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Motivation: 
How prevalent is ESG Investing?

• As of  2020, sustainable investing represents more than 33 percent of  the $51.4 trillion 
in U.S. assets under management. Compared to 2017, sustainable and impact investing 
has increased by more than 42% (USSIF 2020). 

• Several contributors to this growth 
– Awareness about climate related factors
– Mandates by governments

• 2015 guidance issued by the Department of  Labor which allowed fiduciaries 
to incorporate environmental, social, and governance (ESG) factors into their 
investment decision. 

• The implementation of  ESG is often done by either avoiding certain categories 
categorically (such as Tobacco (27%), Weapons (16%), Fossil Fuel (11%), Gambling 
(11%)), or embracing certain industries (such as Local Economic Benefit (22%), Clean 
Tech (14%), Environment (11%), etc.).

• ESG Scores 



Motivation: 
Arguments for/against ESG Investing

• Preferences: Investors willing to sacrifice an amount of  risk-adjusted return in order to allow the 
fund to achieve returns with aligned ESG focus; or alternatively, pay more for a fund that 
promises the same ex-ante risk-return dynamics while delivering aligned ESG investment. 

• Beliefs: A micro-founded, belief-based view of  ESG investing could exist irrespective of  the 
investor’s actual preferences for ESG.  

– Customers: If  consumers value products that are ESG compliant, they might be willing to 
pay a premium for these, or firms might collect a monopolistic rent on production if  it were 
a salient product differentiation attribute. 

– Employees: If  talented workers preferred companies following ESG principles, it could also 
be a mechanism to attract higher quality factors of  production (such as human capital), or 
pay less for these factors.  In these ways, good ESG behavior might be a source of  
comparative advantage that – if  the market didn’t fully impound – could result in favorable 
future return dynamics.

vs.

• Constrained portfolio maximization run by ESG-constrained fund managers is dominated by the 
unconstrained maximization run by other managers, resulting in likely underperformance in the 
risk-return space.



Motivation: 
Evidence on the Effect of  ESG Investing

• Realized performance: The academic evidence on the realized performance of  ESG-
focused funds is decidedly mixed. 

• Effect on firm behavior: There is limited systematic evidence that firms 
receiving disproportional amounts of  capital from ESG flows have outperformed 
in any measurable way.

• Given this, our understanding of  whether ESG investment flows impact innovation 
which can help us solve environmental problems is incomplete.

• We investigate who produces green patents, or innovation that helps address climate 
change and other environmental challenges, and who are the most influential of  these 
green patent producers.

– Incentives

– Capability

• Whether the capital of  investors who desire to allocate capital toward ESG objectives 
actually do end up investing in these producers. 



Sample
• USPTO: We use two large datasets that capture the complete 

universe of  patents from 2008 through 2020 in order to identify 
the universe of  green patenting activity (Patent Citation and 
Patent Assignment databases).

• For much of  our analysis on firm characteristics of  patenting 
entities, we concentrate on publicly traded firms, due to there 
being rich, publicly available measures of  firm characteristics, 
external activities, income, profitability, patent holdings, fund 
flows.  

• ESG ranking data (Sustainalytics ESG Ratings) – post 2008.
– Now replicated with MSCI. 









What are Green Patents?
• We follow the guidelines the Organization for Economic Co-operation and Development 

(OECD) created for the same purpose.
• Patents that are related to environmental technologies are classified into various broad 

environmental technology categories including: environmental management, water related 
adaptation technologies, biodiversity protection and ecosystem health, climate change 
mitigation technologies related to energy generation, and waste-water treatment or 
waste management. 



What are Green Patents?







Top 50 Green Patent Producers
Company Name Total green patents Rank Company Name Total green patents Rank

GENERAL ELECTRIC CO 7520 1 BOEING CO 743 25

HONDA MOTOR CO LTD 4685 2 MOTOROLA SOLUTIONS INC 712 26

PANASONIC CORP 4576 3 BP PLC 631 27

HITACHI LTD 3921 4 CONOCOPHILLIPS 629 28

FORD MOTOR CO 2633 5 IONIS PHARMACEUTICALS INC 621 29

DUPONT DE NEMOURS INC 2617 6 CHEVRON CORP 614 30

UNITED TECHNOLOGIES CORP 2302 7 BASF SE 604 31

GENERAL MOTORS CO 2118 8 US OIL CO 595 32

NISSAN MOTOR CO LTD 2084 9 DELPHI TECHNOLOGIES PLC 585 33

CATERPILLAR INC 1712 10 NEC CORP 549 34

EXXON MOBIL CORP 1670 11 APPLIED INDUSTRIAL TECH INC 548 35

SONY CORP 1640 12 PFIZER INC 546 36

HONEYWELL INTERNATIONAL INC 1631 13 APTIV PLC 542 37

SIEMENS AG 1486 14 BAYER AG 527 38

INTL BUSINESS MACHINES CORP 1469 15 FUJIFILM HLDGS CORP 418 39

SANYO ELECTRIC CO LTD 1315 16 INTEL CORP 417 40

VIACOMCBS INC 1240 17 CHRYSLER CORP 401 41

ROYAL DUTCH SHELL PLC 1199 18 MICRON TECHNOLOGY INC 398 42

DAIMLER AG 1038 19 LOCKHEED MARTIN CORP 395 43

PARKER-HANNIFIN CORP 990 20 LINDE PLC 392 44

CANON INC 974 21 EASTMAN KODAK CO 364 45

KONINKLIJKE PHILIPS NV 903 22 APPLIED MATERIALS INC 359 46

AIR PRODUCTS & CHEMICALS INC 863 23 ROCKWELL AUTOMATION 355 47

CUMMINS INC 804 24 LG DISPLAY CO LTD 346 48

BOEING CO 743 25 DEERE & CO 337 49

MOTOROLA SOLUTIONS INC 712 26 VERIZON COMMUNICATIONS INC 336 50

Energy Sector (SIC): 10 (Metal, Mining), 12 (Coal Mining), 13 (Oil & Gas Extraction), 14 (Nonmetallic 
Minerals, Except Fuels), 29 (Petroleum & Coal Products), or 49 (Electric, Gas, & Sanitary Services).



Findings
1. A large fraction of this recent green patenting is not driven by highly rated

ESG firms, firms that are commonly favored by ESG funds, but instead by
firms that are explicitly excluded from ESG funds investment universe.

2. The energy sector has a large and growing percentage of their entirety of
patenting activity dedicated to green research.

3. Energy firms allocate significantly more of their innovation efforts toward
green innovation than other firms active in the green patenting space.
- Significantly more than highly rated ESG firms.
- Significantly more than other sectors that are in aggregate large green

patent producers.
 Nearly three times the relative focus on green innovation in their innovation

portfolio as the average industry, at 22.25% of patenting.
 Net-Green Patenting (Patent class has one green option)



Findings
4. The green patents of energy producing firms are significantly higher quality:

– In terms of being more highly cited.
– More likely to produce “blockbuster” green patents than other firms.

5. The patents of energy producing firms also differ with respect to other attributes:
– First mover: Energy patents are among the first patents in each green innovation classes.
– Specifically, within a given subclass of green technologies, earlier patent are predominantly

grants to energy firms.
– Influential early patents: The patents that are granted to energy firms tend to receive

higher citations compared to green patents granted to non-energy firm amongst all first
movers.

– Non-Substitutability of Energy Industry’s Brown Patents: Brown patents of energy
firms show more relative importance for the entirety of the green innovation landscape than
the brown patents of non-energy firms.

6. Moreover, we do not find evidence that energy companies are restricting others from innovating
in specific product areas (no evidence of patent thickets).

– Traditional energy firms’ green patents are predominantly cited by firms outside of the energy
industry (74% of citations) – comparatively more outside influence than other green
patentors (71%).



Findings

7. In investigating whether energy firms simply purchase or acquire these innovative
patents from outside firms and innovators, we find that the vast majority (over 97%) of
their green patents are initiated and developed in-house (organically).

– Further, traditional energy firms even appear over-represented amongst the top
net green patenting firms in the economy.

– Energy firms are significant global producers of alternative energy (electricity
wattage) tied to their blockbuster patents and are central investors in some of the
largest renewable projects worldwide (demonstrated by Shell’s involvement in
NoordzeeWind, the first wind farm with capacity to generate over 100MW, built
in the Dutch North Sea).

8. On the intensive margin, energy firms even get less “credit” in terms of incremental
ESG score increase for each (higher quality) green patent they produce.

9. These energy firms are explicitly excluded from many ESG funds, and the targets
of many divestiture campaigns whose stated aims often include push forward green energy
innovation.



Green Funds Investment in Energy Sector
Conditional on a firm being in the Energy Sector

Energy firms are:
1. significantly less likely to be held at all;
2. are held in significantly smaller amounts;
3. are held in significantly smaller weights relative to their index-weight; by Green Funds vs. all
other funds.



Green Funds Investment in Energy Sector
Conditional on a firm being in the Top 3 Sectors (outside of Energy)

Top 3 Sectors (outside of  Energy):
1. significantly more likely to be held at all;
2. are held in significantly larger amounts;
3. are held in significantly larger weights relative to their index-weight; by Green Funds vs. all
other funds.



  (1) (2) (5) (6) 
 

Has Low Carbon Products Has CAPEX in 
Green Products and Services 

 All Energy Sector All Energy Sector 
          
Green Patent / All Patent  0.4431***  0.6905***  0.1352***  0.3692***   

(5.847) (3.757) (6.725) (3.091) 
Log MVE 0.0360***  0.0453***  0.0019***  0.0151***   

(23.473) (7.194) (4.721) (3.680) 
Log Age 0.0197***  0.0240 0.0016 0.0085  

(5.240) (1.591) (1.563) (0.868) 
Cash 0.0005 -0.0437 -0.0000 -0.0404  

(0.281) (-0.515) (-0.085) (-0.733) 
Book Leverage -0.0037 0.0074 0.0005 0.0030  

(-0.538) (0.138) (0.294) (0.085) 
Investment 0.0160 -0.1199 0.0070 -0.0598  

(0.404) (-1.247) (0.667) (-0.956) 
Constant  -0.2277***  -0.2640***  -0.0141***  -0.0853**   

(-18.249) (-4.545) (-4.253) (-2.259)      

Observat ions 4,465 429 4,465 429 
R-squared 0.147 0.203 0.018 0.084 

 

Real Activities:
Leaving Green Patents Strategically Unused on the Shelf?

Green patenting activities are followed by:
- Having more low carbon products
- Having more CAPEX in green products and services



Takeaways

1. Firms that are restricted by mandates and campaigns seem to contribute 
significantly to solve the problem ESG investments are trying to solve. 

2. ESG Scores by and large do not reward for green patenting activity. 

3. There is still work to be done as to whether capital allocation indeed follows 
the ESG scores, and to what extent this ESG score-motivated investment 
can be calibrated to achieve better capital allocation by the investors. 

• Moreover, our findings raise important questions as to whether the current
exclusions of many ESG-focused policies – along with the increasing
incidence of explicit divestiture campaigns - are optimal, or whether reward-
based incentives would lead to more efficient innovative outcomes.



Next Steps 
• Continue to explore further measures of  “real activity” 

of  these energy firms.
• Do more textual analysis to tie 10-k and other firm 

information releases to actual investments.  E.g., 

• We have collected data on global investment in green 
bonds, both private and public sector
– Use this data – along with data from Mergent FISD - to 

explore amounts and costs of  capital of  firms
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