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Air Quality: Global Leaders and Innovators

A view across the enabling technologies of Air Scrubbers, Oxidation Catalysts,
Biofuels, Diesel Particulate Filters and Multi-Pollutant Monitoring Devices.

The first industrial revolution supported Great Britain in becoming a commercial superpower in the mid 18"
century. The long-term effects to the environment were not fully apparent until centuries later leading to

the Clean Air Act of 1956, passed to preserve public health. Today the issues of pollution control and climate
change are viewed as critical to moving forward as a global community. Yet, there are relatively few sources

of objective and independent data available to identify the countries and companies leading in innovation of
sustainable enabling technologies. There is an intrinsic bias in self-reported data from organizations, the staple
for traditional ESG analysis. Our view is that this void in sustainability analysis can be plugged in part through
published, classified patent data as an indicator for sustainable innovation and investment.

In this update on sustainable innovation being made in critical technologies related to air quality, we provide
our view of the leading innovators to watch based on recent published inventions and overall weightings to
enabling technologies. The technology areas covered include Air Scrubbers, Oxidation Catalysts, Biofuels,
Diesel Particulate Filters and Multi-Pollutant Monitoring Devices.

The World’s Leading Air Quality Innovators To Watch
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Cipher view of the world’s leading innovators to watch based on recent publications and overall weighting of inventions to enabling
air quality technologies: Scrubbers, Oxidation Catalysts, Biofuels, Diesel Particulate Filters and Multi-Pollutant Monitoring Devices.

JM Johnson Matthey

Inspiring science, enhancing life

Bringing Clarity to Sustainable Innovation

At LexisNexis® Intellectual Property Solutions, we support many of the world’s largest organizations in scoring
and benchmarking on sustainability. For more information on how you can access critical insight on sustainable
innovation specific to your business, please visit: www.lexisnexis.com/sustainable-innovation.
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Top invention owners globally in Air Quality technologies include Korean research institutes

and Japanese keiretsus Mitsubishi and Toyota. Scrubbers the dominant technology theme.

Air Quality tech accounts for only a fractional portion (0.2-3.1%) of the published inventions owned by
the top three invention owners Mitsubishi Heavy, Toyota Motor and Korean Atomic Energy Research.

Top Invention Owners: Air Quality Technologies

2% 0.2% 3.1%
. ! |

‘ e —e
'

E— TOYOTA [MAER

18,296 87,299 5,698

» Scrubbers

= Biofuels

Top 10 Owners = Oxidation catalysts

1,622

) =

Patent families classified according to technologies using Cipher’s internal sustainability classifiers.
Global excluding China-only patent families. The extended list of 50 top owners is included on page 5.

Diesel particulate filters

= Multi-Pollutant Monitoring Devices
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Top Invention Owners: Air Quality Technologies
d & pendi famili . _— . c A
grantad S pending paoent iamies Mitsubishi Heavy Industries ranks 1st in Air
200 400 Quality technologies patent count with 376
granting and pending families in the outlined

Mitsubishi Heavy Industries | technologies, followed by Toyota and KAERI.
Toyota Motor | Automotive sector leads in this technology
area, including both big players (Toyota and
Kaer! Hyundai) and emerging companies such as
Alstom, a French rolling stock manufacturer
kerco N and Isuzu, a Japanese multinational commercial
vehicle manufacturer. Alstom focuses solely
Hyundai Motor | on scrubbers, while Isuzu’s portfolio is based
on oxidation catalysts and diesel particulate
asom [ filter technologies.
BASF B Automotive Other companies of note include Korean
research and energy companies KAERI (Korean
Air Liquide Chemicals Atomic Energy Research Institute) and KEPCO
(Korean Electric Power Corporation), where
tsuzu Motors [ M Electrical / Electronics the primary focus is scrubbers, followed 2
by biofuels technologies.
Johnson Matthey m Energy
Air Quality Tech Weighting: patent families owned Air Quality Tech patent families, % of total owned
as a percent of the total for each top owner
Recognizing that air quality tech accounts for 0% 20% 40%
only a small fraction of the top owners’ published
inventions, we rank the top 50 owners by percent LanzaTech |
exposure. This provides color into the strategic
importance and weighting given to air quality Johnson Matthey

technologies across the full top owners list.
Topsoe

Chicago-based LanzaTech leads the charge with
the most targeted portfolio, with a size of 124 Umicore [l
granted and pending families, 37% of which are
targeted towards Air Quality technologies. British Inst. Francais du Petrole [l
multinational company Johnson Matthey follows

1

in 2" place, with a particular focus on oxidation shell B Automotive

catalyst; followed in turn by Topsoe at 3rd place,

a Danish catalysis company. Air Liquide M Industrial Manufacturer
Alstom [l Chemicals

The extended list of 50 top owners by air quality tech m Energy

weighting is included on page 5. KAERI .

. , m University / Researdh Inst.
Hitachi Zosen [ v/
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The leading air quality weighted innovators based on recent patenting activity by scale and overall exposure;

biofuels and scrubbers the dominant technology enablers

These are the companies that we view as the leaders to watch in air quality innovation. The full list is generated by
screening those organizations with the most inventions published across the enabling technologies from start of
2021 to date and where recent innovation is relatively more weighted to those technologies over others.

The World’s Leading Air Quality Weighted Innovators To Watch
Technology breakdown of published inventions 2021 - 2022 (Nov)
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Cipher view of the world’s leading innovators to watch based on recent publications and overall weighting of inventions to enabling air quality
technologies: Air Scrubbers, Oxidation Catalysts, Biofuels, Diesel Particulate Filters and Multi-Pollutant Monitoring Devices. The extended list
of 50 top innovators and their energy transition tech weighting is included on page é.
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Top Invention Owners: Air Quality Tech Weighting
patent families owned as a percent of the total number
of patent families for each organization

Top Innovation Owners: Air Quality Tech
patent families owned

Patent Families Published 2021 - 2022 (MNov) Patent Families, % of total published

20 40 0% 505 100%
Air Liquide logen Corp I
Mitsubishi Heawy Industries  IEEEEE—— Sekab E Tech
Samsung Group Lanz=Tech I
KEPCO I Anytech I
Fuji Electric I Indian Od .
EconMohil I Institute for Advanced Eng. N
Honeywel|l I Umicore
Toyota Motor  IEEE— Air Liguide
Panasonic NN Microlet Technology W
lauzuMotors I KIER W
BASF Johnson Matthey
KIML  — Valmet Oyj m
KAER] Tranelnc. W
Hyundai Motor I Kurita Water N
Toshiba Corp I KIMM B
Voliswagen IEE—— Inst. Francais du Petrole B
Honda Motor I ExconMobil 1
LanzaTech I KAERI 0
POSCO Corp. IS Linde Group
KRIChemical Tech IEE—— RIET &
Inst. Francais du Petrole I KRI Chemical Tech |
K. l.of Science & Tech. — Daikin Industries 1
LG Corporation —e— TotalEnergies SE |1
ThyssenKrupp IS Mitsubishi Heawy Industries 1
Umicore I ThyssenKrupp 1
Kurita Water m— Isuzu Motars |
Indian Oil I Fuji Electic 1
Bosch I Honaywell |
Johnson Matthey Tashiba ES &5 1
Mitsubishi Electric BASF
Institute for Advanced Eng. K.I. of Science & Tech. |
Toshiba ES &5 I KEFCO |
KIER HyundaiHeavy
Kia Motors S Daewoo Shipbuilding
Daikin Industries I POSCO Corp. |
SaudiAramco I Renault 54
& Defense
VametOyj = W Aerospace & Defense Kubota W Aerospace
Daewoo Shipbuilding  I— B Automotive Saudi Aramco B Automotive
Anytech IS Honda Motor :
erMw memsm W Industrial Manufacturer Tashiba Corp W Industrial Manufacturer
Trane Inc. E— Chemicals BMW Chemicals
SekabE Tech .
Hyun dai Motor .mngbmrm
Linde Group W Conglomer ate vollewagen
Renault SA W o pioctrical / Electronics Panasonic M Electrical / Electronics
RIST Kia Motors
. M Energy W Energy
Microlet Technology Samsung Group
Kubota BN g petals & Mining Toyota Motar M Metals & Mining
Hyundai Heavy me— Mitsubishi Electric
Technol
Totslfnergies St mmmm M 12chnOlogy Basch " e
logen Corp EEEER gy University / Research Inst. LG Corporation W University / Research Inst.

Global excluding China-only patent families.
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Top Innovators : Air Quality Tech Top Innovators Owners, Air Quality Tech Weighting
patent families published 2021 - 2022 (Nov) patent families published as a percent of the total
published 2021 - 2022 (Nov) for each organization
granted & pending patent families Air Quality Tech patent families, % of total owned
200 400 0% 2084 409
Mitsubishi Heavy Industries I LanzmTech I
Toyota Motor I Johnson Matthey
KAER| Topsoe
KEFCO Umicore I
Hyundal Motor I Institut Francais du Petrole 1
Alstormn Shel mm
BASF Air Liquide
Alr Liquide Alstom N
kuzu Motors I KAERI mm
Jehnson Matthey Hitachi Zosen
Honeywell  m— Linde Group
POSCO Corp. I Taiheiyo Cement M
GM I Atlas Copco
Institut Francals du Petrole I Kurita Water W
violkswagen Chevron W
Ford Motor Mitsubishi Heawy Industries W
Sarmsung Group |suzu Motors
Toshiba Corp RIST W
Stellzntis KIMM B
KIMM KEPCO m
ExxonMobll KRI Chemical Tech W
Shell ExxonMobil W
Dioasen Doosan W
RIST Ebara W
Rural Develepment Admin. Thyssenkrupp W
BASF

Hippon Steel

K. Institute of Science & Tech.
Rural Development Admin.

K. Institute of Sdence & Tech
Talhelyo Cement

Denso NGE Insulators 0
Hitachi IH 0
HI Stellantis 1
Ebara Honeywell |
Umicore GM 1
JFE Holdings Remault 34 |
ThyssenKrupp POSCO Corp. |
Full Elertric W Aerospace & Defense NIAIST | aerospace & Defense
KRI Chemical Tech KAIST | )
LanzTed B Automotive FordMotor | MAUtomotive
MinET m Industrial Manufacturer FuiiElectric | o Industrial Manufacturer
Atlas Copco Hyundai Motor |
KAIST Chemicals JFE Holdings | Chemicals
Linde Group B Conglomerate NipponSteel | o conglomerate
Bosch Volkswagen
Hitachi Zosan M Electrical / Electronics Toyota Matar M Electrical / Electronics
General Electric B g Energy Teshiba Cop | g Energy
Topsoe General Bectric | .
Norltn Water S W Metals & Mining Densa | M Metals & Mining
NG insulators = @ Technology H"zc': W Technology
. Bosc
EEZ::::;: : M University / Research Inst. Samsung Group | M University / Research Inst.

Global excluding China-only patent families.
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