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ABSTRACT

Hydrogen is clean and renewable and is recognized as a very promising energy to solve both
depletion of petroleum resource and environmental problems caused by use of fossil fuels. Extensive
researches have been performed worldwide on the production technologies of hydrogen. In this paper,
characteristics of hydrogen production technologies were analyzed from the literature survey. Also, The
technology trend of hydrogen production was scrutinized based on patent analysis. In patent analysis the
search range was limited to the open patents issued from 1996 to 2005. Patents were gathered by using
the key-words searching method and filtered by desirable filtering criteria. The technology trend of
hydrogen production was discussed by classifying each patent based on the publishing year, country, and
company, and the type of production technology.

KEY WORDS : hydrogen production(5=4~#|32), patent analysis(5 &1+-4), technology trend(”]% &)

LM E ok et 20004 el SolM A S e ag
. I A2 A A EAR ool whet

S S AL A 197090 C1E FLAA o g aa g Q92 9% 2 A
/\]‘ﬂoﬂ EH?:S} %EQ]T‘:‘ 7%]"/;1: ;ﬂ?'SEE]Oi %Z]E'_]_' Z[:v/]:;(ﬂ o IE g]_g)j\otql) /‘ﬂﬁ] 7L;‘L£I: ok E’_oi 5':/\
Py - = sl - s “~ = 31 A

2 W olg Tl W U Aol A o e maa] AlapA o
27ARe) Age] ZMEE AL YTk A S

TCorresponding author : ywrhee@cnu.ac.kr



AT J=S4 &

Flo] o B3t RE AR, Azl EAlet 9l
om FeEAI7F gle FAgoUA otk ey o
28k a2 Azab] 9EHE o] 71A) HhHe
ol gsto] FaAte] e esfoptt gt o
23t a2 FAS AR T FE 9 AR
E ddsle] $a A3lR AgE 5 A

wepas] B3l HuE A5 S EA5ke] 44
z71%9 543 ¢S Tl i AR 9]
271795 fe enke A7Es A4sied)
A%EZ 3 5 918 AoR Agr) oo B =5
AN o8] 7 FaAz V1% EAS A
BAEka, A7)l b 53RAE Bt Al
279 &S Friskelh

FaAEYe] B 98, 3, Ak AL T
oe] oA BF 7Fsstth Table 19 a4
3 h

=
ojo} e o] 7HA| Az Wl
of xhes] 7lzskale.

F 97%7F A7kt

Bt 9] AR ETY Az v AR
of wehA iAol Gk = 9=, e
H

B 7] HE, A

Y
X
M
=
5
EY

Q7h=9] A 5357 A 2
o] ol & . AQIIAE ol g3 £ AR
O

He CO, ook Al 3 AFE aLgfshA] &

2

Sol 240 2st Jl=ss

Table 1 Classification of hydrogen production technology

o B CERE]
v o | AR, .
TO7] 7Hv_ LPG, L]'EE]— =
olikslea A WAk o
SRS _ .
ol& Ruds | 244, Ag o
A7}~
A=A v, =
}\:_7H = LPG,L}J—LE} =
2755 A7 o
. . SE
W e A
d3let 2 = A, e
H] sjdg - ¢
o]&
AES 2] | wolowx | o maz
#3jebA 1) =1 Bj ok

Ao AAA HrtelME 571 AE F
AR 4 AAA] UéF FaAz T

] gistEe] ot

211 =3J| =0 = 38
(Steam Methane Reforming : SMR)

SMR 72 NiAl Fu’del Al 21(1)2} 2ol w
gl 5715 7fste] EajukeS dode 3 A
ojth, A7IA ol CO.2 A7} vrar 4=
o] el ARYEH o B %Y FAE dS
itk ol AN Fg2=rt 750T HF=
o} oifx] AH7F Brls @S 7A AL ok
thE ¢l SMRE-AS Fig. 19 eI

CH, + H,0 — 3H, + CO (D
A H=206.28 K.J/mol

2.1.2 O|AIQIEHA JHEIS A
(Carbon Dioxide Reforming : CRD)

mgke] oakstebs JRERRS- A(2)9 A2 T



ﬂ
=
fol
=}
08
H0
o

A é HE Vi
Bone
Fig. 1 Simplified process flow diagram for SMR

g

tlo

7

o

.

CH, + CO,— 2H,+ 2CO )
A H=247.44 K.J/mol

Hlel ®oh Ak Faut
ZFH o] 7t E ds
Aom, a4 T A 0
Bl(Chemical Energy Transmission System) 5
& 7Fs7do] Atk Aol 9tk CRD WHg-2
8% HolF&S FulslolA w& o] YRt
ot o= A4 NiAl$E Rh, Ry, Rt 59 Aa%
9] ZojAR EREY 55 A4 w0l
APATY, ey CoFHuITF =S B
AoAIL Fa HA%E SMR AR st

0y

X
[l
07
>
0y
O
Ho

High pressure export steam

Steam
—

Oxygen

Hydrocarbon feed

Fig. 2 Process flow diagram for POX

Roem 307100 atmolA] AFAE AFSHA|R Sl
1300°Co1e] meelA] whgo] WyHr). Z)
BRSSO AFEEE Sl Nigk Co, AF
4 AY(Pd, Tt, Ru, Rh, Pt), perovskiteA<
(GACo0s, LaNiOg)Z w7} e},

C.H,+ (x/2) 0,— xCO+(y/2) H, (3
gro] wo] SRl vslrAE 9RE AT
73~ o] H,SeF COSel He|= wiZy] 7] wjiol
S3A) 3} 2k B Aduo B]go] ol Et=
thdo] qAINE RS TS B wl SMR¥
Aol vlste] U] afo] =i vHeEET) ufg-
w2 S 7HA A ek ey Bk 7} vl $-
Zakog dojur g Hkg-o] FHo] £o]5A]
o}q_
=)

214 THEINE wSI|
(Autothermal Reforming : ART)

A W2 S Ak SMR
Whe& AR gejorh W 2757 1,000 psi
1,20071,250°C 2] 5ol A] Akzo} -5 ke
[e]
=

k-0l
o] FE-EQ SMRREG0] o] FO|A| =5 g -2
I

oo of
2 N RK

3] A
N e CR PR



A al

o =

FARE

o

Jm

l=

4 odou eI} 3o o 9% g
Ao Qlate] Abgol AgHS uka gk,
Lo BAHS 325ty Sate] ol 74

Z3ehs A ARG Zujo] A u)
W Ayt A Zof

5 Z™E20H(Direct Cracking)
el A, Eloloje] 7k e,

23} carbon blacks

CH,—2H,+ C 4)

5 FAAZRE Sste] dubHQl dejFA oy
Z ©m carbon blacke] &

A TR o2 FE carbon black A|
=% 93] F2 AHgHa e

2.1.6 MEIO] JtA

Aehe w9 29 B4R 2L Sl Aud

Ak A, A e ol wel 7kt whg

5 9kg AU Zo] her) dubdon A ha

S Wk ol o8] o] FuEE U,

Mere] Anabd, 7hash B Fale] Ajrte) 7]
o @

R
D= Opsizr
sz (DI S

Fig. 3 Schematic diagram of production by coal gasification

A gt = 3 whgske] A, v, daksie
& 5% g B, Fig. 32 wdld Mgt

B3 Ax7|e2 AAAl EAEE 4 A
o] 7% PAES o]&ste 7|Eolth HAY
F & ol mAE 3o Fd %
<] & wallatar 571 $9 CO.& 43t
sk A #A7E sk, o] 2R FAE T
Ahs ddoz vix| AEA7 HgeuAE o
43le] Qyt 25 v9-a dAvjE D= A FAF
3t} algae, cyanobacteria, purple, non-sulfer
bacteria®h & AAA vBEL 47 S35
2AE Y AR HgluvA T 48 3
ol & Fdte] B FUIEETYH F4AE WA
AlZItk Fig. 4+ AR B34 A& 4

mechanisms =4]3} 3k Z1 o2 njAPE] F

At} oleh 2 WA=

of o3 At AL FATAYR T Aka
A, oA S 5 @0 oz WEkew
et w23 v A7} 2 s A

0, light

HO — PSIl — PS| — [GQ]
/ N
@ @,
H, «— Ntrogenase +— Fd«— PS|

|

H, «— Hrdrogenase

PS | : Photosynthetic |, PS|1: Photosynthetic |1, Fd : ferredoxin,
0|4 : Algae(green, biue-green) : Purple non-sulfur bacteria

Fig. 4 Mechanism of hydrogen production by biological water
splitting



S

Fig. 5 Schematic diagram of photocatalytic water splitting for
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