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ABSTRACT

Hydrogen is clean and renewable, and recognized as a very promising energy resource to solve both
depletion of petroleum and environmental problems caused by the use of fossil fuels. Extensive researches
have been performed worldwide on the production technologies of hydrogen. In this paper, the technology
trend of photo-electrochemical (PEC) hydrogen production was scrutinized based on the patent and paper
analysis. Open/registered patents of US, JP, EP, and KR and SCI Journals related to the PEC hydrogen
production technology between 1996~2010 were reviewed. Patents and papers were gathered by using the
key-words searching method and filtered by desirable filtering criteria. The technology trend was discussed
by classifying each patent and paper based on the publishing year, country, and organization, and analyzing
the core patents and papers.

KEY WORDS : Photo-electrochemical hydrogen production(337 7] 8}8} =4~ A %), Technical trend(7]%&
&3}, Patent/paper analysis(5 3]/ &27)
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Fig. 1 Construction flow-sheet of data
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Table 1 Classification of photo-electrochemical hydrogen

production
Lst step 2nd step 3rd step
Oxide
Photo—e%ectroc Materi Compound
hemical Photo-e!ectroc ateria semiconductor
hydrog?n hemical Others
production
Process
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Fig. 2 (a) The number of patents applied by years, (b) The number of papers published by years
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Table 2 The number of patents and papers produced by the nationalities of applicants & authors

d
O

ul-o o
BokaL, o5

Patent Paper
Nationality Count Nationality Count Nationality Count Nationality Count
United State 57 United State 135 Poland 9 Argentina 3
Japan 44 Japan 51 Klil Ig:iiin 8 Ukraine 3
Korea 12 Korea 46 Switzerland 7 Israel 3
Taiwan 6 China 40 Italy 6 Brazil 2
Mexico 4 India 34 Greece 6 Singapore 2
United Kingdom 4 Australia 15 Egypt 6 Russia 2
Germany 4 Germany 15 Netherlands 4 Spain 2
Switzerland 3 Taiwan 13 Sweden 4 France 2
Italy 2 Algeria 12 Romania 3 Portugal 2
Spain 2 Mexico 11 Armenia 3 Others 5
Trans. of the Korean Hydrogen and New Energy Societ(2011. 10), Vol. 22, No. 5 743



o
A
~
\-_Qj
]
1A
1>
-
=
Iy
~
T
o
]
il
I

Table 3 Main applicants and organizations of patents and papers

Patent Paper
Applicant Count Organization Count
General Motors (United State) 13 Pohang University of Science and Technology (Korea) 19
Sharp (Japan) 12 University of Tokyo (Japan) 19
Nanoptek (United State) 8 Chinese Academy of Sciences (China) 17
Kora Institute of Science and Technology, KIST (Korea) 6 Banaras Hindu University (India) 14
Tohoku University (Japan) 4 Dusquesne University (United State) 14
Roe, A. Nicholas (United State) 4 National Renewable Energy Laboratory (United State) 13
Hydrogen Solar (United Kingdom) 4 University of California (United State) 13
Atomic Energy Council - Insti?ute of Nuclear Energy 4 University of Nevada, Reno (United State) 12
Research (Taiwan)
Nittetsu Mining (Japan) 4 Pennsylvania State University (United State) 12
Solis Herrera, Arturo (Mexico) 4 University of Hawaii (United State) 12
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Fig. 3 The variation of numbers of (a) patents and (b) papers issued according to each technology by years
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Table 4 The number of applied patent/paper by the nationalities of applicants & authors in each technology

Patent Paper
oxide oxide
Countries
Process Material Cqmpound Process Material Cqmpound
semiconductor semiconductor
others others
17 87
US 32 25 6 30 107 16
3 5
13 30
JP 24 20 6 9 41 6
1 5
7 32
KR 4 8 2 8 38 5
R 1
25
CN - - 7 33 5
3
24
IN - - 9 25 2
4 9
™ 2 4 - 2 11 1
- 1
3
DE 4 - 2 12 4
5
MX 4 - 2 9 8
1
3 6
GB 1 3 - - 6 -
1 1
CH 2 1 - 2 5 -
- 4
2 4
IT - 2 - 1 5 -
- 1
ES 2 - - - -
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U 557 0003 FEe7] ARste] 20069 W1%E AASRL Qow 4 7%l Maow
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Table 5 The list of core patents & papers
2nd step Patent/Journal No. Open(lrsagtl:tered) Applicant(Author)
[US] 5695890 1997. 12. 09 The Trustees of Princeton University
[JP] 1999-246985 1999. 09. 14 Nippon Telegr & Teleph Co
[EP] 1175938 2002. 01. 30 The Hydrogen Solar Production
[US] 7052587 2006. 05. 30 General Motors
[US] 20100316561 2010. 12. 16 Daunia Solar Cell
Science, 297, p.2243~5 2002 Shahed U. M. Khan|Mofareh Al -Shahry| William B.
Ingler Jr.
Nano Letters, 5(1), p.191~5 2005 Mor G.K.| Shankar K..l Paulose M.| Varghese O.K|
Grimes C.A.
Journal of Physical Chemistry B, 110(50), 2006 Wolcott A.| Kuykendall T.R.| Chen W.| Chen S|
p.25288~96 Zhang J.Z.
Journal of Power Sources, 159(2), p.1258~65 2006 Raja K.S.| Mahajan V.K.| Misra M.
Material N
Advanced Functional Materials, 16(10), p.1349~54 2006 Kale BB/ Bacg J.-O/| Lee SM.| Chang H| Moon
S.-J.| Lee C.W.
Nano Letters, 7(5), p.1264~9 2007 Zhang Y.| Wang L.-W.| Mascarenhas A.
Mor G.K.| Prakasam H.E.| Varghese O.K.| Shankar
Nano Letters, 7(8), p.2356~64 2007 K| Grimes C.A.
Journal of P hys‘;a; 6%163;15” C 1124, 2007 Mohapatra S.K.| Misra M| Mahajan V.K.| Raja K.S.
Solar Energy Materials and Solar Cells, 91(10), 2007 Xu C, Shaban Y.A.| Ingler Jr. W.B,| Khan S.UM.
p.938~43
International J"L““;l3;’1foljly§r°ge“ Energy, 15, 2007 Marsen B, Miller E.L| Paluselli D.| Rocheleau RE.
[JP] 2009-050827 2009.03.12
Sharp
[JP] 2009-274891 2009.11.26
[JP] 1998-001301 1998. 01. 06 Mitsubishi Heavy Ind
[US] 7481914 2009. 01. 27 General Electric
Science, 280(5362), p.425~7 1998 Khaselev O.| Turner J.A.
International J"‘“mlp"lfz%dzmgen Energy, 26(2), 2001 Khaselev O.| Bansal A.| Turner J.A.
Process [JP] 2003-238104 2003. 08. 27 Univ Tohoku
International J"‘““alp"glgyzd;ogen Energy, 286).| 5903 Miller E.L| Rocheleau RE.| Deng X.M.
[US] 6936143 2005. 08. 30 Ecole Polytechnique Federale de Lausanne
[JP] 2006-307333 2006. 11. 09 Nittetsu Mining
[US] 20070246370 2007. 10. 25 Fraunhofer-Gesellschaft zur Forderung der
angewandten Forschung e.V.
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