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Two views on the role of green innovation on emissions

Green innovation

/

Allows for emission reductions

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

» Brown firms improve efficiency of their
fossil fuel use

» e.g. Aghion et al. (2016)

T~

Does not allow for emission reductions

» Jevons (1865) paradox: Efficiency
increases, but higher consumption
dominates any efficiency gain

» Arrow: Replacement effect (1962) &
Economics of learning-by-doing (1971)
drive path dependency

» Displacement effect: Emissions spill over
to other parts of the production network
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This paper:

Global perspective on the role of green innovation in decarbonization

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

= More green innovation does not allow for emission reductions

@ What are possible underlying economic mechanisms?
= Path dependency in the production of innovation
= The role of the Jevons paradox

= Emission displacements
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(X Data and setting

/Il What is the impact of green innovation on future corporate emissions?

O

o What are possible underlying economic mechanisms?
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Data: Firm-level data on carbon emissions and patenting

© Carbon emission data from S&P Global Trucost
» Public firm scope 1, scope 2 and scope 3 CO2 equivalent emission data
» Coverage: 2005 to 2022

@ Patent data from Orbis Intellectual Property
» Global patent data for public and private firms

» Focus on patents granted by the European Patent Office (EPO) including later
patent purchases

© Financial information from Orbis, Compustat, FactSet and Worldscope
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What qualifies as green innovation?

» Pool greenhouse gas related classifications from 4 sources:
OECD Env-tech; IPC Green Inventory; Fossil fuels (FF) efficiency
improving classes by Lanzi et al. (2011); & a self classification based

Cooperative Patent
Classification

GHG-related
(OECD U IPC
U CK U FF)

on Corporate Knights Clean 200 companies (CK)

» Split greenhouse gas related classifications in 2 types:
@ Green: Technologies that substitute/ enable the
substitution of carbon dioxide emitting technologies for
carbon dioxide-free technologies

unrelated

@ Brown: Technologies that improve process efficiencies of
fossil fuel sources and thus reduce carbon dioxide

emissions per output
{ Green } { Brown } {undasswﬁed}
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Green patent example
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Brown patent example
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Patent ratio, as innovation measure, to focus on relative attention

Green patent county ; Brown patent county ;
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Data and setting
/Il What is the impact of green innovation on future corporate emissions?

What are possible underlying economic mechanisms?
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Does green/ brown innovation allow for emission reductions?

Yf.t:t+2 = Po + BiPatent Ratior ;_3.;—1 +QControlsg s 3.:—1+T¢+Tjxt +&f¢

(1) () (3) (3)

LOGS1TOTr.t42 LOGS2TOTr.t42 LOGS3UPTOT¢.t42 LOGS3DOWNTOTr.t42

Panel A: Green innovation
GREENRATIOf ¢_3.¢-1 0.004 0.022 0.013 —0.031

(0.035) (0.036) (0.017) (0.082)
R2 Full Model 0.967 0.967 0.985 0.953
R2 Reduced Model 0.967 0.967 0.985 0.953
Partial R2 (x10e-5) 0.00864 0.364 0.281 0.139
Observations 39159 39159 39159 21521
Panel B: Brown innovation
BROWNRATIOf ¢ 3.¢-1 0.109% —0.016 0.025 0.234

(0.059) (0.065) (0.029) (0.168)
R2 Full Model 0.967 0.967 0.985 0.953
R2 Reduced Model 0.967 0.967 0.985 0.953
Partial R2 (x10e-5) 1.947 0.0627 0.311 2.078
Observations 39159 39159 39159 21521
Controls yes yes yes yes
Industry-Year F.E. yes yes yes yes
Firm F.E. yes yes yes yes

Controls include: LOGSIZE, LOGPPE, LEVERAGE, ROE, M/B, INVEST/A, LOGASSETS, LOGAGE, BETA, VOLAT, RET, and
MSCI. Standard errors are double clustered at firm and year dimension.
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How large is the explanatory power of green/brown innovation?

Yf.t:t+2 = Po + BiPatent Ratior ;_3.;—1 +QControlsg s 3.:—1+T¢+Tjxt +&f¢
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Observations 39159 39159 39159 21521
Panel B: Brown innovation
BROWNRATIOf ¢ 3.¢-1 0.109* —0.016 0.025 0.234

(0.059) (0.065) (0.029) (0.168)
R2 Full Model 0.967 0.967 0.985 0.953
R2 Reduced Model 0.967 0.967 0.985 0.953
Partial R2 (x10e-5) 1.947 0.0627 0.311 2.078
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Controls include: LOGSIZE, LOGPPE, LEVERAGE, ROE, M/B, INVEST/A, LOGASSETS, LOGAGE, BETA, VOLAT, RET, and
MSCI. Standard errors are double clustered at firm and year dimension.
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Data and setting

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

&

o What are possible underlying economic mechanisms?

RSM
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[1] Increase in sales and improvements in emission intensity in line with

the Jevons Paradox

Yf.t:t42 = Po+ BLBROWNRATIO¢ 3.+ 1 +QControlss 1 3.4 1 +T¢+Tjxe +€f ¢

(1) B) 3) ) (5) (6)
S1INT;.e40 S2INTi2 S3UPINTt42  S3DOWNINT:.41p  LOGSALES:+1»  LOGCAPEX:.ti2

BROWNRATIOf ¢—3.4-1 —0.073 —0.059** —0.142** —0.155 0.067*** 0.138*

(0.245) (0.026) (0.046) (1.232) (0.021) (0.057)

Observations 39159 39159 39159 21521 39159 39068

R2 0.940 0.865 0.938 0.903 0.984 0.954

Controls yes yes yes yes yes yes

Industry-Year F.E. yes yes yes yes yes yes

Firm F.E. yes yes yes yes yes yes

Controls include: LOGSIZE, LOGPPE, LEVERAGE, ROE, M/B, INVEST/A, LOGASSETS, LOGAGE, BETA, VOLAT, RET, and MSCI. Standard
errors are double clustered at firm and year dimension.
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[2] Little impact of green innovation

¥ t:t+2 = Po+ B1GREENRATIO¢ ;_3.. 1 +QControlse s 3.4 1 +T¢+Tjxt +&r¢

(1) () ®3) (4) (5) (6)
S1INT:.t42 S2INT.t42 S3UPINT.t12  S3DOWNINT:.t12  LOGSALESt+i2  LOGCAPEX:.ti2
GREENRATIOf ¢—3.4-1 0.210 0.017 0.001 0.324 0.002 —0.016
(0.144) (0.018) (0.037) (0.532) (0.015) (0.029)
Observations 39159 39159 39159 21521 39159 39068
R2 0.940 0.865 0.938 0.903 0.984 0.954
Controls yes yes yes yes yes yes
Industry-Year F.E. yes yes yes yes yes yes
Firm F.E. yes yes yes yes yes yes

Controls include: LOGSIZE, LOGPPE, LEVERAGE, ROE, M/B, INVEST/A, LOGASSETS, LOGAGE, BETA, VOLAT, RET, and MSCI. Standard
errors are double clustered at firm and year dimension.

= Possibly due to low ex-ante emissions?
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[2] Path dependency in the production of innovation

Consistent with the Arrow replacement effect (Arrow 1962) & learning-by-doing (Arrow 1971)

PATENTRATIO; ; =fo+ BLEMISSIONy ;1 + BoAGEf ¢ 1 + B3STOCK 1 +QControls s 1 +Tc+Tiue + 5.

o) (2 (3) (4) (5) (6)
GREENRATIO: BROWNRATIO;

LOGS123UPTOT¢ -1 0.055** —0.054*** —0.003

(0.025) (0.018) (0.024)
LOGAGE¢ ;1 —0.186"** —0.150*** —0.078

(0.036) (0.031) (0.118)
PATSTOCKGREEN(/100)f ¢—1 0.053*** 0.058*** —0.001

(0.011) (0.011) (0.005)
PATSTOCKBROWN(/100)¢ ;1 —0.034"** —0.056"** 0.009

(0.013) (0.013) (0.011)
Country F.E. yes yes yes
Year F.E. yes no no
Industry X Year F.E. no yes yes
Firm F.E. no no yes
Observations 32366 31750 23643
Pseudo R2 0.0364 0.109 0.221

Estimated with Poisson pseudo-maximum likelihood. Other controls include: LOGSIZE, LOGPPE, LEVERAGE, ROE, M/B, INVEST/A,
BETA, VOLAT, RET, and MSCI. Standard errors are double clustered at firm and year dimension.
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[2] Path dependency in the production of innovation

Consistent with the Arrow replacement effect (Arrow 1962) & learning-by-doing (Arrow 1971)

PATENTRATIO; ; =fo+ BLEMISSIONy ;1 + BoAGEf ¢ 1 + B3STOCK 1 +QControls s 1 +Tc+Tiue + 5.

1) ) ®3) (4) (5) (6)
GREENRATIO; BROWNRATIO:
LOGS123UPTOT¢ -1 0.055** —0.054*** —0.003 0.277* 0.003 —0.007
(0.025) (0.018) (0.024) (0.044) (0.043) (0.087)
LOGAGEs ;1 —0.186"** —0.150*** —0.078 0.122* 0.083 —0.040
(0.036) (0.031) (0.118) (0.066) (0.061) (0.218)
PATSTOCKGREEN(/100)f ¢—1 0.053*** 0.058*** —0.001 —0.114* —0.104* —0.018
(0.011) (0.011) (0.005) (0.027) (0.034) (0.011)
PATSTOCKBROWN(/100)¢ ;-1 —0.034"** —0.056"** 0.009 0.147 0.123** 0.003
(0.013) (0.013) (0.011) (0.026) (0.032) (0.011)
Country F.E. yes yes yes yes yes yes
Year F.E. yes no no yes no no
Industry X Year F.E. no yes yes no yes yes
Firm F.E. no no yes no no yes
Observations 32366 31750 23643 32255 27933 13723
Pseudo R2 0.0364 0.109 0.221 0.0711 0.168 0.273

Estimated with Poisson pseudo-maximum likelihood. Other controls include: LOGSIZE, LOGPPE, LEVERAGE, ROE, M/B, INVEST/A,
BETA, VOLAT, RET, and MSCI. Standard errors are double clustered at firm and year dimension.
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[3] Firms with higher green patent ratios tend to lose market share

A form of emission displacement

MARKETSHAREf’t:thz = o + B1Patent Ratiof; 3.+ 1+ QCOHtrOISf,t,?,;t,l +Tr+ ijt + &t

(1) @)
MARKETSHARE;

GREENRATIOf ¢_3.t—1 —0.018"*

(0.008)
BROWNRATIOf + 341 0.003

(0.008)

Observations 115895 115895
R2 0.965 0.965
Controls yes yes
Firm F.E. yes yes
Industry x Year F.E. yes yes

Other controls include: LOGASSETS, LOGPPE, LEVERAGE, ROE, INVEST/A, LOGAGE,
and PUBLIC. Standard errors are double clustered at firm and year dimension.
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Conclusion

> More green innovation does not translate into reductions in emissions
= Consistent with Jevons paradox

= Consistent with displacement effect

» Companies do not switch their innovation profile

= Path-dependency consistent with Arrow replacement effect and learning-by doing

= Path dependency extends beyond firm operations to the production network

» Policy implications:
= Decarbonization may require coordination of efforts across companies and sectors

= Public sector green industrial policy can help overcome ecosystem replacement effects
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