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Brief

     ‘Patent Landscape Reports’ (Patent Analytics) are designed to assist policy makers 

in identifying the patent status of a specific technology to support investment, 

prioritization, technology transfer, or local production decisions. The Saudi Authority for 

Intellectual Property (SAIP) is issuing, in partnership with Clarivate, a series of PLRs for 

the purpose of describing the patterns of patenting and innovation activities related 

to specific technologies in various domains such as energy, health, agriculture and 

others. The goal is to identify and understand emerging patent and technology trends 

and needs on a local and international level.

     Each report serves as an illustrative example for retrieving patent information 

in the respective field and includes detailed explanations of the used search 

methodology, search queries and databases to ideally enable both institutions and 

professionals working the field of the report to conduct similar search. 
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INTRODUCTION
     This section of the report includes 
the introduction, scope, methodology 
and taxonomy related to the field of 
Hydrogen as Fuel.
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Executive Summary

     The report focuses on the analysis of patents within the domain of Hydrogen as Fuel 

(excluding fuel cells), including filing trends, innovation timeline, regional analysis, and grant 

success analysis.

     The total collection is about (2,932) patent families. Around 40% of inventions have been 

filed in the last 5 years, with maximum contribution from Chinese applicants. Over the ten-

year period of the report, initially, a consistent trend is seen in the filings with each year 

almost same number of inventions being filed, maximum filings is observed in 2015 after 

which the filings has shown a downtrend.

          Overall, Corporate Applicant Toyota based out of Japan have filed most inventions 

(61 patents) in this technical area. The subcategories, Application of hydrogen in Mobility 

and power/electricity generation have seen most consistent filing across the last 10 years 

indicating growing interest in the area globally.
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     Hydrogen is a clean fuel and energy carrier that can store and provide tremendous 

amounts of energy. When hydrogen burns it produces vapor and heat, a particular feature 

that render this element a promising fuel for the future, a clean alternative to meet 

imminent energy demands and potentially reduce greenhouse gas emissions through its 

various applications. Although its fuel economy is about twice of gasoline vehicles and 

it is abundantly present in nature, the most common question is still ‘Where will all the 

hydrogen be coming from?’. More than 95% of the world’s hydrogen is currently produced 

from fossil fuels such as natural gas through steam methane reforming processes, a 

highly carbon-intensive method. Even though hydrogen seems to be very promising, a few 

challenges need to be addressed in order to convert this clean fuel a commercial product.

     This study has systematically explored patenting and technology trends across 

Hydrogen as Fuel (excluding fuel cells), analyzing data on patent filing from 2010 to date. 

Taxonomy in this study broadly covers inventions addressing hydrogen fuel handling 

problems such as flammability reduction, leakage reduction, hydrogen’s transportation 

stability and other issues that are currently hampering its growth. A further crucial area 

discussed is hydrogen storage. This report includes patents of technology disclosing 

modifications in vehicle systems in order to successfully incorporate hydrogen as fuel, 

exploring new fuel delivery systems, ignition systems, hydrogen-air mixture, engine design 

and other. To conclude, we have analyzed hydrogen fuel application in mobility, industries, 

electricity generation, and other areas.
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The objective of this report is to disclose the patenting landscape of Hydrogen as Fuel.

The following are the main topics that will be addressed:

• The various advancements in the field of Hydrogen as Fuel in the last 10 years, along with 

an assesment of active players and applicants. The report also reviews the year-over-year 

inventions filing trend and areas of high/low technical activities.

• In terms of geographical coverage, this report covers the top inventive countries and key 

destinations for patent commercialization; along with the pendency and grant rates of the IP5 

offices (namely: United States Patent & Trademark Office (USPTO), The European Patent Office (EPO), The 

Japanese Patent Office (JPO), China National Intellectual Property Administration (CNIPA) and The Korean 

Intellectual Property Office (KIPO).

• A detailed analysis included on the recent invention activities in this field across the IP5 offices. 
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Dataset 
Search

• Define & execute search strategies in selected databases. 

• Export dataset to Derwent Data Analyzer database and Excel.

• De-noising of dataset.

• Clean and standardize applicants.

Categorization

• Develop taxonomy – hierarchy of category “buckets”

• Create “sub-searches” to select records for each category

• Categorizing dataset by running sub-searches in the de-noised 
dataset obtained in previous step

Analysis

• Generate metadata (who, what, where when and how)

• Calculate Patent Strength Index® of each patent

• Generate detailed analytics

Final Report

• Preparation of initial draft. 

• Highlighting key findings

• Production of final report.

Patent Landscape on Hydrogen as Fuel.

• Timeline: 10 Years (Priority from 1 January 2010)

• Jurisdiction: Worldwide

• Dataset building: Patent searches focused on inventions disclosing H2 as fuel. Searches for 
relevant domain are performed in Derwent Innovation, using various combinations of keyword 
searches against text fields such as titles (including the DWPI title), abstracts (including the 
DWPI abstract) and claims; and patent classifications such as the IPC – the International Patent 
Classification, CPCs and the DWPI Manual Codes.

• Dataset cleaning: Semi-automated denoising using focused search strategies. De-noising 
process includes excluding the patents disclosing non-relevant classes, non-relevant assignees 
and non-relevant keywords.

• Technical categorization: The dataset is then segmented based on the taxonomy, using 
appropriate combinations of keywords and patent classification codes.

• Metadata preparation using MS Excel VBA and Derwent Data Analyzer

• Assignee names are standardized using Derwent Innovation and Derwent Data Analyzer. In this 
step we will check merger and acquisition of top 50 Patent applicants.

• Data visualization was mainly performed using Derwent Data Analyzer and MS Excel.

• The final step includes the preparation of the final report.
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Technical 
category 

level-1

Technical
category level-2 Definition

Hydrogen
Fuel

Handling

Flammability 
Reduction

Includes all references which are disclosing techniques to 
reduce the flammability of Hydrogen fuel while storing or 
transporting.

Leakage Reduction
Includes all references which are disclosing techniques 
to detect and control the leakage of Hydrogen fuel while 
storing or transporting.

Transportation 
Stability

Includes all references which are disclosing techniques to 
improve the stability of the Hydrogen fuel transporting

Hydrogen 
Liquefaction

Includes all references which are disclosing Liquefaction or 
compression of Hydrogen fuel.

Hydrogen 
Storage

Stored as 
Compressed 
hydrogen

Includes all references which are disclosing storage of 
Hydrogen fuel in compressed form.

Stored as Liquefied 
hydrogen

Includes all references which are disclosing storage of 
Hydrogen fuel in Liquefied form.

Storage Container 
Construction

Includes all references which are disclosing construction of 
storage container for Hydrogen fuel.

Use of gas-solvent 
in storage vessels

Includes any use of gas-solvent or gas-sorbents in storage 
vessels.

Storing at Very high 
pressure

Includes any storing of Hydrogen fuel at very high pressure 
(>80 bar).

Hydrogen Fuel 
Application

Mobility 
Applications

Includes any use of Hydrogen fuel for mobility applications 
for e.g. vehicles.

Industrial 
application Includes any use of Hydrogen fuel for industrial applications.

Power/ Electricity 
Generation

Includes any use of Hydrogen fuel for power or electricity 
generation.

Refinery processes 
for fuel production

Includes any use of Hydrogen fuel for refinery processes for 
fuel production.

Other
Includes all references that disclose engines, chemical 
reactors, combustion chambers etc. in general not specific to 
any application category mentioned in the taxonomy
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Technical 
category 

level-1

Technical
category level-2 Definition

Hydrogen Fuel 
in Vehicles

Fuel Delivery 
Systems

Includes all references on improvement and modification of 
fuel delivery systems for hydrogen fuel in vehicles.

Hydrogen-air 
mixture

Includes all references on advancement in Hydrogen-air 
mixture for hydrogen fuel in vehicles.

Modification in 
Engine Design

Includes all references on improvement and modification of 
vehicle engine for hydrogen fuel.

Ignition Systems Includes all references on improvement and modification of 
Ignition systems for hydrogen fuel in vehicles

Electrolysis on 
Vehicle

Includes all references on Electrolysis of water to produce 
Hydrogen on vehicle.

Refuelling 
infrastructure

Includes all references on improvement of refuelling 
infrastructure for hydrogen fuel in vehicles.
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OVERVIEW
The following section contains the 
analysis of inventions within the field of 
Hydrogen as Fuel. 

It includes filing trends, innovation countries timeline, 

countries analysis, grant success analysis, and others.
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2011
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151
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143
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139
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132
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114
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2018

78

277

2019

44

224

2020

18

119

Publication Lag

2021

6

*Note: Number of inventions for the period (2020-2021) is incomplete due to publication lag

     The figure represents the year over year invention filing trend in the technology domain of 
Hydrogen as fuel. A total of 2932 patent families were filed between 2010 and 2021.

Out of 2932 families, 44% have at least one granted member, suggesting novel inventions, niche 
technology and commercialization involved to maintain the patent families.

During 2016-2019, patent applications grew at an AAGR of 22%, while grants declined at an AAGR 
of 23%, indicating a large number of unsuccessful patents, presumably due to the lack of novelty/
inventive step in recent filings. Although 40% of the inventions were filed after 2016, there was a 
declining AAGR of 7% between 2016 and 2019.

For instance, we can observe a consistent trend in filings from 2010 to 2014, since a similar number 
of inventions were filed each year. The peak of filings was reached in 2015, after which there was a 
downward trend. 

Data from 2020 to 2021 is incomplete, as significant filings are yet to be published due to the delay 
between filing time and publication from the PTO.
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Innovation Sources (First Filing in Patent Offices)
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CNIPA 1256

USPTO 379

JPO 336

DPMA 188

KIPO 173

ROSPATENT 134

PCT 55

IPINDIA 54

UKIPO 52

TIPO 44

Other offices 255

No. of Inventions

*Note: Patent Office (First Filing) or Source of innovation is based on the inventor’s address

     The figure represents the top source of innovation countries identified through our analysis. China 
emerges as the leader in this field, accumulating the largest amount of innovations as 42% of the 
inventions analysed in this study were filed in CNIPA, followed by the USPTO with 13% and JPO with 
11%. Only a small fraction (2%) of inventions have taken PCT route, indicating low interest in global 
protection.

     Among the top innovation sources, “ROSPATENT” has the highest grant rate (88%), followed by 
TIPO (68%) and KIPO (61%). 

     On the other hand, IPINDIA and CNIPA have the lowest grant rate, with 13% and 29% respectively. 
Low grant rates in CNIPA and IPINDIA can be attributed to many reasons, including slow patent 
examination process, cumbersome IP laws and filing or obvious, non-novel inventions. These two 
countries are the only patent offices from the “newly industrialized countries” included in this list. 
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    The figures depict the timeline trend 
of source of innovation countries and 
growth rate in recent years (2016-2019). 
CNIPA resulted as the largest source of 
innovation in this field, since 42% of the 
inventions between 2010 and 2021 were 
provided by CNIPA alone. The United 
States was the leading country as source 
of innovation until 2015, afterward, CNIPA 
outperformed USPTO in 2016.

During 2016-19, the DPMA (188 inventions) 
and IPINDIA (54) showed a high growth 
rate, unlike CNIPA, USPTO and JPO, 
which have large number of patent filings.

It is clear that this technology has 
matured in large patent offices like 
the USPTO and JPO, which exhibit the 
highest decline in filings. The CNIPA, 
IPINDIA and KIPO have shown a recent 
growth in filings within this domain, with 
more than 45% of inventions in each of 
these countries filed during 2016-19.

DPMA 0.9

IPINDIA 0.9

CNIPA 0.1

PCT -0.1

UKIPO -0.3

ROSPATENT -0.6

KIPO -1.7

TIPO -2.5

JPO -4.2

USPTO -6.5

*Note: Patent offices data measured by the Earliest priority country/region available.

Growth Rate - 2016 - 2019
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Top Inventions Jurisdictions (First and Subsequent Filings)
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CNIPA 1554

USPTO 614

JPO 470

EPO 327

KIPO 284

DPMA 235

IPINDIA 183

ROSPATENT 181

CIPO 127

Other offices 641

No. of Inventions

     The figure depict the top patent jurisdictions for inventions expansion and geographical protection. 
CNIPA, USPTO and JPO are the preferred patent offices for patent commercialization. Out of 
1554 protections in CNIPA, 1256 were originated from CNIPA itself. Only a small portion of foreign 
inventions are protected in China.

     On the contrary, 71% of the protected inventions in IPINDIA are foreign inventions and were 
originated outside of India, indicating India is the most preferred market for patent commercialization. 
These foreign inventions originated in the United States and Japan, meaning the US and Japanese 
inventors and applicants are focussing on the Indian market for patent commercialization.

     Moreover, the USPTO is the second most preferred market for patent protection, since 41% of 
the total patent publications within this domain are foreign inventions, majorly originated in Japan, 
Germany and South Korea.
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PATENT APPLICANT 
ANALYSIS
     The following section includes 
patent applicant analysis, timeline, 
growth rate, competitive dynamics, 
emerging applicants’ analysis, as well 
as portfolio analysis and strength 
analysis of the top and emerging patent 
applicants.
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Toyota 61

Beijing University of Technology 42

General Electric 26

Linde 26

China Aerospace Science and 
Technology 25

Mitsubishi Heavy Industries 25

Hitachi 23

Robert Bosch 22

Hyundai Motor 20

Kawasaki Heavy Industries 20

Siemens 19

Beijing Institute of Technology 18

Honda Motor 16

Shanghai Dynamic Hydrogen Machine 16

University of Beihang 16

No. of Inventions

     The figure represents the major Patent applicants identified in this study. This domain is lead by 
Toyota with 61 inventions filed during 2010-2021.

     These top 15 patent applicants account for only 12% of the total inventions analyzed in this 
report,  meaning this domain is highly fragmented and with a large number of small patent applicants; 
individual inventors accounts for 28% of the inventions.

     There are 5 Japanese patent applicants in the top list, while 3 academic and 2 corporate applicants 
from China are competing to be among the top patent applicants. General Electric is the only patent 
applicant from the U.S. among the top assignees.

     In addition, the University of Beihang has the highest grant rate (87%) while China Aerospace 
Science and Technology has the lowest (32%).

Top Patent Applicants
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     The figure above depict the year on year filing trend of major patent applicants within this domain 
from 2010 to 2021.

     Chinese patent applicants like China Aerospace Science and Technology, Beijing University of 
Technology have filed 76% and 66% respectively from 2016 to date. The US corporate patent applicant 
General Electric and Chinese small applicant Shanghai Dynamic Hydrogen Machine are the only patent 
applicants in the list that haven’t made any new filings since 2014.

     Furthermore, 63% of total inventions from top patent applicants have been filed before 2016; this 
infers that major patent applicants are not currently focusing in this domain, leaving a considerable 
scope for small applicants to enter this field. 
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Beijing University of Technology 2.8

Hyundai Motor 0.1

General Electric 0.0

Shanghai Dynamic Hydrogen Machine 0.0

Robert Bosch -0.1

Honda Motor -0.1

Siemens -0.2

Kawasaki Heavy Industries -0.4

University of Beihang -0.5

China Aerospace Science & Technology -0.5

Linde -0.7

Mitsubishi Heavy Industries -1.0

Hitachi -1.3

Beijing Institute of Technology -1.4

Toyota -1.8

                                     Growth rate - 2016 - 2019

     The chart above depicts the growth rate of top 15 patent applicants within the data collection  
between 2016-2019 (inventions/year) for each applicant. The X-Axis represents the growth rate per 
applicant while the Y-Axis lists the top 15 applicants. The Chinese academic institute Beijing 
University of Technology showed the highest growth among the top patent applicants, while another 
top patent applicant, Toyota has the lowest growth rate.

     Furthermore, 11 out of 15 top patent applicants display a declining filing trend, indicating a shift 
in the ownership of this technology domain to smaller players. The overall landscape activity is 
decreasing as shown by the filings in recent years.

Inventions Growth Rate - Top Patent Applicants (2010 - 2021) 
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Top Patent Applicants: Patent Strength Index vs Recency
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Beijing University of
Technology, 42

Linde, 26

Hyundai Motor,
20

Toyota
61

Mitsubishi Heavy 
Industries, 25

University of
Beihang, 16

Beijing Institute of 
Technology, 18

Shanghai
Dynamic Hydrogen 

Machine, 16

China Aerospace
Sci & Tech, 25

Kawasaki Heavy 
Industries, 20

General Electric, 26Honda Motor, 16

Robert Bosch, 22

Hitachi, 23 Siemens, 19

Patent Strength

     The scatter plot above shows the major patent applicants with comparatively high strength recent 
portfolios (green bubbles) within this technology domain.

     Hyundai Motor, Toyota, Linde and Mitsubishi Heavy Industries are the patent applicants with high 
strength, as well as comparatively recent portfolios. Siemens has the highest strength index among 
the patent applicants, indicating high quality inventions, however, these high strength inventions are 
old.

     Although China Aerospace Science & Tech.’s inventions are the most recent ones, their low 
strength score indicates weak inventions. 

     Shanghai Dynamic Hydrogen Machine, Honda Motor and Robert Bosch have the oldest and 
weakest portfolios among the top assignees, while General Electric portfolio is very old, but their 
inventions display very good patent strength index.
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Timeline and Trends - Top Emerging Applicants Analysis

     This figure depicts the year-over-year filings by top 20 emerging patent applicants within the data 
collection; This includes applicants with filings in the field of hydrogen as fuel and have a medium 
patent portfolio (ranked by inventions count from 16 to 36)

     Emerging patent applicants contribute for only 7.5% of total inventions in this domain. Chinese 
patent applicant Geely, University of Xian Jiaotong, Huaneng Clean Energy Research Institute and 
Shijiazhuang Xinhua Energy Environmental Technology Company are the Patent applicants with more 
than 75% recent inventions (filed since 2016).

In addition, 10 of the 20 emerging patent applicants are from China, which means that several small 
patent applicants and academic institutions in China are working on this technology field.
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Inventions Growth Rate - Top Emerging Applicants (2016 - 2019)

Denso 0.8

Ford 0.8

Korea Inst of Machinery & Materials 0.7

China General Nuclear Power Corp 0.5

Tsing Hua University 0.4

Geely 0.3

University of Xian Jiaotong 0.2

State Grid Corp China 0.1

Nissan 0.0

Mcalister 0.0

North China University of
Water Resources and Electric Power -0.2

Daimler -0.2

Airbus -0.3

Caterpillar -0.3

China Academy of Launch Vehicle Technology -0.3

Zhejiang University -0.4

Mitsubishi Chemical -0.4

Exxonmobil -0.6

Huaneng Clean Energy Research Institute -0.8

Shijiazhuang XinhuaEnergy Environmental 1.2

Growth rate - 2016 - 2019

     The bar chart represents the year-over-year inventions growth rate from 2016 to 2019 (inventions/
year) for each emerging applicant. The X-Axis represents the growth rate for each applicant, while the 
Y-Axis lists the emerging 20 applicants. 

     Denso and Ford Global Technologies are the emerging patent applicants with the highest growth 
rate during 2016-19. Moreover, 8 out of the 20 emerging patent applicants show an increasing filing 
trend. Of these 8 emerging players, 5 are from China. The growing trend of Chinese companies infers 
a shift in the ownership of this technological domain towards Chinese patent applicants. 

    Renowned corporate patent applicants such as Daimler, Airbus, Caterpillar, Mitsubishi Chemicals are 
showing a declining filing trend.

    Although Huaneng Clean Energy Research Institute and Shijiazhuang Xinhua Energy Environmental 
have filed more than 75% of their applications in recent years, their year-on-year filings are not 
increasing, thus these patent applicants show the lowest growth rates.
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Emerging Patent Applicants: Patent Strength Index vs Recency
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Electric Power, 14

Denso, 15

Ford, 10, 

Airbus, 10, 

Korea Institute 
of Machinery & 

Materials, 13

China General 
Nuclear Power 

Corp, 9

Tsing Hua 
University, 10

Nissan, 15

Geely, 12

Daimler, 11

State Grid Corp China, 10

Zhejiang 
University, 9

Mcalister 
Technologies, 14

Mitsubishi 
Chemical, 9

Exxonmobil, 9

Caterpillar, 10

University of Xian Jiaotong, 
9, 

Huaneng Clean Energy Research 
Institute, 9

Shijiazhuang Xinhua Energy 
Environmental, 10

China Academy 
of Launch Vehicle 

Technology, 12

Patent Strength

     The figure represents the emerging patent applicants with comparatively high strength, recent 
portfolios (green bubbles) in the technology domain. 

      The University of Xian Jiaotong, Huaneng Clean Energy Research Institute, Airbus, Ford and 
Shijiazhuang Xinhua Energy Environmental are the emerging patent applicants that show both, high 
strength as well as comparatively recent portfolios.

      Exxonmobil has the highest strength index among the emerging patent applicants, indicating high 
quality inventions, however, these high strength inventions are quite old as Exxonmobil has not filed 
any invention in this field since 2017.

     Geely’s inventions are the most recent ones but have a low strength score (due to a localised 
portfolio), indicating possible weak inventions. Meanwhile, The Zhejiang University and Mcalister 
Technologies have the oldest and weakest portfolios among the emerging patent applicants.
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PATENT PENDENCY IN 
IP5 OFFICES
    This section shows the average 
length of time it takes for a patent 
application filed at IP5 offices to be 
granted.
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KIPO

2.5 Years - shortest time 
to grant among the 

IP5 patent jurisdiction

USPTO
2.59 Years

CNIPA
2.86 Years

JPO
3.36 Years

EPO
4.58 Years

Dates included in Allowance
or Grant Calculations

Filing Filing Filing Granted

Pending Period

Today

Most 
Lenient

CNIPA

38%

EPO

USPTO

66%

50%

JPO

KIPO

63%

60%

     The figures above show the average time (in years) it takes a patent application filed at any of the 
IP5 offices (KIPO, USPTO, CNIPA, JPO, and EPO) to be issued as a granted patent (total pendency). 
The term “pendency” refers to the fact that the application is pending or awaiting a decision. This 
time includes the time periods awaiting action by the IP office, as well as any time awaiting reply 
from an applicant. As the validity of patents within the “pendency” period cannot be yet correctly 
assessed, the graphic shows the selection methodology for grant or allowance calculation. For each 
patent office, only patents filed outside the current “pending” window are incorporated within the 
grant or allowance rate. This metric, in combination with an assessment of the level of backlog or 
average period of patent pendency – can provide a selection method of the location(s) for patent 
protection. It should be noted that laws regarding patent validity differ between jurisdictions, which 
can account for significant variations in patent allowance rates.

     KIPO resulted as the most lenient patent office, since it only takes an average of 2.5 years to 
grant a patent. It is important to notice that 2.5 years is the shortest time to grant among the IP5 
offices. On the contrary, the European Patent Office (EPO) takes the longest time to grant a patent 
among the IP5 offices (about 4.6 years).

     Although CNIPA has lower backlog time than EPO and JPO, nevertheless, CNIPA has the lowest 
granted inventions, which infers that most of the inventions filed in China lack of novelty/inventive 
step.
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TECHNOLOGY ANALYSIS
     This section includes analysis of  
inventions timeline, jurisdictions of 
interest, technology portfolio analysis, 
strength Analysis, technology overlap 
and summary of technology categories.
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Total Inventions per Hydrogen as fuel Technical Sub-categories

    The table above shows the total number of inventions in the last 10 years in each category 
provided in the taxonomy. Mobility application is the most active sub-technology in this domain, since 
61% of the inventions are related to Mobility. Mobility applications include hydrogen combustion in 
marine/road/air vehicles. Besides, Toyota has the most filings in Mobility applications and it is also 
developing hydrogen combustion engines[1].

     About 49% of the inventions are categorized within the Power/electricity generation category, 
becoming the second most popular sub-technology. Power/electricity generation sub-tech is lead by 
General Electric; this company is developing hydrogen combustion solutions for gas turbine power 
plants[2].

     Hydrogen Liquefication technology and liquid hydrogen storage technology repetitively represent 
15% and 13% of total filings. Further, around 29% of the inventions in this study are related to 
Hydrogen fuel handling technologies, while about 24% of the inventions are related to Hydrogen 
storage technologies.
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Timeline of Hydrogen as fuel Sub-categories (2010 - 2021)

*Note: % Recency marked in red are less than 50% representing old portfolios.

     The table depicts year-over-year timeline of sub-technologies in the study. As previously stated, 
Mobility applications received the highest filings, however, these filings are declining at an AAGR of 
10%. Leakage reduction technologies and High-pressure hydrogen storage were the two categories 
with the highest growth rates (AAGR) of 22% and 18.5% respectively during 2016-2019. 

    Hydrogen liquefication technologies is declining at an AAGR of 14%, being the highest negative 
growth among the sub-technologies. While flammability reduction, transportation stability and 
hydrogen stored as compressed gas are the technologies accounting for more than 45% of the filings 
in recent years (2016-2019). 
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Hydrogen as Fuel: Patent Streng Index (DSI score) vs Recency

A
ve

ra
ge

 R
ec

en
cy

Flammibility
Reduction, 102

Leakage Reduction, 114

Others, 80

Transportation
Stability, 323

Modification in
Engine Design, 189

Hydrogen 
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Fuel Delivery
Systems, 862

Ignition Systems, 78

Electrolysis on 
Vehicle, 394

Industrial 
application, 98

Refinery processes for 
fuel production, 163

Hydrogen-air 
mixture, 420

Use of gas-solvent in 
storage vessels, 34

Stored as Liquefied 
hydrogen, 386

Storage Container
Construction,

137

Storing at Very high 
pressure, 118

Refuelling infrastructure,
43

Stored as 
Compressed 

hydrogen, 213

Mobility 
Applications, 1806

Power or Electricity 
Generation, 1454

Patent Strength

     The scatter plot chart above depicts the emerging technology market. The X-Axis shows average 
Patent Strength Index per technology (DSI) while the Y-Axis represents the proportion of recent filings 
for each category. The bubble size indicates the number of inventions for each technology. 

     Refuelling stations, Storing at very high pressure, stored as liquid hydrogen and Storage container 
construction are the more recent, high strength emerging technologies. These inventions have less 
volume and a scope of development with stricter competition, as they belong to technically strong 
categories.

     Sub-technologies such as the Use of gas-solvent in storage vessels, Refinery processes for fuel, 
Industrial application and Hydrogen-air mixture are providing high strength inventions, however, they 
are quite obsolete now.

     Some of the tech categories like Flammability reduction, Leakage reduction and Transportation 
stability are recently growing but their inventions are technically weak.
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Technical Sub-categories - Priority and Family Member Countries

     The table above depicts the geographical distribution of inventions for each technical sub-category. 
In terms of inventive jurisdiction, almost every sub-technology has the highest number of inventions 
originated in the CNIPA. Among these sub-technologies, Transportation stability has highest number 
of inventions (60%) originated from China.

     Flammability Reduction, Leakage Reduction, Industrial application and Modification of Engine 
Design have a few more inventions from the JPO than the one in the USPTO. 

     Mobility application is lead by Beijing university of technology in CNIPA, whereas Mcalister 
Technologies leads USPTO and Toyota JPO.

     On the other hand, General Electric and Toyota are the two major non-Chinese patent applicants 
that are protecting their inventions in China. While Toyota, Kawasaki, Siemens and Hyundai motors are 
the top Non-US patent applicant protecting their inventions in the United States.
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Technical Sub-category by Top Patent applicants

     The previous table shows sub-technologies distribution over major assignees. The vast majority 
of the top patent applicants have focused their patent publications on Mobility applications, Power/
electricity generation and Fuel delivery systems. Further, Refuelling infrastructure, Ignition Systems 
and Flammability Reduction have received more than 20% of the inventions from Top patent 
applicants.

     The top patent applicants have a low patent activity in categories like Electrolysis of vehicle, 
Leakage Reduction and Refinery processes for fuel production, rendering these a less competitive/
more appealing space for small or new patent applicants.

     Hydrogen Liquefaction is dominated by Chinese patent applicants such as China Aerospace 
Science & Technology and Shanghai Dynamic Hydrogen Machine. However, Shanghai Dynamic 
Hydrogen Machine has not filed any inventions within the Hydrogen as fuel domain since 2015. The 
table also exhibits that the sub-technology Stored as Liquefied hydrogen is dominated by Robert 
Bosch and Toyota. 
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Technologies vs Emerging patent applicants

     The table depicts the distribution of inventions in different categories by emerging patent 
applicants. 

     Emerging patent applicants have a low filing activity and only represents the 7.5% of total 
inventions. Similar to the Top patent applicants, Emerging patent applicants are also focused on 
Mobility Applications and Power/Electricity Generation.

    The sub-technologies with the highest contribution from emerging patent applicants are 
Flammability Reduction and Refuelling infrastructure, since 15% and 16% of the inventions of each 
category belong to emerging patent applicants.

     Among the hydrogen fuel handling categories, emerging patent applicants Tsinghua University 
and Shijiazhuang Xinhua Energy Environmental are the major contributors, particularly in the 
Transportation Stability sub-technology.

     Daimler has the highest number of filings among the Hydrogen storage field, while Exxonmobil has 
the highest strength index score among the emerging patent applicants, furthermore, they are majorly 
focusing on Power/electricity generation. 
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SUMMARY AND 
CONCLUSION
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Overall Landscape 
Description

Initially, a consistent filing trend was observed, since almost each 
year had the same amount of inventions being filed. The peak 
number of applications occurred in 2015; a downward trend was 
observed after that year.

Top patent offices CNIPA, USPTO, and JPO

Top Innovation Protection 
Locations

CNIPA, USPTO, and JPO

Top Patent Applicants by 
Volume

Toyota, Beijing University of Technology, and General electric

Highest Strength Among 
Top Patent Applicants

Siemens, General Electric, and Kawasaki Heavy Industries

Emerging applicants 
Among Top Patent 
Applicants

Toyota, Hyundai, Linde, and Mitsubishi Heavy Industries

Top Emerging Patent 
Applicants  by Volume

Denso, Nissan, Mcalister Technologies, and North China University of 
Water Resources and Electric Power

Top Emerging Patent 
Applicants   by Strength 
score and recency

University of Xian Jiaotong, Airbus, Ford, Shijiazhuang Xinhua Energy 
Environmental, and Huaneng Clean Energy Research Institute

Fastest Protection Route 
(IP5)

South Korea, 2.5 Years

Protection Route (IP5) 
Risks

China, low grant rate (38%)

Key Academic Tech 
Transfer Thought Leaders

Beijing University of Technology, Beijing Institute of Technology, 
University of Beihang, Tsinghua University, and University of Xian 
Jiaotong

Highest Volume 
Technology(s)

In Hydrogen fuel handling, Hydrogen Liquefaction has highest number 
of inventions, followed by transport stability.

Liquid hydrogen storage has the most inventions in the hydrogen 
storage category.

Most of the inventions reveal the application of hydrogen fuel in 
mobility, followed by power/electricity generation. While for hydrogen 
fuel in a vehicle most inventions are based on fuel delivery systems, 
followed by hydrogen-air mixture.
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Lowest Volume 
Technology(s)

There is a low number of inventions in flammability and leakage 
reduction of hydrogen fuel. 

The use of gas-solvent in storage containers has the fewest 
inventions in all categories, while the use of hydrogen for industrial 
applications is not yet popular among innovators.

The ignition system in vehicles and refueling infrastructure are also 
poorly researched areas.

Fastest Growing 
Technology(s)

Refueling infrastructure, high-pressure hydrogen storage, storage 
container construction and hydrogen storage in liquid form are 
some of the technical areas with relatively high-quality inventions 
developed in recent years.

Patent Thickets / 
Hotspots of Innovation

The use of hydrogen for mobility and power/electricity generation has 
the largest number of inventions in this field. A suitable number of 
inventions disclose hydrogen storage in liquid form. In addition, most 
hydrogen vehicle inventions relate to fuel delivery systems, hydrogen-
air mixing, and electrolysis of water in vehicles.

Patent Gaps / Areas Ripe 
for Ideation & Investment

Hydrogen is not yet a safe fuel. There are many problems preventing 
its growth as a commercial fuel and most of the inventions have 
not yet been converted into commercial products. The field is still 
immature and there are enormous opportunities for new patent 
applicants in all categories.
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• Mobility application is the most active sub-technology, since 61% of the inventions are related to 
Mobility. Even Saudi Aramco has tested the possibility of an Hydrogen vehicle. 

• Approximately 45% of the overall inventions were filed by individuals and academic institutions, so 
a wide variety of research and development activities can be expected in this area. There is plenty 
of scope for other patent applicants to conduct further research and convert it into commercial 
products. The continuous demand for clean energy will also promote further research in this area. 

• There are only a few inventions from developed patent offices, such as those in the United States, 
Japan and Germany, compared to those in China. These jurisdictions are known for their quality 
research work. The weaker presence of these patent offices in this area will hinder growth in the 
future. 

• Overall filings in this domain are decreasing, with an AAGR of 7% in recent years (2016-2019).

• 42% of inventions come from CNIPA alone. The entry of patent applicants from other jurisdictions 
into this area could face stiff competition from Chinese patent applicants. 

• Most of the major patent applicants are protecting their inventions in their home countries, and 
this could pose a threat to smaller patent applicants seeking to protect their intellectual property 
globally.

• This field has not yet reached maturity. Only 12% of inventions are filed by the top 15 patent 
applicants. There is scope for other emerging applicants to enter the market with some innovative 
inventions.

• There is a substantial filing activity by academic institutions and universities in this area. 
Therefore, big opportunities for patent applicant companies to collaborate with these academic 
institutions and seek their talent for initial research and development activities. 

• The fuel infrastructure sub-technology has the opportunity to file the most applications, as it is 
under-solicited, but a fundamental factor in for the growth of H2 as a fuel.

KEY RESULTS
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Table 1: Timeline

Year Total Inventions Grants Applications

2010 296 158 138

2011 279 152 127

2012 282 169 113

2013 297 151 144

2014 284 143 139

2015 320 139 180

2016 266 132 133

2017 282 114 168

2018 277 78 199

2019 224 44 180

2020 119 18 101

2021 6 – 6

Table 2: Source of innovation Table 3: Location of Protection

Innovation source country Total inventions Family member countries Total inventions

CNIPA 1256 CNIPA 1554

USPTO 379 USPTO 614

JPO 336 JPO 470

DPMA 188 EPO 327

KIPO 173 KIPO 284

ROSPATENT 134 DPMA 235

PCT 55 IPINDIA 183

IPINDIA 54 ROSPATENT 181

UKIPO 52 CIPO 127

TIPO 44 Other offices 641

Other offices 255
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Table 4: Source of innovation timeline

Table 6: Top applicant - Patent Strength Index

Top entities
Average Clarivate 

IP index

% Recency 
(inventions filed 

since 2016)
Total inventions

DSI Rank (x-
axis)

Recency Rank (y-
axis)

Toyota 37 52.5% 61 5 4

Beijing University of Technology 30 66.7% 42 9 2

General Electric 53 0.0% 26 2 14
Linde 32 34.6% 26 8 6

China Aerospace Science And Technology 18 76.0% 25 13 1

Mitsubishi Heavy Industries 36 32.0% 25 6 7

Hitachi 33 21.7% 23 7 9

Robert Bosch 29 13.6% 22 10 12

Hyundai Motor 48 55.0% 20 4 3

Kawasaki Heavy Industries 49 20.0% 20 3 11
Siemens 57 21.1% 19 1 10
Beijing Institute of Technology 15 44.4% 18 14 5
Honda Motor 26 12.5% 16 11 13
Shanghai Dynamic Hydrogen Machine 15 0.0% 16 15 14
University of Beihang 22 31.3% 16 12 8

Reference Table #3

Average Patent

Strength Index
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Table 7: Top Patent applicants; Timeline

Top entities 10 11 12 13 14 15 16 17 18 19 20 21
Total inventions 

(2010-2021)

% Recency 
(inventions filed 

since 2016)

Growth rate - 2016 - 
2019 (inventions/yr.)

Beijing University of Tech 2 5 4 0 2 1 1 2 9 8 8 0 42 66.7% 2.8
Hyundai Motor 1 1 5 1 1 0 0 6 4 1 0 0 20 55.0% 0.1
General Electric 5 7 12 1 1 0 0 0 0 0 0 0 26 0.0% 0.0
Shanghai Dynamic Hydrogen Machine 0 0 4 6 6 0 0 0 0 0 0 0 16 0.0% 0.0
Robert Bosch 1 0 1 0 12 5 1 0 2 0 0 0 22 13.6% -0.1
Honda Motor 10 2 0 0 1 1 0 1 0 0 1 0 16 12.5% -0.1
Siemens 0 3 2 1 4 5 2 0 1 1 0 0 19 21.1% -0.2
Kawasaki Heavy Industries 0 1 2 2 11 0 2 1 0 1 0 0 20 20.0% -0.4
University of Beihang 3 3 2 2 0 1 1 3 1 0 0 0 16 31.3% -0.5
China Aerospace Sci & Tech 0 0 0 3 0 3 4 4 5 2 4 0 25 76.0% -0.5
Linde 2 4 4 3 2 2 4 2 1 2 0 0 26 34.6% -0.7
Mitsubishi Heavy Industries 3 4 5 5 0 0 4 2 1 1 0 0 25 32.0% -1.0
Hitachi 5 5 5 1 1 1 4 1 0 0 0 0 23 21.7% -1.3
Beijing Institute of Technology 0 8 0 2 0 0 4 3 1 0 0 0 18 44.4% -1.4
Toyota 11 3 7 3 1 4 7 14 8 3 0 0 61 52.5% -1.8

Table 8: Emerging Patent applicants; Timeline

Top entities 10 11 12 13 14 15 16 17 18 19 20 21
Total inventions 

(2010-2021)

% Recency 
(inventions filed 

since 2016)

Growth rate - 2016 - 
2019 (inventions/yr.)

Denso 0 5 2 3 1 0 0 0 2 2 0 0 15 26.7% 0.8

Ford 1 1 2 1 1 0 0 1 0 3 0 0 10 40.0% 0.8

Korea Inst of Machinery & Materials 3 1 2 0 3 1 0 0 1 2 0 0 13 23.1% 0.7

China General Nuclear Power Corp 0 0 0 0 2 2 0 0 2 1 2 0 9 55.6% 0.5

Tsinghua University 0 0 0 1 5 0 1 0 1 2 0 0 10 40.0% 0.4

Geely 1 0 0 0 2 0 1 3 3 2 0 0 12 75.0% 0.3

University of Xian Jiaotong 0 0 0 1 0 0 1 0 2 1 4 0 9 88.9% 0.2

State Grid Corp China 0 1 0 2 0 2 1 1 2 1 0 0 10 50.0% 0.1

Nissan 2 1 3 2 1 2 2 0 0 2 0 0 15 26.7% 0.0

Mcalister 4 1 1 8 0 0 0 0 0 0 0 0 14 0.0% 0.0

North China University of Water Resources and Electric Power 1 2 0 2 0 1 3 1 2 2 0 0 14 57.1% -0.2

Daimler 2 3 0 0 2 1 1 0 1 0 1 0 11 27.3% -0.2

Airbus 1 1 2 0 0 1 3 0 0 2 0 0 10 50.0% -0.3

Caterpillar 0 0 3 2 0 2 2 0 0 1 0 0 10 30.0% -0.3

China Academy of Launch Vehicle Technology 0 0 1 0 1 3 0 4 1 0 2 0 12 58.3% -0.3

Zhejiang University 0 1 1 3 2 0 1 1 0 0 0 0 9 22.2% -0.4

Mitsubishi Chemical 0 3 1 1 1 1 1 1 0 0 0 0 9 22.2% -0.4

Exxonmobil 0 0 5 1 0 1 2 0 0 0 0 0 9 22.2% -0.6

Huaneng Clean Energy Research Institute 0 0 0 0 0 2 4 0 1 1 1 0 9 77.8% -0.8

Shijiazhuang Xinhua Energy Environmental 0 0 0 2 0 0 2 6 0 0 0 0 10 80.0% -1.2

Reference Table #5

Top Applicants

Top Applicants
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Table 8: Emerging Patent applicants; Patent Strength Index

Emerging entities
Average Clarivate IP 

index

% Recency 
(inventions filed 

since 2016)
Total inventions

DSI Rank (x-
axis)

Recency Rank (y-
axis)

Denso 27 26.7% 15 7 14

Nissan Motor 20 26.7% 15 15 14

Mcalister Technologies 19 0% 14 16 20

North China University of Water Resources and Electric Power 17 57.1% 14 18 6

Korea Institute of Machinery & Materials 21 23.1% 13 14 16

China Academy of Launch Vehicle Technology 22 58.3% 12 12 5

Geely 16 75.0% 12 20 4

Daimler 18 27.3% 11 17 13

Airbus 31 50.0% 10 5 8

Caterpillar 31 30.0% 10 4 12

Ford Global Technologies 41 40.0% 10 2 10

Shijiazhuang Xinhua Energy Environmental 26 80.0% 10 9 2

State Grid Corp China 22 50.0% 10 11 8

Tsinghua University 22 40.0% 10 10 10

China General Nuclear Power Corp 22 55.6% 9 13 7

Exxonmobil 75 22.2% 9 1 17

Huaneng Clean Energy Research Institute 27 78% 9 8 3

Mitsubishi Chemical 29 22.2% 9 6 17

University of Xian Jiaotong 34 88.9% 9 3 1

Zhejiang University 16 22.2% 9 19 17

Average Patent

Strength Index
Emerging Applicants
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Table 9: IP5 Pendency

IP5 Office
Average 

Pendency
Total Filings, 
PrePendency

Grants, Filed 
PrePendency

Allowance / Grant 
Rate( - pending 

period)

Backlog Level 
(Average 

Pendency)

Last Date for Filings to be 
included in Grant Calc

EUR 1670 231 115 49.8% 4.58 19 Nov 2016
JPN 1226 420 252 60.0% 3.36 06 Feb 2018
CHN 1044 1284 487 37.9% 2.86 07 Aug 2018
USA 944 552 366 66.3% 2.59 15 Nov 2018
KOR 912 226 142 62.8% 2.50 17 Dec 2018

x (20 and 20-
Average 

Pendency)
y -Order Rank % Type

KOR 20 5 KOR 63 % Granted
17.50 5 37 % Not Granted

USA 20 4 USA 66 % Granted
17.41 4 34 % Not Granted

CHN 20 3 CHN 38 % Granted
17.14 3 62 % Not Granted

JPN 20 2 JPN 60 % Granted
16.64 2 40 % Not Granted

EUR 20 1 EUR 50 % Granted
15.42 1 50 % Not Granted
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Table 10: Timeline of level 2 sub-category (2010-2021)

Table 11: Technical categories - Patent Strength Index

Level 1 category Level 2 category
Average Clarivate 

IP index

% Recency 
(inventions filed 

since 2014)
Total inventions DSI Rank (x-axis)

Recency Rank (y-
axis) Level 1 category Level 2 sub-categories Level 1 category Level 2 sub-categories Level 1 category Level 2 sub-categories

Hydrogen fuel Handling Flammability Reduction 21 51.0% 102 19 1
Leakage Reduction 22 44.7% 114 18 7
Transportation Stability 22 45.5% 323 15 4
Hydrogen Liquification 23 39.3% 466 14 12

Hydrogen Storage Stored as Compressed hydrogen 24 45.1% 213 12 5
Stored as Liquified hydrogen 25 41.3% 386 7 10
Storage Container Construction 25 43.8% 137 9 8
Use of gas-solvent in storage vessels 33 38.2% 34 1 13
Storing at Very high pressure 26 44.9% 118 6 6

Hydrogen Fuel Application Mobility Applications 24 37.3% 1806 11 16
Industrial application 27 31.6% 98 5 20
Power/Electricity Generation 25 41.1% 1454 8 11
Refinery processes for fuel production 30 32.3% 163 2 19
Others 19 50.0% 80 20 2

Hydrogen Fuel in Vehicles Fuel Delivery Systems 23 37.8% 862 13 14
Hydrogen-air mixture 27 37.5% 420 4 15
Modification in Engine Design 22 42.9% 189 17 9
Ignition Systems 22 37.2% 78 16 17
Electrolysis on Vehicle 24 35.3% 394 10 18
Refuelling infrastructure 28 46.5% 43 3 3

Reference Table #9

Average Patent

Strength Index
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Table 12: Technical categories - priority country and family member countries

Table 13: Large Patent applicants by technical category

Reference Table #11
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Table 14: Emerging Patent applicants by technical category
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METHODOLOGY 
& DEFINITIONS
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Collection 
Building

Based on the initial information provided by the client, the dataset 
collection was created according to the following datasets:

• DWPI

• “First Level” original patent data

The collection was created using standard patent searching techniques, 
iterated through quality reviews, and based on various combinations of the 
following data points:

• Keywords occurring within the original patent text and DWPI abstract

• Relevant patent classification codes in multiple systems

Data Cleaning

The initial data collection has been cleaned to remove off topic subject 
matter.

This “noise” has been identified using the following technique:

• Textual analysis of the collection

• Review of technical classifications for relevance

• Technical review of individual documents

In addition, ownership / applicant information of major entities in the 
collection have been cleaned, and of smaller entities when needed

Data Curation

The dataset has been curated into a project-specific technical taxonomy, 
developed so that the patent records are delineated into categories that 
drive decision support.

The categories were created in consultation with the client, and individual 
documents assigned to categories as appropriate through:

• Manual technical review

• Grouping and mining for phraseology, classification codes from multiple 
system

Metadata and 
Metrics 

Several derived data points have been added to the collection:

• The number of legal jurisdictions each invention has been protected 
within

• If and the number of jurisdictions a patent has been issued

• The frequency of downstream citation

• The technical breadth of the invention

• The invention’s age

These are combined and modeled to provide an overall Derwent Strength 
Index score
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Frameworks & 
Modelling

The curated, annotated and structured data collection has been run 
through a series of analytical models and frameworks, designed 
specifically to exploit the commercial and technical nature of patent 
documentation.

These frameworks involve the calculation of several statistics, including:

• Trend direction, via least squares / line of best fit function

• Mean averages where needed

• Ranking and sorting of variant statistics

• Trend normalization

Visualization
& Reporting

The statistics and output of the models / frameworks has been visualized 
into a series of charts, graphs and tabular views of the data, honed to aid 
insight generation.

These have then been further collated and reviewed by our Analysts to 
discover key data traits and findings presented in the Landscape reports.

Platform and 
Data Supply

Where requested, the data has been supplied via:

• Derwent Innovation – enabling dashboard manipulation of the study’s 
data collection, as curated and structured during the project

• Microsoft Excel workbook
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Patent

A patent is a A patent is a right, and usually a set of rights in multiple 
legal jurisdictions, that provides exclusive use of the technology described 
in the patent specification for a limited period of time (around 20 years). 
In return, the applicant must fully disclose how to use, make or build their 
invention.

For a patent to be valid (this may vary depending on jurisdiction) it must be 
novel (not previously disclosed or in use), must not be obvious to someone 
with average skill in the technology and must have a real-world use.

It should be noted that there are different varieties – shorter term “utility 
models”, design patents, etc.

Patent rights usually have to be maintained via periodic payment of a fee, 
otherwise the right will expire.

Taxonomy 

Groupings of inventions within the landscape report around specific topics 
of interest to the report’s audience that enable useful technical analysis 
and frame the context of innovation. Typically, it includes:

• Industrial uses

• Materials and Compositions

• Technical attributes and properties 

• Manufacturing methods

• Benefits

Document 
Counts

Patented ideas are registered locally within individual legal jurisdictions 
to provide local protection rights, e.g. U.S. patent rights, Swiss, British, 
Japanese, etc. However, each of these duplicate related filing events 
surrounding a single invention or idea, which would provide a distorted 
output.

For the purposes of decision support and consistency, all analyses in the 
report use a single definition of “unit of innovation” – the Derwent World 
Patents Index patent family. This is synonymous with “invention”.

As the landscape is designed to measure innovation’s activity, and not 
simply IP rights, all analytics in the report (unless directly mentioned) 
include both pending applications, granted patents; as well as abandoned 
or lapsed applications and granted patents.
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Dates

Patent rights, in their various jurisdictions, have many dates associated 
with them – the date of filing the first registration (known as the priority 
filing), the publication date of the application, the publication date of the 
granted patent, issued patent etc..

For consistency, all dates in the report use the earliest “priority” date 
(the first date) of the patent family / group of patent rights surrounding 
the same invention. However, there is a restriction – patent applications 
generally remain unpublished after this date by up to 18 months; therefore 
the most recent years have incomplete information. These years of 
incomplete data are omitted from the figures. This publication lag is 
inherent to all patent data, and should be considered the global “horizon” – 
since this lag is the same for all.

Citations

During the examination of patent applications for validity, patent office 
examiners reference previous patent applications that are relevant – 
known as the “prior art”. These references or citations are exceptionally 
useful in identifying impactful innovations, as inventions that gather 
significant citation over time correlate to importance.

Within the report, citation was used to identify particularly close patent 
applicants or technology: these analyses rely on a particular type of 
examiner reference – those that according to the examiner, would 
invalidate the patent application they are reviewing. 

Citation metrics were used, through frequency calculation, as one factor in 
the Derwent Strength Index.

Derwent 
Strength

The Derwent Strength Index assesses the number of desirable 
characteristics a single invention has gathered to date. This is then 
aggregated across technologies and entities to identify trends and 
importance. The Strength calculation uses several factors in its model, 
including:

Frequency of citation, referencing the impact of the technical invention

The breadth of geographic filing, correlating to variation of cost and 
investment in patent protection

Existence and location of granted, issued patent rights, a proxy for validity 
as well as commitment

The invention’s technical breadth, correlating to the industry range which 
the invention maps on

In addition, the Strength Index also models the value of inventions over 
time as well as weighting factors that accrue over time, e.g. existence 
granted patent rights.
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Applicants
Grouping

In order to provide further analytical axes, the entities listed in the data 
are grouped according to the type of applicant, e.g. an academic research 
institute or university, public research funding entities or government 
agencies/labs, vs corporate/for-profit applicants.

Inventions that do not map with organisational ownership are omitted 
from entity analyses, but included in general and technical analyses.

Entities are also group on a rank based on the data set. The Top 20 
entities are grouped as “large” portfolios, entities from 21 to 50 as 
“medium” with all other organisational patent right holders, regardless 
of revenue, market capitalisation or employee base, as “small portfolios”. 
This is to provide a filter for analytical modelling, and the ability to drill 
into the data as needed.

Timelines & 
Trends

The report The report uses three types of calculation for assessing trend 
direction:

• For growth or decline metrics, the complete data of activity of the last 
4 years is assessed using a least squares / line of best fit the function 
to calculate trajectory/inclination, with the data sorted from the highest 
decline to the highest growth

• For technical and competitive dynamic modelling, groups of inventions 
are ranked by the average age of the invention, as calculated through 
the earliest priority year

• For timelines, the data is ordered by the year of first activity, as based 
on the earliest priority year

First Patent
Offices

In In order to describe international trends within the landscape and the 
base innovation it is measuring, the inventor’s country of residence listed 
within the patent records has been mined and aggregated.

It should be noted that the majority of patents and patent applications 
have more than one inventor. In the case those inventors reside in multiple 
countries, the analysed inventions will be counted more than once. 

Protection 
Locations

Patent rights are limited to enforcement within a specific legal jurisdiction. 
A U.S. patent only provides exclusive use of the technology it contains 
within the jurisdiction of the U.S. legal system.

Therefore, patent applicants must file the same invention in multiple legal 
jurisdictions if they wish to have enforceable intellectual property rights in 
multiple countries – e.g. Japan, the United Kingdom or China.

Each location has different requirements: filing language, regulatory 
differences in legal representation, patent validity requirements, patent 
specification variation and other. 
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Filing
Breadth

Due to the multiple differences in patent laws and patent filing 
requirements in different legal jurisdictions (e.g. filing language, regulatory 
differences in legal representation, patent validity requirements, patent 
specification, etc..), the number of different countries in which patent 
registration has been sought for an invention is a simple yet very strong 
proxy for real-world monetary investment.

The metric provides a method for identifying blockbuster, strategic 
patents filed in 8+ countries with likely >$100k cost each vs more 
speculative patent applications within a single jurisdiction – or the 
combination / spectrum in between.

IP5

The five patent offices which represent almost 90% of global patent 
applications are:

• The United States Patent & Trademark Office (USPTO)

• The European Patent Office (EPO) serving as the examination agency 
for the European Patent Convention

• The Japan Patent Office (JPO)

• The Intellectual Property Office of China (CNIPA)

• The Korean Intellectual Property Office (KIPO)

Backlog &
Pendency

When a patent application is filed, it takes a certain period of time – both, 
by regulation and due to the volume of applications and/or the complexity 
of the invention – for a decision to be made about its validity as a patent.

This period is known as the pending period – during which the patent only 
exists as a potential intellectual property right. Pendency is measured as 
the period between the application being filed and the patent right being 
granted / issued. 

As one of the factors affecting the pendency period is the accumulation 
of patents to be analysed by the patent office (this varies according 
to technology, e.g. the productivity of biochemist/telecommunication 
examiners etc.), the average pendency times can provide a screening 
method for the location of protection.
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Grant or  
Allowance

Most patent applications do not issue as granted patents. The rate of 
issuance, or allowance rate is determined by various factors: applicable 
patent law within each legal jurisdiction for patent validity e.g. the novelty 
level of the invention within each application, whether it is considered 
obvious to someone of average skill in that technology, whether it has a 
real world use as well as other statutory or judicial restrictions.

In addition, applicants often do not pursue their patent application to be 
granted, as it may not be profitable; or the purpose of the application was 
not to obtain a granted patent, but to prevent others from doing so.

Dynamics 
Modelling

The report uses an advanced model combining trend data with normalised, 
aggregated Derwent Strength scoring in order to identify emergent 
companies, institutions and technology.

The models lean on the innate properties of the protected patent rights 
and the real world implications of the various scoring components – such 
as impactfulness, technical reach, applicant investment and validity.

Time and strength can then be combined to identify entities and 
technologies that are young yet strong – a powerful indication of direction 
and movement in a landscape that is unbiased by the requirement for high 
volumes of patent activity. It acts as a simple method of using patent 
data to describe actual markets.

The visualisation model uses synthetic axes based on ranked comparisons, 
to provide a clear delineation.

Other IPs

Additionally, the following patent offices represent the rest of the world’s 
patent applications:

• The United Kingdom Intellectual Property Office (UKIPO)

• National Institute of industrial property (INPI)

• The German Patent and Trade Mark Office (DPMA)

• Federal Service for Intellectual Property (ROSPATENT)

• Intellectual Property in India (IPINDIA)

• Intellectuall Property Office of Singapore (IPOS)

• Canadian Intellectual Property Office (CIPO)

• Taiwan Intellecual Property Office (TIPO)




