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Al is normally defined as the capability of a machine to engage in cognitive activities typically performed by the
human brain. Al implementations that focus on narrow tasks are widely available today, used for example, in
recommending what to buy next online, for virtual assistants in smartphones, and for spotting spam or
detecting credit card fraud. New implementations of Al are based on machine learning and harness big data.

The United States and China have traditionallydriven researchon Al.During the period of
2000-2021, 438,619 Al-related publications were issued.Of these,nearlyhalf were published in
three countries:the United States (90,202),China (81,857) and the United Kingdom (29,011). The
top three affiliations were the Chinese Academyof Sciences (4831/China),the Centre
National de la Recherche Scientifique (3,295/France),and Carnegie Mellon University
(2,887/United States).During this same time period (2000- 2021), 214,365 Al-related patents were
granted,the three top assignee nationalities being China (70,847),the US (41,911),and the
Republic of Korea (16,135). The top three currentpatentownersin 2021 were Samsung Group
(3,066/Republic of Korea),Ping An Insurance Group (3,013/China),and LG Corp (3,240/Republic
of Korea).

American and Chinese companies lead Al service provision.The top Al service providers
commonlyreferred to include Alphabet,including theiraffiliates,Google and DeepMind,
Amazon,Apple,IBM,Microsoft,Alibaba,and Tencent.The top Al service users measured by
spending on Al are the retail,banking,and discrete manufacturing sectors.Prices of Al
depend on applications and theirrequirements,butoverall the trend is forincreasing
affordability9Developing Al-based tools takes increasinglyfewerresources:between 2018
and 2022, the costto train systems decreased by64percent,while training times improved by
94percent.Forinstance,a basicvideo/speechanalysis Al platformis estimated to cost
$36,000-$ 56,000,an intelligentrecommendation engine might cost $20,000-$35,000and an Al-
driven artgenerator might cost $19,000-$ 34,000.

The marketfor Al ($65billion in 2020) is growing rapidly. Private investmentincreased 103per
centin 2021 compared to 2020 (from $46billion to $96.5billion).Supply-side market growthis
driven byfactorsincluding growthin big data allowing forincreased learning,improved
productivity,distributed application areas,greateravailabilityofgovernmentfunding,and
advancesinimage and voice recognition technologies.However,a shortage of Al
technologyexpertsrepresents a significantrestrainton supply.Demand-side growthis
primarilydriven bythe increasing adoption of cloud-based applications and services and
solutions thatuse Alto increase efficiency. Commonlycited challenges that might limit the
expansion of the Al marketinclude cybersecurity,regulatorycompliance,privacyconcerns,
and equityand fairness.

The Allabourmarketis thriving.One studyusing detailed data on online job vacancies
found thatdemand for Al skills has risen sharplyin the United States across industries and
occupations.The numberofpositions seeking Al skillsincreased tenfold between 2010and
2019,and fourtimes as a proportion of all job postings.The highestdemand for Al skills was
inlToccupations,followed byarchitecture and engineering,scientific,and management
occupations.




Atal Bihari Vajpayee Tribute to Titans of
Technology 2023

Stage of ENGAGEMENT with the Frontier Technology of Artificial Intelligence *
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PEOPLE ASSOCIATED with the Frontier Technology of Artificial Intelligence

Give the Details of all the Key Personnel in the <Name, Designation, Contact Number, Email ID, LinkedIN Profile, Role> Format

PUBLICITY MATERIAL, PUBLICATIONS & PATENTS (if any) associated with any Stage of the
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Intelligence

PARTNERSHIPS & ALLIANCES struck to bolster the Stage of Engagement with the Frontier
Technology of Artificial Intelligence
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IoT refers to myriad Internet-enabled physical devices that are collecting and sharing data. There is a vast
number of potential applications. Typical fields include wearable devices, smart homes, healthcare, smart cities
and industrial automation.

China and the United States also lead researchon loT.Between 2000and 2021, 139,805 lo T-
related publications were issued,led by China (28,461),India (21,188) and the United States
(17,318). The three leading affiliations were the Chinese Academyof Sciences (1,420/China),
Beijing Universityof Posts and Telecommunications (1,415/China) and the Chinese Ministryof
Education (1,085/China).During the same period, 147906 patents were assigned,with three top
nationalities of recipients being China (100,958),the Republic of Korea (17,374),and the

United States (13,406). The three currentleading ownersin 2021 were Samsung Group
(9,035/Republic of Korea),Qualcomm (2477/United States),and State Grid Corporation of
China (1,552China).

American companies are majorloTservice providers.The top loT service providers (loT
platformers)commonlyreferred to include Accenture, TCS,IBM,EY,Capgemini,HCL and
Cognizant.16 The top sectorsdeploying loTsolutionsinclude the manufacturing,home,
health,and finance sectors.17The price ofan loTsystemdepends on the type of application,
butcosts are onlydecreasing:the average costofan loTsensorhasdropped from $1.40in
2004to $0.38in 2020.18 Currently,forinstance,instance,ECG monitorsrange between $3,000and
$4,000; environmental monitoring systems are priced from $10,000,energy management
systems cost $27,000and up,and building and home automation starts from $50,000.

The loT marketis alreadylarge and isexpanding ata fastpace:McKinseyestimates that it
will enable $55trillion to $126trillion in value globallyby2030,up from $1.6trillion in 2020.20
Supply-side growthis driven in particularbyadvances in semiconductortechnologywhich
enable the developmentoflower-cost,lightweight,and more efficientdevices.21On the
demand side,growthis mainlydriven byrising demand foradvanced consumerelectronics
in growing economies,increasing adoption of smartdevices and internet-enabled devices,
the rise of tele-healthcare services,and the emergence of automation technologyin various
sectors.However,cybersecurityrisks and privacyconcerns could negatively affect market
growth here as well.

The growth of the loT market has led to skills shortages.According to one study,the numberof
online job advertisements thatincluded “loT"increased by32percentbetween July 2021 and
April 2022.24 In 2021, LinkedIn data suggests there were over 13,000lo T-related job openingsin

the United States alone.
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PROCESS & PROTOCOL of Engagement with the Frontier Technology of Internet of Things
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Technology of Internet of Things
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Big data refers to datasets whose size or type is beyond the ability of traditional database structures to capture,
manage and process. Computers can thus tap into data that has traditionally been inaccessible or unusable.

China and the United States are the front-runners of big data R&D.During the period
spanning 2000- 2021, there were 119,555publications related to big data with three top
countries being China (39,484),the United States (23,821) and India (8,970). The three leading
affiliations were the Chinese Academyof Sciences (2339China),Ministryof Education China
(1,186/China) and Tsinghua University (1,149/China). Within the same period, there were 72,184
patents withtop nationalityofassignees being China (62,605),the Republic of Korea (5,302)
and the United States (2,031). The top three currentowners were State Grid Corp.of China
(1,534/China),Ping An Insurance Group (1,189/China) and Baidu Inc. (468/China).

American companies lead the big data market. The leading providers of big-data-as-a-
service measured in terms of revenue include Amazon,Microsoft,IBM,Google,Oracle,SAP
and HP.26 Top users of big data measured byspending on big data service are banking,
discrete manufacturing,and professional services.The costofa big data systemvaries
depending on the objective.Forexample,the average costofbuilding a data warehouse
withcloud storage hasbeen estimated at $359,951 peryear,while the average costofbuilding
one withon-premises storage ispegged at $372279peryear.

The big data marketis alreadyexpanding quickly,particularlyin developed economies,and
will continue to add economic value asits uptake acrossindustries drives impressive
efficiencyimprovements.Supply-side growthis driven byfactorsincluding growing Internet
usercoverage,increasing adoption of cloud services and solutions,and continual major
growthin data production.However,the lack of skilled workersrepresents a concurrent
constraintto supply.Growthin demand isdriven byan increasing awareness of the
efficiency-related benefitsand novel solutions thatbig data approaches can yield,
particularlyin finance,butalso in otherindustries fromelectricitygeneration to as theyuse
themforrisk management,demand modelling,customerservice,and real-time analytics.32
However,lack of awareness of the benefits of big data as well as privacyand security
concerns continue to somewhatdampen market growth.

The big data industryhas driven a boomin demand fordata scientists. According to
Glassdoordata,job openings fordata scientists have increased by480percentsince 2016
and 650percentsince 2012.In the United States,the Bureau of Labor Statistics predicts a
growthrate of 36percentbetween 2021 and 2031. Globally,the job marketfordata scientists
and analysts will numberin the tens of millions.
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Stage of ENGAGEMENT with the Frontier Technology of Big Data *
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Adroit ADOPTION
Appropriate ADAPTATION
All Round AWARENESS
Skills TRAINING

Futuristic RESEARCH
Contextual INNOVATION
Sovereign DEVELOPMENT

Strategic DEPLOYMENT

20 O 2 DN DS H H 0

Full MARKET OFFERING

Usage | Adoption | Adaptation | Awareness | Training | Research | Innovation | Development | Deployment | Market Offering

Institutional/Organizational PERSPECTIVES, PLANS & PROJECTIONS about the Frontier
Technology of Big Data

OVERALL COMMENTARY of the Stage of Engagement with the Frontier Technology of Big
Data
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A blockchain refers to an immutable time-stamped series of data records supervised by a cluster of computers
not owned by any single entity. Blockchain serves as the base technology for cryptocurrencies, enabling peer-
to-peer transactions that are open, secure and fast.

As with most of these technologies,China and the United Stateslead research effortsinto
blockchain technology.During the 2000-2021 period,there were 27,964publications related to
blockchain,led by China (7,014),the United States (3,906),and India (3,069). The top three
affiliations were Beijing Universityof Posts and Telecommunications (413/China), the
Chinese Academyof Sciences (402 China)and the Chinese Ministryof Education (271/China).
During this same period, 63,767patents were granted,the top three assignee nationalities
being China (29,088),the United States (10,591),and the Cayman Islands (5,408). The top current
owners were Advanced New Technology Co.Ltd.(3,540/Cayman Islands),Alibaba Group
Holdings (3,256/Cayman Islands)and Ant Group Co.Ltd.(2209/China).

Top providers of blockchain (blockchain-as-a-service providers) service include Alibaba
(China),Amazon,IBM,Microsoft,Oracle (all United States)and SAP (Germany). American
companies are thus the leading blockchain service providers. The top users of blockchain by
industry, measured byspending on blockchain service,were banking,process
manufacturing,and discrete manufacturing.Blockchain is a feature-dependenttechnology,
so the final price depends on the specific projectrequirements.The developmentcostofan
NFT marketplace is estimated between $50,000to $130,000,thatofa Decentralized
Autonomous Organization (DAO)is between $3,500to $20,000, while a cryptocurrency
exchange app costs between $50,000to $ 100,000.

The blockchain market has grown particularlyrapidlyin the pastdecade and projections
suggestthis willonlyaccelerate,forecasting thatthe businessvalue generated by
blockchain will reach $176billion by 2025and $3.1trillion by 2030.390n the supplyside,the
application fields of blockchain have expanded to include various financial transactions
(online payments and creditand debitcard payments)as well asloT,healthand supply
chain management40However,challengesrelating to scalabilityand security,regulatory
uncertainty,and difficulties withintegrating the technologywithin existing applications act
as potential marketconstraints.Demand-side growthis primarlydriven bygrowthin online
transactions,currencydigitization,secure online paymentgateways,and growing interest
fromthe banking,financial services and insurance sectoralongside businesses’
increasing acceptance of cryptocurrencies asa means of payment.

The blockchain job marketis growing rapidly.Global demand forblockchain developersis
estimated to have increased bybetween 300and 500percentin 2021,driven by hiring from the
five biggestblockchain employers:Deloitte,IBM,Accenture,Cisco,and Collins Aerospace .42
Blockchain developers continue to be well remunerated,with median annualincomes of
$136,000in the US,$87,500in Asia,and $73,300in Europe.
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3D printing, also known as additive manufacturing, produces three-dimensional objects based on a digital file.
3D printing can create complex objects using less material than traditional manufacturing.

The storywith 3D printing is similar,with the United States and China driving research.During
the period 2000-2021 period, 36,367 publications related to 3D printing were made available,led
bythe United States (8,89),China (7,515),and the United Kingdom (2586). The top affiliations
were the Chinese Ministryof Education (631/China),the Chinese Academyof Sciences
(571/China),and Nanyang Technological University (491/Singapore). Within the same period,
there 70,799 newpatents were assigned,withassignees’nationalities dominated by China
(42,691), the United States (9,069),and Germany (4,705). The top patentowners in 2022were
Hewlett-Packard (1,632United States), Xi’an Jiaotong University (563/China)and Beijing
Universityof Technology (559/China).

The largest 3D printing companiesinclude Stratasys,3D Systems,Materialise NVEOS GmbH
and General Electric.54 Top users bysector,measured byspending on 3D printing
technology,were discrete manufacturing,healthcare and education.55The costof 3D
printing has dropped markedlyin the recentyears and are expected to continue to do
so.Currently,an entry-level 3D printercan costas lowas $100,while an industrial 3D printer
starts at $10,000.

The 3D printing markethas been growing ata fastpace.Globally,itwas valued at$12billion
in 2020, expected to rise to $51billion by2030. Supply-side growthis mainlydriven by
increasing varietyin the materials thatcan be 3D printed (majorshift fromplastic to metal),
increases in the production speed,increasesin the size of printable objects,reduction of
errors,decreasesin developmentcosts and time,the abilityto build customized products,
and governmentspending on 3D printing projects.59 However,the still relativelyhigh costof
3D printing when compared to manyproducts’traditional methods of production,combined
with the scarcityof skilled labourers,mayhamperthe market growth. This has howevernot
prevented demand-side growth,driven byan increase in applications in healthcare,
consumerelectronics,automotive,dental,food,fashion,and jewelry.

The 3D printing industry’s demand forlabourisincreasing asitsrapidlygrowing market
requires more skilled professionals.Itis estimated thatthe industrywill create 1.7-28million
newjobsin 3D-printing-enabled manufacturing in the United States,and between 3and 5
million new skilled jobs in total. Auxiliaryjobs are also increasinglysought after, with the
industryneeding engineers,software developers, material scientists,and a wide range of
business supportfunctionsincluding sales, marketing and otherspecialists.
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Robots are programmable machines that can carry out actions and interact with the environment via sensors
and actuators either autonomously or semi-autonomously. They can take many forms: disaster response
robots, consumer robots, industrial robots, military/security robots and autonomous vehicles.

Roboticsresearchisled bythe United States. Among the 276,027publications related to
robotics published in 2000-2021, the United States (69,909), China (38,494) and Japan (20,527) led
the way.Top affiliations were the Chinese Academyof Sciences (3,676/China),Harbin Institute
of Technology(2568/ China)and Carnegie Mellon University (2,484/United States).During the
same period, 122940patents were granted,with mostassignees coming fromthe United
States (48,164),followed by China (27,502) and Germany (5,205). The top three patentowners as
of2022are Johnson & Johnson (3438United States), Intuitive Surgical Inc.(3,383/United
States)and Medtronic Inc.(1,834/United States).

Manufacturers froma diverse collection of countries are dominate robotics sales and
production.The fourlargestindustrial robotics manufacturers are ABB (Switzerland),Fanuc
(Japan),KUKA(Germany)and Yaskawa (Japan),while the largestautonomous vehicle
manufacturersinclude Alphabet/Waymo (United States), Aptiv(Ireland),GM (United States),
and Tesla (United States).62The top industryspenderson robotics were discrete
manufacturing,process manufacturing and resource industries.63There are manytypes of
robots and price depends on the type.

As the costs of production in robotics have decreased (e.g.,throughincreasing production in
lower-costregions,lower R&D costs,and economies of scale) prices have followed:there
has been a more than 50% drop in average robotics costs since 1990.64 This increased
affordability,combined withgreatervolumes of production,isin turn driving a democratising
increase in marketsize.

The current estimate of job growthin roboticsis modestin comparison to some of these other
technologies,in partbecause in manyeconomiesitis alreadyfurtherdeveloped than they
are.In the United States,forinstance,there were 167,100 active robotics engineers in 2022with
the robotics engineerjob marketis expected to growbybetween 1and 5percentbetween
2020and 2030. Robotics careersinclude robotics engineers,software developers,
technicians,salesengineers,and operators.
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A drone, also known as an unmanned aerial vehicle (UAV) or unmanned aircraft system (UAS), is a flying robot
that can be remotely controlled or fly autonomously using software with sensors and GPS. Drones have often
been used for military purposes, but they also have civilian uses such as in videography, agriculture and in
delivery services.

The United States and Canada drive researchinto drone technology.During the period of
2000-2021, the biggestcontributing countries to the 23,526 publications on drone technology
were the United States (5,047),China (3,028),and the United Kingdom (1,411). The top
affiliations were the Centre National de la Recherche Scientifique (CNRS) (220/France), the
Chinese Academyof Sciences (220/China)and Beihang University (151/China).During the
same period,there were 48613patents assigned worldwide,dominated by China (22,209), the
United States (7,791),and the Republic of Korea (6,318). The top three currentowners of
patentsin 2022were SZ DJl Technology Co.Ltd.(1,705/China), Qualcomm (891/United States)
and LG Corp.(704/Republic of Korea).

American manufacturers are dominantin the militarydrone space while the commercial
drone space is more diverse,though Chinese companies playan outsized role.Companies
commonlyreferred to astop manufacturers of commercial drones are 3D Robotics (United
States),DJl Innovations (China),Parrot (France),and Yuneec (China),while militarydrone
makersinclude Boeing (United States),Lockheed Martin (United States),and Northrop
Grumman Corporation (United States).67Top industries measured byspending on drone
technologywere the utility,construction,and discrete manufacturing sectors.68 The price of
commercial (non-amateur)drones begins at$2000perunit,while militarydronesrange in
price from $800,000to $400 million perunit.
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The commercial drone market,which has alreadyexperienced significantgrowth,is setto
continue expanding.In the US marketalone,the industrygrewfromaround $40million in 2012
to around $1billion in 2017and is expected to have an annualimpactof $31to $46billion on
the country’s GDP.70 The industry with the largest potential market forcommercial
applicationsofdrone technologyisinfrastructure,withan estimated addressable market
value of $452billion.71 Digitization and technological improvementin cameras,drone
specifications,mapping software, multidimensional mapping,and sensoryapplications are
driving growth. However,health and safety,privacyand national securityregulations are
expected to negativelyaffect the market while satellite imagery,thoughexpensive,
represents a competing industrythat mightimpede market growth,particularly as satellite
servicesdo notshare the same regulatoryissues.On the demand side,increasing demand
for GIS,LiDAR,and mapping services fromsectorsincluding agriculture,energy,tourism,
construction,mapping and surveying,and emergencyservices are contributing to growth.

As the drone industrygrows,so does its job market.In Australia,drones are expected to
support5500full-time job equivalents on average perannum between 2020-2040.73 In 2020, a
yearmarked byeconomicuncertaintyand job losses,drone companies reversed the trend,
increasing theirlabourforce byan average of 15%.
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Gene editing, also known as genome editing, is a genetic engineering tool to insert, delete or modify genomes
in organisms. Potential applications include drought-tolerant crops or new antibiotics.

Gene editing researchis,as is the trend,led bythe United States and China. In 2000-2021,
publications related to gene editing numbered 24,802, 1ed bythe United States (9,881),China
(5,106),and the United Kingdom (2,099). The top affiliations were the Chinese Academyof
Sciences (994/China),Harvard Medical School (696/United States),and the Chinese Ministry
of Education (573/China). Within the same period, 13970patents were granted, with the most
assignees coming fromthe United States (6,482),followed by China (3,834) and Switzerland
(673). The three currentowners were Massachusetts Institute of Technology (427/United
States),the Universityof California (360/United States),and Harvard University (337/United
States).

Companiescommonlyreferred to astop gene editing service providersinclude CRISPR
Therapeutics (Switzerland), Editas Medicine (United States),Horizon Discovery Group
(United Kingdom),Intellia Therapeutics (United States), Precision BioSciences (United
States),and Sangamo Therapeutics (United States).75Gene editing isused bypharma-
biotechcompanies,academicinstitutes and researchcentres,agrigenomiccompanies,and
contractresearchorganizations.76 The price ofgene editing varies bytechnologyand
application.The costofhuman gene therapies addressing genetic medical conditions
currentlyranges from $373,000to $2.1 million butcan costas muchas $5billion to develop.

The gene editing marketis growing butsome concerns persist.Supplyremains driven by
large funding forresearchand developmentand technological improvementin genetic
engineering technologies.780n the demand side, the marketis driven byincreasing cases
ofgeneticand infectious diseases,the food industry’sincreasing focuson genetically
modified technologies,and increasing demand forsynthetic genes.However,ethical issues
concerning the misuse ofgene editing as well asits potential effecton human health may
dampen growth.

Labourdemand in gene editing is expected to soarwiththe gene editing market’'s expected
growth from $5.20billion in 2020to $18.50billion in 2028.In the United Kingdom,ithas been
estimated that 18,000new jobs will be added between 2017-2035, while in the United States,
22500new medical scientistand biomedical engineerjobs are expected to be added
between 2021 and 2031.
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5G networks are the next generation of mobile internet connectivity, offering download speeds of around 1-10
Gbps (4G is around 100 Mbps) as well as more reliable connections on smartphones and other devices.

China and the United States also lead 5G research.During the period 2000-2021, 13,045
publications related to 5G were issued,led by China (3,236),the United States (1,446) and
India (1,224). The top affiliations were Beijing Universityof Posts and Telecommunications
(402/China),Nokia Bell Labs (225/United States)and Universityof Electronic Science and
Technologyof China (179/China).During the same period, 32412patents were granted, with the
top assignee nationalities being China (15,869),the Republic of Korea (12,646),and the United
States (1,858). The top currentowners are Samsung Group (11,920/Republic of Korea), Huawei
(1000/China)and LG Corp.(744/Republic of Korea).

The leading vendors of end-to-end 5G network infrastructure include Ericsson,Huawei,
Nokia,ZTE,Samsung,and NEC.Certain industries are expected to be particularly heavy
users and majorbeneficiaries of the 5G rollout. These include mobile operators and network
providers,machineryand industrial automation companies,componentand module
vendors,and manufacturing businesses.5G mobile line prices varydepending on the carrier
and features.However,costs remain high:the monthlycostofa single line of service with
unlimited access to the 5G nationwide network in the US starts at $70for Verizon,$65for AT&T,
and $60for T-Mobile.The leading earlyadopters of 5G technologies are China,Republic of
Korea,the United Kingdom, Germany,the United States,Switzerland,and Finland.

PwC estimates 5G’s economic impactin 2022to be $150bn and projects thatitwill reach $1.3
trillion by 2030.

The rollout of 5G will take time,approximatelyfive years to achieve broad coverage.ltis
alreadywidespread though,with Ericsson predicting one billion subscriptions bythe end of
2022and 4.4billion by 2027. Projections based on currenttrajectories predictthat it will
generate $7trillion of economic value by2030.One constraintisintroduced bythe necessity
ofupgrading 5G infrastructure,notably microcell towers and base stations as the high costs
associated withupgradesimpede wide diffusion.In terms of demand,growthis mainlydriven
byrising demand formobile broadband,the growing use of smartphones and smart
wearable devices,surging demand formobile video,rapid developmentsinloTand an ever-
growing numberofconnected devices,initiatives in multiple countries towards the
developmentofsmartcities,and the shiftin consumerpreference frompremise-based to
cloud-based solutions.

5G adoptionis setto create large opportunities in the job market.Itis estimated thatin the
US alone in 2034,4.6 million 5G-related jobs will be created,driven largelybyemploymentin
the following sectors:agriculture,construction,utilities,manufacturing,transportation and
warehousing,education,healthcare,and government. By 2035, the global 5G value chain is
expected to support22million jobs globally.
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Nanotechnology is a field of applied science and technology dealing with the manufacturing of objects in scales
smaller than 1 micrometre. Nanotechnology is used to produce a wide range of useful products such as
pharmaceuticals, commercial polymers and protective coatings. It can also be used to design computer chip
layouts.

Nanotechnologyresearchisled bythe United Statesand China.Between 2000and 2021,
186,827 nanotechnology-related publications were issued,led bythe United States (52,135),
China (31,502),and India (13,448). The top affiliations were the Chinese Academyof Sciences
(5451/China),the Chinese Ministryof Education (3,581/China)and Centre National de la
Recherche Scientifique (CNRS) (2,390/France). Within the same period, 6,175patents were
assigned,withthe top nationalities of beneficiaries being China (1,395),the United States
(1,253),and the Russian Federation (922). The three biggestowners were Aleksandr
Aleksandrovich Krolevets (224/Russian Federation/Individual),Harvard University (90/United
States)and PPG IndustryInc.(76/United States).

Top nanotechnologycompaniesinclude BASF (Germany),Apeel Sciences (United States),
Agilent (United States),Samsung Electronics (Republic of Korea),and Intel Corporation
(United States).The majorusersof nanotechnologyinclude medicine, manufacturing,and
energy.

On the supplyside,the marketis driven bytechnological advancements,increasing
governmentsupport,private sectorfunding forR&D,and strategic alliances between
countries.In terms of demand,the marketis driven bya general growing demand fordevice
miniaturization.Concernsrelated to environmental,health,and safetyrisks,as well as
nanotechnologycommercialization risk constraining market growth.

The nanotechnologyjob marketis expected to grow,butata modestrate.In the United
States,the nanotechnologyengineerjob marketis setto growby6.4percentbetween 2016
and 2026.84 Expected salaries in the United Statesrange between $35,000-$ 50,000 for
associates to $75,000-$100,000fordoctorate degrees.
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Solar photovoltaic (solar PV) technology transforms sunlight into direct current electricity using
semiconductors within PV cells. In addition to being a renewable energy technology, solar PV can be used in
off-grid energy systems, potentially reducing electricity costs and increasing access.

SolarPVresearchisled bylndia,the United States,and China.During the period 2000-2021,
19,875publications related to solarPVwere presented,led bylIndia (6,169),the United States
(2,850) and China (1,692). The top affiliations were the Indian Institute of TechnologyDelhi
(817/India), Vellore Institute of Technology (2191ndia) and National Renewable Energy
Laboratory (199United States). Within the same period, 38425patents were granted, with the
mostassignees coming from China (31,361),the Republic of Korea (1,792),and the United
States (1,578). The top three owners in 2022are State Grid Corp.of China (290/China), Tianjin
University (152/China),and Wuxi Tongchun New Energy Tech (139/China).

Top solarpanel manufacturersinclude Jinko Solar(China),Canadian Solar(Canada),
Trina Solar(China) First Solar (United States),SunPower (United States),and Hanwha Q
CELLS (Republicof Korea).The biggestusers of solarPVtechnologyinclude the residential,
commercial and utilities sectors.

The prices of solarPVpanels have decreased significantly,the average upfrontcostfor
commonlyused residential PVsystems (6kW)dropped from $50,000to the range of $ 16,200-
$21,420in ten years between 2008and 2018, while the national average costofa residential PV
systemin the United Statesis nowestimated at $2.94perwatt.

The concentrated solarpowermarketsize is setto continue expanding.The IEArecorded a
negative impactof COVID-19due to the pandemic hampering construction efforts.However,
theyprojectan overallincrease in global implementation of the technologyfrom 2023 to 2025
onwards,witha push forworldwide economicrecoveryencouraging increased installation of
bothprivate and commercial-purpose PVsystems,withpotential foran approximate 165GW
rise in perannumcapacityoverall.

Solariswidelyacknowledged as keyto efforts to combatclimate change.Chinese estimates
have projected thatif solarphotovoltaic energywas installed in the remaining construction
area available foritin the country (estimated atapproximately6.4billion metres squared), it
would generate 1.55times the territory’s annual electricityusage peryear.

SolarPVisthe largestemployeramong the differentrenewable energyindustries,already
accounting forclose to 4million jobs worldwide.In the United States,the industry has
experienced an average annual growthrate of 33% in the lastdecade alone.The
International Renewable Energy Agency (IRENA) estimates thataround 154 million people
will be employed in solarPVunderthe 1.5°C Scenario.
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Concentrated solar power (CSP) plants use mirrors to concentrate the sun’s rays and produce heat for
electricity generation via a conventional thermodynamic cycle. Unlike solar photovoltaics (PV), CSP uses only
the direct component of sunlight and can provide carbon-free heat and power only in regions with high direct
normal irradiance (DNI).

Concentrated solarpowerresearchisled bythe United States. Across 2000-2021, the 3,195
publications related to concentrated solarpowercame outofthe United States (595),Spain
(484),and China (389). The top affiliations were the German Aerospace Center (131/Germany),
Universityof Seville (72Spain),and the Centre National de la Recherche Scientifique
(CNRS) (68/France). Within the same period, 1,101 patents were assigned, the mostrecipients
of whichcame fromthe United States (454),Belgium (79),and Germany (79). The top three
currentpatentowners are Cockerill Maintenance & Ingenierie SA(79/Belgium),Brilliant Light
Power,Inc (59/United States),and General Electric (56/United States).

Companiesconsidered to be leaders in the concentrated solarpowerspace include
Abengoa Solar,S.A.(Spain),lbereolica Group (Spain), ENGIE (France),NextEra Energy
Resources (United States),and BrightSource Energy (United States).Concentrated solar
powerserves industrial,commercial and residential sectors. The global weighted-average cost of
electricity for concentrated solar power was estimated at $ 0.108/kWh in 2020.

On the supply-side,growthin the marketis driven bygovernmentsupportforthe adoption of
renewables,the integration of concentrated solarpowerinto hybrid powerplants,and
advancementsin heattransfertechnologysuchas proppants,high-temperature salts,and
CO2along witha growing abilityto minimize light reflection throughnewcoatings for
receivers.960n the demand-side,marketexpansion isdriven byconcentrated solarpower
plants’abilityto supplypoweron-demand ratherthan being weatherdependent.However,
there remain concernsin terms of highcapital costs,limited supplyofland massin highsolar
radiation zones,limited access to waterresources,and challenges with the accessibilityof
transmission grids.

Worldwide,the concentrated solarpowerindustryhas created an estimated 32000jobs to-
date.Jobs in the concentrated solarpowerspace are setto growwithIRENAand the ILO
predicting 1.6 million concentrated solarpowerjobsto have been created by 2050.
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Biofuels are liquid fuels derived from biomass, and are used as an alternative to fossil fuel-based liquid
transportation fuels such as gasoline, diesel and aviation fuels. In 2020, biofuels accounted for 3 per cent of
transport fuel demand.

Biofuelsresearchisled bythe United States.During the period 2000-2021,biofuels
publications numbered 74,801,originating in large part fromthe United States (18,386),China
(10,085),and India (6,89). The top affiliations were the Chinese Academyof Sciences
(1,626/China),the Chinese Ministryof Education (1,225/China),and the Universityof Sdo Paulo
(847/Brazil). Within the same period,22325patents were granted,largelyto beneficiaries from
the United States (6,988), China (3,798),and France (1,083). The three largestpatentowners were
Royal Dutch Shell (560/lUnited Kingdom), Bayer AG (470/Germany) and BASF SE (339/Germany).

Leading biofuel production companiesinclude Cosan (Brazil), Verbio (Germany), ALTEN
Group (France),ArcherDaniels Midland Co.(United States),Argent Energy UK Ltd. (United
Kingdom),REG (United States),Cargill Inc.(United States),Louis Dreyfus (France),and
WilmarInternational Ltd (Singapore). The main users of biofuels are the transportation,
heating and electricitygeneration sectors.99 The costofbiofuel production dependson
methods used.In 2020,the average production costofbiofuels made using cellulosic
ethanolwas $4pergallon-gasoline equivalent(gge).Biofuels produced using the pyrolysis-
biocrude-hydro treatment pathwayhad a cost estimate of $3.25[gge,biofuels produced using
biomass to liquid (BTL) had an average costof $3.80/gge,while hydrotreated esters and fatty
acids (HEFA) biofuels were estimated to have an average costof $3.70/[gge.

The global biofuels marketis projected to expand rapidly:the IEAestimates thatdemand for
biofuels will mostlikelygrowby4ibillion litres,or28percent,overthe period 2021-2026. The
marketis currentlydriven bydemand-side factors as national policies suchasobligatory
blending take effectand national ambitions forenergysecurityincrease,the latterhaving
been amplified bythe conflictin Ukraine and the 2022global energycrisis. Growing demand
forfuel in the transportation sectorand moves to transition to a low-carbon economyalso
contribute significantly.On the supply-side,preferential taxes,subsidies and mandates
have driven biofuel priceslowerand helped increase production.However,the key
challenge to biofuelsis theircontinued lowcost-competitiveness relative to fossil fuels.
Furthermore,biofuel feedstock production maycause changestoland use patterns,place
strain on watersupply,generate airand waterpollution,and increase food costs.
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Worldwide,the liquid biofuel marketemploys an estimated 2411,000people.Althoughbiofuel
jobsdeclined between 4and 5percentin the United Statesin 2020due to knock-on effects
fromthe Covid-19pandemic,declinesin biofuel employmentwere less severe than those in
the job markets forotherkinds of fuels.Biofuel employmentis projected to rebound,
accompanying the gradual recoveryfromthe pandemic.
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Biogas is a mixture of methane, CO2 and small quantities of other gases produced by anaerobic digestion of
organic matter in an oxygen-free environment. Biomass is renewable organic material that comes from trees,
plants, and agricultural and urban waste. It can be used for heating, electricity generation, and transport fuels.

Biogas and biomassresearchisled byChina and the United States.Between 2000and 2021,
400,062biofuel-related publications were putout,led by China (79,658),the United States
(77,614),and India (27,183). The top affiliations were the Chinese Academyof Sciences
(17,175/China),the Chinese Ministryof Education (8554/China),and the Universityof the
Chinese Academyof Sciences (6,245/China). Within the same period, the 251,251 registered
patents were assigned primarilyto residents of China (99,328),the United States (38,856),and
France (13,713). The three top patentowners in 2022were Xyleco (3,808/United States),BASFSE
(2,694/Germany),and Evonik Industry AG (1,694/Germany).

Majorbiogas and biomass producersinclude Future Biogas (United Kingdom), AirLiquide
(France),PlanET Biogas Global (Germany), Ameresco (United States),Quantum Green
(India), Envitech Biogas (Germany),and Weltec Biopower (Germany). The main users of
biogas and biomass are the industrial,transportation,residential and electric power
generation sectors.106 The costof producing biogas varies between $2MBtu to $20/MBtu.107
Biomass powerplants generate electricitythatgenerallycosts around $0.030and $0.140kWh;
butcertain projects can costup to $0.250kWh.

The global biogas marketsis projected to growrapidly,while the biomass marketis expected
toundergo transformation as ittransitions fromtraditional to sustainable methods. While
biomass constitutes 9percentofthe world’s energyproduction,biogasrepresentsonlya 0.3
percentshare oftotal primaryenergy.Despite this,the IEAprojects significant growth for
sustainable forms of both,driven bytheirflexibility,simplicity,and ecological necessity. The
transition towards a low-carbon economy,growing demand frompowergeneration
companies,and the adoption of biomassin fuel cell technology.On the supply-side,
biomass costs are dropping due to favorable governmentpoliciesincluding loans forthe
establishmentofbiomass powerplants while the availabilityofsustainable feedstocks for
biogaspurposesissetto growby40percentoverthe period to 2040. However,the marketis
limited bychallenges whichinclude scarce land areas forenergy-growing crops and
technical hurdles that limitthe commercial feasibilityof biomass as areplacementforfossil
fuels athigherblending rates when compared to coal.

The biomass and biogas job markets are anticipated to keep growing.Solid biomass
employs an estimated 765,000individuals worldwide,while biogas employs approximate 339,000
people.ltis estimated thatbiomass production creates 7Z3permanent full-time directjobs
per100MW of installation capacity.
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Wind energy is used to produce electricity using the kinetic energy created by air in motion. This is transformed
into electrical energy using wind turbines. Many parts of the world have strong wind speeds, but the best
locations for generating wind power are sometimes remote and offshore ones.

Wind energyresearchisagainled byChina and the United States.2000-2021 saw 37,514
publications related to wind energy,led by China (5,376),the United States (5359 and India
(4,254). The top affiliations were the Technical Universityof Denmark (545Denmark), North
China Electric Power University (364/China),and Delft Universityof Technology
(859/Netherlands). Within the same period,58,134patents were assigned, mainlyto applicants
from China (32,991), Germany (11,630),and the US (2927). The top three currentowners are
Wobben Properties GMBH (3062/Germany), Wobben Aloys (1966/Germany),and Senvion SE
(1884/Germany).

The companies frequentlycited asleading in the wind energyspace include Vestas
(Denmark),Siemens Gamesa (Spain),Goldwind (China), GE (United States),and Envision
(China) (BizVibe,2022). The majorusers of wind energyinclude the agricultural,residential,
utilityand industrial sectors (Hartman,2021). The global weighted-average costof electricity
ofnewonshore and offshore wind farms was $ 0.053kWh and $ 0.115kWh respectivelyin 2019.

The global wind energy marketcontinues to growas installation and maintenance costs
decrease.In 2021, wind electricitygeneration increased bya record 273TWh (up 17percent
compared to 2020), making it the fastest growing of all powergeneration technologies.Given
the increasing affordabilityand profitabilityof wind and the large numberofhigh-wind areas
thathave notyetbeen exploited forit,potential forgrowthis strong.Demand-side drivers of
growthin the wind energymarketinclude increasing demand forrenewable energysources
and continuallygrowing energyconsumption globally.

Withenergypricesincreasing significantly,demand forincreasinglycost-effective
renewable energyis growing.On the supply-side,offshore wind farms have circumvented
challengesrelated to sea depth while benefitting fromhighwind speeds.Barriers in the wind
energysectorinclude technological onesrelated to grid connection and integration and
the lack of supporting infrastructure.There are also economic challenges,notablythe high
initial costofcapitaland long payback periods,shortages in financing channels,immature
offshore supplychains,and outdated regulatory frameworks.




Atal Bihari Vajpayee Tribute to Titans of
Technology 2023

The wind energyjob market,alreadysignificant,currentlyemploying 1.25million people
worldwide,is expected to experience rapid growth.1173.3million newjobs are expected to be
created as aresultofthe additional 470GW of wind capacityexpected to be installed by
2025.118
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Green hydrogen is hydrogen generated entirely by renewable energy or from low-carbon power. The most
established technology for producing green hydrogen is water electrolysis fuelled by renewable electricity.
Compared to electricity, green hydrogen can be stored more easily. The idea is to use excess renewable capacity
from solar and wind to power electrolysers which would utilize this energy to create hydrogen, which can be
stored as fuel in tanks.

Green hydrogen researchisled byChina.Across 2000-2021,802green hydrogen publications
were issued,led by China (140), Germany (100),and the United States (74). The top affiliations
were the Chinese Academyof Sciences (22/China),the Universityof Birmingham (13/United
Kingdom),and the Chinese Ministryof Education (12/China). Within the same period, 58
patents were assigned,predominantlyto applicants from China (30),the United Kingdom (5),
the US (4) and Australia (4). The three top currentowners are Anglo-American Corp. (4/UK),
Xi’an Thermal Power Research Institute (4/China),and Johnson Matthey (3/UK).

Majorgreen hydrogen companiesinclude AirLiquide (France),Air Products and Chemicals,
Inc (United States),Engie (France),Green Hydrogen Systems (Denmark),Siemens Energy
Global GmbH (Germany), Toshiba (Japan),and Tianjin Mainland Hydrogen Equipment Co.
Ltd (China).The largestusers of green hydrogen include heavyindustryand the
transportation,heating and powergeneration sectors.Green hydrogen costs remain high,
currentlyestimated ataround 25-6 USD/kg H2.

Demand in the global hydrogen marketis growing because ofthe need forincreased
flexibilityand dispatchabilityofrenewable powersystems,green hydrogen’s broad potential
use across the entire economy,and several countries withlarge renewable resources
seeking to become netexporters.On the supply-side,the marketis flourishing courtesyof
technological improvementand market-readiness of several items in the hydrogen value
chain.

However,several barriers remain significant.Green hydrogen has higherproduction costs
relative to greyhydrogen even when carbon pricing increases the costs of competing fossil
fuels.Significantly,there remains a shortage ofdedicated infrastructure forthe transport
and storage of green hydrogen,a still-small market forit,and difficultiesin drawing clear
distinctions between greyand green hydrogen in national energystatistics.Challenges
also remain concerning the measurementofits sustainability.

Green hydrogen is estimated to create as manyas 2million jobs between 2030to 2050as
investmentsin electrolyzers and othergreen hydrogen infrastructure increase and as it
becomesincreasinglywidelyadopted as a fuel source.
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Electric vehicles (EVs) use one or more electric motors for propulsion. They can be powered by a collector
system, with electricity from extravehicular sources, or autonomously by a battery. As energy-consuming
technologies, EVs create new demand for electricity that can be supplied by renewables. In addition to the
benefits of this shift, such as reducing CO2 emissions and air pollution, electric mobility also creates significant
efficiency gains and could emerge as an important source of storage for variable sources of renewable
electricity.

Electric vehicle researchisled by China,the United States,Germany,and South Korea.From
2000to 2021,0f the 79,732publications related to electric vehicles,most came from China (22,375),
followed bythe United States (13,108),and Germany (5,408). The top affiliations were the
Beijing Institute of Technology (1,814/China), Tsinghua University (1,685),and Tongji University
(900/China). Within the same period,of the 206,049patents assigned, mostwentto China (94,124),
the Republic of Korea (23,193),and the US (19,059). The top three currentowners are LG Corp
(7181/Republic of Korea), Toyota Group (6945(Japan),and Hyundai Motor Group (6817/Republic
of Korea).

Leading electric vehicle manufacturersinclude Tesla (United States),Renault-Nissan—
Mitsubishi Alliance (France/Japan),Volkswagen (Germany),BYD (China),Kia and Hyundai
(Republicof Korea). The majorusers of electric vehicles include the transportation,e-
commerce and deliveryindustries.126 Between 2021 and 2022, supplychain problems and
componentshortages have in factraised the average costofa newelectric carin the United
Statesby22percent,to $54,000 (compared to a 14percentincrease forinternal combustion
engine cars).

Nearlyi0Opercentofglobal carsales were electric in 2021,fourtimes the market share in 2019.
This rate of growthis projected to continue oraccelerate.Demand isbeing driven by
supportive governmentpolicyin the formoffuel economyand emission targets,cityaccess
restrictions,and financial incentives,along with growing corporate and consumerinterest
in purchasing electric vehicles to meetsustainabilityobjectives.On the supply-side,
technological innovations have improved the driving range,costcompetitiveness,and time
required to charge formanyelectric vehicles.Crucially,charging infrastructure isbecoming
more widespread and accessible,and automotive manufacturers have made ambitious
strategic commitments to promote electric vehicle production and consumption.Further
impetus comes fromthe growing success of Chinese manufacturers’focus on producing
small EVs at muchlowerprice points:in 2021, the sales-weighted median price of EVsin China
was only 10% more than thatofconventional offerings,compared with 45-50% on average in
othermajormarkets.

However,barriersremain including concerns aboutelectric vehicles’range,highbattery
prices,a shortage of charging infrastructure in certain countries,and concerns about the
environmental harms of electric vehicle charging and batteryproduction.

Electrifying the transportation industryis expected to supportjob growth.Itis estimated that
nearly200,000additional permanentjobs will be created in Europe by2030as resultof
employmentin ten sectors:batterymanufacturing,chargermanufacturing,wholesales,
installation of the chargers,grid connection,grid reinforcement, civil and road work,charge
pointoperation,charge point maintenance and electricitygeneration.ltis likewise
expected that more than the transition to electric transportwill lead to a netglobal net
globalincrease of 2million jobs despite losses the combustion engine sector. While there
mightbe job losses in the auto repairand maintenance industries,these would be offsetby
gainsin economy-wide induced jobs and increased powersectorjobs.
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