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Green Innovation is the Silver Bullet

• Larry Fink in 2022 letter to shareholders: “The next 1,000 unicorns won’t be search 
engines or social media companies, they’ll be sustainable, scalable innovators—startups 
that help the world decarbonize and make the energy transition affordable for all 
consumers”

• ?

• Tech Billionaires Bet on Fusion as Holy Grail for Business (WSJ 04/23/2023)

• Bill Gates upbeat on climate innovation, even if 1.5C goal out of reach (Reuters, 12/20/ 2022)

‣ Gates has invested more than $2 billion toward climate technologies, including direct air capture, 
solar energy and nuclear fission. The 14-year-old fission company TerraPower, in which Gates has 
invested, aims to have a demo reactor running by 2030.

?



Two views on green innovation

1) Green innovation fosters firm investments in green technologies (R&D) and subsequent 
reductions in carbon emissions (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

2a) Green innovation may stimulate consumption/production (the demand for the product). This 
could lead to greater use and ultimately an increase in carbon emissions (Jevons 
(1865) paradox)

2b) Arrow: Replacement effect (1962) & Economics of Learning-by-doing (1971) 

2c) Displacement effect: emissions may spill over to other parts of the production network 
(Tesla) or other companies (Ford => Toyota)



Questions

Coverage

• A large sample of global firms with carbon emissions data from 81countries

• Period: 2005-2020

• Do firms switch their technological profile?

‣ Is there path dependency in green innovation? The role of learning-by-doing

‣ Is there evidence of Arrow replacement effect?

• What is the impact of green innovation on future corporate carbon emissions?

‣ Is there evidence of Jevons’ paradox?

• Are there spillovers to other companies?

‣ Is there evidence of emission displacement?



Data



Data Sets

• We collect financial 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 GHG emissions from S&P Global Trucost (Bolton and Kacperczyk, 2021)

‣ Scope 1, scope 2, and scope 3 (upstream and downstream) 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



Our Sample

• Annual frequency: firm and industry level

• 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 two 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 unit of 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 



Classification of Innovation Activity



Patent Counts and Innovation Capacity (Scale & Scope)

Extensive margin Intensive margin



Measures of Innovation Activity

• We distinguish between worldwide (less stringent) and EUPO (more stringent) patents

• Results presented for EUPO

• We define two main measures of innovation activity

• GREENRATIOEP: green patents filed at EUPO 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



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= 𝑏0 + 𝑏1𝑙𝑜𝑔𝑆1𝑓 + Ω𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑓 + Γ𝑐 + Γ𝑖∗𝑡 + 𝑒𝑓,𝑡

• Baseline model 2:

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 f,t+h= 𝑏0 + 𝑏1Patent Ratiof,t + Ω𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑓 + Γ𝑓 + Γ𝑡 + 𝑒𝑓,𝑡; h=1, 3, 5

• Baseline model 3:

𝐶𝑜𝑟𝑝𝑉𝑎𝑟𝑠 f,t+h= 𝑏0 + 𝑏1Patent Ratiof,t + Ω𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑓 + Γ𝑓 + Γ𝑡 + 𝑒𝑓,𝑡; h=1, 3, 5



Empirical Findings I

Green Innovation and Firm Type



Firm Type and  Green/Brown Innovation: Extensive Margin



Firm Type and  Green/Brown Innovation: Intensive Margin



Firm Type and  Green/Brown Innovation: Emission Types



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 of Green R&D on Future GHG Emissions

• 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) 

‣ Iceland: Produces all its electricity from renewables (geothermal energy) yet it has high carbon emissions 
(per capita). How is this possible? Because it has attracted heavy industry (aluminum plants) that comes to 
Iceland because of the cheap energy. This industry emits a lot of CO2!

• 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? 



Does Green/Brown Innovation Spur Emission Reductions?

Green innovation has not resulted in

significant carbon emission reductions 

for innovating firms even after 5 years 

since filing the patent

brown efficiency innovations 

result in increased future 

emissions

a small improvement in 

scope 2 emission intensity

undone by an increase in sales



Possible explanations for the limited effect of green innovation

• The lack of any clear impact 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



Renewable Energy Technological Progress



Empirical Findings III

Industry Spillovers



Effects on Other Companies

• Hypothesis: Innovation that is patented is destined primarily to other companies and therefore 
would not have a significant impact on the company’s own carbon emissions or capital 
expenditures, but will have effects on other companies adopting the innovation

• Look at the effect of innovation on emissions of companies in the same industry (spillovers)

‣ Industry-level analysis

‣ Distinguish between patenting (directly affected by innovation) and non-patenting (beneficiaries of 
innovation) companies



• Effects on all firms within the same industry: 

‣ green innovation is positively associated with future scope 1 emissions in the same industry (driven by an 
increase in industry sales, as scope 1 emission-intensity is reduced)

‣ green innovation is associated with higher future scope 2 emissions, consistent with the displacement effect

(e.g., 91% of electricity in West Virginia, 75% in Missouri , 74% in Wyoming and 71% in Kentucky produced with coal-
fired power plants)

‣ green innovation is associated with significant upstream carbon emission-intensity improvements

• Effects on all innovating firms in the industry:

‣ no effect of green innovation on subsequent carbon emission reductions

‣ green innovation is associated with higher scope 2 emissions

• Effects on all non-innovating firms in the industry:

‣ no evidence of any within-industry spillovers between green innovators and non-innovators

‣ green innovation is associated with higher scope 2 emissions and scope 2 intensity of non-innovating firms

Spillovers to Other Companies: Green Patents (Patenting/Non-Patenting Firms)



• Effects on all firms within the same industry: 

‣ we find some (statistically insignificant) reduction in direct or indirect carbon emissions following greater 
brown patenting activity

• Effects on all innovating firms in the industry:

‣ emissions of innovating firms increase slightly

• Effects on all non-innovating firms in the industry:

‣ emissions (both direct and indirect) are lower 

‣ this effect is driven by a reduction in sales and investments

Spillovers to Other Companies: Brown Patents (Patenting/Non-Patenting Firms)



Green Patents:

• Effects on all firms: 

‣ we find a significant cross-industry spillover effect on carbon emissions for upstream scope 3 emissions and 
for downstream scope 3 emissions (for green innovation activity averaged over three years 
3YEARAVGGREENRATIOEP) 

• This effect works entirely through innovating firms

Brown Patents

• We find a significant positive cross-industry effect on the level of downstream scope 3 
emissions

• We also find a significant worsening of the scope 1 and scope 2 carbon intensity of innovating 
firms 

• An efficiency gain in brown technology in one sector can result in increased carbon emissions 
in another sector (through the supply chain) by inducing greater use of a complementary 
brown technology.

Spillovers to Other Companies: Brown Patents (Patenting/Non-Patenting Firms)Adoption by Other Industries: (Patenting/Non-Patenting Firms)



Green Patents:

• Effects on all firms: 

‣ neither public nor private innovation is associated with any statistically significant reduction in industry-level 
emissions

‣ We find a stronger positive association of public innovation with future scope 2 emissions; this is mostly 
driven by the subset of innovating companies, which are also the ones with the highest sales growth

Brown Patents

• We find that public and private innovation do not seem to have markedly different impacts on 
future industry-level emissions

Spillovers to Other Companies: Brown Patents (Patenting/Non-Patenting Firms)Spillovers from the universe of privately held companies



Innovation and Market Shares



How large is the effect of green innovation?

The partial R2s typically do not exceed 1% 
=> 
Corporate decarbonization is explained only to a 
very limited extent by green R&D

Controls include: LOGSIZE, LOGPPE, LEVERAGE, ROE, M/B, INVEST/A, BETA, VOLAT, MOM, RET and MSCI



Summary: Main Results and Contribution to the Literature

• Companies that do green (brown) innovation tend to be green (brown) companies 

=> path-dependency (Aghion et al., 2016) and Arrow replacement effect (replacement effect goes beyond firm 
operations and extends to production network)

• Companies do not switch their innovation profile even if they change their carbon profile

• More green innovation does not translate into reductions in emissions 

 consistent with Jevons’ paradox

 consistent with displacement effect

• Implications for policies that support blanket subsidies of green innovation; carbon problem 
requires coordination of efforts across companies and sectors (role for the public sector)

• We need a green industrial policy to overcome ecosystem replacement effects
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