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Abstract

Research Title: Railway Electrification on Double Tracking of the State
Railway of Thailand
Field: Economics

Name: Watcharachan Sirisuwannatash Course: NDC Class: 61

This research intends to study a road mapfor developing railway
electrification as to replace a diesel traction system on theexisting and new double
tracking network under construction of State Railway of Thailand. This research will
also examine potential challenges that could occur during the transition phase andlay
out a preparation guideline for the transition phase.Furthermore this research will
study how railway technology could be applied in this electrification.

The content of this research will cover an analytical study and framework
of developing railway electrification.It exclusively focuses on a process of adopting
railway electrification for commuter and intercity trains inline with 20 years - National
strategy. This research will study necessary technological factors that should be
prepared for the development of the electrificationand compare railway
electrification in Japan and England in order to assess which system is more
appropriate for our objective. The population criteria in thisstudy will include the
State Railway of Thailand’s officers, the Ministry of Transport’s officers, metro
operators, and oversea railway operators.

Research methodology emphasizes on qualitative and descriptive
researchwhich consist of data collection from both primary and secondary sources of
evidence, context analysis, comparative analysis, and theoretical synthesis. Interviews
with transportation experts and entrepreneurs have been conducted for secondary
data.

Research results reveal that feasible routes for railway electrification
should correspond with construction phasing of double tracking projects. First
phasethat would be constructed during B.E. 2565-2569 are Bang Sue — Chira junction

and Bang Sue - Hua Hin, while second phase that would be constructed during B.E.



2570-2574 areBaan Pha Chi — Pak Nam Pho, Chira junction — Khon Kean, and Bang Sue
2579 are Hua Hin - Suratthani andPak Nam Pho - Pisanulok.

It is most efficient to use Bi-Mode rolling stock during the transition period
as the railway systems consist of both electrified and non-electrified lines.
Nevertheless, freight transport should continue to use diesel locomotives for its
remaining life. After a completion of railway electrification, electric locomotives
would be used for freight transport instead.

Railway operation technology will incorporate Automatic Train Protection,
which is based on a standard of ETCS (European Train Control System) Level 1 and is
currently installing on the new double tracking project, and an electric power system
with 2 x 25 kv/50 Hertz.

Thus, in order to establish railway -electrification, the government
authority should not only create a master plan for the project but also carry out
feasibility study and organize a construction plan as well as detailed design for each
phase. Ridership forecast should be studied as a major consideration for both
passengerand freight transport before developing the railway electrification; in case of
having insufficient ridership, this project may not be feasibleto implement. However,
considering from operation and maintenance cost, and energy saving perspectives,
railway electrification seems to yield more advantages to dieseltraction systems in

the long term.

Yonaiu[Asl]: Electrified lines vs non-
electrified lines
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manss lnefinouaziinisussumssuiufanissalwludangudy British Railways/ British
Rail  (BR) Fuiflunsdigiamianedslul 1948 vivasasalanadsdl 2uasfudiidiufanis
Tiu3nng i wesinfrastructurenazuausaliianunsandsniseanuuy n1sadissolvuagns
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Fout139619 9 BR Aeziluinsuiinveuludil lnsuvsnsquadueiui (roundsiu wide 5

ﬁuﬁ) Aa LondonMidland, Eastern+North Eastern(saunulud) 1967), Western, Southern and
Scottish s?iqa]z@JLLaImsJ general managermaﬂl,wiazﬁ”uﬁ

qunseiidlugaed 1979 — 19971dlsuneiieafunisussuuazuingssdou
ielusangy wasiloweniguuniMargaret  Thatcher Wuidudguralul 1979 Aldm
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wuInenvysalludin sudsdunntulaeduwliAnu19inInN1sinainas tutnagaIun soLiy
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, Madudvessali, waznisgeningesnainiuiiefaansadn STt uNINTUIINABULINT
ALiiuN1sNNeg1angle BR Felaseaianusuasutiy wansfsuHunIng 3- 9

WHUAMT 3- 9 laseasannungseileuwasnsaiiunis ¥t 1994 - 1996

Figure 1: Industry and regulatory structure 1994-96"’

Department of
Government 'Fm“‘*l'ﬂ"ﬂ
and regulation {DoT)
Guidance _-~ Direction
Health & Safety Executive ' S \;\ I
:E . ) Offi f Pass Rai
!HSI:] Office of the Rail Regulator ICE:’ s‘t;l?e_nger -
HM Rail Inspectorate (ORR) ranchising
(OPRAF)
rd . \
. i .
Network and train British Rail
operation L Board
Railtrack Train Operating
Companies (TOCs)
 emmemmemmmm e e em e a] Access and other operators
Rafety and Standards

Directgrate (S30) 7 i
Network and train
provision and
maintenance

Renewals and Design Rolling Stock Rolling stock

: Companies [ :
maintenance maintenance
(ROSCOs)

1.1Wann1slassadenisaniunisianissalvesdanguiignuiuiuasuly

nsgIamnalugzuuuulvg

1.1.1 Office of the Rail Regulator (Economic regulator) lag &l
tlagtudiu Office of Rail and Road Fuiussdnsdaszdniunminelinseungmnevesansn
o1andnsuazannmglsy Fsdivihil enuesnuANaUILAYAAUADR BRSNS TUTO LY
uanifussdnsfireslieuiulatinmsudstunsgsiasalifuinisudsduuaiuasdussn

1.1.2 Office of Passenger Rail Franchising (Franchising regulator)

1.1.3 HSE&HMRI(Safety regulator)

1.1.4 Infrastructure manager 1U3¥% (Railtrack) wag s Jagiunany
undu Network Rail (NR) Fsazidumisauiziamie NR iudives, duflums wagdentiss

Infrastructure viviun FeUsznaulusme yesalv 20,000 Tud (32,187 naL), @¥niu 30,000 WAS
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59u99l9A, viaduct, 910igdayauingquazanitisaluvan 20 aandl Tuvaen 8n 2,500 @nndl
ALiiunTsiag train operating companieslagtaquu NRINGnMUNmue Useaas 38,000 A

M5 3-6 A1 ppm VBLFazUIEN(networkrail, 2018)
PPM % PPM % PPM Moving Overall %

No Train Operating Company Period 4, Period 4, annual Satisfaction with

2017/18 2018/19 average (MAA) the Journey*

Total National Performance 89.8 82.2 86.4 -
1 Arriva Trains Wales 93.3 88.0 91.6 82
2 c2c Rail 94.2 90.1 94.7 86
3 Caledonian Sleeper 91.1 88.8 86.8 -
a4 Chiltern 92.6 91.5 92.9 90
5 Crosscountry 90.2 77.8 85.6 86
6 East Midlands Trains 93.7 87.3 91.0 87
7 First Hull Trains 85.6 74.0 72.9 87
8 Govia Thameslink Railway 85.0 73.3 79.9 x*
9 Grand Central 88.3 64.9 79.5 95
10 | Great Western Railway 83.2 78.5 83.9 81
11 | Greater Anglia 89.0 87.8 88.5 76
12 | Heathrow Express 89.0 92.2 90.4 95
13 | London North Eastern Railway 88.0 68.1 77.3 87
14 | London Overground 94.9 91.6 94.0 88
15 | Merseyrail 90.7 94.4 94.9 92
16 | Northemn 92.1 78.5 84.7 80
17 | ScotRail 93.7 85.5 88.4 84
18 | South Western Railway 87.7 78.7 83.4 80
19 | Southeastern 88.9 86.9 87.6 75
20 | TfL Rail 92.6 91.8 90.0 69
21 | Transpennine Express 91.9 64.2 81.0 86
22 | Virgin Trains West Coast 85.0 70.3 82.3 89
23 West Midlands Trains 90.4 83.0 86.3 81
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1.1.5 Franchised train operating companies (TOCs)25 US#Muay
Uaq0udl train operating companies viamia 23 U3EW Iaeudasusenazlanuilunisliuinig

2950l9W21nA19 bidding tazsaluurulgieiuagiagnuiain ROSCOs lneWunndn1susalan

[
U IS

Sethuaziiundeuiifinsdouriuiuiiiu Tunsinussansam train operating companies 1 ¢
fishi T e ppm (public performance measure) tnefaasiduddruiusalnfisndeannin
pssnamiell @sihvunlviegniglugisa 5 wifidm3u London & South East and regional
services uavagnielunan 10 wiiidmiusaliszerlnaanaiidimus) deusazuisniagilen
opm Tl Tneen ppm dufazdutladeluns bidding adwioluiguri

1.1.6 Rolling stock leasing companies (ROSCOs) ol 3 uEvwan
A9 Angel Trains Ltd, Eversholt Rail ey Porterbrook leasing company Wag ﬂ%ﬁgﬁuﬁlﬁﬁ
Vsl solilfingusndn 1wy Beacon rail, Caledonian Rail Leasing Wusulneussnivand
az1¥u31v84 coaches, locomotives  Way freight wagons %ﬂﬁlmﬂuﬁmﬁm’]iaimm train
operating companies Wag freisht  operating  companies LLazﬁauimijOSCOs%Lﬂu
ﬁ%uﬁm%aﬂuﬂﬁsﬁauﬁﬁﬂheavy maintenance &g overhaul

1.1.7 Freight companies6 uS¥niag s J2q0uil freight operating
companies dnndu 7 usemuseneuludae DC Rail, Colas Rail, Direct Rail Services, DB
Cargo UK (formerly English Welsh & Scottish Railway), Freightliner, GB Rail-freight, Mendip
Rail

1.1.8 USEmiivSnwdumadia 3 U3m

1.1.9 Heavy maintenance depots 15etauun§antin 6 wiig
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LHun W 3-10lassadrssungssdounaznisdniunisdaed 1994 -
1996(Bartle,2004)

Figure 2: Industry and regulatory structure 2004

Government and

regulation Depanmen:}ﬁr}Transpnn
l
Department for ) 7
Work and Pensions Rail Accident "“'da"““/ Yﬂ:tmn

Investigation _ I : :
Health and Safety Branch (RAIR) QOffice of the Rail Strategic Rail
Executive Regulator Authority
(HSE) (ORR) (SRA)
HM Rail Inspectorate / \

Network operation and
maintenance and train

operation
Rail Safety and . -
Standards Board Train Operating
(RSSB) Network Rail s Companies (TOCs)
{Owned by the main Access and other operators

industry stakeholders) F ;

Network renewals and
train provision and
P Rolling Stock .
Commpanics Rolling stock
(RCIHPCOs.} maintenance

maintenance | Renewals || Design |

#111:BRITAIN’S RAILWAY CRISIS ~ A REVIEW OF THE ARGUMENTS IN COMPARATIVE
PERSPECTIVE(Bartle, 2004)

1.2 aarumsaliagiuvasnisaniiufianissalnludssinadings

1.2.1 Sgunadengy

o

FU1a59Ng¥ElaTURENIEIINYTEV 1B ULALUIUIQANYUNT

(%
Y

Network Rail wag TOCs a1nadnasud U 1992 - 2011 ndndnsuusgumsaiufanissalu

'
! IS

Wi Sgunadangulalidugenyuludiusaliunnndy 3 - 4 wihdleweuiuneuniagiiniswlssy

dmsuaurnulasnde nadifinnulasnde FvinanadfinisiingUfmenissaluiivinlad

' (%
o a v (Y

AdeTin gUuRmadduiuanauazisuiiaglifiguRmveivinlidfidedin daudt 2007 WWusiuan

6 e AAU 2011 Sgunadanguladinsasyuiieasns High speed
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1.2.2 TOCs(Train operating companies)
Train operating companies’3 TOCADUTENTILILNFUALUNIU
nsiusall FaglasuRuganyuainssuialumsanlufanisuisdiludiusnuaziilelanils

v W

Tudialuudrneduliiusguiasielavanues TOC Ao Arlagans (fares) 9MNASLAUNIUDS
AlAEas AuYUNan Ae AmMNeTalnGednelviiu Network Rail, A1dnantdneu, Ardniiunis, i
whsalwann ROSCO

wun g 3 - 11 38le 51898 uazdunurdnes TOCs Birmingham, 2018)

Simplified TOC revenue model

Network
Rail

Passengers

Operating
Costs

®)
b SNCLAVALIN

** DfT: Department for Transport (Government)

TOC: Train operating company
ROSCO: Rolling stock leasing company (us@vilmgsalvun TOCs)

fisn : Birmingham, University 2018

1.2.3 Network Rail
Network Rail l95ulduganyuainsguia uaslisglananainanld
93 lNAFeNAUaIN train operating companies Fain1sldniesalwlunisliuinisunglneans

wazAng g iluves NR Inswvadudadiudsil 70% \Juluaiuvayuunainsguia, 25%
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Wusrelenleurannisloniasalnues TOCs, 5% Huselailauiainedmnsunsng wuaan

Tuanndisalw

M3AnRg szuuliinuuEunIansusa W lneLanIRam1$199 3-7

Road, 2018)

1.2.41a5998n150aR 952U T vuLdunI9salvasEns1 e nINg

TaYAIINNTENTINTVUABIaNIT o TnTlul 2009 leagy

M7 3-7 wansenssntadnisinasszuulniiludingy (OFFICE of

3
1087-88 16,633 4207 14,302 2331
1989 90 16,587 4546 14318 2260
1990-91 16.5%4 4912 14.317 2267
199192 16,588 4886 14,201 2267
1692.93 16,528 4910 14,317 2211
1993-94 16,536 4,968 14,357 2,179
1994 95 16,542 4970 14,359 2,183
1995-96 16,666 5.163 15002 1,664
1996-97 16,666 5,176 15,034 1,632
1997-98 16,656 5,166 15,024 1632
1998-99 16,659 5,166 15,038 1,621
1999-00 16,649 5,167 15,038 1,610 30,846
2000-01 16,652 5.167 15.042 1610 30.846
2001-02 16,652 5,167 15,042 1,610 31972
2002-03 16,670 5,167 15,042 1610 31,766
2003-04 16,493 5200 14,883 1,610 31,564
2004-05 16,116 5200 14,328 1,788 31,482
2005-06 15810 5205 14.356 1454 31105
2006-07 15,795 5250 14,353 1,442 31,063

Rail and
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2007-08 15,814 5,250 14,484 1,330 31,082

2008-09 15,814 5250 14,494 1,320 31,119
2009-10 15,753 5239 14,482 1,271 31,073
2010-11 15,777 5262 14,506 1271 31,108
2011-12 15,742 5261 14,506 1,236 31,063
2012-13 15,753 5,265 14,504 1,249 31,075
2013-14 15,753 5268 14,504 1,249 31,092
2014-15 15,760 5272 14,506 1,254 31,120
2015-16 15,799 5331 14,552 1,247 31,194
2016-17 15,811 5,374 14,491 1,320 31,221
2017-18 (p) 15,8'}"8 3,766 14,548 1,330 31,046

#i111:OFFICE of Rail and Road, 2018

nansrskanslmiiuIugwauintsaisiiusalnluansiy
010133 azAeAlauiou 200 U usnisandaszuulniih Juds ¥ e 2018 Sallszoznng
Wi 5,766 Alawms Andu Ussanas 36.31% veadumeianun 15,878 Alawns

1.2.5msam€fuvgumsﬁ91éf'aszw‘lw%ﬁwaeé’enqw (Barrow, 2019)

AUTE9U RIA (Railway Industry Association) Sufl 14 fuwie
2562 ndni Fuyumsaseulasinisfiassuuiesaliihuunmdnludingy assoanduny
WlfUszana 3350 Wesidud Jagtussaliimunlusinguiinisfindessuuinelaiiug
Useann 42 Wesidus 91nlassthemssaliianus 15811 Alawns uazasiinnsansafiudusn
Hu a8 weddudvintu rowd a.m2039 Foyaan Network Rail) Liosaneuandiuagnis
dumesiunusiuun@szana 3 Tu 4) vaslassnisfadeszuulnihiisesoll GWEP (Great
Western Electrification Programme) vhlvinlugnsiansanifiaiuiasugananimsfindaszuy
T disesalo

deaabiundlasenisvesnisindeszuulniinsesalngnenianly

VisefewivauuAlYa LHoIINNSHIAUYRIRUYLAINGT In8AINNITIATIEURIlATINTAI

[
LY

Uszanal 20 lasensludenguiazelsy nudnfeuaiwidwedlasansnmuaiiduunisingasiy
seuulaiinnsnasalwuseunn 750,000 Yaun 09 1,000,000 Usua (Uszaed 31.5 81uun — 42

AUV : 1 UBuA ~ 42 UN) ABTe8gnIesIaned 1 Alaluns (stk : single track kilometre) Tu

F1891UMINa1 An19inszidaudndiiiud 5 Tassnsivszauiuaiugeeinlunisdaeu
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TAs9n1s saumalasenislondon’s Gospel Oak — Barking line wazlasens Edinbursh —

U

Glasgow Improvement Programme (EGIP) Tmﬂﬂﬁmdwﬁﬁmunuiumﬁm&%szwdwEJVLWﬂTﬁ
s1eUsEIna 1.5 - 2 §udoudseszezmiesadien 1 Alawns (sth) waglasanisimdeludingy
Funuazeguszanm 2 - 25 dulsuddeszgmanafen 1 Alawng stk wazlusioauld
asuilassnsindessuuinglniiliedu duyuaisegseaing 750,000 Yous - 1 &udoud
foszzyaAed 1 Alawns wagdmiulasensifimududeu dunumsesiivszana 1 & -
1.5 Muumsenlawns

Tussnusandifiiuiiswesdudondegiitisannudedinenu

Y]

alAsase Feanunsaandunuiiuszuna 30-40 Wesiudvesiunuuistasanistutlegiu uas

9
Tusenuszyin “luyuneswes RA 5ildasaadilasinisdnagaednumnnnindunuiigely &
ynlaifwauafieuiivinTheaunsstanansadlamanamanilfesnadaau uarlifesasdoins
MegeamnssianansaweulEisasumadlld msegilassnandrdidulasainsiiindu

339 RA wWhlaffsanugdagiuves Great Western (Bristol TUds Cardiff) Mdsgnasuaueu

¥
1 al 1

meluthananil SsgunieuasisiiunGeunnlasnisiounthimdgninluldlumeufoaoy
RA wuzihlidasilassnisszuulniihfidaelusouto 3 Adliluns
Fuindousaln) “ioandunumsdndunvlussorenvesnssalil dslugussingrufientu
glsvuazafuayunisamuluFemesnunszuiunuaslsany’  InsSonfedisguraoyia
fuseansldfszuulitin iesandudidenusndmiunisanaiueulnoenladlunsdiiuamu
ol wasfinstaansineg ieliuilatlasainsluewamiunldsulusunsufiviiousdawasns
Fans3oseudes Menusaienediiinisssyndldssuuiiniunisiigatiudrinaenndeaiu

umsUAEIToIIarMINUTILINATEIL Network Rail wagmsdnassnindesignios
1.2.6a2u10UN1v8951897U RIA (RIA Electrification Cost Challenge)

(Railway Industry Association, 2019)

Ul A.A.2009 $sunasanguuszna lasanslugiedneluiindgan

drrrneqveslasdiesaliidunianan 130910 Great Western route 910 London LU

Swansea uag Liverpool 1U Manchester @siiainfialasenisinglasanisusn AsLav a.A.1980
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uag suppliers  legnnszdulasuesnniluinvedidnduuazasmugunsaiindesiledily
atuayulasens

GWEP (Great Western Electrification Programme) ﬂizmﬂ(;ﬁjﬂt,wi
T 7.1.2009 wagsaAduyuil 1 fudulous Weviiduszuuinglafihludl swansea rowfou

) a ' v & A a . ¢ v X
5UAN U A.A.2017 ABUNUIUUNAZTUII8IY Hendy review ﬂqﬂﬂqimﬂUﬂigﬂqmmunquﬂu

[
Y

1104 2.8 fuauvaundmsunisinnessuuag iU Cardiff wag naumausuIuay U

2018 luifleunsngieu 2017 $guraldlszmmsnidnnisinsisszuudelndililud Cardiff,
Swansea Wag Midland main line wag north of kerttering uaglwldidu diesel Bimode train
wnu

Tud a.A.2018 RA lUauwimnuAnsisulviieliiiuinduu

[

voalasinisinasszuudneliirlunsaluaiuisoanadlaegels nasuduiidnlugedn
Electrification Cost Challenge lagnsudSuinin NU3nw1 wag {3amlaseasianugiuves

seuuliih sauvaflidulade iieduntinviluduyuiendege wazeslstrsvilianuisaan

=

mqﬂﬁzmﬁmaﬁwmuaﬁuﬁ k)
1.9qelvignainngsy (Network Rail wag suppliers) wazsguralu
nssinaulastensingeszuuliiihiisnssalal
2. Lﬁ@ﬁﬂﬂ’s’1Mﬁﬂﬁ]%@x‘l%ﬁU’laIHQMﬂWﬁﬂiiiJ’i’]ﬂLﬁ@ﬁﬂ@i@lﬂ’ix‘lmi
Andalnifiluduyuiianansadieldviung eduulsznauasfiodulsloviundlasaisuas
nslduuEsEuaT

3. syyneufuanalunisdaeulasanisienslniii wagsey

'
a o

Hansenun1TasukUasndAgdegnainnssuniualuiianieilasanisanaluilisiieg gn

]

%

NunumardseulinnsdysiaiEuduluimisnszdulasans
4. 3nfeslilassnisifudenigssuunlgliiia (rolling
programme of electrification) mmaaiﬁmﬂqmammam’waﬂmqmim"mqﬁﬁunuﬁmﬁwmn,
Snwimsseuiiasinuesine uazasauwsagelalunisamu
anudlasguiavestasanisinssszuudnelaiinlisusalaly

LU UDE190ININUTEEUNITIR9N1589uaUlATINNG Great  Western Electrification
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Programme (GWEP) lassnis@aaslniauialualasenisusn e fauad w.a.2535 (./.1992)
Falmsansuazauuszananiuluagnann deluanuduass duyulasinisnsinnsiuil GWEP
agfuszI 50% vadlasanisannssyuuIngliinlviiusalnvisvaniivdesesnuilud a.A.2009

wazgnaweulasinisliegnediie

A
oA

agalsfinunisyarIvesiuuinduiieu 3 idslives

1A59N15997I 5z U INALEUNI91EN 5211919 London  wag Swansea 34lASINISNUSEAA

[
Y

AU 2009 2UAIN198959891U Hendy Review Tutdiaungadnieu 2015 dwwalviinisandula
vassguralndluiounsngian 2017 Iaglvdinisenidnnisindessuuanglniluduniaman

5¥11919 Cardiff wag Swansea wazUULEUNIe Midland Main Line
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3. dunutiosnitlusveren ewFeudfisuiu fuyusiuiomn
(whole-life cycle cost)uoansusAIIMBALTa
4. Wawaniunie deswinanuaiuisalunisiusniagzis
wilanin
5. dwtnuindt Sedwwasionisdnnsevesmssali vhliinns
LRHGYRPR PR
6. ann13a1d1vesflagans iilesannvuausaluiiaziaiiy
Uidedemnnivuiusaliiituindeusionioseudfieg
(Barrow, Online, 2019)
https://www.railjournal.com/infrastructure/british-electrification-costs-could-
be-cut-by-50-says-report/

WHUANT 3-12 dunuseviievedasinnsinasszuulnivesUsemasing

wazuwUsemeluglsy

Cost per stk (rounded up to the nearest £100k)
B NRdata ERIAdata @ Projects that experienced delivery difficulties

Switzerland

Germany 2

Rutherglen and Coatbridge (RE&C)
Cumbernauld

MNorth Western Electrification Programme (NWEP) Ph 1
NWEP Ph 2 Liverpool to Manchester Victoria

Shouts

Denmark

Germany 1

Stirling Dunblane Alloa (SDA)

NWEP Ph 3 Preston to Blackpool

Edinburgh Glasgow Imp Pr (EGIP)
Paisley Canal

Gospel Oak Barking (GOB)

Airdrie to Bathgate [A28)

Walsall to Rugely (W2R)

Midland Main Line (M ML)

Great Electr P (GWEP) .
Bromsgrove .
NWEP Ph 4 Manchesterto Preston  IIIEEEEEEEEEEEEEEEEEEEEEEEEEEEE—
] 500 1000 1500 2000 2500 3000}
Cost £k -

(RIA Analysis - for large graph, see Appendix 4)

i : (stk : single track kilometre) (Railway Industry Association, 2019)

WNUAIN 3-13USIunsinnsszuu i lulssmasenguuazUssmeaasdu 50 U
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Railway Electrification (km per year)

700

600
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400
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200 —— — - et N\ W/RE

i |
0I|I II|I | I| |IIII | I |. IlII
RS RESREE R B R R EEd B HEBHES58C58538

(Source: Noel Dolphin, Campaign to Electrify Britain’s Railway)

i :Railway Industry Association, Online, 2019

1.2.75zuusalwluansivaraning

Jagtiulsziansalnitlddwivaudelasansvesuioniause
(Train Operating Companies) #1499 lulszimAsingy 13e anwenandnsiu szudddiduaes
ngundn fe Ussaniidesldfuiduiielflunistuindousnaniaiossud uazananumasding
Tihinenss Fsanunsawuslddudssnnene fail

1.2.7.1 Birmode multiple unit : savun 68 i (GWR 58 fu
uay LNER 10 fiu)

1.2.7.2 DEMU (Diesel electric multiple unit) : Tanan 58
(Cross country 34 A, East Midlands Trains 4 AU Wag Virgin Trains West Coast 20 1)

1.2.7.3 DMU (Diesel multiple unit) : Hevun 455 &

1.2.7.4 EMU (Electric multiple unit) : evaa 612

LEUNINT 3- 14 Usennvaesalneassabnluansiveanans



TYPES OF PASSENGER TRAINS IN GREAT BRITAIN

E Bi-mode multiple unit i@ DEMU (Diesel electric multiple unit)

= DMU (Diesel multiple unit) = EMU (Electric multiple unit)

WHUAMA 3-15 uanssalagansluansivenandnsildinseseus DEMU+DMU o

48%

TYPES OF PASSENGER TRAINS
CATAGORISED BY PRIME MOVER

SEMU &DEMU+DMU & Bi-mode multiple unit

fis : Wikipedia, Online, 2019

ANST 3 - 8‘ﬁagamﬂ Aulad http://www.railwayengineer.co.uk (New trains in

their thousands, 22/03/2017 lag Mundo Stacy)
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New UK trains ordered as of March 2017 - Source: RDG press release of 7.11.16 with updated information

Order Vehicles | Train Operator Class Distance | Manufacturer Funder Status s::::e
Jul-12 369 Great Western Railway 800 Bi-mode Long Hitachi Agility Trains West Testing started 2017
Jun-13 1140 [Govia Thameslink Railway 700 EMU Middle Siemens Cross London Trains | Entering service 2016
Jul-13 167 Virgin Trains East Coast 800 Bi-mode Long Hitachi Agility Trains West Ordered 2018
Jul-13 330 Virgin Trains East Coast 801 EMU Long Hitachi Agility Trains West Ordered 2018
Feb-14 594 Crossrail 345 EMU Short Bombardier DFT / TfL Testing started 2017
Sep-14 150  |South West Trains 707 EMU Short Siemens Angel Trains Testing started 2017
Feb-15 75 Caledonian Sleep Mk 5 coach Long CAF Caledonian Rail Ordered 2018
Mar-15 32 Great Western Railway 387/3 EMU Middle Bombardier Porterbrook All in service 2016
Mar-15 234 ScotRail 385 EMU Middle Hitachi Caledonian Rail Testing started 2017
Jul-15 180 London Overground 710 EMU Short Bombardier TfL Ordered 2018
Jul-15 236 Great Western Railway 802 EMU Long Hitachi Eversholt Rail Ordered 2018
Dec-15 150 Govia Thameslink Railway 710 EMU Short Siemens Rock Rail Ordered 2018
Jan-16 140 |Northern Rail 197 DMU Middle CAF Eversholt Rail Ordered 2018
Jan-16 141 Northern Rail 331 EMU Middle CAF Eversholt Rail Ordered 2018
Mar-16 95 First Trans Pennine Express 802 Bi-mode Long Hitachi Angel Trains Ordered 2019
May-16 66 First Trans Pennine Express Mk 5 coach Middle CAF Beacon Rail Ordered 2018
May-16 60 First Trans Pennine Express 397 EMU Middle CAF Eversholt Rail Ordered 2019
Jun-16 24 c2c (1) 387/3 EMU Middle Bombardier Porterbrook All in service 2016
Jun-16 148 Great Western Railway (1) 387/1 EMU Middle Bombardier Porterbrook Entering service 2017
Aug-16 138 Greater Anglia tbc B-mode Middle Stadler Rock Rail Ordered 2018
Aug-16 665 Anglia the EMU Middle Bombardier Angel Trains Ordered 2019
Aug-16 240 Greater Anglia thc EMU Middle Stadler Rock Rail Ordered 2018
Aug-16 63 Great Western Railway 802 Bi-mode Long Hitachi Eversholt Rail Ordered 2018
Nov-16 25 Hull Trains 802 Bi-mode Long Hitachi Angel Trains Ordered 2019
Dec-16 208  [Merseyrail tbc EMU Short Stadler Liverpool City Ordered 2020
Total 5670 I Note: 1) Speculative order by ROSCO of B0 vehicles: 24 now allocated to c2c and 56 as part of Great Western Railway order

fis Ul http://www.railwayengineer.co.uk (New trains in their thousands, 22/03/2017

Tag Mundo Stacy) , Online,2019
LLB\Iuﬂ'l‘WﬁI 3-16 LLﬁﬂQUﬁSLﬂ‘WiﬂiﬂﬁJaqﬁ

New vehicles ordered
1%
4% "’

®m Bombardier m Middle distance DMU / coach

m CAF m Long distance coach
m Hitachi = Short distance EMU
Siemens = Middle distance EMU / Bi-mode
m Stadler ® Long distance EMU / Bi-mode
By manufacturer By type

ﬁm :L?‘Ul%iﬁhttps:((www.railengineer.co.uk, Online,2019

2. UszwmagyUu
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suavieidusgiamAnnieu msoluieniAguuresadotud 1 Sguieu aa. 19a9la8gua
WUNNTSAUTA 19,756.8 Alawns (12,276.3 lud) tneldsneninauuin 1,067 faduns (3 a6
i) vi¥efi3onfudn Narrow Gauge Tu 46 Smminvaadyu lisudminlofundaudunignis
nould waziinsvenadumaesalnl eonluds 21,4211 Alawns (13,3105 lud) 1ud A.A.1981 &
Tisaudunasalvainuiigavie Shinkansen

Japan National Railways %38 JNR 97'1Lﬁumiﬁamiﬁqéﬁuﬁuueiﬂsﬁmammaz
nsrudsAudTaviIg MsUIMITNU INR astufusgunalfundn nstmusunuinvieuleune
gNMNUANIINTFUIA
Frurumiinaundn 270,000 auluta . 1986 WunrsziFesmldseatainisi

a9 Jadurrneuiaziinnisiasuuvasivellul a.a.1987
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a1
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Y

011U Y A.A.1960 AMUNINTIVBIRAAINNTTUEIUSUAVDS
%i’fyumiﬁ'ﬂaaﬂlé’aﬁamﬂﬁumﬂﬁuawnzﬁ{ju fanafithminumissalaives INR 5 519% solw
N (Privates Railway) 22% sadalagans Usvann 15% nsldsasuddiuyanadn 12%

winoau1l A.A.1987 nMsiaumdlagsalnved JINR wdewiies 22% n1sAuNIa
Tnososud sava muludsamenmsdunislulssmaiiunniusiugegusyana 609%6lumeding
Wunslaesalanatod1ssinsa nsvudsdudimesalnlud a.a.1960 winiu 39% wslul ae.
1987 anwdowies 5% Nuwdanladn Hish Speed Train @ HST visesalwanusgenaulyl

anunsonaulandussursuynigiula

WHUAMT 3-18 N3 kandUSeufigunNsAuntwesr I dulul a.m.1987
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Hsolv JNR B so'lvbenyu/duq soifa/inTeeiiu

fian : JR East, 2009
nsasunlaemibausreren (Long-term debts) Tu JNR dsnanasigla
wazAliinedarinamanntu INR WiaUszauntizaauadlul a.e.1963 INR f518l8 (Income
& Cost) uarsednefivindueyil 5 dndruiou ulud a.a.1985 e1eUszanaviiiy 5.3 d1u

aueu(Trillion) Tuvasnselaegn 3.4 srudueulaeysvuna luvasnniidussesendnuna
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[
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geluds 6 Mudueu

Iassasanisanuianlugduildeuly iinnisiasunlasmundanuas

o w =

lassadsvesgnainnssululszmadiu ualadedrAgdnogrmidanig INR - Allywses
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Tassa$rsvesmmsoliillaunatufunuiuies nuluisenuadwesmsusuussanlagans
yurusalniigadoueu

nsiAusaliiinsamurutnags JNR Sanuadeniewiloutu swn.nssiisdos
ﬂLLﬁIﬂix‘lﬂ%’Nﬁug’]uLaﬂﬁgﬂLLGI' 9 sruvaldyananaznisdenThsmneg ez nseiiAen
Tosfuymaruvessasudfidusunulunsgua silinissalnuisnddiuiesuasundasmules

Tufiagn

2.1 nsAsuuUaswas INR
mssnliuisAdu vde INR legnufsuvdeivdsuutasliugsuiuuns
sfunuuuuenyulud a.a.1987mssoluisfdgiu wse INR dmsdauidnausalniuly
Wou wweu a.A. 1987 Taw Japan National Railways leasuaniugluidu Japan railway

1%
=% o v

Construction Public Corporation luidaunaiau U A.A. 1988 uasndaantu 5 U 399

Japan Railway Construction Transport and Technology Agency
TuvazAvismiAusaduiduiu INR fgnuensenluidu 7 vidmiAuse
Usznaulume JR East, JR Central, JR West, JR Hokkaido, JR Kyushu uag JR Shikoku lagdl

v v v

JR Freight Suniifivudud gedadiugniulvsanuny wasusenlaanaieiiusalininusags

Y [

3d shidslisumihenuiiviiaihiidesumaluladszuuss vie TRRI fusnoonan JR Lo
myvhauAdeiaumeluladiftedeutismndnsalndnie
msUfuasulugnisuimsuuuiioondnlaesssausslovivesussunmy
Jundn shlvdeitldnduAenn (Outcome) flyarigaiunitfiasyszananduyadls Tnolawns
Gesgifmgianandudeiflduinmstianuiianelagean
2.2 mawasunlasdiuwdsnudiwalugwdsnuluiives JNR

doundululul a.a.1960 nanssaliuianAgUulaisuinnsssuuinglil
Tfuvurusaln@enissalvgUu INR tduniesalanivsuiiunisiusauinndn 80 yuIn/uns 2
#EM19 119 INR - F9agatliunisiaasszuuliin weldlunisiiusadianuduaiasldssuy

saluinumawnu
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LRUAINT 3-19 wanensilasuwlaaiiaiinisinnassuulndluduniesaluves
Uszinagidu

Dealing with increasing passengers, Japan National Railways (JNR) had implemented railway
electrifications, and improved railway operation effectively.

Double Tracking | High Scheduled Speed
_ Mitigating sharp curves ) ‘ (Upgrading Average Speed) |
Ml e 80km/h-=>90km/h->100km/h (Now)
To allow level crossings, max
speed is 130km/h including
container trains

[

Electrification
Electric trains, especially EMU ‘
can achieve high performance;
Acceleration / deceleration
Climbing steep gradient y —
Eliminating oil-filling time ‘ Expansion of Track Capacity |

(Increased Frequency)

e L —

 Signaling ‘ |
_ ATS - Secured Increased :

Warning Prevention,

Disaster Prevention ‘ ' Safety | Passengers/Cargo
Anti-landslide structures

i L] N "
" Rearrangement of Train ,
Operation Systems |

11 : Toyan1mNNaNITANYIVE JICA (2018)
n1sfuilesieduiuglagansiiiuutu M9 INR - Laddiunisinaassuy
I9in Traction Power substation wagszuuaelniniieis Overhead Catenary System 3o

0CS wasulwAlAtusuIusalu eLRuUsEaNSAINNN5HAUSH
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Wonisldsaluidesdinisusulsessuvenalidyaalaganizssuy

o

AIUANNTLANTILAE o YA UATI8YRILATIATIINUFIU NEITUNITHIAFBUUTEANAI T

nmswasusnlgszuulnivilinissaldsemagduluvastulinmelianmwindaunisyinnu

' [
a2 £% C%

Mhvuwagainlainisdunalulagnvuadeunldilvisnsandunisuagnisgenuiseaiunse

a1 a ° )

L‘UgEJ‘LlLL‘lJaﬂlﬂﬁﬂisﬁ%%ﬂ’mq&%‘uuaEuﬂ’ﬂ%}ﬁhEJ‘VIa(ﬂaﬂaﬁ‘lﬁi‘UﬂWiiﬂVLWSUBQUiSWlmﬁ‘lJ‘u%ﬁW’m
Tassa$eiugruszuusoluiiuduaia wazdesdinisuivdsmsamsidusalifinnusvade
asutiagtudulimnuiiadedesilawnsdodalusiinuigean 130Alamnsdedalusvny
1191.067wnslaguiuuganilumedaruauuiaioussdunsmuaiuludedenisldszuy

solnihdsdagtuandudnsndesas 60.23 vosdunissalnviaiun

A15197 3-9 WaARIYI9NSIABUAN8URY INR Andsszuulnin

Transition of Japanese Railway Electrification (Whole Japan’s Railway)

1965 26,060 20,374 8,608 33.0 20.8

1970 25,849 20,520 10,474 40.5 29.3
1975 25,900 20,963 11,872 45.8 36.4
1980 26,238 21,038 12,923 49.3 40.0
1985 25,929 20,479 13,660 52.7 44.5
1950 24,860 18,131 14,356 57.8 52.3
1995 24,861 18,101 14,958 60.2 55.9
2000 25,052 17,981 14,914 59.6 55.1
2005 24,885 17,542 15,191 60.7 55.9
2010 24,585 17,506 15,224 61.9 55.7
2015 24,496 17,137 15,255 62.3 55.5
Source: MLIT #including local line

1 : Yoyan1maNuan1sAnyIves JICA (2018)

A IS

YUisegenig

v 9

91NA15197 3-9 Fauad a.A. 1965 nesalilulszine
26,060 Alatuns Wuduniaved JNR 20,374 Alawuns dn1sinsaszuulnin Tuninsiumindu

8,608 Alawns Wuvad JNR 4,228 Alawwns wazlul a.a. 2015 Tunnsiunisandsszuulndiag
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S8¥M19 15,255 Alawuns Wuves JR(mdsandsuainain JNR LUd JRsudD) 9,516 Alauns
Togluninsiy Andy 62.3% way 55% U89 JR;

sndiulginannt am.1965 U Ar.2015 luszey 50 U Wumssaliiidnds
syuulwifiuty 29.3% wihdy TunmsiuaUseme wagluduves JR; LTy 34.7%

LEUAINT 3-20 Lanawaunnis nsannsszuulndnlugiuves JR East

» AOmori Tohoky Line{AC)
P mmn Tohaoku Line(DC}
oer s T Line A8
st 20 s Truink Lirie{ D}

{Non-clectrified) |

Conventional Lines
Electrification

{expt. Shinkansen)
2018.9

Local Lime (AC)
—— Local Line{DC)
== Third Sector Line [AC]
after Shinkansen inaugur
T 1965 » waw Third Sector Line (DC)
after Shinkansen inaugur

Kurosie-Shirkawa

Ll Kuroiza

133km
In 1959

bt Omiya

g 30km In 1937 MNow the electrification rate in only trunk
B Tokyo

line including urban-commuter lines;
93% In JR-East,
B85% in whole JRs.

111 : Toyan1MIINNANITANIVD JICA (2018)

3. nsSgudauandresimuinisnisinnsszuuluiiseninegidunazs
NI192I1UINT

A1 IUNINIVTBINUVAIINUUITTUNT O AEUKUAINITUINITIINTTIANA]
ldn1sdnnissusuulndvinlinnsianisiiuse anlugluliewensulagriunisduuniu dadlay

wAnA1eiuNIeIdUu Fameduundsanniinisudsguainsgiamiouds fesidunisuen wie

a =t

wenAIsha Msiiusaeenauniinig Jeluszezusnvedidu udaz)R Addlildesnluilu wnwu

Y

< v v a £ 1

WUAD F95ung JR ‘ﬁﬁmmﬂquﬁé’qmaqagmﬂﬁﬁﬂﬁwaﬁgma WU JR Shikoku, JR Hokkaido

Tuvasdt JR ﬁﬁmmLﬁ?fzuLLﬁﬁﬂiuﬂﬂioﬁﬂLﬁuqiﬁaLaﬂé’ﬁ%aaﬂlﬂgjmﬂLaﬂﬁnulﬁm&f’; WU JR East, JR

Central, JR Westuag JR Kyushu Ssthuismidngmanemdnnsnediiloiion st ae. 2016
A15197 3-10 LARAUIBUTIBUAIULANANSNISUSINTIAN 558N ﬁjﬂqu LAz AN

21NN
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eEGHGHN iy H151Y910U19NT
nsneasrelassasreiugi | JRTT :The Japan Railway Network Rail
LAz udumalvg uaz Construction, Transport
Aadaszuulaidh and Technology Agency
msgoutgslassanefiugu | IR s Network Railguageauyis
N9, D1IRFE U, A wiaz JR sludquasdon | vng
thya adeuitngniuangua | TasuTmiisududnuasgua
Bndu a01il usiazfiifieos 20 a0l
719 Network Rail gua
msdavn fasaldl andeun | R NAUTEN(TOC: Train
LU operating company) 7isu
AuUNUMSANITIAEAaY
30911 ROSCO: Rolling stock
leasing company #14
nnsudeufimaesguiadivua
nsgenUngesasalu JRs uiagUTEMAUTATOC) 7
fin150utsource gunsal losuduumuaz e
vnadlUlEER 1wy svuy | Yigaluigndedasn wie uns
vhudevieiniesud ins | Uismazdeuecuas
Iadauisngnifieandlddne | Outsourceunsdau
AN3197 3-10 wanaUIoulfisuanuuAnA1ansUIINTInNTIEnIne Uy uas
An1ve1UINI(5iD)
eEGHGH iy H151Y810U19NT
UsgLamvessnlniig DL : Diesel locomotive DL : Diesel locomotive

EL : Electric Locomotive
DMU : Diesel Multiple Unit
EMU : Electric Multiple Unit
Dual Mode : Hybrid

EL : Electric Locomotive
DMU : Diesel Multiple Unit
EMU : Electric Multiple Unit

Bi-mode Multiple Unit
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DEMU : Diesel Electric
Multiple Unit

4. unasuvasmsassiTeuiisu Uade guassa wastym
ndsandangy wusguianissalrannigiamiadidndulugnisuiuaou
Tnseadanisdniufonissalives Sanqulasuennisdniunisiulaseadiefiugiunde
Infrastructure  wag §LAusa (Operator)  eananfufdaududeulunisuimsdanis
NOAUAIT Imaﬁmiﬂ%’uLU%sugﬂLLuumﬁmmwmwiwmaﬂ%u’wumﬁﬁmgﬁu
msgRuruveInsdeuislassadaiugunniduves Network Rail dadu
mhsausgiamie luvuei iiusaduuismenvug3uduuniu ( Franchised Train Operating
Companies : TOCs) Ineldsuduunmilunseuszeznandaus 5 Tluauds 10 Y Tnefideuleiidos
W5091n USENTlUSN5a ( Rolling Stock Leasing Companies : ROSCOS) ity
msfvuadouluynledly UiEniidunduduununsidusaliludngy deq

a o

whsavinliurazusendunuaildinendanuwiusunnaziiou lnadunianlasuduuniu

'
= OIUQUQ

2193xinsAnRssEuUIe i us olufissuuangliasay  F9vinliuSen AU SUFUUN LA D
MaNUNIssanUsEnlin deudusaNanunsadulanadnisanglnuuduniaazliiinig
el AUULAUNS wRdLEUN19lUS 1179 Network Rail  Aaas19daaeszuulnii safdunded

anunsaltsaliiln #se EMU Aenanaid@uniale

WHAUAINA 3-21 A5YNUT9TaUIEIAN Bi-Mode
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Bi- mode — electrical and Diesel

1. Converter, motor bogie, electric motor & gear box 5. Dieselengine
2. GenSet up to 4 x 480 kW (high redundancy) an TSAgenerator

6. Fuel tank
3. Exhaust treatment

4. Cooling systemwith charged air and water cooler 7. trailer truck

doTins1zsinsldsaUsziam Bi-mode vownsalwuda sa Bi-Mode grianld
Tuidumns Great Western Main line 989U3t Great Western Railway Wenanntiuwds #sa
Uszinm Bi-Mode §agnianldiu USEn London North Eastern Railway Tuidung East Coast
Main Line

USWN Great Western Railway lasuduuniunisiiusaluiduniesalvaienan
Tudanguineanag Tunn vean Paddington ns London lug Bristol Temple Meads Faiiu
dumaitdaldonudaudd a.a. 1861 wasdudumaivves Great Western Main line  foud

A.f. 1948 wazsaudniuwanesiuanvessalidinge Jagiunateidudiunilaves Network
Rail
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WHUATNT 3-22 50 Bi-Mode Ya9U3W Great Western Railway

s« e https://en.wikipedia.org/wiki/British_Rail Class 800, 2019

nshnasanedslningin Paddington ludsauindu Heathrow Tuvaed a.e.
1990 5uAnmsE1sdsliiln Tudruimaeveudunadasudnasssuulnilud a.a. 20111008
youszasAiialiszuun1sdneli wadaluiadiesusansanielud a.a. 2016 uwsedrglsiniy

Wswnsunisfndaszuuangliildgnideusenty laglifinisaianisalinaziasafielns aan

' ' [
a a

aldefiiutuduai Sadumanavesnmsfadszuuingliivondumaninfusala
a9 nseenuuunIenisiamvuiusauildany meuiendidusal Fededldvuiusalid
auseidldiadumsiifssuuielnifiuayiaansadie s

foundunng szuunaiiusalwiivesszina guundanind ad. 1987 INR

w3e nissolwwinAgUugnuisensenihdu 7 uidndusa Useneuludae JR East R



74

Central JR West JR Hokkaido JR Kyushu ta¥ JR Shikoku laeil JR Freight Sunthiivudud 3
faitu3en dulnseuuia way visnleanaieitusalianinsigedn
ypugAunumvesnsasuadassalwludumslnig anluegiu JRTT nio
Japan Railway Construction Transport and Technology Agencyiﬂa%lgmaLﬂuﬁﬁumiﬂu
Tassadeiiuguniseasadumilul wusedufue
wivgfidunsaneiitlunmsnilug anudnfuresnisindeszuulnih
iledneliiudsal Sansegnseuvesdendumsnsidusafudiilvg Tasdidunanindy
yaguie Double Track ynausiay JRsazfnmsszuudnglfinlifuiduma uidndudumaien

Single Track MaglaifinsAnnssyuvanglnihlrfud@unisnisiiuse

WHUNNT 3-23 unnanisiiusalnues JR Kyushu Company

{Sonyo e ma]

Shimonoseki 7
Wakamatsy
> Heiko
g’ ]
]
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- ; - Double fMax Speed
| e ) o e e ]
Shinkansen | Kyushu Shinkansen Hakata - Kagoshima-Chuo 2889 |  4(11) 100 100 100 260
Subtotal 2889 | 4(11) 100 100 100 -
| ___SanyoMainline_ | Shimonoseki~ Moji 6.3 = 100 = 100 95_]
Kagoshima Main Line | Moiiko - Yatsushiro 2816 9% - 100 100 o
Nippo Main Line 4626 109 26 100 100 130 |
ines L—Nagasaki Main Line 1488 40 32 100 84 130_]
Trunk Lines Sasebo Line 488 13 - 100 100 95 |
Chikuhi Line Meinohama - Imari 68.3 28 19 100 62 85
| SasaguriLine Keisen — Yoshizuka 25.1 9 = 100 100 100_|
| Miyazaki Airport Line | Tayoshi — Miyazaki Airport 14 1 = 100 100 85 |
Subtotal 1,0429 296 43 99 95 -
____Chikuho Main Line Wakamatsu - Haruda 66.1 23 60 100 52 95 |
Omura Line Haiki - Isahaya 47.6 11 - - 10 95 |
Kashii Line Saitozaki — Umi 25.4 14 - 100 - 85 |
Karatsu Line Kubota -~ Nishi-Karatsu 42.5 12 = 100 5 85_|
Hitahikosan Line Jono - Yoake 68.7 22 = 100 = 85_]
Goloji Line Shin-lizuka - Tagawa-Gotoji 13.3 4 - 100 = 85 |
Local Linés Kyudai Main Line Kurume - Qita 141.5 35 - 100 = 95_|
Houhi Main Line Kumamoto - Oita 148.0 35 - 100 15 95 |
Yatsushiro - Hayato 124.2 26 - = - 85 |
1 Uto = Misumi 256 8 - = = 85 |
Ibusuki Makurazaki Line | _Kagoshima-Chuo - Makurazaki 87.8 35 - 100 - 85 |
Kitto Line Miyakonojo - Yoshimatsy 61.6 15 i = = 85_
Nichinan Line Minami-Miyazaki - Shibushi 88.9 27 - 2 2 85
Subtotal 941.2 267 4 63 7 -
Total 2,273.0 567 34 85 59 =

U0ya31n : JR KyushuFact Sheet, 2018

9NAN5199 3-11 nshndsszuulniinsiiusalnvesgUu viausas JR wu JR

Kyushu anedslifiazgninmunainidumanisidusaidundn vieauivesnisifusal ushin
aruuessiavdelunaiuruinsolil widhauduatlunisinss ssuudnglnfilaidue u
oz JR Alifisufndeszuudngluih

yaugiifivurusalndudsglasansdiunnn agldvuiusa EMU Taefigidelsive
nan ludiuvesszuusalinnuigs fuendrnveudumnsoonld luvasiidunisaendnves

salWiugu 50 Conventional Line 9¢l¥ EMU Tumnag waz DMU agldlunianes lnedse



76

Useian Hybrid Wusasulunisliusnig Tnedisa Hybrid asfiudnnisvinaiuaaneiusaeus

Hybrid

WKW 3-24Dual Energy Charge Train U84 JR Kyushu
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Wabuuas (%)

PDP2010 Rev3 PDP2015
WA | pdslwihgean | wasnulwih | wdslaihgean | sdanulih | sddliihgega | nasnuluih
(wngdnd) | (uve) | Guased) | Gwwde) | (wneded) | @)
2559 31,809 210,619 30,218 197,891 -1,591 -12,728
2569 46,003 304,548 40,791 267,629 -5,212 -36,919
2573 52,256 346,767 44,424 291,519 71,832 -55,248
2579 - - 49,655 326,119 - -

‘ﬁm: L’Jﬂisziﬁhttp://www.eppo.go.th, Online, 2019
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