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Orange Hydrogen Forecasting through Patent
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Abstract

From the past to the present, the use of fossil resources has caused
irreparable damage to the Earth. Hydrogen, as a clean and renewable
resource, can serve as an energy source. In this study, hydrogen produced
from various sources and methods has been categorized into 18 different
color spectra. Initially, the research discusses the methods for producing
orange hydrogen. Subsequently, data from patents registered throughout the
lifespan of orange hydrogen production technologies has been collected from
the Lens data center. In the following steps, this data has been transformed
first into the cumulative humber of patents in the field of orange hydrogen
production and then into the cumulative number of patents registered in
orange hydrogen production technologies. By examining and analyzing the
data extracted from the Lens database, it can be concluded that orange
hydrogen production technology is in a growth phase, and the most suitable
technology for producing orange hydrogen is gasification technology.

Keywords
Orange Hydrogen, Energy, Biomass, Patent Analysis.

1. Researcher in Enertgy Research Center Shahid Beheshti University, Tehran, Iran.
2,*. Associate Professor, Shahid Beheshti University, Tehran, Iran. (Corresponding Author).
m_zandi@sbu.ac.ir,

6 / Vol. 18 / No. 70 / Autumn 2026



http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

®
VRN opedy fro b VFeFIeVITY cdb yo & ,b

Cody Judxd (gigy a0 (o250 (590 (5 500y |

" oo alillgal = " bdgoe o = "6 ledl lo i = ' p3go l LLE
&3 .. o . R .
GV ) OATKO dlgsw)ls,ogﬂa.oow

oS
Bt Dadsly cme hed ple 31 eslid 0pSE wsiS )
9 Sk e K Olgea Oiaskr el ok 5 oS 4 g aR L0l
W5 0550 SRRk il 53 el Bl (551 Ayl e S pdhddon
ok iy ilies (K i WA 4 il gla by, s mle Sl oed
SLesls e Conl sl 0 L3 2,0 059,08 Mg e B, 4 Tal Lol
Il Baoder MF Glaisld e b s sdded Sl glosy
Sy re2 Slas 4 Wosls cnl (Jyl P8 53 el 0 Soslgea Fesls S 50
Lo e Slis 4 g (‘@ 229 2l OSasdee Mg e
9 adllas Lol odd fodd 26l O5asd M5 slagosld s edded
o3k 45 258 womS Ol 5 A 03050l 3l 0k gl el slaesls o
S o3 il 5 ls LIE AL, A s (2l O M8

RO B W ST - IO P S PPN WA

2y Jelow co395Cums (551 () 39y SIS LS

Ol (Ol 55 e i St oBEINS (555l (o293 35 po Sighy

(Ol st gl olBily (6550 g SlSe cwdige 0aSiily (pdyanass slash sl swdige LIl Y LY
Ol el o i anpes ol8zls oz slacsd il 09,5 (655> (gazmiils Y

Ol eyl 5 s s oKils ¢ pdsauazs slass il 09,5 olKiule;] Lol IS ¥

OlRl B (e e85 s p5lid 5 gl e B

m_zandi@su.ir .(Jgime oo g5) .3l ! o) 15 ¢ gy s olKils b yidls >

[ Voo G YO oloxino [ 1540 jmly | Vo olois

PEXCT I


http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

S5 9 s Caaduo 30 (60 el y lalllan aoliLad | VF

dodso

G 38 el Gl anug g Ll (S Gln me slosls 1 S 65!
$ipl Sl slols Bl 4 e golall wl) olesd Gl Conex
Jlo b oMo Yod v Jlo 5l ez ol slolis a5 05 s stssbns -l 00
ol anlys LilE Slls ABBe - 4 olgls BOTece 5l gdle Y-F-
(Hosseinzadeh et al., 2020)

s oo JSis led slocs g |) Gl 6550 0 p; Slae 0 Al ) e
Seal oad 5o5el Ol Gl Wl Led SlacS g @ ol ] e (S
Jlo Fe iSlam ez o (o glacd g ab 13 e (Hjeij et al., 2022)
ol 00 et w5 sl Jw V0P g b 5 6l Jle £eoicws Sl
ST asile Gyl 0y gl Jds a4 (dewd Glacs gl pogdle ool
Wil o) 0,5 Glale,S (ol Jotuw a5 S)lge ple 5 0,565 (39,55 lon,S
SIS o o g 51 86 (08 Lasil WIS o Cenjlame o> Sl
UL F o/ 0 ke 4 @ho Y1 Jlo b 5 el o liio gogn0 g, 5
(Hjeij et al., 2022; El-Shafie et al., 2019) cul oo, Jlo ,o SIS

Jds 4 i wlie ol (Tl Glp 43S e pdinass 55 ol
RS 5 S 6l @te SO lyed (g0 el (ametans ) Jlas 2ol
Y 655l S8 ralex il o Shy ol Jds a4 igne Sl oald aslis
039 Ol ) oad wiBlil jate (S S (e H0 oad ASLS aie (n 0l
i gw plp T LY s> 0 Yo b Sl G5l 9 (VNP (JoSdge
Sl sl G5 e So s (p)5kS  JoiRe VFIT) 0S5 0
(Kuetal., 2022) coul oas aizlis Lod sbocsguw B ras jials

5 S Gliml Gloysise o (Il Lo SO plgieay WS oo (39,000
Slp dy CS s S plgieas G590 K00 (g 5l 0l eolaiul G5 sy s
5 Sl Al OT (T ol Jgame 1) wadoo 48,5 0 0 (g la sl
S g Sy loreds O39yen &5 Gloj Sl doys A vgax Bl 655 oot
D392 S pS a ol Jpame 05b 0wy (sloan V] e 0gd o colil
Sisriee il @l g ead Cdlil wlgiee o5 cl O s S lsiea
el 0 BB iliss qlis 51 35,00 (XU et al,, 2022) 5,5 1,5 eolizls g0

[VF+8 5l | Ve o)lod | porazs Jlo |


http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

YV 1 ecsy Joloxs gy a1 (o256 (59 0 (6 ,SS0uss]

5 hd mline (g, adg cal aBlis mle wsye A7 5l o eSU
FErore pdynax gl jhesliiul b 39,000 adgi g)cnlil wies pdibogass
(Sé&nchez-Bastardo et al., 2021) coul oo as-bids Hloz 4o 85,5 sansT sl o

aobsl pdiaass slagh il LB Gras S 5l ae e 0 ol b
o (Hassan et al., 2024) col ool ools (plaiz! ) 5,5 @ Lg)l
slolis J5 5l e, 0) pdiasaas 550wy ceodlee Vo F e Jlo b a5 098
(Dash et al., 2023) 595 Jsos 65,1 ol oo 4 50,5 ol |, o (55,

Oloep $55 JUEl 5 (53lwe i3S wadg 4 bgyye slasysld ol J o
s GlBl ol (e 08 dalss S8 oan] jo S el g S sl
Sld pdisans e aiS oo SwS Ol gl )3 ES g JS Bpas 8 (g 08
Sl skd Gkl ale il wies esgicen 5 T Oig e ag ln ool
b Gy Slaghy) ¢ elerd 5 (Sil S oS aler 5l el
ol Job 5o p3Y (65 S (oo 0 1y gy ¢ (Sedlam hod g (oleentige
03998 g5 (59,0 adgi slabe, Gl Gl Sl )l b 5 el daa] 2
5 M sl olge oS amecem slogilly s 4 € oyjg e 50) 03g5Cams; |
O5aresm Aelsi (5 )sld sl 00,5 il 093 4y (o0l Az g wiles sl sgzgas all;
Al (6,5l wodledy ol aily Jwl 655l Bras o YU Lo SIS Wiy e
S92 Swlg3s dgazme gz ge 0dgitams) mlie Elgl jo (SoyuS s (039 0umsn
035> il 4 loyad jsba a5 sla,Sel, @l Ko s 5l (XU etal., 2022)
5 SRS Slaailony b bLi)l o (amacins 5 (miligy Blos 5 93105 5550 5 <
(Hassan et al., 2024) coul ol Pl s 0 5 (a5 0 | 0ogican )

e S9lsy Somal (oS on Sr oply 0 Gigsee ) eslind
(Ohayep JBg e g (ilwo S wdy paas o WIS il il ol oS
WS oo Wl 39,000 5l ool (sl k5 S5 lags,sld arug o Sl i
(Xu et al., 2022)

o5 Fim o ol 5l ple a5 Cal ST 655 pie S 39,000

1. Thermolvsis conversion

2. Thermal decomnosition conversion
3. Bioremediation conversion

4. Biological conversion

5. Biohydrogen

[VF+0 3l | Ve oylods | pooces JLo |



http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

S50 § s oy (6 ]y ilallne dolilad | YA

5 Ladlse o¥ed (ol mlio (olend mlio (Jigfe> §p s wile 55
Goodiwd 4 laml ¢ iegh ol (Dash et al., 2023) o,5 colaiwl 5o sleoje>
2 Gy e D3l el g oty bl p 8T 35,0 G,
G i 5o Cawl oad a8 S plonil oogiun s Buyb 5l (39 0wl slas slid
Sl gl aidS 5 Jad Condg Judov 4 0gd so el (iSu ) Vo 095 oS
Loleidon § @GS amd 3 pom i 50 Dedee a3by (26,0 35,08 adg

i salgs 4l

03998 (G,

e 655 ale 5 adg ple daanls 5l &S cl S50 G5B i
G5P e s g wnlp s aie Golul gy ees Il wdg LB
Sl ol A8 58500 (59,000 (Sl Gonains (g e adgi Cuz eoliiuls g
w0slituld g0 (65l aie g o wnlp Wl a4 axgl Gudg (59,0
(Ajanovic et al., 2022) cewl ouls Gl S,

Lol S Jle) iluissl w5l (St (i en (S (339,00
b 5l oaieS (Sie o s il cess a Sl I el
Ve Gloged g ol (59,000 0,5 6kS o adsi slils aSs ebay ol s jlae
(Arcos & Santos, 2023a; .s4b o0 o3 (25 wSles p,S (COZ) p,55LS
Midilli et al., 2021)

L loged Sow Ji85 s5luisslE anls 5l Sloged (39,000 islogkd (g e
(Arcos & Santos, 2023a) .oy] o Cawd 43 &l 5l osliial b gloged K

ooliinl b (b )l Mol wnl 8 ) (S (35,00 15 S B (359 000
plod ((B9e )3 el oed iz ()5 @ wnl l jo Ll tloe s 4 o)l
(Pani¢ et al., 2022) 09 oo piiin 9> ;o (1,5 L]

5 ol JBu Sied) b e el wnld T (e nee il (3gseee
(Pani€ et al., 2022; &l oo Cews 4 &)l sloslatnl b )8 (g5lwe ;33 5 i
Midilli et al., 2021)

Sl Sl anl Bl ool odg 5g,0eR e (359,008 T (339y0uR

1. Lignit

[VF+8 5l | Ve o)lod | porazs Jlo |


http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

VAT oy Julos gy 4 (25,0 (5595008 (5 Seu]

Pl S (590 Aamd e (59,000 Seol pdynaz 35 ple by
(Ajanovic et al., 2022) .ouS o B pan (65 i

4 4ol By gl eoliul b (greb S Sy anl)d Sl islejemd (39 0
[(Rioja-cabanillas & Fernandez-ibafiez, n.d.) &1 oo cews

Oy 2 8 Sl (grmb D390 e (g iad (g )i
lee Cussdy plerdyn Jolse 5 lid F1 n (Sdgyue caSs anlp |l
(Incer-Valverde et al., 2023)

alyd 5l el ek aS o ls o Ll (S350 4y 0,5 35,00 195 (590
(Dodgshun, n.d.) ogs oo adgs a3 51 eolaswl b 5 uSUI

e T ID 1~ VIR U I [ JY S TORVE I ST SR TEeE
(Pani¢ et al., 2022) cusl slaws 5,5 o1 65,3 anio

Slas Ol ae 5l a5 5dee s il sl a8 39 0 1308 G390
(Zainal et al., 2024) &1 oo Cowd & 395 oo uels

Sl plralr 5 Gammlanst anl 5l cwgildl 535,000 1 owgildl (39,00
(Arcos & Santos, 2023b) w1 o Cews 4y g2 g 5 5l oolanwl b s -

5 Gr S & lae i g 5edg nSIlald Gl a3, i (350
(Scamman & Newborough, 2016) 543 o oy Slawn &)l >

B Koyt ; b B 2ol 0l 5l slae p (59,000 1gldn (359 0
O35 b G3gye g5 onl Dl o Cess 4 (08 (silue S g iz g e
(Slao o 59,0mp 50 Lol el &yl ST y5g,0ue (65,5 aae a5 el (ol yo o]
(Zainal et al., 2024) ol 4 5 (65 ,5! aie

o Al . M .- oo - e -

L Jsbl b ol deism anld @b 5l Gloyi (59,0 islo s 039 0ed
(Penconi et al., 2015) w1 oo Cowd 45 G 5l ool

soyre 3 Sl mar wuld ol oMb s 2 gy
(Incer-Valverde et al., 2023) &1 co s 4 oloowiign (65,5 g b (0,5 9,00

oolitnl b Joibl b ©f 5B 598 wnl)d 5l (Ssin) O3ared (P 39
(Arcos & Santos, 2023a) .ol o Cewd 4 dudye3 Slye 5550

1. Water-gas shift (WGS)
2. Sonolysis
3. Photocatalysis

[VF+0 3l | Ve oylods | pooces JLo |



http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

S5 g s Cariuo 53 (60 gl y Slllao aolilad | Ae

5 23> g ol L Mol wulp b eds e el 0J9yee
el gie 53 Sl 5 ol 39,0 b o] ol 5 wlige Comstr S (5luo S
(Do etal., 2023) coul piydass Gy oodis Oia0e $50 el as ol (6551

e el g ileiss 8 wnld @b 5l ()b G3gr0ee il 3grnee
Cawdds Oyl > 5l eolatwl b sogican ;) iy \&‘F‘:’éﬁé ol b silosyB g ol
(Kalinci et al., 2009) a1

LG LRI

g Sl s 5 4 oot had jshiiear oledioe S 5)0ld o il
S8 solawls g0 Saw e 5l eolatuwl b ol 5 J8le § b 55 5l ooliiul b laams
Hlad g (o5 sl az 0 Voo N0 o) YU slalos o (gilosl8 sl ool a8 3
3OSt L b dse aiile (g3luss8 Jole S jpa> 5o (Sl B Y- 1)
Jolis gilog8 (g 5k8 o LSL@] Ls:w o STy NCA NS Silws) 8 axlg
(Azizetal., 2021) el s3los;5 5 Bl g ym

Srdsd of dlwwsa g5lwgil 59k

b egtid ol ol (350000 i dpaz (sl Sy Jlimissd ©f absstr ilaissS
adgi Vb jLasd g Lo [0 (59,000 3l g8 Fow 58 i 58 4 eogicun ) Slawy bod
Sl 50 s s @ i 55 5l glolaz b oyig,0un qgam a5 30 s 0SS o
oo STy Jale Sy g (2STy Lo Glsieas O (st ol abissas sileissS
(Kladisios & o9 o ddg (59,00 51 s i 55 Colgdy e A5 oo Jos
GBe ol dl> e aw Jols Slw 38 ol L il 38 >l Sagia, 2022)
(Kladisios & Sagia, 2022) el e ,Bu #lal (2S1y 5 55 - ol olal>

gs“’L"“’u“S)
b Candy ioms @l il slooged | s,5ks o SoanT 5 el s o
45 2 ey sl 00 418,518 ooliils g0 (6,5l o] i 5 59l pol>
Condy i 6lp 6)bae Glsieay ot atd iy slaayl s 5l S 6,5ld yes

1. Supercritical water
2. Technology Assessment
3. Technology Life Cycle Or Tlc

[VF+8 5l | Ve o)lod | porazs Jlo |


http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

M1 oy Julos Ghgy 4 (o256 59,008 (5 Sdouss]

sadosloylis V S 40 a8 jebylen ol (5,5L8 o] ot g U g atsdS
5 S5 g drng e 0 ES > B gl el Gdsl e 5l gl S el
S Sotin s SO 4 odbind lagl sl rezs olaws wlal 5 ol giles s

(Gao etal., 2013) .S o Sgno | JSE

62958 pok a5 52 (S S) om0 905 ) JSub

gl

ol

Gao et al., 2013 :xio

(Gaoetal, 2013) b5, )0 o] sly 5 58 oz lsies ) IS8 S G
Syge Ry Sy 5o 0nd il 6ol b Ghlag B e iglen
Sl Sy o0 )slaaay Tl 5o wos0 cnl jo canl oal a8 )5 158 anngs 5 lashy
Er R OISy by gl pubaslis b Ll sl 2l g Sl
FLEI I I VOSSR 5 VPPV VT JU SRV Nl PR SG JUSTC R RVRY
Sl ol oty (5 o> g 9580 oyd plaial (o i sk 4 (poie S5
(Gaoetal., 2013)
el Gal38 o 50 (2 Gl 4 ity oglanay £ ey 5B 0
Sgd oo odwline pastive Wdydg, Wy, g Sl Vb Ceows &) (Fxin ol 45 (5 55ba
(Gao et al., 2013)
2O Arwgi g i GhalS a0 Cuhy (0yslay £ cfob 5B 50 tésl
4 (8l e Sy (e Hlogel WD) E5 oeizpe el al alS (g0l
O Siles S g (eie STe ar 555k 3959 (g S G Cnl el i8S 5g5
oy plate jobay (omie o oy sl al>ye (pl 0 Wiz e aas e

1. S Curve
[ V640 5l | Vo o5loid | ppoxe Jlw |



http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

G5l 3 b o 43 gyl y Slalllae anbikiad | AY

(Gao et al., 2013)

Aaiyge (55l jo ity 0yl 8l b gladl 51 o g8l b gLl
5 00d 1 5y9logm 3l (5,5L8 a5 (g ypboay sl Ao 90 (553li8 10 Anugi g i
el cpl At jo el snis sols plaisl ] 4 dxwgl g Gxbio Sy losw
B8 pme (b g Spbioe SUOP 093 Jlged iS4 (oxex logel
(Gaoetal., 2013) el yes L

039092 Mgslas,5lid oo Jsb ) sadiiud glaosls Joos b ululinl
5 J8l B Gl pess (50l o aSinl adzgil 5 Cith (eSSl 4 (i
w88 )8 owin S50 U Diaed W Gl ks Cundg oS walys b

loaisly

Sl ablio Judaxi o (o250 (5950 dudgi glacaoy (oroxd Hloges
..\.'Lo..u 4.1....,43440)5)&...&:4...]54 LgMé‘ﬁ‘s.aMLgLQo)gw o)_fa)lj

Wy e Slasd 4 cabeld slbaany bvosls Jaud e g ,J oald 35 e 0
6oL [l olawd gl g0 cvalive S jo aS jebles Ll 00l g 3 Y S
Syl wle a5 el a4 Do Yoo L Gloj o5b 0 cabeld slaca
ceol ol 53 e o3l

o a3, (IS0 8) Seituzd jloged b sy rm 2ol (555L8 Jloges g sillas sl
ol oals ilp Sz SGY S (o ead &l glaesls 4 (VIS (6,508
Ol o 1y ccwl oals a8 .5 Jlas 0 O 4z 0 woals il Jovie glalesaix
St o ol &80 g aldl (Giloy ley gl a8 )5 Sl o SYL dolee 4z o
ool IS 50 Lankis copo slae L aS aeS len s bjlp slas o asles
5O Sy YVeeo o 4y Sop conddid )3 s ans gy ol JS 0 cwl 3l s
3wl ooyl A e YVY o U 26,6 5,0 adgi (5,5l Al

Wydro?_en & Production &Waste
ens.Org

[VF+8 5l | Ve o)lod | porazs Jlo |


http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

AY [ sy Jolo gy a1 (o236 (59 0 (6 S0yl

Sy Gagygld yee Job )0 odiwd glacisy (oread Hloges (ALY JSCh
sdsi GL5)9ld 092 j0 cubicud iy (crexi HIdg0 i (2L ig R
10900 1 (M VAAY U (oMo VAV sla Jlu Sloj adaio o (20U (59 o
abio o (2i)b ig i wdei slas gl 09> Ho cudicad gbhcily (e
oabiad Gty orom HIog0d 10 (g% YHIA U 583 1AAY sl Jlu ko)
U oo YA sl Jlu Sloj adadio 5o (o2, (459,08 ddsi s sy9L8 0jg> 5o

Ok YTV
Teossos —
Y= ele s AXDE L ABATYXT- WWEVAXT + TYAULAXT - FY-.00X
+ 8ANY
Theres L
E JER. §
-3
%‘&... i
. 2
} Yooonn -
N -
= o 3= > T 8 o 3= > = =3 o 33—
> > - =< - o= o b b . - - >
T T e o = o T Y T > o
(oo 4]

i
Qeee
Aese | >
Veoo L //
?; Feer | /
2 Bose |k /
o Fooe | //
%ﬂ Yooso | /
Yeeo | /
::‘ /
i Yooo | /
: L e
- @ A > < @ + = + 3 = a u >
> > > > > > < < < < < < < <
¢ o ¢ & o T T T T o T T T o
(6d%uo 49) Jlw

<

[VF+0 3l | Ve oylods | pooces JLo |


http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

G5l 3 b o 33 (g0 pudly Slalllae anbikad | AF

Sy S Sl

= 3 > — = P =
= - - : I - -
- = = = = = —
(s>5mo 4 Jlw
c
Foroos
.
) Yoo __________—__'
3 Yooooe —
s; N
3}& Yovoes
) Bee
< - : - r -
> < > >
(&30 4l

)

Sl (V JS&) (5,5k8 joe a2 (JS4 ) S Jlages 9 Al -V IS0 ans e
awl odosls panseis (26,0 (359,00 s sl Sl adadle (nl 5o )

=Y U oM VAAY B oDl VAVF sla Lo ol alaie )

z-Y S i sodhe YA b (60de VAAY (sla Lo Sloj alaio .Y

5= S 1o VoYY B 60dleo Yo VA slolo Sbej adaie ¥

ot MO a4 Koo wedhe VAIAY b eodle VAV la Lol o
Sogei g o =V USS aglie 5l el sap) Cod 4 (286 (9,0en S dies o
Ol po Gl 5B )0 (6818 () USD) (6558 ee 4z (USSS) S
sdlogle ;5 Sl oad o3ls andis (26 Gig0ee ddg sl Sl e
Oj9rded Sl die;po Ca VAND e 4 S5 (gMe VoVA L (60de VAAY

[VF+8 5l | Ve o)lod | porazs Jlo |


http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

AD | cosy Judows (g 1 (26,0 (359,008 (5 SSouiy]

IS8 (S5 S) S loges 9 2 =Y IS aslie 5l sl oown; &b 4y 203
g slp Gley sl cpl jo 0l 5B 5o 655,08 () USL) 6 5ld es 4z
YeVY U oodeo Yo VA Gl Jloplee jo ol ool ool aseidd 26,6 (59 000
BRI P K VOWSIIT B PR S L POV S U 1 U0 R ¥ SCIRP-R )00
G S, 3 () JK8) (6,5l jee 4z > (S0 S) Sz logad 9 -7 Ko dug Lo

ol 0als 00ls adeid (26U (59,00 ddei gl Sley adade pl jo a5 o

7,6 039,08 addgi slas ;9L slacday (reaxd loges
S5l 50 Osee adg slasysld yes Job yo cadind glacesy fos L
oddbind glacan ojslanay crezs 7y anslie 9 Cily ored slawd 4y 3 cols
Sl ool e ¥ SS Jloges il ams my j0 cul S8 slaselid 09>
(1 JS8) (65l yos 52 (JSE2 S) el Jloga 5 ¥ S8 (gli e sl
(S3les3 alewsar (25)L O30 3y Glaggld el oad eols et
slaws ils 13 ab, B e Sl Ol dbwga ilel g sy Lol
Cunl 0 lag,ld 5l pYL e g3leglE g0kl o eniias slaan
T 50 G 6yl o9 0 cabcld slacal oress olawd oo led
S53LS 039> ;0 b slacay crezd olawd ol cuy YEY . ¢ sgu> 15 ans

)0 039 0w adgi (Gla g9l 09> sulicud glacaly (rexd Hloged ¥ S
Yoo

— i G o g 3l 5 sels e kel Sl 53

YFeor
YYeoo
YAsoo
VQoor
(1 2

Qees
[N

a o« 3 > - a o« 3 > = a « 3
> > < < bt o o A T - = = bl
- T < < b - z » > > - > -

(&M ) JLw

[VF+0 3l | Ve oylods | pooces JLo |


http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

S50 9 a5 Caduo 30 (68 bl y Olallla acliLiad | AP

Gl 5,58 059> 50 eadind glaca, S plp £ 5l G 050> s5leS
ool selsy el gyl pl O 1 i sgam g Sleugsd ol alewsa
W)y Gy SO 1y (b i adg Glag,sld (s oo lalinl
alold 055 glidl o990 5iy90 slailpinr 10 9 993 ok 0)g0 b join 45 3gai Cgamne
CBlsyy Gl 5 AIEY S o (2x)6 (59 e adg (Sl ojes JSa S Ll

ROW RE gyt

&blio Joloxi' g (o205,0 (359 ddgi slas 59l glacisy (road Hloges
)

O399 Sl sl sld yee Job )3 eadcld glacan slaosls (il 5o
Shmas ol desr ol 5 GleisiE s el Jold &5 ()0
Sy o S sl bosls pl e cwl sals ZlFeal 3 eols 350 51wl
28 Hebolen el oal w3 Y US55 Saly (gread J3ged Ojg0a aie
Jle siloj o3 jo saicnd slacasy 51 ol Hlaws slaws 0l oo canlie ¥ o
o5 yo el ol 51 U Slej o5b S0 5l mile b sl s 4 g3 Ve v
Coe by s lid ST )l (i W slags ks Jlages 4 IS
Seye gl 4y il Sloj ablie ;5 558y (LIS Ll 0¥ gyl wed oo
STSALNSTELIEY

oy el (559U

dAUQ) 6‘)) o 00U f"""“”)" ¥ J&w Sl Ls&.o.?u )L}}w ]J5).u C)Lal &)jt.é LS“)"
Sl e 45 (UK S) St Jogai U sy oOlol sl Josai s
Gldhozaiz casloads il pomie SO F S 0 0als &SI) glaeols 4y (V JSE)
0j9> , add gy (pl U0 el onl a3 Jlai 0 0 Az 0 oad il s
Jbo B (26,0 039, adgs aney jo iy Voo 5l s g 2bel (55l
(U S) Scwd Jloges ¢ F S aslie 5l sl oo, b 4 (g0 Y- YY
el 5t sl Sloy ghie cnl o nj lajls (1 US8) y5ld jee a5

] 00l ools RS ).Jjj.u

[VF+8 5l | Ve o)lod | porazs Jlo |


http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

AY | ecsy Julo gy a1 (o256 (59 0 (6 SS0uss]

alowgds (25,06 (59,908 Al g 0jg bl lacddy (oread loged b JSo
Mo YoTY «5” M 1AV cS’L“) 2bdo o 39 ol (6,9LS

r ,«Jsfu C)LA POly ((;-Js)-' C)La\

Y = - oo fXO# o oFAXT - LASXT + YAYAXT - 1£A.VX + YEVLYY

oy ez ol
- =t t -t & v < >
T

< o - > - <} a 3~ > = b<] a 3~

> > < < b o - B * q - < >

T Ld < - b < < > > > - - -
(650 &) Jlw

Gl -0 S5 1o Yo o F b 63dhe 1AVO sla Sl slej aaiie )

-0 JS i eMe Yo YT B 60dlo Yo o8 sl Jlos Sloj abaiia ¥

dgaz Al -0 S (gdMe Yo o8 B gD VAV ol Sloj alaie o
399> (0 IS gD Vo TVV B coMo Vo o F sla Jlo Sy alado jo g oy VF-
5 A0 JSCE dslie el onn; Cod s Sy ol (6,5l ate) jo iy PV
VAVD slalo jo (V S8) (555l yos a3 2 (IS4 S) St Jlogei b -0 S8
1 D YoV B edlo Yoo slaJlo o 5 islis 56 oMe Yo o5 b oMo
el 00l 0018 i g 2ol (5,5l8 (sl Sley abolie ol jo

plod leo 31Dl YoYY B oDl VAVD ol Sl ahade o
Sonsy oos Sty @ bgrpe JRJE (o St (Slej o3l (o eadiend gl
{James L. Grady; Guang Jiong Chen, 1999) ‘u\_@a sl Jyazme 4 dilows 00y
o sl ol p ey ol ol Tl sl Snale oSl o Job S OVF L
9 e 3 adgs sl esgicen; ilesiB L i slaJgame 4y allj eogicans
JPbl b Scala .ol oad &l st Jpame wiz b So 4 s 5B e oS
3B s g e 55 @ e glaally hod b ol cay i eolial
5 Jobl (Oioer wile wide laJyame 4 dde Jpare iz b So 4 e
ol CL Cewd Sl S

1. Bioconversion Of Waste Biomass To Useful Products
2. Bioethanol Holdings INC

[VF+0 3l | Ve oylods | pooces JLo |



https://www.lens.org/lens/patent/128-085-876-569-03X/frontpage
https://www.lens.org/lens/patent/128-085-876-569-03X/frontpage
http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

S5 9 s Caatuo 40 (60 pely Wilalllan dobilias / AA

0 (39rued wdgi ojee culiad bl (orex Hloged Al -0 S
(o Yeof U (6% VAVD (Sloj o5l 55 g Mol (59l alawga
69U aowgds (o205, (15 08 algi 0j9> cubiiud glacisy (ored Hloged .o

691&" ‘R ANY) ,_5.>>L5.o Yeof 53‘.0} o3k 4o ).Jg).u C)Lo‘

Ve e el
q.. |
A -
3 Voo b
a e b
R0 |
foo |
2 Yoo L
} Yee |
\ -
g < - 9 > 3~ LN o e g
< a - .
z z £ £ 2 =T £ =z T i i
(&9de &) JLw
&l
Aeee sdg e kel
Vooo |
3 Sees L
A e |
g;f... i
) v L
3 v |
Yooo E
S - S
R
(69D 4) JLw

<

Sy Ol dwgas 55l s59L3
odd oy & USE GleGst ol Abiwsts 55l (sl ity (orezs loged
Jogei b Glomgsd ol sty 55leilS s pslid Hloged g il (sl ool
& ISy el &l slaools a4 (V USS) (6,9l jes a5 > (SO S) S
S5b3 039> )0 aed iy (nl S5 5 Cewloads (8510 0 a4z o b glabezain e

[VF+8 5l | Ve o)lod | porazs Jlo |


http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

A oz Jelo gy 40 (285,50 09y 5 yRieusy]

leoliiwl b (o20,b (159,08 sl gi 0592 oubiid Glacasy (o Hloged F S
$Meo VoTT JNAVD Sloj adaito o Slymised o alewgas 55luisi (5)9L

Ydes e 35 ol s sl 5

\ Yeeo | Poly. (Sl G55 ol dhusss 53l (538
33 Yo P E e OKO 4 o lAXT - o SAXT 4 1PV - BANFX + AFSY
? Yeoo |
Vool
.‘;* Yooo
: des |

.

(5% 4) JLw

Cuzy O sgam ARV USE eoMa Yo oA b e0dhe 1AYO sl Sl Sloj alaie ;o
YAD: sgu> oV IS (6o YoYY U (oMo Yoo A ol Sloj alaie 1o g
labeost il ysld alewy 4 L Oisee WP Ay oy
Sz Jogai b -V S g @FY S annlie sl onpwy <d 4 Sl o398
3B Mee Vo AL (6de VAVD slolo jo (V JS2) (5)9l8 yos a5 2 (US2S)
by ablie cpl jo ol 51 (eode VoYY B (oMo Voo A ol o 5 (il
oz alad s 5 eesdhos YoYT B 0de 1AV glo Lo lo; alaie 4o
Og (BB gyl 4ty bape JBJE (i (Sl oib l po endedd
e Slge Wi 9 flie Lk Cuzr Al iz s e Sl sew Slge sunl B jLasl
Gl 508 ST (65 ¢ Lo )T el olge s (el ymi b 5 oy, comigdilan I3 wiile
oVl ladilolw 4 Cond oS s a 3o g ool oVl s adgi 5 (65, 0y
S LYV Jlo j0 S w00yl |y lisl o sla o lasbul a5 o> > 0
M . \ . . o e P o .- -
ly a8l 9 5 W e 9050 5 GOS Jluis 09 B g Joo &S50
(Allen KAPLAN, Miami Beach, FUS); "Gilises dlge 5 (oloowd Slge 3305,
el Js8 Ja5 OFA L Randall BRADLEY, Ft. Lauderdale, n.d.)

1. Transtar Groun Ltd
2. New And Improved System For Processing Various Chemicals And Materials

[VF+0 3l | Ve oylods | pooces JLo |



http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

S50 9 a5 Caaduo 3 (68 el y latllan aoliliad [ Qe

L )0 OJassed gl 0jg> culicud gbcasy (rexd Hloged .l -V Ui
Mo 1AV Silo adalto 4o Slym39d O Alewsay 3lws3l (5 59L 31 ooliiu!
70 (339y9ep ddgi 092 cudbiiud gldcasy (roo 510900 (o (g Yo A U
Yook Gboj ghaie j0 Slymged of abmg il syabd 5 eolisul b

GOk YoVY U g0

P R )
Sl 38 ol b 5l 58

ERCTgE YE S RS
-
R
:
T

Yoo |
Yoo Lk
bl < - 9 > * 3~ o a > a <
: 0 : : : ¢ 5 ot % ;o !}
(oo ) Jlw
1)
R e 398 ol absy 4 sl 5
O k
Fooe L

-
T

Yder |

Youo |

(7 YT

Yooo |

Bes F
< = > > ~
< = = > < r
: g 0 g ”
> » > > > »

(Mo 4) JUw

d

Siws i (5y9LS

e Bl gl sl ouls ey A IS g5lugE (6,0l iy rend Hloged

[VF+8 5l | Ve o)lod | porazs Jlo |


http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

A [y Jelows (g 40 (255U 09y 5 yRieusy]

OV JS8) 6 pskd yos a2 (S8 S) Seitead Jlogai b (55Lus3l5 5 )5k8 loges
50 el ooy (55l 0 ax o b slalezais  gove A S j0 0als &3] slaosls «
Ay die jo Camy VYV + 4 oo (5luiglE (5,9l8 059> 50 ams my ol JS
ahado Sy py el () JSS) 60l ee a3 > (G S) S Jloges

w‘ ol oolo YA SI) L5>U)l" 0)5)..\& “‘\"J}’ 6‘)-’ G:LA)

Sl akewg 2 (2550 (59,0 gl 092 sabiud iy (oroad Hloged A JSi
&l 635 ,9U8

Yoeooso -~ il 38

Poly. (sl 358

Yaeee | Y=o X 4 VKT - ST+ LASEXT - AALSYX + 401,48

Sy (o Sloas
S
T

Yoooo |
Beee L
a < T >  + 3 & @« » g < ZZ = >+ 3
> > 2 < < g e« o <« T - = x
¢ ¢« £ £ ¢ T £ £ T 2 2 2 > » 2 2
(6-’3‘*“““-?);]

Al =) IS e Yo o F 1 (60 VAV slo L Sy alads )

o () IS5 e YANY L (oMo Ve o 7 slo Sl Sbej adads Y

Soop el -1 S oMo Yo o F B (6o VAV slo Sl Sloj adnie yo
o =0 S M VoYY B (6o Vo o7 o o Sloj adnie jo ccay FYO- o
S 5,9l8 alewg 4y (2L g e ddg A jo i VAL 4 Soo
(58 8) Seuzd Jloged by - SS9 A IS dlie Sl ol 00 b @
oilos 3B g Yo+ F L 6oMe VAVD o Lo ;o (V ISK3) 5)5L8 os a5 >
Sy sley ablie cpl jo ab) 1B (Mo YoVY L oMo Yoo F sl o jo 4
sl 0l o0ls aid (gilws 5 (g,0l8

slecas plad gl 5o VoYY U (oMo VAVD slo Jls Sloj alain 4o

g &b glacsgw juw oy 4 baye JSJE (p ot (Sl ojb (pl j0 eabed

[VF+0 3l | Ve oylods | pooces JLo |


https://www.lens.org/lens/patent/010-344-113-183-360/frontpage
http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

S5 9 s Cariuo 33 (90 pualy olalllao aolikiad [ AY

aJE RCRER ROy Py 1 ¢ A N SORC P PN VNS I IO
Sl Sl g lapysiS dagy Soy0ee ar o5 slagy)Sg e had lr ol
sl ple Cogm Sy pledr Glgioe S g b gl oy Sg 008 5l ol oa

Dy oy (Gaio (oleord Slgo g SR Cgw b o S g ((p i

6 G39sued Adgi 0jge euliad gbacdd (e Hloged .l -4 S
N1oged 1 (g Mo Yoof U (oMo 1AVD (Sloj 03b 1o (53Lwsil (5598 abwsay
G (559U dmwgay (25U (59,008 walgi 09> oudicad svccay (oxexd

G VoYY B (goMuo Yeof Slojojl yo

o — s
Fooo
E B
ke
.5; .
i? Yooo
: 22 : : ¢t :of @
(Mo ) Jlw
]|
Yooor —_— il S
Ydeoo
3 Yoo
?5 VDo
§; yous
ﬁﬁ Does
’ N < B4 b= = > = > =
(5o a) JLw

<

S3kd laghy, el 418,518 0l 51 5s (g5lessE sl A SO b
o3lgaelS 5l oolitul bl 65850 (s3luis3 B 5 Sl s 3l 3l

1. Synthesis Of Liquid Fuels And Chemicals From Oxygenated Hydrocarbons

[VF+8 5l | Ve o)lod | porazs Jlo |


https://www.lens.org/lens/patent/010-344-113-183-360/frontpage
https://www.lens.org/lens/patent/010-344-113-183-360/frontpage
http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

AV [ ey o gy a1 (26,0 (35950 (6,500 ]

Aty (5,508 39 5 € Jlw iy (65l Slony alsses (35,008 319
5 IR S iy e Jlagad ) 03l 3550 53 € glhgs (giluslS il
Moges bomV e USS g @lb) e S alie el ol e o) USS
sl ls Sley adaie o oy 5B (Y JS2) g y3ld jee a5 > (S5 S) S
St Sl abwgar 39,000 adsi 65k e YoTY L (o3Me 1AVO
Mo YoYY b 6de VAVO slaJlo Sl alaiie )5 gk 56 slaml 5 Jlw

Ll oaloolo mneid (65Bg0 (55luiglE dbiwgas 35,000 ddsi (5,5l

4 Ol 0Jgried gl 0jgr eubiiad el (oread Hloged Al Y. SO
1 o YoVY U 60Me 1AVD Sloj 03b yo (5390 (s3lwsi (5)9Ld hg,s
S gy 4 (5,0 (59 0up adgi 0jg> sl slbcday (e Hloges

SO YoTY U (60Me 1AV Sloj 03L 50 Jloww yiamns

Ly grox ol
“ + o >

Q< 2 - > 3P XN o > 3 << Z - > ¢ 3
>>32 << g e T T T Y -
S - A T L T "Nl I Ve e
(&30 &) JLw
Yeoeo
gm...
)
5)\....
;A‘..
o
a < Z e > I A @ - a8 < = & >
>>32 << T o :’ofi—t
EE A A - Ve N T TR A
(3o 49) Jlw
<

1. Hydrogen & Productiona & Waste & Fluid & Bed & Gasification
2. Hydrogen & Production & Waste & Two & Phase & Gasification

[VF+0 3l | Ve oylods | pooces JLo |



http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

S5 9 s Cariuo 33 (60 publy lellao aclikas / AF

736 (3395998 ddei (sl 59Ls 0j9> 50 iy saiiT el i slryelS
3 Al dle 8 Shoy ol jo (2L i Sy slacany oS 5 988 Y
Sy oo oodlive JS& cpl 5o .l ol sols L VY S 50 s, o 4 Loy
Al A jo baa wwye 1 3l i caS Sl se ol opl 4 300 sle,gas
2 O 5SSl edn ) S Ay Jrio g alb iy sl yeiS 0 (26,6 (5g 00
Ol Camaz 3l ao,0 VA oo i jebay a5 Sllil o)ls 15 Jlogel ol pid 43,
Oez 5eiS 50 ally o8 faukee YYO 090 (60 YV Jlu jo04ls JI 8 > o
558 lp Wlg oo 20,6 ie,0up adgs g,0pll (Slotta, nud.) cwl euls g
05900 A gl a5 I ise jo bl aiils ol daorecans g solaidl Coenl >
Al oo (mz H9iS 858l S jo ()L Big0ee el gyl 5B oyl ()

KLY LL.: LS“’}.’.? oKl

03959 ddsi (S5 59l 095 5O Cloy oudiT Ll iy yguileS Ve Hloged )Y STl
5yt

Cosy olasy

TTITEPFTL

15 ol ouzxsto @b
ol
S
sty
pes
il
aods
s
o |

Sy oS o 5l gl

Lens, 2024 :a s

sy ol Joloxi

T 0 750 039 e Sdgi 0js> 50 eadid oy Fp SIe VO AT S o
g o 0je> 4o LS i 5 s STl Gl jo .ol ouls ools lis 4l ans

[VF+8 5l | Ve o)lod | porazs Jlo |


http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

A [ coay Jolowd gy 41 (o2)U (59 0 (6 Sd0uss]

¥y Jliz g okd (298 S 10 ol lee cnl yo s codlad parlig 2y 5 5
it 999> «CaSle o (S &5 Sl (pl a2 g S IS 0,55 o0 i @ 5
ohed (P S5, 4 bgye (7l (59,000 9 0je p0 eahidud Ly Y
Lo el i glaggose 9, Gz el o0 phd Fed
dngi 5 a5 1 plad (o738 S5 35 e Al S oo S (651 Cal
ot srogliws cainl jo eS8 plas clls GUall gl co g0 039> 0

O3aye dlgi 0j9> 0 subind sy Sdlo w5y < w10 Hloged IY STl
>yt

- Slosy
-
T

Fujifilm Corporation
Basf Se
Ecolab Usa INC

Fuji Photo Film Co LTD
Company

Saudi Arabian Oil Company

1 >4
T
Shell Oil Company-
General Electric Company-

E | Du Pont De Nemours and

Exxonmobil Chemical Patents INC

The Regents of the University of
California

S s i

Lens, 2024 :pcs

G S AxG g (oo

alld oy 0,8 5 hed il 3l oolaiul a5 o3 g ey Sl as il
pdhaass 5 SU 58 mle l eolanl 4 Jlab cons jlae baa> gl iy el

ilize mlie 5 by, 5l aS Cul plyaaes 5 Sb sl 5SS g0 !
vy A 00w 3l eolaiul igyaee ody bl 5l SO el o LB

Olaieiils g ol S tegh 3l Gl o jo .l (26,6 5g,008) (olosige s

[1F0 5l | Ve oyl | porazs Jlo|


http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

S5 9 s Caruo 30 (60 el y o dobikiad [ 47

Wlowiler) ol & (59,908 Wg 059> 45 (ST sty g b gy

slag,olid jae Job o cabcdd glhcan lesls Jad b yiogh opl 4o
oS loged Cily gread olaad 4y 2 ool S e 5l sl ig,0ee oy
Gl sl el oad oy ()6 039 008 las s 0je> sndils slacun
ouds all glaools 4 (V JSK&) (6,9l yos a5 > (S S) S Jloged b g
) (oS l0ged duglio b e Canl 00l (B3l B az 0 b glalezrain (s
el (5 )5ld calido (slajld (5 5ld o a > (JS5 ) S Jloged b oas
adgi sl (g,0l8 oje> jo cuiy YVeee oo dgam lBAS And zh ,0 Cewl ol
ol ooy S 4y (26,0 39,000

a3,z (S8 S) St Jloged b sadicnd slacay (onazd ogad analia L
odlosls anseis (x)L g S (550L8 (sl i, 5B () USD) (5,08 ses
Sl alaogts (53l l8 e Pl Jolis 48" (2,6 159,000 s (slags yslid .ol
Ayl I8 a5 sl gilwsE 5 SluEsd

O Joxie sl allianny sb)elS 4 o anwgi oo slaysaS
liwd S 1) auge (eSSl 6558 o (plites Sz Sy (S
95 Gedods 03,8 jome ab) UGl gyl o a5 Sloy S cS sy s psld S
Esb 5B o )ly (s yslid 5 4, VU (5,5l8 liebol bl ond plnil (5,5l8 ] arwgs
S5 SlPL St b g ol anwgs Jlopo sloyelS 52 lnl Lo jeiS el snd
351 1AL Ui (05 85k ) (el slasls 5 (So cnlple sl 55,
5555 Sl S 6551 e e laed gy S S 4 28 > 9 cnll Sl
3 S (6,5l8 alwgar (255U 35,00 Sy Al waz il ol (55,5 Lo
P Cuzr Gogld (5 el el Eoly Al pe ar 9955 9 0B, kSl Uy
Ll (5l s3 (55l Sl esliinl Glpl b 925 sl (25,6 (39,000

&bw

Ajanovic, A., Sayer, M., & Haas, R. (2022). The economics and the
environmental benignity of different colors of hydrogen. International
Journal of Hydrogen Energy, 47(57), 24136-24154. https://doi.org/10.
1016/j.ijhydene.2022.02.094

Allen KAPLAN, Miami Beach, FUS); Randall BRADLEY, Ft. Lauderdale,
F. (US). (n.d.). New and Improved System for Processing Various

[VF+8 5l | Ve o)lod | porazs Jlo |


http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

AV [ casy Julos gy 4 (25,50 (5595008 (5 Seuy]

Chemicals and Materials.

Arcos, J. M. M., & Santos, D. M. F. (2023a). The Hydrogen Color
Spectrum: Techno-Economic Analysis of the Available Technologies
for Hydrogen Production. Gases, 3(1), 25-46. https://doi.org/10.
3390/gases3010002

Arcos, J. M. M., & Santos, D. M. F. (2023b). The Hydrogen Color
Spectrum: Techno-Economic Analysis of the Available Technologies
for Hydrogen Production. Gases, 3(1), 25-46. https://doi.org/10.3390/
gases3010002

Aziz, M., Darmawan, A., & Juangsa, F. B. (2021). Hydrogen production
from biomasses and wastes: A technological review. International
Journal of Hydrogen Energy, 46(68), 33756-33781. https://doi.org/10.
1016/j.ijhydene.2021.07.189

Dash, S. K., Chakraborty, S., & Elangovan, D. (2023). A Brief Review of
Hydrogen Production Methods and Their Challenges. Energies, 16(3).
https://doi.org/10.3390/en16031141

Do, T. N., Kwon, H., Park, M., Kim, C., Kim, Y. T., & Kim, J. (2023).
Carbon-neutral hydrogen production from natural gas via electrified
steam reforming: Techno-economic-environmental perspective. Energy
Conversion and Management, 279(October 2022). https://doi.org/10.
1016/j.enconman.2023.116758

Dodgshun, J. (n.d.). Hydrogen: Clearing Up the Colours.
https://www.enapter.com/newsroom/hydrogenclearing-%0AUp-the-
colours;

El-Shafie, M., Kambara, S., & Hayakawa, Y. (2019). Hydrogen Production
Technologies Overview. Journal of Power and Energy Engineering,
07(01), 107-154. https://doi.org/10.4236/jpee.2019.71007

Gao, L., Porter, A. L., Wang, J., Fang, S., Zhang, X., Ma, T., Wang, W., &
Huang, L. (2013). Technology life cycle analysis method based on
patent documents. Technological Forecasting and Social Change, 80(3),
398-407. https://doi.org/10.1016/j.techfore.2012.10.003

Hassan, Q., Hafedh, S. A., Mohammed, H. B., Abdulrahman, I. S., Salman,
H. M., & Jaszczur, M. (2024). A review of hydrogen production from
bio-energy, technologies and assessments. Energy Harvesting and
Systems, 11(1), 1-19. https://doi.org/10.1515/ehs-2022-0117

Hjeij, D., Bicer, Y., & Kog, M. (2022). Hydrogen strategy as an energy
transition and economic transformation avenue for natural gas exporting
countries: Qatar as a case study. International Journal of Hydrogen
Energy, 47(8), 4977-5009. https://doi.org/10.1016/j.ijhydene.2021.11.
151

Hosseinzadeh, A., Zhou, J. L., Altaee, A., Baziar, M., & Li, D. (2020).
Effective modelling of hydrogen and energy recovery in microbial
electrolysis cell by artificial neural network and adaptive network-based

[VF+0 3l | Ve oylods | pooces JLo |


http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

S5 9 s Carduo 40 (60 el y ilalllan dolilad [ QA

fuzzy inference system. Bioresource Technology, 316(July), 123967.
https://doi.org/10.1016/j.biortech.2020.123967

Incer-Valverde, J., Korayem, A., Tsatsaronis, G., & Morosuk, T. (2023).
“Colors” of hydrogen: Definitions and carbon intensity. Energy
Conversion and Management, 291(May), 117294. https://doi.org/10.
1016/j.enconman.2023.117294

James L. Grady; Guang Jiong Chen. (1999). 99/02085 Bioconversion of
waste biomass to useful products. Fuel and Energy Abstracts, 40(3),
214, https://doi.org/10.1016/s0140-6701(99)97855-4

Kalinci, Y., Hepbasli, A., & Dincer, I. (2009). Biomass-based hydrogen
production: A review and analysis. International Journal of Hydrogen
Energy, 34(21), 8799-8817. https://doi.org/10.1016/j.ijhydene.2009.08.
078

Kladisios, P., & Sagia, A. S. (2022). A Review on Supercritical Water
Gasification of Biomass. Bioenergy and Bioresource:Open Access, 3(4),
7-10. https://www.iomcworld.org/articles/a-review-on-supercritical-
water-gasification-of-biomass-94265.html%0Ahttps://www. iomcworld.
org/abstract/a-review-on-supercritical-water-gasification-of-biomass-94
265.htmI%0Ahttps://www.iomcworld.org/

Lens, T. (2024). No Title. https://www.lens.org/

Midilli, A., Kucuk, H., Topal, M. E., Akbulut, U., & Dincer, 1. (2021). A
comprehensive review on hydrogen production from coal gasification:
Challenges and Opportunities. International Journal of Hydrogen
Energy, 46(50), 25385-25412. https://doi.org/10.1016/j.ijhydene.2021.
05.088

Okolie, J. A, Rana, R., Nanda, S., Dalai, A. K., & Kozinski, J. A. (2019).
Supercritical water gasification of biomass: A state-of-the-art review of
process parameters, reaction mechanisms and catalysis. Sustainable
Energy and Fuels, 3(3), 578-598. https://doi.org/10.1039/c8se00565f

Pani¢, L, Cuculi¢, A., & Celi¢, J. (2022). Color-Coded Hydrogen:
Production and Storage in Maritime Sector. Journal of Marine Science
and Engineering, 10(12). https://doi.org/10.3390/jmse10121995

Penconi, M., Rossi, F., Ortica, F., Elisei, F.,, & Gentili, P. L. (2015).
Hydrogen Production from Water by Photolysis, Sonolysis and
Sonophotolysis with Solid Solutions of Rare Earth, Gallium and Indium
Oxides as Heterogeneous Catalysts. 9310-9325. https://doi.org/10.
3390/su7079310

Rioja-cabanillas, A., & Fernandez-ibafiez, P. (n.d.).draobklaheTh.

Sanchez-Bastardo, N., Schlogl, R., & Ruland, H. (2021). Methane Pyrolysis
for Zero-Emission Hydrogen Production: A Potential Bridge
Technology from Fossil Fuels to a Renewable and Sustainable
Hydrogen Economy. Industrial and Engineering Chemistry Research,
60(32), 11855-11881. https://doi.org/10.1021/acs.iecr.1c01679

Scamman, D., & Newborough, M. (2016). Using surplus nuclear power for

[VF+8 5l | Ve o)lod | porazs Jlo |


http://iieshrm.ir/article-1-1969-en.html

[ Downloaded from iieshrm.ir on 2026-11-07 ]

A8 ey Jukowi gy a1 (20,0 (35950 (6,500 ]

hydrogen mobility and power-to-gas in France. International Journal of
Hydrogen Energy, 41(24), 10080-10089. https://doi.org/10.1016/j.
ijhydene. 2016.04.166

Slotta, D. (n.d.). Amount of disposed garbage in China in selected years
from 1990 to 2022. Statista. https://www.statista.com/statistics/279117/
amount-of-disposed-garbage-in-china/

Xu, X., Zhou, Q., & Yu, D. (2022). The future of hydrogen energy: Bio-
hydrogen production technology. International Journal of Hydrogen
Energy, 47(79), 33677-33698. https://doi.org/10.1016/j.ijhydene.2022.
07.261

Zainal, B. S., Ker, P. J., Mohamed, H., Ong, H. C., Fattah, I. M. R., Rahman,
S. M. A., Nghiem, L. D., & Mahlia, T. M. |. (2024). Recent
advancement and assessment of green hydrogen production
technologies. Renewable and Sustainable Energy Reviews, 189
(November 2023). https://doi.org/10.1016/j.rser.2023.113941

S5 a2 3 e NO Title (YY) . iy augd oBiils (65,5 cagh 35 0
https://erc. bu.ac.ir . cige duged oKl

[VF+0 3l | Ve oylods | pooces JLo |


http://iieshrm.ir/article-1-1969-en.html

[ L0-TT-920g Uo Jrwiysa!i wo.j papeojumod ]


http://iieshrm.ir/article-1-1969-en.html
http://www.tcpdf.org

