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

3. Topsoe

4. Plasma Reforming

s 9108 Elsil o) 2

dz Lo e Jlsn S oty ool Juls
S eSS Gl F S5y ol (xas
Obte (ol a2 g Loy S o, 0
it L Lo sl ol (o cnll [V V] s
A o P UM B I YOW| PL S L C 3
Do oo LS ) (ol 5Bl (g 0wy
=B Il 3 (Sl A sabeS gl S
95 iz oaS plsol slas Sug) phw Cvoway
St S (5l

b o b gl )y S ot ) 21 ¢

lal ol eyl )L5n e g, ol ayT)d 5o
el Gispda 5l S il gl O s Ly
b 5% ped ad>pe 3 s 09 o0 S 9
J—ol S aSgise -0l mlralr STy
Ll sy gl Gl S e e
alp ol e e Sy o slasSUss
YL jlsd s Y sloes a5l Jdoa glad>seg0
M e yimep 5 (VOY MPa g Av =)+ °C)
St Lo Yo )l Joas 25— 4 pbe—ws
L ol sl S sy ol a3 ol azle
Lslyad> o S o) Jolie (b Q3
Al o0 9 0TS (o8 S Smdle (Slles Lt
S gob 5 03902 TN L (o2g 5 s pomte
Be—D S a—aS16S 5 (S a—aSige Somb
Ol a0 5L aden il (e o ol iy
Js—ame a—ial gl ;565 5l (b 5
J—5 an 3l a5 50l 591, slese 5 39 0
stz odleds 5,1 I s byl oy
o= ilme B g odz B e o SauSles
y—ogdle by plil el by ole S e |
951y 5 as YL slss L (o5l slas¥gs o
Lo olyTioe 1y atinn 5L30 50 e ot ; Mo
b Jlo il 0,5 Rl 50l e Jlas
VA e a8 g cl Sgasme aw) ol jo gl =Bl e s
atox i don oline s jleaiols gl 25
5 9=logl Ll oS iils g TNO  Sladod dbe 9o



. & &
A1) aino AP+ F g d )l 9 (19359, NP o)leis J«M/
’

Sl arlds ey 955 ;ae Job p (551000
Iy i S v SO eaiid glagl p3 ] xazd
Oygmoty ilize glaasll sz e S oo b
oolaiwls y50 g0 pu—w Gl Led Lo g (oS 5
oy 5 el o g Lol sl 3108
L Golas .ol oogn gl 3t cd 0, TLC Slog—as
Jsb 58 &slod S gl sadplnil sl tagsy
Olosen 392 ¥ St Joged Gk o jes 4B >
S el 508 e

saiiz sl (555108 oal 58 ol o T il O
S degh 5 3Bl Sy (2o STie 10
ez blal 3 0y90 ml o gl adsi 0, S e
S-S ik s sl o aslis Ly Lal ooy
o ol Ly by el,sl o s @5 55 mea ;S0
Pt vy et A LS 0, S e
IS olawi g ptatol gom> Lo 5Ld ol o e
ol b S 4 Lagl m5

ssbas gl o g ol o5 58 ml o Tal, (Y
e L oz gslod 0l g oo b ()
Ot Gl 8 o Enl £9-8g Sl jo sloal;s
Pt S g Bl sad bk a by A g, 0y,
el Y o

L5)5~‘L.)—é 90 Ayl g d_».vu c)l_‘! U_" 5o :béj_b. Y
Jog—ad oy o] Ay 4 S Al ralS albgs e
SgFdy —ialS ag, gl e sl S

=

S =S (o

Cuy read Slass

s,

s 33,50 (699,91 ()

Sl 00 288 s les o 1y Sl gz (V

5 i Lo S 5,000 L edgicn s Gl oo (F
Gl (g wdi lm |y (el S iz
oS

595065 6,505 molie I Glss o0 09-dlly yo-loas (¥
Sg—>g0 31 sla ol a5 I 0 o, S oolar
S8 Vb ool pbhows A LDl 095 o
ol jleslaiwl L (59,08 Joazo 45 (glassSa
S5 (6l G 5L s glo—d ol 5o Sl
Ol 09— milin g el Yo (lizen Ll
Sl g Sog8 lhe a5 S lgtea
Lo el oaid 2l j9—2 (59,0 adgi (gl
S5 Eg—dg0 il Lo o s e ou i gl a>
Slo S iyt sldauwge 5l Loyl ST S5l

IvAl s

5 O,
&l (il slais; 6yslod el yana 5
35— ol ool ikt 5 5551008 Cndy (o2
el bty 3l (S oS (oo 13 eslii ]
oo 6yl ymas 4 sz (o il ]

— U 9 Jl_> g & 5385 o -3 )I LS)I 2o

g_i_g. suuL_M:‘ u._)‘ S Ca »‘ UT o s] )Lbl'« >

el

ol

[Ya] (TLC) (5,510 yor a5 > S5'S Jloges ¥ JSCi

1. Technology Assessment

2. Technology Life Cycle or TLC
3. Emerging

4. Growth

5. Maturity
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1. Intelligent Energy
2. Brilliant Light Power
3. Virent Energy System, Inc.
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