Table of Contents

ADSEFACT (ENGIISN). ...t ii
ADSEFACT (DBULSCN) ...t b e iii
Publication and SUDMISSION RECOIT ........cuuiiiiiiiiiisie et iv
Declaration of Co-aUuthOrShIP ......c.ooiiiii s %
ACKNOWIEAGEMENTS ...ttt bt nn e vi
LiSt OF ADDIEVIBLIONS.......iiieieicc bbbttt e vii
TADIE OF CONMTENTS ...ttt bbb e bt st et et eseenenbe s viii
I 00 1o LTSS X
LISE OF FIQUIES ..ottt st et e st e st e e st e st e e te e besbeese e besaeeseesteeneesteeneenrens Xi
(O T o (=l 1] 4 oo [V T« o] o SRR 1
IO R |V [0 1 = Ui o] o PSS 1
1.2 EMPIFICAL SEIHING ...voueiiiiiiiiiiiites bttt b e n e 3
1.3 Literature review and reSEarch gapS.......cceieeiiieiieeieiee e se et se et e e srestaesbe e reeste e e sreans 4
1.4 Conceptual DACKGIOUNG..........ooiiiiiiieieiei e 7
1.4.1 Life Cycle of Technological Innovation Systems (TIS) .........ccocererereieiniiniiseneseseeeenes 7
1.4.2  Quality INfrastructure (Q)......ceccveii it 10
1.5 Methodological background............cc.ooiiiiiiiiiic e e e 11
1.6 Research objectives and QUESTIONS .........ccooiiiiiriieieieieee s 13
17 SUMMAIY AN OVEIVIEW......cuiiiieiiiie ettt ste st et esbesre e besae et e besseeseestaesbesbeenaesbesreennesreans 15
Chapter 2. Knowledge and technology transfer via publications, patents, standards: Exploring
the hydrogen Technological INNOVAtioN SYSTEM .........cccooiiiiiiiiir e 20
220 A 111 0o 11 [ o OSSP PRRSTROS 20
2.2 Conceptual DACKGIOUNG..........ccooiiiiiie et sre st b sre s 22
2.2.1 Hydrogen economy and the role of safety........c.cccccviiiiiiiiici e 22
2.2.2 The Life Cycle of Technological Innovation SYStEMS ..........ccccererereinieiine e 22
2.2.3 Bibliometric evidence on hydrogen technologies and research questions.............c......... 24
pZ2C B V1< 1 g [oTo 0] [oTo VAU PSRUTOSRN 26
2.3.1  PUDHCALION BNAIYSIS .....viiiiiiieiieeeee et 26
2.3.2  Patent @NalYSIS .....cveiiiiiiiiiieiieieie s 26
2.3.3  Analysis of standard-relevant publiCations............cccoccoviiiiiieic s 27
R B - - oo | 1<t o] o SRS 28
2.4 RESUITS ...ttt sttt sttt bRt R s e Re Rt e EeeRe e tenReentenaeereenrenre s 29
2.4.1 Results of the publication analysis ...........cccceiiiiiiii i 29
2.4.2 Results of the patent analySiS.........ccovveiiiiiic i e 32
2.4.3  Results of the standard analysiS............ccociiriiiiiii s 34
ST B 1ol 11 (o] SRRSO 36
2.5.1 The interplay between publications and patents..........cccccvvveiiieevc s 36
2.5.2  The interplay between publications and standards ...........cccccevevveveveviesienieninerese e 39
2.5.3  Analyzing the global hydrogen TIS.........cooiiiiii s 40
G O 0 [od [0 o] PSSP 43
2.7 AAPPENAIX ettt bbbt R bR bRttt b e bbbt ren e 45
Chapter 3. The effects of hydrogen research and innovation on international hydrogen trade .. 47
1201 A 1011 oo 1 A o o RSP PSUTRORN 47
3.2 Conceptual DACKGIOUNT. ... .....oiieiieiie ettt seeeneeneenneas 49
3.2.1  Literature review and reSEarch gaps ........ccocevererierieieinisese st 49
3.2.2  Trade effects of research and iNNOVALION..........c.coooi i 53
3.2.3  Proprietary vs. non-proprietary disclosure of knowledge...........cccccovovriiiiiiiiiiienee 57
3.3 Methodology and JatA..........ccoeireriiieieiei bbb 57
3.3.1  Methodological APPrOACH ........coviiiiiiees s 57
K TR T R B T - SR 60
3.4 EMPIFICAI RESUITS ..ottt sttt ettt et et e e saeeneeneenne s 62

341  DESCIPLIVE RESUITS ......eiiiiiiiie et 62



3.4.2 Results and discussion of the empirical MOdElS ...........cccovvieiiiicic i 64

35 Conclusion and policy iMpPlICALIONS ..........ccoviiveieiiee e 69
BiB  APPENAIX ettt E et n e 72
3.6.1 Appendix A: Search queries for publication and patent data ............ccccceeevvevervreniienenne 72
3.6.2  Appendix B: Correlation MatriX ........cccceiviiieiisieeie e sre e 73
3.6.3  Appendix C: RODUSINESS CECKS.........ooiiiiiriiecee s 74
Chapter 4. Exploring the fuel-cell Technological Innovation System: Technology interactions in
TNE MODIIITY SECION ... ettt e et e be e b e sreereebesre s 75
A1 INEFOTUCTION ...ttt et b ettt bbbt e ettt sttt b e neas 75
4.2 Conceptual BACKGrOUNG ..........ccooiiiiiiiieieieeisesie et 77
4.2.1 Life Cycle of Technological Innovation SYStemMS...........ccceveieeiereieeiiese e 77
4.2.2  Publications, patents, and standards as empirical TIS indicators ...........c.ccoevevvvviceernnnne. 79
4.2.3  Modes Of TIS-TIS INTErACION.......cccveieie et eees 80
4.3  DeSCriptive data @nalySIS.........ccuiiiiiiiiieiiiee e 81
4.4 Methods aN0 RESUILS ......cviuiiiiiiiiiiise bbbt 84
441 TeStS TOr UNITFOOT ...eviiiiiieeieieie ettt b 86
4.4.2  TeStS TOr COINTEQIAtiON ........eveieiieiieiisiisii sttt b e 88
4.4.3  VECM CauSality reSUIS .......ceiieiecice e st 88
4.5 DISCUSSION ..tvitiiiite ittt sttt sttt et s ettt e sb et e e e s e st et e e bt b e s be b e e et e s e ene et e s aenbenbebe e eneas 94
45.1 Modes of technology INTErACTION ..........eiiiviriiieieieiee e 94
45.2 Life Cycle of the FCV Technological Innovation System (TIS) ........cccoovvvriirieneieriennn. 96
G o] [0 1] o] o OSSPSR 97
AT AADPPENGIX ...t b ettt bbb nn e n e 100
4.7.1  Appendix A: Data COHEBCTION .......ccooiiiiiiiiiieieiee s 100
4.7.2  AppendixX B: Error COrreCtion tErMS ........ccviieiiieieieee e se e e e e 102
4.7.3  Appendix C: Cointegration FESUILS ..........coeiiiiiiiiieie s 102
Chapter 5. Pathways to the hydrogen economy: A multidimensional analysis of the
Technological Innovation Systems of Germany and South Korea ...........cccoccoveveve i ce e, 104
5.1 INEEOTUCTION ...ttt sttt ettt b bbb e e e 104
5.2 Conceptual DACKGIOUNG.........cc.eiviiiiieieiiese et 107
5.2.1 Technological Innovation Systems (TIS) approach...........ccccoevereieiiininine e 107
5.2.2  Quality Infrastructure, safety, social aCCEPLANCE ........cccevveviieiiie e 109
5.3 Research setting, data, and Methods .........ccovvviieiiiiiie e 110
5.4 ReSUILS QN QISCUSSTION ...vvevviviiiieiieiiieie st eeese s see st ste st ste e stesneesaesteeseesteeteentessaeneenseens 114
5.4.1 Hydrogen TIS in GEIMAENY .......ccovoiieiiieeiie i et te e te e sreste e sbe e e b saeerne st e 114
5.4.1.1 ACtOr Dase and TIS SIZE....c.cuuiiiiiiiie ettt 114
5.4.1.2 INSHIULIONAI SEIUCLUIE ......ocvveeie ettt sttt nne s 115
5.4.1.3 Technology performance and Variation.............ccocueererereneneseeeese e 120
5.4.1.4 TIS-CONEEXE FEIALIONS .....ovvevieiieiiiiieie ettt 121
542 Hydrogen TIS in SOUth KOTB&. .......ccooiiiiiiiiiiiieieee e 122
5.4.2.1 ACtOr Dase and TIS SIZE.......ccevcviiiiiiieiese ettt aenne s 123
5.4.2.2 INSHEULIONAT SITUCTUIE........eovieeieiiciccie ettt 124
5.4.2.3 Technology performance and Variation.............ccccocevieieeiiiieiece e 128
5.4.2.4 TIS-CONEXE FRIATIONS ...c.veveeeie sttt sr et see st e e nne s 129
5.5 Conclusion and iMPLICALIONS ...........ccciiiiiieiie et re e sre e 130
Chapter 6. CONCIUSION.........ccuiiicie ettt re e be e e st e ets e besreeseesbeaneesrenres 134
6.1  Conceptual IMPIHCATIONS ........coveiirieieiiieere et 134
6.2  Methodological IMPIICALIONS..........civiiiiiiiiie e 136
6.3 Main findings and practical iImpliCatioNS ...........ccooiiii i 138
6.4  Limitations and OULIOOK...........c.ciiiiiiiiicice sttt sne e 142

R I EINCES ... ettt ettt e e e e e e e ettt eee et eee ettt eteeeeae e etteeeeeaaaa i rrtaeeeaaaaas 144



