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“Green 
policies can 
boost 
productivity, 
spur growth 
and jobs” 

Angel Gurría, OECD Secretary-General 



• Environmental policies induce a switch of 
innovation activities away from dirty technologies 
and towards clean technologies 
 Aghion, Dechezleprêtre, Hemous, Martin & van 

Reenen (JPE forth.), Noailly & Smeets (2014), Popp & 
Newell (2012), Hottenrott & Rexhaüser (2013)  

• What is the impact on innovating firms and on 
the economy? 
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In addition to private benefits… 
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Marginal Benefits  
from Clean Technology 

Total R&D 
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Marginal Benefits from  
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Higher spending on clean can improve 
social welfare if clean spillovers are 

larger than dirty spillovers 

Gov’t pushing clean 



    If Clean > Dirty Spillovers 

• A policy-induced redirection of innovation from 
dirty to clean technologies can lead to higher 
economic growth  
• One of the theoretical motivations for the Porter 

hypothesis [Mohr (2002); Smulders & de Nooij (2003); Hart 
(2004, 2007); Ricci (2007)] 

• For this to happen requires that the knowledge 
externality is not properly internalized 
 



• The first best solution is to subsidize innovation 
according to the value of external benefits 
 How much heterogeneity is there in spillovers? 

• Is support to new clean innovations justified? 
• Ex: in 2011 OECD countries spent over 3 bn euros on 

R&D support to renewable energy technologies  

• Are current R&D support policies optimal? 



• Compare relative degree of spillovers 
between clean and dirty technologies 
• Measure knowledge spillovers using patent 

citations 
• 2 sectors: transportation and electricity 

production 

• Measure the economic value of these 
spillovers (for potential growth impacts and 
optimal climate policy design) 



• World Patent Statistical Database (PATSTAT) 
@ EU Patent Office 
 

• 1.2 million inventions filed in 107 patent 
offices from 1950 to 2005, 3 million 
citations made to these inventions  
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Count citations made to patents 

– Trajtenberg (1990), Cabellero and Jaffe (1993), Jaffe 
and Trajtenberg (1996, 1998), Jaffe et al. (1998), 
Jaffe et al. (2000) 

 

• Advantages 

– Mandatory for inventors to cite "prior art"  

– Data availability 

– Technological disaggregation  
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Random sample of 1000 innovations….  



 

Controls 
  

Number of 
citations received 

by innovation i 
 

Clean Dummy 
  

Poisson model 
because of left 

censoring 

Can interpret as 
percentage difference 



• Patent office x year x technology fixed effects 
• Recent increase in citations (web searches) 
• Clean patents younger 
• Differences across patent offices 

 
• Past patent stock in the same technological 

class (4 digit IPC) 
 

• Family size 
• Triadic 
• Granted 

 

Accounting for 
size of “citation 

pool” 

Controls for 
private value of 

innovation 



• Economic value of citations vary greatly 
 

 Weight citing patents on the basis of how 
many times they are themselves cited 



Set of patents citing I 
(Forward cites) 

Number of patents j 
cites (Backward cites) 

Defines a system of linear 
equations.  
Solve recursively 





Results 



Bigger citation pool = 
lower citations 

Value controls have 
expected positive signs 

New technology 

+43% spillovers  +29% spillovers  



• Disaggregate by sector 

• Compare clean & dirty patents developed by 
same inventor / company 

• Look at university/company/individuals patents 

• Control for R&D subsidies 

• Citations made by applicants only (not by 
examiners)  

• Different subsamples (triadic patents, US, EPO)  

• Correct for self-citations within applicant  

• Adding controls (# IPC codes, # inventors, # 
claims, # citations made, etc) 

 



The (unsurprising) deep 
reasons 
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The value of spillovers 



 

Accumulated 
R&D 

spendings 
  

Firm i’s stock market 
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Griliches’ (1981) market valuation equation: 

Knowledge 
inflows 

(spillovers) 

Cumulated idiosyncratic 
productivity shocks (Hall 

et al. 2005) 

Knowledge assets: 

Knowledge assets 



Decomposing knowledge spillovers 

= 

Knowledge 
inflow Other Clean Dirty 



Data 

• Firm-level patent data + financial data 

• 8735 firms, 2000-2011 

– Market value, assets, R&D, patents 

• Citations between firms to capture knowledge 
spillovers 

 



Results 



• New (clean) innovations generate significantly 
more spillovers than older (dirty) technologies; the 
marginal value of clean spillovers is also greater 

 Policies that induce a switch away from dirty and 
towards clean innovation can have economic co-benefits 

 Crowding out of dirty is key 

• There is a vast heterogeneity in the magnitude of 
knowledge spillovers 

 Justifies R&D support for radically new techs, including 
clean 

 Homogeneous R&D support suboptimal 



• Monetize value of spillovers 

Quantify and simulate the effect of clean 
policies on economic growth 

Determine optimal amount of public 
R&D support to new techs (including 
clean) 

How to target new techs? 

 

 

 



Back-up 



1. Measurement and drivers of knowledge spillovers 
using patent citations  
• [Griliches (1992); Trajtenberg (1990); Jaffe et al (1993); Henderson, 

Jaffe and Trajtenberg (1996); Thompson and Fox-Kean, (2005)]  

 A few papers on energy technologies [Popp and Newell 
(2012); Nemet (2012); Bjorner and Mackenhauser (2013); Verdolini and 
Galeotti (2011), Noailly & Shestalova (2013)] but no paper on clean 
vs dirty technologies  

2. Impact of knowledge spillovers on firms’ 
productivity and long run growth [Romer (1990); Aghion 
and Howitt (1996)]  

– Endogenous growth models with clean technologies and 
environmental policies [Smulders & de Nooij (2003); Hart 
(2004, 2007), Ricci (2007)]  
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Clean Grey Dirty 



Clean Grey Dirty 



• For a given innovation there are many 
patents filed in different patent offices 
 

• Patent family: all patents related to the same 
innovation/invention 
 

• Throughout we aggregate at the innovation 
level 
 



Grey (less dirty) innovations: Making fossil fuels 
more efficient 
 
➞ Cars: fuel injection technologies 
 
➞ Energy generation: “cleaner” coal (CHP, IGCC…) 
 

 



Patent citation distribution 
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Stronger effects in electricity 



Clean > Grey > Dirty 



Who benefits? 



Good news from growth perspective 



Good news from unilateral & multilateral policy perspective 



• Climate change has been a priority for 
governments for a while 
 

• Energy efficiency and security has been an 
issue for even longer 
 

• Clean innovations might already have been 
driven by subsidies? 



GovernmentSpendingi = GovernmentSpendingc( j )
jÎInventors(i )

å

• IEA collects data on clean R&D subsidies by 
governments for 28 countries 
 

• Allocate spending to innovations on the basis 
of location of inventors 





-5% 



• Usage of patent classification system (IPC & 
ECLA) 

• OECD & EPO have been working on identifying 
clean patents  

• Most recently Y02: A new classification system 
for climate change related technologies 
• Input from examiners and experts 
• Backward re-classification of patents 

 
 



Robustness 



 Sample of 
innovations by 

inventors 
doing both 

dirty & clean  



 Sample of 
innovations by 

companies doing 
both dirty & clean  





Reference 
category: 

Innovations filed 
by individuals 



Clean advantage 
slightly smaller 
for university 

patents 



• Five-year window  

• Citations made by applicants only (not by 
examiners)  

• Extreme outcomes  

• Different samples: inventions receiving at least 
one citation, Triadic patents, US or EPO patent 
office  

• Correct for self-citations within same applicant  

• Adding controls (# IPC codes, # inventors, # 
claims, # citations made, etc) 

 



Tobin’s Q equation 

Tobin’s Q 
= V/A 

Citations made = 
Knowledge inflow 




