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AI is normally defined as the capability of a machine to engage in cognitive activities typically performed by the
human brain. AI 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 AI are based on machine learning and harness big data. 

The  U n i te d  S ta te s  a n d  C hi n a  ha ve  tra d i t i o n a l l y d ri ve n  re se a rch o n  AI. D u ri n g  the  p e ri o d  o f
2000-2021, 438,619 AI-re l a te d  p u b l i ca t i o n s  we re  i ssu e d . O f the se , n e a rl y ha l f  we re  p u b l i she d  i n
thre e  co u n tri e s : the  U n i te d  S ta te s  (90,202), C hi n a  (81,857) a n d  the  U n i te d  Ki n g d o m (29,011). The
to p  thre e  a f f i l i a t i o n s  we re  the  C hi n e se  Aca d e my o f S c i e n ce s  (4,831/C hi n a ), the  C e n tre
N a t i o n a l  d e  l a  R e che rche  S c i e n t i f i q u e  (3,295/Fra n ce ), a n d  C a rn e g i e  M e l l o n  U n i ve rs i ty
(2,887/U n i te d  S ta te s ). D u ri n g  thi s  sa me  t i me  p e ri o d  (2000- 2021), 214,365 AI-re l a te d  p a te n ts  we re
g ra n te d , the  thre e  to p  a ss i g n e e  n a t i o n a l i t i e s  b e i n g  C hi n a  (70,847), the  U S  (41,911), a n d  the
R e p u b l i c  o f  Ko re a  (16,135). The  to p  thre e  cu rre n t p a te n t o wn e rs  i n  2021 we re  S a msu n g  Gro u p
(3,066/R e p u b l i c  o f  Ko re a ), Pi n g  An  In su ra n ce  Gro u p  (3,013/C hi n a ), a n d  LG C o rp  (3,240/R e p u b l i c
o f  Ko re a ). 

Ame ri ca n  a n d  C hi n e se  co mp a n i e s  l e a d  AI se rvi ce  p ro vi s i o n . The  to p  AI se rvi ce  p ro vi d e rs
co mmo n l y re fe rre d  to  i n c l u d e  Al p ha b e t, i n c l u d i n g  the i r a f f i l i a te s , Go o g l e  a n d  D e e p M i n d ,
Ama zo n , Ap p l e , IBM , M i c ro so ft , Al i b a b a , a n d  Te n ce n t. The  to p  AI se rvi ce  u se rs  me a su re d  b y
sp e n d i n g  o n  AI a re  the  re ta i l , b a n k i n g , a n d  d i sc re te  ma n u fa c tu ri n g  se c to rs . Pri ce s  o f  AI
d e p e n d  o n  a p p l i ca t i o n s  a n d  the i r re q u i re me n ts , b u t o ve ra l l  the  t re n d  i s  fo r i n c re a s i n g
a ffo rd a b i l i ty.9 D e ve l o p i n g  AI-b a se d  to o l s  ta ke s  i n c re a s i n g l y fe we r re so u rce s : b e twe e n  2018
a n d  2022, the  co s t to  t ra i n  sys te ms  d e c re a se d  b y 64 p e r ce n t, whi l e  t ra i n i n g  t i me s  i mp ro ve d  b y
94 p e r ce n t. Fo r i n s ta n ce , a  b a s i c  vi d e o /sp e e ch a n a l ys i s  AI p l a t fo rm i s  e s t i ma te d  to  co s t
$ 36,000-$ 56,000, a n  i n te l l i g e n t re co mme n d a t i o n  e n g i n e  mi g ht co s t  $ 20,000-$ 35,000 a n d  a n  AI-
d ri ve n  a rt  g e n e ra to r mi g ht co s t  $ 19,000-$ 34,000.

The  ma rke t fo r AI ($ 65 b i l l i o n  i n  2020) i s  g ro wi n g  ra p i d l y. Pri va te  i n ve s tme n t i n c re a se d  103 p e r
ce n t i n  2021 co mp a re d  to  2020 (f ro m $ 46 b i l l i o n  to  $ 96.5 b i l l i o n ). S u p p l y-s i d e  ma rke t g ro wth i s
d ri ve n  b y fa c to rs  i n c l u d i n g  g ro wth i n  b i g  d a ta  a l l o wi n g  fo r i n c re a se d  l e a rn i n g , i mp ro ve d
p ro d u c t i vi ty, d i s tri b u te d  a p p l i ca t i o n  a re a s , g re a te r a va i l a b i l i ty o f  g o ve rn me n t fu n d i n g , a n d
a d va n ce s  i n  i ma g e  a n d  vo i ce  re co g n i t i o n  te chn o l o g i e s . H o we ve r, a  sho rta g e  o f  AI
te chn o l o g y e xp e rts  re p re se n ts  a  s i g n i f i ca n t re s tra i n t  o n  su p p l y. D e ma n d -s i d e  g ro wth i s
p ri ma ri l y d ri ve n  b y the  i n c re a s i n g  a d o p t i o n  o f  c l o u d -b a se d  a p p l i ca t i o n s  a n d  se rvi ce s  a n d
so l u t i o n s  tha t u se  AI to  i n c re a se  e f f i c i e n cy. C o mmo n l y c i te d  cha l l e n g e s  tha t mi g ht l i mi t  the
e xp a n s i o n  o f  the  AI ma rke t i n c l u d e  cyb e rse cu ri ty, re g u l a to ry co mp l i a n ce , p ri va cy co n ce rn s ,
a n d  e q u i ty a n d  fa i rn e ss .

The  AI l a b o u r ma rke t i s  thri vi n g . O n e  s tu d y u s i n g  d e ta i l e d  d a ta  o n  o n l i n e  j o b  va ca n c i e s
fo u n d  tha t d e ma n d  fo r AI sk i l l s  ha s  ri se n  sha rp l y i n  the  U n i te d  S ta te s  a c ro ss  i n d u s tri e s  a n d
o ccu p a t i o n s . The  n u mb e r o f  p o s i t i o n s  se e k i n g  AI sk i l l s  i n c re a se d  te n fo l d  b e twe e n  2010 a n d
2019, a n d  fo u r t i me s  a s  a  p ro p o rt i o n  o f  a l l  j o b  p o s t i n g s . The  hi g he s t d e ma n d  fo r AI sk i l l s  wa s
i n  IT o ccu p a t i o n s , fo l l o we d  b y a rchi te c tu re  a n d  e n g i n e e ri n g , sc i e n t i f i c , a n d  ma n a g e me n t
o ccu p a t i o n s .
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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. 

C hi n a  a n d  the  U n i te d  S ta te s  a l so  l e a d  re se a rch o n  Io T. Be twe e n  2000 a n d  2021, 139,805 Io T-
re l a te d  p u b l i ca t i o n s  we re  i ssu e d , l e d  b y C hi n a  (28,461), In d i a  (21,188) a n d  the  U n i te d  S ta te s
(17,318). The  thre e  l e a d i n g  a f f i l i a t i o n s  we re  the  C hi n e se  Aca d e my o f S c i e n ce s  (1,420/C hi n a ),
Be i j i n g  U n i ve rs i ty o f  Po s ts  a n d  Te l e co mmu n i ca t i o n s  (1,415/C hi n a ) a n d  the  C hi n e se  M i n i s try o f
Ed u ca t i o n  (1,085/C hi n a ). D u ri n g  the  sa me  p e ri o d , 147,906 p a te n ts  we re  a ss i g n e d , wi th thre e  to p
n a t i o n a l i t i e s  o f  re c i p i e n ts  b e i n g  C hi n a  (100,958), the  R e p u b l i c  o f  Ko re a  (17,374), a n d  the
U n i te d  S ta te s  (13,406). The  thre e  cu rre n t l e a d i n g  o wn e rs  i n  2021 we re  S a msu n g  Gro u p
(9,035/R e p u b l i c  o f  Ko re a ), Q u a l co mm (2,477/U n i te d  S ta te s ), a n d  S ta te  Gri d  C o rp o ra t i o n  o f
C hi n a  (1,552/C hi n a ). 

Ame ri ca n  co mp a n i e s  a re  ma j o r Io T se rvi ce  p ro vi d e rs . The  to p  Io T se rvi ce  p ro vi d e rs  (Io T
p l a t fo rme rs ) co mmo n l y re fe rre d  to  i n c l u d e  Acce n tu re , TC S , IBM , EY, C a p g e mi n i , H C L a n d
C o g n i za n t.16 The  to p  se c to rs  d e p l o yi n g  Io T so l u t i o n s  i n c l u d e  the  ma n u fa c tu ri n g , ho me ,
he a l th, a n d  f i n a n ce  se c to rs .17 The  p ri ce  o f  a n  Io T sys te m d e p e n d s  o n  the  typ e  o f  a p p l i ca t i o n ,
b u t co s ts  a re  o n l y d e c re a s i n g : the  a ve ra g e  co s t o f  a n  Io T se n so r ha s  d ro p p e d  fro m $ 1.40 i n
2004 to  $ 0.38 i n  2020.18 C u rre n t l y, fo r i n s ta n ce , i n s ta n ce , EC G mo n i to rs  ra n g e  b e twe e n  $ 3,000a n d
$ 4,000; e n vi ro n me n ta l  mo n i to ri n g  sys te ms  a re  p ri ce d  fro m $ 10,000, e n e rg y ma n a g e me n t
sys te ms  co s t $ 27,000 a n d  u p , a n d  b u i l d i n g  a n d  ho me  a u to ma t i o n  s ta rts  f ro m $ 50,000.

The  Io T ma rke t i s  a l re a d y l a rg e  a n d  i s  e xp a n d i n g  a t  a  fa s t  p a ce : M cKi n se y e s t i ma te s  tha t i t
wi l l  e n a b l e  $ 5.5 t ri l l i o n  to  $ 12.6 t ri l l i o n  i n  va l u e  g l o b a l l y b y 2030, u p  fro m $ 1.6 t ri l l i o n  i n  2020.20
S u p p l y-s i d e  g ro wth i s  d ri ve n  i n  p a rt i cu l a r b y a d va n ce s  i n  se mi co n d u c to r te chn o l o g y whi ch
e n a b l e  the  d e ve l o p me n t o f  l o we r-co s t, l i g htwe i g ht, a n d  mo re  e f f i c i e n t  d e vi ce s .21 O n  the
d e ma n d  s i d e , g ro wth i s  ma i n l y d ri ve n  b y ri s i n g  d e ma n d  fo r a d va n ce d  co n su me r e l e c tro n i cs
i n  g ro wi n g  e co n o mi e s , i n c re a s i n g  a d o p t i o n  o f  sma rt  d e vi ce s  a n d  i n te rn e t-e n a b l e d  d e vi ce s ,
the  ri se  o f  te l e -he a l thca re  se rvi ce s , a n d  the  e me rg e n ce  o f  a u to ma t i o n  te chn o l o g y i n  va ri o u s
se c to rs . H o we ve r, cyb e rse cu ri ty ri sks  a n d  p ri va cy co n ce rn s  co u l d  n e g a t i ve l y a f fe c t  ma rke t
g ro wth he re  a s  we l l .

The  g ro wth o f  the  Io T ma rke t ha s  l e d  to  sk i l l s  sho rta g e s . Acco rd i n g  to  o n e  s tu d y, the  n u mb e r o f
o n l i n e  j o b  a d ve rt i se me n ts  tha t i n c l u d e d  “ Io T” i n c re a se d  b y 32 p e rce n t b e twe e n  Ju l y 2021 a n d
Ap ri l  2022.24 In  2021, Li n ke d In  d a ta  su g g e s ts  the re  we re  o ve r 13,000 Io T-re l a te d  j o b  o p e n i n g s  i n
the  U n i te d  S ta te s  a l o n e .
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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. 

C hi n a  a n d  the  U n i te d  S ta te s  a re  the  fro n t-ru n n e rs  o f  b i g  d a ta  R &D . D u ri n g  the  p e ri o d
sp a n n i n g  2000- 2021, the re  we re  119,555 p u b l i ca t i o n s  re l a te d  to  b i g  d a ta  wi th thre e  to p
co u n tri e s  b e i n g  C hi n a  (39,484), the  U n i te d  S ta te s  (23,821) a n d  In d i a  (8,970). The  thre e  l e a d i n g
a ff i l i a t i o n s  we re  the  C hi n e se  Aca d e my o f S c i e n ce s  (2,339/C hi n a ), M i n i s try o f  Ed u ca t i o n  C hi n a
(1,186/C hi n a ) a n d  Ts i n g hu a  U n i ve rs i ty (1,149/C hi n a ). Wi thi n  the  sa me  p e ri o d , the re  we re  72,184
p a te n ts  wi th to p  n a t i o n a l i ty o f  a ss i g n e e s  b e i n g  C hi n a  (62,605), the  R e p u b l i c  o f  Ko re a  (5,302)
a n d  the  U n i te d  S ta te s  (2,031). The  to p  thre e  cu rre n t o wn e rs  we re  S ta te  Gri d  C o rp . o f  C hi n a
(1,534/C hi n a ), Pi n g  An  In su ra n ce  Gro u p  (1,189/C hi n a ) a n d  Ba i d u  In c . (468/C hi n a ). 

Ame ri ca n  co mp a n i e s  l e a d  the  b i g  d a ta  ma rke t. The  l e a d i n g  p ro vi d e rs  o f  b i g -d a ta -a s -a -
se rvi ce  me a su re d  i n  te rms  o f  re ve n u e  i n c l u d e  Ama zo n , M i c ro so ft , IBM , Go o g l e , O ra c l e , S AP
a n d  H P.26 To p  u se rs  o f  b i g  d a ta  me a su re d  b y sp e n d i n g  o n  b i g  d a ta  se rvi ce  a re  b a n k i n g ,
d i sc re te  ma n u fa c tu ri n g , a n d  p ro fe ss i o n a l  se rvi ce s . The  co s t o f  a  b i g  d a ta  sys te m va ri e s
d e p e n d i n g  o n  the  o b j e c t i ve . Fo r e xa mp l e , the  a ve ra g e  co s t o f  b u i l d i n g  a  d a ta  wa re ho u se
wi th c l o u d  s to ra g e  ha s  b e e n  e s t i ma te d  a t  $ 359,951 p e r ye a r, whi l e  the  a ve ra g e  co s t o f  b u i l d i n g
o n e  wi th o n -p re mi se s  s to ra g e  i s  p e g g e d  a t  $ 372,279 p e r ye a r.

The  b i g  d a ta  ma rke t i s  a l re a d y e xp a n d i n g  q u i ck l y, p a rt i cu l a rl y i n  d e ve l o p e d  e co n o mi e s , a n d
wi l l  co n t i n u e  to  a d d  e co n o mi c  va l u e  a s  i ts  u p ta ke  a c ro ss  i n d u s tri e s  d ri ve s  i mp re ss i ve
e ff i c i e n cy i mp ro ve me n ts . S u p p l y-s i d e  g ro wth i s  d ri ve n  b y fa c to rs  i n c l u d i n g  g ro wi n g  In te rn e t
u se r co ve ra g e , i n c re a s i n g  a d o p t i o n  o f  c l o u d  se rvi ce s  a n d  so l u t i o n s , a n d  co n t i n u a l  ma j o r
g ro wth i n  d a ta  p ro d u c t i o n . H o we ve r, the  l a ck  o f  sk i l l e d  wo rke rs  re p re se n ts  a  co n cu rre n t
co n s tra i n t  to  su p p l y. Gro wth i n  d e ma n d  i s  d ri ve n  b y a n  i n c re a s i n g  a wa re n e ss  o f  the
e ff i c i e n cy-re l a te d  b e n e f i ts  a n d  n o ve l  so l u t i o n s  tha t b i g  d a ta  a p p ro a che s  ca n  yi e l d ,
p a rt i cu l a rl y i n  f i n a n ce , b u t a l so  i n  o the r i n d u s tri e s  f ro m e l e c tri c i ty g e n e ra t i o n  to  a s  the y u se
the m fo r ri sk  ma n a g e me n t, d e ma n d  mo d e l l i n g , cu s to me r se rvi ce , a n d  re a l -t i me  a n a l yt i cs .32
H o we ve r, l a ck  o f  a wa re n e ss  o f  the  b e n e f i ts  o f  b i g  d a ta  a s  we l l  a s  p ri va cy a n d  se cu ri ty
co n ce rn s  co n t i n u e  to  so me wha t d a mp e n  ma rke t g ro wth. 

The  b i g  d a ta  i n d u s try ha s  d ri ve n  a  b o o m i n  d e ma n d  fo r d a ta  sc i e n t i s ts . Acco rd i n g  to
Gl a ssd o o r d a ta , j o b  o p e n i n g s  fo r d a ta  sc i e n t i s ts  ha ve  i n c re a se d  b y 480 p e r ce n t s i n ce  2016
a n d  650 p e r ce n t s i n ce  2012. In  the  U n i te d  S ta te s , the  Bu re a u  o f  La b o r S ta t i s t i cs  p re d i c ts  a
g ro wth ra te  o f  36 p e r ce n t b e twe e n  2021 a n d  2031. Gl o b a l l y, the  j o b  ma rke t fo r d a ta  sc i e n t i s ts
a n d  a n a l ys ts  wi l l  n u mb e r i n  the  te n s  o f  mi l l i o n s . 
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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  wi th mo s t o f  the se  te chn o l o g i e s , C hi n a  a n d  the  U n i te d  S ta te s  l e a d  re se a rch e f fo rts  i n to
b l o ckcha i n  te chn o l o g y. D u ri n g  the  2000-2021 p e ri o d , the re  we re  27,964 p u b l i ca t i o n s  re l a te d  to
b l o ckcha i n , l e d  b y C hi n a  (7,014), the  U n i te d  S ta te s  (3,906), a n d  In d i a  (3,069). The  to p  thre e
a ff i l i a t i o n s  we re  Be i j i n g  U n i ve rs i ty o f  Po s ts  a n d  Te l e co mmu n i ca t i o n s  (413/C hi n a ), the
C hi n e se  Aca d e my o f S c i e n ce s  (402/ C hi n a ) a n d  the  C hi n e se  M i n i s try o f  Ed u ca t i o n  (271/C hi n a ).
D u ri n g  thi s  sa me  p e ri o d , 63,767 p a te n ts  we re  g ra n te d , the  to p  thre e  a ss i g n e e  n a t i o n a l i t i e s
b e i n g  C hi n a  (29,088), the  U n i te d  S ta te s  (10,591), a n d  the  C a yma n  Is l a n d s  (5,408). The  to p  cu rre n t
o wn e rs  we re  Ad va n ce d  N e w Te chn o l o g y C o . Ltd . (3,540/C a yma n  Is l a n d s ), Al i b a b a  Gro u p
H o l d i n g s  (3,256/C a yma n  Is l a n d s ) a n d  An t Gro u p  C o . Ltd . (2209/C hi n a ). 

To p  p ro vi d e rs  o f  b l o ckcha i n  (b l o ckcha i n -a s -a -se rvi ce  p ro vi d e rs ) se rvi ce  i n c l u d e  Al i b a b a
(C hi n a ), Ama zo n , IBM , M i c ro so ft , O ra c l e  (a l l  U n i te d  S ta te s ) a n d  S AP (Ge rma n y). Ame ri ca n
co mp a n i e s  a re  thu s  the  l e a d i n g  b l o ckcha i n  se rvi ce  p ro vi d e rs . The  to p  u se rs  o f  b l o ckcha i n  b y
i n d u s try, me a su re d  b y sp e n d i n g  o n  b l o ckcha i n  se rvi ce , we re  b a n k i n g , p ro ce ss
ma n u fa c tu ri n g , a n d  d i sc re te  ma n u fa c tu ri n g . Bl o ckcha i n  i s  a  fe a tu re -d e p e n d e n t te chn o l o g y,
so  the  f i n a l  p ri ce  d e p e n d s  o n  the  sp e c i f i c  p ro j e c t  re q u i re me n ts . The  d e ve l o p me n t co s t o f  a n
N FT ma rke tp l a ce  i s  e s t i ma te d  b e twe e n  $ 50,000 to  $ 130,000, tha t  o f  a  D e ce n tra l i ze d
Au to n o mo u s  O rg a n i za t i o n  (D AO ) i s  b e twe e n  $ 3,500 to  $ 20,000, whi l e  a  c ryp to cu rre n cy
e xcha n g e  a p p  co s ts  b e twe e n  $ 50,000 to  $ 100,000.

The  b l o ckcha i n  ma rke t ha s  g ro wn  p a rt i cu l a rl y ra p i d l y i n  the  p a s t d e ca d e  a n d  p ro j e c t i o n s
su g g e s t thi s  wi l l  o n l y a cce l e ra te , fo re ca s t i n g  tha t the  b u s i n e ss  va l u e  g e n e ra te d  b y
b l o ckcha i n  wi l l  re a ch $ 176 b i l l i o n  b y 2025 a n d  $ 3.1 t ri l l i o n  b y 2030.39 O n  the  su p p l y s i d e , the
a p p l i ca t i o n  f i e l d s  o f  b l o ckcha i n  ha ve  e xp a n d e d  to  i n c l u d e  va ri o u s  f i n a n c i a l  t ra n sa c t i o n s
(o n l i n e  p a yme n ts  a n d  c re d i t  a n d  d e b i t  ca rd  p a yme n ts ) a s  we l l  a s  Io T, he a l th a n d  su p p l y
cha i n  ma n a g e me n t.40 H o we ve r, cha l l e n g e s  re l a t i n g  to  sca l a b i l i ty a n d  se cu ri ty, re g u l a to ry
u n ce rta i n ty, a n d  d i f f i cu l t i e s  wi th i n te g ra t i n g  the  te chn o l o g y wi thi n  e xi s t i n g  a p p l i ca t i o n s  a c t
a s  p o te n t i a l  ma rke t co n s tra i n ts . D e ma n d -s i d e  g ro wth i s  p ri ma rl y d ri ve n  b y g ro wth i n  o n l i n e
tra n sa c t i o n s , cu rre n cy d i g i t i za t i o n , se cu re  o n l i n e  p a yme n t g a te wa ys , a n d  g ro wi n g  i n te re s t
f ro m the  b a n k i n g , f i n a n c i a l  se rvi ce s  a n d  i n su ra n ce  se c to r a l o n g s i d e  b u s i n e sse s ’
i n c re a s i n g  a cce p ta n ce  o f  c ryp to cu rre n c i e s  a s  a  me a n s  o f  p a yme n t.

The  b l o ckcha i n  j o b  ma rke t i s  g ro wi n g  ra p i d l y. Gl o b a l  d e ma n d  fo r b l o ckcha i n  d e ve l o p e rs  i s
e s t i ma te d  to  ha ve  i n c re a se d  b y b e twe e n  300 a n d  500 p e r ce n t i n  2021, d ri ve n  b y hi ri n g  f ro m the
f i ve  b i g g e s t b l o ckcha i n  e mp l o ye rs : D e l o i t te , IBM , Acce n tu re , C i sco , a n d  C o l l i n s  Ae ro sp a ce .42
Bl o ckcha i n  d e ve l o p e rs  co n t i n u e  to  b e  we l l  re mu n e ra te d , wi th me d i a n  a n n u a l  i n co me s  o f
$ 136,000 i n  the  U S , $ 87,500 i n  As i a , a n d  $ 73,300 i n  Eu ro p e .
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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  s to ry wi th 3D  p ri n t i n g  i s  s i mi l a r, wi th the  U n i te d  S ta te s  a n d  C hi n a  d ri vi n g  re se a rch. D u ri n g
the  p e ri o d  2000-2021 p e ri o d , 36,367 p u b l i ca t i o n s  re l a te d  to  3D  p ri n t i n g  we re  ma d e  a va i l a b l e , l e d
b y the  U n i te d  S ta te s  (8,896), C hi n a  (7,515), a n d  the  U n i te d  Ki n g d o m (2,586). The  to p  a f f i l i a t i o n s
we re  the  C hi n e se  M i n i s try o f  Ed u ca t i o n  (631/C hi n a ), the  C hi n e se  Aca d e my o f S c i e n ce s
(571/C hi n a ), a n d  N a n ya n g  Te chn o l o g i ca l  U n i ve rs i ty (491/S i n g a p o re ). Wi thi n  the  sa me  p e ri o d ,
the re  70,799 n e w p a te n ts  we re  a ss i g n e d , wi th a ss i g n e e s ’ n a t i o n a l i t i e s  d o mi n a te d  b y C hi n a
(42,691), the  U n i te d  S ta te s  (9,069), a n d  Ge rma n y (4,705). The  to p  p a te n t o wn e rs  i n  2022 we re
H e wl e tt-Pa cka rd  (1,632/U n i te d  S ta te s ), Xi ’a n  J i a o to n g  U n i ve rs i ty (563/C hi n a ) a n d  Be i j i n g
U n i ve rs i ty o f  Te chn o l o g y (559/C hi n a ). 

The  l a rg e s t 3D  p ri n t i n g  co mp a n i e s  i n c l u d e  S tra ta sys , 3D  S ys te ms , M a te ri a l i se  N V, EO S  Gmb H
a n d  Ge n e ra l  El e c tri c .54 To p  u se rs  b y se c to r, me a su re d  b y sp e n d i n g  o n  3D  p ri n t i n g
te chn o l o g y, we re  d i sc re te  ma n u fa c tu ri n g , he a l thca re  a n d  e d u ca t i o n .55 The  co s t o f  3D
p ri n t i n g  ha s  d ro p p e d  ma rke d l y i n  the  re ce n t ye a rs  a n d  a re  e xp e c te d  to  co n t i n u e  to  d o
so . C u rre n t l y, a n  e n try-l e ve l  3D  p ri n te r ca n  co s t a s  l o w a s  $ 100, whi l e  a n  i n d u s tri a l  3D  p ri n te r
s ta rts  a t  $ 10,000.

The  3D  p ri n t i n g  ma rke t ha s  b e e n  g ro wi n g  a t  a  fa s t  p a ce . Gl o b a l l y, i t  wa s  va l u e d  a t  $ 12 b i l l i o n
i n  2020, e xp e c te d  to  ri se  to  $ 51 b i l l i o n  b y 2030. S u p p l y-s i d e  g ro wth i s  ma i n l y d ri ve n  b y
i n c re a s i n g  va ri e ty i n  the  ma te ri a l s  tha t  ca n  b e  3D  p ri n te d  (ma j o r shi f t  f ro m p l a s t i c  to  me ta l ),
i n c re a se s  i n  the  p ro d u c t i o n  sp e e d , i n c re a se s  i n  the  s i ze  o f  p ri n ta b l e  o b j e c ts , re d u c t i o n  o f
e rro rs , d e c re a se s  i n  d e ve l o p me n t co s ts  a n d  t i me , the  a b i l i ty to  b u i l d  cu s to mi ze d  p ro d u c ts ,
a n d  g o ve rn me n t sp e n d i n g  o n  3D  p ri n t i n g  p ro j e c ts .59 H o we ve r, the  s t i l l  re l a t i ve l y hi g h co s t o f
3D  p ri n t i n g  whe n  co mp a re d  to  ma n y p ro d u c ts ’ t ra d i t i o n a l  me tho d s  o f  p ro d u c t i o n , co mb i n e d
wi th the  sca rc i ty o f  sk i l l e d  l a b o u re rs , ma y ha mp e r the  ma rke t g ro wth. Thi s  ha s  ho we ve r n o t
p re ve n te d  d e ma n d -s i d e  g ro wth, d ri ve n  b y a n  i n c re a se  i n  a p p l i ca t i o n s  i n  he a l thca re ,
co n su me r e l e c tro n i cs , a u to mo t i ve , d e n ta l , fo o d , fa shi o n , a n d  j e we l ry.

The  3D  p ri n t i n g  i n d u s try’s  d e ma n d  fo r l a b o u r i s  i n c re a s i n g  a s  i ts  ra p i d l y g ro wi n g  ma rke t
re q u i re s  mo re  sk i l l e d  p ro fe ss i o n a l s . I t  i s  e s t i ma te d  tha t the  i n d u s try wi l l  c re a te  1.7-2.8 mi l l i o n
n e w j o b s  i n  3D -p ri n t i n g -e n a b l e d  ma n u fa c tu ri n g  i n  the  U n i te d  S ta te s , a n d  b e twe e n  3 a n d  5
mi l l i o n  n e w sk i l l e d  j o b s  i n  to ta l . Au xi l i a ry j o b s  a re  a l so  i n c re a s i n g l y so u g ht a f te r, wi th the
i n d u s try n e e d i n g  e n g i n e e rs , so f twa re  d e ve l o p e rs , ma te ri a l  sc i e n t i s ts , a n d  a  wi d e  ra n g e  o f
b u s i n e ss  su p p o rt  fu n c t i o n s  i n c l u d i n g  sa l e s , ma rke t i n g  a n d  o the r sp e c i a l i s ts .
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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. 

R o b o t i cs  re se a rch i s  l e d  b y the  U n i te d  S ta te s . Amo n g  the  276,027 p u b l i ca t i o n s  re l a te d  to
ro b o t i cs  p u b l i she d  i n  2000-2021, the  U n i te d  S ta te s  (69,909), C hi n a  (38,494) a n d  Ja p a n  (20,527) l e d
the  wa y. To p  a f f i l i a t i o n s  we re  the  C hi n e se  Aca d e my o f S c i e n ce s  (3,676/C hi n a ), H a rb i n  In s t i tu te
o f Te chn o l o g y (2,568/ C hi n a ) a n d  C a rn e g i e  M e l l o n  U n i ve rs i ty (2,484/U n i te d  S ta te s ). D u ri n g  the
sa me  p e ri o d , 122,940 p a te n ts  we re  g ra n te d , wi th mo s t a ss i g n e e s  co mi n g  fro m the  U n i te d
S ta te s  (48,164), fo l l o we d  b y C hi n a  (27,502) a n d  Ge rma n y (5,205). The  to p  thre e  p a te n t o wn e rs  a s
o f 2022 a re  Jo hn so n  & Jo hn so n  (3,438/U n i te d  S ta te s ), In tu i t i ve  S u rg i ca l  In c . (3,383/U n i te d
S ta te s ) a n d  M e d tro n i c  In c . (1,834/U n i te d  S ta te s ). 

M a n u fa c tu re rs  f ro m a  d i ve rse  co l l e c t i o n  o f  co u n tri e s  a re  d o mi n a te  ro b o t i cs  sa l e s  a n d
p ro d u c t i o n . The  fo u r l a rg e s t i n d u s tri a l  ro b o t i cs  ma n u fa c tu re rs  a re  ABB (S wi tze rl a n d ), Fa n u c
(Ja p a n ), KU KA (Ge rma n y) a n d  Ya ska wa  (Ja p a n ), whi l e  the  l a rg e s t a u to n o mo u s  ve hi c l e
ma n u fa c tu re rs  i n c l u d e  Al p ha b e t/Wa ymo  (U n i te d  S ta te s ), Ap t i v (I re l a n d ), GM  (U n i te d  S ta te s ),
a n d  Te s l a  (U n i te d  S ta te s ).62 The  to p  i n d u s try sp e n d e rs  o n  ro b o t i cs  we re  d i sc re te
ma n u fa c tu ri n g , p ro ce ss  ma n u fa c tu ri n g  a n d  re so u rce  i n d u s tri e s .63 The re  a re  ma n y typ e s  o f
ro b o ts  a n d  p ri ce  d e p e n d s  o n  the  typ e . 

As  the  co s ts  o f  p ro d u c t i o n  i n  ro b o t i cs  ha ve  d e c re a se d  (e .g ., thro u g h i n c re a s i n g  p ro d u c t i o n  i n
l o we r-co s t re g i o n s , l o we r R &D  co s ts , a n d  e co n o mi e s  o f  sca l e ) p ri ce s  ha ve  fo l l o we d : the re
ha s  b e e n  a  mo re  tha n  50%  d ro p  i n  a ve ra g e  ro b o t i cs  co s ts  s i n ce  1990.64 Thi s  i n c re a se d
a ffo rd a b i l i ty, co mb i n e d  wi th g re a te r vo l u me s  o f  p ro d u c t i o n , i s  i n  tu rn  d ri vi n g  a  d e mo cra t i s i n g
i n c re a se  i n  ma rke t s i ze . 

The  cu rre n t e s t i ma te  o f  j o b  g ro wth i n  ro b o t i cs  i s  mo d e s t i n  co mp a ri so n  to  so me  o f the se  o the r
te chn o l o g i e s , i n  p a rt  b e ca u se  i n  ma n y e co n o mi e s  i t  i s  a l re a d y fu rthe r d e ve l o p e d  tha n  the y
a re . In  the  U n i te d  S ta te s , fo r i n s ta n ce , the re  we re  167,100 a c t i ve  ro b o t i cs  e n g i n e e rs  i n  2022 wi th
the  ro b o t i cs  e n g i n e e r j o b  ma rke t i s  e xp e c te d  to  g ro w b y b e twe e n  1 a n d  5 p e r ce n t b e twe e n
2020 a n d  2030. R o b o t i cs  ca re e rs  i n c l u d e  ro b o t i cs  e n g i n e e rs , so f twa re  d e ve l o p e rs ,
te chn i c i a n s , sa l e s  e n g i n e e rs , a n d  o p e ra to rs .
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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  U n i te d  S ta te s  a n d  C a n a d a  d ri ve  re se a rch i n to  d ro n e  te chn o l o g y. D u ri n g  the  p e ri o d  o f
2000-2021, the  b i g g e s t co n tri b u t i n g  co u n tri e s  to  the  23,526 p u b l i ca t i o n s  o n  d ro n e  te chn o l o g y
we re  the  U n i te d  S ta te s  (5,047), C hi n a  (3,028), a n d  the  U n i te d  Ki n g d o m (1,411). The  to p
a ff i l i a t i o n s  we re  the  C e n tre  N a t i o n a l  d e  l a  R e che rche  S c i e n t i f i q u e  (C N R S ) (220/Fra n ce ), the
C hi n e se  Aca d e my o f S c i e n ce s  (220/C hi n a ) a n d  Be i ha n g  U n i ve rs i ty (151/C hi n a ). D u ri n g  the
sa me  p e ri o d , the re  we re  48,613 p a te n ts  a ss i g n e d  wo rl d wi d e , d o mi n a te d  b y C hi n a  (22,209), the
U n i te d  S ta te s  (7,791), a n d  the  R e p u b l i c  o f  Ko re a  (6,318). The  to p  thre e  cu rre n t o wn e rs  o f
p a te n ts  i n  2022 we re  S Z  D J I Te chn o l o g y C o . Ltd . (1,705/C hi n a ), Q u a l co mm (891/U n i te d  S ta te s )
a n d  LG C o rp . (704/R e p u b l i c  o f  Ko re a ). 

Ame ri ca n  ma n u fa c tu re rs  a re  d o mi n a n t i n  the  mi l i ta ry d ro n e  sp a ce  whi l e  the  co mme rc i a l
d ro n e  sp a ce  i s  mo re  d i ve rse , tho u g h C hi n e se  co mp a n i e s  p l a y a n  o u ts i ze d  ro l e . C o mp a n i e s
co mmo n l y re fe rre d  to  a s  to p  ma n u fa c tu re rs  o f  co mme rc i a l  d ro n e s  a re  3D  R o b o t i cs  (U n i te d
S ta te s ), D J I In n o va t i o n s  (C hi n a ), Pa rro t  (Fra n ce ), a n d  Yu n e e c  (C hi n a ), whi l e  mi l i ta ry d ro n e
ma ke rs  i n c l u d e  Bo e i n g  (U n i te d  S ta te s ), Lo ckhe e d  M a rt i n  (U n i te d  S ta te s ), a n d  N o rthro p
Gru mma n  C o rp o ra t i o n  (U n i te d  S ta te s ).67 To p  i n d u s tri e s  me a su re d  b y sp e n d i n g  o n  d ro n e
te chn o l o g y we re  the  u t i l i ty, co n s tru c t i o n , a n d  d i sc re te  ma n u fa c tu ri n g  se c to rs .68 The  p ri ce  o f
co mme rc i a l  (n o n -a ma te u r) d ro n e s  b e g i n s  a t  $ 2000 p e r u n i t , whi l e  mi l i ta ry d ro n e s  ra n g e  i n
p ri ce  f ro m $ 800,000 to  $ 400 mi l l i o n  p e r u n i t .
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The  co mme rc i a l  d ro n e  ma rke t, whi ch ha s  a l re a d y e xp e ri e n ce d  s i g n i f i ca n t g ro wth, i s  se t  to
co n t i n u e  e xp a n d i n g . In  the  U S  ma rke t a l o n e , the  i n d u s try g re w fro m a ro u n d  $ 40 mi l l i o n  i n  2012
to  a ro u n d  $ 1 b i l l i o n  i n  2017 a n d  i s  e xp e c te d  to  ha ve  a n  a n n u a l  i mp a c t o f  $ 31 to  $ 46 b i l l i o n  o n
the  co u n try’s  GD P.70 The  i n d u s try wi th the  l a rg e s t p o te n t i a l  ma rke t fo r co mme rc i a l
a p p l i ca t i o n s  o f  d ro n e  te chn o l o g y i s  i n fra s tru c tu re , wi th a n  e s t i ma te d  a d d re ssa b l e  ma rke t
va l u e  o f  $ 45.2 b i l l i o n .71 D i g i t i za t i o n  a n d  te chn o l o g i ca l  i mp ro ve me n t i n  ca me ra s , d ro n e
sp e c i f i ca t i o n s , ma p p i n g  so ftwa re , mu l t i d i me n s i o n a l  ma p p i n g , a n d  se n so ry a p p l i ca t i o n s  a re
d ri vi n g  g ro wth. H o we ve r, he a l th a n d  sa fe ty, p ri va cy a n d  n a t i o n a l  se cu ri ty re g u l a t i o n s  a re
e xp e c te d  to  n e g a t i ve l y a f fe c t  the  ma rke t whi l e  sa te l l i te  i ma g e ry, tho u g h e xp e n s i ve ,
re p re se n ts  a  co mp e t i n g  i n d u s try tha t mi g ht i mp e d e  ma rke t g ro wth, p a rt i cu l a rl y a s  sa te l l i te
se rvi ce s  d o  n o t sha re  the  sa me  re g u l a to ry i ssu e s . O n  the  d e ma n d  s i d e , i n c re a s i n g  d e ma n d
fo r GIS , Li D AR , a n d  ma p p i n g  se rvi ce s  f ro m se c to rs  i n c l u d i n g  a g ri cu l tu re , e n e rg y, to u ri sm,
co n s tru c t i o n , ma p p i n g  a n d  su rve yi n g , a n d  e me rg e n cy se rvi ce s  a re  co n tri b u t i n g  to  g ro wth.

As  the  d ro n e  i n d u s try g ro ws , so  d o e s  i ts  j o b  ma rke t. In  Au s tra l i a , d ro n e s  a re  e xp e c te d  to
su p p o rt  5,500 fu l l -t i me  j o b  e q u i va l e n ts  o n  a ve ra g e  p e r a n n u m b e twe e n  2020-2040.73 In  2020, a
ye a r ma rke d  b y e co n o mi c  u n ce rta i n ty a n d  j o b  l o sse s , d ro n e  co mp a n i e s  re ve rse d  the  tre n d ,
i n c re a s i n g  the i r l a b o u r fo rce  b y a n  a ve ra g e  o f  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. 

Ge n e  e d i t i n g  re se a rch i s , a s  i s  the  t re n d , l e d  b y the  U n i te d  S ta te s  a n d  C hi n a . In  2000-2021,
p u b l i ca t i o n s  re l a te d  to  g e n e  e d i t i n g  n u mb e re d  24,802, l e d  b y the  U n i te d  S ta te s  (9,881), C hi n a
(5,106), a n d  the  U n i te d  Ki n g d o m (2,099). The  to p  a f f i l i a t i o n s  we re  the  C hi n e se  Aca d e my o f
S c i e n ce s  (994/C hi n a ), H a rva rd  M e d i ca l  S cho o l  (696/U n i te d  S ta te s ), a n d  the  C hi n e se  M i n i s try
o f  Ed u ca t i o n  (573/C hi n a ). Wi thi n  the  sa me  p e ri o d , 13,970 p a te n ts  we re  g ra n te d , wi th the  mo s t
a ss i g n e e s  co mi n g  fro m the  U n i te d  S ta te s  (6,482), fo l l o we d  b y C hi n a  (3,834) a n d  S wi tze rl a n d
(673). The  thre e  cu rre n t o wn e rs  we re  M a ssa chu se tts  In s t i tu te  o f  Te chn o l o g y (427/U n i te d
S ta te s ), the  U n i ve rs i ty o f  C a l i fo rn i a  (360/ U n i te d  S ta te s ), a n d  H a rva rd  U n i ve rs i ty (337/U n i te d
S ta te s ). 

C o mp a n i e s  co mmo n l y re fe rre d  to  a s  to p  g e n e  e d i t i n g  se rvi ce  p ro vi d e rs  i n c l u d e  C R IS PR
The ra p e u t i cs  (S wi tze rl a n d ), Ed i ta s  M e d i c i n e  (U n i te d  S ta te s ), H o ri zo n  D i sco ve ry Gro u p
(U n i te d  Ki n g d o m), In te l l i a  The ra p e u t i cs  (U n i te d  S ta te s ), Pre c i s i o n  Bi o S c i e n ce s  (U n i te d
S ta te s ), a n d  S a n g a mo  The ra p e u t i cs  (U n i te d  S ta te s ).75 Ge n e  e d i t i n g  i s  u se d  b y p ha rma -
b i o te ch co mp a n i e s , a ca d e mi c  i n s t i tu te s  a n d  re se a rch ce n tre s , a g ri g e n o mi c  co mp a n i e s , a n d
co n tra c t  re se a rch o rg a n i za t i o n s .76 The  p ri ce  o f  g e n e  e d i t i n g  va ri e s  b y te chn o l o g y a n d
a p p l i ca t i o n . The  co s t o f  hu ma n  g e n e  the ra p i e s  a d d re ss i n g  g e n e t i c  me d i ca l  co n d i t i o n s
cu rre n t l y ra n g e s  fro m $ 373,000 to  $ 2.1 mi l l i o n  b u t ca n  co s t a s  mu ch a s  $ 5 b i l l i o n  to  d e ve l o p .

The  g e n e  e d i t i n g  ma rke t i s  g ro wi n g  b u t so me  co n ce rn s  p e rs i s t . S u p p l y re ma i n s  d ri ve n  b y
l a rg e  fu n d i n g  fo r re se a rch a n d  d e ve l o p me n t a n d  te chn o l o g i ca l  i mp ro ve me n t i n  g e n e t i c
e n g i n e e ri n g  te chn o l o g i e s .78 O n  the  d e ma n d  s i d e , the  ma rke t i s  d ri ve n  b y i n c re a s i n g  ca se s
o f g e n e t i c  a n d  i n fe c t i o u s  d i se a se s , the  fo o d  i n d u s try’s  i n c re a s i n g  fo cu s  o n  g e n e t i ca l l y
mo d i f i e d  te chn o l o g i e s , a n d  i n c re a s i n g  d e ma n d  fo r syn the t i c  g e n e s . H o we ve r, e thi ca l  i ssu e s
co n ce rn i n g  the  mi su se  o f  g e n e  e d i t i n g  a s  we l l  a s  i ts  p o te n t i a l  e f fe c t  o n  hu ma n  he a l th ma y
d a mp e n  g ro wth.

La b o u r d e ma n d  i n  g e n e  e d i t i n g  i s  e xp e c te d  to  so a r wi th the  g e n e  e d i t i n g  ma rke t ’s  e xp e c te d
g ro wth fro m $ 5.20 b i l l i o n  i n  2020 to  $ 18.50 b i l l i o n  i n  2028. In  the  U n i te d  Ki n g d o m, i t  ha s  b e e n
e s t i ma te d  tha t 18,000 n e w j o b s  wi l l  b e  a d d e d  b e twe e n  2017-2035, whi l e  i n  the  U n i te d  S ta te s ,
22,500 n e w me d i ca l  sc i e n t i s t  a n d  b i o me d i ca l  e n g i n e e r j o b s  a re  e xp e c te d  to  b e  a d d e d
b e twe e n  2021 a n d  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. 

C hi n a  a n d  the  U n i te d  S ta te s  a l so  l e a d  5G re se a rch. D u ri n g  the  p e ri o d  2000-2021, 13,045
p u b l i ca t i o n s  re l a te d  to  5G we re  i ssu e d , l e d  b y C hi n a  (3,236), the  U n i te d  S ta te s  (1,446) a n d
In d i a  (1,224). The  to p  a f f i l i a t i o n s  we re  Be i j i n g  U n i ve rs i ty o f  Po s ts  a n d  Te l e co mmu n i ca t i o n s
(402/C hi n a ), N o k i a  Be l l  La b s  (225/ U n i te d  S ta te s ) a n d  U n i ve rs i ty o f  El e c tro n i c  S c i e n ce  a n d
Te chn o l o g y o f  C hi n a  (179/C hi n a ). D u ri n g  the  sa me  p e ri o d , 32,412 p a te n ts  we re  g ra n te d , wi th the
to p  a ss i g n e e  n a t i o n a l i t i e s  b e i n g  C hi n a  (15,869), the  R e p u b l i c  o f  Ko re a  (12,646), a n d  the  U n i te d
S ta te s  (1,858). The  to p  cu rre n t o wn e rs  a re  S a msu n g  Gro u p  (11,920/R e p u b l i c  o f  Ko re a ), H u a we i
(1000/C hi n a ) a n d  LG C o rp . (744/R e p u b l i c  o f  Ko re a ). 

The  l e a d i n g  ve n d o rs  o f  e n d -to -e n d  5G n e two rk  i n fra s tru c tu re  i n c l u d e  Eri csso n , H u a we i ,
N o k i a , Z TE, S a msu n g , a n d  N EC . C e rta i n  i n d u s tri e s  a re  e xp e c te d  to  b e  p a rt i cu l a rl y he a vy
u se rs  a n d  ma j o r b e n e f i c i a ri e s  o f  the  5G ro l l o u t . The se  i n c l u d e  mo b i l e  o p e ra to rs  a n d  n e two rk
p ro vi d e rs , ma chi n e ry a n d  i n d u s tri a l  a u to ma t i o n  co mp a n i e s , co mp o n e n t a n d  mo d u l e
ve n d o rs , a n d  ma n u fa c tu ri n g  b u s i n e sse s . 5G mo b i l e  l i n e  p ri ce s  va ry d e p e n d i n g  o n  the  ca rri e r
a n d  fe a tu re s . H o we ve r, co s ts  re ma i n  hi g h: the  mo n thl y co s t  o f  a  s i n g l e  l i n e  o f  se rvi ce  wi th
u n l i mi te d  a cce ss  to  the  5G n a t i o n wi d e  n e two rk  i n  the  U S  s ta rts  a t  $ 70 fo r Ve ri zo n , $ 65 fo r AT&T,
a n d  $ 60 fo r T-M o b i l e . The  l e a d i n g  e a rl y a d o p te rs  o f  5G te chn o l o g i e s  a re  C hi n a , R e p u b l i c  o f
Ko re a , the  U n i te d  Ki n g d o m, Ge rma n y, the  U n i te d  S ta te s , S wi tze rl a n d , a n d  Fi n l a n d . 

PwC  e s t i ma te s  5G’s  e co n o mi c  i mp a c t i n  2022 to  b e  $ 150b n  a n d  p ro j e c ts  tha t i t  wi l l  re a ch $ 1.3
tri l l i o n  b y 2030.

The  ro l l o u t  o f  5G wi l l  ta ke  t i me , a p p ro xi ma te l y f i ve  ye a rs  to  a chi e ve  b ro a d  co ve ra g e . I t  i s
a l re a d y wi d e sp re a d  tho u g h, wi th Eri csso n  p re d i c t i n g  o n e  b i l l i o n  su b sc ri p t i o n s  b y the  e n d  o f
2022 a n d  4.4 b i l l i o n  b y 2027. Pro j e c t i o n s  b a se d  o n  cu rre n t t ra j e c to ri e s  p re d i c t  tha t  i t  wi l l
g e n e ra te  $ 7 tri l l i o n  o f  e co n o mi c  va l u e  b y 2030. O n e  co n s tra i n t  i s  i n tro d u ce d  b y the  n e ce ss i ty
o f  u p g ra d i n g  5G i n fra s tru c tu re , n o ta b l y mi c ro ce l l  to we rs  a n d  b a se  s ta t i o n s  a s  the  hi g h co s ts
a sso c i a te d  wi th u p g ra d e s  i mp e d e  wi d e  d i f fu s i o n . In  te rms  o f  d e ma n d , g ro wth i s  ma i n l y d ri ve n
b y ri s i n g  d e ma n d  fo r mo b i l e  b ro a d b a n d , the  g ro wi n g  u se  o f  sma rtp ho n e s  a n d  sma rt
we a ra b l e  d e vi ce s , su rg i n g  d e ma n d  fo r mo b i l e  vi d e o , ra p i d  d e ve l o p me n ts  i n  Io T a n d  a n  e ve r-
g ro wi n g  n u mb e r o f  co n n e c te d  d e vi ce s , i n i t i a t i ve s  i n  mu l t i p l e  co u n tri e s  to wa rd s  the
d e ve l o p me n t o f  sma rt  c i t i e s , a n d  the  shi f t  i n  co n su me r p re fe re n ce  fro m p re mi se -b a se d  to
c l o u d -b a se d  so l u t i o n s .

5G a d o p t i o n  i s  se t  to  c re a te  l a rg e  o p p o rtu n i t i e s  i n  the  j o b  ma rke t. I t  i s  e s t i ma te d  tha t i n  the
U S  a l o n e  i n  2034, 4.6 mi l l i o n  5G-re l a te d  j o b s  wi l l  b e  c re a te d , d ri ve n  l a rg e l y b y e mp l o yme n t i n
the  fo l l o wi n g  se c to rs : a g ri cu l tu re , co n s tru c t i o n , u t i l i t i e s , ma n u fa c tu ri n g , t ra n sp o rta t i o n  a n d
wa re ho u s i n g , e d u ca t i o n , he a l thca re , a n d  g o ve rn me n t. By 2035, the  g l o b a l  5G va l u e  cha i n  i s
e xp e c te d  to  su p p o rt  22 mi l l i o n  j o b s  g l o b a l l y.
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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. 

N a n o te chn o l o g y re se a rch i s  l e d  b y the  U n i te d  S ta te s  a n d  C hi n a . Be twe e n  2000 a n d  2021,
186,827 n a n o te chn o l o g y-re l a te d  p u b l i ca t i o n s  we re  i ssu e d , l e d  b y the  U n i te d  S ta te s  (52,135),
C hi n a  (31,502), a n d  In d i a  (13,448). The  to p  a f f i l i a t i o n s  we re  the  C hi n e se  Aca d e my o f S c i e n ce s
(5,451/C hi n a ), the  C hi n e se  M i n i s try o f  Ed u ca t i o n  (3,581/C hi n a ) a n d  C e n tre  N a t i o n a l  d e  l a
R e che rche  S c i e n t i f i q u e  (C N R S ) (2,390/Fra n ce ). Wi thi n  the  sa me  p e ri o d , 6,175 p a te n ts  we re
a ss i g n e d , wi th the  to p  n a t i o n a l i t i e s  o f  b e n e f i c i a ri e s  b e i n g  C hi n a  (1,395), the  U n i te d  S ta te s
(1,253), a n d  the  R u ss i a n  Fe d e ra t i o n  (922). The  thre e  b i g g e s t o wn e rs  we re  Al e ksa n d r
Al e ksa n d ro vi ch Kro l e ve ts  (224/R u ss i a n  Fe d e ra t i o n /In d i vi d u a l ), H a rva rd  U n i ve rs i ty (90/U n i te d
S ta te s ) a n d  PPG In d u s try In c . (76/U n i te d  S ta te s ). 

To p  n a n o te chn o l o g y co mp a n i e s  i n c l u d e  BAS F (Ge rma n y), Ap e e l  S c i e n ce s  (U n i te d  S ta te s ),
Ag i l e n t  (U n i te d  S ta te s ), S a msu n g  El e c tro n i cs  (R e p u b l i c  o f  Ko re a ), a n d  In te l  C o rp o ra t i o n
(U n i te d  S ta te s ). The  ma j o r u se rs  o f  n a n o te chn o l o g y i n c l u d e  me d i c i n e , ma n u fa c tu ri n g , a n d
e n e rg y.

O n  the  su p p l y s i d e , the  ma rke t i s  d ri ve n  b y te chn o l o g i ca l  a d va n ce me n ts , i n c re a s i n g
g o ve rn me n t su p p o rt , p ri va te  se c to r fu n d i n g  fo r R &D , a n d  s tra te g i c  a l l i a n ce s  b e twe e n
co u n tri e s . In  te rms  o f  d e ma n d , the  ma rke t i s  d ri ve n  b y a  g e n e ra l  g ro wi n g  d e ma n d  fo r d e vi ce
mi n i a tu ri za t i o n . C o n ce rn s  re l a te d  to  e n vi ro n me n ta l , he a l th, a n d  sa fe ty ri sks , a s  we l l  a s
n a n o te chn o l o g y co mme rc i a l i za t i o n  ri sk  co n s tra i n i n g  ma rke t g ro wth.

The  n a n o te chn o l o g y j o b  ma rke t i s  e xp e c te d  to  g ro w, b u t a t  a  mo d e s t ra te . In  the  U n i te d
S ta te s , the  n a n o te chn o l o g y e n g i n e e r j o b  ma rke t i s  se t  to  g ro w b y 6.4 p e r ce n t b e twe e n  2016
a n d  2026.84 Exp e c te d  sa l a ri e s  i n  the  U n i te d  S ta te s  ra n g e  b e twe e n  $ 35,000-$ 50,000 fo r
a sso c i a te s  to  $ 75,000-$ 100,000 fo r d o c to ra te  d e g re e s .
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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. 

S o l a r PV re se a rch i s  l e d  b y In d i a , the  U n i te d  S ta te s , a n d  C hi n a . D u ri n g  the  p e ri o d  2000-2021,
19,875 p u b l i ca t i o n s  re l a te d  to  so l a r PV we re  p re se n te d , l e d  b y In d i a  (6,169), the  U n i te d  S ta te s
(2,850) a n d  C hi n a  (1,692). The  to p  a f f i l i a t i o n s  we re  the  In d i a n  In s t i tu te  o f  Te chn o l o g y D e l hi
(817/In d i a ), Ve l l o re  In s t i tu te  o f  Te chn o l o g y (219/In d i a ) a n d  N a t i o n a l  R e n e wa b l e  En e rg y
La b o ra to ry (199/U n i te d  S ta te s ). Wi thi n  the  sa me  p e ri o d , 38,425 p a te n ts  we re  g ra n te d , wi th the
mo s t a ss i g n e e s  co mi n g  fro m C hi n a  (31,361), the  R e p u b l i c  o f  Ko re a  (1,792), a n d  the  U n i te d
S ta te s  (1,578). The  to p  thre e  o wn e rs  i n  2022 a re  S ta te  Gri d  C o rp . o f  C hi n a  (290/C hi n a ), Ti a n j i n
U n i ve rs i ty (152/C hi n a ), a n d  Wu xi  To n g chu n  N e w En e rg y Te ch (139/C hi n a ). 

To p  so l a r p a n e l  ma n u fa c tu re rs  i n c l u d e  J i n ko  S o l a r (C hi n a ), C a n a d i a n  S o l a r (C a n a d a ),
Tri n a  S o l a r (C hi n a ) Fi rs t  S o l a r (U n i te d  S ta te s ), S u n Po we r (U n i te d  S ta te s ), a n d  H a n wha  Q
C ELLS  (R e p u b l i c  o f  Ko re a ). The  b i g g e s t u se rs  o f  so l a r PV te chn o l o g y i n c l u d e  the  re s i d e n t i a l ,
co mme rc i a l  a n d  u t i l i t i e s  se c to rs .

The  p ri ce s  o f  so l a r PV p a n e l s  ha ve  d e c re a se d  s i g n i f i ca n t l y, the  a ve ra g e  u p fro n t co s t  fo r
co mmo n l y u se d  re s i d e n t i a l  PV sys te ms  (6kW) d ro p p e d  fro m $ 50,000 to  the  ra n g e  o f  $ 16,200-
$ 21,420 i n  te n  ye a rs  b e twe e n  2008 a n d  2018, whi l e  the  n a t i o n a l  a ve ra g e  co s t o f  a  re s i d e n t i a l  PV
sys te m i n  the  U n i te d  S ta te s  i s  n o w e s t i ma te d  a t  $ 2.94 p e r wa tt . 

The  co n ce n tra te d  so l a r p o we r ma rke t s i ze  i s  se t  to  co n t i n u e  e xp a n d i n g . The  IEA re co rd e d  a
n e g a t i ve  i mp a c t o f  C O VID -19 d u e  to  the  p a n d e mi c  ha mp e ri n g  co n s tru c t i o n  e f fo rts . H o we ve r,
the y p ro j e c t  a n  o ve ra l l  i n c re a se  i n  g l o b a l  i mp l e me n ta t i o n  o f  the  te chn o l o g y fro m 2023 to  2025
o n wa rd s , wi th a  p u sh fo r wo rl d wi d e  e co n o mi c  re co ve ry e n co u ra g i n g  i n c re a se d  i n s ta l l a t i o n  o f
b o th p ri va te  a n d  co mme rc i a l -p u rp o se  PV sys te ms , wi th p o te n t i a l  fo r a n  a p p ro xi ma te  165 GW
ri se  i n  p e r a n n u m ca p a c i ty o ve ra l l .

S o l a r i s  wi d e l y a ckn o wl e d g e d  a s  ke y to  e f fo rts  to  co mb a t c l i ma te  cha n g e . C hi n e se  e s t i ma te s
ha ve  p ro j e c te d  tha t i f  so l a r p ho to vo l ta i c  e n e rg y wa s  i n s ta l l e d  i n  the  re ma i n i n g  co n s tru c t i o n
a re a  a va i l a b l e  fo r i t  i n  the  co u n try (e s t i ma te d  a t  a p p ro xi ma te l y 6.4 b i l l i o n  me tre s  sq u a re d ), i t
wo u l d  g e n e ra te  1.55 t i me s  the  te rri to ry’s  a n n u a l  e l e c tri c i ty u sa g e  p e r ye a r.

S o l a r PV i s  the  l a rg e s t e mp l o ye r a mo n g  the  d i f fe re n t re n e wa b l e  e n e rg y i n d u s tri e s , a l re a d y
a cco u n t i n g  fo r c l o se  to  4 mi l l i o n  j o b s  wo rl d wi d e . In  the  U n i te d  S ta te s , the  i n d u s try ha s
e xp e ri e n ce d  a n  a ve ra g e  a n n u a l  g ro wth ra te  o f  33%  i n  the  l a s t  d e ca d e  a l o n e . The
In te rn a t i o n a l  R e n e wa b l e  En e rg y Ag e n cy (IR EN A) e s t i ma te s  tha t a ro u n d  15.4 mi l l i o n  p e o p l e
wi l l  b e  e mp l o ye d  i n  so l a r PV u n d e r the  1.5° C  S ce n a ri o .
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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). 

C o n ce n tra te d  so l a r p o we r re se a rch i s  l e d  b y the  U n i te d  S ta te s . Ac ro ss  2000-2021, the  3,195
p u b l i ca t i o n s  re l a te d  to  co n ce n tra te d  so l a r p o we r ca me  o u t o f  the  U n i te d  S ta te s  (595), S p a i n
(484), a n d  C hi n a  (389). The  to p  a f f i l i a t i o n s  we re  the  Ge rma n  Ae ro sp a ce  C e n te r (131/Ge rma n y),
U n i ve rs i ty o f  S e vi l l e  (72/S p a i n ), a n d  the  C e n tre  N a t i o n a l  d e  l a  R e che rche  S c i e n t i f i q u e
(C N R S ) (68/ Fra n ce ). Wi thi n  the  sa me  p e ri o d , 1,101 p a te n ts  we re  a ss i g n e d , the  mo s t re c i p i e n ts
o f whi ch ca me  fro m the  U n i te d  S ta te s  (454), Be l g i u m (79), a n d  Ge rma n y (79). The  to p  thre e
cu rre n t p a te n t o wn e rs  a re  C o cke ri l l  M a i n te n a n ce  & In g e n i e ri e  S A (79/Be l g i u m), Bri l l i a n t  Li g ht
Po we r, In c  (59/U n i te d  S ta te s ), a n d  Ge n e ra l  El e c tri c  (56/U n i te d  S ta te s ). 

C o mp a n i e s  co n s i d e re d  to  b e  l e a d e rs  i n  the  co n ce n tra te d  so l a r p o we r sp a ce  i n c l u d e
Ab e n g o a  S o l a r, S .A. (S p a i n ), Ib e re o l i ca  Gro u p  (S p a i n ), EN GIE (Fra n ce ), N e xtEra  En e rg y
R e so u rce s  (U n i te d  S ta te s ), a n d  Bri g htS o u rce  En e rg y (U n i te d  S ta te s ). C o n ce n tra te d  so l a r
p o we r se rve s  i n d u s tri a l , co mme rc i a l  a n d  re s i d e n t i a l  se c to rs . The global weighted-average cost of
electricity for concentrated solar power was estimated at $ 0.108/kWh in 2020.

O n  the  su p p l y-s i d e , g ro wth i n  the  ma rke t i s  d ri ve n  b y g o ve rn me n t su p p o rt  fo r the  a d o p t i o n  o f
re n e wa b l e s , the  i n te g ra t i o n  o f  co n ce n tra te d  so l a r p o we r i n to  hyb ri d  p o we r p l a n ts , a n d
a d va n ce me n ts  i n  he a t t ra n s fe r te chn o l o g y su ch a s  p ro p p a n ts , hi g h-te mp e ra tu re  sa l ts , a n d
C O 2 a l o n g  wi th a  g ro wi n g  a b i l i ty to  mi n i mi ze  l i g ht  re f l e c t i o n  thro u g h n e w co a t i n g s  fo r
re ce i ve rs .96 O n  the  d e ma n d -s i d e , ma rke t e xp a n s i o n  i s  d ri ve n  b y co n ce n tra te d  so l a r p o we r
p l a n ts ’ a b i l i ty to  su p p l y p o we r o n -d e ma n d  ra the r tha n  b e i n g  we a the r d e p e n d e n t. H o we ve r,
the re  re ma i n  co n ce rn s  i n  te rms  o f  hi g h ca p i ta l  co s ts , l i mi te d  su p p l y o f  l a n d  ma ss  i n  hi g h so l a r
ra d i a t i o n  zo n e s , l i mi te d  a cce ss  to  wa te r re so u rce s , a n d  cha l l e n g e s  wi th the  a cce ss i b i l i ty o f
t ra n smi ss i o n  g ri d s . 

Wo rl d wi d e , the  co n ce n tra te d  so l a r p o we r i n d u s try ha s  c re a te d  a n  e s t i ma te d  32,000 j o b s  to -
d a te . Jo b s  i n  the  co n ce n tra te d  so l a r p o we r sp a ce  a re  se t to  g ro w wi th IR EN A a n d  the  ILO
p re d i c t i n g  1.6 mi l l i o n  co n ce n tra te d  so l a r p o we r j o b s  to  ha ve  b e e n  c re a te d  b y 2050.



Atal Bihari Vajpayee Tribute to Titans of
Technology 2023

Stage of ENGAGEMENT with the Frontier Technology of Concentrated Solar Power *
Utilitarian USAGE

Adroit ADOPTION

Appropriate ADAPTATION

All Round AWARENESS

Skills TRAINING

Futuristic RESEARCH

Contextual INNOVATION

Sovereign DEVELOPMENT

Strategic DEPLOYMENT

Full MARKET OFFERING

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

Institutional/Organizational PERSPECTIVES, PLANS & PROJECTIONS about the Frontier
Technology of Concentrated Solar Power

OVERALL COMMENTARY of the Stage of Engagement with the Frontier Technology of
Concentrated Solar Power

PEOPLE ASSOCIATED with the Frontier Technology of Concentrated Solar Power

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
Frontier Technology Engagement Value Chain of Concentrated Solar Power



Atal Bihari Vajpayee Tribute to Titans of
Technology 2023

PROCESS & PROTOCOL of Engagement with the Frontier Technology of Concentrated Solar
Power

PARTNERSHIPS & ALLIANCES struck to bolster the Stage of Engagement with the Frontier
Technology of Concentrated Solar Power

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. 

Bi o fu e l s  re se a rch i s  l e d  b y the  U n i te d  S ta te s . D u ri n g  the  p e ri o d  2000-2021, b i o fu e l s
p u b l i ca t i o n s  n u mb e re d  74,801, o ri g i n a t i n g  i n  l a rg e  p a rt  f ro m the  U n i te d  S ta te s  (18,386), C hi n a
(10,085), a n d  In d i a  (6,896). The  to p  a f f i l i a t i o n s  we re  the  C hi n e se  Aca d e my o f S c i e n ce s
(1,626/C hi n a ), the  C hi n e se  M i n i s try o f  Ed u ca t i o n  (1,225/C hi n a ), a n d  the  U n i ve rs i ty o f  S ã o  Pa u l o
(847/Bra z i l ). Wi thi n  the  sa me  p e ri o d , 22,325 p a te n ts  we re  g ra n te d , l a rg e l y to  b e n e f i c i a ri e s  f ro m
the  U n i te d  S ta te s  (6,988), C hi n a  (3,798), a n d  Fra n ce  (1,083). The  thre e  l a rg e s t p a te n t o wn e rs  we re
R o ya l  D u tch S he l l  (560/U n i te d  Ki n g d o m), Ba ye r AG (470/Ge rma n y) a n d  BAS F S E (339/Ge rma n y). 

Le a d i n g  b i o fu e l  p ro d u c t i o n  co mp a n i e s  i n c l u d e  C o sa n  (Bra z i l ), Ve rb i o  (Ge rma n y), ALTEN
Gro u p  (Fra n ce ), Arche r D a n i e l s  M i d l a n d  C o . (U n i te d  S ta te s ), Arg e n t En e rg y U K Ltd . (U n i te d
Ki n g d o m), R EG (U n i te d  S ta te s ), C a rg i l l  In c . (U n i te d  S ta te s ), Lo u i s  D re yfu s  (Fra n ce ), a n d
Wi l ma r In te rn a t i o n a l  Ltd  (S i n g a p o re ). The  ma i n  u se rs  o f  b i o fu e l s  a re  the  tra n sp o rta t i o n ,
he a t i n g  a n d  e l e c tri c i ty g e n e ra t i o n  se c to rs .99 The  co s t o f  b i o fu e l  p ro d u c t i o n  d e p e n d s  o n
me tho d s  u se d . In  2020, the  a ve ra g e  p ro d u c t i o n  co s t o f  b i o fu e l s  ma d e  u s i n g  ce l l u l o s i c
e tha n o l  wa s  $ 4 p e r g a l l o n -g a so l i n e  e q u i va l e n t (g g e ). Bi o fu e l s  p ro d u ce d  u s i n g  the  p yro l ys i s -
b i o c ru d e -hyd ro  t re a tme n t p a thwa y ha d  a  co s t e s t i ma te  o f  $ 3.25/g g e , b i o fu e l s  p ro d u ce d  u s i n g
b i o ma ss  to  l i q u i d  (BTL) ha d  a n  a ve ra g e  co s t o f  $ 3.80/g g e , whi l e  hyd ro tre a te d  e s te rs  a n d  fa t ty
a c i d s  (H EFA) b i o fu e l s  we re  e s t i ma te d  to  ha ve  a n  a ve ra g e  co s t o f  $ 3.70/g g e .

The  g l o b a l  b i o fu e l s  ma rke t i s  p ro j e c te d  to  e xp a n d  ra p i d l y: the  IEA e s t i ma te s  tha t d e ma n d  fo r
b i o fu e l s  wi l l  mo s t l i ke l y g ro w b y 41 b i l l i o n  l i t re s , o r 28 p e r ce n t, o ve r the  p e ri o d  2021-2026. The
ma rke t i s  cu rre n t l y d ri ve n  b y d e ma n d -s i d e  fa c to rs  a s  n a t i o n a l  p o l i c i e s  su ch a s  o b l i g a to ry
b l e n d i n g  ta ke  e f fe c t  a n d  n a t i o n a l  a mb i t i o n s  fo r e n e rg y se cu ri ty i n c re a se , the  l a t te r ha vi n g
b e e n  a mp l i f i e d  b y the  co n f l i c t  i n  U k ra i n e  a n d  the  2022 g l o b a l  e n e rg y c ri s i s . Gro wi n g  d e ma n d
fo r fu e l  i n  the  t ra n sp o rta t i o n  se c to r a n d  mo ve s  to  t ra n s i t i o n  to  a  l o w-ca rb o n  e co n o my a l so
co n tri b u te  s i g n i f i ca n t l y. O n  the  su p p l y-s i d e , p re fe re n t i a l  ta xe s , su b s i d i e s  a n d  ma n d a te s
ha ve  d ri ve n  b i o fu e l  p ri ce s  l o we r a n d  he l p e d  i n c re a se  p ro d u c t i o n . H o we ve r, the  ke y
cha l l e n g e  to  b i o fu e l s  i s  the i r co n t i n u e d  l o w co s t-co mp e t i t i ve n e ss  re l a t i ve  to  fo ss i l  fu e l s .
Fu rthe rmo re , b i o fu e l  fe e d s to ck  p ro d u c t i o n  ma y ca u se  cha n g e s  to  l a n d  u se  p a tte rn s , p l a ce
s tra i n  o n  wa te r su p p l y, g e n e ra te  a i r a n d  wa te r p o l l u t i o n , a n d  i n c re a se  fo o d  co s ts .
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Wo rl d wi d e , the  l i q u i d  b i o fu e l  ma rke t e mp l o ys  a n  e s t i ma te d  2,411,000 p e o p l e . Al tho u g h b i o fu e l
j o b s  d e c l i n e d  b e twe e n  4 a n d  5 p e r ce n t i n  the  U n i te d  S ta te s  i n  2020 d u e  to  kn o ck -o n  e f fe c ts
fro m the  C o vi d -19 p a n d e mi c , d e c l i n e s  i n  b i o fu e l  e mp l o yme n t we re  l e ss  se ve re  tha n  tho se  i n
the  j o b  ma rke ts  fo r o the r k i n d s  o f  fu e l s . Bi o fu e l  e mp l o yme n t i s  p ro j e c te d  to  re b o u n d ,
a cco mp a n yi n g  the  g ra d u a l  re co ve ry f ro m the  p a n d e mi c .
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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. 

Bi o g a s  a n d  b i o ma ss  re se a rch i s  l e d  b y C hi n a  a n d  the  U n i te d  S ta te s . Be twe e n  2000 a n d  2021,
400,062 b i o fu e l -re l a te d  p u b l i ca t i o n s  we re  p u t o u t, l e d  b y C hi n a  (79,658), the  U n i te d  S ta te s
(77,614), a n d  In d i a  (27,183). The  to p  a f f i l i a t i o n s  we re  the  C hi n e se  Aca d e my o f S c i e n ce s
(17,175/C hi n a ), the  C hi n e se  M i n i s try o f  Ed u ca t i o n  (8,554/C hi n a ), a n d  the  U n i ve rs i ty o f  the
C hi n e se  Aca d e my o f S c i e n ce s  (6,245/C hi n a ). Wi thi n  the  sa me  p e ri o d , the  251,251 re g i s te re d
p a te n ts  we re  a ss i g n e d  p ri ma ri l y to  re s i d e n ts  o f  C hi n a  (99,328), the  U n i te d  S ta te s  (38,856), a n d
Fra n ce  (13,713). The  thre e  to p  p a te n t o wn e rs  i n  2022 we re  Xyl e co  (3,808/ U n i te d  S ta te s ), BAS F S E
(2,694/Ge rma n y), a n d  Evo n i k  In d u s try AG (1,694/Ge rma n y). 

M a j o r b i o g a s  a n d  b i o ma ss  p ro d u ce rs  i n c l u d e  Fu tu re  Bi o g a s  (U n i te d  Ki n g d o m), Ai r Li q u i d e
(Fra n ce ), Pl a n ET Bi o g a s  Gl o b a l  (Ge rma n y), Ame re sco  (U n i te d  S ta te s ), Q u a n tu m Gre e n
(In d i a ), En vi te ch Bi o g a s  (Ge rma n y), a n d  We l te c  Bi o p o we r (Ge rma n y). The  ma i n  u se rs  o f
b i o g a s  a n d  b i o ma ss  a re  the  i n d u s tri a l , t ra n sp o rta t i o n , re s i d e n t i a l  a n d  e l e c tri c  p o we r
g e n e ra t i o n  se c to rs .106 The  co s t o f  p ro d u c i n g  b i o g a s  va ri e s  b e twe e n  $ 2/M Btu  to  $ 20/M Btu .107
Bi o ma ss  p o we r p l a n ts  g e n e ra te  e l e c tri c i ty tha t  g e n e ra l l y co s ts  a ro u n d  $ 0.030 a n d  $ 0.140/kWh;
b u t ce rta i n  p ro j e c ts  ca n  co s t u p  to  $ 0.250/kWh.

The  g l o b a l  b i o g a s  ma rke ts  i s  p ro j e c te d  to  g ro w ra p i d l y, whi l e  the  b i o ma ss  ma rke t i s  e xp e c te d
to  u n d e rg o  tra n s fo rma t i o n  a s  i t  t ra n s i t i o n s  f ro m tra d i t i o n a l  to  su s ta i n a b l e  me tho d s . Whi l e
b i o ma ss  co n s t i tu te s  9 p e r ce n t o f  the  wo rl d ’s  e n e rg y p ro d u c t i o n , b i o g a s  re p re se n ts  o n l y a  0.3
p e r ce n t sha re  o f  to ta l  p ri ma ry e n e rg y. D e sp i te  thi s , the  IEA p ro j e c ts  s i g n i f i ca n t g ro wth fo r
su s ta i n a b l e  fo rms  o f  b o th, d ri ve n  b y the i r f l e xi b i l i ty, s i mp l i c i ty, a n d  e co l o g i ca l  n e ce ss i ty. The
tra n s i t i o n  to wa rd s  a  l o w-ca rb o n  e co n o my, g ro wi n g  d e ma n d  fro m p o we r g e n e ra t i o n
co mp a n i e s , a n d  the  a d o p t i o n  o f  b i o ma ss  i n  fu e l  ce l l  te chn o l o g y. O n  the  su p p l y-s i d e ,
b i o ma ss  co s ts  a re  d ro p p i n g  d u e  to  fa vo ra b l e  g o ve rn me n t p o l i c i e s  i n c l u d i n g  l o a n s  fo r the
e s ta b l i shme n t o f  b i o ma ss  p o we r p l a n ts  whi l e  the  a va i l a b i l i ty o f  su s ta i n a b l e  fe e d s to cks  fo r
b i o g a s  p u rp o se s  i s  se t  to  g ro w b y 40 p e r ce n t o ve r the  p e ri o d  to  2040. H o we ve r, the  ma rke t i s
l i mi te d  b y cha l l e n g e s  whi ch i n c l u d e  sca rce  l a n d  a re a s  fo r e n e rg y-g ro wi n g  c ro p s  a n d
te chn i ca l  hu rd l e s  tha t l i mi t  the  co mme rc i a l  fe a s i b i l i ty o f  b i o ma ss  a s  a  re p l a ce me n t fo r fo ss i l
fu e l s  a t  hi g he r b l e n d i n g  ra te s  whe n  co mp a re d  to  co a l .

The  b i o ma ss  a n d  b i o g a s  j o b  ma rke ts  a re  a n t i c i p a te d  to  ke e p  g ro wi n g . S o l i d  b i o ma ss
e mp l o ys  a n  e s t i ma te d  765,000 i n d i vi d u a l s  wo rl d wi d e , whi l e  b i o g a s  e mp l o ys  a p p ro xi ma te  339,000
p e o p l e . I t  i s  e s t i ma te d  tha t b i o ma ss  p ro d u c t i o n  c re a te s  73 p e rma n e n t fu l l -t i me  d i re c t  j o b s
p e r 100M W o f i n s ta l l a t i o n  ca p a c i ty.
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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. 
Wi n d  e n e rg y re se a rch i s  a g a i n  l e d  b y C hi n a  a n d  the  U n i te d  S ta te s . 2000-2021 sa w 37,514
p u b l i ca t i o n s  re l a te d  to  wi n d  e n e rg y, l e d  b y C hi n a  (5,376), the  U n i te d  S ta te s  (5,359) a n d  In d i a
(4,254). The  to p  a f f i l i a t i o n s  we re  the  Te chn i ca l  U n i ve rs i ty o f  D e n ma rk  (545/D e n ma rk ), N o rth
C hi n a  El e c tri c  Po we r U n i ve rs i ty (364/ C hi n a ), a n d  D e l f t  U n i ve rs i ty o f  Te chn o l o g y
(359/N e the rl a n d s ). Wi thi n  the  sa me  p e ri o d , 58,134 p a te n ts  we re  a ss i g n e d , ma i n l y to  a p p l i ca n ts
fro m C hi n a  (32,991), Ge rma n y (11,630), a n d  the  U S  (2927). The  to p  thre e  cu rre n t o wn e rs  a re
Wo b b e n  Pro p e rt i e s  GM BH  (3062/Ge rma n y), Wo b b e n  Al o ys  (1966/Ge rma n y), a n d  S e n vi o n  S E
(1884/Ge rma n y). 

The  co mp a n i e s  f re q u e n t l y c i te d  a s  l e a d i n g  i n  the  wi n d  e n e rg y sp a ce  i n c l u d e  Ve s ta s
(D e n ma rk ), S i e me n s  Ga me sa  (S p a i n ), Go l d wi n d  (C hi n a ), GE (U n i te d  S ta te s ), a n d  En vi s i o n
(C hi n a ) (Bi zVi b e , 2022). The  ma j o r u se rs  o f  wi n d  e n e rg y i n c l u d e  the  a g ri cu l tu ra l , re s i d e n t i a l ,
u t i l i ty a n d  i n d u s tri a l  se c to rs  (H a rtma n , 2021). The  g l o b a l  we i g hte d -a ve ra g e  co s t o f  e l e c tri c i ty
o f  n e w o n sho re  a n d  o f fsho re  wi n d  fa rms  wa s  $  0.053/kWh a n d  $  0.115/kWh re sp e c t i ve l y i n  2019.

The  g l o b a l  wi n d  e n e rg y ma rke t co n t i n u e s  to  g ro w a s  i n s ta l l a t i o n  a n d  ma i n te n a n ce  co s ts
d e c re a se . In  2021, wi n d  e l e c tri c i ty g e n e ra t i o n  i n c re a se d  b y a  re co rd  273 TWh (u p  17 p e r ce n t
co mp a re d  to  2020), ma k i n g  i t  the  fa s te s t  g ro wi n g  o f  a l l  p o we r g e n e ra t i o n  te chn o l o g i e s . Gi ve n
the  i n c re a s i n g  a f fo rd a b i l i ty a n d  p ro f i ta b i l i ty o f  wi n d  a n d  the  l a rg e  n u mb e r o f  hi g h-wi n d  a re a s
tha t ha ve  n o t ye t  b e e n  e xp l o i te d  fo r i t , p o te n t i a l  fo r g ro wth i s  s tro n g . D e ma n d -s i d e  d ri ve rs  o f
g ro wth i n  the  wi n d  e n e rg y ma rke t i n c l u d e  i n c re a s i n g  d e ma n d  fo r re n e wa b l e  e n e rg y so u rce s
a n d  co n t i n u a l l y g ro wi n g  e n e rg y co n su mp ti o n  g l o b a l l y.

Wi th e n e rg y p ri ce s  i n c re a s i n g  s i g n i f i ca n t l y, d e ma n d  fo r i n c re a s i n g l y co s t-e f fe c t i ve
re n e wa b l e  e n e rg y i s  g ro wi n g . O n  the  su p p l y-s i d e , o f fsho re  wi n d  fa rms  ha ve  c i rcu mve n te d
cha l l e n g e s  re l a te d  to  se a  d e p th whi l e  b e n e f i t t i n g  f ro m hi g h wi n d  sp e e d s . Ba rri e rs  i n  the  wi n d
e n e rg y se c to r i n c l u d e  te chn o l o g i ca l  o n e s  re l a te d  to  g ri d  co n n e c t i o n  a n d  i n te g ra t i o n  a n d
the  l a ck  o f  su p p o rt i n g  i n fra s tru c tu re . The re  a re  a l so  e co n o mi c  cha l l e n g e s , n o ta b l y the  hi g h
i n i t i a l  co s t  o f  ca p i ta l  a n d  l o n g  p a yb a ck  p e ri o d s , sho rta g e s  i n  f i n a n c i n g  cha n n e l s , i mma tu re
o ffsho re  su p p l y cha i n s , a n d  o u td a te d  re g u l a to ry f ra me wo rks .
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The  wi n d  e n e rg y j o b  ma rke t, a l re a d y s i g n i f i ca n t, cu rre n t l y e mp l o yi n g  1.25 mi l l i o n  p e o p l e
wo rl d wi d e , i s  e xp e c te d  to  e xp e ri e n ce  ra p i d  g ro wth.117 3.3 mi l l i o n  n e w j o b s  a re  e xp e c te d  to  b e
c re a te d  a s  a  re su l t  o f  the  a d d i t i o n a l  470GW o f wi n d  ca p a c i ty e xp e c te d  to  b e  i n s ta l l e d  b y
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. 

Gre e n  hyd ro g e n  re se a rch i s  l e d  b y C hi n a . Ac ro ss  2000-2021, 802 g re e n  hyd ro g e n  p u b l i ca t i o n s
we re  i ssu e d , l e d  b y C hi n a  (140), Ge rma n y (100), a n d  the  U n i te d  S ta te s  (74). The  to p  a f f i l i a t i o n s
we re  the  C hi n e se  Aca d e my o f S c i e n ce s  (22/C hi n a ), the  U n i ve rs i ty o f  Bi rmi n g ha m (13/U n i te d
Ki n g d o m), a n d  the  C hi n e se  M i n i s try o f  Ed u ca t i o n  (12/C hi n a ). Wi thi n  the  sa me  p e ri o d , 58
p a te n ts  we re  a ss i g n e d , p re d o mi n a n t l y to  a p p l i ca n ts  f ro m C hi n a  (30), the  U n i te d  Ki n g d o m (5),
the  U S  (4) a n d  Au s tra l i a  (4). The  thre e  to p  cu rre n t o wn e rs  a re  An g l o -Ame ri ca n  C o rp . (4/U K),
Xi ’a n  The rma l  Po we r R e se a rch In s t i tu te  (4/C hi n a ), a n d  Jo hn so n  M a tthe y (3/U K). 

M a j o r g re e n  hyd ro g e n  co mp a n i e s  i n c l u d e  Ai r Li q u i d e  (Fra n ce ), Ai r Pro d u c ts  a n d  C he mi ca l s ,
In c  (U n i te d  S ta te s ), En g i e  (Fra n ce ), Gre e n  H yd ro g e n  S ys te ms  (D e n ma rk ), S i e me n s  En e rg y
Gl o b a l  Gmb H  (Ge rma n y), To shi b a  (Ja p a n ), a n d  Ti a n j i n  M a i n l a n d  H yd ro g e n  Eq u i p me n t C o .
Ltd  (C hi n a ). The  l a rg e s t u se rs  o f  g re e n  hyd ro g e n  i n c l u d e  he a vy i n d u s try a n d  the
tra n sp o rta t i o n , he a t i n g  a n d  p o we r g e n e ra t i o n  se c to rs . Gre e n  hyd ro g e n  co s ts  re ma i n  hi g h,
cu rre n t l y e s t i ma te d  a t  a ro u n d  2.5-6 U S D /kg  H 2.

D e ma n d  i n  the  g l o b a l  hyd ro g e n  ma rke t i s  g ro wi n g  b e ca u se  o f  the  n e e d  fo r i n c re a se d
f l e xi b i l i ty a n d  d i sp a tcha b i l i ty o f  re n e wa b l e  p o we r sys te ms , g re e n  hyd ro g e n ’s  b ro a d  p o te n t i a l
u se  a c ro ss  the  e n t i re  e co n o my, a n d  se ve ra l  co u n tri e s  wi th l a rg e  re n e wa b l e  re so u rce s
se e k i n g  to  b e co me  n e t e xp o rte rs . O n  the  su p p l y-s i d e , the  ma rke t i s  f l o u ri shi n g  co u rte sy o f
te chn o l o g i ca l  i mp ro ve me n t a n d  ma rke t-re a d i n e ss  o f  se ve ra l  i te ms  i n  the  hyd ro g e n  va l u e
cha i n .

H o we ve r, se ve ra l  b a rri e rs  re ma i n  s i g n i f i ca n t. Gre e n  hyd ro g e n  ha s  hi g he r p ro d u c t i o n  co s ts
re l a t i ve  to  g re y hyd ro g e n  e ve n  whe n  ca rb o n  p ri c i n g  i n c re a se s  the  co s ts  o f  co mp e t i n g  fo ss i l
fu e l s . S i g n i f i ca n t l y, the re  re ma i n s  a  sho rta g e  o f  d e d i ca te d  i n fra s tru c tu re  fo r the  t ra n sp o rt
a n d  s to ra g e  o f  g re e n  hyd ro g e n , a  s t i l l -sma l l  ma rke t fo r i t , a n d  d i f f i cu l t i e s  i n  d ra wi n g  c l e a r
d i s t i n c t i o n s  b e twe e n  g re y a n d  g re e n  hyd ro g e n  i n  n a t i o n a l  e n e rg y s ta t i s t i cs . C ha l l e n g e s
a l so  re ma i n  co n ce rn i n g  the  me a su re me n t o f  i ts  su s ta i n a b i l i ty.

Gre e n  hyd ro g e n  i s  e s t i ma te d  to  c re a te  a s  ma n y a s  2 mi l l i o n  j o b s  b e twe e n  2030 to  2050 a s
i n ve s tme n ts  i n  e l e c tro l yze rs  a n d  o the r g re e n  hyd ro g e n  i n fra s tru c tu re  i n c re a se  a n d  a s  i t
b e co me s  i n c re a s i n g l y wi d e l y a d o p te d  a s  a  fu e l  so u rce .
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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.

El e c tri c  ve hi c l e  re se a rch i s  l e d  b y C hi n a , the  U n i te d  S ta te s , Ge rma n y, a n d  S o u th Ko re a . Fro m
2000 to  2021, o f  the  79,732 p u b l i ca t i o n s  re l a te d  to  e l e c tri c  ve hi c l e s , mo s t ca me  fro m C hi n a  (22,375),
fo l l o we d  b y the  U n i te d  S ta te s  (13,108), a n d  Ge rma n y (5,408). The  to p  a f f i l i a t i o n s  we re  the
Be i j i n g  In s t i tu te  o f  Te chn o l o g y (1,814/C hi n a ), Ts i n g hu a  U n i ve rs i ty (1,685), a n d  To n g j i  U n i ve rs i ty
(900/C hi n a ). Wi thi n  the  sa me  p e ri o d , o f  the  206,049 p a te n ts  a ss i g n e d , mo s t we n t to  C hi n a  (94,124),
the  R e p u b l i c  o f  Ko re a  (23,193), a n d  the  U S  (19,059). The  to p  thre e  cu rre n t o wn e rs  a re  LG C o rp
(7181/R e p u b l i c  o f  Ko re a ), To yo ta  Gro u p  (6945/Ja p a n ), a n d  H yu n d a i  M o to r Gro u p  (6817/R e p u b l i c
o f  Ko re a ). 

Le a d i n g  e l e c tri c  ve hi c l e  ma n u fa c tu re rs  i n c l u d e  Te s l a  (U n i te d  S ta te s ), R e n a u l t–N i ssa n –
M i tsu b i shi  Al l i a n ce  (Fra n ce /Ja p a n ), Vo l kswa g e n  (Ge rma n y), BYD  (C hi n a ), Ki a  a n d  H yu n d a i
(R e p u b l i c  o f  Ko re a ). The  ma j o r u se rs  o f  e l e c tri c  ve hi c l e s  i n c l u d e  the  tra n sp o rta t i o n , e -
co mme rce  a n d  d e l i ve ry i n d u s tri e s .126 Be twe e n  2021 a n d  2022, su p p l y cha i n  p ro b l e ms  a n d
co mp o n e n t sho rta g e s  ha ve  i n  fa c t  ra i se d  the  a ve ra g e  co s t o f  a  n e w e l e c tri c  ca r i n  the  U n i te d
S ta te s  b y 22 p e r ce n t, to  $ 54,000 (co mp a re d  to  a  14 p e r ce n t i n c re a se  fo r i n te rn a l  co mb u s t i o n
e n g i n e  ca rs ).

N e a rl y 10 p e r ce n t o f  g l o b a l  ca r sa l e s  we re  e l e c tri c  i n  2021, fo u r t i me s  the  ma rke t sha re  i n  2019.
Thi s  ra te  o f  g ro wth i s  p ro j e c te d  to  co n t i n u e  o r a cce l e ra te . D e ma n d  i s  b e i n g  d ri ve n  b y
su p p o rt i ve  g o ve rn me n t p o l i cy i n  the  fo rm o f fu e l  e co n o my a n d  e mi ss i o n  ta rg e ts , c i ty a cce ss
re s tri c t i o n s , a n d  f i n a n c i a l  i n ce n t i ve s , a l o n g  wi th g ro wi n g  co rp o ra te  a n d  co n su me r i n te re s t
i n  p u rcha s i n g  e l e c tri c  ve hi c l e s  to  me e t su s ta i n a b i l i ty o b j e c t i ve s . O n  the  su p p l y-s i d e ,
te chn o l o g i ca l  i n n o va t i o n s  ha ve  i mp ro ve d  the  d ri vi n g  ra n g e , co s t  co mp e t i t i ve n e ss , a n d  t i me
re q u i re d  to  cha rg e  fo r ma n y e l e c tri c  ve hi c l e s . C ru c i a l l y, cha rg i n g  i n fra s tru c tu re  i s  b e co mi n g
mo re  wi d e sp re a d  a n d  a cce ss i b l e , a n d  a u to mo t i ve  ma n u fa c tu re rs  ha ve  ma d e  a mb i t i o u s
s tra te g i c  co mmi tme n ts  to  p ro mo te  e l e c tri c  ve hi c l e  p ro d u c t i o n  a n d  co n su mp ti o n . Fu rthe r
i mp e tu s  co me s  fro m the  g ro wi n g  su cce ss  o f  C hi n e se  ma n u fa c tu re rs ’ fo cu s  o n  p ro d u c i n g
sma l l  EVs  a t  mu ch l o we r p ri ce  p o i n ts : i n  2021, the  sa l e s -we i g hte d  me d i a n  p ri ce  o f  EVs  i n  C hi n a
wa s  o n l y 10%  mo re  tha n  tha t o f  co n ve n t i o n a l  o f fe ri n g s , co mp a re d  wi th 45-50%  o n  a ve ra g e  i n
o the r ma j o r ma rke ts .

H o we ve r, b a rri e rs  re ma i n  i n c l u d i n g  co n ce rn s  a b o u t e l e c tri c  ve hi c l e s ’ ra n g e , hi g h b a tte ry
p ri ce s , a  sho rta g e  o f  cha rg i n g  i n fra s tru c tu re  i n  ce rta i n  co u n tri e s , a n d  co n ce rn s  a b o u t the
e n vi ro n me n ta l  ha rms  o f  e l e c tri c  ve hi c l e  cha rg i n g  a n d  b a tte ry p ro d u c t i o n .

El e c tri fyi n g  the  tra n sp o rta t i o n  i n d u s try i s  e xp e c te d  to  su p p o rt  j o b  g ro wth. I t  i s  e s t i ma te d  tha t
n e a rl y 200,000 a d d i t i o n a l  p e rma n e n t j o b s  wi l l  b e  c re a te d  i n  Eu ro p e  b y 2030 a s  re su l t  o f
e mp l o yme n t i n  te n  se c to rs : b a tte ry ma n u fa c tu ri n g , cha rg e r ma n u fa c tu ri n g , who l e sa l e s ,
i n s ta l l a t i o n  o f  the  cha rg e rs , g ri d  co n n e c t i o n , g ri d  re i n fo rce me n t, c i vi l  a n d  ro a d  wo rk , cha rg e
p o i n t  o p e ra t i o n , cha rg e  p o i n t  ma i n te n a n ce  a n d  e l e c tri c i ty g e n e ra t i o n . I t  i s  l i ke wi se
e xp e c te d  tha t mo re  tha n  the  tra n s i t i o n  to  e l e c tri c  t ra n sp o rt  wi l l  l e a d  to  a  n e t g l o b a l  n e t
g l o b a l  i n c re a se  o f  2 mi l l i o n  j o b s  d e sp i te  l o sse s  the  co mb u s t i o n  e n g i n e  se c to r. Whi l e  the re
mi g ht b e  j o b  l o sse s  i n  the  a u to  re p a i r a n d  ma i n te n a n ce  i n d u s tri e s , the se  wo u l d  b e  o f fse t  b y
g a i n s  i n  e co n o my-wi d e  i n d u ce d  j o b s  a n d  i n c re a se d  p o we r se c to r j o b s .



Stage of ENGAGEMENT with the Frontier Technology of Electric Vehicles *
Utilitarian USAGE

Adroit ADOPTION

Appropriate ADAPTATION

All Round AWARENESS

Skills TRAINING

Futuristic RESEARCH

Contextual INNOVATION

Sovereign DEVELOPMENT

Strategic DEPLOYMENT

Full MARKET OFFERING

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

Institutional/Organizational PERSPECTIVES, PLANS & PROJECTIONS about the Frontier
Technology of Electric Vehicles

OVERALL COMMENTARY of the Stage of Engagement with the Frontier Technology of
Electric Vehicles

PEOPLE ASSOCIATED with the Frontier Technology of Electric Vehicles

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
Frontier Technology Engagement Value Chain of Electric Vehicles

PROCESS & PROTOCOL of Engagement with the Frontier Technology of Electric Vehicles

PARTNERSHIPS & ALLIANCES struck to bolster the Stage of Engagement with the Frontier
Technology of Electric Vehicles
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