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1. Net Zero Emission (NZE)

s 9108 Elsil o) 2

doddo

5 oS8l 9 Ay Ol =3 sloaz3le o o
3 byl anoll o y5iS G5 g i 5 o ] 30
P—ata 9 093 (Bpas 55 (Kl sl
e slagh il sleedsy Gty xmb S8
Sl aSlos 57 ES 1> (59,0 059t
b 5l S5 Glameds (g e 0 o (gladilaie
2l = GS (iw slag Bl Sl addl
D] el 08,51 szt Jlasl an g gl oo
Srae (als jogdle o e (il an 0955 L ol
OB el T e e 5 555 50 a8
b cselan b eps ol (mlegin,aly
DS oo o8 sl g (65,1 eloiz (g0l
O3 Syda e slaShy e a2y Ly
i eyl elie el (S0 plg—ea
Stz P hB s 48 05 o (it 0]
Dy a5 ol 51 (ST sladas (5,4 sLails
ool o aicalo 45 sas o s oFas o]
LLs) o 0T L s e slags slo® 5 i e Lo,
A >g g 35 g i sl d Se Il Ay oo
Oy Smle ) Jolds (oo sla Sogll 4
4o Bl zo (sl 4 ;i ol lag )l
sleadadss 039, 5l @a— il p3 0 30
s Jom it 53 (65 el (gl S JE
el A lome o yvan o A ool
53 ol mlsT g 9 (s3lalel; 39 0n
STy (G J 5 5909 (S5l —8 4l
Lozl sl yslod am 0,0, p99 go—0 0,5
o el (mlsrgnl Lo 1,55 Jdods (g 0
s slass il ams ol o aslllas 55 05
2 Oja—d sl ul g S 003 d 5 i
3 Ollg 293 ams (il yo 39— JBigJom A
D005 (ledsy (S Jm e sLog 09>
Loyl s 9 =l ez 4o ol 5o
559— O,lde F/0 s 5 an (LS ey of ponay)
el ol gl Bl Yo el YY



. of & p*
APV axio NFF Sl syl 9 (295958 IF+ o)los J«H/
’

a5 asSlen () S8) 0 o0 00l plaiSl
G, 40 Sl il oval i BB Y JSi o
51 5 anlp s et ol (39,00 gls
R Q—’)S o)_._>.> 9 u..\_> o A_il.: u.\_».la.! F—
Ailgi o S B 5 (ol (59,00 £33 90
g gl Ko JU 5 (5l Ll Lo
ald ol 5o ady oS (ol g 5o Ll
(GO Y JS_..J oj_wsa a)_oo 9 u_u.\_‘>
20 e i 1y y5e 0t o Jg slaan]
L ods (55,0 (S jsboas (ganai s o
oo iazd S ais L daass g s Ldie g0
a0 Lud Liace Ly gadss 059y s
u_‘ils)drl co_g;s)%b gim)jm) C)L.o‘ A dw
ol 00l A (53w 55 g s )Sg 00e
557 Ol Lo Sieyshy; 2ol il 3
Awd \o&j_ﬁr:;bjé &.i—a—a-ﬁ)}-o-') C)l_oo‘ 9
PRI UL LA RFR VR VR ) Lae Ly O59)0—ad pgd
CnS slman] B g oogicn ;) laal,d aws

il |

s dadgl i
loged Siulé
i g i)
e ilinl + sjlansils
“gjHl pein
o
Aghu >)j
White Yellow
+ulgi puis Halgiguin
SISy sloyjas ol
agiauld adgi
ol i lgpsdl
s pain i pain
oo g Lid Sl G

NETIpUER

Celw ;o 50 55 Gadee YA Sl i Gl 4
Slaaby ol yo LF] sl 095 slaasly o

adl o) s

- 9N O)Hg R A O
o by b sloaggoge )0 ol S agn
5 alesls ploul (goasin o o) 2 (g 0
o Ol 59 Giaap 0js> sl eyl laul
039 75 oo (g0 (g3lwlaz sla by, —
Lo g, 5l sl Jlw yo Ll [ 5 0] el
Sl 00l (6 7S S 35 703 (398 (S ilwo S
—ots oKl g3lo b (S by A 5 V]
BRI | PP B [al Syl yeiS g5l el o
To—o 59,0 JLA.?L';_..J Gud)ﬁTQé &lj_ﬂ Ja—!
a8, 54 by, pgd Litu [0 el oa_dools
oolar il S )90 ool Oli_sb 9 é‘)._‘?‘ J_‘.L’U ;&P
gl Jmdod (o Gitu [y ol 0ol B yae
Ol ylBu Ste iy 2ol (55102 =y s
SillwssBE g el gy S, edls 3l
°“\—".‘.‘.’t5"“'))‘~‘ J_.al.> C_aL..a 9 o..\_mﬁL?LJ «_i._..uJLC)
J—bo 5l 6 S et 5 (el i o e

USRIV S| ) PP WP 5 ) U

059 JUastiwl s s 9100

s 55, GLaaS (9,0 9T A

2ol

i pin

b

(VY 50 0] 30,0 0l slacs sl ) JSi

1. Autothermal Reforming (ATR)
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1. Sorption-Enhanced Steam Reforming (SE-SMR)
2. Electrically-Reforming

3. Topsoe

4. Plasma Reforming
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Introduction

The global energy landscape is undergoing a
transformative shift, with hydrogen emerging as a
cornerstone of decarbonization strategies. This study
investigates the technological and patent landscape
of hydrogen production, emphasizing its dual role as
both a clean fuel and a critical feedstock for industries
like petrochemicals. The urgency of this transition
is amplified by geopolitical tensions (e.g., Russia-
Ukraine conflict) and climate commitments, prompting
nations to prioritize hydrogen as a replacement for
fossil fuels.

The study examines various hydrogen production
technologies and their patent registrations, highlighting
the global shift toward clean energy solutions. Hydrogen,
once primarily used in industrial applications, is now
recognized as a key player in the transition to sustainable
energy. The research focuses on five major technologies:
methane steam reforming, pyrolysis, thermolysis,
electrolysis, and coal gasification. The motivation for
this study stems from the increasing global competition
to replace traditional energy sources with hydrogen,
driven by environmental concerns and geopolitical
factors, such as the Russia-Ukraine conflict's impact on
energy markets. Moreover, the study also underscores
the lack of a formal hydrogen program in Iran, despite
growing research interest in hydrogen storage and
separation methods.

Materials and Methods
The research employs a patent analysis approach to
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evaluate the maturity and growth stages of hydrogen
production technologies. Moreover, enough data were
collected from the Lens database, using keywords
specific to each technology. Moreover, the analysis
is grounded in the Technology Life Cycle (TLC)
framework, which categorizes technologies into four
phases: emerging, growth, maturity, and saturation.
In addition, the studies track the cumulative number
of patents over time to determine the developmental
stage of each technology. In addition, this method
provides insights into past trends, current status, and
future potential of the technologies.

Results and Discussion

The patent analysis reveals
development for each technology:
* Methane Steam Reforming: Exhibits two life cycles,
with the first reaching maturity by 2015 and the second
showing renewed growth from 2015 onward. The U.S.,
WIPO, and Europe dominate patent registrations.

* Pyrolysis: Remains in the growth phase, with
significant patent activity since 2005. The U.S. leads,
followed by WIPO and China.

* Coal Gasification: Shows two cycles, with the first
maturing by 2019 and the second entering growth. The
U.S. and China are key players.

* Electrolysis: Continues to grow rapidly, with China
and the U.S. as major contributors.

* Thermolysis: Reached maturity by 2023, with the
U.S. holding the most patents.

Notably, companies like Aramco, Air Products, and

distinct stages of
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Idatech are prominent in patent filings, reflecting their
leadership in hydrogen technology innovation.

Conclusions

The study concludes that methane steam reforming,
thermolysis, and coal gasification have reached
maturity, while pyrolysis and electrolysis are still
evolving. The U.S., WIPO, Europe, and China are the
primary hubs for hydrogen-related patents, indicating
their strategic focus on clean energy. Ultimately, the
findings suggest that electrolysis and pyrolysis hold
significant potential for future advancements, given
their ongoing growth. For Iran and similar regions,
the study highlights the need for structured hydrogen
programs to capitalize on these technologies and
integrate into the global clean energy landscape.
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