑙𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑠𝑠 f,t+h= 𝑏𝑏0 + 𝑏𝑏1Patent Ratiof,t + Ω𝐶𝐶𝑙𝑙𝐶𝐶𝐶𝐶𝐶𝐶𝑙𝑙𝑙𝑙𝑠𝑠𝑓𝑓 + Γ𝑐𝑐 + Γ𝑖𝑖∗𝑡𝑡 + 𝑒𝑒𝑓𝑓,𝑡𝑡; h=1, 3



Empirical Findings I
Patent Ratios



Do Firm Emissions and Age Affect Green Innovation?



Do Firm Emissions and Age Affect Brown Innovation?



Innovation and Stock of Patents



Results Summary
• Strong evidence of path dependence in the production of innovation: 

‣ Green firms are more likely to produce green patents; brown firms are more likely to 
produce brown patents

‣ Young (old) firms are more likely to innovate in green (brown) sector
‣ Stock of past patents predicts future patenting activity

⇒brown companies do not redirect their operations towards environmentally friendly activities
⇒they squeeze out efficiency gains in the brown industry



Empirical Findings II
Real Effects



The Impact on Emissions and Other Corporate Decisions
• Much policy action is predicated on the assumption that technological change is the solution to 

the climate crisis 

• But does green/brown innovation significantly reduce carbon emissions? 
‣ Green innovation may lead to more upstream emissions (e.g., solar panel and electric vehicle production 

require inputs and energy that cause upstream carbon emissions; the case of Tesla)

‣ With brown efficiency-improving innovation the effect on carbon emission reductions may be limited 
because of rebound effects (e.g., fuel economy innovations for combustion engine cars may be undone by 
people driving longer distances; battery life improvements for cell phones may simply result in greater phone 
usage; the case of Iceland)

• It is unclear how much green and brown efficiency-innovation has affected direct and indirect 
carbon emissions 

• How have companies’ innovation activities changed their corporate policies, such as capital 
expenditures, sales, or cash holdings? 
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Does Green Innovation Spur Emission Reduction?



Does Brown Innovation Spur Emission Reduction?



Green Patent Citations and Future Emissions



Brown Patent Citations and Future Emissions



Robustness

• All results robust to:
‣ Most regions (strongest for the US and Europe)
‣ Alternative industry classifications
‣ Energy sector only
‣ Large fraction of industries
‣ Legacy sample (with emissions data pre 2016)
‣ Patent count measures
‣ Top quintile of patenting activity (intensity)
‣ Blockbuster patents
‣ Worldwide patents (weaker scrutiny)
‣ Dropping firms with M&A (allocation of patents to bidders may be less clear)



Possible Explanations of the Failure of Green Innovation

• The lack of any clear evidence of R&D activity on future carbon emissions and capital 
expenditure may be due to multiple reasons 

‣ Filing a patent may only be a first step in a protracted innovation process

‣ Most patents are about incremental technological improvements that do not have a wide impact

‣ When a technological breakthrough is significant it can affect multiple margins (e.g., for a brown efficiency-
improving innovation the effects could be simultaneously to improve carbon efficiency and sales => overall 
effect on the level of emissions possibly limited)

‣ Many companies are conglomerates and their R&D activity is only a small part of their operations

‣ Innovation that is patented is destined primarily to other companies and therefore would not have a 
significant impact on the company’s carbon emissions or capital expenditures



Empirical Findings III
Industry Spillovers



Spillovers to Other Companies

• Innovation that is patented is destined primarily to other companies and therefore would not 
have a significant impact on the company’s carbon emissions or capital expenditures

• Look at the effect of innovation on emissions of companies in the same industry
‣ Industry-level analysis
‣ Distinguish between patenting (directly affected by innovation) and non-patenting (beneficiaries of 

innovation) companies



Spillovers to Other Companies: Green Patents



Spillovers to Other Companies: Brown Patents



Summary: Main Results and Contribution to the Literature
• Energy revolution is frequently presented as a way to address the climate crisis

• Our evidence suggests that more green innovation does not translate into reductions in 
emissions => consistent with Jevons paradox

• Companies that innovate in green (brown) space tend to be green (brown) companies => 
consistent with path-dependency argument of Aghion et al. (2016)

• Little evidence of significant spillovers to other firms in the same industry; some evidence that 
brown innovators capture a greater share of the market and thus negatively affect emissions of 
other firms (short-run) and positively affect investments (long-run)

• Contribution to the literature: the first comprehensive analysis of global green/brown 
patents with evidence on firm-level emission impact
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