Retrofitting and feasibility (technical and

legal considerations) of a LNG
port locomotive in Tarragona

Deliverable D3.4

Autoritat Portuaria de Tarragona

CQRE LNGas
hive

- powered



CORE LNGas D 3.4 i Retrofitting and feasibility (technical and
hive legal considerations )ofaLNG -powered port
locomotive in Tarragona

CQRE LNGas
hive

Core Network Corridors  and Liquefied Natural Gas

2014 -EU-TM-0732 -S

D3.4 1 Retrofitting and feasibility
(technical and legal considerations) of a
LNG - powered port locomotive in
Tarragona

Due date of deliverable: February 2018

Actual submission date: January 2018
Start of project: October 2017 Duration: 14 Months

Lead Contractor for this deliverable: Autoritat Portuaria de Tarragona

Revision: 0
B Co-financed by the European Union
g Connecting Europe Facility
Dissemination level
PU Public
co Confidential, only for members of the consortium (including the X
Commission Services)

Page 2 Status:  Final Version : 1 Date: January 2017




CORE LNGas D 3.4 i Retrofitting and feasibility (technical and
hive legal considerations )ofaLNG -powered port
locomotive in Tarragona

Revision History

Deliverable Administration and summary

Project Acronym: CORE LNGas Hive Project Acronym: CORE LNGas Hive

Document Identifier : D262

Leading partner: Autoritat Portuaria de Tarragona

Report version: 0

Report preparation date: December 2017

Classification: [classification]

Nature : Study

Author(s) and contributors : Autoritat Portuaria de Tarragona

Status Plan

Draft

Working

X Final

Submitted

Approved

The Core LNGas Hive consortium has addressed all comments received, making
changes as necessary. Changes to the document are detailed in the change log
table below.

Date Edited by Status Changes made

Page 3 Status:  Final Version : 1 Date: January 2017




CORE LNGas D 3.4 i Retrofitting and feasibility (technical and
hive legal considerations )ofaLNG -powered port
locomotive in Tarragona

Copyright

This report is © CORE LNGas Hive Consortium 2015. Its duplication is allowed only
in the integral form for personal use or for the purposes of research and education.

Citation
Autoritat Portuaria de Tarragona, 2016, Deliverable [D252 ] T [Estudio de viabilidad
para gasificar los servicios de maniobras ferr oviarias en el Puerto de Tarragona 1.

CORE LNGas Hive consortium,  www.corelngashive.eu

Acknowledgements

The work presented in this document has been conducted in the context of the
action INEA/CEF/TRAN/M2014/1026196 CORE LNGas Hive. CORE LNGas HIVE is a
60 months project started on January 1st, 2014.

The project consortium is composed by: Enagas Transporte, S.A.U. (Enagas),
Sociedad de Salvamento y Seguridad Maritima (SASEMAR), Universidad Politécnica
de Madrid (UPM), Universidade de Santiago de Compostela (USC), ENTE VASCO DE

LA ENERGIA (EVE), Autoridad Portuaria de Barcelona - Port de Barcelona (APB),
Port Authority of Cartagena (PAC), AUTORIDAD PORTUARIA DE FERROL -SAN
CIBRAO (APF), Autori dad Portuaria de la Bahia de Algeciras (APBA), Port Authority

of Huelva (PAH), COMPANIA ESPANOLA DE PETROLEOS S.AU. (CEPSA),
Regasificadora del Noroeste, S.A. (RdN), HAM CRIOGENICA, S.L. (HAM), BUREAU
VERITAS IBERIA SLU (BVI), GUASCOR POWER SA (GP), IDIAD A AUTOMOTIVE
TECHNOLOGY S.A (IAT), FLOTA SUARDIAZ, S.L. (Suardiaz), ITSAS GAS BUNKER
SUPPLY SL (ITSAS), COMPANIA DE REMOLCADORES IBAIZABAL, S.A. (IBAI),
TERMINAL DE CONTENIDORS DE BARCELONA, S.L. (TCB), Terminal Catalunya, S.A.

(TC), UTE REMOLCADORES DE BA RCELONA-SAR, UNION TEMPORAL DEEMPRESAS,
LEY 18/1982 (URB), ASTILLEROS ARMON, S.A. (AA), GAS NATURAL SDG, S.A.
(GN), INSTITUTO ENERXETICO DE GALICIA (IEG), Fundacién de la Comunidad
Valenciana para la Investigacion, Promocion y Estudios Comerciales de Vale nciaport
(Fundacién Valenciaport) (FV), Planta de Regasificacion de Sagunto, S.A. (PRS),
MOLGAS ENERGIA, SAU (ME), Autoridad Portuaria de Valencia (APV), SEAPLACE SL
(Seaplace), BOLUDA CORPORACION MARITIMA S.L. (BCM), Autoridad Portuaria de
Bilbao (APBi), RENFE MERANCIAS S.A. (Renfe), Puertos del Estado (PdE), Direccion
General de la Marina Mercante (DGMM), PORT AUTHORITY OF GIJON (PAG), Port
Authority of Melilla (PAM), Santander Port Authority (SPA), Port Authority of
Tarragona (PAT), Port Authority of Vig o (PAV), Port Authority of Santa Cruz de
Tenerife (PASCT) and REN Gasoductos, S.A. (RENG).

More Information

Page 4 Status:  Final Version : 1 Date: January 2017


http://www.corelngashive.eu/

CORE LNGas D 3.4 i Retrofitting and feasibility (technical and
hive legal considerations )ofaLNG -powered port
locomotive in Tarragona

Public CORE LNGas HIVE reports and additional information related with the project
execution and results are available through CORE LNGas Hive publ ic website at
www.corelngashive.eu

Page 5 Status:  Final Version : 1 Date: January 2017


http://www.corelngashive.eu/

CORE LNGas D 3.4 i Retrofitting and feasibility (technical and
H )ofaLNG -powered port
locomotive in Tarragona

legal considerations
hive 9

Tabl e of contents

REePOrt SUMMAIY oo e aeeeeeeeeeann 20

1.1. Objectives from sub  -activity and achieved results — ........ccccceeiiiiiiinnenn. 20
1.2.  Deviations from work schedule ... s 22
1.3.  Risks or problems anticipated  ......cocciiiiiiiiis 23
Structure activity EV3 s e 25
Introduction to the study conducted: Phase 1 ... e 26

The shunting railway services at the Port of Tarragona ..., 27

4.1.  Characterisation of the railway network of Port of Tarragona  ................ 27
4.2. Diesel supply facilities  ....ooiiiiiiiiiiis e 28
4.3. Currentlocomotives fleet ..o . 29
4.4, Map Of ACLOIS  .ooiiiiiiiiiiiiiiiiiiies s e 30
4.5,  Agents characterisation  ........ccccciiviiiiiiiiiiiiies e . 33
45.1 AGENES oiiiiiis e e 33
45.2 AGENtINTErESES oot e aeeee 36
Likely technical and legal barriers to gasify the shunting services ~ ............. 37

5.1. Phase 1: Technological adaptation  ....cccooiiiiiiiiiiiiiiiccs e, 37
5.2.  Phase 2: Supply infrastructure implementation ..., . 46
5.3. Phase 3: Operation and mainteENanCe  ....cccccciiiiiiieeiieeieeeees e 47
5.4. Conclusions on technical and legal barriers ..., 48
Economic and financial feasibility analysis ... 49

6.1. Data and hypotheses for the calculation —  ........cccciiiiiiiiiiiiiiiis e, 49
6.1.1 Variables description  ....cccccciiiiiiiciiis e . 50
6.2. Baseline SCeNario ......ccccooiiiiiiiiiiies e e 57
6.2.1 Baseline scenario profitability — .....cccccoooiiiis e, 57
6.3.  Sensitivity @nalySiS .. e 62
6.3.1 Key variable identification for the railway operator ... 63
6.3.2 Identification of the most influential variables ... 77
6.3.3 Sensitivity analysis on the most favourable scenario ...l 78
6.3.4 Sensitivity analysis on the possible scenarios ..., 80
6.3.5 Sensitivity analysis for the gas operator ... 83

Page 6 Status:  Final Version : 1 Date: January 2017



CORE LNGas D 3.4 i Retrofitting and feasibility (technical and
hive legal considerations )ofaLNG -powered port

locomotive in Tarragona

6.3.6 Global sensitivity analysiS  .......ccccvviiiiiiiiiiiies 85

6.4.  Profitability conCluSIONS ... . 86
7. Environment impact quantification ... 88
7.1. Environment benefits ..o 88
7.2.  Environmental impact expected ... e, 89
8. Conclusions and considerations of Phase 1l ....ccccoooiiiiiiiiiiees e, 90
8.1, CONCIUSIONS .coiiiiiiiiiiiiiiiiiiiiie e e 90
8.2 ODBSEIVAliONS ..ccccveiiiiiiiiiiiii s e aerrreeee e 92
8.2.1 Technical feasibility considerations — ......cccccoiiiiiiiiiiiiiiiiies s 92
8.2.2 Legal feasibility considerations — ....ccccoviviiiiiiiiiiics e, 93
8.2.3 Economic feasibility considerations ... e 95

9. Introduction to the study of the Phase 2 and background ..., 97
10. ENGINEEIING  .oviiiiiiiiiiiiiiiiiies s e 98
10.1. Definition of the technical requirements of the project ..., 98
10.11 Locomotives general OVEIVIEW  ...ooooooiiiiiiiiiiiiiiiiiies e 100
10.1.2  Characteristics of the current Diesel Engines to be transformed ... 102
10.1.3 New solutions t0 CONSIAEr i e 103
10.1.4 Criteria for the selection of the locomotive to be transformed  ........ 104
10.1.5  ANAIYSIS covviiiiiiiiiie s e e 106
10.1.6 CONCIUSIONS  eviiiiiiiiiiiiiiie it e rreees eeeaeeas 107
10.2. Analysis of the possible LNG and Dual engines for the project ~  ........... 108
10.2.1 General OVEIVIEW  .oooiiiiiiiiiiiiiieciiiis e .. 108
10.2.2 Natural gas engiNeS ... e 2111
10.2.3 Dual eNgINES  ..oiiiiiiiiiiiiiiiiies e s 112
10.2.4 Benchmarking dedicated and dual engines — .....cccoooiiiieiiiiineenn. .. 113
10.2.5 Engine selection ... e e 128
10.3. Definition of the LNG tank characteristics =~ .....ccccccvviiiiveeiiiiieee v 136
10.3.1 Prior definitionS ... e e, 136
10.3.2  Technical featureS .....cccocoiiiiiiiiiiiiiiiis e .. 137
10.3.3 Benchmarking of cryogenic tanks ... 139
10.3.4  TankS CapaCity .ccccccccvvieiiiiiiiiiiiiiies eeeeee————— v 140
10.35 Deposits INtegration ... e .147
10.4. Identification of interested manufacturers and vendors ... 148

Page 7 Status:  Final Version : 1 Date: January 2017



CORE LNGas D 3.4 i Retrofitting and feasibility (technical and
hive legal considerations )ofaLNG -powered port
locomotive in Tarragona

10.4.1 Engine transformation  ........cccccoiiiiiiiiiiis 148
10.4.2 Fueltanks ...t e e 149
10.4.3 INt egrator COMPANY  .ooviiiiiiciiiiies errree e .150
10.4.4  Accreditation of the locomotive ..o e 151

10.5. Transformation analysis and its effects on the weight and the centre of
gravity 152

10.5.1 Current situation, before the transformation — ....coooiiiiiiiiiiiiies 152

10.5.2 Impact of the modifications in the distribution of masses and the CoG
location 153

10.6. Drafting of plans .......ooooiiiiiiiiiies s e 157
10.6.1 Maintenance and Operational plan ..o e 157
10.6.2  Training PIan ..o e e 175

10.7. Definition of the necessary tests to perform ... ... 180
10.7.1 LNG circuit leak teStS  ..occiiiiiiiiis e 180
10.7.2 Commissioning and acceleration static test in tests bench ~ ............. 182

10.7.3 Definition and identification of the necessary tests requested by Adif

197

11. INtEOr AlION .eoiiiiiiiii s e e 207
11.1. Market research of integrator companies . 207
1111 Background ...t e, 207
11.1.2 INt egrator COMPANIES ..o e 208
11.2. Definition of the works and materials necessary for the integration .. 210
11.2.1  General OVEIVIEW oo e ... 210
11.2 .2 Diesel engine conversion to natural gas ..o e, 211

12. Validation .....ccoiiiiiiiiiiiiis s e 263
12.1. Monitoring and evaluation of the modified locomotive ... 263
12.11 Locomotive MONItOMNG  .eeeeveiiiiiiiieiiriees e 263
12.1.2 Evaluation of the transformed locomotive operating ~ .......ccoeeinniee 265

12.1.3 Comparison between the transformed locomotive (LNG) and the

original (dieSel) s e e 267
12.2. Definition of the recommended additional instrumentation — ............... 267
12.21 Engine Control Display (ECD)  .oooviiiiiiiiiiiiieeiee e 267
12.2.2  FUelleVel s e 270
12.2.3  Gas leak detection SyStem .. e 271

Page 8 Status:  Final Version : 1 Date: January 2017



CC_)RE LNGas

hive

12.3. Modifications to the manuals
13. Overall conclusions of the study: Phase 1 y Phase 2

14. ANNEX 1 7 Maintenance plan EMD 8

D 3.4 i Retrofitting and feasibility (technical and
legal considerations )ofaLNG -powered port
locomotive in Tarragona

15. ANNEX 2 i List of components and equipment

16. ANNEX 3 i Schedule of the transformation process

17. ANNEX 4 - Budget of the transformation process

18. ANNEX 5 -Risk analysis (Automotive Series 60

19. References

20. List of Acronyms and Abbreviations

Page 9

Status:

Final

Version

1

-645-E LNG

Date: January

272
273
.. 278

.. 282

286
.. 288
.. 290
293
295

2017



CORE LNGas D 3.4 i Retrofitting and feasibility (technical and
hive legal considerations )ofaLNG -powered port
locomotive in Tarragona

List of figures

Figure 1. Project development process. Source: Institut Cerda (2015). .o, 26
Figure 2. Railfreight network at the Port of Tarragona. Source: Institut Cerda
(2015) oo e e e 27
Figure 3. Supply point location. Source: Institut Cerda (2015).  vvvvvveeeeeeenn, 28
Figure 4. Map of actors. Source: Institut Cerda (2015) .o, e 31
Figure 5. Railway companies licensed. Source: Adif (2015). ., 34
Figure 6. Ports connected to RFIG network managed by Adif. Source: Adif (2015).
............................................................................................................... 35
Figure 7. Fuel supply point and logistical and technical facilities. Source: Adif
(2015). o e e s 35
Figure 8. Phase 1: Technological adaptation process. Source: Institut Cerda (2015).
............................................................................................................... 37
Figure 9. List of agents contacted. Source: Institut Cerda (2015).  .oviiieeiinenn. 38
Figure 10. Accreditation process. Request and temporary authorization. Source:

Institut Cerda (2015). oo e aeereeeeeeaan 42
Figure 11. Accreditation process. Certification bodies are highlighted in red and the
Documents issued are highlighted in green. Source: Institut Cerda (2015). ... 43
Figure 12. Accreditation process. Application for the modification on the railway

rolling stock. Source: Institut Cerda (2015). v e 44
Figure 13. Variables for the economic -financial feasibility analysis. Source: Institut
Cerda (2015). oo e e 50
Figure 14. Evolution of the shunting railway operations demand. Source: Institut

Cerda (2015) coming from FMI (2015). i e 54
Figure 15. Schedule lines on fuel uses. Source: Institut Cerda (2015). e, 55
Figure 16. Baseline scenario overview. Source: Institut Cerda (2015). ..o 57
Figure 17. Calculation for the cost difference of fuel supply. Source: Institut Cerda.
............................................................................................................... 59
Figure 18. Calculation for the reduction of CO 2 emissions. Source: Institut Cerda. 60
Figure 19. NPV evolution chart of the baseline scenario. Source: Institut Cerda

(2015). oo s e s 61
Figure 20. Payback evolution chart upon the baseline scenario. Source: Institut

Cerda (2015). oo e aereerar e ————— 62
Figure 21. Railway operator drivers. Source: Institut Cerda (2015). ., 63

Page 10 Status:  Final Version : 1 Date: January 2017


file://///srvdades/Projectes_Vius$/1497%20-%202016%20Retroffiting%20GNF%20-%20Port%20Tarragona/5.%20Producció/2.%20Deliverables%20projecte%20CORELNG/Entrega%20Gener%202018/Deliverable%20English_v1.0_2018%20-%20RO_vrev.docx%23_Toc505007160
file://///srvdades/Projectes_Vius$/1497%20-%202016%20Retroffiting%20GNF%20-%20Port%20Tarragona/5.%20Producció/2.%20Deliverables%20projecte%20CORELNG/Entrega%20Gener%202018/Deliverable%20English_v1.0_2018%20-%20RO_vrev.docx%23_Toc505007160

CORE LNGas D 3.4 i Retrofitting and feasibility (technical and

hlve legal considerations )ofaLNG -powered port
locomotive in Tarragona

Figure 22. Engine cost and typology as an adjustable variable. Source: Institut
Cerda (2015). i e e e

Figure 23. Payback evolution upon the baseline scenario with an adjustable variable
on the engine cost and typology. Source: Institut Cerda (2015).  cieiviiiieeeenn,

Figure 24. Number of locomotives and conversion speed as an adjustable variable.
Source: Institut Cerda (2015). oo e

Figure 25. Payback evolution on the baseline scenario with an adjustable variable
on number of locomotives and conversion speed. Source: Institut Cerda (2015).

Figure 26. Transformation speed as an adjustable variable. Source: Institut Cerda
(2015). oo et arrre e —————

Figure 27. Payback evolution on the baseline scenario with the transformation
speed as an adjustable variable. Source: Institut Cerda (2015). .o,

Figure 28. Accreditation cost on the first and second units as an adjustable variable.
Source: Institut Cerda (2015). oo e

Figure 29. Payback evolution on the baseline scenario with the first and second unit

accreditation as an adjustable variable. Source: Institut Cerda (2015).  ............

Figure 30. Diesel cost as an adjustable variable. Source: Institut Cerda (2015).

Figure 31. Payback evolution on the baseline scenario with diesel cost as an

adjustable variable. Source: Institut Cerda (2015). i e

Figure 32. Payback evolution on the baseline scenario with diesel cost as an

adjustable variable. Source: Institut Cerda (2015). e e

Figure 33. Demand evolution as an adjustable variable. Source: Institut Cerda
(2015). oo s e e

Figure 34. Payback evolution on the baseline scenario with a demand evolution as
an adjustable variable. Source: Institut Cerda (2015). e

Figure 35. Number of locomotives converted and LNG usage as some adjustable
variables. Source: Institut Cerda (2015). oo e

Figure 36. Payback evolution on the baseline scenario with number of locomotives
converted and LNG usage as some adjustable variable. Source: Institut Cerda
(2015). oo e e —————

Figure 37. Emissions internalisation as an adjustable variable. Source: Institut
Cerda (2015). oo e eeee e

Figure 38. Payback evolution on the baseline scenario with the internalisation of the

emissions as an adjustable variable. Source: Institut Cerda (2015). ..

Figure 39. Most influential variables. Source: Institut Cerda (2015). ...

Figure 40. Process of the sensitivity analysis to the most favourable scenario.
Source: Institut Cerda (2015). s e ————————

Page 11 Status:  Final Version : 1 Date: January

64

65

..... 66

. 66

..... 67

68

..... 69

. 69
. 70

v 11

e 11

..... 72

..... 73

74

..... 74

75

. 76
. 77

2017


file://///srvdades/Projectes_Vius$/1497%20-%202016%20Retroffiting%20GNF%20-%20Port%20Tarragona/5.%20Producció/2.%20Deliverables%20projecte%20CORELNG/Entrega%20Gener%202018/Deliverable%20English_v1.0_2018%20-%20RO_vrev.docx%23_Toc505007180
file://///srvdades/Projectes_Vius$/1497%20-%202016%20Retroffiting%20GNF%20-%20Port%20Tarragona/5.%20Producció/2.%20Deliverables%20projecte%20CORELNG/Entrega%20Gener%202018/Deliverable%20English_v1.0_2018%20-%20RO_vrev.docx%23_Toc505007180

CORE LNGas D 3.4 i Retrofitting and feasibility (technical and
hive legal considerations )ofaLNG -powered port
locomotive in Tarragona

Figure 41. Variables modified regarding a baseline scenario to result in the most
favourable scenario. Source: Institut Cerda (2015). s e, 79

Figure 42. Payback evolution on the most favourable scenarios. Source: Institut
Cerda (2015). i e reeaaee e 79

Figure 43. Most influential variables on the possibilistic scenarios. Source: Institut
Cerda (2015). oo e e 80

Figure 44. Most influential variables on the possibilistic scenarios ABCD. Source:
Institut Cerda (2015). oo v avrreeeeeeaae 81

Figure 45. Pay back evolution on the most influential variables of the possibilistic
scenarios ABCD. Source: Institut Cerda (2015). e e 81

Figure 46. The most influential variables on the possibilistic scenarios EFGH.
Source: Institut Cerda (2015). oo . e 82

Figure 47. Payback evolution of the most influential variables on the possibilistic
scenarios EFGH. Source: Institut Cerda (2015). i e 82

Figure 48. Inf luential variables for the gas operator. Source: Institut Cerda (2015).

............................................................................................................... 83
Figure 49. Payback evolution for the gas operator. Sou rce: Institut Cerda (2015). 84
Figure 50. Payback evolution for the railway operator. Source: Institut Cerda

(2015). oo e e 85
Figure 51. Emission savings. Source: Institut Cerda (2015).  ..ooiiviivveeeeeeeeen, 89
Figure 52. Diagram of the activity blocks to perform in the Phase2 ... 98
Figure 53. Pictures of the shunting locomotives in the Port of Tarragona (Adif 311,

AIfF 310). oo e s .. 99
Figure 54. Scheme of the series 311 (top) y 310 (bottom). e, 100
Figure 55. Details on the measurements scheme obtained in the workshops for both

types of locomotives (Adif 311, Adif 310). s s 105
Figure 56. Engine GUASCOR SFGD360 ......cccooiiiiiiiiiiiiiiiiiies cvvnvvvnrneeeeeeeees 114
Figure 57. Engine MAN E3262 ... e e 115
Figure 58. Engine MWM TCG 2016 V16 C .cccciiiiiiiiiiiiiiiiieeeeeees ettt 116
Figure 59. Engine CATE RPILLAR CGL170 =12 ..cccciiiiiiiiiiiieeiiiiiies evieee e 117
Figure 60. Engine FG Wilson PG1250B2 ... e 118
Figure 61. Engine PERKINS 4012TESI  .oooiiiiiiiiiiies et 119
Figure 62. Engine MITSUBISHI GS12R SMPTK s s 120
Figure 63. EMD 12 -645-E €NQINE ...occciiiiiiiiiiiiiieiiiiiiie e 122
Figure 64. Engine MTU 12V 4000 S83  .ooiiiiiiiiiiiiiiiiiiiiis v eeee e e 123

Page 12 Status:  Final Version : 1 Date: January 2017



CORE LNGas D 3.4 i Retrofitting and feasibility (technical and
hive legal considerations )ofaLNG -powered port
locomotive in Tarragona

Figure 65. Engine WARTSILA 6L20DF  ...cocoviiciiciciciceee et 124
Figure 66. Caterpillar 3406E and Mercedes Benz OM904LA engines ~ ......cooeeeeee 125
Figure 67. Dual system developed by EVARM s e 126
Figure 68. Dual system developed by EClI e e 126
Figure 69. NG Dual system devel oped by G@aser al
RELIOFI) oot s e . 127
Figure 70. Type 310 I0COMOLIVE ..o e e e e .. 129
Figure 71. Type 311 I0COMOLIVE oo et ... 130
Figure 72. Dimensions of one engine ..iiiiiiiies e 130
Figure 73. Engine -Generator set dimensions  ......cccccciiiiiiiiiiiieee e 131
Figure 74. Dual engine with gas injection by a mixer (Source: Artemis) ... 132
Figure 75. 4 -stroke dual engine cycle  ....iiiiiiiiiis e 132
Figure 76. We sqrgssure injéctor (das/diebel) ..o 133
Figure 77. LNG cryogenic tank (Source: Chart) s e 137
Figure 78. LNG depoSit  .coooiiiiiiiiiiiiiiiiiiiiies e e 138
Figure 79. LNG tank SChEME......cccciiiiiiiiiiiiiis e aveeeeee 139
Figure 80. Energy density in comparison with gasoil .. 141
Figure 81. Location of the original fuel tank (gasoil) s 143
Figure 82. Type 310 locomotive T General VIEW ...oooiiiiiiiiiiiiiciiiiiiee v, 143
Figure 83. Type 310 locomotive - Fueltank detail ... 143
Figure 84. CHART LNG tank, Serie HNLG R110 .. e 144
Figure 85. Location of the LNG tanks, Chart HNLG 171 .....eeveeieeeeeeen, ... 145
Figure 86. Location of the LNG tanks, Chart HNLG 100 ....ccvvivveieeeeeeeenn, ... 146
Figure 87. Location of the LNG tanks, Chart HNLG 86 ... s 146
Figure 88. Scheme of the LNG tanks integration ... e, 147
Figure 89. Elements to modify  ..ccociiiiiiis e v 153
Figure 90. Planes of the location of the elements to be modified ... 154

Figure 91. Graphical representation of the values considered including the
additional depoSitS i rrrr————— 155

Figure 92. Variations of the CoG after the transformation to LNG (G1) and with the

addition of the complementary deposits (G2) i e 156
Figure 93. Disposal of the sets considered . e, 162
Figure 94. Cycle of the engine transformed to LNG  .......ooiiiiiiiiieee e 163
Figure 95. ENGINe SECLION ..ottt ettt aeeeeeaaa 164

Page 13 Status:  Final Version : 1 Date: January 2017



CORE LNGas D 3.4 i Retrofitting and feasibility (technical and
hive legal considerations )ofaLNG -powered port
locomotive in Tarragona

Figure 96. Lateral view of the modified engine (left) and components location

(MONL) s e e e 165
Figure 97. Components detail .o e e 165
Figure 98. Equivalent transformation diagram ... e 166
Figure 99. Diagram of the components identification ... 166
Figure 100. LNG circuit around the engine . e, 167
Figure 101. EDC screens and connexions boxX — ....iiiiiiiiiiiiiiieees e 168
Figure 102. Rear view of the ECU chassis and location of its compone nts ... 169

Figure 103. Installation of thermocouples for temperature measurement in the

exhaust manifold ..o e e 169
Figure 104. Hydraulic system and components scheme ..., ... 170
Figure 105. CoO0liNg SYStEM  ..oiiiiiiiiiiiiic s e e 171
Figure 106. Example of localization and repair of faults ..., 172
Figure 107. Example of decision diagram ... e 173
Figure 108. Maintenance general data example ... s 173
Figure 109. Location of CONtrol SENSOIS —  ..oooooiiiiiiiiicicciies e 174
Figure 110. General overview of the transformed system ..., 176
Figure 111. Cycle of the LNG engine ..o e 177
Figure 112. Natural gas system SCheme  .......coiiiiiiiiiiiiiis e 184
Figure 113. Engine control system display — ...cccoociviiiiiiiiiee e 185
Figure 114. Block and load valve assembly ... e 186
Figure 115. Location of the thermometers for the power test ~ .....coiiieeeennen. 188
Figure 116. Nomographs of barometric correction factors by models (1/2)  ......... 193
Figure 117. Nomographs of barometric correction factors by models (1/2) ......... 194
Figure 118 . Graph for the 1000 HP generator load ...ccccoeiiiiiiiiiiiiiiiiiiieee e, 195
Figure 119. Gas Sensors 0Cation  ..ociciiiiiiiieiiis e .196
Figure 120. Process to obtain authorization (use of the prototype) ... 204
Figure 121. Process to obtain authorization (to use in commercial exploitation) .. 205
Figure 122. Certified companies by AESF  ...oiiie e, 208
Figure 123. Template for the anchoring holes of load blocks ..., 211
Figure 124. Detail of the template installation ~  ..........iiiiiiiiiieees e, 212
Figure 125. Load block installation details .o e, 213
Figure 126. Anchorages location  ......occicciiiiiiiiiis e ..213

Page 14 Status:  Final Version : 1 Date: January 2017



CORE LNGas D 3.4 i Retrofitting and feasibility (technical and
hive legal considerations )ofaLNG -powered port
locomotive in Tarragona

Figure 127. Dimensions and location of the drills ... 214
Figure 128. Gas injection gas (GIV) i s 215
Figure 129. Piston of the natural gas engine  ....cciiiiiiiee e 215
Figure 130. Gas Circuit SCheme ... e .. 217
Figure 131. Gas CIrCUIt TOULING  vviiiiiiiiiiice s e ... 218
Figure 132. Manual gas supply cut -offvalve s, 219
Figure 133. Supports to hold the line s e 220
Figure 134. Load blocks installation ..o e 221
Figure 135. Fastening the rail to the water pumps e e, 221
Figure 136. Details of the gas rails installation ... e 222
Figure 137. Gas Flow Control Valve T GFCV. s e 222
Figure 138. Gas Flow Control Valve 1 GFCVlocation ........ccccccvvviivvviiienes e 223
Figure 139. Gas Flow Control Valve T GFCV connection ........ccccoovevvveeeennnnnnn. .. 224
Figure 140 . View of the load blocks and the gas mains ~ .......cccooiiiieeeiiiinnen, e 224
Figure 141. ECI &6s Poweur...Ra.ck se.ct.i.on.... 225
Figure 142. Pressure relief valve s e .. 226
Figure 143. Detall of the relief valve installation ... 227
Figure 144. Gas Inlet Valve ..ot e e 228
Figure 145. Detail GIV assembly e e .. 229
Figure 146. Gas supply assembly detail =~ ..o s 229
Figure 147. Hydraulic hose installation  .........iiiiiiiiiiiiiies e 230
Figure 148. Electric components of the kit~ ....oois 231
Figure 149. Electric panels location ... e 233
Figure 150. ECU DOX oo e e 234
Figure 151. Exploded view of the exhaust manifold and the metallic conduit ... 236
Figure 152. Exhaust manifold and metallic conduit mounted ..., 236
Figure 153. Hydrauli c pipeline and Supports  .....cccccceiiiiiiiiiiiiiiiiee e 237
Figure 154. Hydraulic system - CONNECIONS ..oooovviiiiiiiiiiiiieee e 238
Figure 155. Hydraulic system CONNECtion ..o e 238
Figure 156. Details of the hydraulic circuit .o 239
Figure 157. Aluminium fixing flanges of the hydraulic tubes ... 239
Figure 158. Placement of the SENSOIS ..iiiiiiiis e 240
Figure 159. Thermocouples of the exhaust manifold ~  .........iiiiieeees i, 241

Page 15 Status:  Final Version : 1 Date: January 2017



CC_)RE LNGas

Figure 160.
Figure 161.
Figure 162.
Figure 163.
Figure 164.
Figure 165.
Figure 166.
Figure 167.
Figure 168.
Figure 169.
Figure 170.
Figure 171.
Figure 172.
Figure 173.
Figure 174.
Figure 175.
Figure 176.
Figure 177.
Figure 178.
Figure 179.
Figure 180.
Figure 181.
Figure 182.
Figure 183.
Figure 184.
Figure 185.
Figure 186.
Figure 187.
Figure 188.

Figure 189 . Scheme of the fuel tanks integration (R110)

D 3.4 i Retrofitting and feasibility (technical and
h ive legal considerations ) of aLNG

locomotive in Tarragona

Details of the thermocouples installation in the exhaust manifold

Exhaust manifold with thermocouples installed ...

Sealin g of the metallic cable duct ...,

Water temperature SEBNSOI  .cceiiiiiiiieeee e

Temperature sensor of the air box ..o,

Pressure sensor of the air box oo,
Location of the gas Sensors ..o e

Knock detection sensor installed in the cylinder head ...

Support of the flywheel sensor and synchronization of the engine

View of the support of the sensors installed ...,
Adjustment of the engine flywheel pointer ...,
Engine flywheel drill ...

ROl pININSErtION i e

Adjustment of the flywheel sensor ...,

Synchronization sensor tolerance: 0.100 -0.125 ..

Location of the gas pressure sensor  .......ccoeeeeicnvvinnnnnnn

Gas pressure sensor with the adapter ...

General wiring of the engine s
Analogic and digital electric connections box ...

Wiring handling s

GVIWINNGS oottt e ee e e

Detail of the GVIWIriNg oo e
Detail of the GVI wiring inside the cylinder head ...
General view of the GVIwiring ...
Gas leakage detection system .
Location of the LNG tanks — ...iiiiiieiee e
Exchanger installation scheme ...

AULOMALIC VAIVE e e

Scheme of the fuel level indicator ..o,

- powered port

242
242
243
243
244
246
246

.. 247

Figure 190. Operability (hours), route (km) and consumptions (kg/km and kg/h)
graphs from top to bottom to facilitate the monitoring of the main
the locomotive operability. .o

Page 16

Status:  Final Version : 1 Date: January

.. 247
.. 248
.. 249

249
250
250
251
251
252

.253

254
254
255
255
256
257
258
260
260
261

.262

parameters of

266

2017



CORE LNGas D 3.4 i Retrofitting and feasibility (technical and
hive legal considerations )ofaLNG -powered port
locomotive in Tarragona

Figure 191. ECD main display (Engine control) ... s

Figure 192. ECD selection display (Engine control)

Figure 193. Ignition and diagnosis SYStEM e e

Figure 194. Ignition verification SCrEEN oo e

Figure 195. Detonation verification SCreen .. e

Figure 196. Clock indicator and fuel level transmitter

Figure 197. Alarm cent  re of the AMGasDS Il  ...cccciiiiiiiiiiie e,

Page 17 Status: Final Version

1

Date: January

2017



CORE LNGas D 3.4 i Retrofitting and feasibility (technical and
hive legal considerations )ofaLNG -powered port
locomotive in Tarragona

List of tables

Table 1 REPOrt SUMMAIY. i e iiieees aviveeeeens 20
Table 2 General Objective. s e e 20
Table 3 Objective within the CORE LNGas hive project. ..o o 20
Table 4 Specific objectives and progress towards achieving the target. ... 22
Table 5 Deviations from work schedule. ... 22
Table 6 Risks or problems anticipated — ........ocoiiiiiiiiiiiis e 24
Table 7 Locomotive specifications 311. Source: Institut Cerda (2015)  .....ccce.e. 29
Table 8 Locomotive specifications 310. Source: Institut Cerda (2015) ..., 30

Table 9 Technical features of the engine installed in 311/310 locomotive. Source:

Institut Cerda (2015). oo e evrreeeee e 39
Table 10 LNG engine features from GUASCOR. Source: Institut Cerda (2015). e 39
Table 11 Current tank features in 311/310 locomotives. Source: Institut Cerda

(2015). oo s e e 40
Table 12 Available data by 7 tank providers. Source: Institut Cerda (2015). ... 40
Table 13 Accreditation cost description. Source: Institut Ce rda (2015) of data
coming from Bureau Veritas & AESF (2015). s e 52
Table 14 Historical data for the shunting railway operations serve d by the 311
locomotive. Source: Adif (2015). i e .. 53

Table 15 Overview table for the obtained results on the diverse evaluated
scenar ios. Source: Institut Cerda (2015). i e 85

Table 16 Reduction in pollutants for road transport. Source: Institut Cerda (2015).

............................................................................................................... 88
Table 17 Main parameters of the existing locomotives at the Port of Tarragona. .101
Table 18 Main parameters of the diesel engines of the existing locomotives at the
Port of TArragona.  .ocevieiiiiiee e eeeree e 102
Table 19 Technologies cOmMparative  ......occciciiiiiiiis e 110
Table 20 Model var iants of the EMD 645 engine  .ccoccceevevvieieeeiie e, 121
Table 21 Model variants of the EMD 645 engine .iiiiiiiieiiee e 127

Table 22 Engines6é di mens...ons..compadr.at.i.v.e 130

Table 23 Natural gas COMPpPOSItION i e 136
Table 24 Fuel consumption of the locomotives in the Port of Tarragona (2015) . 141
Table 25 LNG tanks 1T CHART HLNG R110 ..cccoccviiiiiiiiiieiiviiiis evecviiee e 144

Page 18 Status:  Final Version : 1 Date: January 2017



CORE LNGas D 3.4 i Retrofitting and feasibility (technical and

h ive legal considerations ) of aLNG

- powered port

locomotive in Tarragona

Table 26 Weight variations due to the modifications ...,

Table 27 Initial basic training course (Operators and Maintainers) ~ .......
Table 28 Course for OPerators  ......ccooccvvciiiiiiiiiiiiies e e aaee e
Table 29 Course for maintaiNers  ....cccccciiiiiiiies e
Table 30 Specifications of the diesel and LNG engines.  ......cccoccieeeiniinnen.
Table 31 Power of the auxiliary elemen 1S e,
Table 32 Reference documentation and Implementing legislation ~ ..........

Table 33 Tightening torque for the GIV valve connections ...

Table 34 Operations [0g .o e,
Table 35 Preventive maintenance and repairing log ..o

Table 36 Proposal of KPIs to evaluate the profitability of the transformation an

proper funCtioning  ..ooooeiiiiiiiiiiiies s e

Page 19 Status:  Final Version : 1 Date: January 2017



CC_)RE LNGas
hive

D 3.4 i Retrofitting and feasibility (technical and
legal considerations )ofaLNG -powered port
locomotive in Tarragona

1. Report summary

Sub -activity
number and EV3 i Port locomotive powered by LNG (Tarragona)
name:
Report . ‘s
Autoritat Portuaria de Tarragona
Author:
Report date: December 2017
Table 1 Report summary.
1.1 Objectives from sub -activity and achieved
results

The objectives of this sub  -activity and the results obtained can be summarized in
the following tables:

General objective (as per Grant Agreement)

Retrofitting of the railway manoeuvring services in Tarragona.

Table 2 General objective.

Objective within the CORE LNGas hive Project

Feasibility study to gasify the railway transport services in the Port of Tarragona.

Table 3 Objective within the CORE LNGas hive project.

Specific objectives Progress towards achieving the
objective

The objective of the first part of the
study was to evaluate the technical, results are shown below:
legal and financial feasibility of the
implementation of LNG (Liquefied
Natural Gas) in railway traction within overcome them:
the domains of the port (manoeuvring
locomotives) to prepare the way
towards the introduction of a more market.
sustainable alternative to current
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diesel technology, due to increasingly
stringent environmental regulations.

A Legal:
of the
because LNG is not considered as

A process of accreditation

rolling stock is needed

a fuel in the railway field at
pres ent time.
A Economic feasibility and

Environmental impact of the railway

manoeuvring service gasification of
Port:

The profitability has been

Tarragonaos
A Economic:
calculated for the railway operator,
for the gas agent and for the whole
project. This profita bility has been
calculated for a baseline scenario
and a sensitivity analysis has been
carried out according to the key
identified. Despite
presenting an economic feasibility,

the Autoritat Portuaria de Tarragona

variables not

could favour possible scenari  os that,
in the face of an increase in the cost
of diesel (to an approximate value
of o.8000u0a/1),
paybacks lower than 13  -14 years for
the railway operator.
Environmental Accumulated
reduction in 30 years of 551.2 tons

of CO2, 14 tons of NOx  and 480.0 kg
PM and
the internalization of CO

for the gasification

of a savi
2 emissions.
A Recommendations

of railway manoeuvring services.

W o

ng

The second part of the study is based
on the realization of a transformation
study considering all t he technical
modifications necessary to convert
diesel locomotives for manoeuvring to
LNG. The results of the feasibility
analysis obtained in the first phase
will feed this second part of the
study, detail the

steps to be carried out for th

which will all

e

This study is already finished. Below are

the main results obtained, grouped

according to the three study -categorie

considered:

A Engineering: the technical
requirements and the  technical

characteristics of the engine and tanks
that would be implemented have been
defined, as well as their impact on
different areas:

S
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transformation of the locomotive
with the aim of a possible future
implementation of the necessary
processes identified in a pilot test.

p>N

Weight distribution and gravity
centre of the vehicle.

A Maintenance plans.

A Training plan.

A Necessary tests for its start ~ -up.

A Integration: an analysis has been
carried out to define the necessary
work to be done by an integrator to
replace the diesel -powered system with
a new one with LNG in the current
locomotive.

A Validation: In the case of a pilot test,
the methodology and data to be
recorded during a future monitoring
have been defined to evaluate the
modified locomotive.

Table 4 Specific objectives and progress towards achieving the target.
1.2. Deviations from work schedule
Cause and description 1 Corrective action(s) 2

No deviations observed.

No corrective actions considered

Table 5 Deviations from work schedule.

1 List any deviation from plan including a brief description of the reasons
2 Corrective action undertaken or envisaged by the project to overcome the issue with the impact in

terms of delays, quality and quantity of work
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1.3. Risks or problems anticipated
Typology 2 Problem description Actions foreseen
T The LNG engine for the railway Reach out to engine providers to
traction is still not normalized in get to know their interes  tin the
the market (not available in project and to sample their
catalogue). Supply time and costs predisposition in order to adapt
are much higher. their products in catalogue to
specific requirements.
R Need for an accreditation The accreditation cost is
process (in which an significantly high when only
independent certifying body converting the fi  rst unit. This fact
performs an evaluation process leads to enhance and promote
and a risk analysis upon the the necessity to elaborate a
modification) in order to grant the framework of reference in order
Authorization of Circulation by to assess the conformity of the
Adif and AESF (in the event of the LNG security as railway fuel. For
railway infrastructure is owned by this reason, a monitoring process
the administrato ). will be carried out on the updates
So far LNG is not considered as and breakth - roughs about the
regular fuel within railway field LNG use within rail passenger
hence it is necessary to elaborate field project that will contribute
(e e e v [ to significant progress in this
framework of reference in relation M
to gas field.
T The energy density of the LNG is The configuration is selected

the 60% of the ga
will require more quantity of
stored liquid fuel to obtain the
same amount of energy and,

therefore, to maintain the same
range of the original locomotive.
The capacity and the

q

considering both variables:
optimizing the available space
and choosing the deposits in the
catalogue that maximize the
the range is
considered as insufficient, it is

capacity. In case

proposed to complement these

3 T for technical,

Page 23
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configuration of the LNG deposits

come limited by the manufacturer

and the available space to locate

the gas tanks into the locomotive.

This fact supposes that the range

could be affected if the available
space is not enough.

tanks with the installation of a
set of additional deposits onto
the engine cover.
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2. Structure activity EV3

The Port of Tarragona, as a partner of the CORE -LNGas hive project, envisages the
possibility to gasify the railway services in the part area. Thus, it is considered as
necessary the implementation of the feasibility study describing all the required
processes for the integration of technological solutions, with the aim of establishing

the basis for its materialization in a forthcoming pilot test.

To achieve this objective, the study has been structured in two phases with the

following sub -objectives:

PHASE 1 PHASE 2
Study on the legal, technical and financial Study on the necessary retrofitting processes for
feasibility of the gasification of locomotives in the transformation of a shunting locomotive to
port areas LNG
Deliverable “D252":10/2016 Deliverable “D262”:12/2017
Phase 1 iStudy on t he l egal , technical and financi
gasi fication of | ocomotives in port areasbo

1 Characterization of the railway agents, the rolling stock, the rail
infrastructure and the railway services in the Port of Tarragona.

1 Analysis of t he technical, legal and financial feasibility of the transformation,
and quantification of the environmental impact.

1 Conclusions and recommendations to materialize the gasification of the
railway services in the Port of Tarragona.

Phase 2 AiStudy 0 cessary hretrofittinge processes for the
transformation of a shunting | ocomotive to LNGO

1 Detailed analysis of the technological solutions (engine and deposit) planned
for the feasibility analysis.

1 Engineering study to define the integration process of the ne w elements
(engine, tank, connections of the components, tests).

1 Definition of the required aspects related to the technological integration and
the monitoring necessities to conduct during the pilot test.
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3. Introduction to the study conducted : Phasel

The aim of this study is to conclude on the technical, legal and economic feasibility
of implementing LNG in railway traction (shunting locomotives) within the port
domain of Tarragona and to define the steps to be followed in order to carry out the

transf ormation.

The project has been developed in four phases which goals have been set up in

order to be fulfilled along the assessment.

‘ Objective 6

Recommendations in order to
convert railway shunting
Objective 5 servicesto LNG

Economic feasibility and
_ _ environmental impact on the LNC
Objective 3 and 4 conversion of the shunting

services

|dentifying technical and
legal barriers. Solutions to

Objective 1 and 2 overcome them

Infrastructure characterisation
and shunting services at the
Port of Tarragona

project Scop®

Phase 1 and 2 Phase 3 Phase 4

Technical and legal ) _m

Figure 1. Project development process. Source: Institut Cerda (2015).

In the figure above is represented the set -up for the assessment. Every stage is

described subsequently:

1

In the first phase , the infrastructure and the current shunting services
have been characterised within the Port of Tarragona premises. This enables

to profoundly know the s tate, characteristics and particularities of the
infrastructure as well as the shunting services in which the project is carried

out.

In the second phase , legal and technical barriers that could affect the
project development have been pointed out. Afterwa rds, a solution for those
barriers has been presented in order be able to overcome them.

In the third phase a study of economic feasibility has been carried out
considering the agents involved on its exploitation. Moreover, the
environmental impact due to gasification of the railway transport services by
Liguefied Natural Gas (from now on named as LNG) has been quantified.

Finally, in the fourth phase , the final conclusions on the results obtained
throughout the study, as well as the recommendations and t he following
steps are presented.
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4. The shunting railway services at the Port of
Tarragona

4.1. Characterisation of the railway network of
Port of Tarragona

The railway network in the Port of Tarragona is mostly non -electrified, therefore the
operating locomotives use a traction system which is not based on an overhead
catenary, leaving diesel as the sole fuel source possible. However, part of this
network is currently adopting the electrical system in some sections.

The Port of Tarragona T hereinafter PAT - is interested in exploring alternatives
which could help to lower the current emissions and to be more environmentally
friendly. This alternative is the ado ption of LNG as a locomotive fuel.

Tracks owned by ADIF
Iberian-gauge tracks 39.972 m
Dual track (Iberian + UIC) 4326 m ———
% i'\\ , . vl.> /7 Third rail tracks electrification (ongoing) 10,820 m  ——
N\ X 4 ADIF changes 3 units @
Current changes 95 units
Expected changes 6 units @
Track maximum gradient 11-12%a (El Serrallo).
Configuration maximum load 1600 Tn
Configuration maximum length 750 m
Figure 2. Railfreight network at the Port of Tarragona . Source: Institut Cerda (2015)

As it is observed in the figure 2, different gauges are present in the Port. Spanish
track width coexist with the international track width. Besides, it is showed how the

internal railway network of the Port of Tarragona is connected to the Adif railway
network through the tracks that are in process of electrification.
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4.2. Diesel supply facilities

In the Port of Tarragona there is a sole diesel supply point located in the
classification zone. This point consists of a small esplanade where the tank trucks
park (since there is a mobile supply point).

{ i ZONA DE CLASIFICACION

Figure 3. Supply point location. Source: Institut Cerda (2015).

In the picture  above, it is shown the esplanade in the classification zone which is
located within the Port of Tarragona premises. This area might be the appropriate
sector to locate the LNG supply point.
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4.3. Current locomotives fleet

The PAT has currently four locomotives that belong to Adif in order to manoeuvre
throughout the Port of Tarragona. These locomotives emanate from different series.

Three of them originate from 311 series which are simultaneously operating and

the other one originates from 310 series which is availa ble in case one of the first
mentioned locomotives is in repair and/or maintenance.

311 series:

As it was mentioned before, the PAT has three series of this model. Its technical
specifications are shown in the following table:

ENGINE AND PERFORMANCE: BR AKING SYSTEM:

Engine: 4T Diesel MTU V8 396TC 13 - Brake type:  compressed air
(supercharged) - Brake system: automatic brake pipe
Nominal power: 1.065 CV / 785 kW pressure

Maximum velocity: 92 km/h - Brake control;

High revs range: 1.800 r.p.m Service brake
Low revs range: 600 r.p.m Direct brake (isol at
Number of traction engines: 4 electric El ectric brake (regu

three -phase motors Siemens (1 per axle) Di stress bwaamkalwe) ( f our

Emergency brake

Do Bo Do Do > Do

Parking brake (switc

DIMENSION AND OTHERS: SECURITY SYSTEMS:

Distance between buffer centrelines: Security system: ASFA and monitoring

14.200 mm device (dead man). The  ASFA or the

Service weight: 80t monitoring device operation leads to:

Track gauge: 1.668 mm A Maxi mum emergency st

Shaft arrangements (UIC): Bo 6 Bo 6 | andlocomotive.

Tank capacity: 2.200 litres A Suppression of the p
A Suppression of the f

automatic brake pipe.

Table 7 Locomotive specificat ions 311. Source: Institut Cerda (2015)
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310 series:

There is a single locomotive of this series allocated in the Port of Tarragona
facilities. This is used in case of other locomotives are in repair or maintenance. Its
specifications are as follows:

legal considerations )ofaLNG -powered port
locomotive in Tarragona

ENGINE AND PERFORMANCE: \ BRAKING SYSTEM: \
Engine: 2T Diesel GM 8 -645 -E Brake type:  compresse d air
(atmospheric) Brake system: automatic brake pipe
Nominal power: 930 CV / 684 kW. Brake control:
Maximum velocity: 114 km/h A Service brake TFA (t
High revs range: 900 r.p.m. locomotive)
Number of traction engines: 4 electric A Direct brake (indepe
motors D29 (1 per axle) locomotive)
A Distress bwyskale)(four
A Emergency brake
A Parking brake (chair
DIMENSION AND OTHERS: SECURITY SYSTEM:
Distance between buffer centrelines: Security system: ASFA and monitoring
12.550 mm device (dead man). ASFA or the
Service weight: 78t monitoring device  operation leads to:
Track gauge: 1.668 mm A Maxi mum emergency st
Shaft arrangements (UIC): Bo 6 Bo 6 | andlocomotive
Tank capacity: 2.770 litres A Suppression of the
A Suppression of the f
automatic brake pipe.

Table 8 Locomotive specifications 310. Source: Institut Cerda (2015)

4.4. Map of actors

Due to the dimension of the project, a massive number of agents and organizations
are involved. In order to represent them all and to get to know their influences
upon the study, a schematic tree was performed as follows:
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Ministry of Public
Works and Certifying “EEEEEeE ]
w - i
E Transport bodies ==y
1
8 I a
< l !
(]
g v * Licenses i i
= R ) i
b= e * Contract programme e SECUT'W P
3 Spanish Commission of and conventions to National Commission of certificates v .é,
= Inquiry concerning Railway buildupand manage Markets & Competence AESF
o Accidents RFIG N
= : - Estate Agency of
O * Conflicts resolution Y
< * Capacityallocation e railway security
o K Fees, canons, rates (additionalservices) 1 N - A
b~ Y W v ¥ = Railway vehicles !
é ADIF EEFF accreditation l
1
. A . i
S Spanish Administrator of Rail _'_‘:_':‘"“"-'“.'_'-':-'-'-‘-'-':-'-':.5 RENFE-Operator 677"""""""""7} |
E Infrastructure i TRITes 1+ Leasing i i
R 'l I, i
A privates terminals, &---1 “----------I-C-CLTE--S-EI:-C-E-S% privates EEFF ::‘-__n_ﬂ_a_'fiﬁrlc_d:
sidings ¥ [ - Rates (compl services]
1
Infrastructure * Availability contraict E Rolling Stock i
* Facilitiesuse E H :
(%] P H
[y i ! * Purchase-sale
= nfrastructure W N * Leasing
& | ENGINEERING AND design COMPL. ROLLING STOCK - Maintenance
O = PROVIDERS === e e
< CONSULTING FIRMS SERVICES > g W
E = Infrastructure SUPPLIERS i (BUILDERS) S L S
b= construction and ! A
2 CONSTR./MAINTEN. i maintenance ! 1= supply
2 o ) i 1
% FIRMS A ———— - %"I_E hasesaleleasing ... - ["""“'" =S |
= A * Maintenance
3 o rsweely ENGINE OTHER PARTS
vy H i c | and PROVIDERS FROVIDERS
TRACK MATERIAL ELECTRIC EQUIPMENT e A A
auxmary PR S pp—
SUPPLIERS SUPPLIERS services PRTIET e

Figure 4. Map of actors. Source: Institut Cerda (2015)
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As it is seen in the above chart, at least 14 types of actors are involved and
distinctly related to different sort of aspects. T his chart permits to discern between
the agents related to the infrastructure and the complementary and auxiliary
agents related to the rolling stock, all of them within the railway transport agents.

The potential drivers concerned by the LNG implementatio n to propel the
railway transport services are:
o Rolling stock providers/constructors/integrators:
- Rolling stock integrators/manufacturers.
- Engine providers.
- Cryogenic tank providers.
0 Rolling stock owners/users:
- EEFF: trade services.
- ADIF: Inspection and maintenance tasks.

- Autoritat Portuaria de Tarragona.

0 Companies providing the additional service : mostly in charge of fuel
supply.

0 The Ministry of Public Works and Transport/AESF (State Agency of
Railway Security) which function is to authorize the market entry of the

structural sub -systems which form the railway system, as well as proving

that all requirements are satisfied.
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4.5. Agents characterisation

A general overview of the agents involved and their respective interests are shown
in detail hereunder:

45.1 Agents

As it was observed, in the former chart multiple sorts of agents take part on the
study of LNG commissioning at the Port of Tarragona. Right after a detailed
explanation about their individual features and specific role within the project will
be pr esented:

Ministry of Public Works and Transport (AESE): [wﬁ ER BN ASST oo

This institution takes over the authorization in order to place into service the
structural sub -systems and proves that all requirements are widely fulfilled.
Alternatively, this is in charge of de velopment and supervision of the security
normative framework, as well as of developing proposals and technical
specifications for further guidance. Finally, the Ministry has competences to deal
with the rail dangerous goods transport.

Certification bodies:

In the following group the actors that carry out certification work for the brand new
rolling stock are presented. In accordance to their specific features these bodies are
displayed hereafter:

V Notified Bodies: é‘a’#

In charge of the CE verification procedure that are used in order to assess
conformity or suitability for use of the interoperability components. In this
report, the company named as Cetren was consulted for this matter.

. . belgoral N { @l Lloyd'
V  Designated Bodies: N tren Register

These are in charge of the sub -systemébés verification procedure
national rules. Belgorail, Cetren, ECA Bureau Veritas and Lloyds Register Spain

will be the elected organism whose designation scope will be over the rolling

stock.

Adif: P adif
This public ins titution attached to the Ministry of Development through the

Secretary General of Infrastructure is charged on the administration, monitoring
and inspection of the railway infrastructure, as well as the operation of its assets.
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On the other hand, Adif als o takes part on the realization and publication of the

Network Statement, under the terms provided by LSF and under its developing

rul es. I't is also responsible of issuing the I nfras
to the other stakeholders. Plus, Adif takes on the role to issue reports before

granting by the Ministry of Development of EF licenses and the authorization to

serve public interest services.

Finally, Adif is in charge of approving basic projects and construction of railway
infrastructures tha t should constitute the RFIG alongside constructions of railway
infrastructures using the resources of the rule of law.

Railway companies:

L]

Railway companies themselves are committed to the railway transport services
operations. Nevertheless, an EF valid license and a security certification must be
redeemed to enable them to run through the General Interest Rail Network (RFIG).

It should be underlined that only the Renfe - Operator disposes of license for the rail
passenger transport. The rest of EEFF posse ss the EF license to rail freight
transport. In the following figure, a catalogue of companies that count with the

license mentioned above are presented:

Empresas Ferroviarias con Licencia sin Certificado de Seguridad Empresas Ferroviarias con Licencia y Certificado de Seguridad
EUSKO TRENBIDEAK FERROCARRILES VASCOS S.A. (Mercancias) +  RENFE- VIAJEROS, S.AU. (Viajeros)
ARCELORMITTAL SIDERAIL, S.A, (Mercancias) *  RENFE- MERCANCIAS, S.A.U. (Mercancias)
FESUR, FERROCARRILES DEL SUROESTE S.A. (Mercanclas) + COMSARAIL TRANSPORT, S.A. (Viajeros y Mercancias)
FGC MOBILITAT S.A. (Mercancias) + CONTINENTAL RAIL, 5.A. (Viajeros y Mercancias)
LOGIBERICA RAIL, S.AU. (Mercancias) ¢ ACCIONA RAIL SERVICES, 5.A.U. (Viajeros y Mercancias)
MONBUS RAIL, S.A. (Mercancias) + TRANSFESA RAIL S.AU. (Mercancias)
ASTURMASA RAIL, SAU. (Mercancias) *  TRACCION RAIL, S.A. (Mercancias)
ARRAMELE SIGLO XXI, 5.A. (Mercancias) +  LOGITREN FERROVIARIA, S.A. (Mercancias)

ALSA FERROCARRIL S.AU. (Viajeros y Mercancias)

GUINOVART RAILS.A. (Mercancias)

FERROVIAL RAILWAY, 5.A. (Viajeros y Mercancias)

TRANSITIA RAIL, 5.A. (Viajeros y Mercancias)

VELOIRAIL, 5.A. (Viajeros)

INTERBUS INTERURBANA DE AUTOBUSES, S.A. (Viajeros y Mercancias)
ECORAIL, 5.AU. (Viajeros y Mercancias)

AISA TREN S.A.U (Viajeros)

AVANZA TREN, S.AU. (Viajeros)

VECTALIA RAIL, S.A. (Viajeros)

LA SEPULVEDANA, S.A.U. (Viajeros y Mercancias)

TRAMESA, TRANSPORTES MIXTOS ESPECIALES S.A. (Mercancias)
IBERRAIL SPANISH RAILROADS SAU (Vigjeros)

EMPRESA DE BLAS Y CIA, 5.A.U. (Viajeros)

MOVENTIS RAIL, S.A.U. (Viajeros)

Figure 5. Railway companies licensed. Source: Adif (2015).

Port of _Tarragona: ePort de Tarragona

Its role consists on managing the Port of Tarragona. It should be highlighted that
the ownership of rail infrastructure within the Port of Tarragona belongs to the
Autoritat Portuaria de Tarragona (PAT) and that shunting manoeuvres are
commissi oned by Adif (staff and fleet).

In addition, PAT has competences upon the capacity judgments to and from the
Port of Tarragona and alongside Adif is stablished the time -slots of circulation to
and from the Port and the Adif classification zone in Tarragona
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MAP 5 31 MAY 2015

PORTS OF GENERAL INTEREST CONNECTED TO THE

RFIG MANAGED BY ADIF
CCONVENTIONAL
. LINES|1.668 mm)
SUBSCRIBED
SO [_-;‘
HIGH-SPEED
. LINES(1.668 mm)
NON- —
SORY " rweoTRack |
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(1,435 mm)
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Figure 6. Ports connected to RFIG network managed by Adif. Source: Adif (2015).

Ancillary services companies:

These companies take on for instance fuel supply processes. In the Port of
Tarragona, Adif serves the provisioning services by means of an unconditional
tender to a specialized company.

POINTS OF FUEL SUPPLY

ADIF FIXED FEVE FIXED FGV FIXED
ADIF FGC
MOBILE FIXED

TECHNICAL AND LOGISTIC FACILITIES

HIGH-SPEED ° .
LINES -l
ADE. NON-ELECTRIFIED
LOGISTICAL ik
NON-ELECTRIFIED RSN FACILITIES
FACILITIES
LINES "
w
ADIF
LOGISTICAL ELECTRIFIED
CONVENTIONAL PR A TECHNICAL
LINES FACILITIES

Figure 7. Fuel supply point and logistical and technical facilities. Source: Adif
(2015).
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4.5.2 Agentinterests

Once the map of agents has been presented, the wide -range of interests for each of
them is listed below. These interests might be gathered according to the key
elements that will determine the technical, economical and legal feasibility

of the solution

1 Owners/users of rolling stock ( Adif, Port of Tarragona  ):

o Power: the power should be suffice in order to carry out the rail
manoeuvres.

o Autonomy: the new/converted rolling stock and the provisioning
logistics should provide enough autonomy.

o0 Cost: the environm ental cost (external costs internalization) and
the fuel consumption that should offset the cost of the
transformed engine/purchase of a new engine/tank.

1 Providers/constructors/integrators of the rolling stock, engines and
cryogenic tanks:

0 Technical feasib ility:  the solution should be technically suitable
(construction, transformation, integration) with the available
locomotives.

0 Solution expenses versus availability of payment across the
clients.

1 Additional companies providing services (provision of LNG):

0 Return on investment of the LNG supply facilities
0 Viability of upgrading

1 Ministry of Public Works and Transport:

0 Security standards : they should comply with the actual legal
framework.
These elements will highlight the competitive values of the LNG and t he barriers to

changes.
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5. Likely technical and legal barriers to gasify
the shunting services

There are three phases to adopt LNG as an alternative fuel. These are as follows:

i Phase 1: Technological adaptation for the LNG traction.
1 Phase 2 : Design and imp lementation of the supply points (LNG).
1 Phase 3: Operation and maintenance

Certain legal and technical factors that are associated to monetary expenses and
time consumption should be taken into account in order to overcome these phases.
In the following  chapters, likely setbacks that might run into the performance of
each phase will be evaluated.

5.1. Phase 1: Technological adaptation

The adjustment to LNG propulsion into railway field implies the engine
transformation/acquisition as well as a cryogenic tank, their assembling into the
locomotive, commissioning accreditation and authorization of the modified rolling

stock as shown in the following figure.

TECHNOLOGICAL ADJUSTMENT

LNG engine

Commissioning
accreditationand
authorization

Integrationand
assembly in the
locomotive

- u

Cryogenictank

Figure 8. Phase 1: Technological adaptation process. Source: Institut Cerda (2015).

Once the procedure is defined, the optimal solution for the project regarding
cryogenic tanks and LNG engines should be identified. The process followed was the
following:
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1. Technological requirements identification for the engine and
cryogenictan k.
Based on the input information, the engine and tank requirements have been
identified The LNG solutions shall comply with these requests is order to adapt to
the shunting rail services of the Port of Tarragona.

2. Contact with the main LNG engine and cryog enic tank
manufacturers.
Once the requests are acknowledged, the respective contacts are stablished in
order to analyse the availability of the offered solutions within the current market.

3. Optimal solutions identification.
Due to the wide range of feasible technical solutions, some of them were selected
because of a greater efficiency with respect to the gasification of the shunting
railway service by prioritizing price, proximity, production time and transport of the
manufacturers. In total, 14 agents were contacted to obtain information about
engines and LNG tanks. In particular, 6 agents were related to the engine features
and 9 agents owned information about cryogenic tanks.

Thereupon, a list of contacted agents was made alongside a relevance study on
how these agents turned out to be valuable regarding engine and cryogenic
technical details:

ENGINE TANK

ADFF B coF
[

Guascor ARMF
NWECO CHART
MAN Cryodiffusion
AGENTS Rolls Royce Cryolor
Wartzild Cryospain Adjusted response

to the objectives set

Enric Gas Equipment - Non-adjusted

||'|§EEi|: - reaporoe

Pendi
Novagas Criogenia ending response

Figure 9. List of agents contacted. Source: Institut Cerda (2015).

As it is observed, most of the agents provide more information about t anks than
the engine itself. Additionally, it should be noted that regarding the information

obtained, in the case of engines, only 33% of the answers met the requirements,

whereas, in the case of tanks, all answers are adjusted to the requirements.

Below are shown the particularities for each of the elements mentioned before.
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The LNG engine:

The engine is one of the crucial technical elements in order to succeed. Therefore
the characterization of its features is primordial in order to avert the loss of
efficiency in the shunting railway services when the engines are transformed to
LNG.

The technical features of diesel engines that currently are running in the 311 and
310 locomotives are displayed in the following table:

Maximum
. Number of power Guidance
Locomotive : : . :

engines revolution dimensions (mm)

(rpm)

1 684 900
2.013 x 1.439 x

1 785 1.800

1.380

Table 9 Technical features of the engine installed in 311/310 locomotive. Source:
Institut Cerda (2015).

It turns out that the available engines are capable of supplying considerable power
varying from 700 to 800 kW when they are running between 900 and 1.800 rpm.
Moreover it is also observed that every locomotive has one engine that lead to a
limitation of a  vailable room to implement the future LNG engine.

GUASCOR is the appointed company which adjusts closely to the abovementioned

requirements in order to adopt the LNG technology. In the following table is
summarized the LNG engine features:

Maximum , , .
Guidance Production Productio
Power power . . _
Company Model , dimensions expenses n time
(kW) revolution )
(mm) (u) (months)
(rpm)
SFGLD 2.351 x 1.689
700 1.800 235.00 4-5
360 X 2.493

Table 10 LNG engine features from GUASCOR. Source: Institut Cerda (2015).

From the analysis carried out through the contact with various engine companies, it
can be seen that nowadays there are practically no products in catalogue for LNG
engines in the railway s ector (IVECO, MAN, Rolls Royce, Wartsila do not have
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adjustable products to be delivered for shunting railway services). The considered

Guascor6s model complies with all the power require
of the current diesel locomotives and its supply time is identical to a regular diesel

engine (4 -8 months). Dual -fuel engines were not taken into consideration since this

option reduces the LNG demand.

Cryogenic tank:

The tank is the other crucial technical element for the adoption of the LNG traction.
As done before, the features of the current tanks installed into the 310/311
locomotive have been studied. Their features are displayed below:

: Number of Capacity Guidance
Locomotive : .
tanks 0] dimensions
1 2.700 n.d.
1 2.200 n.d.

Table 11 Current tank features in 311/310 locomotives. Source: Institut Cerda
(2015).

Both locomotives have a single tank whose capacity is 2.700 litres for the 310 and
2.200 litres for the 311. Taking this numbers into account, th ree out of seven
providers have facilitated specific data that is gathered in the next table.

Needed
Capacity tanks for Production Production Transport Transport
Company Model the expenses time expenses time

() needed (4/ uni (weeks) ( 4/ un| (days)
capacity

HLNG 150 (sea) 30 (sea)
582 4 11.800 4-5
171 900 (air) 7-10 (air)
CDL-
2.000 1 20.500 9 800 (sea) 30
2/1.5
2ms3
2.033 1 25.168 10 n.d. n.d.
17 bar
3 msd
2.911 1 28.435 10 n.d. n.d.
17 bar

Table 12 Available data by 7 tank providers. Source: Institut Cerda (2015).

Page 40 Status : Final Version : 1 Date : January 2018



CORE LNGas D 3.4 i Retrofitting and feasibility (technical and
hive legal considerations )ofaLNG -powered port
locomotive in Tarragona

These three nominated companies were CHART, ENRIC GROUP and INGESIC.
Considering the gathered information, all of them have cryogenic tanks that would
be suitabl e to replace the diesel tank located in the 310/311 locomotives.

The model of ENRIC GROUP and INGESIC comply with all the needed requirements
with just a single tank. Additionally, INGESIC is prompted to adapt its offer to the
specific necessities of the  project.

Engine and tank integration within the 310/311 locomotives:

In order to integrate the LNG engine as well as the cryogenic tank into the
locomotive, two options are presented:

T Modify one Adifds 310/ 3apptoval frorn thendational Rail
Administration is needed in order to carry out this option. In this case, a
specific integrator should be present (potential options: Adif, Renfe
Integra/Maintenance). It is important to highlight that the integrator ARMF
has demonstrated its interest in carrying out a modification with this
features.
i Speak to a locomotive provider which may be interested in
introducing new locomotives in the market: Appropriate case if the PAT
wants to Ainternalize theesshbunting rail way serv

Additionally, in order to make possible the integration of the engine and the tank,
certain consideration must be performed:
1 LNG engine and the cryogenic tank should not suppose a superior
change than +/ -10% of the diesel total weight with regard t o the
diesel engine and tank , in order not to affect the gravitational centre over
the accepted normative.
1 Attempting to assemble the tank at its maximum possible
dimensions , to barely affect the autonomy (V oNL A& 1, 6dsel for an
uniform amount of energ y). Furthermore, the cryogenic tanks cannot be
filled to a maximum level in order to be capable of absorbing the boil - off
effects and in turn neither can be emptied to the minimum level to avoid the
LNG overheating.

I Besides the engine and deposit previousl y defined, it is identified the
necessity of implementing an evaporation kit, needed when the boil  -off
does not suffice and then more LNG requires to be evaporated to increase
the pressure in order to power the engine. Additionally, for the integration
pro cess, it is necessary the completion of the gas installation to lead LNG
between the deposit and the engine.
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Accreditation process:
In order for the modified rolling stock to be put into service it is essential that it is

accredited for the implementat ion of rail traction with LNG in manoeuvres in the
port environment. However, this accreditation is not mandatory when this material

is in a testing phase. The accreditation aims at certificating security
requirement compliance, technical compatibility, en suring respect for the
environment and finally reliability . This certification should be done since the
engine and the tank are the sub -systems of the mobile material and therefore could

affect to the given requirements.

In the event of LNG -traction -locomo tive prototype is built up, only a provisional
authorization by Adif for the infrastructure under its jurisdiction will be needed to
permit test realizations, trails and material transfers.

REQUEST
Requesteridentification
Wehicle ldentification

Testtypes. Programme andtimespan.
Requiring installations, traction and staff
Motified and designed body, others

TP Ferro, i
PROVISIONAL AUTHORISATION adif
Infrastructure capacity I
Administrator ofinfrastructure contact unit
Circulation conditions

Yalidity period

Figure 10 . Accreditation process. Request and temporary authorization. Source:
Institut Cerda (2015).

In the event of a commercial exploitation after the implementation of the
technology, the mobile material should be subjected to other sorts of accreditation.

Then, the 2008/57 Regulation (ETl) and the Royal Decree 1434/2010 will be
applied.

In the following figure is shown the steps to be followed in order to obtain the
commissioning and the circulation authorizations are represented across:
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In compliance with TSI In compliance with ETH
% Verification by a Notified Body Validation by a Designed Body
\E (NoBo) (DeBo)
E Verification CE certificate Validation certificate
2q = : w0
58 Scoven <. B Y
S S TECHNICAL COMPATIBILITY between sub-systems and network-vehicle
© o (NoBo/DeBo) ,
z= : — Ej
28 = .
s +
E;“ SAFE INTEGRATION
a Verification by an Independent Security Adyiser, (ISA)
.__; i L F
S s o
Commissioning Authorization E%m‘ —
Issued by Estate Agency of Railway Security (AESF) -

(Circulation authorization ADIF)

D aJdif
Operation and maintenance

Figure 11 . Accreditation process. Certification bodies are highlighted in red and the

Documents issued are highlighted in green. Source: Institut Cerda (2015).

As a first step, the material must comply with the

-TSI) and at national level (ETH
regulations are the ones that guarantee the interoperability of the railway system at

a European level whereas the technical specifications of the type approval at a

both at
-TSA). The European technical

technical specifications
European level (ETI

national level just refer to the mobile material and over time it becomes weaker in

favour of the ETI -TSI.

The CE verification (certification ETI -TSI) is carried out against the Technical
Specifications of the Interoperability in accordance to the European guidelines
which are common  for the member states of the EU. Each country may have its
own national standards, and when it comes to Spain, must comply with the
Technical Specifications of Homologation (ETH

certify (in the case of metric width) the ETM

-TSA) which, simultaneously, must
I Spanish Technical Specification of

Metric Width -.
As a whole, in order to obtain the circulation authorisation of a vehicle, the CE
verification must be provided, as well as the certifications against the national

rules (in the case of Spain, certificati on against ETH -TSA) of the given countries
through which the material will circulate. There are certainly a number of
exceptions and, additionally, this regulation is being modified at European level to
optimize the rolling stock among member states, depen

of material in other countries.

ding on current authorities
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Furthermore, the  technical compatibility should be verified for the different sub -

systems as well as for the vehicle and the railway network. Finally, the verification
of the integration of the subsystems within the machinery is needed so that warrant
a proper working of the system.

The process of accreditation of the LNG -traction engine might be simplified if the
engine is assembled within a mobile material previously accredited, such as
311/310 locomotives that run throughout the shunting railway services in the Port.

Modification request on rail rolling stock —)‘ AESF (Spanish Railway Safety
Agency)

a. Applicant details T

b. Identifying data on affected vehicles RESOLUT'ONJ, BASED ON REQUEST

¢. Compliance of the owner on the vehicle with the modification

d. Technical and descriptive report on the modification Modification which requires new APS

- Technical characteristics at initial state and modified
- Defining plans and layouts on the modification

- Identification of modification(for the modification log)
- Modification impact upon maintenance plan

As a whole, a new APS will be needed
when the overall safety level of the
subsystem may be affected by the works
envisaged

e. Modification consideration as significant

F THE MODIFICATION IS Modification that not require a new APS

SIGNIFICANT, THE APPLICATION - .
SHALL COMPLY WITH: TI_1e existing AP_S. shall remain in force,
without any additional formality.

Risk analysis derived from modification
Independent Security Advisor (ISA)

Experimental modification or prototype ‘

> Provisional Authorization
for Circulation (Adif)

Figure 12 . Accreditation process. Application for the modification on the railway
rolling stock. Source: Institut Cerda (2015).

In the event of modifyi ng the already accredited rolling stock (310/311
locomotives), it will be considered as a significant change of the material itself. This
modification involves a high technological innovation standard that will lead to the
application of the Resolution 1/2 011. This Resolution paves the way towards an
accreditation of a heavily modified rail material. According to this resolution the
following points should be fulfilled:

1 Completion of the risk assessment derived to the implementation of the
modified scheme.

1 Report on the evaluation process and risk analysis by an independent

integrator.
As a result of the technological adaptation of the modification, the main
conclusions are expounded upon the accreditation  process and

commissioning of the modified locomoti  ves:
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1 As abovementioned, it is evident that the most appropriate way to
overcome the barriers derived by the accreditation process and the

commissioning  of the locomotives operated with LNG is via the
implementation of the LNG wunit into 310/311 locomotives

already accredited . This implies tight collaboration alongside Adif , as
well as its predisposition , in order to convert the locomotives or

otherwise to share them in order to carry out pilot trial. The major
benefits of this collaboration with Adif are the cost in terms of time and
money for the accreditation.

91 In order to get to know exactly the cost in terms of time and money
is recommended to become aware of the engine availability (prototype).
Moreover, in order to avert an increase of temporary cost s, it should
be assured that an accreditation organism is involved from the beginning
of the process. Additionally, the modification scope should be
evaluated in accordance to the Resolution 1 -2011/Ministerial
Order 233 2006

1 On the other hand, the cost i n terms of money rely closely on the
number of dossiers to be developed and the number of characteristics
(such as security i dangerous goods -, technical compatibility,
environment, reliability); therefore the greater is the modification, the
more expensive  becomes the accreditation.

1 Finally , a number of agents that take on different roles of accreditation
and integration should be taken into consideration for the practical
development of this project. It would be desirable to set the integrator
as the app licant (ARMF is predisposed to take part as an integrator in
case the project comes along). It is certainly advisable that Bureau
Veritas plays a role as a designated organism for the accreditation
process due to its wide expertise in the LNG and railway f ield.
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5.2. Phase 2: Supply infrastructure

implementation
Design and implementation of the LNG supply system (either fixed or mobile)
must permit to provide, at least, an equal or superior quality of service than

the diesel fuel logistics.

In order to do so , it will be relevant to assure the autonomy  of the tractor heads
to avoid interference to their performance. Therefore , a single provisioning point
shall be adopted by means of a mobile plant (tank truck) which would equalize the

current number of points and likewise it would equalize the current autonomy
(provisioning points offer). The construction of a fixed LNG provisioning point is not
envisaged (neither diesel provision) due to low demand.

In turn, the same flexibility should be provided in the time s that the fuel stops are
conducted. Currently, locomotive tanks are filled once every 4 or 5 days between
13:30 and 14:00. In the same way, the fuel supply services could be subcontracted

via a third company in order not to interfere into in the autonomy of the operation.
On the other hand, the key points to provide a proper design and
implementation of the LNG storage/supply facility are the locations and the

capacity. In principle, a location nearby the current one (within the perimeter for
railways mano euvres) is advisable. The security conditions such as the minimum
required distances should be analysed in order to specify the exact location. There
are no problems detected in the availability of land (the necessary space for the
provisioning is minimum)

To determinate the capacity of LNG facilities, a comparison to the existing ones
regarding diesel storage and suppling will be carried out. These facilities discharge
3.000 litres and 5.000 litres of diesel every 4 or 5 days, thus this leads to a supply

via LNG tank truck of 5 to 8 m 3 which will be enough to equal current diesel
logistics.

Page 46 Status : Final Version : 1 Date : January 2018



CORE LNGas D 3.4 i Retrofitting and feasibility (technical and
hive legal considerations )ofaLNG -powered port

5.3.

locomotive in Tarragona

Phase 3: Operation and maintenance

In the operation and maintenance phase is crucial to meet the necessary
requirements to  provide the offered shunting railway serv ices .

In this regard, the following points should be fulfilled:

1

Page 47

New engines shall assure  necessary power to overcome the resistance
opposed to the traction. The LNG engine should not entail any reduction

in power that prevents the traction resistances (in accordance to:
steepness, composition weight T LNG weight that is lower to the diesel
weight for equivale nt quantities in energetic capacity -, minimum speed).

LNG supply system shall be flexible not only regarding reaction times
facing refuelling demand but also regarding schedule s.

The rolling stock should be operational most of the time and dodge as
muc h as possible the maintenance downtime. The vehicle maintenance
needs are reduced by the fact that LNG is cleaner than diesel.

Legal requirements applicable to air pollution should be met . LNG is a
cleaner energy source thus there will not be any problem related to it.

Alternatively, the train set LNG propelled are to meet the same security
conditions and the riskiness degree than the diesel propelled.
Therefore, the  certificate of accreditation and authorization of
commissioning the unit in service and ¢ irculation will be available to
guarantee this condition.
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5.4. Conclusions on technical and legal barriers

Once the above mentioned three phases identified as necessary to implement LNG

traction in the railway sector have been analysed and studied, it is po ssible to
obtain a clear vision about some barriers which could compromise the
implementation of the LNG railway traction to railway shunting services at the Port

of Tarragona.

From a technical feasibility perspective, the first uncertainties come out wit h the

engine since there is no LNG engine available on the market yet. Out of 5

manufacturers, only a single one (Guascor) has a catalogue with a LNG engine that

meets all the needed requirements in order to be utilized in a 310/311 locomotive.

This scarce product offer displayed in catalogue affects directly to prices, fact that

could compromise the economic feasibility of the solution in case of limited

demand. Hence it is relevant to rouse up the provi
availability since i t creates a bottle neck when it comes to the implementation

process of the LNG railway traction.

The legal feasibility stands out as the main barrier to overcome in order to
implement LNG traction in the accreditation process. There are uncertainties abou t
the treatment of LNG as a fuel (so far, it is considered as a dangerous good). Its
authorization as fuel in other modes of transport paves the way to overcome this

barrier. Likewise, the first pilot test on rail traction with LNG in the medium -
distance passenger segment, to be carried out in Asturias, will pave the way and

help in the definition of a voluntary regulatory framework. The outputs of this

project are expected by the 2017.
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6. Economic and financial feasibility analysis

6.1. Data and hypotheses for the calculation

In order to carry out the economic -financial viability, a series of variables
representative of the three different phases in which the project is structured and
described in the abovementioned chapter will be chosen.

First of all, in  the phase 1 regarding  technological adaptation will be distinguished
the following elements: the engine , the tank , the integration and the
accreditation . With regard to the engine, the variables that will be used are the
number of engines per locomotive, the production time of each of the engines, the
investment cost for every LNG engine and the percentage of manoeuvres that will

be carried out within the Port premises with traction heads propelled by LNG and
diesel. Taking into account the number of tanks per locomotive, production time of
each tank and the fuel tank capacity are the variables that will be taken into
consideration regarding the tank itsel f. Regarding the integration of the system,
the variable cost of the engine and tank integration will be used whereas for the
accreditation the variable cost and time will be used

Secondly, in the phase 2 supply infrastructure implementation, the influenc e of the
cost of transporting LNG with a tanker truck as well as the influence regarding the
origin of LNG will be both examined.

Finally, in the last phase operation and maintenance , nine variables will be
considered in the analysis. These refer to the fo llowing: average consumption, the
shunting railway demand, the evolution, the spread of the demand and the number

of transformed locomotives, the speed of transformation, the diesel cost, the LNG

cost and the engine maintenance cost.

The variables are sum marized in the table below:
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Number of engines/locomotive LNG investment cost
Engine production time

Number of tanks/locomotive Fuel tank capacity
Tank production tank

TECHNOLOGICAL

ADAPTATION

Accreditation cost Accreditation time

ACCREDITATION

LNG DISTRIBUTION ANDLOGISTICS LNG cost of transport by tank truck

Locomotives average consumption

Shunting services demand
OPERATION AND MAINTENANCE Diesel cost

LEGEND: Technicalleconomic details

Figure 13 . Variables for the economic -financial feasibility analysis. Source: Institut
Cerda (2015).

6.1.1 Variables description

From now on and for each phase, a variety of variables will be described in d etail to
justify, in the necessary cases, the assumptions made. In the first instance, a
distinction will be made between the technical data and the technical assumptions

and secondly between the economic assumptions and the regular data.

Phase 1: Technol oqgical adaptation:

Technical data in the technological adaptation phase is as follows:
1 Number of engines per locomotive.

0 A single engine per locomotive is considered, since the existing diesel
engine is replaced by a LNG engine with similar characteristics.

1 Number of tanks per locomotive/ cryogenic tank capacity.

0 A single tank per locomotive is considered, since the existin g diesel
tank is replaced by a cryogenic tank with similar capacity (Enric
Group, Ingesic, 2015). This will decrease the current autonomy;
however the operating feasibility is not affected.

1 Engine and tank production time.

0 Approximate production time requi red for the engine accounts for 4 -5
months (Guascor, 2015).
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0 Approximate production time required for the tank accounts for 2 -3
months (Chart, 2015; Enric Group, 2015).

9 Accreditation time (Spanish Railway Safety Agency, AESF).
0 The AESF has a 4 month period , once the required certificates are
presented and the Commissioning Authorization is requested (AESF,
2015).
Technical assumptions are as follows:

1 LNG dedication percentage in the engine combustion.

0 At first, due to low consumption rates derived from the shunting
railway services, the option of a 100% LNG engine is envisaged in
order to make the most of the LNG advantages. This option is
envisaged since LNG cost is inferior regarding diesel for the same
consumption. Additionally, as shown in the following chapter, the
possibility of a dual fuel engine is presented. This engine is capable of
shifting its own functioning between both fuels (diesel and LNG).

In relation to the ~ economic data considered have been the following points:
1 The LNG engine cost.

0 There are different orders of magnitude according to the provider:
- Guascor (2015): 235.000 U0 (approxi mate <c
- Pasch (2013) and GRI (1993): The price will rely on the
installed power. The cost key figures will be used in
accordance to the installed power (1 15 al/ kw), wi t h an
enlargement factor of 20%. In this case, the cost of the
engine would be: 700 kW x 115 a4/ kwW x 1, 21
0 The definition of a baseline scenario will be conducted according to an
average cost between both solutions. Therefore, the cos t considered
is 170.000 u.

f The LNG tank cost.

0 The cost of the LNG tank considered for the available capacity is
20.500 U, with a transport cost of 800 U (Enric Group, 2015).
1 The accreditation cost is described as follows:

Page 51 Status : Final Version : 1 Date : January 2018



CORE LNGas D 3.4 i Retrofitting and feasibility (technical and
hive legal considerations )ofaLNG -powered port
locomotive in Tarragona

Validation and certification cost Commissioning authorisation

( a / wvehicle ( a / wvehicle

15t unit From the 2 ™ unit 15t unit From the 2 ™ unit.

300.000 30.000 3.000 300

Table 13 Accreditation cost description. Source: Institut Cerda (2015) of data
coming from Bureau Veritas & AESF (2015).

The meaningful difference on the certification and commissioning cost
(depending on whether it is the first unit or from the second unit) is b ecause
the certification for the first unit is taken as a pattern for the consecutive

units resulting in lower costs.

Economic assumptions are as follows:
1 Engine and tank integration cost

0 Itis assumed a tank/engine integration cost in the order of 21.000
(ARMF, 2015).

Phase 2: Supply infrastructure deployment:

The technical assumptions encountered in this phase are as follows:

T LNG provenance.

0 The tank truck will convey the LNG directly from the plant of
Barcelona to the Port of Tarragona (nearest regasification plant). The
distance between the plan and the supply area is 98.3 km.

T Thet ank truckoés unl.oading ti me
0 Itis considered to be less than 2 hours.

1 Fuel unloading rate
0 Itis considered to be 80 I/min.

i Tank truck capacity

o It is consid ered that 5 m 3 is enough (equivalent to the diesel
logistics).
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0 The LNG conveyed in the tank truck shall have a unique tax system.

This does not allow spare LNG to be used for other purposes.

The economic data

1 The LNG transport cost

utilized are as follows:

(ESK, 2015).

0 As afirst approach was considered the following costs.

It is noteworthy t hat in near future horizon

storage for vessels bunkering supplying , hence this cost

could be negligible.

Phase 3: Operation and maintenance :

The technical data

Transport

Unl oading

in this phase is as follows:

1 Average locomotive consumption

cost

cost of

t he

assuming that the first 2 hours involves no cost.

the Port of Tarragona

(Adif, 2015).

0 311 series: 3.49 | diesel/km equivalent to 5.69 | LNG/km.

1 Demand on shunting railway operations

(Adif, 2015).

LNG

t ank:

(i mmobilization

have LNG
associated to transport

Historical data of the shunting railway operations served by the 311 locomotives in
the Autoritat Po rtuaria de Tarragona and the Tarragona station (Tarragona

classification):

Year | Total Diesel Litters Total Hours Total Km
2007 270.730 14.904 73.983
2008 239.344 13.200 73.838
2009 140.378 7.711 45,919
2010 147.638 8.465 43.506
2011 198.021 9.923 54,713
2012 185.252 9.029 50.541
2013 161.733 8.555 44.466
2014 173.181 9.582 47.870

Table 14 Historical data for the shunting railway operations served by the
311 locomotive. Source: Adif (2015).

The technical assumptions

1 The expected evolution of the shunting railway services

are as follows:

o0 Three different scenarios are defined in terms of demand evolution
(year 2014).
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- Pessimistic scenario : Maintaining values associated to the
year 2014.

- Realistic scenario : Rise in demand similar to the Spanish
GDP growth (FMI, 2015).

- Optimistic scenario : Rise in demand similar to the double

Spanish GDP growth (FMI, 2015).

Demand evolution of shunting services

160.000
140.000 - e
"'
120.000 -
£ -
= -
E 100.000 ="
=] - -
80.000 — e
- -
-
60.000 _\/\a- pamm=""
=2l it icccccccccccccccccccccscccccccacaasanan
40.000 +—4/—"7"7"7+-—1+-—-+r—1r—"7""—""—""""—"""T"""T"T"T"T"T"T"T T T T T T T T T
A SR R I B s R R N S AT . R AR B B S
o N N N N S Y S VY YV TS YT O FIY
SEETTSSTETTTTEISITITETEIETITISIEIIESS
— Historicvalues e Forecast. Pessimistic Forecast. Realistic - Forecast. Optimistic
scenario scenario scenario
Figure 14 . Evolution of the shunting railway operations demand. Source: Inst itut

Cerda (2015) coming from FMI (2015).

1 Spread of the railway demand between available locomotives

o Two different scenarios are assumed, taken into account that the
total number of the locomotives in service are 3:

- Equitable schedule lines between the a vailable
locomotives (baseline scenario ): Distribution evenly
divided (1/3, 1/3, 1/3) of total kilometres travelled by the 3
available locomotives, regardless of the propelling fuel.

- Favourable schedule lines to LNG propelled locomotive
(sensitivity analys is scenario): Distribution which maximizes
the km travelled by each LNG propelling locomotives, in
accordance to the transformed locomotives. In general, the
LNG usage distribution utilized is as indicated in the following
figure:
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1 locomotives converted ggg
LNG 50% of the total trains-km
Diesel 25% of the total trains-km
Diesel 25% of the total trains-km
2 locomotives converted ﬁﬁﬁ
=1 1
LNG 45% of the total trains-km
LNG 45% of the total trains-km
Diesel 10% of the total trains-km

Figure 15 . Schedule lines on fuel uses. Source: Institut Cerda (2015).

 Locomotives to transform.

0 Since the 310 locomotives have a residual demand on the shunting
railway services at the Port of Tarragona, then uniquely the
transformation of the 311 loco motives is analysed.

Number of transformed locomotives.

0 Three different scenarios are presented:
- Transformation of the 3 locomotives with diesel traction into
LNG (baseline scenario).
- Transformation of a single locomotive with diesel traction into
LNG (sensitivity analysis scenario).
- Transformation of two locomotives with diesel traction into
LNG (sensitivity analysis scenario).

i Conversion velocity rate of locomotives.

0 In scenarios that the transformations are conducted by more than 1
locomotive, it is considered that the majority of them will be
converted within the 2 first years of the project (one for the first
year, and the rest in the second year).

The economic data is as follows:

1 Fuel cost:
In the price is included the source of energy cost with the margin, the transport
cost plus the management and supply cost according to Adif.
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o0 Diesel cost (energy cost + margin + transport cost). Thereon the
diesel cost is presented:
- 2013 values: 0, 76 3 (&ragas, 2013).
- 2014 values: 0, 57 6 (Adif12015).
- 2015values: 0, 450 (Adifl2015).
0 Management cost by Adif:
- 0,021 0/ (Adif, 2012).
0 Supply cost by Adif:
- 0, 02 0 (Adifl 2012).

The economic assumptions are:

1 LNG selling price . Considering a minimum price for LNG (without margin
for the gas company):
0 LNG cost (energy cost).
- 31,31 4/ MWH 98 (Gds Natural Fenosa, 2015).
0 LNG transport cost.
- 0, 015 (ESK|2015).
0 Management cost by Adif.
- 0, 021 (Adifl2012).
0 Supply cost by Adif.
- 0, 021 (Adifl2012).

1 LNG taxation system:

0 Tax free scheme is considered (comparable to the current railway
scenario). In case of applying taxes, it would add up an extra cost of
0,026 a/litter (law 38/1992, December 28t h,

1 Maintenance cost of one LNG engine

0 The increase of the maintenance cost of a L NG vehicle with respect to
a diesel vehicle is negligible, since the renovation frequency of the
engine valves are increased. The possible differential aspects do not
suppose any critical nor significant aspect that would increase the
maintenance cost.
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6.2. Baseline scenario

The following table shows all the input variables used in the base scenario as well
as values or the value fork they have adopted:

ENGINE COST 170.000 €
TANK COST 21.300 €

TECHNOLOGICAL
ADAPTATION INTEGRATION COST 21.000 €

N° LOCOM. CONVERTED 3

GASIFICATION SPEED

3 every 2 years

CIRCULATION EVOLUTION

LNG LOCOMOTIVES USAGE \ EQUITABLE
REINVERSEMENT RATE | 8%
FINANCING RATE \ 5%

Figure 16 . Baseline scenario overview. Source: Institut Cerda (2015).

Evol. sce. realistic demand

1st UNIT ‘ 300.000 € + 3.000 €
:&s: kl,:'::g & VALIDATION FROM THE 2nd UNIT |
DIESEL PRICE | 0,600 €/litre
FEs e LNG PRICE | Varying 0,250-0,350
FUEL TAXES | NO
|

DEMAND
SCENARIOS

FINANCIAL

VARIABLES

|
|
|
|
|
|
30.000 € + 300 € \
|
|
|
|
|
|
|

6.2.1 Baseline scenario profitability

The profitability analysis is based on the computation of the Net Present Value

(NPV) and the payback of the project. The NPV corresponds to a financial indicator

that gauges future revenues of the project once the initial i nvestment is accounted.
Hence, in the event of a positive output, the project is bound to be feasible.
Regarding payback, it should be mentioned that it is an indicator that corresponds

to a static evaluation method for the investment and, as a result, det ermines the
right time when the initial disbursement is paid off.

After the profitability analysis was performed on the baseline  scenario , it was

found that the project is not profitable for the operator of shunting railway services

at the Port of Tarrago na when a realistic demand is considered. The evolution of

both NPV and payback wil/| be assessed in the follow
non - profitability as above  -mentioned.

I n order to proceed with the NPV cal cwimaedi on, proj
Cash flows correspond to the sum of benefits minus the expenses which might be

translated to the inflow cash obtained by the economic benefits that entails the LNG

shifting minus the outflow cash related to the costs.

For the calculation of the ¢ ash flows, the following points have been considered:
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The cost difference of fuel supply . calculated as the difference between
the costs associated to the consumption of the current diesel scenario with
respect to the costs associated to the consumption of either the evaluated
scenario of the conversion to a 100% LNG consumption or a dual engine

(LNG and diesel).

Environmental benefits: corresponding to a monetisation derived by the
reduction of CO 2 emissions due to the shift to LNG fuel scenarios.

Mainten ance cost: this cost is considered negligible since the possible
differences in the maintenance are not significant, hence it is concluded that

the difference between the current scenario with diesel fuel and the
scenarios analysed thereupon (LNG dedicated and dual 7 LNG and diesel -)
are negligible .

Next, the calculation methodology of the previous points is presented here below.

Firstly, for the fuel supply cost, the following variables are considered:

1
Al

Total number of kilometres for each locomotive per year.

The corresponding fuel consumption: based on the current scenario with
diesel, either on the evaluated scenarios of transformation to 100% LNG or
on the dual engine (LNG and diesel).

LNG and diesel cost for the operator, depending on the evaluated sc enario.
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Current scenario (diesel locomotive)

€

cdesel _ total km [Km] * diesel consumption|—| = diesel cost for the operator[?]

supply

Dedicated engine scenario{ locomotive 100% LNG)

£
Ciappry = total km [Km] = LNG consumption ol LNG cost for the operator [E]

Dual engine scenario ( locomotive % LNG and % diesel)

Céuppry = total km [Km]

l 3
* [(% LNG consumption [E] * LNG cost fot the operator [ED

l €
+ (% diesel consumption [a} * diesel cost for the operator [?])]

COST DIFFERENCE OF FUEL SUPPLY (SAVING)

Dedicated engine scenario:
. __ pdiesel _ ~LNG
Difsuppiy = Csuppiy — Csuppty
Dual engine scenario:

= _ pdiesel _ ~d+LNG
Difsuppry = Csuppiy — Csuppiy

Figure 17 . Calculation for the cost difference of fuel supply. Source: Institut Cerda.

In the case of the  environment benefits , the calculation is based on the following
variables:
1 CO:2 emissions for every scenario (current 100% diesel and the scenarios

assessed for the transformation scenarios: 100% LNG and dual engine).
1 Emission factor with the goal of monetize the CO 2 tons.

The difference between an specific scenario of conversion (100% LNG or dual) in
relation to the current scheme of diesel locomotives, provide a reduction on the
resulting emissions that, once multiplied by the emission factor which outline the
price per CO 2 ton, results in the monetary value saved because of LNG
transformation.
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Current scenario (diesel locomotive)

. K
Emissions 855¢ = total km [Km] * diesel locomotive's emission factor [ﬁg]

Dedicated engine scenario( locomotive 100% LNG)

K
Emissions L3S = total km [Km] = LNG locomotive's emission factor [ﬁg]

Dual engine scenario( locomotive % LNG y % diesel)

icciong ATLNG
Emissions ¢g3

K
= (total km LNG[Km] = LNG locomotive's emission factor [Eg]) +(total km diesel [Km]

K;
+ diesel locomotive's emission factor [ag])

REDUCTION OF CO2 EMISSIONS (BENEFIT)

Dedicated engine scenario:

) £
Difemissions = (EmiSSEOTLS S:Je;e: — Emissions égg) * Cost [tCOZ]

Dual engine scenario:

i €
Difymissions = (Emissions 255¢" — Emissions &53V6) = Cost [ﬁ]
Figure 18 . Calculation for the reduction of CO 2 emissions. Source: Institut Cerda.
Finally, the value of the initial investment corresponds to expenses on the

conversion of the current scheme (diesel 100%) to LNG (100% dedicated or dual
engin e). The factors included on the conversion are as follows:

1 Engine cost

1 Cryogenic deposit cost for LNG scheme
1 Integration cost
9 Validation and certification cost
I Commissioning cost
Additionally, a discount rate ( r) of 8 % is considered. As well as the value of (n),

which it accounts for the calculated period of time which extends from 2016 to
2045 being equal to 31.

From now on, the employed formulas are expounded below as follows:

wo 0 — 0 (1)
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, Is the assumed discount rate of the project

, cash flow for every period

; initial investment

, humber of periods considered

Then, the payback period is calculated by subtracting the initial investment of the

cash flows for every period up to a given period when the

Where:
a
lo
b
Ft
0
-100.000
-200.000
300.000

% 400,000
= 500.000
-600.000
-700.000
-200.000
-800.000

investment is recouped.

T w5 w W ) (:)

0 cowoooo«u»QT (2)
, accounts for the previous period number in which the initial
investment is recovered
; initial investment
, the sum of cash flows unti/l the end
, cash flow value  of the recovery period

NPV evolution (Diesel fuel price of 0,6 €/litre)
O D D B A0 A D g O D H D S D S LD G D D
oY o¥ of of of of of oV o ¥ of o of o of o oF ©F oY o

ar

LNG price (€/litre)

Figure 19 . NPV evolution chart of the baseline scenario. Source: Institut Cerda
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As it is observed, the VAN value is not positive for any sales price value of the LNG.
Then it turns out that the value is always below 400.000 euros leading to a
justification as to why this project is non - profitable in this scenario.

Payback evolution for the railway operator (Diesel fuel cost =0,6 €/1)

Payback higher than 25 years even without a profit
margin for the gas company when selling LNG

Payback (years)
o

un

0 r r
caif’n of’ﬁ o ?"&Ba ."'E’{}(:. T'jn(:. -"'jt}n l%ﬁafliaaﬁnaﬁ}a?@aﬁaﬁ Ia."f'@ﬁ.”"’%e-.’;'ﬁe?ﬂf’e?}%?ﬁe?*@ﬁﬁb& ﬁl‘f’a
LNG selling price [€/litre)

Figure 20 . Payback evolution chart upon the baseline scenario. Source: Institut
Cerda (2015).

As for pay back for the railway operator, it is visualized that it is higher than 25
years even on the scenario in which the gas agent has no benefits. Hence, it is
considered that this scenario is not feasible to operate the railway machinery at the
Port of Tarragon a.

6.3. Sensitivity analysis

As a consequence of t he negative result on the p
baseline scenario, a sensitivity analysis has been carried out in order to explore

distinct scenarios and its associated profitability.

In order to perform the sensitivity analysis, a variety of key variables have been

taken into consideration to build up profitable schemes for the railway operator.

Those scenarios were also analysed from the gas com
the actio ns to be undertaken were analysed in such a way to guarantee the

projectébés economic feasibility.

Therefore, building a feasible scenario for the railway operator entails the

following steps:
1. ldentifying determining drivers f of@ccotdingg proj ect

to the operatorbés perspective).
2. Building the optimal scenario up (most favourable) from the railway
operatorbés perspective.
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3. Formulate  possibilist scenarios for the Autoritat Portuaria de
Tarragona
Additionally, it has also been evaluated the fea sibility for the gas company as well

as for the whole project (railway operator and gas agent).

6.3.1 Key variable identification for the railway operator
In the first stage of the sensitivity analysis, the impact of each of the variables on
the payback of the railway operator has been analysed, in order to identify and
prioritize the key variables that affect this profitability.
The variables considered for the sensitivity analysis are as follows (parameters
highlighted in violet):

TYPOLOGY & ENGINE COST Dedicated (96.600 — 235.000 €) / Dual (44.170 €)

21.300€
TECHNOLOGICAL 21.000€

ADAPTATION
100000-s0000¢ +500¢
f000-20000€+ 20¢

DIESEL COST 0,400 - 0,900 €/litre
FUEL SUPPLY Variable between 0,250 & 0,350
NO

DEMAND CIRCULATION EVOLUTION Pessimistic-Realistic-Optimistic
SCENARIOS LNG LOC. USAGE SHARING Diesel-LNG Equitable/ LNG Favourable

FINANCIAL 8%
VARIABLES o
ENVIRONMENTA
L MPACT EMISSIONS INTERNALISATION Yes/No

Figure 21 . Railway operator drivers. Source: Institut Cerda (2015).

Based on the previous variables, from now on the results from the sensitivity
analysis will be presented by concluding which variables have the greatest impact
on the transformation of diesel traction to LNG traction.

1. Engqine cost and typology

The first el ement to be evaluated is the enginebds
5.1.1 Variables description , even though the baseline scenario is based on an

exclusive LNG e ngine, the possibility of a dual LNG -diesel engine is considered. This

dual engine enables its functioning alternatively fuelled either by liquefied natural
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gas or diesel, permitting combustion by employing both combustibles in an

automatic manner. These d i

fferences bet ween

engineds
by applying an utilisation rate for each fuel (diesel or LNG) in the context of a dual

engine and 100% LNG in the context of a dedicated engine.

In order to contemplate how the variation affects the w
anal ysi s

hole project, sensitivity

was t he

carried out by modifying
respect to the baseline scenario (it is noted that the variable studied and modified
is highlighted in yellow).

Variable Value

Dedicated
(96.600 €/ 170.000€ / 235.000€)
LNG dual 90% (44.170 €)
LNG dual 80% (44.170 €)

Typology and engine cost

Tank cost 21.300€

Integration cost 21.000 €
No. loc. converted 3

Transformation speed 2 years

Accreditation cost |st 300.000 € + 20,000 €

unit
Accreditation coét from 2,000 € + 300 €
the 2nd unit
Diesel cost 0,600 €/litre
LNG cost 0,250 - 0,350
Fuel taxes No
Demand evolution Realistic
LMNG usage sharing Equitable
Reinvestment rate 8%
Financing rate 5%

Meodified values concerning the baseline scenario

Figure 22 . Engine cost and typology as a n adjustable vari

The results obtained for the payback are represented in the following graphic:
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Payback evolution for the railway operator
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LNG selling price (€/litre)

Dedicated (170.000 €;basis) =—| Dedicated(235.000 €} === Dedicated (96.400 €}

Dual-Fuel 90% (44.170 €) ——| Dual-Fuel 30% (44.170 €)

Figure 23 . Payback evolution upon th e baseline scenario with an adjustable
variable on the engine cost and typology. Source: Institut Cerda (2015).

It is noted that, for every calculation of the payback period the abovementioned
formulas are used in accordance to the chapter 5.2.1.

As it i s observed in the scenarios evaluated, the engine cost affects significantly on

the payback variability. Thus, the reduction of 75.000 G0 on the engine cost
a reduction of the payback in the order of 5 years. Since the dual engine is

noticeablyche aper than a dedicated LNG engine (44.000
the typology of the engine also represents a driving factor with a high impact in the

project profitability.

The greater payback observed stands for a dual fuel engine with a high percentage
of LNG in the fuel mix in order to minimise operating costs.

2. Number of locomotives converted

Similarly, to the previous one, a sensitivity analysis has been carried out in which it
is determined in this case which is the ideal number of locomo tives to transform to
ensure the highest profitability.

In this case, the variables that will be modified are the number of transformed
locomotives and the speed at which they are transformed. The scenario for this
sensitivity analysis is as shown in the f ollowing table:
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Variable
Typology and engine cost
Tank cost
Integration cost
No. loc. converted
Transformation speed

Accreditation cost |st unit

Accreditation cost from the
2nd unit

Diesel cost

LNG cost

Fuel taxes
Demand evolution
LNG usage sharing
Reinvestment rate

Financing rate

D 3.4 i Retrofitting and feasibility (technical and
legal considerations )ofaLNG -powered port
locomotive in Tarragona

Value
Dedicated: 170.000 €
21.300€
21.000€
1/2/3
| /2/2years
300.000 € + 30.000€
3.000€ + 300 €
0,600 €/litre
0,250-0,350
No
Pessimistic / Optimistic
Equitable
8%

5%

Modified values concerning the baseline scenario

Figure 24 . Number of locomotives and conversion speed as an adjustable variable.
Source: Institut Cerda (2015).

The outputs obtained on the payback of the project for the railway operator are

represented in the  following chart:

Payback evolution for the railway operator

= U
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LNG selling price (€/litre)

3 locomotives converted ——2 locomotives converted

-+-1 locomotive converted

Figure 25 . Payback evolution on the baseline scenario with an adjustable variable
on number of locomotives and conversion speed. Source: Institut Cerda (2015).
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Due to the distinction of the accreditation costs between the first unit and the
successive units, an increase of the payback is obtained in the one -single -

transformed -locomotive scenario (minimum of 35 years to convert one locomotive

vsS. minimum 25 years to convert 3 locomotiv es).

The total fleet transformation (3 locomotives) represents the most favourable

scenario  for the railway operator.

3. Conversion speed of shunting locomotives fleet

For this variable it has been studied the influence on the payback for the railway
operator according to the speed of transformation of the locomotives, considering a
range of values between 2 and 10 years. The variables considered in the analysis

are summarized in the following table.

Variable
Typology and engine cost
Tank cost
Integration cost
No. loc. converted
Transformation speed

Accreditation cost |st unit

Accreditation cost from the
2nd unit

Diesel cost

LNG cost

Fuel taxes
Demand evolution
LNG usage sharing
Reinvestment rate

Financing rate

Value

Dedicated: 170.000€

21.300€

21.000€

2/5/ |0years

300.000 € + 30.000 €

3.000€ + 300€

0,600 €/litre

0,250-0,350

Mo

Pessimistic / Optimistic

Equitable

8%

5%

Modified values concerning the baseline scenario

Figure 26 . Transformatio

n speed as an adjustable variable. Source: Institut Cerda

(2015).

Like former cases, payback variations are presented for the railway operator in the

following graphic.
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Payback evolution for the railway operator
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Figure 27 . Payback evolution on the baseline scenario with the transformation
speed as an adjustable variable. Source: Institut Cerda (2015).

Fleet conversion within 2 years reduces nearly 5 years the payback with respect
tothe 10years transformation scenario. Then, itis recommended to convert as
fast as possi  ble the whole fleet , with the goal of accomplishing positive results

at the earliest possible scenario.

4. Accreditation cost

The accreditation cost is another determining variable on the project profitability.

The influence of the variability of the accredi tation cost (between 300.000 euros
(first unit) and 100.000 euros (from the second unit)) must be analysed in detail.

In In the following table, the variables considered for the analysis are presented:
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Variable
Typology and engine cost
Tank cost
Integration cost
MNo. loc. converted

Transformation speed
Accreditation cost Ist unit

Accreditation cost from the
2nd unit

Diesel cost

LNG cost

Fuel taxes
Demand evolution
LMNG usage sharing
Reinvestment rate

Financing rate

D 3.4 i Retrofitting and feasibility (technical and
legal considerations )ofaLNG -powered port
locomotive in Tarragona

Value
Dedicated: 170.000 €
21.300€

21.000€

2 years
300.000€/200.000 €/

100.000 €
+ 30.000 €

10.000/20.000/
30.000€
+300€

0,600 €/litre
0,250-0,350
No
Realistic
Equitable
8%

5%

Modified values concerning the baseline scenario

Figure 28 . Accreditation co st on the first and second units as an adjustable
variable. Source: Institut Cerda (2015).

The results of the sensitivity analysis are presented in the following chart.

Payback evolution for the railway operator
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Figure 29 . Payback evolution on the baseline scenario wi th the first and second

unit accreditation as an adjustable variable. Source: Institut Cerda (2015).
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The accreditation cost

impact on the payback

on the first transformed unit turns out to be of
of the railway operator, since its cost becomes 10 times

D 3.4 i Retrofitting and feasibility (technical and
legal considerations )ofaLNG -powered port
locomotive in Tarragona

massive

higher than the successive units. As the accreditation of one unit presents an

economy of scale,
converting a single one.

And, last but not least, saving 100.000

contribute to  reduce payback

5. Cost of one litre of diesel

converting 3 locomotives is way more feasible than

U in relation to the accreditation might

over 2 years.

The price of one litre of diesel has taken changing values in recent years. That is

why a consideration should be made in relati

on to its boom and bust cycles. In this

-

project the price of one litre of diesel might reach values between 0,5 a/l to
In order to examine the profitability variation in terms of diesel cost, a sensitivity

analysis will be conducted like the forme
analysis are presented down as follows:

Variable
Typology and engine cost
Tank cost
Integration cost
No. loc. converted
Transformation speed

Accreditation cost |st unit

Accreditation cost from the
2nd unit

Diesel cost

LNG cost

Fuel taxes
Demand evolution
LNG usage sharing
Reinvestment rate

Financing rate

r ones. The variables considered in this

Value
Dedicated: 170.000 €
21.300 €

21.000€

2 years
300.000€ + 30.000 €
3.000€ + 300€
0,5-0,9 €/litre
0,250-0,350
Mo
Realistic
Equitable
8%

5%

Modified values concerning the baseline scenario

Figure 30 . Diesel cost as an adjustable variable. Source: Institut Cerda (2015).

The results of this sensitivity analysis are displayed in the fol
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Payback evolution for the railway operator
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Figure 31 . Payback evolution on the baseline scenario with diesel cost as an
adjustable variable. Source: Institut Cerda (2015).

The cost of one litre of diesel is the driving factor with a greater influence
onthe project profitability from the railway operator¢

Therefore, increasing the fuel cost margin (the difference between LNG and diesel
cost , which is 0,21 a/l) r e s uteductionn oofb ttah eni mmyo jae cstidbgsn
payback of upto 18 years

Focusing on the fuel cost margin, that is to say, the difference between the cost of
diesel and the sale price of LNG, we obtain the results presented in the following

graph.
Operator payback evolution according to sales margins (Diesel-LNG)
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Figure 32 . Payback evolution on the baseline sc enario with diesel cost as an

adjustable variable. Source: Institut Cerda (2015).
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The chart has been obtained by calculating the average value of every payback for

the range of price of LNG. The optimal fuel cost margin interval in order to get

values of payback less sensitive to fuel cost margin variations is situated between
0,375 and 0,.96Mr margiths lead to notable increases of payback,
whereas upper margins end up with  no reductions of payback.

6. Demand Evolution

The volume of fuel consumption will depend on the demand as well as the
suitability whether to perform or not the transformation investment of the
locomotives. Therefore a sensitivity analysis concerning how much influence this
evolution has on the payback of the railway operator has be en conducted. Three
scenarios are considered for the demand that will correspond to realistic,
pessimistic and optimistic scenarios. The data considered in this analysis is
presented in the following table.

WVariable Value

Typology and engine cost Dedicated: 170.000 €

Tank cost 21.300€

Integration cost 21.000€
MNo. loc. converted 3

Transformation speed 2 years

Accreditation cost | st unit 300.000€ + 30,000 €

Accreditation cost from the 3.000€ + 300€

2nd unit
Diesel cost 0,600 €/litre
LNG cost 0.250-0,350
Fuel taxes No

- Realistic / Pessimistic /
Demand evolution

Optimistic

LNG usage sharing Equrtable
Reinvestment rate 8%
Financing rate 5%

Modified values concerning the baseline scenario

Figure 33 .Demand evol ution as an adjustable variable. Source: Institut Cerda
(2015).

The results achieved for these scenarios assessed are presented down on this
chart:
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Payback evolution for the railway operator
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Figure 34 . Payback evolution on the baseline scenario with a demand evolution as
an adjustable variable. Source: Institut Cerda (2015).

It is noticeable a  payback variability over at least 5 years difference in distinct
demand evolution scenarios (  realistic, pessimistic and optimistic ), being the
most favourable registered on the optimistic demand evolution scenario.

Hence, demand evolution plays a key role on the project profitability.

7. Distribution of use of LNG

In this case the variables that will be modified with respect to the ba se scenario will
be the number of locomotives transformed as well as the distribution of the use of

LNG that may be either equitable between diesel and LNG or favourable to LNG.

The data considered in this analysis are as follows.
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Variable
Typology and engine cost
Tank cost
Integration cost
Mo. loc. converted
Transformation speed

Accreditation cost |st unit

Accreditation cost from the
2nd unit

Diesel cost

LNG cost

Fuel taxes
Demand evelution
LNG usage sharing
Reinvestment rate

Financing rate

D 3.4 i Retrofitting and feasibility (technical and
legal considerations )ofaLNG -powered port
locomotive in Tarragona

Value
Dedicated: 170.000 €
21.300€
21.000€
2/3
2 years
300.000 € + 30.000 €
3.000€ +300€
0,600 €/litre
0,250-0,350

Mo

Pessimistic / Optimistic

Equitable/ LNG
Favourable

8%

5%

Modified values concerning the baseline scenario

Figure 35 . Number of locomotives converted and LNG usage as some adjustable
variables. Source: Institut Cerda (2015).

The resulting paybacks are presented down into the following graph:

Payback evolution for the railway operator
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Figure 36 . Payback evolution on the bas

——LNG Lvourable (3 loc. converted)
LNG favourable (2 loc. converted)

eline scenario with number of locomotives

converted and LNG usage as some adjustable variable. Source: Institut Cerda
(2015).
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As a result, the distribution of use of LNG is relevant in the case of two

locomotives are converted (6 years difference between

locomotives (less than 0.2 years difference between

paybacks) and nearly
negligible with three

paybacks).
Then, when two locomotives have an equitable LNG usage turns out to be the
most unfavourable scenario On the contrary, if an intensive LNG use is

per formed then the two  -locomotive scenario ends up being the most favourable

scenario for the railway operator.

8. Emissions impact

The internalization of the emissions has not been taken into account in the analysis

of profitability of the base scenario. Neve

rtheless, it has been considered to analyse

its impact on the profitability of the project by comparing the scenario without
considering the internalization of the emissions (base scenario) and considering this

internalization.

Variable

Typology and engine cost

Value

Dedicated: 170.000 €

Tank cost 21.300€

Integration cost 21.000€
Mo. loc. converted 3

Transformation speed 2 years

Accreditation cost |st unit

Accreditation cost from the

300.000 € + 30.000 €

3.000€ + 300€

2nd unit
Diesel cost 0,600 €/litre
LNG cost 0,250-0,350
Fuel taxes No
Demand evolution Realistic
LMNG usage sharing Equitable
Reinvestment rate 8%
Financing rate 5%

Modified values concerning the baseline scenario

Figure 37 . Emissions internalisation as an adjustable variable. Source: Institut
Cerda (2015).

Once again, the results will be displayed in the following chart.
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Payback evolution for the railway operator
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Figure 38 . Payback evolution on the baseline scen ario with the internalisation of
the emissions as an adjustable variable. Source: Institut Cerda (2015).

At merely economic level, the internalisation of the emissions  (monetization of
the reduction of CO2 emissions) has a negligible impact on the payback value
(difference between payback less than 0,1 years).

To conclude, it is important to mention that, as it is presented in the following
chapter of this report dedicated to the environmental impact, the saving of
emissions  counted in mass of pollutants e mitted to the atmosphere is significant
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6.3.2 Identification of the most influential variables

The sensitivity analysis carried out affirms that the following variables: diesel cost

as well as the number of locomotives converted, demand evolution and typology
and cost engine, constitute the most influential variables on the profitability of the

diesel traction conversion to LNG.

The following table summarizes all the variables analysed as well as the main
results obtained in the analysis of sensitivity in relation to the payback for the
railway operator. They have been ranked according to the degree of greatest to

least influence.

Payback
Key variable Options assessed variation
rahge

| Lifre of diese 0,400 — 0,900 €/ litre 31 years Very High
Demand evolution Pessimistic-Realistic-Optimistic 11 years High
No. locomofives converted 1 - 2 - 3 locomotives 10 years High
Tupology and engine cost Dedicated (96. ;ofj—nz)s;_ooo €) / Dual [ High

6 years
LNG usage sharing Equitable Diesel-LNG / LNG Favourable) (%gcﬁ') Medium
(3 Ioc trans.)

A Sitation cost 100.000 3%06?0002; ++.'.3:;33€0€/ 10.000 5 years Medium
Transformation speed 2-5- 10 years 4 years Low
Emissions infernalisation Yes / No 0,1 years Very Low

Figure 39 . Most influential variables. Source: Institut Cerda (2015).
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6.3.3 Sensitivity analysis on the most favourable scenario

Once variables are identified, the most favourable values have been combined in
order to get optimal boundary conditions that assure the greatest profitability of the
converted locomotives to LNG (minimum payback for the railwa y operator).

Most
favourable
scenario
obtained

Combination

of key
variables

Figure 40 . Process of the sensitivity analysis to the most favourable scenario.
Source: Institut Cerda (2015).

Combination of the most favourable values along with the key driving factors leads
to paybacks between 5 and 10 years for the railway operator.

The optimal values concluded in the different sensitivity analyses are shown below
for all the studied variable S.
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Variable Value

Typologyand enginecost BIERISETE

(44.170£)
Tank cost 21.300 €
Integration cost 21.000 €
No. loc. converted 2
Transformation speed 1vyear

Accreditation cost 1st unit 100.000 £+ 3.000 £

Accreditation cost from the 10.000 £+ 300 €

2nd unit
Diesel cost 0,600-0,800 £/ litre
LNG cost 0,250 -0,350
Fuel taxes Mo
Demand evolution Optimistic
LNG usagesharing LMNG Favourable
Reinvestment rate B
Finandngrate 5%

Modified valuesconcerning the baseline scenario

Figure 41 . Variables modified regarding a baseline scenario to result in the most
favourable scenario. Source: Institut Cerda (2015).

The obtained results in such conditions are presented as follows:

Payback evolution for the railway operator
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Baseline scenario [Diesel cost = 0,6 €/1) ==(ptimal case + diessal cost = 0,6 €/|

Optimal case + diesel cost=0,7 €/1 ——Optimal case + diesel cost=0,8 €/1

Figure 42 . Payback evolution on the most favourable scenarios. Source: Institut
Cerda (2015).
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The optimal scenario for the project profitability is achieved by means of a
combination of the most favourable values of each given variable. W ith these
ideal conditions , payback values in the order of 5-10 vyears are obtained
considering the cost of diesel around 0,700 -0,800 ud/litre and a
0,300 u/litre.

6.3.4 Sensitivity analysis on the possible scenarios

The most influential varia  bles regarding the profitability of the project have been
assessed for the purpose of achieving possible scenarios with an intermediate
profitability between the baseline scenario (payback > 25 years) and the
optimal  scenario (payback ~ 5 -10 years). These variables at the same time are
the ones that depend the most on the Autoritat Portuaria de Tarragona. This
ensures that the result obtained in this analysis is as realistic as possible by having

control over the variables.

These variables are accounted to be three: number of converted locomotives,
engine cost and typology and finally the distribution of LNG use. In the following
table the variables and its respective values are gathered and presented.

Payback variation Dl
Key variables Options assessed capacityl PAT
range dependenc
Low

Litre of diesel cost 0,400 - 0,900 €fitre 31 years Very High
Demand evolution Pessimistic-Realistic-Optimistic 11 years High Medium
No. locomotives converted 1- 2 - 3locomotives 10 years High High
. Dedicated (96.600 — 235.000 €) / ] .
Typology & engine cost Dual (44.170 €) 10 years High High
6 years
Distribution of LNG usage Equitable Diesel-LNG/LNG (2 loc. trans) Medium High
favourable 0,2 years
(3 loc. trans.)
L 100.000 — 300.000€ + 3.000€ / ;

Accreditation cost 10.000 — 30.000€ + 300€ 5 years Medium Low
Transformation speed 2—5-10years 4 years Low High
Emission internalisations Yes/MNo 0.1 years Very Low Low

WVariabl d to build possibilistic

SCENArios up

Figure 43 . Most influential variables on the possibilistic scenarios. Source: Institut
Cerda (2015).

In order to construct the possible scenarios, four cases have been defined by the
variation of the three variables identified above: type and cost of the engine,
number of locomotive s transformed and distribution of the use of LNG.
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Variable

Typology & engine cost

Tank cost
Integration cost
No. loc. transformed
Transformation speed
Accreditation cost 15t unit

Accreditation cost from
the 2™ unit

Diesel cost

LNG cost

Fuel taxes
Demand evolution

Distribution of use of

Investment rate

Financing rate

Baseline Scenario

Dedicated: 170.000 €

21.300 €
21.000 €
3
2 years

300.000 € +3.000 €
30.000 €+300 €

0.600 €/litre
0.250 - 0,350
Mo

Realistic
Equitable
8%
5%

D 3.4 i Retrofitting and feasibility (technical and
legal considerations )ofaLNG -powered port

locomotive in Tarragona

Possibilistic Possibilistic Possibilistic Possibilistic
scenario A scenario B scenario C scenario D Optimal c
(Dual fuel/ 2 loc./ (Dualfuel/ 3 loc./ (Dedicated /2 loc. (Dedicated /3 loc. | ~PUMalscenario
0,600 €M) 0,600 €/1) 10,600 €) 10,600 €M)

Dual 90% LNG Dual 90% LNG Dedicated (96.600 Dedicated (36.600 Dual 90% LNG
{44170 €) {44170 €) £) £) 44170 €)
21.300 € 21.300 € 21300 € 21.300 € 21.300 €
21.000 € 21.000 € 21.000 € 21.000 € 21.000 €

2 3 2 3 2
2 years 2 years 2 years 2 years 1 years

300.000 € +3.000 € 300.000 €+3.000 € 300.000 €+3.000 € 300.000 €+3.000 € 100.000 €+ 3.000 €

30.000 €+300 € 30.000 €+300 €

0,600 €/litre 0,600 €/litre
0.250- 0,350 0.250- 0,350
No No
Realistic Realistic
Favourable GML Equitable
8% 8%
5% 5%

Wariables modified with regard to baseline scenario

30.000 €+300 € 30.000 €£+300 € 10.000 € + 300 €

0,600 €/litre 0,600 €/litre 0.800 €/litre
0.250 - 0,350 0.250 - 0,350 0.250 - 0,350
Na MNo MNo
Realistic Realistic Optimistic
Favourable GML Equitable Favourable GMNL
8% 8% 8%

5% 5% 5%

Figure 44 . Most influential variables on the possibilistic scenarios ABCD. Source:

The obtained results are presented on the following chart.

Institut Cerda (2015).

Payback evolution for the railway operator
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—+—Possibilistic scenario D (Dedicated 96.600€ /3 loc. /
LNG equitable distribution)

Optimal scenario

Figure 45 . Payback evolution on the most influential variables of the possibilistic

scenarios ABCD. Source: Institut Cerda (2015).

The four possible scenarios presented paybacks

not represent a sufficientl

above 17 years . These values do
y attractive profitability for the railway operator. However,

given the likely increases in diesel cost, this profitability could increase significantly,
leading to attractive paybacks.

Based on the above situation and to reflect the most likely increase i n diesel prices,
it has been decided to study four new possible scenarios. These additional 4
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scenarios (E, F, G, H) simulate an increment
-
al l
Possibilistic  Possibilistic oo hinctic  Possibilistic | | ooioilistic  Possibilistic o e possibilistic
SR C=iol scenario © scenario D zzEminls = scenario G scenario H
Variable Base (Du:‘f::zlr 2 [Dna';‘f_:lflr 3 (Dedicated/2 (Dedicated/3 [Dua';‘f_-ufll 2 (Duaklell:zlr 3 (Dedicated/2 (Dedicated/3 Optimal
0,600 €1) 0,600 €11) loc./ 0,600 €1) loc./ 0,600 €M) 0,800 €0) 0,800.€1) loc./ 0,800 €M) loc./ 0,800 €M)
Typology and Dedicated Dual 90% LNG  Dual 0% LNG Dedicated Dedicated Dual 90% LNG  Dual 90% LNG Dedicated Dedicated Dual 90% LNG
engine cost 170.000€ 44.170€ 44.170€ 96.600 € 96.600€ 44.170€ 44.170€ 96.600€ 96.600 € 44.170€
Tank cost 21.300€ 21.300€ 21.300€ 21.300€ 21.300€ 21.300€ 21.300€ 21.300€ 21.300€ 21.300€
Integration cost 21.000€ 21.000€ 21.000€ 21000€ 21.000€ 21.000€ 21.000€ 21.000€ 21.000€ 21000€
Mo. loc.
] 3 2 3 2 3 2 3 2 3 2
Tran i;il:mm 2years 2years 2 years 2years 2years 2 years 2years 2years 2years | year
Accreditationcost  300.000€ + 300.000 € + 300.000 € + 300.000€ + 300.000€+ |300.000€ + 3.000 300.000 € + 3.000 300.000€ + 3.000 300.000 € + 3.000(100.000 € + 3.000
I unit 3.000€ 3.000€ 3.000€ 3.000€ 3.000€ £ € € € €

?:g:fg:z;'ﬂ"ﬁ: 3°'°°°§ *300 30000€+300€ 30.000€+300€ 30.000€+300€ 30.000€ +300€ |30.000€ +300€ 30.000€+300€ 30.000€+300€ 30.000€ +300€ | 10.000€ + 300 €

Diesel cost 0.600 €/litre 0.600 €/itre 0.600 €litre 0,600 €/litre. 0.600 €/itre 0.800 €/litre 0,800 €/itre 0.800 €/litre 0,800 €/litre. 0,800 €litre
LNG cost 0,250- 0,350 0,250- 0,350 0,250-0,350 0,250- 0,350 0,250-0,350 0,250- 0,350 0,250-0,350 0,250- 0,350 0,250- 0,350 0,250-0,350

Fuel taxes Mo Mo Mo Mo Mo Mo MNo Mo Mo MNo
Demand evolution Realistic Realistic Realistic Realistic Realistic Realistic Realistic Realistic Realistic Realistic
D:::::E:go{ Equitable LMNG favourable Equitable LMG favourable Equitable LNG favourable Equitable LMNG favourable Equitable LMG favourable
Reinvestment rate 8% % 8% 8% B% 8% 8% % 8% 8%
Financing rate 5% 5% 5% 5% 5% 5% 5% 5% 5% 5%
‘Variables modified with respect to baseline scenario Walues modified with respect to ABCD scenarios
Figure 46 . The most influential variables on the possibilistic scenarios EFGH.

Source: Institut Cerda (2015).

The obtained results for the new scenarios are displayed below:

Payback evolution for the railway operator

50 - Possibilistic Baseline scenario
45 s‘:;zg’s ——Possibilistic scenario A (Dual-Fuel / 2 loc. / 0,600 £/1)
40 (0,6 €11) Possibilistic scenario B (Dual-Fuel / 3 loc. / 0,600 €/1)
35 e s . .
g " ] \ Possibilictic Possibilistic scenario C (Dedicated / 2 loc. / 0,600 €/1)
@ scenarios —+Possibilistic scenario D (Dedicated / 3 loc. / 0,600 €£/1)
=5 EFGH i i
= L— (0,8€M) -=-Optimal scenario
& 03 -+Possibilistic scenario E (Dual-Fuel / 2 loc. / 0,800 £/1)

-
[

M -m-Possibilistic scenario F (Dual-Fuel / 3 loc. / 0,800 €/1)

10 =
& —s—=—"—" _g Pogsihilistic scenario G (Dedicated / 2 loc. / 0,800 €/1)

Possibilistic scenario H (Dedicated / 3 loc. / 0,800 €/1)
0 T T T T T T T T T
nff’oo."f’r’c?s’go,1(’503:‘00?jao?%oo??’so.'quoT@r’eT*“goﬁnsoﬁ@o.'5’\%03100?'1‘80.';’00?’5""03“00?’“"0?(’0

LNG selling price(€/litre)

Figure 47 . Payback evolution of the most influential variables on the possibilistic
scenarios EF  GH. Source: Institut Cerda (2015).

The assumption for the diesel cost of 0,800 U/ Ipermits to reduce payback to 10 -
15 years for the railway operator for the possible scenarios A,B,C and D (diesel
price 0,600 a/1)
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6.3.5 Sensitivity analysis for the gas operat or

The profitability analysis for the gas agent was carried out for the identical
scenarios defined previously: Baseline, A -H and Optimal. A part from the variables
that have been taken into account in the previous cases, the following variables are
added: type of refuelling, the loss of capacity by the shape of the tank, the
minimum tank volume, the distance between the regasification plant and the port

of Tarragona, The cost of LNG and the refuelling flow. The following table shows all

the variables that  will be used for the sensitivity analysis.

Possibilstic  POSSIIISIC  possibiistic  Possibilistic  'oooionote  POSSDISEE  posgipiiistic  Possibilistic
Vari scenario C scenario D scenario G scenario H -
‘ariable Base {Dual fuel /2 (Dual fuel | 3 (Dedicated! 2 (Dedicated! 3 {Dual fuel /2 (Dual fuel | 3 (Dedicated! 2 (Dedicated! 3 Optimal

loc. | loc. |

loc. | loc. |
08ooen  omooen loc.10600€N loc.10500€n Sl BEC loc. 0,800€1) loc. /0,800€l)

Engine typology Dedicated LMGDual90% LNGDual90%  Dedicated Dedicated LMWGDual90% LNGDual90%  Dedicated Dedicated LMWGDual 90%
No. locomotives

converted 3 2 3 2 3 2 3 2 3 2
Transsgzren;ation 2 years 2years 2 years 2 years 2 years 2years 2 years 2 years 2 years 2years
LMG cost 0250-0350 0250-0350 0250-0350 0250-0350 0250-02350 0250-0350 0250-0350 0250-0350 0250-0350 0250-0350

Refuellingtype Mobile (tank)  Mobile (tank)  Mobile (tank)  Mobile (tank)  Mobile (tank)  Mobile (tank) Mobile (tank)  Mobile (tank)  Mobile (tank)  Maobile (tank)

Assuming prismatic

tank capacity -= Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
cylindric

Ta”k”[ﬂfr:;?pac‘m 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000

Distance to LNG 98,3 (Portof 98,3(Portof 98 3(Portof 98,3(Portof 983 (Porof 98,3(Portof 98 3(Portof 98,3 (Portof 983 (Porof 98,3 (Port of
distribution point Barcelona) Barcelona) Barcelona) Barcelona) Barcelona) Barcelona) Barcelona) Barcelona) Barcelona) Barcelona)
LNG cost (€1) 0,250-0,350 0250-0,350 0,250-0350 0250-0350 0250-0350 0250-0350 0250-0350 0,250-0350 0250-0350 0250-0350
Refuelling flow

{imin) 80 80 80 80 80 80 80 80 80 a0
Demand evolution Realistic Realistic Realistic Realistic Realistic Realistic Realistic Realistic Realistic Optimistic
LMNGusage ] . LMG LNG . LMG LMNG

distribution Bauitable  pooyranle  BOUIERlE  pppurable  BOUMERE pouraple  BOWIEPIE ogurapie  BOUMNE ouraple
Reinvestment rate 8% 8% 8% 8% 8% 8% 8% 8% 8% 8%
Financing rate 5% 5% 5% 5% 5% 5% 5% 5% 5% 5%
Wariables modified with respectto baseline scenario Influential parameters for gas company

Figure 48 . Influential variables for the gas operator. Source: Institut Cerda (2015).

Once analysed every type of scenarios the outputs obtained are presented below:
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Payback evolution for the gas company

20
- Start of
E 15 acceptable Start of
E paybacks acceptable
= 10 paybacks
i N
£ 5 !

0

R ALK LA 1"'*" -f!?' ﬂ%"" *mg@qw 1;3' V-ﬂ‘? 1;5'?3' 1;5'? ,_,d:‘r .ﬁﬁ P
LNG selling price [€/litra)

-s-Realistic demand evolution and 3 locomotives
converted baseline scenarios, B, D, F and H)

=%-Realistic demand evolution and 2 locomotives
converted (Scenarios A,C.E and G)

Figure 49 . Payback evolution for the gas operator. Source: Institut Cerda (2015).

The profitability for the gas agent on the analysed scenarios depends on the
number of the converted locomotives (parameter which determines the LNG
consum ption). The minimum sales prices of LNG to ensure the profitability of the

gas operator on the scenarios analysed are 0,295 G/ I(in the case of 3 converted
locomotives)and 0. 3 2 0 (iin thé case of 2 converted locomotives)

These sales prices of LNG guara ntee paybacks less than or equal to 6 years and
an IRR (internal rate pf return) higher than 12 % for the gas agent.
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6.3.6 Global sensitivity analysis

In order to guarantee the transformation viability of the traction head by LNG, it is
suitable to meetthe  following conditions simultaneously:

A LNG is tax -free the same way it is for diesel.

A The LNG price should not be inferior to 0, 295 i@ B locomotives are
converted or inferior to 0, 320 ifiellocomotives are converted.

A The railway operator shall accept paybacks of 12 -14 years  (only possible in
conditions of high diesel price -0, 800 4/ 1) oravereis thel order of 27 -
35years i f the sales diesel price remains at

Payback evolution for the railway operator

L] Escenarios i .
2 lec posibilistas Baseline scenario
45 {?,E%:"I} ——Possibilistic scenario A (Dual-Fuel / 2 loc. / 0,600 £/1)
40 3 loc. Possibilistic scenario B (Dual-Fuel / 3loc. / 0,600 €/1)
7 B Possibilistic scenario C (Dedicated / 2 loc. / 0,600 €£/1)
m = o P . .
i ) 4____,,,4-“' = e ——Paossibilistic scenario D (Dedicated / 3 loc. / 0,600 €/1)
-E ® _.-——*-“"“—_r_:.----"'"ﬁﬂ Escenarios -#=Optimal scenario
:I.' L T_,_,_,_~—~"""; FME'I;":I":'“i -+Possibilistic scenario E (Dual-Fuel / 2 loc. / 0,800 €/1)
15 hi:.:ﬁ::ﬂ'—_ﬁﬂ:tﬂ (0,8 €1}  -=-Possibilistic scenario F (Dual-Fuel / 3 loc. / 0,800 €/1)
10 == A . i
-s-Possibilistic scenario G (Dedicated / 2 loc. / 0,800 €/1)
5 * L Possibilistic scenario H (Dedicated / 3 loc. / 0,800 €/1)
0 Es cenario aptima

5 5 A 5 £, ) o & 5
P N S LSRN ﬁéﬁfﬁ’u I e P P P P
LNG selling price(d/live)

Figure 50 . Payback evolution for the railway operator. Source: Institut Cerda

(2015).
Scenario Base | A B I c | D
Mo. locomotives converted 3 | 2 3 2 . 3
Minimum LNG selling price(€/1) 0,295 0,320 0,295 | 0,320 0,295
Payback railway operator (years) 36,6 35,2 27,9 37,3 30,5
Payback gas company (years) 6.2 6.6 63 | 66 6.2
E F | 6 | H |optimal|
2 3 2 3 2 Remar‘ks:
| 1 Cash flows of the gas company are positive
[11’3210 [:;’3955 | 0’1342[} 2’3925 U,?Bgf} over its useful life in accordance to the
5 'Eﬁ 6 ’3 | 66 | & ’2 = ! optimal scenario

Table 15 Overview table for the obtained results on the diverse evaluated
scenarios. Source: Institut Cerda (2015).

As an observation of th e above table, it should be noted that in the optimum
scenario for the rail operator, the economic flows for the gas agent are positive
throughout the project lifetime.
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6.4. Profitability conclusions

Even though results are not economically feasible on the baseline scenario, the

Autoritat Portuaria de Tarragona is capable of encouraging possibilistic scenarios

that in light of an increase on diesel price (approximated value of 0,800 al 1) ar e
bound to a chieve paybacks lesser than 13 -14 years for the railway operator.

Hence the conversion to a LNG traction head should be feasible both for the railway
operator and the gas company in order to make this transformation viable. Right
after the main conclusion s drawn derived from the profitability analysis are
presented:

Gas company profitability:

1 The transformation  viability  of the diesel traction head to LNG for the gas

company is driven by the minimum LNG sales price . Those must be
higher than or equal to 0, 295 if /[3llocomotives are converted or,
similarly, higher than or equal to 0, 320 ifi2/Idcomotives are converted.
By assuming these minimum prices, most of the analysed scenarios present
paybacks less than 7 years and IRR superior to 12% for the gas
company.

Railway operator profitability:

1 The profitability analysis of the baseline scenario (dedicated engine -

170. 0000, 3 converted | ocomotives within 2 yea

300. 0000 + 3.0000 for the first unit m@and of 3
conversions, diesel cost of 0,600 a/1, real i sti
equitable usage of LNG) does not show a feasible picture for the railway

operator ( payback of 36 years ).

1 The Autoritat Portuaria de Tarragona may accomplish scenarios with
more attractive paybacks by modifying those variables  upon which it has a
relatively influence (engine typology, number of converted locomotives

and LNG usage in the LNG locomotives within the available fleet).

1 Diesel cost is shifting in term of project profitability with a vast influence
on the railway operator.

1 By combining an  engine with a reduced cost (inferior to 100.0000)
intensive usage of the converted fleet with LNG (prioritizing the LNG
locomotives use before di  esel ones) and with a  diesel price scenario equal
to or higher than 0, 800 , &helrailway operator payback  will be
decreasedto 13 -14 years
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1 The railway demand evolution and accreditation cost also have a
meaningful impact on the project profitability, al though in this case the
Autoritat Portuaria de Tarragona has a minor influence to change them.

1 As long as the election of the type of engine , number of the converted
locomotives and LNG locomotive usage distributions within the available
fleet (variables  upon which the PAT possess a vast influence) are added
along with the  diesel cost drivers hi gher than or equahbkndto 0, 800
most favourable conditions for railway demand and accreditation costs
(variables upon which the PAT do not possess any influence ), the payback
for the railway operator might reach 7,3 years on the optimal scenario, but
by no means being reduced less than 7 years.
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7. Environment impact quantification

7.1. Environment benefits

The studies performed to date show relevant environmental benefits of LNG versus
diesel. Some points considered to be relevant are presented thereupon:

1 Environmental benefits of natural gas:

0 Reduction of the acoustic contamination
0 Reduction of gas contaminants emissions and greenhouse  effect
- NO«x emissions, particles, monoxide and carbon dioxide are
minimized.
- Sulphur dioxide is barely emitted, since natural gas does contain

neither lead nor traces of heavy metals.

In accordance to various executed studies on distinct transport sectors, the
ensuing advantag es are as follows:

o In the road transport sector, where the use of natural gas has been
around several years before the rail transport sector, the analysed
studies show successful results on emissions reductions.

B N N N
compounds
Reduction in LNG
with respect to 20-30% 70-90% 75-95%

Diesel

Table 16 Reduction in pollutants for road transport. Source: Institut Cerda (2015).

o In rail -mobility recent studies about the LNG usage as combustible have
estimated the following reduction of emissions with respect to diesel:

- Reduction of the environmental conta mination (NO«, particles,
CO) superior to 70%.

- Reduction of greenhouse gases in the order of 20 - 30%.
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7.2. Environmental impact expected

With the goal of computing the environmental impact associated to the gasification
of shunting locomotives at the Port of Tarragona several data and assumptions
have been considered as follows:

1 Economic data:

0 Quotation of CO2 emissions.
- 6,26 04 [/ t0(8ENDECD, 2016).
1 Technical hypothesis:
o Diesel locomotives: Emission factors of gas and particles (EMIMOB,
2015)
- 742 grams CO 2 / km
- 9,46 grams NO x /km
- 0,32 grams PM / km
0 LNG locomotives: Emission factors of gases and particles
- -20% grams CO 2/ km with respect to the CO2 emissions of diesel
locomotives.
- -70% grams NO x / km with respect to the NOX of diesel
locomotives.
- -70% grams PM / km with respect to the PM emissions of diesel
locomotives.

As a result, it turns out that the gasification of shunting railway services at the Port

of Tarragona is driven to reduce to 551,2 tons of CO 2, 14 tons of NO «x and
480,0 kg of PM , aswell as saving 3.451 U coming from the internalisation of the

CO2 emissions within 30 years

CUMULATIVE CUMULATIVE CUMULATIVE
REDUCTION REDUCTION REDUCTION
(2016-2045) (2016-2045) (2016-2045)

OF CO2 EMISSION S OF Nox EMISSIONS OF PM EMISSION S
551,2Tn CO, 14,0 Tn NOy 480,0 kg PM
CO2 EMISSIONS (Tn) NOXx EMISSIONS (Tn) PM EMISSIONS (kg)
1600 20 700
= 1400 18
2w 3 Zao
£1.000 2] 20
£ %0 10 - s
E 600 €8 £ 300
o 400 8365 g 6 W 500
© mg z % | 45 2 100 1540
- 0

mDiese| LNG
! mDiesel =LNG mDiesel  wLNG

Figure 51 . Emission savings. Source: Institut Cerda (2015).
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8. Conclusions and considerations of Phase 1

As seen fr om t B.elLikely dechnicab and IBgal barriers to gasify the

shunting services 0 , there are several barriers to gasify th
Port of Tarragona, although all of them might be overcome by increasing time and

cost.

8.1. Conclusions

From now on, main conclusions are presented down below derived from the
feasibility study in accordance to its nature.

Technical feasibility:

1 LNG engine for the railway traction is not yet within a standardised market
(listed in a catalogue). Only one out of five providers (Guascor) has a LNG
engine available in a catalogue which might be used for the shunting railway

services at Port of Tarragona since i t meets the requirement requested
Therefore, this might increase cost and supply time.

1 In principle, the acquisition of a LNG tank for the rail traction does not
entail any major problem : few of them are shown in catalogue (3 out of 7
providers contacted 1 Chart, Enric Group and Ingesic - have them listed in
catalogue).

1 LNG engine and cryogenic tank shall not imply a  modification higher
than +/ - 10% than the weight with respect to the engine and diesel tank,
in order to barely shift the gravitational centre over the accepted normative
standards.

Legal feasibility:

I The accreditation process involves the main legal barrier (since LNG is not
considered as fuel for the locomotive sector to date). However, the LNG
railway project coordinated by Institut Cerda wi Il achieve a substantial
progress to this matter.

1 If the modification approach on the already accredited rolling stock (310/311
|l ocomotive) is chosen, Adif shall approve it as

1 The necessity of developing documentation with no framework of
reference in terms of gas. In the case of considering a prototype of
locomotive with LNG traction, a Provisional Authorization for its
Circulation will be required. On the other hand, if the technology is
intended to be implemented for its com mercial exploitation, then it will be
requested to follow the following steps:
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0 Risk assessment arising from the implementation of the proposed
amendment.

0 An independent assessor 0s report about evaluati on
risk analysis.

Economic feasibility:

In order for rail traction with LNG to be viable it must be profitable for the
railway operator and for the gas agent.

Profitability for the gas company:

f

The viability of the transformation for the gas agent is conditioned to the
LNG minimum prices. Those should be higher than or equal to 0,295 hy/ I
the time 3 locomotives are converted, when only 2 locomotives are

transformed the prices should be higher than or equal to 0,320 .8y |
assuming these minimum prices, all scenarios evaluated present a lower
p ayback of 7 years and IRR superior to 12% for the gas company.

Profitability of the railway operator:

f

As

The profitability analysis of the baseline scenario (dedicated engine -
170.0000u0, 3 Il ocomotives transformed along 2
300.000 u for the first uni t and of 30.000 +
schemes, di esel cost of 0,600 all, real i sti
evolution, LNG equitable usage) does not appear to be a profitable

approach for the railway operator (payback of 36 years).

The Autoritat Portuaria de Tarragona may, by means of the modification of
variables with which has a vast influence (engine typology, number of
converted locomotives and LNG usage for the available fleet), accomplish
scenarios with a more attractive payback S.

Diesel cost is the most influential variable to affect the project
profitability for the railway operator.

Combining an engine wi th a reduced cost (l ower t han
intensive use of the LNG fleet (prioritizing the use of LNG locomotives as

compared with diesel) and with a diesel price scenario higher than or
equalto 0, 8 0 0 Iéadsl to a decrease on the railway operator payback to
13 -14 years.

long as the election of the type of engine, number of the converted

locomotives and LNG locomotive equitable usages on the available fleet
(variables upon which the Autoritat Portuaria de Tarragona possess a vast
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influence) are added up alongside diesel cost higher than or equal to 0,800

a/ l and most f avour arbilwa deanaml d i f@arnd cacceeditdtionr
costs (variables on which the PAT do not possess any influence), the
payback for the railway operator might reach 7,3 years on the optimal
scenario , although by no means being reduced less than 7 years.

Environmental impact:

The transformation of the existing locomotives to LNG traction heads will provide a
cumulative reduction of 551.2 tons of CO2 within 30 years, 14 tons of NOx and
480,0 kg of PM, as well as saving up to 3. 451 that comes from the
internalisation of the CO 2 emissions.

8.2. Observations

Based on the conclusions presented above, it is clear that for the base scenario
studied, the project in the Port of Tarragona does not present a viable scenario due

to the high payback values obtained. In addition to the sensitivity analysis,
considering the values of the variables that make up an optimal scenario, it is not
possible to obtain payback values of less than 7 years.

Although due to the current conditions, the implementation of the LNG in the
shunting services of the Port of Tarragona is not foreseen viable, next are listed

some identified considerations to take into account, derived from the analysis

realized throughout the study, and that frame important aspects to consider in the
implementation of LNG in the railway sector.

8.2.1 Technical feasibility considerations

Fleet to be converted:

To choose the type of fleet transformation (existing/new) to be made:

1 An existing locomotive for its modification requires (in the context of the
Port Authority of Tarragona: 310/311 from Adif):

0 Reaching out to Adif in order to obtain the approval for the
transformation.

0 Reaching out to the integrator. In this respect and for this project, ARMF
set outs its predisposition towards operating as an integrator.

1 New fleet acquisition: In the context of Port Authority of Tarragona, due to
its willingness of internalizing the railway shunting services, it is essential to
get in touch to a locomotive provider that might be interested on launching
new sh unting locomotives in the market, fuelled by LNG fuel.

Page 92 Status : Final Version : 1 Date : January 2018



CORE LNGas D 3.4 i Retrofitting and feasibility (technical and
hive legal considerations )ofaLNG -powered port
locomotive in Tarragona

LNG components:

1 Gaining insight on the availability of technical solutions adjusted to the
project necessities.

1 Reaching out the engine (e.g. Guascor) and the cryogenic tank providers
(e.g. Chart, En ric Group and Ingesic) in order to sample its interest on
the project, as well as its predisposition to adjust its products listed in
catalogue to the specific necessities.

8.2.2 Legal feasibility considerations

Project scope:

I Limited option : Testing process  on the prototype locomotives.

It is only required to obtain a Provisional Authorization for Circulation. This

should be issued by:

0 Autoritat Portuaria de Tarragona as long as tests are performed at all
ti mes within Port Aut horityos, thercemaentses . On
operations should be modified since nowadays both supply and overnight
stay is performed within Adif premises.

o0 Administrator: In the context of the Port of Tarragona, this would be Adif

in case of using rail infrastructure owned by the admin istrator.
1 Full scope option: Development of technology for its commercial
exploitation.

A risk analysis shall be performed derived from the implementation of the
proposed modification, and an evaluator report about the evaluation process
and the risk anal ysis. For this purpose it is recommended to:

o0 Introduce a new LNG locomotive already accredited (in the context of the
Port of Tarragona: 310/311). This might save temporal and monetary
costs of accreditation, although it is necessary to count on Adif
predi sposition to convert them.

0 Reach out to Bureau Veritas in order to exercise as an appointed body
(in the present project Bureau Veritas is proposed to exercise as
designed body, given its expertise on the railway and LNG field).

Monitoring of projects of interest to follow _-up:

At any event, it is recommended to stay tuned on the results and progress of the
ongoing projects corresponding to the pilot test about LNG rail traction coordinated

by Institut Cerda which will be carried out in Asturias (expected outputs in 201 8)
whose normative framework defined may be applicable for this initiative , and on
the other hand, the European project railLNG with funds from the CEF program
(Conneting Europe Facility).
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Below, there is a summary of both projects mentioned a bove:

Characteristics of the ongoing project of the locomotive adaptation pilot.

1

il

f

This pilot is the first traction railway test with LNG in Europe and the first in
the world in the rail passenger sector regarding powers below 400hp.

Objectives:

0 Reduction of environmental pollution (NOx, PM, CO) in accordance to
the levels defined in Stage 1lIB and with the objectives of the
CleankEr - D project.

0 Reduction of noise pollution in accordance to the corresponding  ETI
and with the objectives of the CleanEr -D project.

o Reduction of greenhouse gases.
0 Reduction of operating costs (fuel, maintenance).

The scope of the transformation in Renfe's selected car for the pilot test
object of this project, includes the engine, the fuel tanks and their
associated circuitry as well as a programmable automaton. It has been
decided to use a car from Renfe 2600 series. The Renfe 2600 Series is a
narrow -track automotive vehicle model composed of diesel units that
provide passenger service to the company Renfe Operadora in the northern
area of Spain. They are manufactured from the reconstruction of units of the

2300 series.

The diesel engine of one of the two paired automotive units has been
replaced by another one that will consume natural gas for its propulsion and

the tanks in which LNG will be stored together with all the necessary
auxiliary circuitry have been installed. Specifically, the modifi cations have
been developed in a self -propelled train of the Feve diesel park (2600). The
engine chosen is the Gas ISLG 280 model from Cummings. CHART tanks:
Models from its HLNG 100 catalogue will be used as the main deposit and
the HLNG72 as secondary. B oth connected to each other.

The locomotive is expected to travel a distance of 12.000 / 15.000 km.

Characteristics of raiLNG project.

f

Engineering and installation of an LNG E ngine model G3516B ULB and
auxiliary equipment on a locomotive. A diesel -powered locomotive will be set
up for carrying out comparable real life trial

The project includes the draft and detailed design, the engineering and the
construction of a tender platform with 20feet 1SO container of LNG with a

unit of treatment to match the physi cal requirements of the LNG to be used
as fuel in the locomotive and the connections to the locomotive

The pilot test will aim at carrying out a significant number of real life trails
for a minimum amount of 15000km
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The following parameters will be monitor ed and collected:
o0 Instant and average fuel consumption (LNG and diesel)

o Engines working parameters (revolutions per minute, power,
temperature, etc)

o GPS monitoring (position, speed, trip slopes, etc.

0 Weather parameters (temperature, pressure, rain, etc)

o0 Pollutantand harmful emissions (CO, NOx, PM, Methane, etc.)
o Fuelling data (times, costs, leakages, foil off, etc

0 Maintenance (pieces wearing and influence, oil consumption, etc.)

Develop a deployment plan of LNG in the TEN -T network that will include
o Traffi c and demand analysis of selected sections within the TEN -T
network
0 Location and technical requirement of LNG fuelling infrastructure

0 Investment, financial and funding resources
o Implementing schedule proposed

o Environmental Analysis of the implementation of the Roll Out Plan

8.2.3 Economic feasibility considerations

As mentioned at the beginning of the present study, the sensitivity analysis

concluded on the non -profitability of the project of the Autoritat Portuaria de

Tarragona . Nevertheless, a humber of variables are listed hereafter in which it is

considered that the Port Authority, and by extrapolation the majority of the Port

Authorities as a whole, might exercise certain control or influence to enhance the

studying conditio ns and that condition the results achieved:

f

Optimize variables that rely directly on the Autoritat Portuaria de Tarragona:

0 LNG engine selection whose cost is not
Total conversion of the operating locomotives fleet (3 locomotives).
Intensive usage distribution of LNG traction heads among the available
fleet.

Taking into account that the external variables might increase heavily the
transformation profitability:

o Diesel cost is the most influential variable on the economic feasibility of
the study: combining compliance of the variable that depends on the
Port Authority with a diesel price scenario equal to or higher than 0,800
U / resultsina 13 -14 years payback.

o Demand evolution of the shunting services also leads to a key factor to
determine profitability.
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0 Accepting paybacks that never will be amounted to less than 7 years is
indispensable.

1 Contact to gas agents for LNG supply:

o Enhancing project profitability fo r the gas agent (IRR>12% and
payback<7years).
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9. Introduction to the study of the Phase 2 and
background

The preceding phase was focused on the study on economic, technical and legal
feasibility for the gasification of the shunting locomotives services at t he Port of

Tarragona. This study was addressed in three stages with the following objectives:

1 In the first stage , the existing infrastructure and the shunting railway
services at the Port of Tarragona were identified. This has allowed to know
the state, ch aracteristics and particularities of the infrastructure and the
railway services in which the project is conducted.

I The second stage  was focused on distinguishing the technical and the legal
barriers that could jeopardize the project and the potential to overcome
them.

1 The third stage was de voted to analysing the economic feasibility of the
project for all the actors involved in its exploitation and the environmental
impact that would suppose the transformation of a diesel locomotive to

Liquified Natural ~ Gas, henceforth called LNG.

Finally, the conclusions obtained throughout the previous stages were presented, as
well as the recommendations and the next steps for the Tarragona Port Authority,

for the gasification of the shunting railway services.

In this context, the second phase of the activity starts with the aim of obtaining a
procedure to perform all the technical modifications necessary to implement a

possible transformation of a diesel shunting locomotive to LNG traction.

Therefore, with the  objective of establishing the basis from a technical point of view
for a future implementation of a locomotive prototype modified to be operated with
LNG, the following activity blocks have been identified for the analysis and study

development:
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INTEGRATION VALIDATION

Sf & ¥

Figur e 52 . Diagram of the activity blocks to perform in the Phase 2

1 Engineering : Definition of the technical requirements and study/definition
of the engine and deposits to implement, as well as their affection to

different areas: maint  enance plans, training courses and necessary tests.

1 Integration : Analysis and definition of the necessary works for the
integration of the new system in to the present locomotive.
1 \Validation : Definition of the methodology and the data to be registered

during the monitoring in order to evaluate the modified locomotive.

10. Engineering

10.1. Definition of the technical requirements of
the project

The second phase of the project pretends to deepen into the different aspects of

the technical viability, and to define the procedure to follow in order to perform the

required modifications on the diesel locomotive for its transformation to LNG.
Therefore, the bases for the future construction of a LNG locomotive prototype will

be established from the technical point of vi ew.

It is placed on record that, as a result of the first phase, the Port of Tarragona
considered in its Technical File EV3 the transformation of the locomotive Adif type
311 for the second phase of the project. However, after subsequent conversations
and seeing that the locomotive fleet of types 310 and 311 are the same, it was
deemed appropriate to consider also the technical aspects for the modification of an
Adif type 310.
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Locomot ive Adif 311 Locomot ive Adif 310

Figur e 53 . Pictures of the shunting locomotives in the Port of Tarragona (Adif 311,
Adif 310).

Consequently, the first objective to cover in the second phase of the project is the
final recommendation of the type of locomotive to be transformed according to the

technical aspects and based on the criteria explained hereunder.

In addition, the technical features of the thermal engines installed in both types of
locomotives will be related, according to the information provided by their
manufacturers, to be compared afterwards to the data of the proposed LNG

locomotive. Particularly, for each type of locomotive, the following values will be

exposed:

A Maximum power / regime

A Maximum torque / regime

A Power and torque curves

A Consumption data

In the absence of credible info rmation, the power curve of the diesel engines will be

approximated according to the fAengine free accelera
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10.1.1 Locomotives general overview

The shunting locomotives of the 311 and 310 series are mixed, equipped with
diesel

thermal engines coupled to a triphasic generator. The electric traction is
made by four asynchronous triphasic engines coupled one to each axle.
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Figur e 54 . Scheme of the series 311 ( top )y 310 ( bottom ).

A table summarizing the main parameters of both types of locomotives,

that can be
, Is presented below:

related to the purpose of this project
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Locomotive type

Traction

Manufacturer

Years of production
Units produced
Length
Width
Height
Weight
Gasoi l
Traction power
Tractive effort

Maximum speed

t ank¢c¢
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Electric (4 engines), with energy produced by a

diesel engine coupled

MTM

1990 to 1991

to a triphasic generator.

Bo'Bo' configuration

MACOSA / Meinfesa
(with GM license)

1989 to 1991

60 60
13050 mm 12550 mm
2900 mm 3100 mm
4268 mm 4305 mm
80000 kg 78000 kg
2200 | 27701

705 kw 598 kw

260 kN Not available
92 km/h 114 km/h

Tabl e 17 Main parameters of the existing locomotives at the Port of Tarragona.

Different power data has been found during the different consultation phases, thus

they must be considered as unreliable or, at
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10.1.2 Characteristics of the current Diesel Engines to
be transformed

A table summarizing the main parameters of the diesel engines of both types of

locomotives is presented below:

Locomotive type 311 310
Engine type 4-stroke Diesel 2-stroke Diesel
Brand MTU EMD (General Motors)
Model 8V 396TC 13 8-645 -E
Power supply Turbocharger Charger Roots
Maximum power / regime 785 kW a t 1800 rpm 750 kW a t 900 rpm
Maximum torque / regime Not available Not available
Power and torque curves Not available Not available
Consumption data Not available Not available
Weight (without fluids) 2520 kg (*) 8622 kg (*)
Heater Not available 232 kg (*)

(* Accor di ng DESCRIPTIVE MANUAL OF THEVEHICLE 06 by RENFE

Tabl e 18 Main parameters of the diesel engines of the existing locomotives at the
Port of Tarragona

As it can be observed in the previous table, the available information about both
types of locomotives is limited. These engines are old and discontinued by their
respective manufacturers, hence they do not provide information about them

anymore.

Noteworthy is the great difference between the weights in both engines, thus these

values will be considered with some reservation.

Given the d isparity and the lack of reliability of the values found, it is suggested to
measure the current characteristics of the engines before the locomotive

transformation to LNG.

The measurement of the locomotives characteristics could be performed by the

Aifreaecel eration met hodo using a di esel di agnosi s

Page 102 Status : Final Version : 1 Date : January 2018



CORE LNGas D 3.4 i Retrofitting and feasibility (technical and
hive legal considerations )ofaLNG -powered port
locomotive in Tarragona

performed indirectly, connecting the generator outp
the electric power generated by the assembly .
The measurements of the initial characteristics could be taken at the Integrator

facilities. Once the modifications have been conducted, the measurements will be

repeated to evaluate the final performances of the transformed locomotive.

10.1.3 New solutions to consider

The conclusions obtained from the first phase of the project performed by Institut
Cerda, consider the substitution of the original engine of the locomotive by a new
dedicated LNG engine.

Considering the objectives previously mentioned in this report and the kick - off
meeting of the second phase of this p roject, the range of possibilities will be
expanded adding the solution of using Dual cycle engines (gasoil + LNG) and the

possibility to transform the current engine to LNG. In short, the following solutions

will be considered and analysed for both types of locomotives (311 and 310):

a) Substitution of the current engine for a dedicated LNG engine
b) Transformation of the current engine to LNG fuel

c) Substitution of the current engine for another Dual cycle engine (gasoll

+ LNG)
d) Transformation of the current engin e to Dual cycle engine (gasoil +
LNG)
The Atransformation of the engineo is wunderstood

components of the engine for others adapted to the new requirements of the LNG
combustion, such as the buttstock, the injectors, strokes, v alves, etc, maintaining
the same block, pistons, crankshaft, etc.

Finally, it should be mentioned that although it is not the subject of this study,

there are other alternative solutions, apart from those considered relative to LNG,

to reduce emissions fro m diesel traction locomotives. These solutions can be
consulted in the European project Ten -T CleanEr -D in which different alternatives
are studied to respond to new legislation regarding emissions in the railway sector

at European level. Within these solu tions, the possibility of improving the efficiency

of diesel engines through the introduction of particle filters as well as the
introduction of new emerging technologies for future restrictions such as designs

based on multi -technologies post -treatment an d hybrid solutions a (diesel  -electric)
or with energy storage systems , are studied
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10.1.4 Criteria for the selection of the locomotive to
be transformed

Whatever the solution recommended for the engine, the locomotive model to be
transformed must be decided previously, since, as it has already been said, the

locomotive fleet of both types is the same and their utilization is similar.
The following main technical aspects must be considered and evaluated:

- Space availability within the locomotive fairing, for the replacement of
the engine or its transformation.

- Space availability within the locomotive fairing, for the replacement or
extension of the water radiator for engine cooling.

- Ease of access to the interior of the fairing, in order to operate the
replace ment of the engine or its transformation.

- Location and volume of the current diesel fuel tank that allows the easy

installation of the necessary cryogenic LNG tanks.

To this end , measurements in the Adif workshops in the Port of Tarragona were
carried out on both units regarding the two types of locomotive, obtaining the

following results characterized in the following figures:
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Figur e 55 . Details on the measurements scheme obtained in the

workshops for

both types of locomotives (Adif 311, Adif 310).
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10.1.5 An alysis

Concerning the previous figures and specially the measurements of the engine
compartment, it is observed that the dimensions of the model 311, indicated with a
(x), are significantly lower than those corresponding to the model 310. This implies
that:

1. The engine of the locomotive 311 can hardly be replaced by a new one
because the engines considered viable have a height greater than the
dimensions available.

2. The locom otive 310 has more free space above the engine, which facilitates
larger interventions.

Engineds cylindgy \ Engineds cylindEBMi h

i Locomot ive 311 Locomot ive 310
3. There is more than enough space in the locomotive 310 to increase the
volume of the water cooler T engine without problems.

4. The diesel tanks of both models are similar, although the tank of the 310 is
larger and there are no elements on the sides that makes difficult to replace

them by cryogenic deposits
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10.1.6 Conclusi ons

Considering all the points stated above, it is recommended to act on the locomotive

Adif 310 for its transformation from diesel to LNG.

In the following sections, advantages and drawbacks of the final solution to be
adopted on the Adif 310, among the possibilities listed below, will be analysed:

a) Substitution of the current engine for a dedicated LNG engine

b) Transformation of the current engine to LNG fuel

c) Substitution of the curren  t engine for another Dual cycle engine (gasoll

+ LNG)

d) Transformation of the current engine to Dual cycle engine (gasoil +

LNG)
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10.2. Analysis of the possible LNG and Dual
engines for the project

A market research of all the LNG and Dual engines that could be used in this

project has been conducted.

Within this framework, the following variables have been considered: technical
features, reliability, maintenance, costs, technical support and references in use

under similar conditions of all the engines considered.

10.2.1 General overview

Due to the current low demand, there are few companies offering solutions for the

use of natural gas in railway applications.

The options available that could be implemented in locomotive engines are the
spark ignition engines (dedicated engines) and the compression ignition engines,
that are capable of mixing varying quantities of diesel and natural gas during its

operating (dua | engines).

The operating of the natural gas dedicated engines and the petrol engines is very
similar, using a throttle valve and a spark ignition system to control the mix of LNG
and air into the cylinder. In these engines, gasoil is completely replaced with the

natural gas, but they require the installation of additional elements.

The principle of operation of the Otto cycle engines has an inherent loss of power
and lower efficiency comparing to the diesel cycle. In any case, the continuous
advances in this technology done by the manufacturers guarantee the viability of

the use of natural gas in railway applications.

Dual technology in diesel engines is based on the injection of natural gas to the air

intake ducts or directly to the cylinders. The amount of gasoil injected is reduced
and replaced with the natural gas. The gasoil acts as a pilot starting the ignition,

causing the ignition of the natural gas afterwards. Any throttle valve nor ignition

system are needed in dual engines, maintaining the compr ession ignition
advantages (diesel). Note that this system does not allow the total replacement of

the gasoil with natural gas, only 80% of substitution is achieved in the best cases.

The implementation of the dual technology is more economic comparing to the
natural gas dedicated engine due to the retrofitting application of the current diesel

engine. It should be also noted that these engines can run only with diesel in case

of not having natural gas available.
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The use of natural gas replacing the diesel allows significant reduction of polluting
emissions and noise. This reduction of emissions, specially CO2, particles and
nitrous oxides, enhance the quality of the air in the machinery zone, that is enough

polluted by vessels and other machines used in the port.

To perform the research of the retrofitting processes necessary to transform a
diesel -powered shunting locomotive to GNL, the two technologies existing in the

market have been analysed:
- Natural gas dedicated engine
- Dual engine (diesel/natural gas)

I'n both cases, it is possible to find in the market the entire engine developed by the

manufacturer or a conversion kit developed by a specialized company.

A comparative table showing the advantages and disadvantages of the use of each

technology is present ed below.
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ADVANTAGES DISADVANTAGES
© 0 Reliability
. Cost
0 Consumption . . .
— [ A NEW NG ENGINE ) Complexity of integration
(o)) Low maintenance .
- o . ) Range reduction
e =2 Emissions and noise reductio
- o Cost
- _ Ease of integration
o) TRANSFORMATIO o
O Reliability Worsen performances
o 0 B OF THE CURREN i )
Consumption Range reduction
Lo ENGINE TO NG )
Low maintenance
Emissions and noise reductio
o Cost
TRANSFORMATIO o .
o Reliability Reduced gas consumptio
o)) C OF THE CURREN ] )
Range LNG tank integration
ENGINE TO DUAL
- Performances
—- N Cost
-— Reliability Complexity of the engine aj
L) D | NEWDUAL ENGIN Range the LNG tank integration
Performances .
Reduced gas consumptio

Tabl e 19

Technologies comparative

The above table reveals the necessity of prioritize the use of natural gas dedicated

engines as the best form to maximize the gas consumption and to reduce the

polluting emissions.

Even though the use of dual technology seems interesting, it should be noted that

dual engines require a levelled engine load to offer the maximum performance

which allows substitution rates close to 70

-80%. The engine load of the shunting

locomotives at the Port of Tarragona is in constant change so the use of dual

engines is detrimental
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10.2.2 Natural gas engines

These engines are based in the Otto cycle, with spark ignition and using natural gas

as fuel.

All the natural gas engines available in the market that can be used for this

application have been consider  ed.

The power should be similar or slightly higher than the diesel engines that are
currently being used to avoid that the minimum torque available in the Otto cycle

affects the ergonomics of the driver.

The market of natural gas engines designed for railway applications is rather low,
almost non -existent. For this reason, natural gas engines used in generator sets or

maritime applications have been added to this study.

10.2.2.1 Natural gas engines developed by the manufacturer

The engines that have been exc lusively developed by the manufacturer to use

natural gas as fuel come with all the guarantees of optimum functionality.

Nevertheless, any of these natural gas engines specially designed for railway
applications have been found in the market. Hence, natura | gas engines that have
been initially developed for other applications but with a consolidated demand, such

as generator sets, have been considered. In principle, these engines could be used

in a locomotive, with slight modifications that should be perfor med by the
manufacturer.

10.2.2.2 Natural gas engines (retrofitted)

Several specialized companies develop kits to convert diesel -powered engines to

LNG. This study will also consider and analyse the possibility that a system specially

developed to convert locomoti ve engines is already existing.

In these transformations, the current diesel engine is used as the base and all the
mechanical modifications are applied on it, such as the reduction of the

compression ratio or the addition of spark plugs and other componen ts.
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10.2.3 Dual engines

All dual engines found in the market that can be used for this application have been

considered.

The power should be similar or slightly higher than the diesel engines that are

currently in use.

As in the case of the natural gas engines, the market of dual engines is rather low,
SO0 engines used in generation sets and maritime application have been also

included to the study.

It is possible to find in the market dual engines developed by the manufacturer

itself, and kits developed by speci alised companies that convert the
engine.
10.2.3.1 Dual engines developed by the manufacturer

Since these engines have been developed by the manufacturer itself, they come

with all the guarantees of the optimum functionality.

10.2.3.2 Dual engines (retro fitted)

Several companies develop conversion kits to dual engines adaptable to different
engines. This process is known as O6retrofitéo. I ts
transform the original diesel engine to dual functionality, reducing the costs

significantly since there is no need to renovate the entire engine.
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10.2.4 Benchmarking dedicated and dual engines

The full range of products of the following companies have been analysed:

1 DRESSER-RAND (Siemens)
A GUASCOR

17 IVECO

7 MAN

1 Rolls Royce Power Systems
A MTU
A Detroit Diesel
A Bergen Engines

Wartsila

Baudouin Moteurs

DEUTZ

CATERPILLAR

EMD

MWM

MAK

FG Wilson

A PERKINS

= = = =
>

> > >

Mercedes Benz

CUMMINS

General Electric Rail
MITSUBISHI

Energy Conversion Inc. i ECI
OMNITEK

EVARM

= =2 =4 =4 -4 -a A

In the following section, the specifications of the selected engines that could be

used for this application will be detailed.
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10.2.4.1 NG dedicated engines

10.2.4.1.1 GUASCOR (SIEMENS)

S~
L
Model SFGLD360 Lean Burn Gas Engil w
Guascor
Type V-12 Turbocharged-4troke DRESSER-RAND.

A Siemens Business

700 kWto 1800 minl
503 kWto 1200 minl
60 Hzto 1800 minl
60 Hzto 1200 minl

Power

Frequency

Diameter (mm)
Stroke (mm)

Cylinder capacity (1) 35,9
Unladen weight (kg) 4200
Dimensions
Width (B) mm 1.664
Length (A)mm 2.637
Height (C) mm 1.738
Emissions consult

Figur e 56 . Engine GUASCOR SFGD360
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10.2.4.1.2 MAN

Model E3262 LE 202
7
VAR
Type V-12 90° Turbocharged-gtroke
580 kWto 1800 minrl
Power )
550 kWto 1500 minrl
60 Hzto 1800 mirl
Frequency .
50 Hzto 1500 minl
Diameter (mm) 132
Stroke (mm) 157
Cylinder capacity (1) 25,8
Unladen weight (kg) 1849
Dimensions
Width (B) mm 1.243
Length (A)mm 1.748
Height (C) mm 1.500
Emissions

Figur e 57 . Engine MAN E3262

Page 115 Status : Final Version : 1 Date : January 2018



CORE LNGas

D 3.4 i Retrofitting and feasibility (technical and

H legal considerations )ofaLNG -powered port
hIVE locomotive in Tarragona
10.2.4.1.3 MWM (Caterpillar)
e
0
MWM’
TCG 2016 V16 C Energy. Efficiency. Environment.
Type V-16 Turbocharged-4troke
Power 800 kWto 1500 minl Gener&or
50 Hz
Frequency

Diameter (mm)
Stroke (mm)
Cylinder capacity (1)
Unladen weight (kg)
Dimensions
Width (B) mm
Length (A)mm
Height (C) mm
Emissions
Fuel

60 Hzavailable

35

8.450 Genertor

1.590

4.090 Genertor

2.190
consut

Natural gas

Figur e 58 . Engine MWM TCG 2016 V16 C
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10.2.4.1.4 CATERPILLAR
@&

Model

ode co170-12 CATERPILLAR
Type V-12 Turbocharged-4troke
Power 1000 kWto 1500 minl

50 Hz

Frequency

Diameter (mm)
Stroke (mm)
Cylinder capacity (1)
Unladen weight (kg)
Dimensions
Width (B) mm
Length (A)mm
Height (C) mm
Emissions
Fuel

60 Hzavailable

consult
Natural gas

Figur e 59 . Engine CATERPILLAR CG170

Page 117 Status : Final

Version : 1

-12

Date : January 2018




CORE LNGas

D 3.4 i Retrofitting and feasibility (technical and

H legal considerations )ofaLNG -powered port
hIVE locomotive in Tarragona
10.2.4.1.5 FG WILSON (Caterpillar)
A B
Engine Perkins 4016 -61TRS2 e

Type V-16 Turbocharged-4troke

Power 1042 kWto 1500 minrl Generator

Frequency 50 Hz

Diameter (mm) 160

Stroke (mm) 190

Cylinder capacity (1) 61,12

Unladen weight (kg) 5.820

Dimensions
Width (B) mm 2.100
Length (A)mm 6.340 Generator
Height (C) mm 3.370

Emissions consult

Fuel Natural gas

Figur e 60 . Engine FG Wilson PG1250B2
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10.2.4.1.6 PERKINS (Caterpillar)

€3 Perkins

4000 Series 4012TESI

Model
Spark Ignited Gas Engine

Type V-12 Turbocharged-4troke
Power 632 kWto 1500 minl
Frequency 50 Hz
Diameter (mm) 160
Stroke (mm) 190
Cylinder capacity (1) 46
Unladen weight (kg) 4.680
Dimensions

Width (B) mm 1.888

Length (A)mm 2.681

Height (C) mm 1.893
Emissions consult
Fuel Natural gas

Figur e 61 . Engine PERKINS 4012TESI
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Model
Type

Power

Frequency

Diameter (mm)

Stroke (mm)
Cylinder capacity (1)
Unladen weight (kg)
Dimensions
Width (B) mm
Length (A)mm
Height (C) mm

Emissions

Fuel

&% MARINE ENGINE

GS12R-MPTK
V-12 Turbocharged-4troke

722 kWto 1500 minl

50 Hz
60 Hz available

170

180
49,03
5.350

1.832
2421
2.137

consult

Natural gas

Figur e 62 . Engine MITSUBISHI GS12R -MPTK
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10.2.4.2 Retrofitted NG engines

10.2.4.2.1 Energy Conversion Incorporated - ECI

ENERGY CONVERSIONS INC.

alternative fuel systems for high output engines

The American company ECI provides several solutions for the conversion of
locomotive diesel engines to natural gas.

Among the solutions, there is a conversion kit to natural gas for the full range of
EMD 645 engines, such as the one that is implemented in the Adif 310 locomotive.

The system involves:

- Modification of the cylinder head

- Pistons replacement

- Addition of an ignition system (coils, spark plugs, etc.)
- Low pressure natural gas injection system

- Detonation sensors in each cylinder

- Exhaust temperature sensors in each cylinder

- ECU for the engine

- Gas leak detection system

full load output
ENGINE MODEL rated speed continuous
RPM BHP kW
EMD roots blown DF, & SI
EMD 8-645 E1, E2, E6 750 600 570
900 1050 745
EMD 12-645 E1, E2, ES 750 1200 865
900 1500 1075
EMD 16-645 E1, E2, ES 750 1700 1210
900 2100 1500

EMD turbcharged - DF, (Sl for these models currently under
development)

EMD 8-845 E3, E4, ET 750 1200 | 894
800 1525 | 1137
EMD 12-645 E3, E4, E7 750 1830 | 1364
900 2305 | 1718
EMD 16-645 E3, E4, E7 750 2460 | 1834
900 3070 | 2289
EMD 20-645 E3, E4, E7 750 3055 | 2278
800 3600 | 2684

EMD 12-710 G4B
EMD 16-710 G4B UNDER DEVELOPMENT
EMD 20-710 G4B

DF- dual fuel, SI- spark ignited

Tabl e 20 Model variants of the EMD 645 engine
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Figur e 63 . EMD 12 -645 -E engine
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10.2.4.3 Dual engines

10.2.4.3.1 MTU (Rolls -Royce)

Model MTU 12V 4000 S83
Type V-12 90° Turbocharged-dtroke
Power 1500 kW to 1800 mil
Frequency
Diameter (mm) 170
Stroke (mm) 210
Cylinder capacity (1) 57,2
Unladen weight (kg) 6613
Dimensions

Width (B) mm 1.582

Length (A)mm 2.386

Height (C) mm 2.015
Emissions

Figur e 64 . Engine MTU 12V 4000 S83
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D 3.4 i Retrofitting and feasibility (technical and
legal considerations )ofaLNG -powered port
locomotive in Tarragona

Model
Type

Power

Frequency

Diameter (mm)
Stroke (mm)
Cylinder capacity (1)
Unladen weight (kg)
Dimensions
Width (B) mm
Length (A)mm
Height (C) mm
Emissions

Fuel

%

WARTSILA

6L20DF
L-6 Turbocharged-4troke
960 kW to 1000 mii engine
920 kW to 1000 mii Generator
50 Hz
60 Hz available
200
280

9.400

1.690
3.254
2.329
IMO Tier Il
MDO Marine Diesel Oil
HFO Heavy Fuel Oil
NG Natural Gas

"‘
¥ ]

Figur e 65 . Engine WARTSILA 6L20DF
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10.2.4.4 Dual engines - retrofit

10.2.4.4.1 OMNITEK Engineering

C AT =1s

American company that have developed their own conversion systems from diesel
engines to natural gas (dual).

The company is specialized in long -haul trucks engines transformation.

They are not interested in this project and claim they see low profitability in the
dual conversion for the locomotives in study.

Figur e 66 . Caterpillar 3406E and Mercedes Benz OM904LA engines

10.2.4.4.2 EVARM

A=A

Spanish company that have developed their own conversion systems from diesel
engines to natural gas (dual).

The company is specialized in long -haul trucksd engines transformati

They are interested in this project, but they have not enough experience to
transform 2 -stroke engines like the one used in type 310 locomotives.
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N

EVARM
Connnect

Figur e 67 . Dual system developed by EVARM

10.2.4.4.3 Energy Conversions Inc.

ENERGY CONVERSIONS INC.

alternative fuel systems for high output engines

The American company EC | provides several solutions to convert diesel engines to
natural gas (dual).

They have implemented more than 30 dual conversions of EMD 645 engines, some
of them in locomotives.

Figur e 68 . Dual system developed by ECI
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full load output
ENGINE MODEL rated speed continuous
RPM BHP kW
EMD roots blown DF, & Sl
EMD 8-645 E1, E2, E6 750 500 o7
900 1050 745
EMD 12-645 E1, E2, E6 750 1200 569
900 1500 1075
750 1700 1210
EMD 16-645 E1, E2, E6
900 2100 1500

EMD turbcharged - DF, (Sl for these models currently under
development)

EMD 8-645 E3, E4, ET 750 1200 | 894
900 1525 | 1137
EMD 12-645 E3, E4, E7 750 1830 | 1364
900 2305 | 1718
EMD 16-645 E3, E4, E7 750 2460 | 1834
800 3070 | 2289
EMD 20-645 E3, E4, E7 750 3055 | 2278
800 3600 | 2684

EMD 12-710 G4B
EMD 16-710 G4B UNDER DEVELOPMENT
EMD 20-710 G4B

DF- dual fuel, 5I- spark ignited

Tabl e 21 Model variants of the EMD 645 engine

10.2.4.4.4 General Electric Transportation

GE Transportation

General Electric has developed a trial version of a dual locomotive prototype. It can

run using diesel and LNG, with a maximum substitution rate of 80%.

Figur e 69 . NG Dual system developed by General Electric (Next Fuel E Natural Gas
Retrofit)
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10.2.5 Engine selection

The criteria considered for the engine selection is listed below:

- Specific version to be  directly used in locomotives
- Suitable dimensions to the space available

- Natural gas dedicated engine

- Ease of integration

-  Cost

Even though the following sections describe the details of each of the variables
considered and the reasoning used to justify the choice, in summary, it concludes
that the project will be performed on the Type 310 locomotive, converting the 2 -
stroke diesel engine GM 8 -645 -E using a conversion kit to natural gas developed by

the company ECI.  Only Guascor as a manufacturer of dedicated natural gas engines
has shown its interest in making the necessary adjustments for its application to

the locomotive of the project.

By means of this transformation, it is expected to get a natural gas dedicated
engine, specially adapted to use in locomot ives. Its integration will be relatively

easy to perform since it is only a modification of the current diesel engine.

10.2.5.1 Specific version for locomotives

All those engines without a version that has been specifically developed to be used

in locomotives have  been discarded.

Even though any engine developed to be used as a generator could be also

implemented in electric traction locomotives, it should be remarked that they

require speci fic adjust ment s t o t he engineds ma n
functionality.  Manufacturers have shown little interest in adapting their engines to

locomotives, so they have been discarded.

10.2.5.2 Engine dimensions

Another important criterion to discard engines from the selection has been their

size, specially their height.

The available height for the engine in Type 311 locomotives is 1500 mm, making

the installation of most of the engines unfeasible. Conversely, the available height

in Type 310 locomotives is 2390 mm, what makes the engine choice more flexible.

The study and the analysi s performed to obtain the previous conclusions are

described below.
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10.2.5.2.1 Prior analysis: dimensions and weights

Type 310 locomotive

Figur e 70 . Type 310 locomotive

All the traction system components are located at the front side of the locomotive,
facilitating the integration of the accessory elements, such as the gas lines, the

cooling water system, the electrical wiring, etc.

Type 311 locomotive

uFE b =] 2
o A}

&
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Figur e 71 . Type 311 locomotive

E n gi n dimehsions comparative

MOTOR / MOTOR+GENERADOR*
OIS Length (A)  Width(B)  Heigth(C)  Weigth
mm mm mm kg
Motores actuales Diesel
MTU MTU V8 396TC 13 Diesel Locomotora 2013 1439 1380 2520
General Motors / EMD GM 8-645-E Diesel 2T Locomotora 3632 1750 2010 8622
Motores dedicados Gas Natural
Guascor SFGLD360 Gas Locomotora 2637 1664 1738 4200
MAN E3262 LE 202 Gas Generador 1748 1243 1500 1849
MWM TCG 2016 V16 C Gas Generador 4090* 1590* 2190* 8450*
Caterpillar CG170-12 Gas Generador 4064* 1810* 2210* 10800*
FG Wilson PG1250B2 Gas Generador 6340* 2100* 3370* 5820*
Perkins 4012TESI Gas Generador 2681 1888 1893 4680
Mitsubishi GS12R-MPTK Gas Marino 2421 1832 2137 5350
EMD Electromotive EMD 8-645-E Gas Locomotora 3632 1750 2010 8622
Motores Dual
MTU 12V 4000 S83 Dual Generador 2386 1582 2015 6613
Watrtsila 6L20DF Dual Marino 3254 1690 2329 9400
General Electric Next Fuel E Ret bwal i t Locomotora nd nd nd nd
EMD Electromotive EMD 8-645-E Dual Locomotora 3632 1750 2010 8622
Table 22 Enginesd di mensions comparative
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