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Abstract

The production ohew passenger traicgin be characterised astrategic decisign
followed by a manufacturing stage. Typicaltpmpetingoroposalsare developed
andrefined often over several yeanstil oneemergess the winner. Téwinning
propositionwill bemanufacturednddeliveredinto servicesome years latéo carry

passegers for30 years or more.

However, there is problem evidenceshowsUK passenger trains getting heavier

over time Heavy trains increase fuel consumption and emissions, indraake

damage and maintenance costs, and these impactdastitt thet ai namsd | i f e
beyond.To address global challengdi&e climate changestrategic decisions that
produceoutcomes like this need to be understood and improved.

To understanthis phenomenon,dpply Actor-Network Theory(ANT) to Strategic
DecisionMaking. Using ANT,sometimes described as the sociology of translation
theorise that differerropositions of traingrearticulateduntil one, typically, is
selected as the winney betranslaiedand become eealised train In this
translationprocess | focus upon the development and articulation of propositipns
to the point where a winner is selected. | propose thabtaigrs withina valuable
(lacedthat | describe as@ecisionlaboratorydi a site of active development

where variousctorscaninteract,experiment, model, measure, and speculate about

thedesirednew trains.

My researcHinds that UK passenger trains have indeed got heavier over time,
although thigs not inevitable Applying ANT to an historical analysis of the

railways | 10w that the collection of resources that have acted as a train and the
railways are more fluid than their iron and steel appearance might imply. A diverse
materiatsemiotic configuration oéntities can act as a train. Different configurations
will have dfferent attributes, including some that are heavier than othess récent
strategic decisions Thameslink and Crossrdilare investigated using ANT to
understand how each decisilaioratory mobilised human and rRbaman actors to
articulate propositins of the desired new trairnine realised trains, translated from

the earlier winning propositions, are now in service and have been widely recognised

for their lightweight designs.
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To understand problematic outcomes, such as heavy trairtgose thee
challengesommon to alktrategic decisions'he first(treachery of mode)gefers
to the unbridgeable gap between experiments and réddgyween propositions of
trains and their translated realised forifise secondperformativty of trains)notes
the societechnical nature of trains, which means that, for exanpgleplecan
compensate fanadequacies in thigainsproduced. The thir@society in the making
reflects thdifficulty of producing a train with a 39ear life while society can
change around.it

| propose that improving strategic decisimaking,and the outcomes thiater
emergecan be achieved hynproving the effectigness of decisielaboratories.
First, the decisiofaboratory needs clear and prioritised objecti@econd, the
decisionlaboratoryshould beecogniseds an active site of production, rather than
a neutralpassiveand sterile placd-inally, the deision-laboratory shouldoster the

exploratoryside of its characteand recognise the value of unplanned innovation
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Chapterl. Introduction

1 Introduction

1.1 The trials of producing new trains

OnMonday #Oct ober 1829 a #Atrial of strength

hi ssing, spluttering, br ea{Marshallgl930jpr e
1063)began at RainhilhearLiverpool. It was described as one of 8teangesand
momentous of all competitions, with crowds that came in wonder to see an

Ai nani mate thing move .01063%.elf on | evel

Three years earlier, an Act of Parliament had given apptothe opening of a
Acheap and expeditious Communicati on
LiverpoolandManchested( Hi s Maj est yo6s Gov.é@rangpore nt |,
of goods and people between the Port of Liverpool and the factories of East
Lancashire used canals and roads, which were viewed as expensive and of poor
quality, respectively. Qustruction began on the railway in June 1826, and by 1829
was well advanced. However, the Directors of the new Liverpool and Manchester
Railway (L&MR) Company faced a problem that they needed to resolve. They were
unclear on the nature of the motive poweat they should use for their railway. The
Act gave authority for ocomotive or moveable engit@operate on the railwaso

long as itconsumed its own smqkeith a threat of conviction if these new monsters

emittedlarge volumes of smoke intearmfulor polluting manner.

By 1829, nearly every place where there was a mine had some sort of railway, with
approximately 25 significant developmetarshall, 1930, p. 106%lsosupported

by Actsof Parliament. Locomotion was provided in four different ways on these
railways: horses; gravity; stationary engines with ropes; and locomdtioeses

could not deliver the desired speeds or scale of operaiuired for the L&MR

Gravity was not an option itnis geographyThisleft the choicethe strategic

decision betweerstationary(fixed) and locomotivdmoving) engines. The

stationary engine was advanced and reliable compared to its locomotive cousin
Awheezing, | eaking at deowgMayshap @€983®&p. and
1065) The locomotivealso had the disadvantagerunning on rails that were not
intended to carry the weight of the engarelits load. Locomotives werill in

theirinfancy, with about 50 built in England, and only 26 doing useful work,

Pagel

and

gr
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Chapterl. Introduction

includingsixon t he Stockton and Darlington Rail

public railway using locomotives.

To help with their decision, the Directors of the L&MR had arrangéditto the

S&DR in 1828. Following this, in early 1829, two leading engineers were

commissioned to visit various collieries and report on the merits of locomotive and
stationary engines. They were (8Valkeretd t o cC
al., 1831)to be used on the new railway. The primary objectivefstudy was to

determine comparative costs for the two alternafivetstionary and locomotive

engines. The engineers used tlstiildiesand meetingto model the L&MR across

the two alternatives for power.

Their modelling calculated the cost of mayi#t,000 tonnes over thirty miles (the

approximate distance between Liverpool and Manchester) for 312 days of the year.
This produced a drate pe(Wakeetal,1&t,p.mi | eé 0
17) for the locomotive and a less expensive figure of 0.2134 of a penny per ton per

mile for the stationary engine. However, the capital needed for the stationary engine

was modelled as £100,862 1s 0d (c. £11iBr2019 money), compared to a lower

capital requirement of £90,963 14s 3d (c. £10Bn in 2019 money) for the locomotive.
Theenginer sé report acknowledged that annual
any estimate of weamdhe railway, resulting from the additional weight of

locomotives over stationary engines. This would depend upon the type of locomotive

and its weight.

Both paver options couldiccommodate the publibutthe choice otationary
enginesvas viewed as intrinsically safer, becaiis#id not involvehigh pressure
engines operating near to people. However, the breakdown of a stationary engine
potentially introduce a single point of failure thabuld disruptanentire line,

whereas a broken locomotive may only disrupt that single service, if it could be

passed safely.

The engineersd report | eaned towards fi x
Stationary enginesere more stable and could provide the ability to move large

amounts of goods and people from the start of operations. By contrast, locomotives

! Bank of England Inflation Calculatohnitps://www.bankofengland.co.uk/monetary
policy/inflation/inflation-calculator
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were less reliable, but could be introduced more gradually in proportion to the
demand for transport. Choosibgtween the two remained a challenge for the
L&MR Directors. They decided to test the potential of locomotive engines by
offering a prize of £50QFigurel.1). This was to be awarded for a locomotive that
improved on those currently operating, subject to cestifpulations and conditions

created by the Directors and their advisors.

TQ ENGINEERS AND IRON FOUNDBRS.

-’F HE DIRECTORS of the LIVERPOOL and MAN-
CHESTER RAILWAY hereby offer & Premium of £500 (over

and above the eost price) for a LOCOMOTIVE ENGINE, whieh
shall be a decided improvement on. any hitherto constructed, sub-
ject to certain 8tipulations and conditions, a copy of which may
be had at the Railway Office, or will be forwarded, as may be db |
rected, on application for the same, if by letter, post paid. . |
HENRY BOOTH, Treasurer.

_ Railway Qffice, Liverpool, Jpru 25, 1829,

Figure 1.1 Advertisement for thé&rials in the Liverpool Mercury, 1 May 1829.

Source: Railway Museurhttps://www.railwaymuseum.org.uk/objeetsdstories/stephensofascketrainhill -
andrise-locomotive

Eightstipulations and conditionsere givenWalkeret al, 1831, p. 103and these
are summarised below, with some originghge s uc h ana nfiy Bn pirrees ent ¢

without updating tanodern conventions

1. The Engine must Awonsume its own sSmoKk:
2. If the Engine weighed six tons then it must be capable of drawing a train of
carriages of 26 tons at 10 miles per hour, with steam pressure not exceeding
50 Ibs per square inch
3. There must béwo safety valves, one of which must be completely out of the
reach of thédiEnginemano
4. The Engine and Boiler must rest on six wheels and the height, from the
ground to the top of the ohi mney, A mu :
5. The wei ght o fncludihgevatér fdrethe bailen must not exceed
six tons and lighter was preferred
6. A mercury gauge was required to show steam pressure
7. The Engine must be delivered for trial at Liverpool before Octop#829.

8. The price of the winning Engine was not i@eed £550 when delivered
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Additionally, it was noted that thasiance within railsvasfour feeteightand a half
inches A distance that would later become knowrstasidard gaugeor Stephenson
gauge after George Stephensaho built the Stockton & Brlington Railway and

its locomotives.

The first day of competition began on Tuesdapctober 1829. A starting post at
Rainhill ran toasecond post 1/8th of a mile away, where one of the judges stood.
The next post, and another judge, were 1 % milgldu with the final post a further
1/8" mile ahead, where the engines would stop and return to the stagublic
fiwere not idle spectatargWalkeret al, 1831, p. 101yvith a gandstand erectedr

several thousand people

A weighbridge on siteveighed thdive competing locomotives and a weight to be
hauledwas calculated based on three timashh o c omot i vebds wei ght .
example, the weight dkocketwas 4 ¥ tons which gave a proportionate load of 12
¥ tons. This load includdd o ¢ ktended car carryinguel and wateras well as

two carriages loaded with stone to make the total 12 % tonRdéakethis
represented #tal fimass in motioa (Walkeret al, 1831, p. 105pf 17 tons

Preparatory runs by tHeocketandNoveltylocomotives were made on Tuesday 6
October 1829, but no rembof fuel consumption or other factors were recorded. A
dispute emerged regarding the method of assigning a Iddo\vielty This stemmed

from the different designs &foveltyandPerseveranceompared tdRocketandSans
Pareil. The lattempair hauled a tender car behind to carry coal and water, whereas the
former had no tender car, with coal and water carried on the locomotive. The

different designs oRocketandNoveltyare shown irFigurel.2 below.
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moo{ y “THE NOVELTY " LOCO-MOTIVE STEAM CARRIAGE
Ods OF MESSRS. BRAITHWAITE AND ERICSSON.

‘1NX 108

Figure 1.2 Rocket and Novelty locomotives
Rocket (left). Novelty (right)

Source: Railway Museurhttps://www.railwaymuseum.org.uk/objeetisd-stories/stephensosrscketrainhill -and-rise-locomotive
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The calculation of proportionate load had included (and assumed) a tender car, but
this needed adapting. On Octol€rthe judges issued a new list of conditions in

response to this dispute, with a copy shd&low (Marshall, 1930, p. 1089)

SRR G R L s e

TREN OF THE LatoNOTIEE ENGINES

|
S ———— 1
l

LE 7829000 & WANCALIHR
RAIL WAY. |

= = — i
The following ix the Ordeal which we have decided cach Loe
wnddrgo, in conteading tor the Preminim 4:/ L0, ‘:);n;‘?::‘ﬁ;, Kine shall

The weight of the Locomotive Engine, with its full co ‘

the boiler, shall be aseortained at mﬁ \‘\'.eithg \lm"h?n:*‘:pll:;.:;:;!‘t’.;'?l‘(:: ::: i
the morning, and the load assigned to it, shall be throe times the weight thereof,
The water in the boiler shail be cold, and there shall be no fuel in the fire. dace.
A« much fuel shall be weighed, and as much water shull be mcanun:!l uui
deliverad into the Tender Carnage, as the owner of the Engine may consider
sutficient for the suppls of the Eogine for a journey of thirty.five wiles The
fire In the boiler shall then be ighted, and the quantity of fuel consumed for
gotting up the steam shall by cl--lrmmm‘. and the time noted

The Fender Cared e, with the fuel and water, shall be ,
taken as part of the load assignod to the engine. ot tn be, inha

Thos Engines that carry thar own fuel and water, shall t .
pottionate deduction from ther load, acconling to th:- u"t-:x:l M?l:)‘l!‘:.":l:i‘l:(‘!'m.

The Engine, with the Carriages attached to it, shall be run by hand up to the
Sarting Post, and as s00n as the steam bs got up to ity pounds per square inch
the engine shall set out upon its journey . 2

‘The distance the Engine shall perform each trip, shall be one mile
qu::,tcrs e:rh way, uu‘lmln'ug onc.eighth of a mu.-' at cach end for rﬂ“:&d‘:l:':;:
specd, and tor stopping the train, Oy this means the engine w ot
travel one and hulrnnle vach way at full speed SRR e ond; “."

The Eongine shall make ten trips, which will be oqun!

. junl to a journey of thirty-

five miles, thirty mi e« whereof shall be performed at full qxu)l, and the average
rate of travelliog shall uot be less than ten miles per hour

As soon as the Engine has performed this task, which will e
- ¢ tqual to the
travelling from Liverpool to Manchester,  there shall be a fresh m;iply of fuel
and water deliverad to her, and ws 2000 a8 she can be got ready to set out again
shie ahall go up to the Starting Post and make ten trips more, which will be
erual to the journey from Manchester back agan to Liverpool,

The time of performing overy trip shall be accurately noted, as well as the
time occupied i getting ready 1o sel out un the second Journey

Should the Engine not be enabled to take alomg with it sufficient fuel and
water for the journey of ten trips, the thne oecupeed i taking i oatresh supply
of fucl and water, and shall be considered amd taken as part of the time in per-
funning the journcy,

. NICHOLAS WOOD, Evp Killingworth, C. K
, JOHN KENNEDY, Fxg Manchoter,

Liverpool, Oct. 6, 1821,

- |
—— 4

J. UL RASTRICK, Eag Stowrbeudge, C. F
}Judg\‘-.

Figure 1.3 Rainhill Trials. New Caditionsissuedé October 1829
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It was confirmed that the tender car was to be considered as part of the proportionate
load to be hauled, and engines that carry their own fuel and water were to be allowed

a proportionate deduction from their allocated load.

The water and fuel in the locomotive were included in the total weight that was

measuredby the weighing machine. The amount of water and fuel was at the engine
owner 6s discretion but needed to be enou:q
approximate stance between Liverpool and Manchester. The measuring posts were

1 % mile from start to finish, including 1/8 mile at each end to accelerate and brake,

with 1 %2 miles for full speed running. This meant that 10 trips each way totalled 35

miles, with 30 mles at full speed. Thaveragespeed could not Hess than ten miles

an hourfor the Trialiststo take partThe time of each trip was to be recorded, as was

the time to prepare and depart for the next journey.

On Thursday 8 October 1829, Robert Stephs o Rogketwice completed the 10
tripsandrequired i st anc e. | n expdriraentd [emphdsis adfled]t hes e A
(Walkeret al, 1831, p. 11080 miles were travelled itwo hours 14 minutes 8

secondsat an averagspeedf 13.4 mph. The secorekperimensaw the 30 miles

completed intwo hourssix minutes 49 seconds at an average speed of 14.2 mph. The
quantity of fuel consumed over theseie tests was 1085 Ibs. of coke, which, for

a 17ton total load, gave a figure of 0.91 Ibs per ton per mile. The quantity of water

used for the 70 miles was 580 imperial gallons.

On Saturday 10October Noveltywas weighed at 3.1 tons. ARveltycarriedits

own water and coal on the locomotive, an alternative methodisemo assign its

load. After much discussion, a method was developed that defined the weight of
Novelty including its fuel and wateas 3.85 tons. Thiead allocated was to be 6.85

tons, in the form ofwo carriages loaded with stone, making tbi&l mass in motion

10.7 tonscompared to the 17 tons Bfo ¢ ktaal. Moseltybegan its first run

reaching an average speed above 15 mph, but on the return leg a pump burst and put
an end to the trial. Theumpwas later repaired, aridoveltymade several trips

hauling a coach of people at 28 mph, but this was not part of the experiments.

However, itwas agreed thadoveltyshould be allowed another trial.

On Tuesday, th8ans Pareilvas weighed at 4.75 tons. One of the conditions issued

by the Directors was that if any Engine weighed more than 4.5 tons, then it must
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have six wheel§Marshall, 1930, p. 1068nd, since the Sans Parmgas not on six
wheels, the Judges considered that it was not entitled to compete. The owner of the
locomotive argued that the weighing machine was wrong, and, after discussion, it
was agreed thdhe locomotivecould run to see how it performed. The tendar

with water and fuel weighed 3.3 tons and it was alloctitesbcars loaded with

stones weighing 10.95 tons, making tb&l mass in motiori9.1 tonsOn its eighth

trip the Sans Pareil had a pump failure, but its 27 ¥2 miles at been achievatkat a r
of 13 % mph, with 274 imperial gallons of water consumed and 2.3 Ibs. opeoke

ton per mile for the whole nsamoved

October 11 was to be the day of the prize award. Nwveltybegan its second run,

but a technical fault on the first return legncluded its involvement and it was
withdrawn. The owner of thBans Pareitequested another trial but was refused by
the judges because it was above weight and of a construction that they could not
recommend. Th@erseverancéocomotive was unable toawe at more than-6

mph, which may have been attributable to an accident on the way to the course. It
was withdrawn. Th€yclopedalso was withdrawn without recording trial runs. The
Rocketwas agreed by all to be the winner. It had completedritheal and fulfilled

every condition. Robert Stephenson made two additional trips without the additional

loads at a speed of 35 mph.

TheRocketsubsequently operated on the Liverpool and ManchBstiéway until

1836, when it was sold and worked on Brampton railwayhauling coal from
Midgehome Colliery in Cumlria until 1844. Improved designs based ugeacket

formed the basis of L&MR operations, with Rob8téphensonsorthumbrian

carrying thePrime Minister, the Duke of Wellington, at the opening ceremony on 15
September 1830. This day was marred by the tragic death of William Huskisson MP,

struck byRockettravellingin the opposite directiofom Manchester to Liverpool.

Approximately 18 years later, anchore thar200 miles from Rainhill, two railway
competitions are underway with the same aim: to find the best new trains to run
services on their railway. Like the Rainhill Trials, a competition with a significant

prize is on offer to thavinner, in the form of a large contract awarded for the
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provision of new trainsThere are no hissing and spitting monsters on show for
gathered crowds, but tleedeal spanning many years, would provide a trial for all
involved. This is not a choice beten locomotives and stationary engines,tbose
an chargé(the Department for Transpoftransport for Londondre keen to choose
the bestrainsfrom a group of competitor3his is nota newly developed railway
but thenew trainsdo need to work wh changesind enhancemenieing made to

the currentailway infrastructure.

The history of the Thameslink and Crossrail trials is difficult to pin down, with some
proposals dating back to the 1970s for Crossrail and 1980s for Thameslink. British
Rail, the nationalised railwayperator investigated options ithhe 1980s and tried to
persuade politicians and others to provide necessary funding. When British Rail was
abolishedby theprivatisationprocessthe Strategic Rail Authority (SRA),reon
departmental public bodytook on the role, until it too was abolished in 2004.
Subsequentlythe Department for Transport stepped forward to plegy role in the
procurements for both Thameslink and CrossYdith Crossrail theDfT wasjoined

by Transparfor London (TfL), the local government body responsible for transport

in London. These two entities are very visibly involved, but there are atitbran

interest in the new trains and improvementghe railway

This is not like the Liverpool & Mandster Railwaywhich had a Board consisting

of merchantsbankersengineersandpoliticians Insteadthe parties interested in
Crossrail and Thameslink are more dispersed. Local businesses are actively funding
Crossrail through business rates and othechanismsSpecialist agineeing
organisationsctas advisers to theroject sponsor&nd form partnerships to

respor to the call. Financing for the new traimsolvespublic andprivate sources

and institutionsPoliticians whose constituencies aligiith the routes of the

railwaysare brought into the strategic decision. Geegraphyf where the trains

are built and not just where they operabgings in representatives from further

afield.

A network ofactors developfurtheras he competitions announced through
various channels, including publicatidfidure1.4 below) in the Official Journal of
the European Union (OJEU) in 2008 for Thameslink 200 for CrossraillThe

contracting entityis named as the DfT for Thameslink and TfL for Crossrail.
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UK-London: rolling stock
20100S 148-229137

FPERIODIC INDICATIVE NOTICE - UTILITIES

Services

This natice is a call for competition No
This notice aims at reducing time-limits for receipt of tenders No
SECTION I: CONTRACTING ENTITY
11} MAME, ADDRESSES AND CONTACT POINT(S)
Transport for London
cl/o Crossrail Lid, C528/G4/14, 25 Canada Square, Canary Wharf

Figure 1.4 Notice of the Crossralil Trains competition, published in the Official Journal of the Eurdpeian,
November 2010

This OJEUnoticedescribsthe challeng@and sets out early stipulations and
conditions Interested partiesiustanswer a range of questiaiat will determine if
they carbe part of these developing networks padticipate in sulejuent stagesf
the competitiors. Five companiepasshis stage of the triafer Thameslink and
four for Crossrail The trials continue and thempanies arprovided witha more
detailedset of requirementand conditions

For Thameslink, a Traifiechnical Specification (TTS) has been created, containing
more than 500 unique identifiafsatdescrile variousaspects of the desired future
trains. For example, tHETS describes thiength of the trains (maximum of 243m:
TTS 5.1.3), the expected desilife (not less than 35 years: TTS 9.1.1), and even the
capacity of the windscreen wash system (3 days betwearpto@ TS 6.7.2).
Thameslink grticipants are also givenTaain Infrastructure Interface Specification
(TNS), with more than 250 unique idifiers describing interfacdsetweerthe train

and the infrastructure on which it will operalée TlIISwas produced by Network
Rail, theUK public sectoorganisation responsible foail infrastructure. Network

Rail also produced a Train Control Sgation (TCS), containing more than 150
unique identifiers to describe aspects of the control systems thatgmitll and

regulate the new trains on thasynetwork.

Crossrail also produced a Train Technical Specification (Td@ 88mbody

[emphasis adell] those technical features considered neceg¢8chedule B1, p5).
The Crossrail TTS contains more than 750 unique identifiers of the desired future
trains.Forexample TTS 3.2.1.4equiresa maximum operating speed of 145kph on
tangent level track impen air whilst travelling into a headwind of 50kgaid at all

loading conditionsLike Thameslink, he Crossrailtrains are to have a design life of
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35 years TS 3.47.1.1 The gangways between carriages are twide enoughto
allow at least two 95thgrcentile adult UK male passengers to pass each ¢ires
326.1.2 . The dr i v er twscoatadok§ha 340.3.ramony athem
features

Like at Rainhill he experimenttaking placeequire competitors to demonstrate the
capabilities of tkir different proposals of trains. A scoring systemprsvidedthat
describes how the proposed trains will be scored and ranked. There is no weighing
machine, like at Rainhill, but there are plenty of measurement tools and techniques
that arebrought into the trials b@fficials and provided to ParticipaniBhe

experiments do not provide a grandstand for the audience, butrtheya lot of

public attention at times. Both Thameslink and Crossrail competitions are delayed
significantly, becausef externalevents, including a General Election and a Global
Financial CrisisThese eventact uponthe strategic decisions andntribute to
updatedules that are reissued to competitasghe competition progress&ome
competitors withdrawduringthe processbut those that remain continue to
demonstrate theproposals of traingn line with the revised stipulations and

conditions.

Finally, the experiments conclude, amdinningtrainis selected. This traiexists in
A ar o/u n0d0 O (lHoasg ef Cammons Transport Committee, 2011, pa6d)
S0 it cannot give celebratory rides to passengersRidaketat the end of the
Rainhill Trials These more recent Trials have run for three yie&ism the
Invitation To Tender (ITT) thnagh to selection cd winner Theordealis over, for

now, and the winners can celebrate

Siemens were selected as preferred bitlwieFhameslink in June 2011. The first

Class 700 Thameslink trains entered service February 2016 and all trains were
operatonal by June 2018. Bombardier were selected for Crossrail in February 2014.
The first Class 345 Crossrail trains entered service June 2017, with the full service
expected to be operational by 2021.
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The description aboveorrowsstylistically, but not theoretically, from Michel
Foucauld® book(1991) Discipline and Punishin which Foucalt juxtaposed the
treatment of a convicted criminal in 17%nd the punishment of crimes in a jail
some 80 years later. Foucault used this to raise questions about justice, discipline,
punishmentand more. fieeventsthat | describe abova&reseparateddy 180 years

but theactivitieshave a similar godl to selectnew trains for railwaysThere are
hissing and spitting monsters performing in front of a grandstah829 and
proposals of traincontainedwithin 7,0080page documentperforming in
procurementompetitionsin the early 2% century Both the historic and recent cases
ultimately producenew trainghatgo on to deliver aailway serviceand carry
passengerd.heRocketwent on to operate successfully on the Liverpool and
Manchester Railway fasix years, followed byightmore years on a railway in
Cumlria, EnglandThe new trains for Thameslirdnd Crossralifirst entered service

in 2016, and 201 #espectivelyand threy areexpected to havanoperational life of

more thar80 years.

The purpose of this introduction is to begin to describe the type of events that
are going to be explored irthe rest of thisthesis. Events such as this are
consideredhere asstrategic @cisionsand the goalis to understand row wecan
make dettedstrategic decisions They are described asstrategic decisionéto
differentiate them from operational decisions which typically occur more
frequently and would be expected to be lesmportant, or critical . The research
will developinsight into strategic decisiongo help understand why they go

wrong and howthis can be improved

When we talk about makinggtteror improvedstrategic decisions then the word
Obetotr e ®d mmpeed® muehdrire elaboratidn.the case athe strategic
decisionat Rainhill we knowthatRocketwenton tooperateas part othewo r | d 6 s
first inter-city passenger railway between Liverpool and Manchelstgroved

designs based updtocketcontinued tmperateon the L&MR forl5 yearsbefore

the railwaymerged to form a larger operatidkiter R 0 ¢ k sudcdssat thRainhill
Trialsanenormous growtlook placein the railways across Britaend the world,
aspart ofthe industrial revolutionThe Rocketan now beriewed in a museurand

has taken its place in historyy Bnany measureRocket and the Ranhill Trials, can

be described as an outstanding sucCHsste is a strong case be madehatRocket
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was indeed thbestcompetitor at Rainhill, and the Trials did produce st

outcome.

It is too early to say how the new Thameslink and Crossrail trains will be judged, as
they are still relatively new into servick key driver for these new trains t®

respond to capacity issues and to support the rapid movement of large amounts of
people to and from Londoithe new trains will be judged by their ability to support
this goal, but theisuccess, or otherwisejll also be influenced by other factors,

such as costs, passenger experience, and frfoseresearch has a focus upore
attributeof thenew trainsther weight. The reason fothis focus will be discussed
shortly, in sectiori.3. However, for now it is sufficient to say that strategic

decisions that producexeessively heavy trains caim turn,produceexcess

emissions of greenhouse gases, and other polldtaritee 30+ year operational life

of the tainsand beyond

This research wiltontribue to thepracticeof strategic decisioimakingandtheory
developmentActor-Network Theory (ANT)described irdetail inChapter2, has
provided a valuable perspective to understagehcy and actioim the strategic
decisionghatproducenew trains A contribution to literature immade by applying

ANT to Strategic DecisioMaking in newandnovel ways.

Beforedeveloping the research furth#rs important to locate myself, as the
Researcher, withithis work

1.2 Personal statemeni locating myself in this research

In the 1990swhile working fora globalconsulting business$ used to keep a
scrapbook ohewspaper and magaziokppingsof things that thoughtwere
interestingandcould be relevant to my clientghe clippingsncluded articles about
the dispoal of theBrent Spawil rig in the North Sedy Shell(The Financial Times
1995) the protests at th&vorld Trade Organisation in Seattle in 1988&challenges
to Nikeregarding practices in their extended supply chétiestz, 2001; Klein,
2001) and moreFor my part | saw a common thread in these artictésit they
reflected changing expectations of business in society. This was of intemest to
and | waned to contribute in some way. Since then, | have followed the broad
sustainabilityand corporate responsibiliagenda ever sincandl am personally

invested in the research contained in this thesis.
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Through my consulting work and researnclthe late 990s and early 2000ssaw
increasd usein business circlesf phrasessuch asorporate social responsibility
andsustainability Some corporationbegan taecognig, or at least talk about, a
triple bottom ling(Elkington, 1997)f economi¢ social and environmental
responsibilities] made myfirst contributionto research in this domaf{King, 2001)
by combining my interest in the emerging concept of sustainability with my
consulting work, whiclofteni nvol ved detailed financial
perspectiveThe DowJones Sustainability Irc (DJSI)hadlaunched in 199using
a methodologyhat assessed tsecial, environmentahnd economiperformance of
large companies listed on the stock exchanges of the v@mtdpanies with the
highest scoressing tle DJSImethodwere ranked a&ustainability leadesbacross
various industrial sectorMy researchi{King, 2001)foundthat theesustaimbility
leadergdelivered superior returns ftheir shareholdersompared to peer$t seemed
that delivering against social, environmental, and economic objectivéd be

achieved although it wasindoubtedlycomplex.

There werancreasingsignsof adivity and engagemenm the business community.
Sustainability reports were publishéal line with emerging standargsnd audited
by independenéxternal agent€co-efficiency scheme@Holliday, Schmidheiny and
Watts, 2002)vere good places for companies to start on thestainabilityjourney;
as these initiativesould reduce waste and save morg&yme CEOsalked about
climbing mount sustainabilityAnderson, 1999and theradical transformatioof old
linear business models to2dentury cyclical modelsThere were many positive
signs if you knew where to looklowever,the gap between a growing discourse
about sustainability and outcomasuld still provefrustrating.Global challenges
such as climate changsere being discussed mdrg governments and
corporationsbuttherewas notthe same level of action on the growardl in the
numbers, with COZRvelscontinuing to increaséor methis frustrationreacheca
peakaround 2006when | saw a chart from the UK rail sectohere | had worked

with clientssince 2003
1.3 A frustrating starting point: are UK trains getting heavier?

Themotivation andocusfor thisresearclbegan with a cha(Figurel.5 below)
produced by RdeResearchUKa partnership between Britai
universities This charshowed UK trains getting heaviasver time
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Figure 1.5 A chartfrom Rail Research UK showirtiains getting heavier in the UK

Source:Rail Research UKresentation by ProRoderickA. Smith

This chartwasincredibly frustratingfor someondeen to see progress on
sustainability and action to addredsnate changeHeavier trainsvould be expeed
to increasduel consumptiorandproduce excessmissionf greenhouse gases and
other pollutantsin terms ofanenvironmental outcomehis would appear to be a
failure, or at the very leasisuboptimah Fromaneconomigperspectiveheavier
trainsshouldincrease damage to the tragkpactingmaintenance costs and the
competitiveness of rail relative to other modésravel And these impacts might be
with us for the30-yearoperational life of the train and beyond

This chart was the frustrating starting point for this research argksenainder of
this sectiorwill briefly explore the trainshownon this chart to help the réer
understand and visualise these objects of intefaste are only 11 data points on
this charti five UK trains and six Japanese trains. Each will each be briefly
described with reference back to its relevandeigorel.5i.e., the year of
introduction and the mass per seat of the train. Although these are all trains, the
purpose of théollowing textis tobegin to make the case thathere are many

ways to confgure trains, and different configurations will have different
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attributes. This thesis will show that a train isa more fluid conceptthan it

might appear. Various configurations and collections of resourcesan act as a
train. Some configurationswill have attributes of increasedweight compared to
their peers.ANT is usedto understand the strategic decisions that can produce

such outcomes

Thefive British trains shownn Figurel.5 area similar type of higfspeedservice
operatingong-distance routes-or example, the Pendolitiavels at a maximum
speed of 125 mph and warroduced in 2002 on the West Coast of Britagerating
betweercities, such as London, Liverpaand Glasgow. The Pendolimeplaced the
Mark 11l Electric train also shown on the chawhich had operated the route since
1975.Although they are similar types of trajiibere are also important tbfences
within this group For example,ite Voyager diesel trairgperatea longdistance
servicethat istypically across the countryather than between citiefey example
running from Manchester to Totnes in Deyonthe south west of EnglanDiesd-
powered trains, such as the Voyager, can travel potentially anyahé¢hne rail
network whereas electripowered trains areonstrained téhe 38%of the network
that is electrifiedn 2019(Office of Rail and Road, 2019b, p.. The Voyagediesel
trains have a shorter formation of five carriages, which provide 256 seats on a 118m
long train compared to a&r Pendolino that is 216m long with 487 seéke train
operators must balanb®w they configure their traingith the inefficiencyof

empty coaches on one side and overcrowding and lack of seats on the other

Three of the five trains use electric power for traction and the other two use diesel
power.Dieselpowered trains have onboard diesel motors and carry their own diesel
fuel, which adds to weighiThe electrically powered trains have onboard motord

a device called a pantograph, which rises from the train roof to draw power from
electrified overheatines. On some parts of the UK netwof&r(example London
Underground and Meeyrail) an electrified third rail is used to provide power to
onboard electric motor3hree of the fivaare locomotivehauledtrains (Mark 3

electric, HST diesel, and Mark 4 Electrig)hich havepower cars at each end

pulling a rake ofinpowered coache$he power cars are significhnheavier than

the coacheand carry no passengers. TPendolino and VVoyagéerains aréMultiple

Unit formations (electric and diespbwered respectively) with motors distributed
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across the different camsaking upthe train. Since there is no dedicakecomotive

power car this means that every carriage also has some seats for passengers.

The configuration of additional services onboard willuence the availability of
seating and the weight of theitraFor examplekitchen facilities allow for onboard
dining andcan improve th@assenger experience, which is especially important for
longer distance services. First class seatlgices the number séatscompared to
standard classeating configuradn, as will the availability and type of toilet

facilities and other onboard services.

The Pendolino and Voyager are both able to tilt as they travel at high speeds around
curving parts of the UK networkvhich includes sections that were first builtidgr

the 19" century. Straight lines and flat gradieats not always possible when

railway had to navigate hills and rivers, as well as powerful landl@algicians

and other interested parti€slting technology allows a train to travel at high ege

on track with curves and bendsit thetilting train must ensure it avoids hitting

bridges and other parts of the network and landscapeaiivay loading gauge

defines the maximum height and width for railway vehicles and their loads to ensure
safet r avel across the netaswupdnandshdpesthB K6 s | o

trainsshown in this chart to ensure their safe pasaagess the network

This brief introduction has provided some insight into the divenape and form
thattrainscan take Thisis influenced by the type of service they provide, the
geographies in which they operate, aadousotherforces and action3 he
following diagams show each of the five trains fréfigurel.5 with a visual
representationf the length, weightand number of seatsr a typicaltrain

formation
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HST train & Class 43 diesel loco g e I HST Train

The HST train is a locomotivieauled train, consisting of two
Class 43 diesel power cars at each end of a set of Mark 3
coaches. The diesel engines use an onboard supply of diesel
The Power Cars carry no passengers and weigh significantly
morethan the coaches. The low seat count gshéwn below
for one coachreflects a kitchen facility for onboard dining. Firs

class carriages have 48 seats next to the dining car.

Weight
413.9
®
Seats| 482

Length[219.6m17.8m 23.0m | 23.0m | 23.0m | 23.0m | 23.0m | 23.0m | 23.0m | 23.0m |17.8m
Figure 1.6 HST dieseWith length, veight and seat profile

Sourceiimage ofHSTtrainsetwith Class 43 diesel locgMarsden, 2014, p. 30)
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F Y . .
MK III Elec train & Class 87 Electric Loco | I Mark 3 electric train

The Mark 3 electric train is a locomotimuled train consisting
of two Class 87 electric Power Cars at each end of a set of M
3 coaches. The electric engines dwer from the overhead
AC lines. The Power Cars carry no passengers and weigh
significantly more than the coaches. The low seat count,of 18
for one coach shown beloveflects a kitchen facility for

onboard dining.

Weight
480.8
®
Seats| 564

Length|{242.7m|17.8m 23.0m | 23.0m | 23.0m | 23.0m | 23.0m | 23.0m | 23.0m | 23.0m | 23.0m |17.8m
Figure 1.7 MK III Electric withlength, veight and seat profile

Sourceiimage of Mk Il ElectridFox and Webster, 2001, P3)
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MKk IV Elec train & Class 91 Elec Loco I Mark 4 electric train

The Mark4 electricis a locomotivehauledtrain consighg of a
Class91 electric power car aineendand a Driving Van Trailer
(DVT) control car at the othewith a set of Markd coaches. The
power cathas arelectric eginethatdraws power from overhead
AC linesandweighs significantly more than the coach@he
Power Car and DVTarry no passengerfhe low seat count of

30in one coaclheflectskitchenfacilities for onboard dining.

Weight
496.1
®
Seats| 531

Length|{249.4m| 19.4m| 23.0m | 23.0m | 23.0m | 23.0m | 23.0m | 23.0m | 23.0m | 23.0m | 23.0m | 17.8m
Figure 1.8 Mk IV Electricwith length, weightand seat profile

Source image ofMk IV Electric(Fox and Webster, 2001, p08
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58.9 54.3 54.4 55.9 59.1
Weight
282.6
(t)
Seats| 256
Length{118.4n| 23.7m | 23.7m | 23.7m | 23.7m | 23.7m

Figure 1.9 Class 221 Voyager diesel tilith length, weightand seat profi

Source:iimage of Class 221 Voyager diesel t{fiéarsden, 2014, p. 149)

I Voyager diesel tilting train

TheVoyager dieselrainis a Diesel Multiple Unit (DMU) with
diesel motors distributed across the train and an onboard sup
of diesel fuel. A fivecar formation reflects the operation of the
service across londistances to more rural parts of the country.
Driving motors at each end reduce the passenger seats avail:
compared to intermediate motors in the middle CEns.low

seat count o26in one coacls for first class seating in a driving

motor car.
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Pendolino Class 390 electric tilt Y I Pendolino electric tilting train

ThePendolino electritrain is an ElectricMultiple Unit (EMU)
with electricmotors distributed across the trairhe train draws
power from overhead AC line$he train can tilt, which changes
the profile of the train and allows it to travel at high speeds
around bendsThe low seat count df8in one coacheflectsfirst

class seatingvith kitchen facilities

56.3 52.3 51.2 52.3 45.5 52.3 53.2 52.5 54.5

Weight

®) 470.1

Seats| 487

Length|216.9m 24.8m | 23.9m | 23.9m | 23.9m | 23.9m | 23.9m | 23.9m | 23.9m | 24.8m
Figure 1.10 Pendolino class 398lectric tilt with length, weightand seat profile

Source:Class 390 imagéMarsden, 2014, p. 225)
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In addition to the five British traingigure 1.5 alsoplotted the weight per seat of
someJapanese trairfer comparisorover the same periodhe Japanese trains were

the Series 0, Series 100, Series 300, Series 500, SeriearkbD8eries N700hese

trains operate on thifghinkansetine designed solely fdrigh-speedservices, with

the latest N700 train capable of a maximum speed of 300 km/h. By contrast the UK
trains have a maximum speed of 200 km/h and share the infrastructure with stopping
passenger services and freigiaffic. The Channel Tunnel Rail Link (Higlp8ed 1)

is currently the only dedicated high speed route in the UK, where trains can run at

speeds up to 300 km/h.

This research is not performing an international study of train warghthere will
be no exploration of the weight of UK trains compatiettains in various other
countries. However, the Japanese trains are part of the originalfgare(..5)
which prompted this research and so it is appropriaggtore them briefly. fie
following pagegrovide photograph&rief commentaryand analysis of their seat
and weight attributes. Although this analysis willlineited in extentit provides
further support to the different ways in whichinscan beconfiguredand still act as

trainsi with different attributes resulting from these different configurations
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I Shinkansen Series 0 and Series 100 trains

TheSeries 0 first entered service in 1964 as the first generatic

to operate the Shinkansen high speed line. It remained in sen

until 2008. The train could reach a maximum speed of 210 kn
(130 mph) initially, which increased to 220 km/h from 1986.
Theywere originally introduced as i¢ar sets but later

lengthened to 16 cars. At 400 metres long thedr@rain had

1,340 seats and weighed 970 tonnes, which is 724 kg / seat.

The Series 100 entered service in 1985 and could reach a
maximum speed of 220kh (137 mph). It remained in service
until 2012. They operated in different formations and lengths,
but the 1écar trainset was 402 metres long, had 1,321 seats ¢

weighed 925 tonnes. This gives a figure of 700 kg / seat.

Figure 1.11 Shinkansen Series 0 and Series 100 rolling stock

Source of picturesSeries By .7 » ¥ (Nadate)- Own work, CC BY 3.GBeries 10By © DAJF/ Wikimedia Commons, CC BYA 3.0
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I Shinkansen Series 300 and Series 500 trains

The Seies 300 entered service in 1992 and replaced the 100
series. It remained in service until 2012. The train could react
maximum speed of 270 km/h (170 mph). It operated asat 6
sets and was 402 metres long, with 1,323 seats and weighed

tonnes. Thigjives a figure of 537 kg / seat.

Series 300

The Series 500 entered service in 1997 and is still in service i
the year 2020. The train could reach a maximum speed of 30!
km/h (186 mph). The X6ar trainset was 404 metres long, had
1,324 seats and weighed 520 tasiha reduction of 17 tonnes

on the Series 300. This gives a figure of 520 kg / seat.

Figure 1.12 Shinkansen Serig00 and Serie$00 rolling stock

Source of picturesSeries 30By Mitsuki-2368- Own work, CC BYSA 3.0 Series 50By Mitsuki2368- Own work, CC BYSA 3.0
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I Shinkansen Series 700 and Series N700 trains

The Series 700 first entered service in 1999. It is still in service
in the year 2020. The train can reach a maximum speed of 2¢
km/h (177 mph). It operates as 8 ordd& sets and the idar set
is 405 metres long, with 1,323 seats and weighs 708 tonnes.

gives a figure of 535 kg / seat.

The Series N700 entered service in 2007 and could reach a
maximum speed of 300 km/h (186 mph). It is still in service in
the year 2020. The i6ar trainset was 405 metres long, has
1,323 seats and weighs 715 tonness Gives a figure of 540 kg

/ seat.

Series N700

Figure 1.13 Shinkansen Seri@90 and Seriedl700 rolling stock

Source of picturesSeries 70By Scfema Own work, CC BYSA 3.0Series N700 ¥ Mitsuki2368- Own work CC BY¥SA 3.0
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Unlike the mix of power sourcdsr the UK trains, & Shinkansertrains shown here
are Electric Multiple Unit§EMUS), with electrically powered motordistributed
across most of the caiShinkansen trains with 16 cars can obviously carry more
people than, for example, a Pendolino withe cars, and so simple comparisons
using metrics, such as kg per seat need to be treated with caution. @heifiter
exploreFigurel.5 and the weight of UK trains in more detdibweveyfor the
purpose of this introduction it igorth noting thatf we normaliserain weight
relative to train lengtlhen thisshows the same resultsfigurel.5. The chart
below (Figure1l.14) shows Japanese traifidue line with square markerggtting
lighter over time, whereas the UK traifmied line with circle markerd)ave got

heavier per metre of train length.

3.00 -
Series 0 Voyager diesel tilt

i Series 100 \.Pendolinoelectric
tilt

2.00 - Mk 111 Electric’
HST diesel Mk IV Electric

1.50 -

N

U

o
1

Series N700

Series 30D Series 700

1.00 Series 500

Mass relative to length (tonnes/metre)

0.50 -+

1960 1865 1970 1975 1980 1985 1990 1995 2000 2005 2010

Michael King Year

Figure 1.14 Weight relative to train lengtfor tbe UK and Japanese trains

The raluction in weight per seéfigurel.5) andweightper metre of train length
(Figurel.l49support s a historyeoithetShirkansen istbe history of
light-w e i g h(Wrightg20609)and thishas been achieved as maximum speed and

power havealsoincreased.

If we ignore weight briefly antbok only atthe provision oSeats per metre ¢fain

length,then we seéhe results imablel.1 below.
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Tablel.1 Comparison of the number of seats and train length for certain UK and Japanese Trains

Train length Seats /' m
HST diesel 482 220m 2.19
MK Il Electric 564 243m 2.32
Mk IV Electric 531 249m 2.13
Pendolino 487 217m 2.25
Voyager- diesel tilt 256 118m 2.16
Series 0 1340 400m 3.35
Series 100 1321 402m 3.29
Series 300 1323 402m 3.29
Series 500 1324 404m 3.28
Series 700 1323 405m 3.27
Series N700 1323 405m 3.27

The Shinkansen traineavemore seats per metre, even thoughUKeand Japanese

trains run on the sanstandard gaugérack, witha width 0f1435 mm between the

inside rails of the trackirack gauge may be the sarheweverthe Shinkansen

carriages are 3.3m wide, whereas UK trains, like the Pendalie@.7m wide.
Differences such as this reflect the fact that the Shinkansen trains run on a dedicated
high-speedine, whereas the UK trairemeacted uporby UK loading gaugeand
infrastructure with a history dating back to the " @entury and they are required to

sharethis infrastructurevith stopping services and freight traffic.

This research is not going to complete axépth international comparisamd the
Japanes trains will not be investigatddrtherin anydetail. However, he Japanese
trainsdo playarolein the following analysisand the story that will be developed
thisthesis They provide evidence thtite inevitability of weight increase should

be treated sceptically.The Japanese trains have reduced their weight per seat
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(Figurel.5), even thougmew trains ardikely to have added modern features, such
as air conditioning, electric dootimproved accessibilityand so onLike for like
comparisons should be treatsdrily, but so should any feeling of inevitability
regarding train weight

During the complex ad lengthyactionthat produced the trairshownin Figure1.5,

it is highly unlikely that anyonead:6 Ma k e s ur e tBotehishaar e heavy
happenedT his researchwants to understand howthis could havehappened

and how this could be improved in the future Actor-Network Theory will be

used toprovide a richer understanding of how strategic decisions can produce

such outcomes.
1.4 A summary of the thesis

This thesis uses ANT to argudestly, thatthere are many ways to configure trains
andan outcome of heavy trains is one of many possibilitieSecondlystrategic
decisionmaking should be understood as a collective actigmnvolving a diverse
collection of actorskor exampleAlstom manufactured the Pendolino train, the t
tunnels and curving tracks of UK rail infrastructateoact uporits final shapeand
attributes Thethird element of this thesis argues tdating a strategic decision, a
val uabl e 06pl acthabisdesribedfmetaphorically esaeatecisir
laboratory. This place centred aroutide Rainhill Trials for the strategic decision
that selectedRocket For the Thameslink and Crossrail strategic decisiaaplace
is morenebulous but islispersed around the procurement proce3sesse decision
laboratoriedoring actors together in an actimadcollective process to develop
propositionsi propositions of new trains in this ca3defourth element of this
thesis affirms thathe winning proposition is the most articulate within the
modelled environment of the decisiordaboratory. The wining proposal of a train
is not the best train, it is the best proposition within the declsiooratory.The
effectiveness of the laboratomyll be discovered later, when the proposition is
translated into its realised forim the case oRockethe Rainhill experimentsising
amodelled Liverpool & Manchester Railway produced a successful outddrae.
new Thameslink and Crossratrains are still early in their service and it remains to
be seen whethéhosedecisionlaboratoriesvere effective or nofThe final element

of the thesis argues thgiyven the importance of these places, described as
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decisiontlaboratories, then they should be a focus for improving strategic

decisionrmaking.

The concluding thesis is:if we canimprove decisiortlaboratories,then we can

improve strategic decisiors and associated outcomes.
1.5 Thesis organisation

Two theorybuilding chapersfollow this introduction

The firstpart of theorybuilding (Chapter2) reviewsthe literature to developa
theoreticalapproacho understandhe phenomenon of heavy traifi$iree bodies of
literature were accessed to understand different aspects relatedése¢iisch. The
DecisionMaking literature was used to understand decisions and, specifically,
strategic decisions. The Social Issues in Management literature was used to
understand how organisations respond toatdiporenvironmental issues, such as
climate change and greenhouse gas emissions.-Network Theory was the final
body of literature accessed and became the primary theoretical lens to understand

how trains act and different configurations of a train will have different attributes.

Chapter3 is the second part of theebilding and itexplairs the story of this

research how it developed over timand theapproaches employedo arrive at the
final appro&h. This chapter describes research approaches that were explored but
could not be pursued for reasons that are explairteglfinal approach learnt from

and built upon these lessons.

Chapter4 focuses upon theutcomeof heavy trains Figurel.5 was the frustrating
starting point for this research, but the source data for this chartovagailable
Also, there were only five British trains represented on the chéith isan
extremely limiteddataset on which to base reseaiferefore, Gapter4 develops a
detailedanalysisof the weightper seabf UK rolling stock Thisprovides a platform
for the following twochapterswhichuse ANT to understand thestrategic

decisions that produce new trains

Chapter5 buildsan historical analysisof the milwaysin Britain and applies Acter
Network Theory to understarbw the railways anthewtrainshave beemroduced
and configureaver time The primary purpose of this hapter is to demonstrate

that trains and railways are fluid configurations of resourceghat have changed
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over time and will continue to changkhis chapter covers a period that starts before
the Ranhill Trials of 1829 through to recaratins operating on the current railway in
2020.

Chapter6 focusesupontwo recentstrategic decisiongo produce newtrains i
Thameslink and Crossraictor-Network Theory is usedto understandthe
strategic decisions thaproduced these new trains The trains for Thameslink and
Crossrail are operational on the UK railway and so the outcome of the strategic
decisions can besaessed, specifically in terms of theightattribute of the new

trains

Chapter7 reflects upon the application of ANT to Strategic DecisMaking and the
value that can be gained to understand this complex social process using this
theoretical approachis theoretical gopproach, and the analysis in Chapterél,

5, and 6, are then used to understand how strategic decisiemaking can
produce heavy trains as shown ifrigure 1.5 that prompted this research.
Challenges foall strategic decisiomakingi not just the production of new traiins
are developed, with ideas for improving this critically importottialactivity.
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2 Literature Reviewand Theory Development

To help understand the phenomenon of heavy tramhow thissutcomecould
have happenedhree bodies of literatungere accessl. Theyeachbroughtdifferent

perspectiveso understand theesearch problem

The firstliterature broadly defined aSocial Issues in ManagementSIM), draws
mostlyfrom managemenrdnd businesstudies This literature was accessed to
understand howheorganisationsnvolved in this actioomanagesnvironmental and
social responsibilitiedModern trains are manufactured by global corporations, such
as Bombardier, Siemens, aoithers.Public organisations may not have a profit
imperative butthere arestill requirements to justify use of funds and avoid

unnecessary costs.

Thesecond body of literature focusspecificallyupondecisionmaking. This
draws from management studaesd thecognitive and behavioural sciencasd has
a focus upon decisiemaking within organisationd his body of work helpdto
develop insightabout decisions argpecificallystrategic decisionsuch aghe

productionof new trains

The third body of literatures Actor-Network Theory (ANT). Thisliterature was
initially introduced becauseetolved from Science and Technology Stud®ES)
andtrainsarea form of technologyAs the literature reviewwrogressed, mfocus
moved toward#é\ctor-Network Theory as the main theoretical |besaise it
provideda valuable perspective to understaation, as explained later in this
chapter A theoretical model, which draws heavily frahe ANT literature,was

created for theesearchandis described in sectiah4.

Each of these three literatutess contributetowards this thesisdowever, the

main contribution to literature and theory that is made hereis through the

novel application of ANT to Strategic DecisioAMaking. As will be explored

shortyi n t his Chapter 6s r emakimgWwterature, strdteg/ic st r at
decisions are ambiguous in terms of who and what is involved, when they begin and

end, and howtheir outcomes are assess€lde weight of trains produced by strategic

decisions are central to this research because excessively heavy trains are expected to

produce excess greenhouse gas emissions, as will be discussed in more detail in
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Chapterd. Strategic decisiaito procure new trains are analysed by apphANT
andits networkbased viewof actionasa Ot otlkiunder st and how &

heavy trains cdd havebeen produced

The format of the following sections isficst present an overview of key
developments and themesthin each literaturebefore then reviewing how this

helpsto understandtrategic decisions arnble production of heavyrains
2.1 Social Issues in Managemen(SIM)

Thisliteraturei s based upon a premise that Abusi:
c 0 n n e @boel,d991b, p. 384)t was accessduecause organisations are

involved in the strategic decisions tmguce new trains, and this research is

interested in howrganisations respond to social issigsh aslanate changeThis

literature became a secondary focus as ANT emerged as the main theorettcal lens
understand strategic decistamaking What folows is an overview of the key

themes in the literature and its development over time, before summarising its

relevance to this research.
2.1.1 Key themes and development over time

The SIMliterature revolves around different conceptions ofpthigose of théirm
and a longstanding debate regarding the role of business in sdtistysreflected
in various conceptsuch as Corporate Social Responsibility (C8Rucker, 1984;
Frederick, 1994; Moir, 2001; Muller, 2006; Freeman and Moutchi@k3
Sustainability(Anderson, 1999; Berret al, 2009) andthe triple bottom line
(Elkington, 197; McDonough and Braungart, 2002)

The modern SIMiterature is often said to start with the work of Adolf Berle and

Gardiner Meang§1932) a lawyer and an economist. Weitt during the Great

Depression, thisnportantwork analysedhe corporatioit he Adomi nant 1| n:
of t he mo @Berleand Means, 1938, p. 313} this time, owners

(principals) were becoming increasingly distant esrdovedrom managers

(agents) running organisati®rThis principalagent problem, with a history dating

back to Adam Smith, essentially asks whose interests should be primarily served by

a firm and its managers. Berle and Means argued that this separation meant that

firms were increasinglybeing run for the benefit shanagersat the expense of

shareholderand other partieshat had an interest in these large organisatibms
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address this, they proposed thatindependentbodya fApur el y neutr al

t e ¢ h n o(BerlemandyMdans, 1932, p. 312)couldweigh up competing interests

and demands and determine appropag@anisationaaction. This solution did not

gain any traction, bubhte i dea t hat business had fAsoci

obligations to ownersfo st o ¢ KBowdn,d @58, p.ddid take root.

The most famous advocate agaifss ideawasMilton Friedman, who elieved this

woul d Aunder mine the ver {friedman h982apd. 138)n o f
andharmthevital economic rolef business within societfrom this perspective,

the fAsoci al responsibility whflkugionhé Dsviin:
basic rules of the society, Iothose embodied in law and those embodied in ethical

custond (Friedman, 1970, p. 121Business was seen purely as an economic and

wealth maximising entity, with managers who do not have the skills or remit to

allocatecompanyfunds to social issues

I'n 1ine with Fatheoeyoithe finrdgained ihcreasing accgptance
whichsaw the corporatoas a fAnexus for contracting r e
i ndi v iJdnsea hngl Meckling, 1976, p. 310jithin the organisation a

multitude of complex relationshigometogetherand conflicting objectiveare

resolved Employees give their labour in return for pay, suppliers provide goods and
services, and so oifihis theory recognised thatang e nt 6 s 0)§nte@siszagy e r
diverge fromanowneis, and when this happens it ca@ managed through efforts

to re-alignthoseincentives or by implementing controls and proceduresronitor
manageriabehaviour. Board oversight and shapmionsschemes are modern day
responseto align executiveincentives with the economic objectives of investors

This theory of the firmas anexus of contracisecognise claimsupon the firm from
employees and communitidsut this is seen ascantractualrelationship The value

of this construct is questionable, hewer, whemany business relationships with
Adcommuniti es 6(Danadson bnd Preston, ¥985g i &&bthey

cannot really belescriedas acontract

Claims upon the firm that are more general and dispersed also highéght
limitations of this contractual theorfor example, pblems of theeommons
(Hardin, 1968)such aslimate changepollution andcongestiondo not present
obviouseconomic opportunity for businegsn economic view of the firm would

argue this is not the responsibility of organisations, rather public policy intervention
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is neededsuch agegal regulation, liabilityethical codesand moreTaxes such as

a carbortax, are oftempreferred by economistso that the price signal can still be

used to drive incentives and behaviddowever, & example can illustrate the

limitations of this line of thinking in practice. At a higinofile speech at Stanford
Universityin 1997 the CEO of BP, John Browne, stated that climate change should

b etakén seriously by the societywhichwe arepartf e mphasi s added] o
(Browne, 1997)This apparent recognition of the importance of climate change

BPOs r es pwasalandmatk momer,sn many ways akin tasfacco

companies recognising their responsibility for the impact of their proddotgever,

BP6s financialisameoOt yehhos 201@r John B
show that Crude Oil, Oil Producasd natural gaaccounted for at least 94% of the
company@B, 2044 p. #42)his could be viewed as a signgreenwash

but in the same 2017 annual report, BP called for carbon pricing to be implemented

by governments, becaels t hi s fAprovides the (BPj20IA,t 1 nce
p. 50)to reduce emission3his call for carbon pricing aligns with &tonomic view

of the firmthat recognises the limiteability of organisations to respond to such
complexsocialissuesResponsibility forsuchsocietal outcomeis placedn the

hands ofoliticians and regulatorsvho mustefine the rules and context in which
organisations operattssues like climate change may indeed require goversment

act, butorganisations, and the peomkhin them would recognise the risks of

inaction if they ignoreheir responsibility with regpectto societal issues like climate

change

The concept ofesponsibilityhas played a key role within the SIM literature. It is
arguel that society grantegitimacy(Davis, 1973}o corporations often described

as dlicense to operaté andthislicensecanberemova, if animplicit trustis
breachedMoral and ethical issues can suddenly expose corporate practices, which
may be legally correct, but do not stand scrutiny under public aresocietat

level responsibilityis applicable to all organisations. Below this societal
responsibility a princile of public responsibility (Preston and Post, 198theans

that organisation ar e r e s quizamss rddate@ to their priméry and
secondary areas of involvement with soaié®/ood, 1991a, p. 697Below this
organisational responsibilityere isa principle of managerial discretion (Wood,

1991b, p. 696)whichstates that individuals cannot avoid their responsibility by
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reference to organisational rules and procedures. Managers are not removed from

societal norms and responsibilities when they work withiorganisation.

The SIM literature is managerial in natuaed recognises thétis oftenmanagers

thatare required toesolve genuinerganisationatlilemmas(Margolis and Walsh,

2003, p. 28Q)when competing expectatioand responsibilitiesf the organisation

do not align. Managers are aware of the economézls of the organisation, but they

are not simply profit maximising agentather theyry to balance competing needs

and interestsWhen faced with complex situatis, managers do not seek optimal
economicoutcomes, rather they achieve results thasaneehowgood enoughThe

organisation may helgnd guidananagers in this balancing procdsg providing
Aprinciples and gui-adfef(MatgossandWalsh, 2008,pp.gi ng |
282 284), such as codes of conduatthough thisorganisational support cédnelp to

guide behaviour and decisionaking it remainsopen to managerial interpretation.

In response to thcomplex reality of modern organisatioastakeholdetheory of

the firmcame to prominengaevhich soughttéi br oaden management ' s
roles and responsibilities wichalnAdlet he pr
and Wood, 1997, p. 855%takeholder theory claimed that, in practice, there are

many groups that play a vital roletime success of the business enterprise. In his

important work Freeman defirg(1984,p.25p st akehol der as fdany
i ndi vidual who can affect or is affected
This theory is managerial in nature, because it recognises the centrality of managers

as At he onl y g with dinect aoritrol sverdhlke éebisiahattiegr s

appar at us (Hilf&ndtohes, 1992, p. 13 owever, managers airea

relationshipwith stakeholdersandit is this stakeholdermanager relationship

that explains action This begins to lor our understanding of action and moves it
beyondorganisational boundaries. Business and other groups within society are

Ai nterwoven r at heWoodt, 8991a, pdoPRvithiaatiant ent i t i e
resulting from interactions acrofisis network Not all stakeholderm this network

are equain their ability to influence companies to actsiocially responsible ways

(Campbell, 2007)
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2.1.2 Relevance to this research

| think it is clear from the SIM literature that organisations involved in the
production of trains areesponsiblefor the associated impacts of products they have
manufactureghelped to producer bring aboutHeavy trains, that consume excess
energy and emit greenhouse gases and other pollutants, are the responsibility of the
organisations involved in producing themhis responsibility exists at different

levels of analysis. At the societal level, these orggtions have a responsibility
because they are part of socjetyd climate change is a societal issue. At the
organisational level, they have direct responsibility for the impact of the products
and services they produce. At the individual level, manabgiscretion means that
individual managers cannot avoid personal responsibility by reference to
organisational policies and procedures.

However, despite these responsibilities, heavy trains still happened. This could
suggest that these theoretical raspbilities do not really exist, or they are so

weakly applied in practice, that organisations can effectively ignore them. An
alternative explanation is that trains produce many outcomes for society. Excess
weight and emissions are a negative outcomethieusame trains move a lot of

people at speed around the county and may produce relatively less emissions than
alternative modes of transport. Additionally, trains provide employment, connect
people with employment opportunities, and deliver many othstip® and negative

outcomes.

An economic view of the firprecognigng the limits of organisations, might argue
thatif we want lightweight trains, then we need to prowige righteconomic

incentives, such as carbon taxes, so that itasganisatios économic interest to
achieve this. If there is an economic incentive to reduce weight, then managers
would be expected to allocate resource and effort towards this outcome. This line of
reasoning would bring legislatoasd rule settensito sight aanimportantcauseof

heavy trainsthrough their inactiorin the case of procurement competitions this

would be the organisations running the competition, such as DfT.

In response to this economic view of the firhme SIM literature does not advocate
simplistically thatorganisationshould achieve social goals, such as reducing

unnecessary emissions, when it meamgagng in lossmaking activitiesHowever,
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this literature doeargue that organisations and their managers have real
responsibilities, whiae cannot be dismissed by reference to the finaac@buntsor
the inaction of legislator§ he managerial nature of the SIM literature recograses
active rolefor managers to develop a response that resolvesdfégacross
complex demands and extatpressuresThe organisational boundaoes not
mean thabr g a n i s a unitasyractorédPaahe afd Santos, 2010, p. 466En
theyare faced with complex demands and expectatidakeBolder theory
introducesanexpanded view of actionthat goesbeyond organisational
boundaries. Stakeholder theorstill recognises the critical role afanages, butthe
ability of stakeholderso influence organisationis explicitly recognised
Stakehol dersdé abil it gowdrdegiimady &nd ergecce i s r e |
(Mitchell, Agle and Wood, 199hat existsacrosshe network ofelationshipswvith

the organisation and other stakeholders

Issues such as climate chamgenot have apecific stakeholddsut are, in theory,

soci et y gwhichpcanariake ehem diffuse and vague. The government can
represensociety and the climate through public policy interventions, regulatory
structures, carbon taxes or similar measures. NGOsianildr organisations may

also give climate change a voice and greater representation, but these organisations
are rarely involvedlirectly in the production of trains. A stakeholder view efly
trainscould posit thastakeholders with an interest iretenergy use and emissions

of trainshadless power, legitimagynd urgency than other competing demands.

This will be considerewvithin the analysisn Chaptel6 to understand how energy

and the climate isepresentedhn the strategic decision® produce new trains

To concludecentral tothe SIMliterature is a debate about the purpose of
corporations within societwho they should serve, and what outcomesy #i®uld
produce On one sidgit is the responsibility of public policy to set the rylasdthe
responsibility ofprivate firms to focus upon maximising profits. On the other side of
this argument is a recognition that, in practice, this situation s smmplicatedIt

is often managers within organisations who nagetermine how they respond to

v ar i soacsi aiMargolis &nd Walsh, 2003yithin society, of which their
organisations are a paifthe production of trains involves private and public
organisatns,with competing demands placed upon all to balance goatity,

reliability, and many other factors. Stakeholder theory introducels@onal view
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of action that moves beyond organisational boundaries and recognises the
interconnectedness of extatrstakeholdersorganisationsand managers. This will

be developed further in the Actbletwork Theory review later in this chapter.
2.2 Strategic DecisionMaking (SDM)

This literature was accesskdcausetteaction toprodu@ new traings describedn
this research assrategic decisiojto differentiate it fronoperational and everyday
decisionsThe following provides an overview of the key themes in the literature and

its development over time, before summarising its relevancéstoeearch.
2.2.1 Key themes and development over time

Defining what a decision is, when it is made, and who makes it have all, at times,
Aturned out t(Mdarch, Simpnramdisuetzkow,t19938, p. Bpwever

a distinctioncan be madbetween thelecisionprocessandsomecritical pointwhen

adecision is madanithin an organisatioa decisions afispecific commitment to

a c t i(Mintzlderg, Raisinghani antheoret, 1976, p. 24@ndusuallyinvolvesa

commitment obrganisationatesourcesCompared to operational or more everyday
decisionmaking he literaturerecognises thatrategic decisiomaren i mpor t ant , i
terms of the actions taken, the resoarcec o mmi t t ed, or t he prece
(Mintzberg, Raisinghani and €bret, 1976, p. 246)

The decisiormaking literature recognises arpectedvay of making decisionthat
hasvaried across history ansocietes In other historical and cultural contexts it has
been expected aecdionmakerecprstadotades ant prayed fior
r ev el @vaichy Sisod and Guetzkow, 1993, p..1C¢ntral to modern
decisionmaking is a focus upon rationalitywith managers making decisions
supported by informatioand decisiormaking tools Each of these elements will be

explored next.

Information is central tonoderndecisionmakingbut itis prone to biaand can be a
Adevice for mani (Cyeftand Manchy, 1994 ® 79%herefares i on 0
informationshould be more accurately consideasd describedscontested
information(Hans de Bruijn and Martijn Leijten, 2008, p. 8&ther tharobjective

information
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Tools and instrumen@re not neutral idecisionmaking Theycan be used by
project promotergVickerman, 2008, p. 66 reinforce supposed wider benefiiis
support of theg r 0 modesred®ouicomes. Perentresults can bachieved by
changingassumptions, analyticapproachesand techniques. For example, the
choice of discount rates can cause economic costiseardits in the long terito be
discounted towards zer®dheboundarie®f thesystem of interestan benarrowed,

widened, omoved to prefer one outcome over another.

Overall, cecisionmakingshould be viewed astional, butonly boundedly so

(March, Simon and Guetzkow, 1998yganisation® r e onmonti siici ent |l y r at
(Cyert and March, 1992, p. 11When they make decisionsathertheyrespom to
complexenvironments and problerby making, in effectgood guessednstead of

a comprehensive and exhaustive evaluation of costs and bensétsfieng

approach to ptionsand doices usesa limited, approximatesimplified model of the

situationthatallows decisions to be made and actions to be taken.

Studies of manag@l behaviourfind thatmanagerspend very little timectually
makingdecisionswith most of theitime meeting people and executifirganagerial
performanced(Cyert and March, 1992, p. 236 this way decisions can be
considered fl estshaan tah etohreyo (MgfchoSiomaanctee,nt i o n
Guetzkow, 1993, p. 4with meetings anchieractiors pralucing a form of

negotiated knowledg@gians de Bruijn and Martijn Leijten, 2008, p. 98parding

desired outcomes and how they are to be achidvesd leads tawards aview of

decisionmakingtakes place acrossatworkof different parties
2.2.2 Relevance to this research

For a strategic decision, suchthg procurement of netkainsin the UK, there is an
expectedvay of making decisions, which does not invobemsultingoracles
(March, Simon and Guetzkow, 1993,117), but does include timetables, contracts,
response templates, and highly detailed requirements documeigerdus and
detailed analytical procesgoverned byrocurementegislation reflectsan
expectatiorof decisioamakingasa rational procgs that is rulebased, competitive,
transparent, and faiRationality is embedded and visibletiredocuments and

processes.
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However, hese decisions involve significaatonomic and political stakes, which

creates a threat theserational aspiratios. Theproduction of new trains involves
largeeconomic value, withfor examplenew Crossrail trains costing more than

£1Bn Manystakeholdersreinvolved directly in the strategaecision,and more

have arindirectinterest in thenew trainsyailways and the services thttey

provide New trainsare more than madgansit services; thegan revitalise areas of a

city, reduce congestion and pollutigi@hort and Kopp, 2005, p. 36@yeate

employmentact assymbols of prideand moreA heightened politial environment
cansurroundsuchstrategic decisionandrational decisiormaking processesan
provetobeiqui t e def encel e Hyvbjemy, Rothemgatterarmde of p c
Bruzelius, 2003, p. 7 hereforethe strategic decision to produce new trahnsuld
beunderstood as &mi nt er weaving of both boundedly
p r o c e(Biserhardt and Zbaracki, 1992, p. 36heavy trains were an

unexpected and unintended outcdiemg and Crewe, 2014}henthey could

possibly be explained by the action of power and politics towards outdbates

contributed to an increageweight, energy use, and emissions

The main lesson from this literature is recegsirategic decisionasbothrational
and political actionsinvolving acomplex array of actors and influences.
Organisations and managers seek to simpbiyplexity using models, tools, and
information butsuch devicesre not neutral in this process. A managerial
performanceanteracts withinfluences fronotheractors,andthis collectively
produces form ofnegotiated actiorilhe idea of a strategic demn asperformance
and the active role of toois also relevant tthe ANT literaturethatwill be explored

next
2.3 Actor-Network Theory (ANT)

The ANT literaturewasinitially accessetecausef its history within the field of
Science and Technology $lies (STS)As discussed earliethe application of this
ANT to Strategic DecisioMaking isthe main theoretical lerfsr the analysis in
this research and the contribution to literatdree following provides an overview
of the key themes in the ANTidrature and its development over time, before

summarising its relevance to this research.
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2.3.1 Key themes and development over time

ANT reflectsa longstanding sociological debate regarding the role of individual

agency and social structuieunderstand betviour and actionAgency recognises

the ability of individuals to act independently and make their own ch&oesal

structure recognises the influence of class, religion, gender, abilitygthadsocial

forcesor factors Rather than taking @osition on either side of this dualislN T 6 s

approach istoeplacefi ét he two traditionally separat
by the single one of agente t w (Callln) 1998, p. 9L atour describsANT as a

sociology ofassociationgLatour, 2007, p. 9)with various entities enmeshed in

relationships. AT effectively propossan ontology tht replacesctorswith actor-

networksto explain action

Some entities within this network can be described as human or, sodiathers

could benatural, technological, or some otmamhuman / norsocial categoryThis

can lead tdhecriticism thatestablished¢donceptsiof ¢l ass, Tt ace, and
di s a p(Powamavl@nd Hess, 2017,%21) However that is not the intentather

ANT simplyargueshatit he soci al s ho@awd20¥2pt10M e pr i vi
when viewing human and ndruman actorsTheactorsin ANT may be more

accurately described astants derivedfrom semioticsto adoptdi | € s s

ant hr op oc éenneatti2005,tp.el4@mbdmove away from the human

centric wordactor. In this thesis, the word actor will be used throughout to align

with more general usagdyutin keeping with ANT, it should be recognised that

actors can be human and Ammman.

This recognitiorof norrthumanactorsis a controversiabspect of ANT, but Latour

points out thatwhenwe stlyati k et t | es OWwsi |6& uWadougre,at lon i
2007, p. 71we are recognising that the action is performed by the hkeitie and

humanknife complex For ANT, actionisnobnlyl i mi t ed t o what &6i nt
Omeaningful 6r dumamsi doi s fAa distributed ¢
as®ciations between human and Ammman entities (the actor e t w dMikej ©

and Schurr, 2016, p. 218h fact for ANTt her e i s | i terally Anot
(Latour, 2017, pp.#6), with actornetworks contained within other actoetworks,

because actions can be composed of other actions, and so on
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The wordnetwork as used in ANTis meant to convey a supple meaning, rather than

the modern use dhe word like a computer network. This is hanetworkwith

wired connections transmitting data without any changeeduced Rather itis

more like Deleuze's and Guatta(il®88)philosophicakermrhizome and the

associated concept of assemblage, whichfd@esis connectionsanids o c i a |

formations astemporaggg gr egat es of (DivieseaDi2sp.236)d peop
Like Actor-Networks the concept of the assemblage is not straightforward to define

(Muller and Schurr, 2016, p. 219ut it alsdocatesheterogeneous entitiésgethey

and i tarirsanghe nse nit t h(slidller, 201l%e p. RRAhowmlythenec y 0

are many similarities between ANT and assemblage thtiilfer, 2015, p. 30Q)

with terms often used interchangeably, assemblage theory is more of a

Aphil osophi dMiller gneSchuw, @016, p. 21@jth ANT offering,
perhaps, a more tangible theoretical 0t of¢
the actors, agents and networks of strategic deeisiking (as willbe usedn the

chapters tdollow).

A critical intent common to both ActeNetworks and assemblagésthe flexibility

in arrangementsvhichmeans theprec apabl e of fAacting in dif
dependi ng on t hallon, 2006,rpf 1B)khis fibeods icammedtivity

canlead to geriesofit r a n s f olratowa, t199& p. §Shat canfireconstitute

identitie® (Callon, 1998, p. 17) with changing relations rebuilding and changing

identities An Actor-Network shouldoe considered as a verb instead of a noun, an
active fAsi(Laav, 1692, p.s385anddyrmriedevelopment. Thactive

development camvolvea fisuccessive enrol ment of oth

a single will (Aleny2009,9204)weh the actometworkas the
ontological objectith agency Entities enrolled ito the networkmayrepresent

others,bufir epr esentation is fallible, and it
representative will successfully speak for (andsomadk)at i1t c¢cl ai ms to

(Law, 1992, p. 388)

This networkedand distributeédpproacheads to aommoncriticism that ANTis

At oo a(®evacoobhaod Hess, 2017, p. 7,24&ijth difficulties in definingwhere
actornetworks beginrd end An actorin ANT isamoreii a n o n y mdefined, i | |
and i ndi s c éalion, 1099%p. B2HoOWevey, dth this approach an

act or isemethinghat &cte (Lditour, 2017, p. 7andfii f an act or mak
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di fference, t hleatour,i2Q00, p. 130Actors ar@ included ibthey
fiare able to make their presence individuallyof@law, 2012, p. 125)

Fundamentally, ANT is aapproach and toolkitt hat stresses the
social scientistos (patou,e998,p.l19withbtzeyer a n d

present risk of imposing pi@nceived answers upon a situation.

To manage the potential opendedness of networkise Aristotelian idea othe
unmoved movepr primary causas valuable Thisidentifiesone entity within the
actornetworkas aPrime Mover This entity may have been instrumental in
assembling the network: defining the problem, engaging the interest of others, and
allocating rolegCallon, 1984, p. 6s the network developEhe identification of a
Prime Mover helpto give some descriptiveolour to the analysis buhe

Afattr i b udactorofrthe tole of prime mover in no way weakens the necessity
of a composition of forcestoelxpa i n t Hhleatous, 4299, . h8R)

2.3.2 Relevance to this research

Applying some of these ideas to this specific research problem, | proposérthat a
is atechnological objecfLaw, 2012, p. 109 hat i s nei t her Ain

ne

met |

evi

staticé[but is] the product of compl ex r

divergentactorsah t h e i r (Sovacbband élass, 2047, p. 72@ train isa
technological object, and it is alao actometworki a trainactsand there are
different ways in which trains can act

Different actornetwork configurations of entities could all lognised as a train,

but they would have different attributes and characteristics that reflect their different
configurationsTrains, and otherrgities, fiacquire their attributess a result of their
rel ati ons wi(Law, 1999 h 8and thenetaie mang different actor
networks that caactas trainsAn outcome of heavy trains reflects a specific
configuration of entities in an actoetwork, that has an attribute of excess weight.
Weight is one attribute of an actoetworkthatactsas a train, but weight is
entangledvith other attributes, such as comfort, safety, and acceleration. There is a
material configuratiorof the train with components that contribute towards its
weight, such as the wheels, engiglass windows, steel bodies, aluminium doors,
passenger seats, and so on. However, there is aésuiatic configuratiomf the

train, with meaningsattached to different coigurations of material componentsor
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exampleas discusseith Chapterd, trains like the Pendolino are 2.7m wide, whereas
the Japanese Shinkansen trains are 3.31ta.Wiwidth of 2.7m isan attributeof that
train, but to explainvhy it is this width requires an understanding of the Victorian
architecture of the UK rail network and the action of the loading gapge the

train.

Therefore, this research considdms actornetwork that performs as a trambea
material-semiotic configuration of physical objects that are caught up and
shaped in relations that carry meaninggLaw and Allaskuvla, 2019)Neight is
one of many attributeand there are many possible configurations of awttworks

that camactas a train.

An outcome of increased weight was not inevitataitherit wasone outcome

among fAmany c¢ ondi(Mol I99sp. @)Diffepeat possibilitied, ar t y 0
conceptions, of trainseflecta confrontabn between competingj s o-tedhrmcal

worlds that are struggling to exist, at the expense of other-soeic hni cal wor | d
(Callon, 2006, p. 39At some poineaconvergenc€Tim J. Newton, 2002; Young,
Borland and Coghill, 2010; Anderson, 201@yards one configuration can arise, as

the most suitable, most appropriate, conveniendyest, response to the world in

which the actor-network is located. To understandhow strategic decisions could
produceheavytrainsrequires an understandingtafs world in which they were
producedThe idea of a decisielaboratory will be developed in more detail shortly,
but thi s r e fnlwkiah stmtegic dexisiochsvo produtednew trains take

place.

This can quickly become conceptually compbecause, as discussearlier, with
ANT there is nothing but networkBor examplein the modern railwathere are
typically competing bideams in a competitive procurement contéath of these
bid teamgs an actometwork and they are algwoducingtheir competing proposals
of trains, which aractornetworks.Additionally, when the traifinally enters
operational service, will form an actometwork with the surrounding railway
infrastructure, the passengers, and m@éfigh an ANT perspective, the tunnels and
other entities cannot be consideredasmehowexternal taheactionto produce new
trains because they actively shape tbefigurationof the train, which must be able
to travel safely through this infrastructure. In additiothis physical infrastructure

there is a network of social relations which also act upon the body and meaning of
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the train. For example, when newitrmand similar large projects are developed,
they are often described, or justifielyvbjerg, Rothengagtr and Bruzelius, 2003, p.
65), in terms of their contribution towarésonomic growthwhich will act upon the
timetables, station stops, required speeds, carrying capacities, and more.

To concludeweight is one attribute among many of different matesghiotic

configurations that can all perform as trains. Heavy trains were not inevitable but

reflecta convergence towardpecificconfigurations with an attribute of excess

weight. This researclwill investigatehow this convergencéas happenedhisis

unlikelyto discovem per petrator who demanded, Amak
h e a vThe desire for amoking gurdoes not fitwell with A N T digtributed view

of agency

ANT will be apgied to Strategic DecisieMakingto understand the production of
new trainsand the outcome of heavy traisctor-networks present an interesting
way to understandechnological objects that acttaging and the actions that
produce new trains. The resection will describe the theoretical model that will be
used in the rest of this research.

2.4 Theory to understand theproduction of new trains

Using insights from ActeNetwork Theory liis section describes the theoretical
model used for subsequent gisd to understand thstrategic decisions jorodu@

new trainsand thephenomenon of heavy trains.

My starting position is that tain is a technological objetttat, in ANT, is an acter

network.l view this technological object artdchnologyasinei t her i nher en:
0Goodd nbut 6Badboi(kanzberg, 1086up F4@ather

technologycame defined as fia family of methods
ot her entities and f or(taevs2012,Ip.d@®9 trdinu man an
Amay beaes seemroduct or an effect of a net w
(Law, 1992, p. 381and therearea multitude of ways to arrange resources to act as a

train.

The heterogeneous resources brought together &s a&ctrain might includea
human train driverfor examplepr they might natThe early steam locomotives
would include @&iremanandDriver, but thischanged with the advent of trains with

electric motorswhich replaced codlred steam power. The humarno controlled
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the train in this network was nowMotorman The presence of only one person in
the cab controlling the train created
man 6 s [(Rabersbne2005, p. 17)his technology would apply the brakes if
there was a problem with tivotorman whereas th&iremanwould perform this

action previouslyn the earlier configuration of a train using steam produced by
burning coal With sometrains like the automated Docklands Light Railway in
London there is no need for any onboard driver or controllee sociematerial

network that acts astrain hasa fluidity of relations (Law and Singleton, 2005, p.
338)

There are manpgossibleactornetworksthatcan act as tras, with all having
different attributes. Some will carry more people, cost nmren provide amore
comfortableexperiencebe safer, faster, ansb on. me will be heavier than others

as measured by kg per sédhe entry point for this research.

With ANT, a train is an actemetwork, but a train is also produced by actor
networks At Rainhill there werdTiallists who had entered thdacomotivesinto

the competitionfor Thameslink and Crossrail there are global manufacturers with
their trains epresented in proposatach competitowill havea different
configuration ofpartners, processes, amttherentities within their actenetworks.
This is easily recognisable in modern procurements, which often involve bid
consortia that might includeaiin manufacturers, suppliers of finance and specialist
organisations, in addition to existing relationships with companies that provide
components, such as seats, air conditioning units, engines andnrtbeecase of
Thameslink and Crossrail) addition to the compatg bidders and their consortia
theproductionof new trains also involves government bodies such as the
Department for Transport, Transport for London, and Network Rail who own and
manage the UK rail infrastructur€he infrastructure on ch the train operates also
shapes, and acts with, the traithe technical infrastructure, type of signalling, and

so on, as well as the natural environment of hills, gradients, trees, leaves, and more.

The action to produce the new trains is alsochapon by pocurement legislation
and guidelines from the EU and Uihich may influencéhe timetableformatof
the process, and other facto@ther standards and legislation may act upen
trains so thatfor exampleaccessibility foPersons oReduced Mobility (PRM) is

improvedon the new trains
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A complex picture of actemetworks acting upon other actoetworks careasily
lead to confusion and sto address thig,introducea metaphohereto helpexplain
the develomg theoretical modelFirstly, | will explain two metaphors that were
considered, but ruled out.

Themetaphor of atageperformance was considereas itinvolvesactors in the
foreground with major parts, amdwider casin the background with lesser, but still
important, oles. Thevooden and steskt,electricallighting, costumes, and other
apparatus all contribute towardsollective performance, which is changed if, for
exampledifferent actors play different rolethe lighting change®r different sound
effects ae used. There igsuallya script, that provides a common endeavour being
pursued collectively, but performances from night to night are not replays or perfect
copies, because there are always variations, which makes them recognisably similar,

but each isnique.

The seconanetaphoto be considered, but ruled owtas afactory, involving the
assembling of various components into a whole, with humans, machines, processes,
and other entities all interacting towards a final outpifferent human operators

can be brought into the production, as shifts change. Machinery parts may be

replaced through maintenance and repair. Some aspects of the process may appear to
be more important than others, but all are necessary to produce the outcome. The
process may bdesigned to minimal variance but there are still acceptable tolerances

for variation.

However, these were botlioppedbecause | did not feel that thegpturel the idea

of experimentstaking placeat Rainhillandproposals of trainsbeing produced for
Thameslink and CrossratExperiments and proposals both capture an ideaf
discoveryand exploration in this action, which is not associated with the factory
metaphor, and, although a stage performance can convey this, it did not feel like an
ideal fit

Instead, the metaphor of thaboratory is usedo help understand the strategic
decision to introduce new trains. A laboratory suggestaged and simulated
environment, which is not real life but seeks to represent or resemble it in some

way.
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The compgtitors at Rainhill are not asked to run the real route between Liverpool and
Manchester, which was not complete a&time, but they are takingart in
experimentswith a test track to simulate the real railway. There are no tuonels

the test track, it competitors are asked to make their locomotives no taller than 15
feet because the real railway will have tunnels 16 feet high. They are given weight
limits for their locomotives, based upon an assessment of what the track can tolerate,

and the test tick allows thistoleranceao be verified.

A 7,000pageproposal of a train, submitted in response to the Crossrail and
Thameslink competitions, is not as evocative an image as the exotic creatures of
Rainhill. However, theeproposalspr proposed trainsare also created mesponse

to stipulations and conditions embodied in a Train Technical Specification and other
documents. The proposed trains do not run through real tunnels in London, but they
must demonstrate they can safely navigate the infrastejesrepresented in

computer models. Competitors are given weight limits for the trains, not because of
the fragility of the track, but to achieve environmental goals and reduce maintenance
COsts.

Both Rainhill and the later actions involmedelled railwayson which competing
trains are tested and trialled in numerous experimantsutdoor laboratory in
1829 and a laboratory that is dispersed across physical and digital space in the
215t century.

There are some limitations to the metaphor of the labordoryexample,

laboratory experiments can value the discovery of contrary evidence that potentially
disproves a theonjtis unlikdyt hat t he production of a 06D
appreciated, gen the stakes involved, even if it might improve our understanding of
what doesiot work! The production of new trains does not involve scientists
speculating theoretically about a woddt there Instead, it involves actors and
practices producing a fior of technology(trains), but this is not &actoryproducing

the same widget again and again. Thegefisndamentalncertaintyregardingthe
exactform thatthis technologyshould takeThe experimentst Rainhill capturehis
uncertainty andhe exploatory nature of this actiohis metaphorical laboratory

is aspecialist placethat existsfor a specific purposei to produce a best guess, or
estimate, of a traito operate in the future dhe railway of interest. Rainhill

simulated the L&MR, and th€hameslink and Crossrail procurements did the same
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for their railways.To differentiate it from its more traditional ubill describethis
placeas ametaphoricatlecisionlaboratoryi like a traditional laboratory, but with
important differences that will be exploréithe next part of theory development will
consider what is taking place within thekerisionlaboratories

At Rainhill and the two latgorocurementshere ardrainstaking part inexperiments

to determine which should be choserofierate on the respective railwagshe

future At Rainhill we haveThe Rockeand other competitors, whereas in the recent
procurements we hayeoposals otrainsthat are represented documents and

other forms submitted by Siemens, Bombardier, and other competitors. Although
they are in differenphysicalforms, for the purpose of theory development | describe
these as the same type of thihdescribe them all gzropositions of trais. The

concept of gropositionis explored by Isabelle Stengé2011)in her analysis of

the work of Alfred Whitehea(l1929) the mathematician and philosophé&r.
propositionis linked to the process of abstraction. The trains discussed in th
introductionto this thesis (Chaptd) are allabstractions of the trains that will
runin the future. Abstractions would be of no use
mut e r(Standers,t291d, p. 39anhd that is the purpose of tagperimentat
Rainhill, and the many assessments in the recent procurenetgst and evaluate
these propositionsHowever, these abstractions are not being tested in their future
realworld environment, but in the abstracted and modelled environment of the
laboratory. he experimeral environmentsire part othis abstractiorprocess
because¢heyare themselves abstractiongedlity. The track at Rainhill is not the

real track between Liverpool and Manchesitdre competitors for Thameslink and
Crossrail do not run real trains on the real route to demonstrate their ability to meet
timetable commitments, insteadmputer modelare used for the route and the

trains.

With this theoretical model &gnow haveropositionsof trainsthat aregproducedn
decisionlaboratories The propositions of &ins can still be described as aetor
networksi materiatsemioticnetworksi even thoughR o ¢ kveobdérsvheels are
more evidentlymaterialthanthoseof later trains represented in computer models
and engineering specificationshe computer model of a traiproduced for
Thameslink and Crossradtill acts as a trairgven when it is running on the

computer model that represents the track and infrastructure.

Pages0



Chapter2. Literature Reviewand Theory Development

Within the decisioflaboratorieghere are different actaretworks engaged ime
production of different propositions of new traids some point a winning

propositionis identified and selectdd becomein the futureatrain operating on

the railway and carrying passengers. This future train is described in this research as
therealised train to differentiate it from the earligaropositionof a train. A dagram

of this process of becominthat produces a new trails shown inFigure2.1 below.

: The Decision Laboratory
I -lll/l “
- e A W
I et 1 | “
© oA W
=AY,
: 7

|

|

i |
vk S T, N

|

|

Propositions The winner: the The realised train

of trains most articulate

Figure 2.1 Theoretical schema of the production of new tsain

This schemdFigure2.1) identifiespropositionsof trains produced ia decision
laboratory, with oneproposition(in this casgselected as the winner. At some point
later, this winningpropositionbecoms therealised trainthat transports passengers.
A dotted linesurroundghe decisiorlaboratory and is meant to convey porous walls,
anda 0 pthaais rtGemoved from some outside wotlde diagram describes

the winning proposition ae most articulate pragsition of a traini and this will

be elaborated next.

In his study of scientific practice, Latour proposesdteceptof articulation

(Latour, 1999, 2004andpropositionsas an alternative tilve use otcientific
statementsnade about the worl#Vhere statements can be either be trualse
(Popper, 2002)propositions are not true or false, but they can be more, or less,
articulate Statements about a worbdit therewill always face the gap between the
worl d of | anguage and the real Wwbedtd,
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(Latour, 1999, p. 148pecause our symbols, thoughts and representations will never

be the thing (referent) to which we refer.

Thedictionarydefinition of articulate can mearthe ability to communicateslearly,

butit can alsdoe understood in terntd joints and connectiondike an articulated

lorry. In this thesis the word articulate acts as both a verb and an adjébgve.is
anactive process of articulationthat introduces connections to other ideas and
things that is taking place in, and with, the decision laboraldre propositions of

trains can also be said to be becoming more articulate, in that they increasingly
express and communicate the best guess of a train within the deatsioatory.

The decisionlaboratory is the placein which propositions are articulated. Some
propositions will be more articulate than others. The winning proposition is the most

articulate.

So, we can say th&ocketwon because it was the most articulate proposition of

a train performing at Rainhill . It was connected (articulated) &nd with,the
stipulations and conditions specifying weight limits, and so would not damage the
track; it could pull the specified test loads; it consumed its own smoke by burning
coke; and so on. The other competitors with their different propositfons o
locomotives wer@art ofthe same experiments, but they did not perform soiwell

theywerenot asarticulate withrespect tahesdocal conditions

TheNoveltyproposition did not have a tender car and was therefore much lighter in
weight tharRocketHowever, weight was only part efhat madean articulate
proposition.N o v e lightywedgkt design may have connected (articulated) well with
the fragility of early railway track, but it was not ableravelthe required distance
while carrying specified loads. Even when the judges modified the stipulations and
conditions to calculatBloveltyp sequiredload it was still unable to perform for the
required 10 laps of the test circuRocketwon becausé was the most articulate
proposition of a train at RainhilRocketaterbecameaherealised trairoperatingon
theLiverpool & Manchester Railway

Siemens and Bombardialsowon because they were the masiculate
propositions of trains for the Thameslink and Crossrail peonents, respectively.
Chapter6 will show that lmth competitions were interrupted and extended, and, in

the case of Crossrail, the conditions were changed dumngrttess to remove the
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requirenentfor private financingand t o refl ect the UK Gover
guidance to public sector procuremertte propositions of traingvere shaped in

their respective decisielaboratorieswith new articulations to demomate local

supplier use and support to local economies. Siemens and Bombardier were awarded

the contract because they provided the most articulate propositions ofiithins

the decisiodaboratories that existddr the Thameslink and Crossrail procments.

These propositions of trasthecamehe Class 700 and Class 3%lisedtrains.

The most articulate propositisare produceavithin, and by thedecisionlaboratory
experimentdaking placeat Rainhill and the recent procuremefiiis is not same as
saying these are the best trains for their railways, rather they are essewaty a
guessof the best trains for these railwaysdgment of success or otherwise is in the
Ahands orfs(lctoart 1987, pus8aad the winning proposition of a train
may or may not be ideal, when it is exposed to operation in the real world of rain,
hills, angry mssengersand congested networkRocketis viewed by most as a

success, but more time is needed to judge the other trains.

To summarise we have propositions of trains, that are articulated ira decision
laboratory. The most articulate proposition of atrain is selected as the winner

and will becomea realised train at some point in the future.

The final piece of theory developmdatusel upon understandg the actor

networksinvolved in theaction to producarticulae propositions of trains in the
decisionlaboratory A networked view of actioneedtor ecogni se t hi s as
collectivep r o c (kasoar01987, p. 2%ndavoid seeing somaner core ofctors

in the foreground, with a surrounding, relatively passive backgrduretefore, ®

understand thcollective actiontaking place within the decision laboratory to

produce propositions of trains | propose tousza t o (L90Hfise loop model

(Figure2.2 below). This modehelps to understarttbw the actiorcanreach outo

enrol and engage other groups to make the gromémgork stronger
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3.
Alliances
(allies)

4. Public
representation

2. Autonomization
(colleagues)

1. Mobilization of the world
(instruments)

Figure 2.2 Theoreticalmodelof five circulating loops used in théstor-network theory analysis of heavy trains

Source:(Latour, 1999, p. 100)

This modelas originally developed wiin the study of scientific practicén
contrast to a model of science as an activity thaedimsehow removeffom society,
this modelplaced it firmly embeddedin social systems. Science is poacticed in
sterile and socially isolated laboratorleshumans and instruments, that are

somehow removed from the social world

This theoretical modek appliedin thisthesisto understand the action of articulation
thatproduce propositions of trains within a decisidaboratory.This actionis

describedacrossa circulatory system of fivibopsi ieach of the five a
i mportant as the others, and elaolr, feeds |

1999, p. 99)These activitiesredescribechext

Mobilisation of the worlctaptures the ways in whi¢the complexities of the real

world aretransformednto evidence, theorieslumbers, tablegnd other formsThis
transformation rakestheniit r anspor t abl e, re(allooduci bl e,
1984, p. 14)so that they carepresenteal world complexitiesvithin thisactor

network.This inherently involves a process of abstractionsamgplification to
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achieve tle goal of bringing the world into #haction. This can involveechniques
such asurveys, questionnaires, consultations, and many other ways to convert
thingsout there into a form that can then be mobilised withie #iction For
railwaysthis could includefor exampleall the ways in which the desires and needs
of future passengers are measward assessédusing surveys and interviewsand

then mobilised as evidente shape aspects newtrain design

The secad loop,autonomisation (colleaguesaptureshefiways in which a

di scipline, a profession, a clique or an
forms its own criter i(latow,fl99® p.ad2hat i on and
entities and activities associated with this specialist group can be recogresed as
autononousgroupwi t hi n a wi der network. This capt
(Phillips and Smith, 2018, p. 18)r an idea, concept or action within a distinct
specialismAn actornetwork is made stronger when agpmf experts agree and

come togethefThisloop includes colleagues, professions, discipljres

institutions that all help to provide resources, stand regulationthatidentify a

group of individualsasspecialistsRailways havébeen identified as a distinct

profession sincéhe early 19" century(Chapters). The modern production of trains

is part of the wider railway and engineering netyyandrolling stockis aspecialist

community of interestvithin this group Theactornetworkto produce new trains is
theoreticallyopento any organisation that responds tofiret call for interest

However those entitiesvithout recognisedpecidist skills areremovedearly in the

procesf network formatiorto produce new trains

The third loop alliances is aboutenroiment ofsupportbeyondthe immediate

activitiesof interest Allies beyond the specialists within the second lbelp to

make the network more robustcludinghelping to rebuffthosé wh o support
compet i ng (Young, BodamikasddCoghill, 2010, p. 120Bpr the

railways and the production of new trainalliancescanbe formed because of the
economic opportunities supported by the railways. Thiglcawlocal employers

and employee groups into the netwdksupport one outcome over others, or to
ensure that the actionakesprogress and is not stymied by other interests.
Environmental NGOsirepotentialallieswith an interest in themissions and energy

performancef trains, as well agenerallysupportingpublic transport.
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The fourth and final outer logpublic representationincludesthe public media
Areporters, pundits and (Latdue 1999aml108hed wo ma |
fourth | oop represents a movement toward:
publ i c (oHEjek,2010, p. 2434Peoplewho travel byrail for commuting

and other purposes angthin this loop Organisations sucas Transport Focuse

an organisation thaepresentheinterestsof passengernwithin the action to produce

new trans. Occasionallyrail createsiewsin the general media for positive and

negative reasorisincludingticket priceghat increase by inflation each ygetre

new highspeed rail link (High Speed 2), the launch of new trains, and.more

The centreor links and knotsrepreserdsthei pu mp i @@ keoarctept ual co
(Latour, 1999, pp. 10d4.07)that holds thigirculatory system ofieterogeneous

resources togethefrheloops provide substance and strengttwhereasthe links

and knots at the centreholds the network together The links and knots are

dynamic which means that the collection of resourcasalso dhiange over time

The links and knots do not mean that thereneactor, such as the DfT, at the centre

of this action. Ratherhe links and knotseflectthe concept of what is a trairand

this train in particule? Different conceptions of trains andilvays carpull in and

hold different collections of resources togethardhence produce differefrains.

This concludes the review of literature and development of thActgr-Network

Theory, or the sociology of translatiofLaw, 1992, p. 380; Latour, 2007, 306),

will be usedto understand thstrategic decisions that produce new trairise

strategic decision that produces new trains is viewed hersasah process that

first producegropositionsof trains Various propositions of trains can existf bu

they do not yet carry passengers or goods. The most artipubgi@sitionis then
translatedandbeconesarealisedtrain. This application of ANT to the study of
strategic decisionmaking will contribute to theoretical understanding of this

critical saial processThe three bodies of literature reviewed above has found this to
be a novel contributiorStrategic decisiasto procure new trains are analysed by
applying ANT anditsnetworb ased view of action as a 06t

an outcome of heavy trains could hdezn produced

The next chapter explasitheresearctapproach t@pply this theoryandexplore the

phenomenon of heavy trains
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3 Research DesigiThe Story of this Research

This chapter explaiathe story of this researchand how the approach developed

over time.Thefinal researctapproactadoptedused secondary data sources, such as
publicly available progrementdocumentationindustry dataarchival sourcesand
information accesseda Freedom of Information (FOI) requedBefore describing
thisfinal research approach, the following sectitmscribes howraethnographic
approach wasxploredthat could have provided access to primary .dete

following section describes this earlier development because it was part of the story
of this research, and explains why the final approach was adopted, but it also

provides some useful insight into the strategic decisions to produce new trains.
3.1 An opportunity to observe a strategic decision

In 201213 it wasannounced that the 3arold fleet of Merseyrail trains
operating in the Liverpool City Regiowere to be nelaced Merseytravel, the local
government bodyesponsible for coordinag public transporicross Merseyside,
would run a competitive procurement process for the new trnmspresented an
opportunity to observe a strategic decision usingthnograhic approachFlick,

von Kardorff and Steinke, 200&pm its very early stage$his procurement was
also interesting because Merseytravel were to be the owner of the newTthgsns
was a new developmebecausenost tains are owned by Rolling Stock Operating

Companies (ROSCOs) in the modern UK railway.

Contact was made with Merseytravel in early 2013 to explore the possibility of using
this procurement asrasearchocus Meetings were held with various people withi
Merseytravel, including the recently appointed Project Director in charge of the
procurementand an iFhouse solicitarAs the conversatiodeveloped the subject of
confidentiality agreementrose, because of the ndegrotect thgorocurement
processand participantd.egal advicavas soughtrom the University of Liverpool
andjoint discussionsvere heldwith legal advisers at Merseytravel. Frdnese

meetings and email exchangesiewemerged that it would not be enough for only
Merseytravel and myself, as the Researcher, to sign confidentiality agreements.
Rather, agreementgould need to be signed and approvedabiybidders, advisers

andotherstakeholdersinvolved in the procurenmé. One suggestion that was
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explored was foMerseytraveto incorporatehe confidentialityagreement
associated with this research itbe wider tender proces®Vhen organisations
signed up to participate in the tender, they could also agree to ditipghe
research.

However, hiswas ahigh profile and high value strategic decisiwith the contract
for thenew trains estimated at £400M to £500/r the research proposal to
progress, @y changesnadeto allow access for research could aaae risk of the
procuremenprocesdeing compromised in any wagwareness of risk was
especially heightened at the time because of problems elsewhere in the railway. Late
in 2012 alarge competitive tender to run tiéestCoastrail servicesfrom London
to North WesEnglandand Scotlandwvas awardethy the Department for Transport
to First Groupplc. However, this decisiolaced a legal challend®owley, 2012)
from Virgin Group the incumbent operator. THexd to the cancellation of the
award repayment of nearly £40M of bid costs by the Government to fhersies
involved and the need to raun the competitionThiswashigh-profile news and
clearly illustrated the risks and economic stakes involved in Siesegic decisions

By July 2013 itbecameclear thatanything that modified or compromised the
procurement process for new trains in Liverpool created legal and commercial risks.
The likelihood of these risks was unknown, and arguekteedingly small

however, the impact and consequences coukkivemelyhigh, as illustrated by the
earlier case with the West Coast franchise. Olagrenval research dhe

procurementvas proving too difficultand so discussions were concluded on good

terms with the Merseytravel team.

Four year laterpn 16 December 2016,contract was awarded to Stadler, a Swiss
manufacturer, for the supply and maintenance of 52dautrains at a value of c.

£700M. One of the competing bidders, Bombardier, subsequently launched a legal
chall enge i n t heaspectgdMerseyravel's praceegnant di ng A
process and the way in which Merseytravel had scored the Bombardieot@ricer

Hon. Mr Justice Coulson, 2017,p.2) Bombar di er 6s cl aim f ocus
access to confidential Stadler documentatamd other documents relating to the

evaluation process. The court ruling found in favour of Bombardier, who were

awarded costs, to be paid by Stadler, but there were no further challenges to the

contract award. It is probably safe to assume that the documentation, accessible

Page58



Chapter3. Research Design

because of the ledruling, did not provide further grounds for a challeegekingto
reversethe strategicdecision. However, thlegal challenge by Bombardier further
demonstrated the stakes involved within theisategic decisionsStadler Rail went
on to deliver thenew trains, which began to enter service in 2020.

When he discussions with Merseytravel concluded a new reseppioactwas

developed, which is described in the remainder of this chapter.
3.2 Summary of the research approach

The theoretical mod€Chapte 2) described multipl@ropositions of trains
produced, oarticulated within adecisionlaboratory. One propositiori the most
articulatei is identified as thevinnerandbecome arealisedtrain, at some point in
the future. Theropositionsof trains and theealised trairall havedifferent socie
material configurationand therefore all have different attribut&€ke trains in
Figurel.5 (pagelb) arerealisedrainsthathave been translated from earlier
propositions of trainsThe design of this researarasorganised first arounthis
outcome of heavy trairghown inFigurel.5. However this chart raisedwo issues
that neededb beaddressed Firstly, the source data that created the chart was not
available. Secondly, there were ofile trains shown irFigurel.5, and only the

two most recent trains (Voyager diesel tilt and Pendolino electrishiithed an
increase in weightelative tothe earlier trains. Witkhis limiteddatasettiwas
unclear if the increase in weightasa wider phenomenguor just limited tothose
two trains. Thereforégheresearchapproach neeslfirst to verify the outcome
shown inFigurel.5, andthento determine if heavy trainserea wider phenomenon
across UK rolling stockThe analysisof train weight is documented in Chapter4.
Theresearclapproactor this analysiss described in more detail in Sectidr3

laterin this chaper.

The analysis ifChapterd providessupporing evidencdor the increasing weight of
UK trains over timeChapters 5 and 6 then investigatehow this has happered by
applying theory, developed in Chap®ito the translation process that produces new

trains.

Chapter 5 appliesANT within an historical analysis to understand the changing
configuration of resources that make up the railways and trains over timel'he

primary goal of this analysis is to establish that trains (and railways) are fluid
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collections of resources that can be configured, and reconficamedarstill act as
a train.Using the ANT model of five circulating loopBiQure2.2, pages4) this
historical analysis wagarticularlyvaluable to explore the fifth loop (ks and
knots) that is the conceptual core that entangles and holds the loops together.
research approach adopted for this historical analysis is described in Setladar

in this chapter.

Chapter 6 applies ANT usingtwo contemporary strategic decisions to

understand the translation processwithin the decisionlaboratory. The

introdudion of new trains for Thameslink and Crossrail weetected for several
reasons. Firstlythetranslation process is complete. The realisaihs entered
operational service, in 2016 an@1Z, respectivelynd sgublicly accessible daia
available to measutdeir attributes, such as weight, number of seats, and other
characteristicsAdditionally, these new trains have been recognised by the railway
industry for their lightweight designand so this provided a valuable contrast to the
wider increase in weight explored in Chaptemhey demonstrate that increasing
weight was not inevitabl&.heresarch approach adopted for this contemporary

analysis is described in Sectidrb later in this chapter.

Finally, it is important to note a part of the translatioocess that was deliberately
excluded from the scope of this reseafatr. the UK, a decisictaboratory
producing propositions of new trains usually involve®aplexcompetitive
procurement procesbat lasts many year®nce a winning proposition ofteain is
identifiedduring this procurement processs then translated to become a realised
train. Subsequent translations are introduced during contract negotiations, change
requests, manufacturing, testing, and maokhes later translatiomto a realised train
is excluded from this researblecause itvould have extended the scope
significantly beyod what could be achieved within the timescales and resources
available to this researchhe focus of this researchs the decisiorlaboratory,
where propositions arearticulated, and the most articulate proposition is
identified as the winner. This was chracterised earlier iRigure2.1 (page51), with

the decisiodaboratory sutounded by a dotted line to recognise its porous walls.

To recap, the design of this research apprdestwanted to investigate the outcome

of heavy trainsANT theorywasthen used tproduce aich understanding dhe
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production ofnew trainswithin the railways Each of thessteps areliscussed in

more detailn the following sections
3.3 Analysis of the weight of British trains (Chapter 4)

The outcome of heavy trains was the prompt for this resaactithe analysis begins
here.Chapter4 provides indepth analysis of the weight of British trains before
exploring how this could have happened in Cha@ensd6. The following section

describes the analytical approach used in Chdpteinvestigate train weight.

Thefirst step in the analysisof the weight of trains wa® verify the chart shown in
Figurel.5. Reproducing this independentlyasnotasimpletask becaus¢here can
be manyvariations in the configurations of the trast®own in the charfor
example, the Pendolirtcain typically consists of 9-cartrainset but some were
later lengthened to 1dar sets to increase capacitye chart Figure1.5) does not
say which Pedolino was used for thanalysis. There are many other variations
possible across the trains, such asiim@ber offirst-classcarriagesWith fewer
seats)availability of dining services, and mofehe analysisn Chapter4 explains
howthese concernsere overcomerigurel.5 alsoshowed Japanese vehicldisat
were gettindighter over the same period. Ttiata for theeJapanese vehiclegs
reproducedn this analysisbut, as stated in Chaptéythey werenot explored any
furtherin this workbecause thig/ork is notperformingan international comparison

of train weight Data sources for each of these steps are described shortly.

For the second stepl expan@dthe analysi®f weightbeyond the five tram shown

in Figurel.5. A larger set ofJK trainswere analysethat includel inter-city
servicescommuter trainsandrural servicesThis expanded dataset includeains
with differentforms of tractiori electric motors, diesel, and hybti@insthat use
both diesel and electric. This second gapea perspective on the weight of trains
across a large and diverse group of different traiasvever this diverse database of
trainsraisal a question of comparabilityt wasnot sensible to compare, for
examplethe weight per seat dfigh-speed intecity trains against, say, trains for
rural railways.These trains provide different serviaasl operate on differenbutes

i they all act as trains, but have different attribufesallow comparisons to be
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made over time and see how weight was changirsgdan approachthatfocused

upona specificsub-setof trains Thiswasthe third step in the analysis.

Forthethird step | analyse weight across # same type dfain: suburbanElectric
Multiple Units (EMUs) These trains wermesigned for heavguty commutingo
move a lot of people in and out of major citiBsfferenttypes of this trairfhave been
introduced over time ithe UK, which provides a good dataset for comparison over
time. Trains within this groupf suburban EMUsreall powered by electric motars
drawing power fronoverhead lines using AC powerr third rails supplying DC
power.Although there wasorecommonality in this group of trainthis did not
mean that they were all identicahdtherewasstill significantvariationacrosgsher
configurations For examplesometrainsoperate a8-cartrainsets, some-gar sets
etc. Therecanalso be variation in the facilitiggovidedon-board, such as toilets,
density of seating, air conditioning, electric doand ao onThis variation reflects
thedynamic way in whichiesources can be configured to actramsi even
realisedrains providing an operational servicancontinue tabe reconfigured and
reorganisedhrough refurbishment processes and other activities

For thefourth and final step in the analysis of train weightrilleddown below the
measure of kg per se#ltatwas used in the original chaRigure1.5). This measure
wasused for consistency in each of stegddescribed abovdhere is no claim

made here that this metric (kg per seat) is the best way to judge a train. Rather, it is
used through this analis because it was the metric in the chart that prompted this
research. It provides some insight into attributes that are relevant to important
societal issues, such as climate change, and that is why it is of interest to this
research. This fourth stepaognises that &ght perseat(kg/seat)s a composite
measure consisting of twaarts: the weight of the trgiand the number of train
seatsDrilling down into these two components allowed the analysis to undeigtand
an increase in weight per seas driven bytrainsgettingheavier,if fewer seats

wereavailable, or some combination of both.

Datafor the analysisin each stepvas drawn fronpublicly availablesources
(Marsden, 2014; PritchardD28c, 2019b, 2019agcognised within the raihdustry.

The latest versions of these publicatisrereused to provide the most recent data.

2] owe thanks to Roger Ford of Modern Railys for this suggestion to focus upon commuter EMUs
to help with comparability over time.
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The data required for this analysias the year that the train was first introduced,
thetraind weight andthe number of seats available across the traimeiO
characteristiceaptured for the analysis inclutithe number of cars that make up the
train, and information relating to its construction, such as whether the body was
made from aluminium or steeWhich was used tbelpunderstand the changing

material configuration of trains over time
3.4 The production of new trains: historicalanalysis(Chapter 5)

The earliest &ins shown irFigure 1.5 were first introduced to the railway in 1975

when the railway was a nationalised industry, owned and operated by British

Railways, whereas tHater trains were introduced after privatisatiorthe 1990s

Given that hetrainswereproduced in differentontextsthe idea for some form of

political economic analysis was introduced into the research appidaatever,

ANT discourages the use of ther i gi d, st uf fLatounl®96,p.183) ont e X t
andso thehistorical analysis using AN$hould not be viewed as context, msn

active part othisinvestigation.

The historical analysis in Chapteuses ANT tashow thatvarious configurations
and collections of resourcebave acted agrain s and railways over time.Initially
the intention was to align this historical analysis VFthure1.5 and look back to the
1970s, howevelas this work progressed the contribution of thidyasiato the wider
thesis became clearer and the period of analysis was extdindekiistorical
analysis look back into the history of the railways fraime earliest developments

throughto present day

| framedthehistorical analysis by defininigur different eras of the railways The
first era rangé from the late 18 and early 19 century to the time of the First World
War. This was a period afapid growth inconstruction anthe development of many
localrailways across the countrhe secondrawasa period of consolidation after
World War One. Consolidation intbe Big Fourrailwaystook place, and this
periodranjustbeyondwWorld War Two.The third era began when war ended, and
the railways wer@ationali®d. British Railbecame the nati@h operator untithe
mid-1990s wherthefinal era begamnd runs to the present dahis final era is
described athe privatised railway, but it ia mixture of public and private

organisationsas will be described later.
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To help understand thehanging nature of the railways durirack of these erab
analyedfour key descriptive industry variables over time. The historical analysis
in Chaptel5 used tine-based charigo show changes over time in these key
variablesas the railways developed across the four different €heesfirst of these
variablesmeasuredhe length of railway track over time, which prowicn

indication of the extent of the phgsi railway as igrewand maturd. The second
variable showdindustry receipts for passengers and goods, wdapkuredhe
growing financial income of the railwagndthe changing importance of passersger
and freight. The third variablmeasuredhe nunber of passenger journeys over time,
whichreflectedthe increasing use of the railwayg passengergndthe impact of
other factors, such as the growth of aamership The finaldescriptivevariable
showedrailway income and expenses, whtolgether provide a perspectiveon

industry profitabilityand the need for government support.

Across thefour different eras | applied Actor-Network Theory to understand

the changingrailways and production of new trains.Key industry developments
duringthis time especially legislationyereanalysedusing ANTto understand the
actions and actors that are acting upon and shaping how the railways, and trains, are
configured assembledand made to act.he descriptivestatisticssupported this
analysisto provide aricher picture of the changing nature of the railwaysr time

In doing thisl wasnot attempting to produce a definitive historytlod railway

Rather this historical perspectiveomplemergdthe analysisn Chaptel6 that

focusal upon recenstrategic decisiont®r Thameslink and Crossrailhe historical
analysis applies ANT to show that the collection of resources that act as a train has
changed over timand therefore, it is reasonable to expect that it will continue to

change in the future.

For this analysi$ used the following dta sourced~or theindustry variables
described above | us@titish Historical StatisticgMitchell and Deane, 1962;
Mitchell, 1988)asthe primaryhistoricalresourcewith more recent data accessed
via the website of th®ffice of Rail and Road, which regulates the railways.
Historical legislationwas accessed usitdK Government websitegny other
sourcesised are alwaysitedin the ext of the analysisTo analyse these sources, |

used electronic and hard copies for my analysis with use of highlighting to note areas
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that mapped to the five circulating loops described in Ch2aad shown irFigure
2.2 (pageb4).

3.5 The production of new trains:analysis oftwo contemporary

actions(Chapter 6)

For theanalysisof contemporargtrategic decision® produce newrainsl focusel
uponthe procurementsf ThameslinkandCrossrail. These were chosdar several

reasons.

These strategic decisions involved large economic value, with Thameslink estimated
at £1.6 Bn and Crossrail £1 Bn in contract value for the winning bidder to supply the
trains and associated services. These are not operational or everyday decisions, but

reflect the complexity, scale, and importance associated with strategic decisions.

The two separate strategic decisiarese selected because thag both seeking to
produce similar types of train§he trains are both electrically powered multiple

units (EMUSs) providing services to commuters and others travelling in and around
London.Although one of the key arguments of this research is that a train is a fluid
collection of resources, it does help with the comparative analysis of train weight
when simila types of train are assess€bmparability would be a challenge if, for
example, one strategic decision was producing a$pgled intecity train and the

other was producing a rural stopping service. The Thameslink and Crossrail trains
are part of thgroup of suburban EMU trains that are included within the analysis of
train weight in Chaptet.

The Thameslink and Crossrdiainswere choselbecause thelgadbeen delivered

into serviceandwereoperational on the railwdyThe Thameslink procurement
began in 2008 and Crossrail in 2010, with the trains entering operational service,
2016 and 201, #espectivelyUsing the schema developedChapter2, the winning
propositionof a train hd been translatedhio arealisedtrainin the form of the
Thameslink Class 700 and Crossrail Class 345 trains that were operational on the
railway and carrying passengefde operation of the trains on the railway meant
thatdatawaspublicly availableto assestheir attributes, includingveight, number

of seats, anchore

3 Although Crossrail services were oulglivering apartialservice at the time
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Datawasnot availablefrom the public sources described earlier strategic

decisions that had not delivered trains into operational se@ioeexample of this

was theproductionof new trains for Merseyraillheywere excludedecause the
trainswerenot inoperationakerviceat the time othis analysis and sat was not

possible to see the attributes of the realised trAimsliscussed earlier, &n
ethnographi@pproach hatleen followed then there may have baeocess to

primary datadirect from the train manufacturer to assess the weight and other
attribues of the trains. However, this research approach used secondary data sources
to assess the attributes of the realised trains, and so it was not possible to include the

Merseyrail strategic decision.

Another candidate for analysis was the procuremen¢wftrains as part of the
Intercity Express Programme (IER)erseen by the Department for Transport. This
procuremenbegan in 200%or new trains to replace the InterCity 125 and InterCity
225 fleets on the East Coast and Great Westainlines. A contract for c. £4.5Bn
was awardeth 2012to Agility Trains, aconsortium of companigacluding

Hitachi. The Class 800 IEP traifegan teenter service on th&reat Western Main
Line in 2017 and theEast Coast Main Lin& 2019 Partial dataon weight and other
attributesdid exist for thelEP trains.However, the IEP procurement was excluded
primarily because they are not suburban EMUs the Thameslink and Crossrail
trains The IEP trains provide a lordjstancenter-city service operating between

the main cities of the UK and into London, whereas the Thameslink and Crossrail
services generally operatemmuteroutes around London amsdrrounding areas.
Although this could havprovided a contrastg type of serviceit would have raised

issues around comparability with Thameslink and Crossrail

To recapfor thisanalysisl focusel upon thestrategic decisions to introdunew
trainsfor Thameslink and Crossrail. Both opechte a similar geograpical area,
moving commutesin and out of LondonThetwo procurements are of similar

valug andthey take place at similar timéBhe winning biddersselected to produce
the final traingswere Siemens for Thameslink and Bombardier for Crossrail, which

meant there wervo differentwinning suppliersfor the analysis

There wasa lot ofdocumentation associated witlteseprocurementsThe
procurementgall within the scope of the Official Journal of the European Union

(OJEU)because atheireconomic valuand use of Public Sector funds. Therefore,
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they must be listed aine publicly accessibl©JEU archiveso encourage
transparency and fair competiti in public tenderinglhe earlypartof these
procurement®egan witha PreQualification Questionnaire (PQ)atwasopen to
many partiepotentiallyinterested in biddingl'he procesghenprogressdto an
Invitation to Tender (ITTpnly made availald to those who pasdthe PQQ stage.
Thedocumenation associated with these stapesvides aninsight into what was
andwas nof considered relevant to tipeoductionof new rolling stockTo analyse
theprocurementd, used these publidocumentsyhich includedwveightingsand

scoring criteriaallocated to different aspeat§the desired trainsSome information,
such as bi dder s édwasunavaablgromapublid soufcebecasd i o n ,
it wasdeemedcommercidly sensitive Freedom of Information request&re made

to Thameslink (28 March 2017) and Crossrail (22 June 2016), with copies of these
requests on pad&9and page366 of the appendices, respectivelhese FOI

requests confirmed tldobcumensources used during the procuremnmemd

subsequently used for this analysis.

An important source of dat@asthe National Audit Officean ndependent/K
Parliamentary body responsible for auditargas of government activitfhe NAO
completedeviews (National Audit Office, 2014c, 2014lof these tender processes
and thewider rail industry All documentsprovided further opportunities tenowball
reference$rom other sourceSrade pressRAIL andModern Railwayswas
accessedegarding these speitfprocurementsand for broad analysis of the
industry.The perspective of passengessscaptured from the trade and national
pressas well agesearch and articles from Transport Fotuswatchdog for

transport passengers and road users iVkhe

To analyse these sources, | used the same approach as with the historical analysis for
Chapters. Electranic and hard copies of documents were used for the analysis with
highlighting used to note areas that mapped to the five circulating loops described in
Chapter2 andshown inFigure2.2.

3.6 Ethics

As discussed in sectid®l, earlyinvestigations irthis research sought to develop an
ethnographicesearchapproachThe challenges of achieving thighlighted the

risks that can be associated with this type of resegavem the high financial stakes
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and public visibility of these actions. Howevereske risks weraegligible becauske
changed this approach and moved toahalysis osecondary data froqublicly
availablehistoricalsourcesThe analysisook place after the decisions have been
made and the trains have been delivered.

An applicationwas submittedo the Faculty of Science and Engineering Committee
on Research Ethics for research ethics revidws application for research ethics
was approvedréference 2068on 22 August 2017 angould carry forfive years

from that date

3.7 Summary

This chapter has described tiesearctapproactusedto apply ANT to understand
the strategic decisions that produce new trains, anghieomenon dfieavy trains
in the UK

Analysisfirst explored the increase in weiglaicrossan expanded datasof UK
passenger trainghis provided confidence in the phenomenon of heavy trains and a
foundation for subsequent workctor-Network Theorywas then applied to
understand howhis could havéhappenedThiswasexploredfirst usinghistorical
analysisto understanthe dynamic collection of resources that have been configured
as trains within the railway over timéwo contemporary strategic decisionsre

then analysed using ANT. The strategic decistorgroduce new trains for
Thameslink and Crosstaiere investigatetb understand how tke strategic

decisions were made. In these two casesrévesproducedchave beemecognised

within the industry for their lightweight design
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4 Analysis of the Weight per Seat of UK Trains

The purpose of this chegris to proveempiricaly thattrainshave goheavier
beforeANT theoryis usedo determine how this has happened in Chatersd6.
This chapter provides a solid empirical base for the andlydiilding upon the

chart shown irFigure 1.5 that provided the initial prompt for this research.

There arefour steps irthis analysis whichare illustrated irFigure4.1 below.

'4 ' ' ™ ' ™ ' ™
Step 1. Verify the Step 2. Expand Step 3. Focus Step 4. Drill down
original chart the data-set upon a common to the factors of
type of train weight per seat
Five British + intercity,
trains commuting, + Electric +  Total frain
Six Japanese rural Multiple Un@t weight (kg)
trains +  Diesel, for commuting +  Total number
electric, of seats
bi-mode
\ J . / \ / \ J

Figure4.1 Four steps in thanalysisof weight per seat for UK trains

Theoriginal chart Figurel.5, pagel5) showedive British trains (MK 111 electric,
HST diesel, Mk 1V electric, Voyager diegdt, and Pendolino electric tilgetting
heavier over time. The source data for this chart was unavaiatoleso step one of

this analysis ugkpublicly available industry data to recreate and verify this chart.

Steptwo expane@dthe datasebeyond tiis group of five British trains and
investigatel weightper seaticrossa largergroupof UK passengeirains Step two
included trains designed fdnigh-speed intecity servicescommuteyand regional
servicesThislarger datasatisal a question of amparabilitybetween the different
trains. For exampleit is problematic to compare the attributesaafinglecarrural
rail serviceto a ninecarhigh-speedrain operatindgpetweern_ondonandScotland
because they are designed for sdifferent purposesThis question of

comparabilitywasaddressed in step three.

Step threg¢ook theexpandediataset created in step two and fod,gethin that
datasetupona specifictype of traini suburbartlectric Multiple Units (EMUS)
used for cormuting services into the major cities of the UKieseEMUs areall
electrically powered trainslrawing power from overhead electric linew

electrified third rails
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Step fourecognisd thatthe metric ofweight per passenger sdata composite
measue consisting ofwo factorsithe weight of the traifthe numerator)and the
number of seats on that trgthe denominator)An increase in weight per seat could
be attributable tthetrainsgettingheavier fewerseats availablen the trainsor
somecombination of theetwo factors These two factors were analysed using the

datasets created in step two and three.

Beforecompletingthese four steps in tl@nalysisthe next section discusswhy the
weight of trains ismportantandworthy of investigation.

4.1 Why heavypassenger trains are a concern

For this research heavy trains are primarily a concern because they comdribute
climate emissions. In the current UK railway, passenger trains are overwhelmingly
powered by electrior diesel engine® fossil-fuel-poweredelectricity gridand

diesel fuelbothproducegreenhouse gas emissions and other pollutants.

It could be argued that, if the train is powered by clean and renewable fuel, then
weight does not matteroFexample, aarbonfree electric grid supplyand the use

of all electric rolling stoclon a fully electrified networkwvould produce no GHG
emissionsThisis a significant challengm practice however, with only38% of the
network that is electrified in 201@ffice of Rail and Road, 2019b, p. d)dthere
areongoingcostchallengedo deliverwider electrification.Instead of a carbefree

grid, it might be possible in the future to usarogen which, if stored onboard,

could be burnt in a combustion engine, or used by fuel cells to generate electricity to
power the train. Thissthnologyis continually being impneed but itraisesvarious
problems especially regardinigow the hydrogen is producedficiently and stored

safely, to say nothing of the costs of convertagstingrolling stock.

Greenhouse ga§&HG) emissiongor therail industrywithin Britain areestimated
(RSSB, 2010, p. 213s follows:

1 63% from traction energly diesel fuel and electric power used to move trains
34% from infrastructure and operatipssich as the stations and depats
well as the lifecycle of rolling stock from production through to disposal

1 3% from staf, officesand serviceassociated with the offices, such as

electricity and gas usage.
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This analysisby the Rail Safety and Standards Bogd10)reviewedboth
passenger and freight servicasing a comprehensive whole life carbon footprint
approachand concluded that, as shown abdvegtion energy is the largest part
of GHG emissions for railwaysin Britain .

Of the traction energy emissigmmssenger services account for 80% compared to

20% for freight(RSSB, 2010, p. 34, Table.®assenger emissions were evenly split

across diesel and electric traction, wherfeaight emissions were overwhelmingly

from diesel One of themainreasosfor freight s r el i anc esewinesdi es el
often cross parts of the network where there is no electric sugldgel provides

independence frorheinfrastructurepower supply, as fuel is carried with the train.

Train energy efficiency can be improvedsingtechnoloy such as regendrae
brakingwhich canreturn poweto the electricity network, or store it onboard in
batteriesAlthough efficiency can be improvettains consume energy when they
act as a train Many factors contribute tihe energy useof trains(Peckham, 2007, p.
14), includingprovidinglighting, heating,air-conditioningand driving stylesTwo

of the largestactors that explain energy use amanmon to both diesel and electric

trains Energy is needed to:

71 overcone friction and drag; and

1 mowethe train mass

The firstbullet pointi overcomingfriction and drag is not about weighbut is

about moving through the air efficientigndis most relevant for trains travelling at

higher speedswvherefener gy used overcoming aerodyna
p r e d o mEiokhoff &and Nowell, 2010, p. 7F or e x a mipg ae360 kim/h u n n
rather than 300 km/h increases power consumption of a-R¥@gtrain by around

threeMe g a Wat t s (Fora, 20177 [0 28)'his is becausevercomingair
resistance f0incr eas e sFodi20lh p.2%9aadsaehguar e of
shape and profile dfigh speedrainsis designedo make them move through the air

with minimal air resistancdike a planeAir resistance affects higepeednaglev

(magnetic levitationjraing as much as conventional trajbgcause maglev only

eliminates the friction between wheel and rail. Proposals for a hypestwoje

using partly evacuated tubes would reduce air resistancthi®ig not applicable to
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trains and other vehicles/hichtravel through the normal atmospheaad will

encountenormalair resistance.

The second bullet point from abovenoving the train massis the focusof this
researclbecause it relates to the weight of the tr&ixcessivelyheavy trainswill

require more energyto move their massand so will produce excess emissions

Excess weight is relevant to all types of traiimter-city, suburban and rural

because they all musse energyo move their train mas$herelationship between

train weight, enenguse and resulting emissions not simple For a train to move
foowmardwei ght i s a fAigood thing because it
of hor s(Wanwsheye 2018, p. 43)vith weightprovidingadhesiorbetween

wheel and railToo much weight means too muehergyused to movéhe train
Arather than their c¢ dRADQCES, p.63)Thigimmiekas o r

Goldilockscharacteristic ofveighti where there must be enoygput not too much!

In addition toincreasd fuel usageexcessveight will also increasenaintenance
costscaused bygreater damage to the track and infrastructQosts will increase for
all types ofservices, but it is amplified for int@ity services(Eickhoff and Nowell,
2010)because they travel over long distancessng expensive infrastructure
designed for high speede Increasedndustrycostscontribute towards higher

ticket prices for passengemwhichreducesnodal shift from other modes of
transport This is a further problerbecauseail can be part of wider transport efforts

to reduce emissionsincei t i s Aan environmerGvard,l y bene

Brand and Watkiss, 2009, p. 83)mpared to other modes, such as domestic planes

and private carsasshownbelowin Figure4.2.
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Figure 4.2 Intermodalcomparisornf CO2

Source:(Department for Transport, 2007, p. 33; Roger Ford, 2019b, p. 31 analysis updated by R. Kemp)

This intermodal comparison of grams CO2 per passeng€Figure4.2)

demonstrates thienportantrole that rail can plain reducing national GHG

300

emissions. This isspeciallytrueif thegrid electricity supply reduces its carbon

intensityfurther, which has been happening. The carbon intensity of electricity
supply in theUK in 1990, for example, was 770 gCO2 / kwWh and this has fallen to
263 gCO2 / kWh in 201ffCommittee on Climate Change, 2018, p. 57 Table th2)

addi
ef fi

ti on

t o remisdiofsgi s dalanod aftelse i most space

cient way of moving | @hmhayandFaoihgiome s

2003, p. 108)with a road network needing 13 times the space of suburban rail to

move the same numbers of people.

Although ril has arenvironmental advantage over otheodes this advantagevill

be reduced bynnecessarily heavy traind/eight is an important factor to explain a

trai

nods

e n ethe geynaindes ef thishaptedwillexplorethe increase in

train weight over timeysing thefour steps describeshrlier.
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4.2 Step one: verifythe original chart

The original chartKigure1.5, pagel5) showed data points for five UK trains and
six Japanese trainhe sourcedata forFigure1.5 wasnot available and so, given
the importance of this starting poittg first step in this analysigas toverify

empiricallythis chart

Although there are only five data points for Btittrains there are many ways in
which thesdive trainscan be forme@ndarrangedFor example,ite HST (High
Speed Train) diesel shownkigurel1.5, consists ofliesel locomotiveat the front
and backproviding power, with 69 passenger coaches in betweabBspending upon
the expected number of passengers and other operational .fe&drsrains could
alsobe configured internally in different ways. Fexample, a higliensity set could
have 564 seats, compared to a low density set with 482 seats, even though both
might consist of 10 cargightpassenger cars ahdo power carsyith asimilar
weightfor the whole trainSome coachesouldbe configuredor first class with
fewer seats compared to standard class. There might also be a restaurant car with
onboard kitchen, which would have fewer seats than aseated carriagdhis
illustrates the dynamiconfiguration of physical objects that acttens. Even when
they arerealised train$ with a very material forni they can still be reconfigured
and reconstitutedrhe HST dieseldiscussed abovie not a universal and static

configuration and the samapplies tahe other traingn Figurel.5.

The source datfor Figurel.5 was umvailable and so iwvasnot possible to know
theexactconfiguration of trains uset create the originahart. Therefore, ¢ verify
Figurel.5in a consistent and transparent wing confgurationthat | havechosen
for each trains recorded in this analysiBor example,ite HST dieseis shownin
Table4.1 below.
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Table4.1 Configuration of HST Diesel trainset used &ep one of this analysis

Vehicle type Weight (tonnes)

Class 43 Power Car 703 0
Trailer Guard's Standard 335 65
Trailer Standard 33.6 76
Trailer Standard 33.6 76
Trailer Standard 33.6 76
Trailer Standard 33.6 76
Trailer Kitchen Buffet First 382 17
Trailer First 337 48
Trailer First 337 48
Class 43 Power Car 703 0
Totals for the trainset 413.9 482

Table4.1 aboveshows the weight and number of seats for each vehithee HST
formation. Irdustry reference bosKPritchard and Hall, 2013; Marsden, 2014;
Pritchard, 2018c; Robert Pritchard, 2028 used as the source fareight number
of seatsand other datalhe HST Dieselshown inTable4.1, has482 seats and a
total weight of 413.9 tonnes. Thisiplies afigure of 858.6 kgperseat. This process
wasrepeated for each of the five British trains: HST diesel, Mk Il electric, MKk IV
electric, Voyager diesel tilt, Pendolino electric tlersions ofTable4.1 are shavn

in the appendice@age320) for each of théJK Trains

Thereproductiorof Figurel.5 also needdto considethedata for Japanese rolling
stock.The Japanese trains ameluded to recreate thestarting point of this research

but, after step oné¢heywill not be investigated any furthéFhechart valuesised

4 Note: rounding may produce marginally different results
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for the Japanese trairend thesourcedor this dataare shown imrable9.8 in the

appendices.

The resultof this analysisareshownin Figure4.3 below, with the original chart

from Rail Research Ulshown for comparison.
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The original chart:Data from Rail Research UK showing trains getting heavier in th¢Cigy ofFigure 1.5)
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Figure 4.3 Historical vehicle mass per passenger seat for UK and Japanese rolling[RiRt/K chart above, my
chart below)

The plotted datahowsthe year that the train was first introduced into tredfid the

weight per passengseat As an example, the HST diesel was first introduced into

Pager7



Chapterd. Analysis of the Weight per Seat of UK Trains

service in 1975 and the weight per passenger seat is 858.6 kg/seafl aslgéd
above Thenew charthat | createdshown inFigure4.3, is not identical to the
original chart butit is close, and differences dikely to beexplained bythe

varying configurationof trainses as discussed above

For step one of this analigs Figure4.3 provides support for the increase in the
weight of British rolling stock per passenger seat over timétep twoinvestigats

this furtherby expanding theatasebeyond this group of five British trains.
4.3 Step two: expand thedataset

The full list oftrainsused inthe secondtage ofthis analysis are identified in the
appendixin Table9.9, Table9.10andTable9.11 for Electric Multiple Units
(EMUs), Diesel Multiple Units DMUs), and BiModesrespectivelyThe data
shown in these tablemcludingweight, number of seatand year of introductign
wasused in the analysis thillows. The tablesn the appendiceshowadditional
information on the trains, including thiass identifiershat are allocated wifferent
trainsin the UK For examplethe Pendolino traihas aclassidentifier of 390, with

a subclass of 390/0 foa 9-cartrainsetand a 390/1 sublass for an 1:tartrainset
4.3.1 Descriptive summary of theexpandeddataset

All datawassourced from publicly available industry publicati¢Marsden, 2014,
Pritchard, 2018b, 2018a, 2019hat catalogue various information regiag UK
passenger trainghe most recent editions of these publicatimeseused, which
only contain trains that aill in operational service. Therefore, this extended
database containsinsthat are still running, some of which are 30+ years old
Retired classes of trains are excluded from this analysis, although there are some
exceptions to this which are discussed laetlass of trains excludedrom the
analysigf relevant datgseats, weight, year of introductias)not availableFor
example, the Class 3Zectric Multiple Unit EMU) is excluded because it is a
Royal Mail parcels trainwith no passenger seatd so it would not be possible to
calculate weight per seath@&Class 1951 (3-car DMU) isexcluded because it is a
new service andt the timeof the analysisherewasno data available faweight,
however datavasavailable for 195/0 (Zar DMU), and sahatwasincluded The
following sections summarise each o MU, DMU and BiMode dataset. The
first of these, th&MU datasetis shownbelow(Table4.2).
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Table4.2 Summary of the EMUtrains in the extended dataset

Average

Number of data point&lasses and sub

classes)

Total number ofrainses

Year first introduced

Number of cars iftrainset 12 44

Weight of atrainset(tonnes) 5679 | 1714

Number of seats intaainset 672 272.2

Weight per seat fortrainset (kg/seat) - 383.9 1,071.4| 629.9

The summary shows that there 8fiedata points in total in the EMUatasetThis
means there ai@l different classes and sutasses of Electric Multiple Units
(EMUSs) in this database. The table shows that tB&és$gpes of EMU represent a
total of 2560trainses operatingon theUK railway. For example, there are 21
Pendolino Class 390/C&rtrainses, there are 61 Class 3it&inses, and so on.

The long list 0091 EMUs is given inTable9.9 in the appendix.

The EMU trains in this database were introduced into trdfithe first time at
various timedetween 1971 and 201Thetrainsetconfigurations range from-@ar
sets throgh to 12car sets, with an average EMU consisting of approximébeiy
cars in a set. The weight and number of seats acrossthieses will depend upon
the total number of cars in the unit, but an average Eididsetweighs 17..4
tonnes and has amgpimately 22 passenger seafBhe average EMLUh this
databaseveighs629.9kg perseat but Table4.2 shows that théghtestweight per
passenger seat is 383.9 kg / seat anti¢hwiesis 1,071.4 kg / seat. This gives an
idea of the diversity of trains within this larger dataBejure4.4 belowshows the

trains that account for these two extrerobweight per sea
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Figure 4.4 the extremes of the EMU dataset for kg/$e@tass 465/1 ' Networkegand Class 378/2 'Capitalstar’

Sources: Cl ass 465/ 13830Ngpdr seat,rshowtopp(Marsden, 2014, p. 246) Cl as s 3 3d I8 £1074 .4 iperpeatshown bottomjMarsden, 2014, p. 219)
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The train at the top dfigure4.4 is the Class 465/Metworkerthat operates as a
four-car trainset, with 348 seats aattain weight of 133.6 tonnes, which is 383.9 kg
/ seat. The seating picture to the right shows a 3+2 layailitthese trains mostly
designed for longer distance commuter duties.

The train athe bottom ofigure4.4 is the Class 378/€apitalstarthat operates as a

five-car trainset, witil92 seats and a train weightaff5.7tonnes, which is 111.4

kg / seat. The seating pi cubuer es ttyol etdh el aryio
these trains were mostly designed for operating around the Transport for London

network with more standing room and fewer set®m an ANT perspective we

can see different configurations of resources that act as trains, but with different

attributes including different seating and passenger experiences.

There are many other differences between the two trains shown above. Fpleexam
the Class 387/2anoperat on electrified infrastructure that uses overhead AC
power, as well as parts of the netwarkhe Southern regiothat use third rail DC
power. This added versatility flexibility to operate on different infrastructure

could be expected tmean extra equipmerand scextraweight

In addition to EMUs there are al®iMUs in the extended datasetith a summary

of themshown inTable4.3 below:.
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Table4.3 Summary of the DMUtrains in the extended dataset

Average

Number of data point&lasses and sub

classes)

Total number ofrainses

Year first introduced

Number of cars iftrainset

Weight of atrainset(tonnes)

Number of seats intaainset

Weight per seat fortrainset (kg/seat) - 424.6

This summary shows there arédata points in total in the DMUataset 57
different classes and sudasses of Diesel Multiple Units. Thesétgpes of DMU

represent a total of 175 trainses operatingon theUK railway. For example, there
are 34 Voyager Class 226ca&rDMU trainses , t her e ar e ®MIUCI ass

trainses, and so on. The long list of BMUs is given inTable9.10in the appendix.

The DMU trains in this database were first introduced into tra#ieeen 1960 and
2017.The Class 121 DMU is a single car trai
that was in operational service from 1960 until 201&asincludedin this analysis
because it wastill referencedn the industry cataloguesed as sourcesrfthis

analysis Theformation of theDMU trainsesin the extended datas@inge from

single car sets through tecar sets, with an average DMtain consisting of
approximatelythreecars. The weight and number of seats across treases will

depeand upon the total number of cars in the unit, however we can see that an average
DMU trainsetweighs 119.6tonnes and has approximately8jpassenger seatbhe

average DMUn this databaseeighs673.2kg perseat Table4.3 shows that the
lightestweight per passenger seat #8146 kg / seat and thieeaviesis 1,090.1 kg /

seat. As with the EMU dataset, this gives an ideaetithersity of trains within this
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larger dataset of DMU traingigure4.5 belowshows the trains that account for

these two extremead weight per seat
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Figure 4.5 the extremes of tHeMU dataset for kg/seatClass165/0 NetworkTurboand Clas222Meridian

Source: Class 165/0 Network Turbi@d24.6 kgper seat, shown t9p(Marsden, 2014, pp. 119, 1plass 222 Meridiad-car (1090.1 kg peseat, shown bottoym(seats: Marsden, 2007, p.
155, train: 2014, p. 152)
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The train at the top dfigure4.5is the Class 85/0Network Turbdhat operates as a
threecar trainset, witl284 seats and a train weight a2@.6 tonnes, which i424.6
kg / seat. The seating picture to the right showexample3+2 layoutfor standard

class seating

The train athe bottom ofigure4.5 is the Class 22Rleridianthat operates as

seven, five-, and fourcar formations, but it is the fowar formation that accounts

for the largesweight per seat of the DMU dataset. The foar Class 222 has 181
seats and a train weight of 197.3 tonnes, which is 110@0/ seat. The seating

picture to the right shows standard class seating in a 2+2 |aymiseating layout
includestables asthese trains were mostly used for longer journeys, such as London
to Sheffield.Tables within the configuration of a train are valuable to the passenger
experience butould be expected to increase weight and possible reduce the space

for seating.

The final group of trainsvithin this expanded dataset dne BiMode trainsThese
new additions tdritish railways have both diesel and electric traction motérs.

summary of the BMode datasets shown inTable4.4 below.

Table4.4 Summary of the BVlodetrains in the extended dataset

Count  Min Max  Average

Number of data point&lasses and sub

classes)

Total number ofrainses 159

Year first introduced - 2013 | 2019 -
3

Number of cars itrainset 9 6.0

Weight of atrainset(tonnes) 138.5| 430.3 | 288.5

Number of seats intaainset - 167 647 3994

Weight per seat farainset(kg/seat) 663.4 8295 7222

Bi-Modeshave only recently been introducedto British Railwaysand the

summary tabl@bovereflects this withonly ninedata points in total. This means
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there areninedifferent classes and sulasses of BMode Units in thidataset
Theseninetypes of BiMode represent a total 062 trainses operatingon theUK
railway. For example, there are 36 Great WeastaterCity Class 800/0-6ar Bi-
Modetrainses produced as part of the InterCity Express Programmerelarealso

14 Class 755/8lirt Bi-Modetrainses in Greater Anglia, and so on. The long list of
Bi-Modes is given iTable9.11in the appendix.

Thesummarytableshows thathe BFMode trainsm this database were first
introduced into traffic between 2013 and 20Thetrainsetformationsrange from 3
car sets through to-@ar sets, with an average-Bliode consisting o§ix cars
forming a set. The weight and number of seats across ttassds will depend
upon the total number of cars in the unit, howeaaraverage BModetrainset
weighs 88.5tonnes and has approximate§93passenger seafhe averag®i-
Modein this databaseeighs 722.Xg perseat Table4.4 shows that théghtest
weight per passenger seab83.4kg / seat and thieeaviesis 8295 kg / seatFigure

4.6 belowshows the trains that account for these two extremes.
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Figure 4.6 the extremes of the Blode dataset for kg/seatClass 800/3and Class 80/2

Sources: Class 800/863.4 kg per seat, shown tajjain: Hitachi Rail Europe; seats: By GE&Gheppard Own work, CC BYSA 4.0,
https://commons.wikimedia.org/w/index.php?curid=6655400Gss 800/3829.5 kg per seat, shown bottom) (traail Business UKseats: By PeterSkue@wn work, CC BYSA 4.0,
https://commons.wikimedia.org/w/index.php?curid=86443275
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The train at the top dfigure4.6 aboveis the Clas800/3Bi-Mode that operates as a
nine-car trainset, witt647 seats and a train wdigof 4292 tonnes, which i663.4

kg / seatand is the lightest per seat of theMdodes in this datasethe seating
picture to the right shows an examte? layout for standard class seatifigis

train operateas ahigh-speedservicefor Greater Western Railway&WR) from

London to the South West of England and Wales.

The train athe bottom ofigure4.6 is also aClass800, but this time it isite Class
800/2. Thisoperates aafive-carformationand has 302 seats and a train weight of
250.5 tonnes, which is 829.5 kg / seat and is the heawegght per seat of themall
Bi-Mode datasetThe seating picture to the bottom right shows standass cl
seating in a 2+2 layout with tables. This train operates as ashegd service for
London and North Eastern Railway (LNERNning betweeihondon the North

East of Englandand Scotland.

Bi-mode trains include electric and diesel motors withirr thefwork of resources
that act as a train. This gives the trains an attribute of flexibility, so that they can
travel on electrified and neelectrified parts of the network, but the cost of this
flexibility should be an increase in weight because otttiea material objects that

are carried the engines, diesel fuel, and other associated equipment.

This completes the descriptive summary of the database of EMUs, DMUs-and Bi
Mode trains that form this larger database. Ther® aEMUs, 57 DMUs, andnine
Bi-Modes. This gives37 different classes and salasses of trains, compared to the
five initial data points used in step one of this analyidig next section analysthis

database to explofartherthe increase in the weight oK trains
4.3.2 Analysisof the larger dataset

The charbelow (Figure4.7) plotsthe 91 EMUs, 5 DMUs andnine Bi-Modesusing
the samdormat as the charts in stepe. The horizontal axis shows the year that the
unit was firstintroducedandthe vertical axis shows mass per seat (kg/s€h®.
different groups (EMUs, DMUs and Bilodes) are identified using a blue circle,

orange squarend red trianglerespectivéy.
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Figure 4.7 Historical vehicle mass per passenger seaBiotish EMUs, DMUs and BModes

Thistrend upwards in thehartprovides visual evidence for a weight increasé&eT
EMUs and DMUsntroduced in théate 1990show an increaseompared to the
cluster of trainsntroducedearlier. Thesmall number oBi-Modetrains(red
triangles) that were introducedter 2010showa spread of readingkatare heavier

(kg per seat)han trains introduced before 1990

To confirm this visual inspectionable4.5 belowprovides a summary of the

average kg / seat for trains split by the decade in which they were introduced.
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Table4.5 Average vehicle mass per passenger seaBifitish EMUs, DMUs and BModes across the decades

ltem 1970s 1980s 1990s 2000s 2010s

Composite of three train types: kg/seat

493.4| 5240 | 577.1| 747.8| 706.5
decadeof introduction

EMUs: kg/seat by decadas introduction | 493.4| 5195 | 5596 | 719.7 | 704.5

DMUs: kg/seat by decad# introduction | none | 533.0| 608.8| 796.9 612.7

Bi-Modes: kg/seat by decadé
] _ none | none | none | none | 722.2
introduction

The first row ofTable4.5 showsa composite value based upon all three types of
trainsi EMUs, DMUs and BiModes Trainsin the extendediatabase that were
introduced in the UKluring thel970sand 1980%ad an averageneight 0f493.4
and 5240 kg per seat. This increasbyg approximately 10%or trains introducedh
the 1990sandthen increased significantly for trains introduced in the 2000s
most recent trainshow a reductiobut not to the levels of thE97090s.The other

rows show the values for EMUs, DMUs, andModes, respectively.

Thevisual inspection oFigure4.7 above and the summary imable4.5, both
providesupport for an increase over time in the weight of rolling stock relatitiest
number of passenger sedd$ep two of the aalysis using alarger database of
EMUs, DMUs and Bi-Modes provides further support to the increase of rolling
stock weight per passenger seat.

The larger databasereated for step two of this analys@ntains aliverse mix of
trains Somewere designed to operdterural areas, some prowtbng-distance
inter-city sewvices,andsome operatconstant commuter dutie$o illustratethis
diversity Figure4.8 belowshows a Class 142acerDMU (top) and a Class 390

PendolinoEMU (bottom).The graphic also shows a visualisation to represent the

cars making up the train, and how each

number of seaiand weight.
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240 | 245
48.5
43 | 44
92
30.6m [15.3m{15.3m
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24.8m 23.9m

52.3
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Figure 4.8 Class 144 Pacer DMU and Class 38Pendolino EMUwith visualisation of length, sea&nd weight

Class 144 top and Class 39Mottom. Images sourcéMarsden, 2014, pp. 95 and 225)
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The Class 144 DMUWtop) was first introduced in 1986. Thrainsetshown hee
operates as 2carformation with diesel motorsn both carsallowing it to reach a

top speed of 121 km/h. Thiscar train has 92 seats available, with 48 in one car and
44 in the othet the secondar has fewer seabecause of the presence of a toilet.
Once again this illustrates the different configurationesburces that can

collectively act as a train with different attribut&sch carriagef the Class 14
approximately 15m longnd so the train is 30.6m lonbhe car with a toilet weigh

24.5 tonnes and the other 24 tonrgging a ©ombined weightor this trainsetof

48.5 tonnesThe relative weight per passenger seat is 527.2 kg/seat.

By contrastthe Class 39®endolinoEMU was first introduced in 2001. Tieeis an
11-carformation (390/1)but the one show he(€igure4.8) is a9-car formation

(390/0) thathas electric motors asevenof theninecars Thisallowsit to reach a

top speed of 225 km/h, drawing power for its motors from the AC overhead electric
lines.The carriages are approximately 23m long dr@d%car Pendolinas 216.9m

long, with487 seats across standard and first, including a kitchen and onboard shop.
Theninecarshaveseventoilets, includingtwo with disabled access. The total

weight of thetrainsetis 470.1 tonnes, with individual cars ranging from 45.5 tonnes
for a standargtlass unpowered trailer.€.,no motor) through to 56.3 tonnes for the
first-class kitchen cahat ismotoiised The réative weight per passenger seat is
965.3 kg/seat.

These two different trainustrate the diversity of th&57 different classes and sub
classes of trains that make up éxtendediatabase used for step two of this
analysisComparsons betweea Pendlino, introduced in 200]and a Pacer
introduced in 1986shouldbe treated with caution. Therefoteallow for analytical
comparsons over timestep three focuses uporcammon type of traimvithin this
large database. Thisommon type of train ithe suburbarElectrical Multiple Units
providing a service to commuters in and around major citiep. tBreeof this
investigation identiesthe relevantrains that have performed this service over fime

andthenanalyse changes in their weight per seat.
4.4 Step three:focus upon a common type of train

Step three focussupon the same type stiburban EMU introduced between the

1970sandthe present daly the same time horizon &gurel.5. For this analysis,
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trains were split intdour tranche§ two earlier tranche§l970s to 1990s9nd two

later tranche$1990s to 2019). owe thanks to Roger Ford bfodern Railwaygor

this suggesbn to focus upotfiour tranches ofcommuter EMUSs to help with
comparability over timeThe trains included within each tranche are based upon
suggestions from Roger Ford, and my own analysis. To give further confidence in
the comparability that this apprdaintroduces we will see that traimsroduced in
later tranchesften replace trains within an earlier tranche. For exantpéeCtass

377, within tranche thregeplaced Class 319® tranche oneThis approach also
gave a mechanism to separate tramr®duced in different eras of the railway.
Trancheone and twancluded trains introduced under British Rail, whereas the

latter two included trainstroducedafterprivatisation

Trancheonetrains includea variety ofsuburbarEMUs introducedrom the early
1970sunder British RailwaysTwo classesre also included in tranche one, even
though theydiscontinued service in 1980. The Class 445 and 446 EMUs are
included within Tranchenebecause they were early BR prototypes thatdaddny
subsequent desigimscluded in this analysigranchetwo trains includethe
Networkertrains,whichwere introduced by BR in the 1990s to operate in the South
East of England and around Lond@manchethreetrains include thérains
introduced afttr privatisationand produced bplstom, Siemens and Bombardier
and othersTranchefour trainsinclude themost recent traingitroduced after 2010
including the new trains forhameslink and Crossrailvhich area focus for Chapter
6 of this analysisThe detailed list oflasses and sutlasseallocated teeach

tranches shown inthe appendix iTable9.12 (page348).

Thetranches in this analysis only contain Electric Multiple Unit (EMU) trains, so
they all use electric motors, although some may draw power from overhead AC
lines, some from third rail DC power, and some from both sources. All trains are
designed to provida similar type of commuting servitegenerally moving a lot of
people in and out of large cities and towns. The trains within the tranches consist of
cars that ar@0-metres in length which means thatnalysis of the number of seats

and weight of traings usinga consistent length dimension. There is one excefiion
this. The recent Class 345 Crossrail trains are included in the fourth tranche, even
though they are 22.5m long carriages. They are included betitagdbe other

trains,they are an EMUrad provide a commuting service into Londdéiso, the
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Class 345s ameplacingtrainsincluded in trancheneand tranchéhreg which

provides assurance of their similar purpose.

Each of thdaranches are described in the following smtsi, witha photograph o&
train from thattranche.
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4.4.1 Description ofthe trains across the tranches

The first tranche startgith BR prototyperainsassignedis ¢ass number 445 {dar) and 446 (Zar)thatentered service in 1971. Their
operational service ended in8®buttheseprototypes led to a range of subsequent EMU designs. A photograph of the Classcdd&aeim

trancheoneis shownbelowin Figure4.9.

Figure 4.9 Interior and exterior photographs of thecér Class 445 atrancheonetrain introduced in 1971.

Source(Marsden, 1983, pp. 995)
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Tranchetwo trains includeshe Networkerclass of trains that operated in the South East of Engla@diags 465introduced in 1991is shown
in Figure4.10 below.

2y
2250,

Figure4.10 Interior and exterior photographs of Class5#-car Networkeii a tranchetwo train introduced in1991

Source(Marsden, 2014, p. 247)
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Tranchethreetrains includehefirst trains introduced after privatisatioA photograph of Classes 37Hhdilt by Bombardiefs shown inFigure
4.11 below.

Figure4.11 Interior and exterior photographs @flass377 4car Electrostari a tranchethreetrain introduced in2004

Sources: (train interiors: Marsden, 2007, p. 213, train exteriors: 2014, p. 215)
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Finally, tranchdour includesthe most recerEMUs introduced since privatisatiaand after 2010A pictureof a Class 34%uilt by Bombardier

for Crossrailis shown inFigure4.12 below.

Figure 4.12 Interior and exterior photographs @flass345 Scar Aventral a tranchefour train introduced in2015

Source(Pritchard, 2018b, p. 68)Class 345 interiorSunil060902 Own work, CC BYSA 4.0 https://commons.wikimedia.org/w/index.php?curid=60737188
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4.4.2 Analysis across the four tranches

If we compare across the four tranches then weTsdad4.6 below) that weight per
seat has indeed increasacer time with tranches three and four heavier thiar
predecessordranche four hadecreased relative to tranche thnghich will be

explored furthetater.

Table4.6 Summary of the characteristics of trains across the four tranches of analysis

A erage A erage A erage
DE d
210 e [0 e
e e
O > O ed ors eNnge
a > O O O a
O > PDE > ed O cd
Tranche 1 25 2 4 1252 249.0 502.8
Tranche 2 6 2 4 127.5 300.0 425.3
Tranche 3 33 3 5 170.8 241.2 708.0
Tranche 4 4 5 12 288.0 458.5 628.0

Trancheonehas 25 different classes and suasses, including the Class 445 shown
in Figure4.9 above (Note: the specific classes in each tranche are listed in the
appendix inTable9.12). Trancheonetrainsrange from Zcar configurations through
to 4-car sets. The average weight of a tranmhetrainsetis 1252 tonnes with
approximately 2@ seats, givingaverage weight per passenger seat 2860

kg/seat.

Tranchetwo has 6 different classes and stlasses, including the Class 488-car
shown inFigure4.10 above The tranchéwo trains range from-2arformations
through to 4car sets. They weigh an aage of 127.5 tonnes with approximately

300 seats per set, giving a figure of 425.3 kg/seat.

Tranchethreehas 3 different classes and suasses, including the 377/4cér
Electrostarshown inFigure4.11 above The trains range from-&artrainses
through to5-carsets The average weight of a trandheeeset is 10.8 tonnes with

approximately 24 seats per trairgiving a figure of ©8.0 kg/seat.
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Tranchefour trains are the most recent. There fang different classes and sub
classes of trains within this group, including @mssrail Clas845 9carAventra
shown inFigure4.12 above. The trains in this group range frorrcarformations
through to 12car sets. The average weight of a trarfooe trainset i288.0tonnes

with approximately 89 seats, giving a figure of 82 kg/seat.

Trains from the four tranches are plottedrigure4.13 below. As with previous
charts the horizontal axis shows the year of first introductaomd the vertical axis

shows the weight of thieainsetper passenger seat.
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Figure 4.13 Historical vehicle mass per passenger seat across four tranches of the same type of train

Trancheonetrains(blue circle)were introduced from the 1970s up to 1990 simolw
a spread around the average a2.Bkg/seat Table4.6 abovg. TheNetworkertrains
of tranchewo (orange squarayere introduced in the 199@sdare clstered

around the average of 425.3 kg/settte lowestaverage of the four tranches
Tranchethreetrains(grey trianglewereintroduced from the 1990s through to 2015
and showa spread around the average @8.0 kg/seati the highest average of the
four tranches. The fourth trancfyellow rotated squarehcludes the most recent
trains to enter service atloey areclustered around the average 08&kg/seafi a

reduction on tranche 3, but not as low as tramoheor two.

Pagel00



Chapterd. Analysis of the Weight per Seat of UK Trains

Step three ofthis analysisgives further support to the increase in the weightper
seatof rolling stock over time. Trains introduced since the late 1990staavier

per seat compardd their predecessors. There is evidence that the raosit trains
(tranche 4) haveeducedelative to tranche 3, but they are still heavier per seat than

trainsin tranche oneandtwo.

4.5 Step four: drill down to the factors of weight per seat

The metric used so far (kg/seat) has paets the total weight of that trainsehdthe
number of seats on thiinset

“Y¢ OUN@ @O 'IMO | O QEAM 0

OQ @M Qi QDN Qi QN O
Q Y 0&0A W Q (ol O QA IO @ @i

Weight per seat could increase because thewrightwas increasingyr there were

fewer seatspr some combination of botBach component will now be explored.
4.5.1 The total weight ofthe trainset

The weidnt of atrainsetwill obviously be larger fod2-cartrainsetsthan single car
trains Thereforeto help withcomparsonacross trains thianalysis willlook atthe
average weight of single car withirthetrainset For examplea Pendolino train

with nine carsweighs 470.1 tonnesvhich impliesan average weight of 52.2 tonnes
per car.The followinganalysidooksfirst at the weight of an average car acribes
database of EMUs, DMUs and-Blodescreated in step twand then across the
four tranche®f suburban EMUs created step three

Figure4.14 belowshows the average weight of a single car across5h€lasses
and SukClasses91 EMUs, 57 DMUs andnine Bi-Modes) of traingreated in step
two. The horizontal axis shows the year of introductemwith previous chartbut

the vertical axis now shows the average wedajld single cameasured inonnes.
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Figure 4.14 Historical vehicle masgg¢nnes) for EMUs, DMUs and Bilodes

A visual inspection oFigure4.14 shows a increase irweightfor trains introduced
duringthe late 1990s and 200fdative to earlietrains There is one DMU (orange
square) which is a notable exceptioriroduced in 2007 ahweighing significantly

less than the othersut this will be discussed later in this section.

RecentEMUs (blue circles)ntroduced after 2016how a spread of weights, with
some appearing to lesimilar weight to thesarlier trainsThe few recenDMUs
(orange squaresptroducedafter 2010 appeato beheavierthat the DMUs of the
19701980s The BiModes (red triangles) introduced recently are heavierttiams
introduced before the early 1990% supplement this visual inspectidhe changes

over the decademeshown inTable4.7 below.
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Table4.7 Average vehicle mass per car for EMUs, DMUs and/lBdes across the decades

ltem 1970s 1980s 1990s 2000s 2010s

Composite of three tmitypes: Weight
per car (Tonnes) by decade of 343 349 | 395 | 446 | 429

introduction

EMUs: Weight per car (Tonnes) by
_ _ 343 | 35.0| 376 | 433 | 400
decade of introduction

DMUs: Weight per car (Tonnes) by
none| 346 | 43.1  46.9 421
decade of introduction

Bi-Modes: Weight per car (Tonnes) by
_ _ none | none | none | none | 481
decade of introduction

The first row shows the composite figure for all trains in the database. The
composite data shows that an average train in this database dh&sesncreased

in weightover time, until the most recent trains introduced after 2010. In the 1970s
an averagear in a train would weigh 3&tonnes. For trains introduced in the 2000s
this had increased to #4tonnes. Trains introduced after 2010 have reversed this
increasingrend, but still weigh 2.9tonnes on averagheavier han theirearlier

predecessors.

Of the96 EMUSs in this datalsse those introduced in the 2000s were the heaviest of
all i with a single car weighing an average of34®nnesFor rolling stock

introduced after 201this reduced to 40.tonnesper carwhich is still heavier that
those introducetletweenl970and1990. A similar change is visible in the table for
DMUSs, with the heaviest vehicles introduced in the 2000s, compared to the lightest
trains introduced during the 198®i-Modes are new tBritish railways and so

there is no historical comparison to makat ibis interesting to note that they have
the heaviest cars on average for vehicles introduced after 2016MaAd& car
introduced after 201@veighs an average o84 tonnes compared to 40tonnes

and 2.1tonnes for EMUs and DM§JrespectivelyThis could be explained by their

configuration of resources that includes dies®l electric motorg in this case the
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beneficial attribute of greater flexibility travel across the networkassociated

with increased weight.

It was noted above thdtdre is oneignificantoutlierin Figure4.147 aDMU
(orange square on the chastfh amuch lower weighthanthe others. This is a
Class 139, first introduced in 200ahd it is a single car trgiweighing 12.5 tonnes.
A picture of the Class 139 is showalowin Figure4.15. There are onlywo Class
139s in service, but this is another example of the diversitgysolurces that can be
configured to act asains. TheClass 139%egan as a trial for a lightweight railcar

for quiet branch lines. ®y have an onboard engine combined with a flywheel that

reduces the need for a larger engine.

Figure 4.15 Class 139 DMU- the lightest weight car of the dataset

Source{Marsden, 2014, p. 88)
Step three in thearlieranalysis addressed this diversity in train types by focusing
uponsuburban EMW. Figure4.16 belowshows theanalysisof train weight across

the four tranches
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Figure 4.16 Historical vehicle masggnnes) acrosthefour tranches osuburban EMUs

A visual inspection ofttis chart shows a definite increasehe weight oftranche
threetrains(grey triangle)lcompared to earlier tranchene(blue circle)andtwo
(orange squareHowever, tranchéour trains(yellow rotated squareshow a

reduction invehicleweight down to the level of earlier trains.

The average weight @f car intrancheoneis 352 tonnes and 38.tonnesfor tranche
two. This compares toneaveragaranchethreecarweighing 414 tonnes and tranche
four at 33.9 tonnesThis confirms the visual inspection that tranébwr trains are

the lightesion averageand tranchéhreetrains the heaviesthe tranchdour trains
include therecent procurements for Thameslink and Crossratldheexplored in
detailed in Chapte. The keypoint that can be madeereis that thisanalysis
provides evidence thatveight increasaasnot, and is notjnevitable.

The next section completdse analysisin step four andboks at the other

component of kg per sedhe number of seatsrailable
4.5.2 The number of passenger seats

The charbelow(Figure4.17) shows the average number of seats for a single car
across thelatabase 0157 classes andub-classes 96 EMUs, ¥ DMUs andnineBi-
Modes).
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Figure 4.17 Historical number of seats per car for EMUs, DMUs anevRides
A visual inspection oFigure4.17 shows an apparegenerakrend downwardswith
fewerseats available over tim€&his visual inspection can be confirmeddmnalysis

grouping trains into the decade of their introduct@asshownn in Table4.8 below.

Table4.8 Average number of seats per car for EMUs, DMUs anlBiles across the decades

Item 1970s 1980s 1990s 2000s 2010s

Composite of three train types: Seats p
_ _ 69.5 | 665 | 685 597 @ 60.7
car by decade of introduction

EMUs: Seats per car by decade of
_ _ 69.5 | 673 | 673 | 60.2 | 56.8
introduction

DMUs: Seats per car by decade of
; ; none | 649 | 709 588 | 68.7
introduction

Bi-Modes: Seats per car by decade of
) _ none | none | none | none 66.6
introduction

The first row shows the composite figure for all trains in the database. The

composite data shows that an average train in this databaten@sgassenger
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seatsafter the 2000s compared to earlier decabethe 1970s a single car in a train
would haver0 seats on average. For the most recent traitreduced after 2010

this had reduced 161l seats.

The EMUs (second rowshowa consistenteduction from approximately0 seats
per carin the 1970s through to/seats for trains introducexdter 2010.The DMUs
aremore varied. An average DMthrintroduced in the 2000s had onl9 $eats, but
this had risen t@9 seats in the 2010s. The small number eMBides introduced

after 2010have & seats pecaron averge.

Finally, analysis of thdour tranche®f suburban EMUs$s shown inFigure4.18

below.
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Figure 4.18 Historical number of seafser car acrosshefour tranches

A visual inspection of this chart shows a marked reducticeats available for
trains intrancheghreeandfour. Analysis of this dataset shows thataa in a tranche
onetrainset(blue circle) had69 seats on average, whereas tramafodrains(orange
squarehad 81 seats per car. By trantheee(grey triangle)this had reduced tan
average ob8 seats per caand 54 seats for a car within a tranéber trainset
(yellow rotated squa).

To help visualise thigsigure4.19 belowshows arexamplenterior for a train within

each tranche.
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Tranche 1: Class 319 g . - W@l Tranche 2: Class 465

Tranche 4: Class 700 replaced 319 & 377
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Figure4.19 Interior pictures for an example train from each of ther tranches

Tranche 1: Class 3 (top left); tranche 2: Class 465 Networkigop right); tranche 3: Clas877 Electrostar
(bottom left); tranche 4: Clasg00 Desiro City(bottom right)

Source: Class 39 seating(Marsden, 2014, p. 171Tlass465Networkerseating(Marsden, 2007, p. 241)

Class377Electrostar seating(Marsden, 2014, p. 215Flass 700 Desiro City b RM- Own work, CC BYSA
4.0, https://commons.wikimedia.org/w/index.php?curid=58951382

The class 34 (top left) is within the tranchenegroup of trains. It was introduced in
1987 under British Rail and runs aslecar formation The umber of seats varies
across sulelasses, but a Class 319/4 has 26&ts across the set and so an average

of 67 seats per car.

The Class 465letworker(top right) within tranchéwo was first introduced in 1991
under British Rail. There are some variasawithin the sulclasses, but a Class
465/9 runs as a-dar formation with 322 seats across the set, giving an average of 80

seats per car.

The Class 87 Electrostar(bottom left)is within tranchehreeand replaced Class
319s in tranchenewhen it engéred servicelt was first introduced in 2001 and built
by Bombardier under the privatised railway structure. Thectagses of the 377
operaten three four, andfive-car formations, but elass 377/6 runs asfiae-car
formation with 300 seats across the set, giving an average of 60 seats per car.
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The Class 70Desiro City(bottom right) is within tranch#ur and replaced Class
319s in trancheneg and Class 377s in trancti@ee It was first introduced in 2013
and built by Siemens under the privatised railway structure. Thelasbesunas
eightand 12car formations, but a Class 700/0 runs as-aardormation with 433

seats across the set, giving an average of 54 seats per car.

This analysigounda reduction in number of seatsfor modern trains compared
to their predecessorsThis is the case fahe larger databasgeated in step two and
the four tranches of suburban EMUs created in step thi@#ern trains have a

configuration of resources with fewer gats than their predecessors.
4.5.3 Summary of the analysis instep four

Stepsong two andthreeusedthe metric of weight per seat (kg/seat) over tand

found supporting evidence for trains getting heavier over time relative to the number
of seats Step fou of this analysis has investigated the two components that make up
this metric: thé r a total wesght and the number of passenger seats availdige.
increase in the weight per seat over time can be accounted for by increases in

the weight of the roling stockand reductions in the provision of seatingTable

4.9 belowgives a summary of this analysising the extended database created in

step two

Table4.9 Summary of the train weight and number of seats acrossxteadediatabase

1970s 1980s 1990s 2000s 2010s

Weight per car (Tonnes) by decade of
_ . 343 | 349 395 | 446 @ 429
introduction

Seats per car byecade of introduction | 69.5 | 665 | 685 | 597 | 60.7

Weight per seat (kg / seat) by decade ¢
, , 493.4 | 5240 | 577.1 | 747.8  706.5
introduction

Trains introducedluringthe 1970s and 1980s weighed on averagei33439
tonnesper carand had approximatel§0 and & seatger car giving a weight per
seat 04934 and 5240 kg per seatrespectively. For trains introduced during the
2000s and 2010s the weight per seat had increased.®artl 7®.5 kg per seat
driven byheaviertrainsand a reduction ithe number ofeats.
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A summary across the four tranchesoburba EMU is shownin Table4.10

below.

Table4.10 Summary of the characteristics of trains@ss the four tranches

Kg/seat Weight per car (Tonnes) Number of seats per car

Tranche 1 502.8 352 699
Tranche 2 425.3 34.8 81.7
Tranche 3 7080 414 585
Tranche 4 628.0 33.9 53.9

Tranchethreetraing built immediately after privatisatigmreheavier andhave

fewer seats than their predecessors. Howélhrennost recertanchefour trains,
including thoseuilt for Thameslink and Crossraitieigh 33.9 tonnes per car and are
lighter than any of thejpredecessors in thealysisi a demonstration that weight
increasevasnot inevitable However, acar in a tranchéur train has only 8.9 seats

on average, compared to tran¢he trains that had some &lseats.

Step four of this analysis confirms tlat the increase in theweight per passenger
seat ofBritish trains is attributabl e to both the increased weight of th&ains,
and a reduction in the number of seatsavailable for passengersThe tranche
threetrains introduced immediately after privatisatarethe heaviest, althoughe
most recentranchefour trainshave achieved the lightest weightadf The number
of seats has reduced significantly for the trains in tranithiesandfour compared
to their older peersand this is the reason why both trancti@seandfour have a

heavier figure for kg per seat compared to trancmesnd two.
4.6 Summary of all four analytical steps

Step one of the analysisproducedhe increase in weight per seat of the group of
trains shown in the original charfEigure1.5) that prompted this research. The
second step expanddte analysiso a database df57 different types of EMU,

DMU and BiMode trainsThis larger databasdsoshowed an increase in the
weight per seat of trains over time. Trains introduced during the 2000s were the
heaviestwhereas thosatroduced after 2010 were a bit lighter, but this did not
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reduce to the levels of tras introduced during the 19704.990s.Step three focused
upon suburban EMUsplit into four tranches. The analysis in step ttalee found
that weight per seat increased over time. The tratveb&ains introduced during
the early 199Qswere the lighestper seatthe tranchehreetrains introduced from
the late 1990s through to 2Q1@ere the heaviegter segtbut the most recent
tranchefour trainsshowed a reduction in weigher seatelative totrains in the

earlierthird tranche

The fourth and final step found that the number of seats available on trains has
reduced significantly over tim@rains introduced after 2000 have nearly 10 fewer
seatger carthan trains introduceédarlier With several carforming a trainset this
could make a significant difference to the total number of seats available for
passengers. The weight of trains wasqwote so cleaa story For the extended
dataset of EMUs, DMUs and Bilodes,the rains introduced during the 2000s
weighed nearlyL0tonnesmore per car thatheir predecessarslowever,analysis of
suburban EMUWfound that the most recent trajmstroduced after 201Qvere the
lightest ofall four tranches

A chart showing anoutcomeof heavy trains was the starting point for this
research It was essential to know if this starting point provided a good
foundation for subsequent work.This analytical chapter hasbuilt an empirical
baseto enrich (White, 2010)the analysis in the following chaptersThereis good
evidence foan increase itrainweightand a reduction in the availability of seats.
Recenttrainshave attributes with fewer seats andreweightcompared to their

predecessors from the 1970s and 1980s

The actions that produceidese trans camall be understood asrategic decisions
followed by a manufacturing stageopositions of trainsvere createdone of which
subsequently becameealised trainin thenationalised operations of British Rail
this might not have been a competitpm@curement process, but there might have
existed different conceptiomd the trains. fie current railway industriyas amix of
private and public sector organisationgolved in these strategic decisions, the
characterisation remains the sammeapositions exist before a translated realised
train enters service.He production of new trains a significant endeavour, whether

that involvegusttwo Class 445rains(Figure4.9), which were builby British Rail
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as prototypes the 1970sor the £16Bn Thameslink contract awardéa Siemens
in the 2010s.

Tranche 3 trains are visibly heavier than their predecessors introduced by British
Rail. However, we shdd be way of simply ascribing the blame for heavy trains to
Oprivati sat i coukingd,r e oaugsedentttrdinenes trains are
the lightest of allThe phenomenon dfeavy trainswill be investigated further by
applying ANT theory tounderstand thstrategic decisionthat produce trains.

Different configurations of resources can be brought together to act as a train; some
will have attributes of excess weigfitie following chapters build updhe
empiricalanalysis otrain weightto understandhow new trainsare produced

historically andn recenttimes
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5 Historical Analysisof the Railwaysusing ANT

We know from the empirical analysis in Chaptethat traindhavegenerally

increased in weight per seat, and this is attributalde tocreasan theweight of

the trainsas well asa reduction in the number of seats available for paggs This

is a problem because heavy trains use more energy and produce more emissions,
potentially overan exceptionally longeriod.Thisis the first of two chapters to
investigate how the general increase in the weight of trains has happened.

This hstorical analysis does not aim to produce a definitive history of the railways,
rather it develops a broad view on how the railways and trains have developed over
time. This is not some passigentext(Latour, 1996, p. 133pefore getting onto the

real action in the next chaptevhich investigates two recent strategic decisions that
have actually produced lightweight traiifse goal of thehistorical analysisis to
useANT analysisto demonstrate that trains and railways are dynamic and

fluid concepts, even when made of iron and steel.

This chapter will apphANT as the theoretical lens to understand the actors and

actions takig place as the industry changes. This action includes famous names,

such as Brunel, that are in the spotli gh
of agency recognises a wider group of actors making up the network. The model of

five circulating loopgLatour, 1999, p. 100yescribed in Chapt@and shown in

Figure2.2 (reproduced agaibelowin Figure5.1) will be the maintool to

understandhe actometworks that act as, and act upon, the railWwaynking with

the loops enables us to see the humamandhumanactorsthat comeogetherto

act upon and shape how tlaway is performed over time
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3.
Alliances
(allies)

2. Autonomization
(colleagues)

4. Public
representation

1. Mobilization of the world
(instruments)

Figure 5.1 Theoreticalmodelof five circulating loops used in this ANihalysis

Source:(Latour, 1999, p. 100)

The analysis in this chapterframedaround bur stages in the development of
British railways The first stage covers the earliest railwdiiat appear at the end of
the 18" century followed bythe subsequerdevelopment of locomotive engines in
the early 1% century This first stagés a period of rapid growth, driven by hundreds
of companies building and operating new railways across the countrgec¢bed
stage seesdustryconsolidatiorafter World War Ongwith the multiplicity of

railway organisations combined to produce the era oBigge-ou railways. This
secondperiodran approximatelyfrom World War One untithe end of World War
Two, when the third stage begingthvhationalisation anthecreation of British Rail
(BR). The nationalised railway was in place until the 1990s, when the fourth and
current stage began, with the era of privatisation. None of these stages are perfectly

delineategdhowever they provide atructurefor the analysishat follows

To help understand the changing nature of the railways | used four descriptive
statistics that measure different aspects of the raitway time As explained earlier
in Section3.4, these statistigsrovide aconsistentvay to understand the railway as

it changes over tim&he statisticaisedare:the length of railway track; industry
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receipts for passengers and goodsnilmaber of passenger journeys; and railway
income, expenses, and profitabilifyhe followingsections contaioharts produced

from my own analysis ofhese variableso help create a richer picture of the
changedaking placeacross théour stagesFor example, the phenomenal growth of
the early 18 century is visible in a classi-curvedshapeor thelength oftrack

built during this time but this curve flattens as the railway matures and enters the era

of the Big Fourin the second stage

5.1 A multiplicity of local railways and the developmentof a

national rail network

The early railway is characterisedyy mp e r ma n dHoltanda2D15,9.i16)s 0
involving a lot ofexperimentation and exploratiofihe railwayin thelate 18" and
early 19" centuryis a transitory and temporary seryideven by specific local
needswhichmostly involve the movement of goosisch as coafrom mines to

ports and citiesTheearly focus upothe movement ojoodsbrings merchantand
traders into the network of relationshipsop 3, alliances}hat act asailways

Landownersre often part of this network if, for example, tlwayn the mine or

require payment in return for granting the railway temporary access across their land.

At this stage in its development, the railway cannot act without these actors in the

network.

A specialist railway profession (loop 2, autonomization) begins to emerge from the
experimentation taking place, with experts produced from the amateurs learning how
to solve the many problems that railways encouiitee. sight noise and smetf

the machines begins to build a relationship with the wider pubbp @, public

representation), even if they are not involved as passengers initially.

The earlytemporarynature of the railway changed when Acts of Parliament

permitted companies to purchase land outrihe Acts allowed the substitution of
landlords in the actemetwork of arailwayln1 758 fit he Mi ddl et on
Leeds became the first railway in B to be granted powers of permanence by an
Act of P@olland, 20b% p. L6 carry coal from local pits to a nearby

river for onward transport to the city of Leed$ie actometwork of thisearly

railway usedhorses for traction. Initidly it ran uponwooden railspefore these were
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replacedater with iron with this material change acting to allow heavier loads to be

hauled

Individuals begin to emerge as recognised experts. The developing profession of the
railways (loop 2, autonomaion) begins to grow andcorporatsthelocal

knowledgethat is gained as local problems are met and overc8oraeof these
earlylessonswill go on tobecome widely adopted as standard practice in the
production of railways. For exampkeack gaugemeasures the distance between the
rails and, in the current UK mainline railway this is 4 feet 8 % inches, whiatws

known asstandard gaugeHowever, leforestandard gaugeas accepted into

practice, the early railways needed to create theirgauge as was the case with

the Middleton Railway, which used 4 feet and 1 inidire Middleton still acted as a
railway, despite its nestandard gaugand the configuration of rescces that

included wheelsvith thisgap

The ability to purchag land reduced the temporary nature of railwdgsreasing
permanencef the railwaywasalsodemonstrated whenétSurrey Iron Railway
became t h e ralwayrcongpangn 1803Htwasiest abl i shed by a
Act of P@olland, 20b% o L7andoperated a-9nile horsedrawn railway

in South London. The Surrey Iron Railway was built instead of a planned canal, and
it charged tollof private users faits freight servteto move coal, agricultural

products, and other goads railway actornetwork now included legislaticthat
allowedtherailway company to adh commercial and operationalys This
examplealso illustratefiow railwayswere bringingcanals and their owne(®op 3,
alliances)into ther networls, even if they are potential disruptors and blockers given
the competitive threat that rail pake

Passenger@oop 4, public representatiomjere first brought into the actoretwork

whenhe Oyster mouth Rail way b e-caaymgraitwlye wo r |
(Holland, 2015, p. 17after Parliamentary approval in 1807. This 5 % mile railway

around Swansea BayinWaless e d N s tsd ¢é ®o aHolmndc2018,9.0

17) pulled by horses. The vehicles ranmatewaytrack, which was an-4shaped rail

to guide the wheels of the coach. As rail began to specialise, this technology would

be replaced by a smooth rail profile, with the use of flanged wheels to guide the train
vehicles along the trackihese improvements acted to allow for improvements in the

speed, strength, and quality of the ride.
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Early railways had many obvious differences to moaemceptof railways, with
their wooden and plateway tracks of varying gautiest power provided by horses
gravity, if on a slopepr evenpeople pushing or pulling carts. Howevitrese
differentsociomaterial networks ofesource$ human and nchumani all still
collectivelyact, or perform, as a railwaRifferent actornetworks that act as
railways will have different attributes, associated with their different sotaberial
configurationsDifferent attributes provide different railways with advantages, for
example, the increasing use of iron rails allows for heavasdd to be carrieavhich
couldact to increase commercial revenue. The iron rails (a material entity) are in a
relationship with the economic (a social entity). We could say that the economic
acted, or caused, the introduction of iron rails, but ANT wdiddourage any
privileging of the social to explain this actoeetwork configuration. They act

together, collectively.

At the start othe 19" centurythe railways in Britainhad grown in number, but were
stllAal i mi t e-dcal¢, mcalsed aallrdads operated by horses or by stationary
e n g i (Mieckeb, 1988, p. 531)Engines were aoticeableabsence from trse

early railwayactornetworks but this began to change. Engines waready useth
factories, coal mines and elsewhenag thisexpertisewasbroughtinto therailway
profession(loop 2, autonomizationHationary enginewould involvea fixed
enginehauling cartsvith pulleys and ropedn 1817 an early steam locomotiweas
usedon the Kilmarnock & Troon Railwain Scotland The locomotivevas used
becausét could haul ten tonef coal at 5Smphbutit wassoonreplaced byhorses
because the locomoti@eh-ton weight(Holland, 2015, p. 18)as too heavy foithe
brittle platewaytrackon which it operatedn this case thactornetwork using

horses and plateway traalas the most articulate proposition of a train compared to
an alternativeactornetworkusing thdocomotive with the plateway track. The
locomotive had aveightattribute of5-tons, which was an excessive weigliitenit

was in a relationshiwith the brittle trackHowever, bcomotives had made their

appearanca the production of railways.

In 1825 in a significant historical development, the Stocl&oBarlingtonRailway
wasbuilt under the guidance of chief enging@eorge Stephensomhis railway
connectedollieries in Darlington with docks on the River Tees at Stoctdon

transport coal fronthe mines to the poftonce again we seatliances(loop 3)
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formed in the actenetwork of a railwayHowever, he railway initially faced
opposition from local landowne(kop 3, alliancesyvho restricted access to their
land Alternative routes wereedelopedand the subsequent 1823 Act of Parliament
that approved the railway was evidence of successful alliance building |@cadly
with Governmentlpop 3, alliances). ThisAagt ncl uded t he power to
or moveab( BHi snllanesbdylBA, pH65)At thenlaarecm df |
the railwayon 27 September 1825, with enormous crowds and farGaerge

St e p hens gowersdosometianauled approximately 500 passengers
(loop 4, public representatiofi) a coach and some converted cgagors. For the

first time in the worldai p a s s@amymgesteam tram(Holland, 2015, p. 3thad
transported passengers on a public railwayoil painting by Terence Cuneo
(Figure5.2 below), produced in 1943aptures the excitement of the time, with
Locomotion driven by George Stephenson, hauling a train of wagangng

passengersas crowds cheer alongside
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Figure 5.2 The Opening of the Stockton & Darlington Railway by Teré&oeeo

Source:(Holland, 2015, p. 31)

Stephenson designed the track gauge (the width between the rails) for the Stockton
& Darlington Railway as 4 feet 8 %2 inches (1,435mm). This was based on his earlier
colliery railways(Holland, 2015, p. 28)with an extra half inch added to reduce

friction on curvesas the railway profession continued to |eaow to produce
railways(loop 2, autonomization)rhis width would go on to be adoptedséandard
gaugefor railwaysaround the worléind remains in use in the current UK mainline
railway. Theengineer of the Great Western Railweambard Kingdom Brungl

would hold out against thisvith his trains using a Broad Gauge of 2,134mntil

1892 when all services were converted to standard gawagas using broad gauge

still acted as trains, witsome claiming advantages from this configuration, however
their disadvantages were obvious when people were required to change trains
because of a lack of interoperability.

Standard gauge was i mplement ityraiwvay, 1830 wl
the Liverpool & Manchester Railway (L&MR), opened for servitleesetwo lines
(S&DR and L&MR) mar ked the bédMtchallni ng of 1
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1988, p. 531)Theybothh a d fi s p teackjmadhanisaérattion facilities for
public traffic,andprovision forpassengets(Gourvish, 1980, p. 9which had been
absentor only partially presentn earlier railway development§his actornetwork
of resources that acted as the railway would be recognisable today.

The Liverpool & Manchester Railway was liio provide cheap transport between
the port of Liverpool and the textile mills of Lancashire. Merchantiiraders arg

again an important part of the networlo¢p 3, alliancesproducing this railway and
making it act Construction of the railway w8aa feat of significant engineering: the
first railway tunnelunder a city and the crossing of Chat Moss, among many
achievements. However, it is the Trials at Rainhill in October 1829, which are most

well-known.

Locomotive power was still newhen the ailway was being built between the cities
of Liverpool and Manchesterh€ Directors of th&&MR launched the Rainhill
Trials in 1829, with a prize of £500 (more than £50,000 in 26&%he winning
locomotive and its owneCompeting participants in th&rategic decisioto

identify the best locomotiveere required to comply with givestipulations and
conditionsthat are discussed in the introduction (Chaptemd shown irFigure5.3

below.
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STIPULATIONS AND CONDITIONS
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Procoivm af L for the most inproged Locosotiee Engine,

It =Tl il Nngloe must * effictunlly consunse i own sinoke,"
aecopding 10 15 peovisions of the Rallway Act, 7 Geo, 1Y,

N=The Engloe, 3 it weighs Six Toes, must be cayable of dmwioy
after Jt, oy by day, on o wellaconstructed  Batloway, ou & level plase, &
Train of wrvinges of the gauws welght of Twenty Tors, ncluding the
Tender asl Waser Tagk, at the mate of lz 1 Miles por Hour, with & pres.
ssare § rtonn i :h Yollr pot caceoding 3 18k on vhe squure inch.

LTl must Lo two Safety V ulvm one ofwhich raust be complotely
out of e 1o o contrel of the Nogine.man, and nelther of which must be
fastened Jow . whille the Engine is working.

dth—Tro ! arline and Dollzrinust be supportd on Springs, and rest on
88x Wheet o il the heigit, from the ground to the top of the Chimney,
TRUSE DOt ¢ L0 l b Moot

ath —The weight of the Maelire, with its comploment of mh the
Boller, must, wt ot not execed Six Toonj and a Machine of Jess wdgh l
will be yreivmed i e draw it & praportionate weight ; and if the
weight of the Enging, ke oweed Pive T'ons, then the gross weight
to be drawn need not cxeted Fiflem Tous; and ia that proportion for |

 Miachines of sill amaller welghiprovided that the Engine, &e. Mhall still

o0 six wheels, unless the weight (as above) be reduced to Four Tons and |

Half, ar under, in which case the Boiler, &¢. may be placed on four

And the Compauy shall be at hiberty 1o put the Boiler, Fire Tube, i
linders, &c. 10 the tost ol 0 pressure of water pot exceoding 1500 per |
* square inch, without being answerable for any dunage the Machine may
reeeive in comseauence. -
fith,—Thero wust be & Mercurial Gavge affixed to the Machioe, with |
Index Rod, showing the Steam Prossurc above 45 pounds per square fnch 3
and cotstructed to blow out at a Pressure of 00 pounds per inch.
i 7th.—The Engine to be delivered complete for trial, at the Liverpool end ‘
- of the Rail.way, not lator than the Ist of Octaber next.
@h.The price of the Engine, which may be accepted, not to exceed ’
delivered on the Rail-way ; and any Eugioe ot approved 10 be taken
back by the Owner,
N.B.~The Rail.way Company will provide the Engine Tender with s .
L supply of Water and Fuel, for the experiment,  The distance within the
[ « Rails is four foct elght inches amd o hall, ' 1
) h e ~ﬂ

e ———

Figure 5.3 Stipulations and Conditions fone Rainhill Trials
Source:(image taken from Marshall, 1930, p. 1067)

TheL&MR railway was not yet complete, biittvasbrought intq or moblised,
(loop 1, mobilisation of the worldin this strategic decisiothrough thecreaton ofa
test trackhatrepreserdgdthe future railway between tiwo cities. Thestipulations
and conditionglefinedhow competing locomotives would beeasuredi¢op 1,
mobilisation of the world) within the Trials. Ths#ipulations and conditioriacluded
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weight limits (less thasix tons preferred), which represented the early fragility of
track relative to the weight of locomotives. Other aspectseofuture servicevere
mobilised and brought into tletrategic decisioto identify the best locomotive.
This includedthe abilityof the locomotiveo haul a train of carriages weighing 20
tons with this weight representing future loads of goods ancepaess. The
requirements also specifiedrack gauge of 4 feet 8 ¥z inches (standard gauge),
safetycharacteristicthe price of the locomotiveandmore The competition was
won by Robert Stephenson, son of George Stephenson, and his locdRoatkes

He was awarded the contraotbuild and operatéocomotives for the new railway.

The Liverpool & Manchester Railway opened on 15 September 1830, with-a high
profile launch involving the Duke of Wellington, who was then the Prime Minister,
and variougpoliticians, merchants, and other local representatieesonstrating

how thewider loops of theailway actornetworkreactedoutand strengthened it
(loop 3, alliances; and loop 4, public representatidhg first train on the railway
carried the Duke and lo¢is washauled by the locomotivé&orthumbrian which
Robert Stephensdmad built after the TrialsApplying the theory developed in
Chapter2, Northumbrianis arealised traifthat has beetranslated from the earlier
winning proposition of a train, thatasRocketduring the Trials. The translations

that producedNorthumbrianincluded improvements updR o ¢ kdegigd.s

Rockettself was alsa@arrying passengers on the day of the lautigh.not possible

to determine here whether tRecketinvolved in the trials was modified in any way

for operation on the L&MR, although thabwld seenlikely given the pace of
technological innovation and learning at the time. If changes were made, then there
are effectively twdRocketsonethat was avinning proposition of a traibuilt for
theexperimentsn Rainhill, running on the test tk and hauling two carriages

loaded with stones; and anotliwckethatwasarealised traitransporting people

and goods between Liverpool and Manchester.

The railway was an instant succeasdthe locomotivevasestablishedvithin the
actornetwork thatacted as a train anmdilway. This successful configuration was

about to be translateatound the country and world.

51t might not be technaly accurate to describel@omotive without a rake of carriagas a train,
but this is used for simplicity and to avoid talking abaalised locomotiveandrealised trains A
realised entitycould be used but this loses the industry language.
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After this, the railways moved into a new stage of extreme graviti a series of

Apr omot i d@Gourmsh, 988, p.&etween 1830 anthe mid-1860sthat

raised monected to supportew railway companies across the country. Railway
mania produced mnultiplicity of local railways, with different resources configured

in ways thatverespecific, and entangled, with their localiti€fisve were to look

across each of these railways, they would be recognisable as like each other, but they

would all have unique differences specifidheirlocal place.

The fifth loop (links and knots) #te centreof thetheoretical mode{Figure5.1) is a
conceptual element that ties the otlo@pstogetherand this collective network acts
as a trainTo understand what is holding these diverse collections of resources
together at thisq@nt in history, then propose that this central loop (loop 5, links
and knots)s very much abouhe concept o& localrailway . The multiplicity of
railways that appeaat this timeare all like each other, and all act as railways, but
they are alcorfiguredin acloserelationship with their localityAt this stage in the
development of railways, the links and knots holding each railway together is
explained by the locdduman and naturgleographyRailways operating in areas
with steep gradients havocomotives with a recognisably different form to others
operating in flatter areaBor example, the London and North Western Railway
(L&NWR), operating irthe 19th centuryhad to cope with the hilly country north of
Lancasteand theilocomotives wee visibly larger than the Midland Railway
operating in geographyith shallow gradientsThe action ofthe norhuman in the
form of gravity and gradientsipon the body of the locomotive was easier to see in
this early stage of the railways, before insiag engine power overwhelméds

influence.

This diversemultiplicity of local railways also inevitably includé dnistakes 6
inefficiencies and problematic outcome&Sne excample, in 1837came from none

other than I. K. Brunel, thEngineer of the Great Western RailwW@\WR), among

other notable achievements. White Great Western Railwayas being built, he

issued a specificatiaio several different manufactureis build the first locanotives

for thenewrailway. Like the Rainhill Triak, we have arepreserdtion ofdesired
locomotivesin a written specification, and a request for suppliers to respond to these

requirementsvith their propositions However the realised traingroducedby this

actonwerdéian extraordinary col (Adamg 1993np. of f r e
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114) This actornetwork to produce trainacludedone of the greatest engineers of

the time but thiswas no guarantee of a successful outcome.

Despite problemghere were manynprovementoverearly configurationsFor
exanple, early passenger vehicles followed closely the style of fuvesen
stagecoaches, as illustrated by GWR passenger rolling stomkn inFigure5.4

below.

Figure 5.4 GWR 'Posting Carriage' for passgers in the 1840s
Source:(Adams, 1993, p. 183)

This early far-wheeled carriage could jump the track at sg@ethms, 1993p.

184)and sdBrunelbuilt carriageswvith six wheelsandthree axlesThismeant longer
bodiesand heavier vehicle®ut weight als@ctedto providegreater stability at
speedAs the railwaysmprove upon designs borrowed from other professions, such
as stagecoaches, ttalway profession becomespecialisd and distinc{loop 2,

autonomisationandthis expertise strengthens the network.

Thegrowthof local railwaysacceleratedin 1846there were@72 Acts of Parliament
which authorised 9, 500 mi | e s (Holfand, 2@l p.r6)dhenames pfo
the railway companies from this time illustrate how connected they were to

their local geographies.ThelLeicester and Swannington Radwopened in 1832,
theUlverston and Lancaster Railwapened in 1857, and many more. A list of more

than 200companiegrom this time is shown iffable9.1 in the apendix These

private organisationwere drivingthe expansioof the railwaysif r om t he choi

routes and the raising of(Goaraghi2@08, p.49) o
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A writer in 1885 (Wihams,d885, . ¢683imesuntwfiE&3h d ou s o
million pounds (c. £107Btin 2019 of capital provided by private shareholdensd
authorised byActs of Parliamentto build, maintainand enlarge the networkot all
schemes were built, batlot did progress antyy 188Q 75% ofthe eventual rail

network was builtThe first of thedescriptive statistics is used here to help tell this

story. The length of railway tracks shown inFigure5.5 below, for the period up to

1880. The data is first available fraan1830, when the Liverpool & Manchester

Railwayopened

Railway Length (km) 1830 - 1880

30.000 -
More than 75%
of eventual rail

25.000 track built

220,000
=
?’!‘[J

2 15,000
:é.
=

~ 10,000

5,000

0

1830 1840 1850 1860 1870 1880

Figure 5.5 The length ofhe railway in Britain (18301880
Source:(Mitchell, 1988, pp. 541542, table 5andmy ownanalysis

This chart(Figure5.5) shows 25,000 km of railway in place by 1888 compound
annual growttrateof 11%per yearfor the periodl830to 188Q which meanthat

the rail networkwasdoubling in size approximately evesgvenyears.Wherever the
railway went it reached out to form alliances (loop 3) because it wasalso
significantconstruction enterprisereator of opportunities, arptovider of
employmen{loop 4, public representatianf)o take oneexample Railway
Engineergloop 2, autonomizationpuilti an av e,0 @@ e b diblthgoe and
Long, 1981, p. 7¢very yeabetween 1830 and 1860

6 Bark of England Inflation Calculatohttps://www.bankofengland.co.uk/monetary
policy/inflation/inflation-calculator
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Governmentvasan actor in each local railway through supporting Acts of

Parliamentputit also introduces legislation that affeatsd acts upoall railways.

In 184Q the Railway Regulation A¢t Her Maj est yo0s inGuodeder nment |,
the establishment of HeMHMMpapa&bmdty 6s Rai | w:
overseesafety. In 1844 the Railway Regulation AcHer Maj estyds Goverl
1844) referred to as Gladstone's Asafter William Gladstonentroduced various
measurebveyond safetyincluding the abity to control railway chargesnd

purchase future railways for the state. The 1844aksdgintroduceda requirement

for operators tgrovide inexpensive and basic rail transport. These trains, referred to
asparliamentary trairs, were required taarry hird class passengeat minimum

standards of comfqgrincluding protection from the weathet,least once per dagt

specified minimum speeds with fare ratappedNot all operators supported this

a n GWR was forced, much against its withprovidec ar r i ages f or t he
orders, 6 which gave s om@damps, 1993epcit84)on f r om
However in 1872, the Midland Railway agreed to run thatdss carriages on all
trains(Williams, 1885, p. 389)above and beyond what was required by the 1844

Act. This change was introduced by the General Mandgeres Allport. In 1875 he
abolisredsecond classon aft he Mi d | gWolmars20Q7rpali32) s

ensured that all seats were upholstered, provided meredag for passengers, and

introduced further improvements to the travelling experidocthe passengdtoop

4, public representationThe success of this strategy would see it adopted across the
railway and, by 1881, third class accounted for more than 80% of all passengers and

65% of all receipts across the railways. Thangingesponsgof operators to

Gl adstoneb6s Act can be viewed as a cl ash
5, links and knots), with the Act moving rail towarsational mass transit

service

During this periodrail was competingvith road, canalsand coastashipping.Poor
quality roads were not an enjoyable experience for passengers, and often caused
damage to goods. These other options calddbe very slow, ér example the 29

mile journey on the Worcester & Birmingham Canal, which opened in 1815,
involvedpassing through 58 locks afalr singlelane tunnels, with journeys
sometimes taking a couple of dgy#olland, 2015, p. 15By contrast, the specialist

technology of the railwafloop 2, autonomizationyvas improving all the time
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strengthening th actornetworks that acted as train@rfexamplesteel rails

replacdiron in the 1860¢Gourvish, 1980, p. 25¢naling increasing speeds and
qguality of ser vi adievedSibpesgebdoi?thpghmd8&29bRto c k et
thiswas surpassed 1846by aspeed of74 mph,then90 mphby 1897 High profile

races took place between different operators, with marketing agmspghowing

trains transporting people to new tourist locations. Train spesazhes out and

captures the public imagination (loop 4, public representation) and is a visible
demonstration othe expertiseof engineergloop 2, autonomization)Some Chief

Engineers become household names.

Ther ai | way 6 smosth rermmidgvaacnedting newcommercialopportunities
(loop 3, alliances; antbop 4, public representation) that beginttansform society
with these loops further strengthening the railw&ys example, journalistsere
now able tosend intelligence quickly to London for morning pap&ardner, 1850,
p. 39)from correspondents across Eurpaed hysical newsprint couldow be
widely communicated?erishable goods meat, fish, fresh milk and vegetables
could be transporte@Gourvish, 1980, p. 31p citieswith minimal breakages and
losses, reaching their destination faster and fresiguire5.6 belowshows a
specific vehicle created for fish traffimop 3, alliances) from Fleetwood dock,

which opened in 1877 and became a major industry in 1890.

Figure 5.6 Lancashire & Yorkshire Railway fish van for Fleetwood Dock

Source:(Simmons, 1987, p. 235)

Pagel27



Chapter5. Historical Analysisof the Railwaysusing ANT

In Great Britain and beyond railys forged unified national markets, linked

domestic producers to the expanding world economy, facilitated the development of
massproduction techniques, and incubated modern management practices
(Eichengreen, 195). The success of the railwaissillustrated by the second of the
descriptive statistics used to help tell this stamgustry receipts (incomddr

passengers and goo@eeFigure5.7 below).

Railway receipts (£ million) 1843 - 1880
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Figure 5.7 Historical growth ofrail receipts for passenger and freight serviae®8ritain

Source: based ofMitchell, 1988, pp. 54550, table 7rnd myanalysis

Thechartshowsreceipts fronpassenger and freight servidemm 1843, when data
is first available, through to 1880p tothe same periodsthe previous chart
showing the length of railway trackhe mixed use of the railway is visible in this
chart, with freight income larger at the end of the pefaween 1843 and 1880
passenger receipts saw 6% compound annual growt@%rforgoods. This meant
that passenger railwagcomewas doubling approximately every 12 years and

freightincomeeveryeightyears.

An author writing in 1885 illustrates the high regard of the railways at this time
when he says thafievery mile ofevery railwag has at almost every stage enriched
somebody, has enr i chdWilliams$ €885 m 498 espiteand t h

this positive regard for the railwaythere were still problemand safety concerns
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especially would prompgBovernmentction. The Regulation of Railways Acif

1868( Her Maj est y 0 s inBadwcedvanoosenpdsitionsan8 podigrs

related tahe railwaysjncludingameasure to improve passenger safety using a
AMeans of Communication between the Pass:
i n charge (dffert hviem ) Tersa iymbes Go v.Atrthistmeent , 186 8
there was no way to move safely between,@arto contact the drivem the event

of a problem, thereforegislationacted upon the configuration of resources that

make up a train. &Aord or chairwas requiredhatcouldbepulledby a passengen

an emergencylhe communication cord had to run the full length of the train, but

this proved a technical challga at the time because this length can change,

depending upon if the train is travelling in a straight line or following a curved

section of the route. Making the cord too short could lead to it snapping, whereas too
much slack would make it difficult fggassengers to alert the driver.efhandated
requirementfom t rain cord proved to be a fipaten
was] withdrawn five years lat@(Gourvish, 1980, pp. 352). Insteadpperators

were required to propose their own systems for approval, with a fine levied for
inaction.Legislation still actedipon the train actemetwork but as a penalty for

inaction rather than a prescription of howctimfigure resources aratt.

Government introdced furthesafetylegislationaftera rail disasteon 12 June
1889 near Armagh in the North of Irelania, which 80 people diednd 260 were
injured.A crowded Sunday school excursion trgalled by a steam locomotiye
was unable to climb a steep hill. The train crew decided to divide thetoraeduce
weight,andthenuse the locomotive take forward the front portion, leaving the
rear portion on the running linatil the locomotiveeturned Tragically, he rear
portion was inadequately braked and ran back down the gradient, colliding with
anothertrain. Braking technology had been developmg was not uniformly
applied across all trains. The Regulation of Railways Act 188Pe r Maj est y 6 s
Government, 188%equireda single operator, the driver or guaia pe able to
activate the brakes a@very vehicle of the train. Th&ct also made the use of
interlockingof points and signals compulsosg that it is impossible to display a
signal to proceedinless the rout® be used is safer travel. Anotherkey safety
requirement wagor the railway companiet® adopttheblock systemwith a route

broken up into a series of blogksith only one trairpermitted tooccupy a block at a
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time. The block system and interlddk)s remain central safegpmponentsn the
action of themodern railwayBy the late 19 centuryimprovedsafety equipment

was widely used across vehicles and infrastructure.

Passenger fatalities were terrible, but those working on the railway wegeetsiob
extreme rates ofehth and injury with 742 men killed and 3,500 injured in 1874
Long working hours weran importantontributingfactor to accidents and fatalities,
with employeeoftenworking a 66hour week{Gourvish, 1980, p. 54The
Amalgamated Society of Railway Serva(SRS)had 38,000 members in 1895,
98,000 in 1907, and 273,000 members in 1914, when it was known as the National
Union of Railwaymenlincreasing tussles took pmbetween employees and
employerswith strikesduring the late 19and early 28 century In August 1911

the ASRSand other unionpintly called the first national rail strik&he increased
strength of organised labour was demonstrated again invli€ii@ 9day strike in
response to government pr op @oadedsthet o r edu
first impetus to the development of competitive road trangifeemnelon, 1933, p.

383)

A growing dissatisfaction with the railways wasginning to develaprhe bursting
of theearlier railway mania bubble had given way to a recognition #at n
railways, especially those built to serve the local needs of small commuroitigd,
not be built economicallywith fare revenue unlikely to justifyapitalcost Not
everyone cared aloitthe economics of the railwailowever, as illustrated tay
traderin Berwick on the borders of England and Scotla sad, c. 189Q

AwWhat we want is to have our fish car
dondét care a _ _ ralwayslorendt.lRailways t pays th
ought to be made to carry for the good of the country, or they

should be taken over by the Governme&hat is what all Traders

want and mean to try to get(Tatlow, 1920, p. 104)

Theearlyrailwayshad been strengthened because their loops reachtdroahy
different parts of societyl'his hadoeen a critical enabler of early grovehd
successbutther a i | imnpoytdteto other industries and parts of societys
leading tocompetingconceptions of the railwajoop 5, links and knotsandits

purposeA railway configured to run for the benefit of fish traders, and other
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industries, has a different conception at its cefibiep 5, links and knotsthan a
railway designed toun for, say,passengeror shareholder®Different conceptions
at the centr¢loop 5, links and knotsyill all act as railways, but they will lock in
different resources into the network and so have different attributes and
characteristicen how theyact as railwaysQuestions were being asked about who
should benefit from railway servicasho should pay the cos@nd how the

railways should be organised.

After 1880 he earlyfrantic growthbegano plateatandtherailways entered a
mature stagéGourvish, 1980, p. 41asillustratedin Figure5.8 below, which

updates the chart shown earlier for the length of railway track built

Railway Length (km) 1830 - 1927
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Figure 5.8 Historical growth ofthe railway in Britaini the length of the railwa{18301927).

Source: based ofMitchell, 1988, pp. 5411542, table 5and myanalysis

New railways were still being built after 1880 and the lerugttine rail network
increased, bwever, thesteepness of the graph eds#, reflecting a reduced growth
rate of 1% per yedretween 1880 and 192ds construction activity slead Growth
would eventually stom 1927 when the railway reached its maximum length of
32,850km.The extent of the physical network has never been greater and would

reduce inengthin future years.
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Although construction of the physical network was slowing after 1i@0,seof
thatnetworkcontinued togrow. This can belemonstratedsing the third descriptive
statistic whichmeasures the number of passenger jouroaytbe railway. This

statistic could mean more people using the railway, or people using it more often, or
some combination. e number of passenger journeys is showkigare5.9 below,

with the pont in 1880 noted when 75% of the physical rail network was built, and

1927 also marked when the physical rail network reached its largest ever size.

Total passenger journeys (1830 - 1927)

1920: 1,579 Million
Passenger journeys

(millions)
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[ o]
=
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Figure 5.9 Historical growth of Rail Passenger JournagBritain (1830-1920)

Source: based ofMitchell, 1988, pp. 54550 (table 7)andmyanalysis

Between 1843 and 1880 passenger journeys were growing at a compound rate of 9%
per yeay whichmeant a doubling of gaenger journeys eveeyghtyears.From

1880 to 1913, before the start of World War One, the growth of passenger journeys
continued to grow at 3%eryear. Passenger journeys reached a maximum of 1.6
Billion in 1920, nearly treble the figure for 188Chis number of passenger journeys

would not be surpassed again until the year 2013.

The increasing maturity of the railway was evident in ongomgsolidation within
the industry By 1906, 233 of the 351 companies that existed in 1881, had closed or
been aborbed byarger rail organisation@ldcroft, 1968, p. 8)The earlier acter

networks of local railways are giving wayralway organisationthatare enormous
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enterprises, witlvastoperations in place foroduce trains andeliverthe railway
service For example, in 187%e Midland Railway Compangould produce trains at
their site in Derby, whiclemployed2,000 menhad asawmill, wagomrshop,
carriageshop, painting and trimming sh@y/illiams, 1883, pp. 364365).

The industrywerealreadyconsolidaing butthe First World Wap r o d u foend a i
of quasinationalisation (Murray, 2001, p4). The railways weretobd@ma naged as

a si ngl @onaviasld8e, m&nder the unified control of a Railway

Executive CommitteéREC), consisting of the &eralManagers of the largest

railway companiesThis government bodyasset upin 1912 to act as an

intermediary between the W@afice and the various railway compani€sn 4
August1914iuni fi ed control was i mposed by the
(Grieves, 1989, p. 1@p ensure priotisation of military traffi¢ to avoidduplication

andsave resourcefuring World War Onea new concept of the railway®op 5,

links and knotsjneantthati ut i | i ty r e(@dnavia,e@B0, Q.95 hoovu r O

the railvays were enacted. Thiencept meard focus upoieavy train loads, a

reduced speed limit of 60 mph, cleanigsabandonedand maintenanceeduced.

The combination oindustrial actionregulatoryinterventionsover time including

an eighthour workng dayandgover nment 6 s control of the
World War, meantthai Gover nment intervention, once
had penetrated all &Gowwshk, 1980 p. sByla2er i al a«
combh nati on of increased costs and Governm

raised would lead to the first loss for the industmhis isillustrated using the fourth
and final descriptive statistic to help tell this stdfigure5.10 belowshowsrailway
income, expenses, anesultingprofitability for the period 1853 to 1921
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Total (Freight and Passenger) receipts and expenses 1853 - 1921
mm Total Working Receipts mmTotal Working Expenses e=m=Net Working Receipts
300
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o
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Figure5.10 Total (Freight and Passenger) receipts, expenmsed profitability 1853 1921.

Source: based ofMitchell, 1988, pp. 54550 (table 7)pndmyanalysis

The charaboveshows the receipts of the railwdgom bothfreight and passenger
traffic, as a bar chartwith a gap during World War Ontncome isshown above the
line as gositivevalue,andit is growing over timeExpenses are shown as a
negativevaluebelow the lineand they are also growing over timidnenetworking
receiptsof the railway (incomé expenses) is showas theblack solidline. In 1921,
for the first time in its historyrail industry profitability movd negativei industry
costs were greater than income from passenger and freight {f&ids the total
income for the railway, rather than individual lines, some of which were loss
making, some profimaking.Profitability is shown here as an absolute value,
howeverifitweres hown as a per cenpraigbdity, framnhithen t he r
1850s to the end of the ®@entury was in the 4660% range.e.,income was 40
50% greater than cosfEhisillustrated the largereturns possible in the eadyowth

stageand why railway mania took such a grip.

The railway was vitally important to the nation édtish Railways werestill
fgenerally considered t h(Bondvia,4980,p.@) Eur op e,
However the conditions were developing for a significant chafige.e r ai | way s 6
deficit for 191920 was £4M (£2 billion at2019prices) and was estimated to

become £54.5m the following yegkdams, 1993, p. 92The growth of private
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motorvehicles was also about to challenge the dominance of rail, with freight first to

bear he brunt when soldiers returned from war and bought former military lorries

that were released for use as private goods veh@feating the railway as a single

system during World WarOnand t he industryos,mghtgati ve
have poited towards nationalisation as the answer. Indeed, Winston Churchill gave

a speeclsaying thafé it might pay the State to run railways at a loss to develop

i ndustri es @ondviaagdo,ip.cdlHovevernatidnalisation was not
chosenjnsteadthegovernmenwhite Papef Hi s Maj estyod6s Governm

proposed @rouping of railway undertakings

Among other measures, the White Paper contairngd@osal for Worker Directors

on the Board of Management of the new grouped organisation it he Gover nme
are of the opinion that the time has arrived when the workleosh officials and
manualworkers s houl d have some (vHiisx eMd jne sntaynéasy e m
Government, 192, p. 2) Sir Eric Geddesthe first eveMinister of Transportwas

said to have fApersonal enthusiasm for wol
promote a fuller awareness in the workforce of the commercial implications of pay

a wa r(@rewes, 1989, p. 90Howevert he compani es viewed it
interference in the rigliGrievesf1989,pmMP)ani es t ¢
Railway trade uniongvereagainstminority representatiomreferring state

ownershipso the two groups jointlg c t e d t othefGpvernnsent éodirep the

pl an f or wo(W&lrear, 2007, p. 228yonothedegislationCompeting
conceptiongloop 5, links and knot)f railway organisations to deliver railways are

playing out.

ThesubsequeriRailways Act of 1921, also known as tBeouping Actsoughtto

achievea fAr eorgani sation and more efficient
syst(edmos Maj estyods GoThisnextergbdetweq 1923211, p. 1
1947 wasthetime d the Big Four, dominated by the four largest railway

companiesThe new conception of the railwgoop 5, links and knotsyriven by

legislation, was a work in progress.
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5.2 The era of theBig Four

In 1921there were214 separateailway companiegFenelon, 1933, p. 383)f
which 120 wereto beamalgamatedly theRailways Actinto four groupinggHis

Maj estyds Government,: 1921, p. 69, First

1. The Southern Groupknownasthe Southern Railway (SR)

2. The Western Group known aghe Great Western Railway (GWR

3. The North Western, Midland, and West Scottish Griokpown aghe
London Midland and Scottish Railway (LMS)

4. The North Eastern, Eastern, and East Scottish Grdanown aghe
London and North Eastern Railway (LNER)

Table9.2 in the appendiXpage315) sets out the list af20companieshat made up
thefour groupingsincluding 27 larger railways identified aonstituers, and 93
smaller railways identified asubsidiarycompaniesSomerailways such ashe
Liverpool Overhead Railwayemained outside of the groupirmyt theBig Four
organisations accounted for 95%tofal route mileagelrhe Act took effect on 1
January 192 and he periodrom 1923to 1947became known ake era otheBig

Four. The earlier railwaysvere a diverse mix that reflected the places in which they
were located and operated. Industry comsaion was already changing this, but the
railways now werdeingforcibly shaped byhe Act with large and small railways

combined.

The LMS Railway was the largest of the Big Four by size of networliand s
Britainbés | ar ges t(Johmsomanc Long, 188k, p.Bermpoyed r i s e 0
275,000 people, owned 10,000 steam locomotives, 20,000 passenger carriages,

207,000 freight wagons and 9,000 hor@&simar, 2007, p232)across 7,331 route

miles (L1,798km) between London, the North West of England and Glasgow in

Scotland. LNER was the second largest, with 6,671 route Milg&36 km) and

control of the East Coast, including London to Edinburgh. The SouthemaRai

was the smallest with 2,115 route miles (3,403 km), but the largest operator of

passenger services with busy commuter services to LoAdtbough the Big Four

were in private ownership, Government played a significant role in the production of

the ralway, through sandardised wagesonditions andother regulations.
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The groupings were the most visible feature of the Railways Act, but its primary aim
was théonqgoiestanci al s {(Gudves)1D89,p.98n t he i nd
response to thierst everindustryloss in 1921The rail networkreflected this quest

for stability, with new track growth relatively flat and reducing slightly afteakng

in 1927, asllustrated by the updatiechartshowing the length of raildackin Figure

5.11 below.

Railway Length (km) 1830 - 1948
40,000

Start of Big
35.000 Four Era

30,000

End of Big
Four Era

(km)

<, 25,000

Railway length

1830 1840 1850 1860 1870 1880 1890 1900 1910 1920 1930 1940

Figure5.11 Historical growth of the railway in Britaiii the length of the railway (1830948).

Source: based ofMitchell, 1988, pp. 5411542, table 5and myanalysis

To recover from World War Onae new railwaywvent on a drive fogreater

efficiency, which led to consolidation and standardisation around train designs and
practiceswithin the professioffloop 2, autonomizationHowever, this
standardi sation was not neces Shaaxisthgy ab o u:
engines osmaller constituentompaniesvithin the groups, werscrapped in the

first 10 years after groupin@onavia, 1980, p. 27)New ordersverealigned with

the views ofdominantorganisationsvithin the groups and themaller railways
struggled to gain a voice relative to their larger peers. For example, the Western
Group waslominated by th&reat WesteriRRailway Company with 4,836 km of

route compared to its largest fellow constituent company, the Cambrian Railway,
which had 475 roetkm. The 26 smalleubsidiarycompaniesvithin the Western
Grouphad even smaller railways and less voice. The dbineegroupingsdid not
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have one large organisation like the Western, insteacctir@gined several large

railway organisation§appendies,Table9.2 on page315 andthesecompanies were

not always natural parers given their geographies and histofyne Big Four

organi sations were fiart i f i(Walnsat 20@7ppn st r uct
228)

A new concept of trains and the railwgi®op 5, links and knotsyvasbeing forged

and developdwithin each ofthegroups Each of the Big Four railway organisations
were recognisably like each other, but there were also different conceptions of how
railways and trains should be configur&arly railwayswere strongly influencebly

local geographywhereasow differences wer more likely to reflect the dominance

of different organisations within the groups. An organisation with a large railway but
a flat and urban terraicould have greater influence over the concept of how

railways and trains should be configured, than dlsmailway with a hilly rural
geographyConsolidation did not producdandardisation across the industmth

each of the Big Four maintaining their own ways of delivering a railway service and
producing new trainfloop 5, links and knots)

Althougheach of the Big Four operated mostly within their own geographies, there

was a strong rivalry to claim technical leadersBipvelopment of the railways and

new trains was led bghief Mechanical Engineg(loop 2, autonomisationyithin

each of the Big Rar. During the Big Four ertheseengineergroduced world-

leading designand competed to reach ever higherspeeds.e A publ i ci ty v a
(Bonavia, 1980, p. 93)f thiswasfully exploited in supporting advertising

campaigns (loop 4, public representatidrt)is reached a peak@ July 1938when

theMallard (seeFigure5.12 below) of LNER set a world speed recofar steamof

126 mph (202.8 km/h).
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Figure5.12 Gresley's 'A4' No. 4468 Mallard

Source:(Holland, 2015, p. 197)

Sir Nigel Gresleywho built The Mallard wasthe Chief Mechanical Engineer
(CME) for LNER Railwayfrom 1923 to 1941The Mallardweighed240 tonsn
total (Holland, 2015, p. 197which included six coachesd a dynamometer ctr
measure speetbpp 1, mobilisation of the world) and other variables that

Mal | ar d 6 s cautdbevatidatednaedrommunicated around the wdrlThe
locomotive and its tender (for carrying coal) accounted & tonof the total train
weight. For comparisoriRocketand its tender car weighed abseventonsat
Rainhill in 1829.Unfortunately Mallard had to come off at Peterborough instead of
continuing to London, because a bearing dweatedHowever, a new concept of
the railwaygloop 5, links and knotg)an be discerned in thigig Four battle for
speed adtechnical dominance. Thiew concept saw the railways as technical
and engineering masters, with the CME®ecoming household hameand

embodying this mastery

Theearlyperiod of the Big Fouincludedthefinancial crash of 1923;eneral Strike

of 1926 andthe GreaDepression from 1922932 Despite these events, passenger
numbers stabilised after the war, and the industry returned to profitability with a ralil
network that was slightly reduced in size. The earlier railway reached out and formed

alliances (loop 3) wit many industries and connected positively with the public
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(loop 4)in many cities, towns, and villages. Howevéege loopshathad

strengthened theailway actornetworkwere beginning to weakeA. significant

source of new c¢ o mmewastcamongfrom dgrowth ofthd s d o mi |
private motor caandgoods vehicles.

The growth of goods vehiclémd begurafter the first World Warwhen he

government sold off large numbers of military vehicMany were bought by
returningsoldiers trainedto drive them during their servicRoad hauliers were not

subject tocommon carrieregulations, which dated from thé™ centurylegislation

andthe Railways and Canal Traffic A(tHi s Maj estyds. Gover nmen
Common carrier regulationsstablished when the railways were effective
monopoliesrequiredthemto carry any goods at nationally agreed ratéss

legislation now allowed private goods hauliers to cherry pick profitable services,

with the railways unable to act until these responsibilities were lifted many years

later.

Rail was still able to offepassengerafasterservice than thprivate motor car
because mtorways did not appear until the 196@sth the openingf the M1 on2
November 1959Merriman, 2007, p.a6). Thelevel of comforton the railwayhad
improved significantly from thearlydays when @ssenger coaches were no more
than open carts for third class passengamns often had compartments with a
muchimprovedlevel of comfort, even in 3rd clasas shown ifigure5.13 below

for a carriage that began operations durirggBig Four era
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Figure5.13 Third class comfort in a carriage operating c. 198968

Source:(Robertson, 2005, p. 22)

Improving passenger comfoand other attributesas influencing train desigtut

SO wergpassenger numbers and the requirements for extra capacigponse to

this Oliver Bulleid, Chief MechanicaEngineer (CME) of the Southern Railway
designed a double decker traffigure5.14 below), that could still fit within the rail

n e t w doading gaugdo navigate tunneland other infrastructur@hese double

deck trains werdiscontinued because passengers in the upper compartments could

feel trapped, and the time takeridad,and unloadrains was significantly longer.
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o~
i

Figure 5.14 Double Decker train designed by Oliver Bulleid for the Southern Railway in 1949

TheBig Four eracan be viewed as a period of technology mastery, with CMEs and
organisationsvith long-established technical expisgin the production of steam
powered trains. Howevewar would once agaiiring changeto the railwaysand

make it difficult to judge thsuccessor otherwiseof the Big Four companies.

Figure5.15 belowshows tlat industry income from passenger and freight tréffie
2" descriptive statistic used through this chapgegw at an average of 2% per year
between 1923 and 1948he chart shows a significant spike during $ezond

World War, which most likely reflected use of the railwfay wartime operations
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Railway receipts (£ million) 1842 - 1948
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Figure 5.15 Historical growth of rail receipts for passenger and dfiei services in Britaif1842i 1948)

Source: based ofMitchell, 1988, pp. 54550, table 7)and myanalysis

Figure5.15 (abovg doesshowan increase imcomeduring the Big Four ertom
1923 to 198. However, lhe third descriptive statistic used in this chapter, which
measures the number of passenger journegsjdes a different perspective on the
changes underway in the railway. This statjstieasuringpassenger journeyis

shownin Figure5.16 below.
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Total passenger journeys (1830 - 1948)
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Figure 5.16 Historical growth of Rail Passenger JournegBritain (1830-1948)

Source:based or(Mitchell, 1988, pp. 54550, table 7rnd myanalysis

This chart(Figure5.16 above shows the rapid growthn passenger journeys during
the first phase of the railwayahichpe&sat 1.5 billion in 1920When the Big Four
Era began in 1923hére were 1.24 billion passenger journeys, butithdreduced

to 700 millionat the end of this period 0481 a reduction of over 2% each year.

The reasons behind this are explored shortly.

A key goal of the Grouping Act was to address industry losses and stabilise the
industry through consolidatioithe creation of the Big Four did initially achietres
with a return to profitability earlpn, as shown irFigure5.17 below. However by

the end of this period we speofitability turning negative agaim 1947, with

expenses greater than income.
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Total (Freight and Passenger) receipts and expenses 1853 - 1947
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Figure5.17 Total (Freight and Passenger) receipts, expenses and profitabilityi18887.
Source: based ofMitchell, 1988, pp. 545550 (table 7)andmyanalysis

World War Two undoubtedly played a major role in tfiisancial outcomefor the
industry. Once again, railwaysereinvolved in war efforts. As happened prior to
World War Onethe Government appointedRailway Executive Committe@REC)

in 1938 consistingof the GeneralManager®f the Big Four railwaysThe REC took
control of the railways on 31 August 1939, supporting evacuation of people from
cities, as well as the movement of troops and goods. Tiixaya were to be
Aoper at ed as (Bonavia 1980, p H89)stlytsetg@hobreducing
wasted mileage of freight and passenger traffcdifferent conception (loop 5,

links and knots) ofwhat the railways are for is in operation This is changing

how railways and trainareconfigured andct

Locomotive workshops were freed up for war efforts, with a reduced level of new

stock built. Freight only travelled with full loads to avoid wa&ationing of

passenger journeys did not take place, but it was actively discowédea famous

sl ogan 61l s Your Jo(Bonaveayl98R @.d98HBndan Necessary"
uncomfortableexperiencdor those whachose tdravel Passenger accommodation

was increased by abolishing First Class in the London area, and removing seat rests

to permit foura-side seating in Third Class.
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When the War endetiere was a need for investment in the railwalmswvever, the
railway organisations were never compensated by the Government fedtlved
maintenancand lack of investment in railway assdtging the war year#\ need

for investmat wasalsohappening at a point when the age of steam was beginning to
reach its end, with diesel and electric power improvitall wasalsofacing

increasingchallenges from roads and the growth of the private motor vehicle.

However, the era of the Bigourendedbefore the organisations were able to
respond to these challengésGeneral Electiomn July 1945returned Clement
At t |Labeud Governmenb powerwith a commitment to nationaliske
railways A new concepbf the railwaygloop 5, linksand knotssaw them aa
single and unified railway as part of a wider transport systemThis concept of
the railways as a part of widertegrated transportas arguably related the
perceivedsuccess of the London Passenger Transport Baesponsible for

coordinating rail, busand tramacross the capital

The proposed changes to the railways, as part of a wider integrated transport system,
were developed in@ransportBill Hi s Maj est y 0 s inGoawedrom ment ,

28 November 194@lthoughtherehad beerii vi rt ual l'y no contact |
servants engaged i n dr ébrianl§80,tphleoyhei | | an .
resultingl947TransportAct( Hi s Maj est y 6 s Go vdentifiekdnent , 1 ¢

59railway bodies, including the Big Four organisatiptisat were to bé&ransferred
to anewly created British lansport Commissio(BTC). The period of ralil

nationalisatiorhadbegun.
5.3 Nationalisation and British Rail

The Transport Actof 194G f C1| e me n t -wad taboureGevéramepto s t
fundamentally reor gani, withadfocBsrupon iategrafios. t r a n
TheBritish Transport CommissiofBTC) wasaccountable to the Ministry of

Transportwith responsibilityto oversee railways, canaénd road freight transport

It wasan enormous organisatiowith anestimated 4% of theational labour force

employed in BTC undertakingSloman, 1978, p. 33)

The Railway Executive was creatigdm each of the four main railwagsd traded
under the namBritish Railways Although he RailwayExecutive was a part of the

BTC, it was the Transpoiinister who appointed members of the Railway
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Executive(Bonavia, 1971, p. 43probably because of its size and importaite
Railway Executivavas estimated to employ 632,00 staff, with 20,000 steam
locomotives, 1.2 million freight wagons, 56,000 coaches and 7,000 l{@'sésar,
2007, p. 269)An early reorganisation moved some Big Four raillagsto the
London Transport Executiydohnson and Long, 1981, p. 28hd adiverse range of
nonrail assets, including docks, hotelsdcanals were moved to different
Executives within th&TC.

The BTCleft the Railway Executive to manage the railways,rbaerved certain
powers for itsel{Johnson amh Long, 1981, p. 63)ncluding research and
development and the annual building programme for locomotives and rolling stock.
This structureappears to recoggethe expertise of the railway organisations and
their staff(loop 2, autonomizationjput wih centralisation of these reserved matters
to supportthe new concept of the railwaflsop 5, links and knotsas part of an

integrated transport system.

The Railway Executivewithin the BTC was organised aroursii regioral units

London Midland, Southern, Eastern, Western, North Eastern and Scottish.
Implementation of national standards and practiceswith resistance, because

newregional unitsvereeffectively formed from the Big FouThe Railway

Executive had a diffictilrelationship with its regional uniemdwith the BTCabove

it. TheBTC considered thabo muchfocuswas given tanternalrailway questions

of standardisatigrand too littletime looking at integration of railvith other

transport modes and hubigvo competing conceptions of the railwaffsop 5, links

and knotswere jostling for positonT he BTCO6s concept saw the
anatonwi de i ntegrated transport service, wh
focused upon integration of thegwiously separate rail networks into a single

national rail network.

In 1947 the Railway Executive appointed Robert Riddles as the first Chief

Mechanical Engineer of British RailwayRiddles saw nationalisation as an

opportunity to achieve technicalstal ar di sati on that had been
Rai | ways si riRiddlest1856, p.b6BBubszquentlyhie 1950s savi a

massive contribution to the unification of the railway systent® ofi t (#hnsoa

and Long, 1981, p. 56T he first standardised designs of railway carriages began to

be used. 1954(Robertson, 2005, p. 50)ith Figure5.18 belowshowing seats in
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2+2 layoutwith 3+2 also availabldor higher densityservicesThe @achesvere
built with steelbodies with the steel acting and contributinga@trong safety record

during theirservice from 1951 to 1974.

ki e
=i

Figure 5.18 Mk1 design visible in above photdth satingin 2+2 format

In aspeech at the Institute of Mechanical Enginélexgp 2, autonomizationin

195Q Riddles stateéit her e i s a case for continuing
engine along with the die@iedles, 19%M0hp el ectr |
681) This recognisethe differentattributesof trains powered bgteam, diesel and

electrig with steam often able to offer the most economical ogjieen the industry
knowledge(loop 2, autonomizationf this technology and its long history of

developmentOn this basiRiddlescontinued to order eam locomotives on a large

scale from 1948 to 19%dalsoi nt r oduced fna series of new

l ocomotives utilising int@oland,200ge.abl e an:«
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227). However, this Indian SumméBonavia, 1980, p. 97pr steam would prove

illusory.

Inthel® 1 Gener al El ect i Gamservaiidlary tamato Chur c hi |
power again. Theewgovernment viewed the 1947 Act, which createdBi€,

Rail way Executive and nationalised the BIi
triumph of public planningovgr r i v at e dtmt] destropyedithe e é .

i ndividualism and bol d@dhssenandfLondIB8E p.f or mer
58). The concept of the railways as part of a centrally controlled and integrated

transport system was rejectgoop 5, links and knots)

The Government publishedvdhite Paper in May 195Zriticising the BTC and
stating that #neven if integration in the
in a huge unwHelt diWMamashy as o0 Gadllvsaitechtotne nt , 1 ¢
the demands of modern industry and life. The resulting Transport Act of(H@53

Maj estyds Go wlowed therailtvays mio@dnerciafreedom to

adjust theimpricing, and focused upon competitiondagecentralisatiofloop 5, links

and knots) The British Transport Commissicurvived for the moment, buté

Railway Executivavasabolished from 1 October 19%Bd replaced byix Area

Boardswith responsibility for the railways in different parts afitdin. The Area

Boards reported into the BTC, which retained contraestainreserved subjects

including standards for the design, manufacture, and maintenance of locomotives,

carriagesandwagons

Recognising thahvestment had been missing fronetrailways since the Wahe

BTC was giversignificant investmenrds part of alodernisation PlaBritish

Transport Commission, 1954)he Plarbegan in 1955 and, over-1® years, was
intended taaddress the financial deficit abdng the ailways up to modern
standardsinvestmentsncluded darge sum of £1.2 billio£33 billion at 2019

priceg to be spentipgrading track and signalling (E210m), replacing and improving
passenger coach stq@kprovingstations (£285m), and modernisingidite services

and yards (E365mAlso includedwas£345m (£9.2 Bn at 2019 prices) so that steam
was fArepl aced as 4BrittsltoTramspart Commasdion, 1954, p.ower 0
6) with a stated desire to introduce electric or diesel traction quickly. The
Modernisation Plamvas acting to change the configuration of trains. Ttoald/
meanthend of BROs 19, d0lisindudeel 2mewliclassesofiot i v
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steam locomotiveleveloped by Riddlesn 1954 t hat refl ected 0
British steam | oscuornvao tvievde | deesgsiolignihé2bhb,ta de c a
p. 227) with some lasting only five yeardespitea planned working life of 40 years

The earlier Big Four, with an emphasis upon technical leadership embodied in their
famous engineeroop 2, autonomizatiorf)ad been replaced. concept ofrailway
modernisatiorhad reconfigured the railwaykop 5, links and knots)/Nith a lot of

investment money behindsteam motive powexas removedrom the actor

network of a traingpparentlydespite the analysis of the CMEho believed it could

still play a rolefor sometime (Riddles, 1950, p. 681)

Although dieselsvere more expensive théheir steampredecessorshey did have
advantagedieselswere cleanerhadlower maintenance and running costsd had

a largeroperatingrange . However the ModernisatiorPlan failed to take into account

t he fAal most complete | ack of expertise i
(Holland, 2015, p. 23QJoop 2, autonomization)-or example, the North Brith

Locomotive Company was founded in 1903 in Glasgow and became the largest

| ocomotive manufacturer i n Euandgpdesel Howe v
production in the | ate 1950séit went on |
locomotives ever ordede b y (HBIIRnal, 2015, p. 158Pespitethe lack of

industry capabilityt he Br i ti sh Transport Commissi on
3,000 mainline diesel locomotives of various +standard types even before
prototype testing hédlad,e@ls p.@34pperly eval

By 1960the earlier hope of the 1955ddernisation Plan was replaced by a negative
outlook In response to eecordindustrylossof £67m and the perceivefilings of

the Modernisation PlariheGovernmentalling for sweeping changdsecause of the
gravefinancial plightfacing the railwayg Her Maj est yds . TB@mver nmer
British Transport Commissiowasviewed agoo0 large and diverse to be managed as

a single undertaking, with British Railways dominating activities owing to its size

and complexityTheG o v e r n Whita Papemlsonotedfrequentconfusion

wi t hi n judgiag b8we€n wiat is economically rigind what is socially

desi r(dHelredMaj est yds GoAnew comoephof the raiveays0, p .
(loop 5, links and knotsyas developingThis new concepecognisedtension

highlighted earliem this chapteby the fishtraderin Berwickc. 189Q who wanted

their goods to be carried and did not care if the railways recovered theiflcopts
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5, links and knots\We can see herecancept of the railways asultility and social
necessitythatis jostling with other conceptions of the railway as an industry that

covers its own costs

TheresultingTransport Ac{f Her Maj est y 0 s diGsolved thdritisd nt 19
Transport CommissiorSeparate Boards weieated foparts of the BTC,

including British Railways, London Transport, British Transport Docks, Inland
Waterwaysandothers Thenewly createdritish Railways Boardeported to the

Transport Minister anthanagedix Regional Railway BoardsEastern, London

Midland, North Eastern, Scottish, Southern, and Weskéatters reserved for the
British Railways Board included the fAdesi
control of r ol (Bonavip, 1971, .cO%as el atpays hi p s O
negotiations, finance and investmerie Act stated thatone of the Regional

Railway Boards weretbefir e gar ded as d dmmo mMag arsrtiyeérss o
Government, 1962, p. 45hereby fnally removing a requirement that had existed

for rail since the 19 century.

The Minister of Transpout the time wag&rnest Marples MPwhohad a
background with a successful road construction compariy963 the Minister
appointedDr Richard Beechings the firsChairman of the new British Railways
Board A differentcommercialconcept otherailways(loop 5, links and knots)
emergediunderhis leadershipThis wasdescribed inThe Reshaping of British
Railways(British Railways Board, 1963jnorecommonly known athe Beeching

report

This different concept of the railway®op 5, links and knotsyasbased around its
Aspecial i sed ando(British Railvgays\Beardy1663,ipeh7)sy st em
whichwas efficient fordense flows of welloadedtrains Thismeant thamany

lesser used lireeand stationswvhich did not fit this conceptyere to be closed hey

did not fit the new conceffloop 5, links and knotsgnd so theyvere effectively no

longer railways, despite their track, stations, signals and mbeeteport

recommended the closure of more than 2,300 statomesthird of the total at the

time) and6,000 miles of routeThisresulted irthe loss of approximately07000 jobs

in British Railways over several yeaihe changes had drasticimpact as can be

seenin Figure5.19 below, which shows the first descriptive statistic used in this
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chapteii the length of the physical railwayhe charupdates thealues tahe
present da
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Figure 5.19 Historical growth of the railway in Britaifi the length of the railway (1832016

Source: based ofMitchell, 1988, pp. 5411542 (table 5); Office of Rail Regulation, 2017 Table 2&&) my
analysis

The extent of railway infrastructured alreadyeducedoefore 1963, howevehe
effect of the Beeching Repahd its new concept of the railwayss drastic. B
1970 the railway waapproximatelyl9,000 kmi thesizeof thenetwork inthe year
1866during railway mania. Further small reductions continued #iterperiod but
never to the same degree, with figeire for 2016showing the UK network as

15,811km similar in size to the network in 186

A key objective of the Beeching reports was to addresB@ibd loss made by the
railways in 1960Some of the smadirlines were undoubtedly unprofitable, but cost
savings made minimal impact, even if there were a lot of tBgmM.970the railway
was still making a lossalthough this had redudéo £22M as showrby the black

line in Figure5.20 below.
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Total (Freight and Passenger) receipts and expenses 1853 - 1970
mm Total Working Receipts mmTotal Working Expenses —Net Working Receipts
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Figure 5.20 Total (Freight and Passenger) Wing Receipts, Expenses and Net Working Receipts 1S58
Source: based ofMitchell, 1988, pp. 545550 (table 7)andmyanalysis

Dr Beeching delivered fallow-up report(British Railways Board, 1965pcused
upon the central trunk routegbatidentified 3,000 miles (4,800 km) of the 7,500
mile (12,100 km) trunk railway for investmeitihis second report regrettédeht he

public focushadbeenupon theabandonment of the unsound parts of our railway

systerand sought to draw attention to the

devel opment of a n e w(Britsh RailwayyBoard)19650pf t h e

5). However it is not possible to say these additional changes would hipezn
successful, becaustaroldWi | sonds Labour Governbrent
B e e ¢ hprapagdisswere rejecteand histime asthe firstChair of tie British
Railways Board finished in 1965.

The newMinister for TransportBarbara Castldprmed aSteering Groupset up

with staff from government arttie British Railways Board bringing together
industry expertis€loop 2, autonomizatiorgnd Governmer(loop 3, alliancesas
often happened in the early days of the railway, although Government was more
actively involved nowThe subsequeméportrecognisedhat although some

railway services had little chance of paying their way econaligidheiri v a | u e

c

(0]

i

a |

the community out we i (Yihistry df fransport, ®&7cpoly nt i ng

Thesocialandeconomidbenefits to the country of a substantial railway system were
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recognisecand a new concept of the railway was develogiogp 5, links and
knots)

TheresultingTransport Ac{f Her Maj est y 0 s inBalvwcedrthe ment |, 19
Arecogni ti on i n sxibland commeromlfroles of the railegyar at e
[emphasis added]Johnson and Long, 1981, p. 78he Ministerwas totake

responsibility forapprovingspecificgransto supporfiunr emuner at i ve pas
serv{idesoMajestyobs Go,indightroflesotia)and 96 8, p. !
economidbenefits of those serviceBritish Railbecame the first of the nationalised
industriestohavé i t s soci al o bnld prigea sepavatélgGourdse nt i f i e
and Anson, 2002, p. 5Q)ith grantsapproved by the Ministel.he Actalsosought

to bring back some of the previous LabouvG®r nment 6 s desire for
integration, albeit at a local level, rather than managed nationally. Passenger

Transport Authoritiesvere creatednitially for Merseyside, West Midlands,

Tynesideand Greater Manchestdo provide more localised de@n-making.The

1968 Transport Acalsosawa needfor further reductions acrosise network, with

cuts identified to take it from 13,200 miles (21,243 km) to 11,000 miles (17,703 km),

but the drastic reductions of previous times were stoed968 sane 20 years

since nationalisatiorstaff numbershad dr opped from over 640, 0
20,000 steam | ocomotives had béehnsor epl ac
and Long, 1981, p. 79ith smilar scale of reductionat freightterminals yards,

andstations A lot of changen the configuration of railwayut morewvasto come.

The1970General Election returned a Conservative Government under Edward
Heath.During thisperiod,the UK joinedthe European Communigndaglobaloil

and energy crisisccurred The Labour government of Harold Wilson took power

from 1974 with industrial reldilonsbecominga critical issugandrailway unions

playing a full p a r (Gounvish arid |Arsnp2002, paBhes er t i v e |
Labour Government introduced the Railways 8c1974( Her Maj est y 6 s
Government, 1974whichincluded, anong other measures A b | o syktemgr ant
covering the pass ef(fGguevishandeAnsog 2082, pak2) a whol «
Instead of specifigrants to suppospecificunremunerativeervicesthis approach

was replaced by llock grantprovided toc 0 v e r comiRuédslossed his block

grant known as thé’ublic Service Obligatio(PSO) reflecieda concept of the
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railways asa whole network, including specific services that needed economic

support(loop 5, links and knots)

The relationshigpetween Government atige nationalised industriesas fraughtA

lack of trustexistedbetween the railways and Governmg@abp 3, alliances)

(National Economic Develapent Office, 1976, p. 8with theperception of a

perpetual audit proceg¢&ourvish and Anson, 2002, p. 4&he role of the rdivays

in Government Transport Poliecgmained unclear, witho system for reaching

agreement on long term objectives and strgtaggino effective system for

measuring performanc&he1968 andl974 Railway Act may haverecognised the

social and economigalueof the railwaysputareport by theBritish Railways

Boardfoundii | i t t |l e account of so(@97@ap.10;nnd envir
decisionmaking apart from \aguerequeststéih el p ener gy conser vat
traffic off the roads6 @rtishRhilwdypBogard, eser ve
1976, p. 23)

A GovernmenWhite Papef Her Maj estyods Goremgnsedent , 19
needfor clarification oftheresponsibilities of Government atite railways
However,by 1980 the industry was £677M in thel(&igure5.21 below), with

expenses having grown significantly faster than income
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Total (Freight and Passenger) receipts and expenses 1853 - 1980
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Figure5.21 Total (Freight and Passenger) Working Receipts, Expenses andddéhiVReceipts 1853980

Source: based ofMitchell, 1988, pp. 54550 (table 7)andmy ownanalysis

The 1980s would be the decade of privatisatiotedlecommunications (1984), gas

(1986), water (1989), and electricity (1990and British Rail would not benmune.

The Conservative Government of Margaret Thateves elected ithe 1979

General Electionvith a focus upon reducing the size of the public sector and

growingfree enterpriseThe British Railway8oard(BRB)i want ed pri vati s
i nvol ve the attr g@ourvishand Ankon, 2002, p.23&h capi t al
the public sectogaining capital for investment, bregtaining an ownership stake
TheGovernmend maindesirewasto reducespending and the size of the public

sector.

A railway privatisationprocessegan that would spahe next two decadeBirst
wasthe sale obubsidiarie®utsidecorerailway activities Between 1980 and 1990
assetsvere soldhat generated £4Bnincome for British Rai{Gourvish and Anson,
2002, p. 254)with the bulk (E12Bn) coming from the sale afonoperationaBR
propertyand land Alsoincluded in the sale were various activities that had accrued
to the railways over time, suesBritish Transport Hotels, BR Hovercratft,
Superbreak holidays, Hoverspeed UK, Sealink, British Transport Advertising and

Travellers FareA claim was madt¢hatthath e s e busi nesses were 0l
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publ i ¢c s e &oarvish and Ansa,t2009, @. 258)minated by the core

activity of railways.

Competitive tendering for the railwayso r
Over the following four year@Gourvishand Anson, 2002, p. 248)e private sector

obtained orders of £380 out of a total of £720 for passenger vehicleand£45M

out of £10M for freight vehicles Another precedent was seithin freightwhen

Foster Yeoman, a large quarrying businedsoduced its own diesel locomotives

from General Motors in 1986. By 1987/8 31% of the railway freight wagon fleet was
privately owned, and a year later the proportion was close to p@ucing
Aprivatisation in essencas éewng@duluwshedno tr
and Anson, 2002, p. 243)

British Rail Engineering Limited (BRELdesigned and built rolling stock fBR,
however, egovernmenteport noted thaBritish Rail wasfithe only major railway in
the world, other than that in India, which manufactures its gacko (Department
for Transport, 1938, p. 37) In October 198The end came tb40 yeargGourvish

and Anson, 2002, p. 246j British Railwaysbuilding the rolling stock that they also
operatedBy 1989 BREL was sold to a consortiunvolving formermanagement
and large engineeringrganisationslt would eventually becomgart of Bombardier

Transportation

On 12 December 198&oblemswith the railwaysverebrougt to the forewhen a

major crash aClapham Junction killed 3and injured 484BR accepted the blame

which was Athe result of faulty wiring i
mai nt enance by a(Wamag 2087, p. 29nSgfetyecongeérns e e r 0
featuedprominentlyin the national presgoop 4, public representation)he

purpose of theailwaysand how they should be organiseds up fomationa debate

(loop5, links and knots)British Rail wasviewed adoo large especially when

compared to @rceptions oan earlielgolden ageof railways

The optionxonsidered or pri vati sati onolefwmitas), fsel |l ing
selling by business sector; selling by region; and separating BR into track and

oper at i ng (GowvislpahAnmm, @02, p. 384)An influence upon this

processame froma European Union (EU) directi®1/440/EQ thatrecognised

figreater integration of the Community transport sector is an essential element of the
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i nt er n a(Eurapean Wner, D991, p..I)hisconcept otherailwayssaw

them agart of an integrated transport system to support the European Community
(loop5, links and knots)The EU directivaequired sparate accounting of rail
infrastructure and rail servicé&ourvish and Anson, 2002, p. 26Byt thiscould be

an administratie andreporting exerciseanddid not necessarilyneanseparag

ownership and organisational structures.

On 9 April 1992 a General Eection sawan unexpected win fahe Conservative

party, led by John Mpor, who hadpromiselt o Aiend Britié&gaindail ' s
restore the pride and | ocal dCGonsemvativene nt  t |
Party, 1992, pp. 14 & 44Thelatesteraof the railways wabeginningwith

privatisation of the core railway servicdhe actometwork of resources that act as

a railwaywasstill recognisable when compared even with the Liverpool &

Manchester Railway of 1830, but the concept of the raillagp 5, links and

knots)holding this diverse collection of resources together was about to go through a

change that hadeverbesnseen to thiextenti the separation of wheel and rail

A privatised industry structungas about t@eparate the ownership and management
of the track anatherinfrastructure, from the ownership and operation of the trains
and railway servicethat operate on the infrastructufidis structure would still act

as arailway, but with a radical reconfiguration of resources and relationships.
5.4 Privatisation

As the details of privatisation were finalis@&tjtish Rail managereada fi st r ong
preference for vert (Gouaishapd Anson, 2002r p394)d f r a |
with track and trains under therdool of the same organisation for an area or sector

i a geographically integrated concept of the railw@ysp 5, links and knots)

similar to the Big Fouera Vertical integratiorappearedo be an essential feature of

railways across the worl@Wellings, 2a.4, p. 257)whether they had developed in

the public or private secto¥apanes8lational Railways waprivatisedin 1987 and

had maintained vertical integration, with a breakup smaegionalpassenger

companiesand one freight company.

The altenative to vertical integration was to separate ownership of the infrastructure
from theoperations that run on that infrastructus@&eden haghosen this approach

in 1988 but the two companidkat were createcemained publicly controlled with

Pagel58



Chapter5. Historical Analysisof the Railwaysusing ANT

minimal orntrail competition.Vertical separatiorof infrastructureand operationkad

been appliedinoth&ad K pr i vati sati ons (gas, telecommu
grounds that the grid or i(Wélings2al4, p.ct ur e
257). The natnal electricity grid, for example, coulie managed as a separate

whole, whereas the operations using that infrastructure could be more easily broken

up.In making the decisiont was said that the Prime Minister, John Major, alas

Ai nf | ue nfacethht the wafest kransport industry in the country was also the

most fragmented: @\oma,l2917, . i69AInéw caneeptaft i on o
the railwaygloop 5, links and knotsyvasapparentlybeing informed by ahain of
translation(Latour, 1999, p. 92xreating equivalence, to some degree, between

trains and planes, trains and water, and trainggasd/ertical separatiorwas to be
implemented in the UK, with private sector organisations operating franchised

services for different routes and geographies, and a rail infrastructure manager,

Railtrack, that was initially within the public sect@uring the 18 and early 2t)

century a train from one operator would sometimes run on the infrastructure of

another organisation, but, as a permanent way of organising the railways, this had

never been seen before.

In July 1992a GovernmeniWhite Pape(Department for Transport, 19928t out

how British Rail was to be privatisehdbroken intoits component pariswith
contractuabgreements to manage tresultingcommercial and operating

relationshipsABi | | was Adrafted and passed whil e
(Welsby and Nichols, 1999, p. 6I)he Railways Actof 1998 Her Maj est y o6s
Government, 1993gdt o t he restructuring of BR Aint
(Welsby and Nichols, 1999, p. 6ih) preparation for subsequent privatisatibwill

describe his new concept of the railwdloop 5, links and knotsasfunctional

specialism with contractual and regulatory integration

A nationalised infrastructure provider, Railtrack, was responsible for managing the

track, stations, and other partstioé railway network. A newly created Regulator

was to monitor Railtrackds costs and out |
state of bridges, the renewal of track, and nflm@p 1, mobilisation of the world)

However, egulation wouldstill facette fi p er e n né af tecopciing publie ms

service objectives, particularly for passengers, with commeramke(&ourvish and

Anson, 2002, p. 422)
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BR6s train operations wer e mol2beatsengert o t h
franchisesor train operating companies (TOCahdthreefreight operating

companiegFOCSs). he franchisee would own few assitgasing rolling stock

from rolling stock leasing compani¢ROSCO$% andpaying charges to operate on
Railtrackinfrastructure. In 1995 the first two passenger franchises were awarded

and by March 1997all 25 had beetet. A Franchising Authoritythe Office of

Passenger Rail Franchisingould oversee the franchise procassl monitor

franchisees.

Threerolling stock leasing companies (ROSG@®suld own the bulk oB R 6 s

rolling stockand lease it to TOC3heneed forROSCOs was driven by the

Go v e r n miahdesiresfor shortermrail operatingranchises of & years,

whereas rolling stock has a life of-29 yearsThe ROSCOsvere there t@rovide
longertermasset management of the traiasdto reduce the cafal investment

requirements fooperatingiranchise biddersvho only had to meet the annual

leasing requirementtn April 1993 theGovernmenannouncedhatBr i t i sh Rai | 0
Aentire f Il eetdo(Godrvisiahd Ahsol, 200Z h 4263k te ke

transferredo three newly created ROSCO#\ngel Trairs, Eversholt Leasingand

Porterbrook Leasing.

By 1994 it was decided that Railtrack would also be privatisedit aves listed on
the London Stock exchange in May 1996e Governmeinhad afdesire to
complete the privatisation prior to the 1997 General Eleg{iBatcher, 2010, p. 14)

The General Election of May 19%awthe victory ofT o ny  B.baurParéys

Labour talked abouhtegatedtransportal t hough fAwhat exactly ¢
was never r e@obcheyy, 2003dpe13)ltereatvesdahe privatised

industry structurevere investigatedout radical change would invoNa&rge sums of

government moneyat a time when the Chancell@ordon Brownwas seeking to

demonstrate prudencg8implification was a recurring theme from commentators

outside of Governmer{Shaw and Farrington, 2003, p. 12&)jth Labour

encouraged to redathe number of franchises,dece maintenanceomplexity, and

more.

On 19 September 199thenew governmenivas compelledo focus more upon the

railways when aGreat WesterinterCity-125passenger servidailed to stop at a
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red signal andhit an EWSfreight trainat Southall in West Londoikilling seven

passengers and injuring 13¥iver error and failed onboard train control systems

(both part ofthecollection of resources that acts as a tramought safety concerns

to the foreof public attentior(loop 4, public representationin responsgthe
Governmenestabliseda A St r at e gi (SRAf@riGreat Britainhtm r i t vy
provide a clear, coherent and strategic programme for the development of our

r ai | Weparsnment for Transport, Local Government and Regions, 1998,.p. 37)
Before the SRA was legally establishadother serious accident happened at

Ladbroke Grovean West Londoron 5 October 1999. A Thames Train passed a red
signal and crashed into a First Great Western [Sigéed Trainwith 31 people

killed. The prime cause wadentified ashuman errorbutinir ai sed gener al
relatingtothego® r nance of t he(Gpurvishy2008)psSeBeforeai | way
the repercussions could be fully understood this accident was unfortunately followed
by another. On 17 October 2000 at Hatfiefdthe East Coast mainline north of

London a broken rail caused a GNER train toalk whentravelling fromKi n g 6 s
Cross to Leeds killing four passengers and injuring 70 more. Responsibility was
attributed to Railtrack and its maintenance contractor, Balfour Beatty Maintenanc
Railtracld s r e saw tbheraleay nearly shut down, with speed limits and line
closures imposed across the netwartkla an fexpensive maintena
(Gourvish, 2008, p. 73)n the privatised concept of the railwégop 5, links and
knots)different organisations are responsible for various parts of the action. In this
case, responsibility for the failure has been directed to Railtrack and BaHatty B
although proponents for a nationalised railway pointed at the privatised structure

itself (loop 5, links and knots)

As part of the response to this failuteg Strategic Rail AuthoritfSRA) wasgiven

legal status by th&€ransport Act 2000 Her Maj est y o6 s ,eBactveer n ment
from 1 February 200IThe Franchising RegulatdDPRAF, was abolished by the

same Act and its responsibilities given to the SRA.7 June 20Qk General

Election retureda Labour government for a second teRuailtrack lobled the

Regulator and Government fadditionalfundsfor maintenance and renewals work

The Government was not willing to provide additiofiakancial supporto Railtrack

and soStephen Byerghe newSecretary of State for Transport, Local Government

and the Regionglaceal Railtrack intorailway administration on 7 October 2004.
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newcompany Network Rail(NR), wascreated to buyrailtrackplc on 3 October
2002.

Network Railstated that it wouldequire more than £6 billion per year funding
almost double the provision agreed by the earlier regulatory review ofi 200
thisposed a threat to public expenditigeels In response, &overnmeniVhite
PapernDepartment for Transport, 200d)d subsequent Railways Agter

Maj estyos Go ungplementedartherchah@esd t6 theontrol and
management of theilways Safety regulation moved from the Health and Safety
Executive to the Office of Rail Regulatiofhe Strategic Rail Authds was to be

closed, withNetwork Rail given a leadership role for the industry.

The SRA wagone,butduring its brief time (c. 2000 2006)it hadbroughta central
Adirect (Gouvism2008dp 28QY the railway. Its legacwas visiblein a
new funding process, whereggvernmentwas required to define more explicitly
what itexpected from raiin return for the funds made availablénis clarification of
Gover nment 0 sefleets thesoncepadf theorailwaydoop 5, links and
knots)ande f f ect i v el yt haes krsa ifl({®haayasd &broegténd2003,
p. 130)

Further changes in the configtiom of resources that act as a railvesgurred

when, n October 2003Network Railwas approved to brinigfrastructure

maintenancéack inhouse, based upon a view that this failure was a key contributor
toaccidentsf r om 2014 Network Rail was fArecl ass
the central government s @ffiteofrRailiamd Rbad,e UK |
2017, p. 45)Network Railis an armdength body of th®epartmenfor Transport

(DfT) and recognised in government debt finances

The descriptive statistics used throughout this chapter provide insight into the current
railway compared to earlier timeSigure5.22 belowshows the number of passenger
journeys on the railwayin 2018 arecord 1.8 billion passenger journeygere made

i the highest level of usage ewerthe history of the railways.
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Total passenger journeys (1830 - 2018)
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Figure 5.22 Historical growth of Rail Passenger JournegBritain (1830-2018)

Source: based ofMitchell, 1988, pp. 54350 (table 7))Office of Rail and Road (ORRpable 125 (Passenger
journeys by yegrand myanalysis

However, hisincrease in passenger usdges been achieved with higher levels of
government suppothan was provided during the days of British Rad showrin

Figure5.23 below.
Total Subsidy
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| British Rail Sectorisati Privatisati Ladbroke G - —
£7bn msu';gz-w;ﬂsm o (1994 - 1997) ;199913,;;)“3 ?2’3:?:02316?9 £7.1bn
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Figure 5.23 Government support to the tamdustry in real terms, Great Britain, 198% to 20B-19

Source:Rail Finance 201819 Annual Statistical Relea¢®ffice of Rail and Road, 2019a)
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It was not possible tobtain datato update thelescriptive statsitic for railway

income, expenses, and profits. Howewgure5.23 aboveshowsgovernment
support to the rail industry since 198%he€lspike in government suppastlearafter
the accidents that led to the demise of Railtrack and the introduction of Network
Rail. In 201819, total subsidyto the industry was £7.1 bBy comparison,
Government support to the railway in 1994 during the last days of British Rall
was £15Bn (Parliament. House of Commons Papers, 1995, p. ix Taplehigh is
equal to 8.0ln at 20D prices.In 2019the privatised railway receidanore subsidy

than the former nationalised railway un@dR.

Therecord usage of the railwdny passengershownabovein Figure5.22, has

taken place on a smaller network than the previous record number of passenger
joumneys achieved in 1920l he rail networkoday is approximately 15,800 km in
track length, whereas in 1927 it reached a maximuB2@E50 kmasshownin
previouscharts Figure5.5, Figure5.11, andFigure5.19). The implications of

record usagera a reduced netwokan beexploredby combiningthe descriptive
statisticsfor passenger journeys and length of the netwagkther Figure5.24

belowshows theresultingnumber of passenger journey per track km.
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Total passenger journeys per track km (1830 - 2018)
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Figure 5.24 Historical Passenger Journeys per track km (1-280.8)

Source: based ofMitchell, 1988, pp. 541542, 545550 (table 5, table 7)Office of Rail and Road (ORR ke
12.5(Passenger journeys by y¢a®ffice of Rail Regulation, 2017 Table 2.52)d myanalysis

Figure5.24 aboveshows that the era of privatisation is associated with a much
greater intensity of use of thalveay, as measured by the record number of
passenger journeys taking place on the same extent of physical nédapéacity

and crowding are significant issues for the modern railway, but they are not the only

ones.

In 2018the Conservative Government comssioned the Williams Rail Review to

look at the structure of the whole rail industry and the way passenger rail services are
delivered At the time there was increasing public supporte-nationalisation

although sme argue that the current privatisailvay hasieven gr eater st :
control than at any time since the days of the British Transport Commission

foll owing nat i (Modeln Ralaaysk0dn p. 6)Metwdrl RaBand

DfT are dominant actoiig the industryand both are public sector organisations.

The new CE®f Network Rail, Andrew Haines, appointed in August 2018 has
significant experience of the operational side of the railjd@yp 2, autonomization)

and has called for a more joina@ industry(loop 5, links and knotsvith

integratel performanceargets(loop 1, mobilisation of the worldjor Network Rail

and the Operators.
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The COVID-19 pandemic of 202iinpacted the railways significantly ahds led to
evengreater government intervention and control. The future structure of the rail

industry is expected to undergo further changes.
5.5 Summary of the historical analysis of the railways

When viewed through the lens of Actdetwork Theory the railways bring together
a variety of resourcescluding trains, thatollectively act The fiveloop model
(Figureb.1) encourages a broad view of action, with resources drawn from within
the railway industry and beyond. Holding this collection of resources taogsthe
concept of the railwafloop 5, links and knotshhathaschangé over time This
concept of what the railway is, and what it is for, will influence the type of trains

produced.

The earliest concept was characterised msiltiplicity of local railways, reflecting
theindividual and bespoke nature of thésgerlocal railwaystightly coupledwith
their specific circumstances and geograplftes.examplea railway in a hilly area

mayactusng gravity, horses, or people to provide motive power.

As the railway maturedh new concept ahass transitbegan to develop.

Gl adst oneds A cthe pwvisiorbfettdin levedsepiuservice fr third
class passengers. Eabggrudgingesponses by railway organisations were given
impetus in 1872 when the Midland Railway went above and beyond what was

required,andthird-classrailway income becam@dcreasingly important.

Theincreasing success ammdportance of the railwayled tonewconceptions
towards the end of the #€entury. The railways had become integral to so many
other sociahctivities that accedsecamea necessity effectively the rdways had
becomean essential service for mangnd not a discretionary one. This was most
clearly articulated by the fisinaderin Berwick who wanted his fish to be carried but

did not care whether this was economical for the railways.

During World WarOne the concept of the railwayssbased upon support for the
war effort. Resources cannot be wasted, service is reduced to a bare minimum, and
the railway is focused upanaximising the efficient movement of goods and

people

Pagel66



Chapter5. Historical Analysisof the Railwaysusing ANT

After World War Onerecovey is important andféciency effortsfocus upon
consolidation of the industry and standardisation of practices within each of the Big
Four.However, this onsolidationalso introduces rivalry andcompetition for

technical leadershjpnost clearlyisible in the quest for speethis concept could

be described asonsolidation and optimisation with theBig Four and their Chief
Mechanical Engineers demonstrating their ability to optimise the performance of

steam locomotives, dke em of the steam aggpproaches

World War Two sega return to the railways run in support of the war effone
postwar periodintroducesanewconcept othe railways as a part ofretionally
integrated transport system However, there was a tensioetiveen this multi
modal view of integrated transport atfié newly nationalised railwéysoncept
whichfocused upon the creation ohational rail network that unified the

previously separate Big Fotailways

A new government came to power with agegtion that the earlier boldness of the
railways was lost within the British Transport Commission igsdesire for

centrally managettansport integration. The new concept that developed could be
described akcal empowerment within a nationalised raiway. The railways
remained in public control, but they were removed from the requirement for
integrated transport, as embodied in the British Transport Commission. The British
Railways Board managetksAreaBoardswith responsibility for the railwayacrcss

the regions

Significant investment, in the form of the Modernisation Plan, was provided
reinvigoratethe railwaysRobert Riddles, the CME of BR, had intended for steam
locomotives to continue to play an active role in the railways, but the Modernisation
Plan effectivelyacted taemove stearpowerfrom theresources that act asrain

within the railways.The conceptof the railwaysat this timecould be described as
centralised funding andtechnologicaldecisiorrmaking, to reflect theprovision of
significant funds, but with decisions regarding how those funds should be spent,

apparently, centrallgirectedtowards desel and electric

Problems witmew diesel engines contributed to perceived failingb®f
Modernisation Plamandalternativeconcepionsof the railwaysdevelogd The

Beechingerasaw therailwaysasatransport provider of specialist infrastructure,
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with afocusupon core routewherethis costly specialised infrastructure was of
most use compared taher transporalternatives. Parts of the railway tthd not fit
this conceptvereclosed and no longer act as railwaysthesnetwork is drasticall
reduced

Probablyas a reaction to this, a new concept of the railway developed after the
Beeching cutsThis recognised the importancetbé social railway, which brought
additional benefitshat could be lost with aarroweconomicview. The Government
provided economic support for the rail wa?

social benefits.

The era of privatisation in Britain introduced competing concepts driven by the
privatisation of other nationalised industries in water, gageladoms, and aviation.
Privatisationmeant thaBR wasto befi v er t i ¢ a | (Skaw ackHarangtart, e d 0
2003, p. 110yith speciali$ organisations responsible fomponents othe

previously vertically integrated activitieghis new conceptould be described as

functional specialisation with contractual integration

The next chaptdanvestigates recerstrategic decisionthat haveproduced
lightweight traindor the Thameslink and Crossragilways Thesestrategic
decisions are taking place within a concept of the railvilagtcould arguably be
slightly modified from its predecessadwill describe the current concept of the
railway asindustry -led integration within the functionally specialied and
contractual railway . This isadmittedly a bit of a mouthful! Ais newconcept is still
influenced by the industry structure, with its vertical disaggregation and
specialisation separation of wheel and raibut there is aoticeable desire for
more integration and joining uwithin the railway.The public sector infrastructure
owner, Netvork Rail,is a dominant organisation now led by a CEO who has spent
many years in the operational side of the indu€kontractual incentives continue to
act and influence behaviour in this aet@twork, buthere is greater awareness of
these pressuresd, | believe, a greater desire to overcome these pressures and

deliverthe promise

The current railway has produced record levels of passenger joukigyseb.22,
pagel63), but this has taken place on a busy netwbigure5.24). The CO/ID-19

pandemic has threatened the viability of densely packed public transport. The role of
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the railways in UK transport are still worthy of debg@@aw and Farrington, 2003,
p. 131) Whether a debate takes place or not, there should be no doubt that there will
be further changes to the concept of the railways, as has happened through the

history of the railways.

This chapter has demonstrated thatrains and railways can be producedand
configured in many ways, with different attributes associated with different
collections of resources. Some actaretworks that act as trains will have
attributes of excess weight, but this is not an inevitability.
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6 Analysis of heProcuremendf New Trainsusing
ANT

The empirical analysis Chapted foundsupporting evidence that Utkainshave
beengetting heavier over time, as measured by kg per Bbigtis the second of two
chaptersaapplying ActorNetwork Theoryto understand theorfigurationof trains,
some of which will have an attribute of excess weights chapter focuses upon
two recensstrategic decisionthat havegproducel new trains for Thameslink and
Crossrail.Chapter4 foundthat the most recel(tranche foursuburban EMUs

which included th& hameslinkClass 700 an@rossrailClass 345, were lighter in
weight than their predecessors, albeit with fewer seats a\ilHié strategic
decisions for Thameslink and Crossrail have produced trains recognised as a
Aconsi der abl(korda2@8a]pe3d)e ligweigha design.

Chapter3 explained whyliese strategic decisions weteseras a focus for this

chapter Both strategic decisions have completed all steps in the process described in
Chapter2. The Class 700 and Class 3erealisedtrainsproviding a service on the
Thameslink and Crossrail networksspectivelyTheserealisedtrainswere

translatedrom earlierpropositionsof traing which werearticulatedwithin the

Thameslink and Crossragfocurementdn Chapter2 this strategic decision,

including theprocurement activityo c cur s  wi t h wasdescrided| aced t h
metaphorically as decisionlaboratory. In thisplace propositionsof trainsare

articulated with themost articulate propositioselected to becomeraalisedtrain.
Therefore, the outcomes of geetwostrategic decisions can be assessed, in terms of
the attributes of the realised trains that are central to this research i.e., the weight per

seat of the trains.

To understand how trains are produdéds chapter will investigate the
procurement$ the decisiodaboratories of Thameslink androssrail usinghe
theoretical model of five circulatingops Eigure?2.2) first introduced and explored
in Chapter2. This model helps to understand the actetworksi the collection of
resource$ involved in the production gfropositions ohew trainswithin the

decisionlaboratory
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The analysis in Chapt&used ANT tademonstrate thatifferentconcepts of the
railway (loop 5, links and knotsit the centre dfigure2.2) have existed over time.
This8"loopactsi| i ke a olatour, 1999, p. koOMolding together

different networks of resourceBhe ealy railways could include trainsigng horses

for power, with carriages hauled amoodenrails of varying width (gauge)rhe new
trains for Thameslink and Crossrail have both been produced during the era of
privatisationand this will influence theoncept of the railwayand how trains act.
However,Chapter5 tells us that concepts are not static and there are many ways to
configure railways and trainBifferentcollections of resources can all act as trains,

but with differentattributes

Theanalysis irthis chapterfocusesuponthe procurements for Thameslink and
Crossrai) with the same format adopt@deach case.fis begnswith a brief
introduction totherail network followed bya summary of thenaineventsand dates
regardingthe strategic decisioto produce new traingfter this there inalysis of
therealised trainshat have been produced the two strategic decisionise., the

Class 700 an@lass 345. This analysisal the same approach &hapter4 for

these specific trains and the trains that they replace. For example, the Class 700
trains replace®0-yearold Class 319 trains on the Thameslink roated so alirect
comparisonis made to understand if weight has increas@®dl' analysis is then
appledto eachprocurement eachdecisionlaboratoryi to understand how the
propositionsof trainswere produced and how one proposition was selected as a
winner to be translated (to become) the Class 700 and Classea8iégd trainsAs
discussed in Chagi3, this analysis used secondary data sources to investigate the

procurement processes and other aspects associated with these strategic decisions.

In summary, th analysis investigatthow propositionswere developed, and how
the propositionsof Siemens and Bombardier were selected amtistarticulate
propositionsin each procuremenif. we want trains to be lightweight, théime Class
700 and Class 345 traipsovide good evidence that we carhieve thisOur
decisionlaboratories aréne placeswhere weexperiment and assemble the trains

that we wantThis chapter investigates these important places.
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6.1 Thameslink and theClass 700s

The procurement of netwainsfor Thameslinkwas part of a larger programnee t
upgrade and exparttis part of theJK rail network forming part ofl.ondon's north
south commutenetwork. A schematic of the Thameslink network is siroigure
6.1 below.
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A summary of thelatesandkey events in the Thameslink Rolling Stock
procurement argivenin Table6.1 below. This table provides an overview before

subsequent analysis investigating these activities in detail.

Table6.1 Key events in Thameslink rollirsgock procurement

1 9 April 2008: issue of prgualification OJEWNotice (Official
Journal of the European Union)

2008

1 November2008: Government issues Invitation to Tender to

accredited respondents

2009 M Jure2009: Bids received from Siemens, Bombardier, and Alsta

6 May 2010: General Election
2010 9 Jure 2010: Spending review. Thameslink paused

November2010: Thameslink programnieconfirmed

2011 1 June 2011: Siemens announced as preferred bidder

2013 I Jure2013: Contract awarded to Siemens

2016 1 Felruary2016: First train in service

2018 I Jure2018: All trains in service

6.1.1 Therealised trains. the outcomeof the strategic decision

Theintroductionof the newClass 70Qrains saw i different classes dfains
replaced or moved elsewhe€f these six different classdbere is onei the class
3191 that isspecifically mentioned in the Thameslink InvitationT@nder document
(Departmenfor Transport, 2008b, p. 5pyovided by the Department for Transport
(DfT) to biddersClass 319s are 30 years old and are either being reticadcaded
to other parts of the netwarkor example, Gass 319/3rains werdransferred to
Northern Rd for newly-electrified lines in the North West England The Class

319 is used here to provide a comparison between old and rweweP of the
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exterior and interior of the Class 700 and Class 319 trains are $isbowm A visual
representatiofFigure6.6) of the Class 700 and Class 319 shdvesv each car
contributes teeachtraintotal length, number of seatnd weight.
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Figure 6.2 Thaneslink Class 700 built by Siemens
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Figure 6.3 Seating for Thameslink Class 700 built by Siemens
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o s it

L t_"

Figure 6.4 Class 319 replaced by Class 700 on Thameslink
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Figure 6.5 Class 319 typical seating (3+2 in standard class)
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Figure 6.6 Weight and seat profile for Class 70Q/2-car EMU (top) and Class 319/3c¢ar EMU (botton
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Using the same format #se chart that prompted this resear€ly(re1.5), the Class
700 EMUs for Thameslinkand the replaced trainare shown irFigure6.7 below.

EMU Class 700 and replaced EMUs
1200 -

1100
1000
900 -
800 -

700 4 319/2 .
600 B

500 319/4—@ 319/3
700/1 - 12-car
400 - 319/0/. .'i

units
300 ‘ ! ‘ |
1960 1970 1980 1990 2000 2010 2020
. Year

700/0 - 8-car
units

Mass per seat (kg/seat)

Figure 6.7 Class 700 EMUs and the trains they replaced (kg/seat and year of introduction)

There are two sublasses of the Class 70@n 8car set (700/0) and a Z&r set

(700/1). A visual inspection shows that the Class 700 trains are lighter per seat than
some & the units they are replacing, but heavier than ottf8ameclasses replaced

by the new Class 700s are shown but not labelled four sukclasses of the Class

319 are labelled in the chaaind will be explored in more detadls it was referenced

by the DfT as a comparison traifiable6.2 belowcontains thenformation for the

Class 700 and Class 319 trairsed to make the chabove
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Table6.2 Weight and seat data for Thameslink Class 700s and the Class 319s they replace

a ea 10 Average
ea el0 pe
pe pe O a 10
pe a ea (J/Sead
a C a C a C O e
700/0 8 433 273.5 34.2 54.1 631.6
700/1 12 672 399.6 33.3 56.0 594.6
319/0 4 304 136.5 34.1 76.0 449.0
319/2 4 243 142 35.5 60.8 5844
319/3 4 303 140.3 35.1 75.8 463.0
319/4 4 267 138.3 34.6 66.8 518.0

This table shows that the new Class 700s are heavier pénaeall class 319sThe

8-car Class 700/0 has 433 seats and weighs 273.5 tonnes in total, giving a figure of
631.6 kg/seat. The 1@ar set has 672 seats and weighs 399.6 tonnes, giving a figure
of 594.6 kg/seat. However, tiidass 3190 is the lightest per seat.is a 4carunit

with 304 seats and weighs36.5tonnes, giving a figure of49.0 kg/seat lighter per

seat than either of the new Class 70@sinvestigate this further, like in Chapter

we can break the metric of weight per seat into its component parts.

Table6.2 shows thathe average weight of a Class 700ck? is the lightestt 333
tonnes pecar, and the &ar Class 700 is lighter than all bar one of the Class 319s.
However, he Class 700s have an average eb64eats per car, whereas the Class
319s vary between 606 seats per car. Some of this reflectshiig@er density8+2

seating used in Class 319s, as showkiguire6.5 above

The new Class 700 fins have a lightweight design, albeit with fewer seats per

car than their predecessors.

The next sectianexplorehow this came aboutocusing uporthe Thameslink
procurement whergropositions of traingvere articulate@andonewasselected to

becomeaherealised trairdescribed above
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6.1.2 Activities before the procurement

As discussed in Chapt@r the exact starting point of a strategic decissodifficult

to define. Improvements to the Thameslink network were first investigated by
British Rail in the 1980s and 1990s. Thameslink services were consistently among
the most crowded London routésop 4, public representationBritish Rail made
unauccessfuproposals t@sovernment tancrease capacity in 198&ith further
proposals submitted latby Railtrack.When Railtrack was put into administration

in 2002 the Strategic Rail Authority (SRA) took oventil it was abolished by the
Railways Act2005.In the modern privatised railwayhe identification of a sponsor

to take over from the SRA raispdoblems

At the end of Chaptdythe privatisecconcepf the railway(loop 5, links and
knots)was described dsinctionalspecialisation with contractual integratiomhe
rolling stock companies (ROSCOs) were created at privatisation specifically to
manage longerm ownership of rollig stock in the privatised railwayhese
specialistorganisationgompeted to lease their rolling stock to the Train Operating
Companies (TOCs). The TO@Gad contracts with Network Rail to operate these
trains on the network:he privatisedconceptused catractualincentives and charges
to integrate the railway servic€he TOCs pagnccess charge® Network Rail for
access to the rail network and to compensate for the wear and tear associated with
usageand damage caused by different types of rollingkstNetwork Rail manage
ongoing maintenance and improvements to the netid@knage caused by rolling
stock would be expected to incur higher access charges, which would make it
potentially less attractive to TOCs, and so ROSCOs would have an incentive to

manage this industry cost.

The importance of managing litene costs for londived assets, such as trains, was

a known issue within the industry. There was increased recognition that costs needed
to be managed across the whole rail system. The capétal twobuild new trains

were important, but managing total costs was vital because nearly 40% of total costs

igoes on maintaining and oadonadAuditng tr ai
Office, 2014c, p.18) However , access charges bore
costst hat t h gBepartmeptdosTeadsport, 20, p. 19)

Pagel82

ns

fi



Chapter6. Analysis of he Procuremendf New Trainsusing ANT

Strategic decisions, like the Thameslink Programme, exposed problems with the
privatised concept of the railways. Specialisation could begin to look more like
fragmentation, because costs and benefits cut across various institutions and
processes and achieving the Obestodé outcome
organisations became more challengifige ROSCOs were intended to manage

rolling stock, buthis procurement was on a scale that exceeded the capacity of any

single ROSCOAdditionally there were also concerns at the time regarding the

leasing market, with th®ffice of Rail Regulation (ORR}ferring the market to the
Competition Commission i8007(Rolling Stock Leasing market investigation

2009)

Network Rail were a candidate ttake over as Project Sponsopdyading the
infrastructurgor the Thameslink Programme was primarily their responsibility as
the specialistrailway infrastructure manager. However, although Network Rail
owned and operated some trains used for mainteraantceznewal work, they did

not own the bulk of UK trains, and they did not operate passenger services. They
would be involved in the Thameslink decision to procure new trains, because the

trains would run on their infrastructure, but they would not lead it

The Train Operating Companies were a candidate for Project Sponsor, because they
provide the drivers and other staff to deliver the railway services that would use the
new trains and upgraded infrastructure. However, the new trains were to operate
acros three existing franchise geographies, which made it difficult for any single
TOC to take a lead on the procurement. Even if a TOC could be chosen, there was
still a problem regarding their transitory and relatively skemn nature. A TOC

with a limitedfranchise duration might favour shderm outcomes, even when

making decisions on new trains with an expected 30+ year life.

The institutions of TOCs and Network Rail acted in this strategic decision, as did
contractual incentives, such as access chaagments. None of these institutions

were able to take on the role of early spon$§besuccession of rail industry
sponsorgrom BR to Railtrack and then the SRMational Audit Office, 2013, pp.

5, 12)concluded in July 2005, when the Department for Transport became the active
sponsor ofie Thameslink programme, including the procurement of new trains.

This strategic decision required a longerm and whole industry perspective,

that spanned infrastructure and train services.This had been provided by British
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Rail and later by the StratedRail Authority. BR no longer existed after
privatisation, and the SRA was abolished in 2004, therefore the DfT took on this role

for the Thameslink Programme and procurement of new trains.

The Department for Transparan be considerea Prime Move(Latour, 1999, p.
182)in the strategic decisidio produce new trainghey havea clearearly role in
shaping the early actoretwork as it develops, bthis does not mean theye solely
responsible for the action. As discussed in Chdhter manage the potential open
endedness of networkfieidea of aPrime Movercan be helpfulThis Prime Mover
entity is instrumental in assembling the network: defining the problem, engtgng
interest of others, and allocating roles (Callon, 1984, gd@\ever, it would be an
incomplete ANT analysis to say that the Rfferesponsibldor making the strategic
decision that produced new train€l are simply part of a larger performance

even if they are an important actor.

When theDfT took overfrom the SRAt commissioned an updated business case.
Themainobjective of the Thameslink Programme had remained in place since the
1980si to increase capacity and thereby support the rapid transport of
passengers in and out of Londonincreased capacity was to be achieved by
running higher frequency, longer traios an expanded and enhanced infrastructure,
including longer platformandother improvementthat would collectively act to
deliver the increased capacifjhe DfT estimated benefits of £2.9 billigiNational
Audit Office, 2013, p. 5¥eriving fromreduced journey times, reduced crowding on
trains and quiker interchanges between servicEse strategic decision is made
stronger by these modelled benefits that are mobi(lseg 1, mobilisation of the
world) and brought into the actioBfT subsequentlglecided to proceed with the
Thameslink programme 2007.Thefleet of new trainswith two new maintenance
depots hadan estimated capital cost of £1.6 billion, which Bfé plannedto

finance througha private finance initiative (PFI).

The network of actors involved in the production of these new trains was about to
develop as theDfT published anoticein the Official Journal of the European Union
(OJEU) New actors were about to be enrolled wiits public notification of the

procurenent process that was aboubtgin
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6.1.3 Early actor-network development the OJEU is issued in April 2008

On 9 April 2008, a notice was published in the Official Journal of the European

Union to alert potential suppliers to the coming procurement. A coghysohotice is

shown in the Appendix (pagbl). The OJEUnotice states thahe DfT isdoing &

on behalf of the train operating compafiyOC) operating thé'hameslink franchise

The Depart mdansu@ that therblleng stosk getsduilt (i.e. it puts out

the procurement) and then it guarantees that the stock will be leased by a TOC over a
certain period (Butcher, 2017, p. 12yith the final contract likely to be with the

TOC, and not with the DfT

Theinformation in theOJEU noticesupports earlactornetworkenrolmentoy

asking for expressions of intereBbm organisations able gupply and maintaia
fleet of new rolling stockexpected to range from 900 to 1300 new vehicles.
However, the OJEU buneBmore than just passengearrying traingnto theactor
network.It is possible but not certain, thatew depots to support the trawmsl be
included The provision of financing for the trains and the depotdsis part of this
action This articulation of new traingequirest h a t winnihgebidder establishes a
Special Purpos€ompany (SPC), whiéh then raises the funds required to build and
maintain the stoak(Butcher, 2017, p. 12with the SPC owninthe rolling stock
This is effectively creating a miROSCOand a potential new competitor to the
three existing ROSCOs that oaghc. 90%(Butcher, 2017, p. 9f rolling stockat
this time The OJEU notes that financing may be subject to change, wnagh
reflect the timing of this request, in 2008, when the global finhodis impacted
credit markets across the wodddthe ability of organisations to raise financiig
this stagen the procesthedevelopingactornetwork to produce new trains may

may not involve the production of depots atite provision of pwatefinancing.

When it comes tavhythe trains are needgithe OJEU directgterested parties to

supporting documentaticmv ai | abl e o n Capaeity BsUEE arsclearly b s i t €
evident with theprocurementlescribeca s fia maj or idendditonaht i ve t
capacity and remove bottl ene(®dpartmennfort he L
Transport, 2008c, p. 4DfT is looking forexpressions of intereBbm organisations

that can help to produce trains with attributes that help to address capacity problems

DfT, as Prime Mwer, is defining the problem and drawing interested parties into this

developing actenetworki a process gbroblematisatiorandinteressemen{iCallon,
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1984, p. 8Yhat develops and shapes the acteiwork. hterested parties are
enmeshed in relationships by the DfT whiam examplethey aretold thatthey must
work with Network Rail, the TOCand otler relevant partieso ensure train
acceptance and full operational apprdealthe realisedrainsto beallowed to use

the UK rail network.

Although tie OJEU noticeloes not give lot ofinformationregarding thelesired
futuretrains, it does providesomespecificguidanceregarding certain attributeBor
examplethey must be dual voltagerhich means that they can operataail
networks with25kV AC power suppliedby overheadines and 750VDC, supplied
by athird rail. The predecessor Class 319s were also dual volthigreflects their
operating area, which includesthAC and DC supplyThe trainsneed tcactwith

thelocal infrastructure

The notice providethe following set of highevel requirementthatthe desired

trainsare expected to deliver
cl. A safe, consistently reliable journey.
c2. An environmentally sustainable solution.
c3. Customer expectations on ambiance, amepéresfacilities

c4. Whole life/whole system value for money, and, compared texikéng

Thameslink fleet

c5. Increased capacity per train

c6. Increased capacity on the network
c7. Improved safety and security.

Early problematisatior(Callon, 1984, p. 6around capacity is visible in thisti(c5,
c6 above)buta broader set of desired attributesthe trainsarealsoarticulated,
includingreliability, environmental sustainability, customer experience, safety and

security.

The OJEU notic@rovides the timetable for th&drategic decisin. The deadline for
expressions of interes 9 June 200&wo months after the publication of the OJEU

notice.Expectedcontract awards stated amid-2009(actual June 2013)with new
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trains(realisedtrains)expected to start in passengervice February 2012 (actual
Felruary2016).

A final analytical pointo highlightregarding the OJEU notice relates to the stated

award criterig which is defined ase most economically advantageous tender in

terms of the criteria stated in the spfezations or in the invitation to tender or to

negotiate Under EU law, procurement can be based on price aoron the

broader basis of the dédmost ec(@ouserni cal |l y
Commons Transport Committee, 2011, p.. T2)e definition of MEATIis not given

here buwill be developed as the procurement process unfotggically this uses

scoring criteria allocated to different aspects ofpgfecessThe propositios of

trainswill need taarticulate withthe criteria defined for MEATT they are to be

selected as the winnérhis will be explored further later, as the definition of MEAT

is developed in more detail and shared with bidders.

Organisations expressing an interas requiredd respondising an Accreditation
Questionnaire (AQJDepartment for Transport, 2008apvidedas part of the
supporting i nf or ma tinadditiondohe AQthere @6hlSbD6 s we b s |
variouspresentations, industry briefings, gmcesses to raise questions and receive
answersOnly Applicantsthat are successfully accreditaaeligible to receive an
Invitationto Tender(ITT), which isthe next stage of the procurement competiteon
producepropositions of trainsAt this stage it is10t propositions of trains that are

being evaluated, buhé¢ suitability of institutions expressing an interest to
participate.The AQ document asks a range of questions regarding characteristics of
the respondent organisations and their ability to fulfil the requirements of this notice.
The structure of the AQnd the associated scoring for each secisoshown in

Figure6.8 below.
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Section Score
Applicant’s Introductory Statement Mot Scored
Section A - Applicant Information

1 Applicant Information Pass / Fail
2 Governance Details Pass / Fail
3 Safety Record Pass / Fail
Section B - Financial S$tanding

1 Financial Information | Pass/ Fail
Section C - Business Excellence and Approach

Results Criteria

1 Customer Results 20%

2 Key Performance Results 15%

3 People Results 0%

4 Cormporate Social Responsibility 6%
Enablers Criteria

5 Leadership 10%

& Policy & Strategy B%

7 People 9%

& Partnerships & Resources 9%

8 Processes 14%
Total for Section C 100%
Section D - Technical Capability and Experience

Design 25%
Manufacture 10%
Testing, Commissioning and Customer Acceptance 10%
Maintenance and Service Provision 20%
Depot Design and Construction 5%
Programme Interfaces 8%
Compliance 5%
Commercial Approach and Contract Management 8%
Financing Capability and Experience 8%
Total for Section D 100%

Aggregation of Section C and Section D

The scores for Sections C and D will then be combined into a weighted aggregate
with relative weightings of 40% for Section C and 60% for Section D

Figure 6.8 Structure of th@ hameslinkAccreditation Questionnaire

Sections A and B of the AQ relate to the character and financial standing of the
responding organisations. This is a pass or fail set atigus. For example, the
threeyear average turnover for the manufacturing constituent of the Appirassit

meet a minimum annual threshold of #85if they are to take part in this process.
With an expected value for this procurement of c. £1,4B»AQ acts toenrol

(Callon, 1984, p. 1Q3uitably large organisatiomsto this network.The large
organisations may have smaller institutions within their consortium, but the lead role

is only open to instituties with certain attributes.
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Sections C and &re scored, witkection Cattractingd0% of the weighted

aggregate scomndSection D the remaining 60%here are different weightings
attached to subections, with, for exampl®esignreceiving the most in Section D

at 25%. There is no information regarding how these weightings were produced, but,
like an exam paper, it would be reasonable to expectabpbndents woulensure

that theiranswerg their propositions of traini are articulatedh relationto this

scoring scheme.

Section C is structured arousdmething callethe Business Excellence Mogel
which wascreated by the European FoundationQuality Management (EFQM).
The EFQMBusiness Excellenddodel ismobilised androught into this action
(loop 1, mobilisation of the worldput it is not opened up explored in any detalil
and is effectively treated atackbox(Latour, 1999, p. 70hat is to be accepted by
participantsThe EFQMModelprovides a structure for Section C of the AQat

acts to choosamong interested parties. Sectionsesthe nine EFQM categorie$
five for enablersand four forresultsi with abrief 1-2 sentence description, taken
from the EFQM literature, given for each of theecriteria. The respongde

Section Gs limited to a maximum of 30 pages of A4.

Section D attracts 60% of the weigtiscore and is broken intone subsections to
assess th&echnical Capability and Experienoé the respondent. Respondents are
asked to give references of prior woskmilar in scope and objectives to

Thameslink.The responséor section Dis limited to a maximum of 70 pages.

The AQhasno explicit reference to weightr the number of seai®f the desired

trains, howeverenergy and environmental considerations do occur in the document.
Section D1Design asks theespondent tgive prior examples demonstratifigh o w

new technology was used to improve energy efficiendy S e ¢ ProgeammeD 6 |,

Interfaces asks for examples of how Aenvir onmi
within your [Eonplagceasis 0f amdeOgFeri ence fiwor k

Il nternational Environment al Standards. o

In response to the OJEU notitwe organisations expressed an interésur were

subsequently accepted by DfT and, in November 2008, the Invitation to Tender

(ITT) documentatonwasisued to AAl stom Transport, B C
Hi t achi Rai | ( E u (Hoyse of Commmahs Tsanspart €onsmittgel ¢ o
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2011, p. 48)These four bidders, with their partners and specialist supierpart

of different and ompeting actenetworks They will come together with other

actorswithin the decision laboratoryo produce competing propositions of trains for

Thameslink.These other actors will include other hunfaocia) actors, such as
Network Rail, passengers, and so on. It will also includemonan actors, such as

thelocal electrical supply, the tunnels, the weather, and more.

The Rai l Mi ni ster, Tom Harris said

t h

wilbenef it passengers on s ome (RafTechrolegy busi e s

Magazine, 2008)Propositiondevelopment isbout to move into the ITT phase,

wherecompeting propositionwill be articulatedn much moredetail

6.1.4 The development ofarticulate propositions of trains: theITT is issued in
November 2008

ThelTT was thenext stagen the productionof the ThamesliniClass 700 trains.
One of the dur organisations invited foarticipate Hitachi Rail decidedto
withdraw so that they could concentrate on another large procurement for the
Intercity Express Programmghis left Alstom, Bombardieand Siemengogether
with their associated partners and advisEngse companies were leaders of
competing biccon®ortiathat brought existing capability in the deliverytiins,

depots, maintenancand financing. Siemens based tlwreoffer around their

Desiro Citymodel, Bombardier thekventradesign, and AlstomtheK 6 Tr ap ol i s

train.

The DT issual a range of documentatioagardingtheir requirementsand to
explain how the procurement procegsuld work. A clarification procesbetween
DfT and bidder$eginswith thelaunch of the ITTin November 2008and runs
until bidswererequired to be subitted, which was stated aspril 2009 (actual June
2009). This clarification process is part of a collaborative effort to articulate

propositionghat will continuethroughout this action.

Thedocumentation providesbjectives for the Thameslink Rollinddgk Project
(TRSP)(Depatment for Transport, 2008b, p. ltatarebroadly similar to those
statedearlierin the OJEUstage

(a) deliver increased capacity on the rail netivor

(b) deliver a reliable journey time
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(c) meet customer requirements by providing an enhanced passenger
environmet

(d) improve safety

(e) deliver an environmentally sustainable solution

() minimise wholelife, whole-system cost

(g) offer flexibility of deployment

(h) manage the transition during the replacement of existing fleets

The need to deliver more capacity is identified fipst; these objectives are not
described as hierarchicalr prioritised.The objectiveslsoinclude the delivery of
an environmentally sustainable solutibnt e m 6 e 6 i nbuttthe meahingst ab o

of this isnot given

The Department directsdders to connections and relationships that must be made
in the articulation of propositions.ppendix O of thgrovidedITT documentation

provides the following list of stakeholders

1. Department for Transport

2. Operator and Initial Operatdrreflecting ctanges in the boundaries of the
operating franchises in the area

3. First Capital Connect Limited (FCC)the initial Operator

4. Network Raili an integral part of the TRSP team and responsible for the
delivery of the Thameslink infrastructure

5. Office of Rail Reglation (ORR)i Her Maj estyds Rai l | nsp
of the ORR) has a role as safety authority and ORR also oversees regulated
agreements including depot access agreements

6. Rail Safety and Standards Board (RSE®)e independent body that sets
standards for the UK mainline railway

7. Passenger Focus and London TravelWatkhy stakeholders in the

development of the specifications

The stakeholders identified in the list above are all indusstytutions. Proposibns
will be strengthened they reach out and connect this grqlgop 2,
autonomizationdf industry professionals and colleagues thi® process of

articulation Passenger Focus and London TravelWatchnahgstryinstitutions that
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alsorepresenpasengerqloop 4, public representatiomm thearticulation of

propositions of trains.

Bidder s6 request s Withthis gsoupar&egpeatet td bermadae et i n g
via, and managed by, DfQuestions and answets the DfT aremade visible to all

biddersby default and bidders know this in advance of submitting their questions.
Procurement legislation, requiring an open and transparent process, is likely to be

acting lere.

Thedocumentation supplied to biddengludesthree technicaspecificatiors that
descrbethedesiredtrains and their attributes. These are Tnain Technical
Specification(TTS), Train Control Specification (TCS), and Train Infrastructure
Interface Specificatio(ITIIS). The TTS documestherequirements for theains,

the TCS documents the control systems onboard the trains that interface to control
systems on the rail network, and the TIIS documents the infrastructure on which the
trains will run.For a train to act it must work collectively with the surrougdin
infrastructure and local systems. These docunametsentral to the procuremeartd
articulation of propositions within the decisiaboratory

The Train TechnicalSpecification(TTS) was created by a company called Interfleet
Technology Ltd for the ET. Thisdocument represents tHesired future trainn

more than 500 uniqueT TS identifiers describingvarious characteristic8idders
arerequiredto articulatetheir propositionusing thesame structure this is how the
complex sociematerial thing alled a train will be simplified and measun@abp 1,
mobilisation of the worldjor the purpose of evaluation withthe decision

laboratory environment. The TTS will be explored in detail later in this analysis, but
some examples are shown belolheseexamples illustrate the rangeaaftorsi

human and nchumani collectivelyactingasthe propositions of traingrebeing

produced and articulated

1 TTS 4.1.1: The Thameslink Units shall comply with the requirements of all
applicable British an&uropean Standards, and all relevant European and
UK legislation at the time of contract.

1 TTS 5.12: Units shall be manufactured, deliveradd operated in two

different lengths to meet different service requirements.
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1 TTS 6.7.2:The capacity of the Unit wdscreen wash system shall support a
minimum ofthreedays of Thameslink service operation between top ups.

1 TTS 8.11.9The Unit shall be designed for optimal recyclability.

1 TTS 9.1.1 The Unit shall have a design life of not less than 35 years.

The Traininfrastructure Interface Specification (TIIS) was written by NetwRak
(NR), who are responsible for rail infrastructure in the. IR alsoeads on
infrastructure development for the wider Thameslink programmedevelop
stations, extend platformetc. The TIISrepresentshe infrastructure on whictime
trainswill operatei the tracks, signals, stations, platforms, and other components.
The information in this document describes the local gauging (spacing) in tunnels,
gaps to platforms, the avdiliity of AC power from overhead lines, or DC power
from 39rail supply, and otheattributes There arenore than 250 unique TIIS
identifiers to represenattributes of the future trains and ithieterface to
infrastructurelf they are to act succeséifuas a train, then theropositiors being
developed musdrticulatewith the surrounding infrastructuras represented in the
TIIS. The complexity of the reakorld infrastructurénas been mobiliseth these
250+ identifiersand brought into the decisidaboratory(loop 1, mobilisation of the

world) for the purpose of experimentation and proposition development.

The Train Control Specification (TCS) was also written by Network &ailrelates

to the systems that control ther a i n 6 s, wiigh alsaridract evith systemthat
manag regulation of all trains in the area. A new train control system is required to
deliver the keycapacity objective afhe Thameslink Programnwith a goal24

trains per houat stationsn central Londori one train every -3 minutes There are
more than 150 unique TCS identifiershat describe the attributes of the control

systems onboard and their interfaces to wider network control.

These documentwre an important part of the actitmproduce new traindowever,
biddersare not starting from a blank sheet of paper. They have been acagpted
participants in thisctionbecausef existing capabilitieassessedtthe previous
stage Existing propositions of trainsfrom each bidderare connected to, or
articulated with, thesespecificationdocuments and the wideraction taking

placein the decisionlaboratory.
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As propositionsare articulategthe ITTincludes four stages to evaluate their

progress and suitability to proceed to the next stage

1. Stage I Mandatory Requirements
2. Stage 2 Evaluation of Proposals

3. Stage 3 Project Deliverability
4

. Stage 4 Value Assessment
6.1.4.1 ITTstage 1¢ mandatoryrequiremeis

A subset of criteria from the specification documents must be satisfied by Bidders
andtheir propositiongo be considered further. Of the 500+ identifiers in the Train
Technical Specification (TTS) there &@ deemed mandatory to pass stagehis
mandatorylist is shown in the appendix (pag&7). Somemandatory criteria
representhe characteristicef the localnetwork and infrastructuras it is now
because this is not expected to changeF o r  eUnits shalll be capalle of
operating over both the Network Rail 750V DC 3rd rail and 25kV AC electrified
systems TT(S 6.3.). Other mandatory criteria reflectetiinfrastructures it will be

in the future For examplelonger platformsio not exist now, but the competing
propositions of trains are tested against thall Length Units shall not exceed

243m in overall length between couplerfaces( TTS 5. 1. 3) .

Directly relevant to this research is the seating and passenger carrying cajexcity.
capacity required of the trains is sholelowin Table6.3 anddetailed in TTS 5.2.1,

which requires that: AEach Unit shal

pro

below whilst simultaneously meeting the dwell time requient s of ¢l ause |
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Table6.3 Minimum level of seating, standing and luggage capacity identified by DfT for Thameslink trains

Full length Reduced Reduced
Unit length Unit length Unit
(‘Outer’ (‘Outer’ (‘Inner’
configuration | configuration) | configuration)
)
Standard seats 572 364 418
1st class seats 48 48 0
Face to face tables 10 (1% class 10 (1% class 0
only) only)
Luggage module 24,000 16,000 16,000
capacity (litres)*
Luggage utility 1 1 1
modules per vestibule
Cycle utility modules 2 2 2
per Unit
Standing capacity** 1100 800 800
Toilets 5 (including 1 3 (including 1 3 (including 1
universal universal universal
access toilet) access toilet) access toilet)

This desired attribute dahe proposition of &ain, as articulated by DfT and othears

the TTS in 2008can be comparei theClass 700ealised traisthat entered

servicein 2016 The Class 700/0-8ar traingreduced lengtin the tableabovég

have 433 seats in total, consisting of 52 in first class, 364 standard class and 17
additional tipup seats. This exceeds the requirements for first class segviag in
Table6.3 above whilst meeting the number of standard class seats exactly, with 17
additional ip-up seats. The Class 700/1-d2 trains have 672 seats in total,
consisting of 52 in first class, 602 standard class and 18 additiongl §pat$
exceeding the requirements for first and standard class sedtmgequirementsor
seating are mantlary and so Bidders, that want to progress beyond stage one, must
articulate theipropositionswith these attributed he attributes, as described in the
TTS and other documents, are acting collectively with the Bidders and other actors
to shape the corguration of resources that act as propositions of trains and later
become realised trains carrying passengérsrealisedtrainsproduced by
Siemensthataretranslatedfrom the earlywinning proposition have attributes that

are more thaarticulate with this mandatory requirement.
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The mandatory requirements for seating (TTS 5.2.1) also reflee thvell time
requirements of clause 6.8TS clause 6.6 includdsur subclauses (TS 6.6.14),
which aremandatory requirements relatit@station dwell time.e., how longthe
train stops at a platform to board andomard passengerBropositions of trains
must articulate with the mandategbing capacity, buhis camot impact the
ability to load andinload passengers as fast as possible to meeaplaeity
throughput required. A 45 second dwell time is a key goal for Thameslink, to
support high levels of throughput in the central London stations.

Anotherexample ofa mandatory requirememnglates ¢ desired reliability levelsf
the propositionsWith TTS 7.1.3 we setbatreliability is measure@oop 1,
mobilisation of the worldyusing a standard established bg British Standards
Institution, EN501261:1999 or an equivalent approved framewo8tandardsctin
the articulation of propositions lmefining and measumng different attribute®f the
propositions’ like the weighing machine at Rainhill in 18 ropositions ofrains

will be articulate, or notaccording tasuch measurement systems.

The final point to note from stage 1tbk ITTis that weight is not a mandatory
requirementWeight will be introducedhto the articulatiorof propositiongduring

stage 2.
6.1.4.2 ITTstage 2¢ evaluation ofproposals

Stage 1reviewek b i d d e r gpyopgsitioaspbtraiasigainst a subset of the
specifications identified as mandatory.edecond stage evaluai@®positions
against the wider sétat alsancludesdepotsand financing requireth this
collective action tgrodu@ new trains Evaluation soresareweighted 70% for

technical requirementnd30% for financial deliverabilityasshown below:
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1 Technical Requiremen{30%)

o Train Technical Specification (TTS) (60% weighting)

o Train Infrastructure Interface SpecificatibnlS) (20% weighting)

o Train Maintenance and Depots Technical Proposal (20% weighting)

1 Financial Deliverability(30%)

o Funding Deliverability extent to which the financing proposal
demonstrates that there is full and unconditional commitment in place
fromall providers of financéDepartment for Transpor2008b, p. 38)

o Financial Robustnesan eval uation of the Bidder
and any parent company guarantees, standby facilities, bonding
arrangements and insurance arrangemembtspartment for Transport,
2008b, p. 39)

The allocation of 30% to financial deliveiility demonstrates that thgroductionof
thenewtrains is not just about steel wheels, bogiesl tractionThetranslation of
the most articulate proposition of a train into a realtsaith requires financial capital
because there is likely to be sealeyears of expendmefore the trains enter
operational service and begingenerate revenugthis financialpart of the
productionbrings inan associated caef actors The actometworks producng
propositions ohew traindn the decisiordaboratoy now alsoincludesequity and
debt providersandothers providing guarantees and capital to manageTtisk
competing actenetworks reach out beyond the railway industry to form alliances
(loop 3, allianceshhat carstrengtentheir networksthrough for examplethe

provision of better financing terms.

The technicahssessmerf propositiongeceives 70% of the scorelhe bulk of this
(60%)is given to the TTS the Train Technical Specificatianand this will be
explored in detail in theest of this sectianThe balance of the technical scoring is
given to assessment of the T[%)and proposals for the depots and maintenance
(20%)to support the trains during their servibéaintenance and depots are not
explored in detail in this rearch, given the focus upon train seats and train weight,

however the competing bidders neeatticulatethis within their proposals.

The TIISwas discussed briefigarlier. It representshe external infrastructure on
which the future trains will opeta. Effectively, the propositions of trains wilin on

this represented infrastructuiiéhe TIISmobilisesaspects of the external world
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(loop 1, mobilisation of the worldand brings iinto this experimentanvironment

to produce new traing.orexampe, the TIIS brings il.ondon underground tunnels
through which the trains will operate. These tunnels are very igitso emergency
exits (TIIS_1958) need tde able taise the ends of the train, rather than the sides
like other trainsin addition to tinnels and other infrastructure, the TIIS also brings
people who live near to the railway lingsop 4, public representatiomto the
action.Requirements focused upoperational interfacegclude a desire
(TNS_176Q TIIS_176L) to reduce thaoise of train wheels for neighbours.

The largest weighting (60%) of the technical assessment is measured B4fainst
requirements contained in the Train Technical Specification (TWisithincludes

the 90 mandatorycriteriareviewedpreviously Stage 2 ssessethe remaiimg
requirements and allocates weightings across these criteridefdiked scoring

matrix for the TT3s shownin the appendix (pagg0onward3. As an example of

the level of detail, item 10.23 defines the desired characteristics of the Windscreen
Wiper Systenwith TTS 10.23.1statingthatthewindscreen wiper system shall

include an intermittent wipe facilityf-he scoring matrix in the appendix (pe&f)

shows thal TS 10.23.Jattracts 1% of the total scoring foategorylO within the

TTS, which covers a range of characteristics grouped under theytem

functions This category system functionss allocated 15% of the total marks for the
Technical Train Specification.gstated above, the TTS reflects 60% of thaltot
Technical Requirements, and the Technical Requirements is 70% of the total score,
with 30% allocated to the financial deliverability. This implies that a maximum score
on windscreen wipsff o r a pfropasitiosigwerth some 0.06% of the total

scoe, which suggests thatig part of thearticulation of arainthat is taking place

even if it isobviously not the most importapart

The TTS ha$00+ desired characteristiaad attributes, whicincludeotherspecific
requirementsTTS 5.2.6requres thatEach Full Length Unit shall be fitted with five
toilets including a universal toilet compliant with the PRM.TIJIS 6.2.1 requires
thatEach Unit shall be capable of a maximum speed of 100mph (160km/h) on level
tangent track when travelling intohead wind of 60km/ATS 9.1.1 states thahe

Unit shall have a design life of not less than 35 years.

The specification often includes a definition of the measurement system to be used

for specific attributesFor example, TTS 6.1.10 defines a requiremenéfart | ea st
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a 9.5% reduction on the actual journey running times for the current Thameslink
Class 319 Unit when operating on the AC power supply network part of a Bedford to
Brighton semi fast diagranfhe measurement system faurney time is defined

relative to a specific predecessor tréilass 319)andon a specific part of the
network(Bedford to Brighton). Tisrouteand the Class ®larebrought into the
action(loop 1, mobilisation of the worldjo represengll journeys that theealised

trains will operate The propositions are assessed against this abstract and simplified

representation of the entire network.

Energy use igmportant forthe focughis researchand ategory 8.3 of the TTS
describes th&nergy Use and Efficien®f the desired trains 17 separate
requirementg¢TTS 8.3.1to TTS 8.3.T7), including the need for energy recovery

during brakingandother characteristiclet energy consumption (including
regeneration) is described in TTS 8.3.1, which defines the requiremant as:
improvement of at least 15% in net energy consumption, over current design rolling
stock using regenerative braking operating a Bedford to Brighton semi fast diagram
Onceagain,we see the measurement system defined using a specific route (Bedford
to Brighton), and type of service (sefast).Biddersarealsoinstructed (TTS 8.3.1)
thatfor the purposes of this calculation, the AC and DC power supply netaiuaks
beconsidered to b&00% receptivéemphasis addedEnergy recovery from

onboard regenerative braking systems may not work if the electricity supply
networks are uaible to receivéhe power from the trainHowever propositions are
articulated and operate ina modelled world that does haveeceptive networks,
rather than the present real world, which may not be able to receive

regenerated power

The comfort of trainglsohas a measurement system. Category 8.4 describes aspects
of theRide Qualityof the deged train. There arBve requirements identifie(l TS

8.4.1:5) with TTS 8.4.1requiiing thatUnit ride quality shall achieve a mean comfort
index of 2 based on the ENV 12299:1999 Ride Comfort for Passengers,
Measurement and Evaluationhis references Buropean standard first published in
1999, based upon research by UIC (International Union of Raijwaymion
Internationale deShemins de ferandBritish Rail ResearchThis standargcreated

by railway institutions,represents passenger com{twbp 4, public representation)

within this actionto produce new trains
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Theability of the traingo carry passengeis defined in Category 5@Jnit
Capacity acrossineseparate requiremenfsTS 5.2.19). One of theselTS 5.2.1)
was a stage 1 mandatory requirementtierminimum number of seatStage 2
articulates thizapacity attributef thedesiredrains in further detail The guidance
contained infTS 5.2.4providesthe measurement approach tousedto calculae

the capacity of the proposed traiaadit is worth reproducing in full below:

Three plus two seating arrangements are not permitted in any

configuration. [Emphasis added]

Tip up seats can only be included in the seat count once the minimum
number ofconventional seats and the space necessary for the minimum

standing capacity required by TTS 5.2.1 has been achieved.

The space used by the occupied tip up seat shall be included in the seat
count calculations unless it is primarily required for wheelchai
passengers or is required for the minimum standing space calculation. It

may not be doubleounted for seat and standing capacity.

Standing capacity shall be calculated at 4 passengers per square
metre of usable standing arealEmphasis added)sable sinding areal
is defined as the aggregate of all areas of floor within the Unit greater
than 0.25m2 and with no fixed obstruction from the floor to a height|of
1800mm and where suitable hand holds are provided to allow

passengers to safely stand.

Here we see sonextremely specifi@articulation(forbidding 3+2 seating)Thiscan
help to explain the reduced seatofgherealised Class 70@ains relative taheir
predecessorshat was discussed earlier (secttoh.l) and in the empirical analysis
of Chapted. Some predecessor trains, such as the Class 319, did usedg in
some standard class layouts, whereas the new trains were not permitted this
configuration.The Bidders could have ignored this, but then their propositions
would be inarticulate with respect to the collective actmproduce new trains

takingplacein the decisioflaboratory

It is likely that this guidanceegarding 3+2 seatingasdriven by research conducted

by PassengerFocus and London Travel Watch for thetiidTwasmnade available to
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Bidders. Passengéocus(now called Transport Focuis the independent passenger
watchdog, set up by théK governmentLondon TravelWatch is the official

watchdog organisation representing the interests of transport users in and around
London They conductedesearclwith 93 passengers amnaterviews wih nine

passengers with various disabilities. A key find{Rgssenger Focus and London

Travel Watch, 2008, p.iwas t hat fAd6Three plus twod sea
unpopular with passengers because of the
gettinginand outofthewid ow and mRasbehfyeesepsesentedy this

qualitative research and these institutidresjebeenmobilised, androught intothe
decisionlaboratory(loop 4, public representatian)hese passengeras represented

in researchhaveacted teshape theropositions otrains, as evidenced by the lack

of 3+2 seating in the Class 78#alised trainproduced by Siemens.

TTS 5.2.4described abovalsodefines theneasureent approackor standing
capacity withd passengers per square metre athie standing aredefined as the
calculation that Bidders should use. Thisdsvthe proposition of a traiis to be
measured and modelleshd does not necessarily reflect how many passengers will

stand and squeeze onto tealisedtrain during busy peods ofactualuse.

Weight was not a mandatory requirement during Stage 1t isud factor in Stage 2.
Category 5.3 defines tHegnit Massrequirements of the desired traarossour
separate requiremenfBTS5.3.14) and lere we seagainsomeprecis articulation
TTS 5.3.1 states thatfull length unit should weigh less than 401 tonfaesual for
the 12car Class 700 is 399.6 tonnes) and TTS 5.3.2 states thatimed length
unit should weigh less than 267 tonifastual for the &ar Class 700 is 273.5
tonnes). The othdwo requirements give figures of 385 tonnes and 256 tQm@ises
desirableweights for the full and reduced length trains. Theltrigth 12car train
delivered by Siemensas articulate witloneset of requirements, but not the

desirablestretch target, whereas the@&r trainwas inarticulate teither target.

When consideringhis missed weight target,is important taeiterate the model
developed in Chapt&: Therealisedtrain (Class 700) is &ranslationof the earlier
propositionproduced by Siemerand otherslt is possible that the earlier

proposition of a traimchieved the weight targdats8-car formationand weight was
introduced during the translation process. For example, changes might have been

needed during the manufacturing prodassause different components had to be
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used for many reasonilternatively, it is possible thdahe earler proposition of a

train also hadexcess weight in the-&r formatiorlike the realised train. Thisoint

of inarticulationwould potentially scoréewerpoints compared to riv&idders if

their proposed trainwere lighter It is possible that the Sieansled proposition

scored higher elsewhere. The bid documents from Siemens and other suppliers are

commercially sensitive and so it is not possible to know for sure.

The ITT processlefines minimum scores requiredpimgress to Stage Jhe
competing propositions of traitmvebeenconfigured and reconfigured by these
stages. All three Bidderand thé respective actenetworks met the requirements

to proceedo the next stage
6.1.4.3 ITTstage 3¢ projectdeliverability

Stages3 is effectivelyfocused upomhetranslation gaphat exists between
propositionsdeveloped irthe decisiorlaboratory andtherealised trainshey will
becoman the future Biddersare requiredo describe how they wificonvert their
Proposals into a fully functionahaintained fleet of Units(Department for
Transport, 2008b, p. 38Thisis assessemh terms of thdBi dder s & theppr oac h
Overall Programmé40%) and theiManagement Plan&0%). As before,
weightings are allocated to sehtegories within each of these larger categpries
with supporting documentation provided. TBesiness Excellence Model
referenced in the Accreditation Questionnaire (AQ) as part of the initial OJEU
notice appears again during Stage 3 of the IBiiders are asked to identify the
components of their response accordingResults ApproachDeployment,
Assessment, arideview (RADAR), which is taken from the EFQM modélach of

these elements given different weightings by the DfT.

The Department asks Bidders to describe how they will deliveDveeall

Programmeacross three milestondgfined bythe DfT:

1 20%weightingfor demonstratn ofthe ability to deliver 152 vehicles by the
later of July 2013r 39 months from Contract Award

1 30%weightingfor demonstration of the ability to deliver 452 vehicles by the
later of June 2014 or 50 months from Contract Award

1 50%weightingfor demonstration of the ability to deliver the full fleet by the

later of Deember 2015 or 68 months from Contract Award.
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Bidders are given a list dlanagement Planthat the DfT requires across three

categories:

1 Project Management Plan
1 Engineering Management Plan

1 In-Service Management Plan

Within each of these three categories there areatdgories, which have

weightings identified against them for the scoring process.
All three Bidders passed stage 3 and entered the final ITT stage.

6.1.4.4 ITTstage 4¢ valueassessment

Those bids thateachStage 4are expected to be ablerteeet the aims of the
Department for th@hameslink Rolling Stock Programme, because theyhaile
achieved the minimum levels of technical compliance in Stagedidemonstrated a
high level of techical and commercial competenead deliverabilityin Stages 2
and 3.Therefore Stage 4s designed tonake a selection, or decision, in favour of
the best value proposali t Iwalua assessmebased on whole life and whole
industry cost of each Bidded s P @ (Depastmenfor Transport, 2008b, p. 40)
As discusseearlier,the need to manage whole industry coss a key reason for

Df T6s | e adstratsglt degisiamn t hi s

To supportheevaluation DfT made available to the Bidders a cost model with
supporting docmentation. This cost model calculates ¢hbsts over 30 years
(Department for Transport, 2008b, p. 4@8yoss categories ftmnain leasing, train
maintenance, depot leasing, energy consumpéindcostsidentified using a
modelling tool called VTISM the Vehicle Track Interaicin Strategic Model. The
VTISM model is described aswehole life cost model for the Vehigl&rack system
and was developed for the Rail Safety and Standards BR&$B)and Network

Rail (NR), by a combination of Serco, DeltaRahd the University of Huddersfield.
The DfT arranged for VTISM training and a help desk to be provided by RE&#8.
would allow Bidders to become more articulate with respect to the VTISM model

and for thismodelto actwith the propositions.

Upon recering the completed cost models from Biddéne DfT thenmadesome

value adjustmentdhis included gerformance adjustmeta reflectthe expected
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reliability of the new trainsReliability problemswould incurdelaysto the train, and

a knockon effect(reactionary delay) to other trains in the arghich would be
significant in a congested area like central Londtacth modelled delay minute is
given a value of £800 per minute in line with ttlentractuaperformance regime

that exists in the curremilway (loop 5, links and knotgunctionalspecialisation

with contractual integration This performancedjustmentepresentshe

Thameslink focus upon high throughput and the need for high reliability of services
in congested area8.modelled lack ofeliability will produce a modelled set of
delays, and a modelled set of incurred costs for those déldyegher adjustment is
made by the DfT to r ebobrloteecniseofalcadlect®tnod der s 6
legal agreements that they will be regdl to sign. This reflects adjustment for

risk and liability between the Bidder and the Department.

Submission of proposals by Bidders during Stage 4 marks the completion of the ITT
stage of thistrategic decisianThe initial publication of the ITT took place in
November 2008 with proposals submitted in June 2009ctober 2009, Alstom

was deselecteilom the competitiorfHouse of Commons Transport Committee,

2011, p. 48pnd informed by the DT that its bid had bediminated from the final
stage of the contestiemens and Bombardieerethe final twocompetitorsfor
consideratioras Preferred BidderThis selectionwas planned for October 2009, but

it did not actually happen until June 201ZitiCal externaleventswould

demonstrate that this decisiaboratoryhad very porous walls amvdas clearlypart

of a wider social worldThis alsodemonstrate the challenge of delimiting and

defining boundaries to Actadetworks
6.1.5 The strategicdecision isdelayedby & x t e maticm| 06

The Global Financial Crisis of 20808 had an impact upon markets and countries

around the worldndcontributed to a Eurozone crisadfecing Greece and other
countries across Europgéo nt i nui ng problems in gl obal f
the ability of thebidding consortia with their supportindpanking groupgto raise

financed (National Audit Office, B14c, p. 27) Thisproducedengthy delays

throughout 2009and the first half of 2010.

Additionally, 2009 was the | ast year of

office, with an election called for 6 May 2010. @®@eneral Election returned no
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overal majority for any party A Coalition Governmentvas formedinvolving the

Conservative and Liberal Democrat Partigsichwould govern for the following

five years Againstthe backdrop of th&lobal FinancialCrisis, and problems in the
Eurozonethe Calition Government ordered a Spending Review ohdélastructure

projectsin June 2010The Thameslink Programme was paugedding a review of

costs and scop@ational Audit Office, 2014c, p. 299n 25 November 201the

Secretary of State for Transport, Philip Hammonaficmed that the Coalition
Government would Afund and deliver the TI

(Butcher, 2012, p. 3put with completion of the programme delayed to 2018.

During this timethe DfT and the final two Biddetsadcontinued to interact.

Between February 2009 and January 2011, the &4lid five Supplementary
Instructionsto the Bidders. Thesacted uporvarious aspects of th@oposals

including refinancing options in response to external factors, possible changes to the

throughput of trains, possible depot changesl more.

The final s ubwvaiss saircomunidn 72 M10@@ougeafges i n co
Commons Transport Comittee, 2011, p. 63according to writterevidence from

Siemens plcThe propositions of trainfrom Siemens and Bombardierepresented

in documentsmodels, measuremengsd calculation$ would now be evaluated by

the DfT to select a Preferred Beid

6.1.6 The selection of a Preferred Bidder in June 2011

Bidder®Proposals wereanked in order ofhe Net PresentValue(NPV) of their
submitted Stage 4 cost model, after risk and value adjustmerdsnadeThe
Bidder whose Proposal tithe lowest NP\bf costswas tobe ranked firstOn 16
June 2011, the Rail MinisteTheresa VilliersannouncedButcher, 2017, p. 1iphat
Siemens PLQvith Cross London Traink a consortium comprisingf Siemens
Project Ventures GmbH, Innisfree Ltd and 3i Infrastructure Plad beerappointed
asthe ReferredBidder to build, own, finance and maintain the new traiine

Mi ni ster st at eahte arduadt2,0a0 nawgobsvandwibbwde i
Thameslink passengers with modern, greener and more reliabl® {(Railmews
2011)

However, he decision caused sificant headlines in the national préksop 4,
public representationgs illustrated by an article in The Timgshal, 2011}itled
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fiDeath knell for train industry as Germany wins key contéathe future of the
Derbyfactoryof Canadiarbased Bombardievas of particular concermwith talk of

job losses, impact upon local supghains(loop 3, alliances)and wider national

interests threatened by the selection of a foreign supjpliexidence to the House

of Commons Transport Committ€2011, p. 73Unite, the majority urtn at the
Bombardier Transportation site in Derby, stated that the selection of Siemens as
PreferredBidder meant that 1,400 jobs weheeatenegdall apprenticeships had been
stopped, and the future of the plant was at tiskhe same evidence gathering
session, Bombardier said that #Acountries
to ensure that procurement decisions can safeguard a domestic industrial base in the
longt er m i nt er e s {Hsuseoof Comrhoas Tcanspont Comynidtee, R01

p. 12) However, there was regal challengeand Siemens remained the Preferred
Bidder.

Thewinning consortiumled by Siemensstill faced problemsCapitalwasneeded to
finance theactions to translate the proposition into a realtsaia, butin this
challengingclimateprospective lendensererequesing extrasupportand
guaranteefrom Siemens AGthe parent company headquartered in Germany
additional guarantee was providedwid-2012 Lat e r t theaDepastneeat and fi
Siemendeld a workshop with some prospective financiers to explain the
programmeé (National Audit Office, 2014c, p. 3Ep that the Department could be
assued that these organisationsuld provide financgloop 3, alliances)By early
2013 theThameslink programme debt financing vearsubscribedr he total
financing requirement for Thameslink of £1.8@\ational Audit Office, 2014c, p.
32)was funded by the European Investment Bank (E425m), Commercial Lenders

(£1,188n), and £183m of equity finance from Siemens.

In June 2013%he contractvas finalisedSiemens and partners wodidance,

supply, and maintairthefleet of 115high-capacitytrainsi 60 Class 700/0-8ar

trains and 55 Class 700/1-tar trains, a total df,140newcarriags. The

Department acting on behalf of the future Train Operatgrovided guarantees to

the train owner that a franchise operator would enter into contracts to use the trains
for 20 yeargNational Audit Office, 2014c, p. 12)

After so long spentepresentedn paper, in computer models and spreadsheets, the

most articulatg@roposition of a trainvould now be translatetd becometherealised
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train. This further actionis outside of the scope of this reseatmlt,it is important to
note thathis isa translation and not a replication There are many changeshat
can take place as the proposed trains move throughanufacturing and into
operational service.Even when trains emerge from the factahgyare required to
go through variouacceptancg@rocessesvith Network Railto ensure they are safe

to operateon the UK network.
6.1.7 Therealised trains enter servicefrom February 2016

The firstunit was delivered in the Summer of 2015, and entered traffic in spring
2016, with all units accepted into traffic by the summer of 20h8.Class 700
trains are the outcome afdrategic decision that began in April 2008th the

publication by the DfT of the OJEU notice, with a history dagmgnfurther back.

At the launch of the OJEW 2008the Rail Minister, Tom Harrieaddescriled

Ailght er, greener trainso.ThdandlysisiMable hnol ogy
6.2 (pagel81) foundthat the Class 700 trains aneleed lightweight designs, with

the 12car Class 700/1 lightehanall predecessor Class 319s. greencredentials

of the train are hard tealidate but the new trains have features, suchegsmerative

braking thatwere not preserdn older trains. The new trains are also proving to be
reliable(Roger Ford2019a, p. 36as measured by Miles per Technical Incident

of November 20191t is too early to determine if the new trains provide value for

money, which will depend upon fithe Depar:
contracts and¢éasguNaional dudisOffibep201dic, p. 45)

Capacity and higlvolume throughput into London was a clear fofarghis
strategic decisioand it haseenachievedhrougha combinationof the
infrastructure programme and new trains. The new treogether with
improvements to stations and signalliagt collectively tgorovidemore trains per
hour,reduced dwell timesandto carry more people with their long formations of

eightand 12 carriageasnd long platforms

Capacity has beancreased, but the new trains have fewer seats pefabie.2,
pagel8l) than their predecessois train layout withfewer seats works well on
shortdistance high frequency stoppisgrvicesbut may not work so welfior longer

journeyson the Thameslink routsuch asetween Cambridge and Bright¢a
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directjourney of moretiantwo hours),or for airline passengessith luggage

travelling to Gatwick and Luton airports.

The judgment of success of the trains will take longer to assesglahe revealed
through use over timélsage to dateasidentifieda potentialproblem Complaints

h a v e risiegeaboutiihe seating comférfwith] bone hard fabric seats with poor
legroont (RAIL Opinion, 2017, p. 57)Thephrasé i r oni ng (@@emed seat s
Paton, 2018has beemised inthe nationbpapersand elsewher@oop 4, public
representation)rhis apparent problem with comfad despitethe Thameslink ITT
specifically requiing (TTS 8.4.1) that th&nit ride quality shall achieve a mean
comfort index of 2 based on the ENV 12299:1999 Ralafort for Passengers,
Measurement and Evaluatiol is possible that thproposition of a train from

Siemens dl not achieve this index of 2, because this was not a mandatory
requirementlf this was the case, then theoposition ofatrain had les canfortable
seatghan desire@nd thiscould have beetranslatednto less comfortable seats in
therealised trainWe cannot say, however we do know that comfort has surfaced as
a problem in their actual use. Some of tbgponse to thisriticism pointed tdhe

need to meet fire and asgraffiti standardswhich might give a firmer feel

However the Rail Safety andStandard€Board(RSSB)did not accept this
explanatiorand commissioned researd®SSB, 2019jo improve the specification

of comfortable seat$uilding upon earlier work tmeasurégloop 1, mobilisation of

the world)rolling stock comfor{RSSB, 2016)

One thing we cannot know is hae alternativgoroposgtions oftraing created by
Bombardier and Alstom, would have performiethey werdranslated intgealised
trains Bombardier based their proposal around tAgentratrain model. They also
included a consortium of partners, bdad asveloCity, to help provide thewhole of
thisactioni the financing, depotsand maintenance. Alstom had proposed a train
based on itX'Trapolisdesign. Unlike the othdéwo proposals with 1-Zar
formations, the Alstom proposal was a train in ecabformation, withwo doors
per car potentially supporting faster loading and unloading of passefgensa
cumulative 30 doors per train, compared to 24 for the Siemens OC@a$30th
alternativepropositiongemain unknown in practidetheyremained irpropositional

form.
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Ultimately it was the Siemens consortiupased orthe Desiro Citymode| thatwas
translated intahe Thameslink Class 700. We know how that has perfotmddte

and itsactualperformance canontinue tdbe monitored and evaluated

This section has used ANT to understand how the propositions of trains were
articulated and shaped within the Thameslink decikboratory. A diverse

collection of resourcecome together to act upon the propositions being articulated.
The five circulating loops were used to explore the activities taking place within this
decisionlaboratory to produce propositions of new trains. This next section applies
the same approachubwith a different strategic decisidrthe selection of new trains
for the Crossrail network. The Crossrail Class 345 trains are suburban EMUs, like
Thameslink Class 700s, that provide commuter services in and around London. The
Class 345s have also beegognised for their lightweight designs. The following
analysis will investigate how they were articulated within the Crossrail decision
laboratory. At the end of this chapter there will be a summary to review the lessons

from both Thameslink and Crosira
6.2 Crossrail and theClass 345s

Crossrall is the project name for a large railway progranen@n the mainline
railways to the east and west of Longtimough the construction of two tunnels
beneath central Londpfrom Paddington to Liverpool Stre@ihe completedoroject
will allow Crossrail service® operatebetween Readingn thewest and Shenfield
and Abbey Woogto theeastof London as well agproviding links from central

Londonto Heathrow AirportA mapof Crossrail is showbelowin Figure6.9.
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Figure 6.9 Crossrail route map
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When complete, the railway will be arouid miles (L18km) long (Readingo
Shenfield), with around3 miles of new tunnels under central London. There are 10
new stations being bliias part of the Crossrail programme, and a further 31 are
being improved. Once Crossrail is open, it will become partaf3portor

Londord 6TfL) rail and underground network artawill be known as the Elizabeth
line. As part of this wider programmafleet of new trains were to be orderted
operate on the new railway and provide a high frequdngixcapacityservice

linking 41 stationsThewestern sectioof the Elizabeth line route will run on the
existing rail network from Paddington to Heattv and Readinglhe central section
will run from Paddington to Whitechapel in the east, with a branch to Abbey Wood
in the soutkeast. There will be up to 24 services per hour during theipehk

central sectionTheeastern sectionf the Elizabeth line route runs on the existing

rail network between Stratford and Shenfield in Essex.

A summary of the dates and key events inGhaessrailRolling Stock procurement
are shown imable6.4 below. This table provides an overview before the subsequent
detailedanalysis.
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Table6.4 Key events iiCrossrailrolling stock procurement

1 Government spending review agrees £14.8Bn funding package

— (excluding trains and depdf)r Crossrail programme

1 November 2010tssue of prequalificationOJEUnoticefor supply

of Crossrail rolling stock and depot facilities

1 30 March 2011: Crossraitvitesfive companies to tender: Alston
Bombardier,CAF SA; Hitachi Rail; and Siemens

2011 1 August 201idelayfollowing award ofThameslink(June 2011j)o

SiemensaandGovernment review of public procurement practice

1 30 August 2011: Alstom withdraav

1 28 February 2022Zrossrail issueBvitation To Negotiate to
remainingfour Bidders

1 November 2012First-round bidseceived fronBombardier, CAF
of Spain, Hitachiand Siemens

2012

1 March 2013: Government announce change to financing appra
2013 1 July 2013: Siemens withdrawging Thameslink commitments
1 August 2013 Revised bids fronBombardier, CAF, and Hitachi

1 February 2014TfL awards contract to design, build and maintair
2014 the traindor Elizabeth line (including a maintenance depot)

Bombardier Transportation.

2017 1 22June 2017first train enters servideetween Shenfieldnd
Liverpool Streetn 7-car (not 9car) formation

6.2.1 Therealised trains. the outcome of the strategic decision

The newClass345trainsreplaceserviceghat were previouslgperatedy Class
315andClass 36Qrains There are five Class 360/2 trains, that operate between

London Paddington and Heathrow, that are replaced by the new Class 345s and 49
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Class 315 units that operate other parts of the network. [Hss @bs were first
introduced into service in 19&Md ae expected to be scrapped when all Class 345
trains are finallyintroduced To provide a comparison between old and nemes
pictures of the exterior and interior of the Cl84§and Class Jtrains are shown
below. A visualrepresentatiofFigure6.14) of the Class 345 and Class 315 shows

how each car contributes ¢éachtraingtotal length, number of seatnd weight.

Page213



Chapter6. Analysis of he Procuremenodf New Trainsusing ANT

Figure 6.10 Crossrail Class345built by Bombardier

Source:Crossrail website
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Figure 6.11 Seating forCrossrail Class345built by Bombardier

Source:Crossrail website
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Figure 6.12 Class 35 replaced by Clas845on Crossrail

Source(Marsden, 2011, p. 176)
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Figure 6.13 Class 315 typical seating of 3+2

Source(Marsden, 2011, p. 177)
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Figure 6.14 Weight and seat profile for Class 3458r EMU (top) and Class 315¢ar EMU (bottom)

39 371 | 365 | 314 | 29.7 | 314 | 372 | 371 39

Weight| 516 4

Y I s

46 52 52 52 50 52 52 52 46

Seats| 454

Length|204.7m 23.62m| 22.5m | 22.5m | 22.5m | 22.5m | 22.5m | 22.5m | 22.5m | 23.62m

38.2 | 274 | 33.8 | 38.2

Welght| 452 5

.

Seats| 316

Length| 80.7m |20.18m|20.18m|20.18m|20.18m
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Using the same format as the original chart that prompted this resEmyatre(.5)
the Class 345 EMU®r Crossrail and thetrainsthat they replageare shown in
Figure6.15 below,

EMU Class 345 and replaced EMUs
1200

1100

1000
EMU Class
900 345

800 \
700 360/2 \.

Class 315
500 \'

400

300
1960 1970 1980 1990 2000 2010 2020
Year

D
S
)

Mass per seat (kg/seat)

Figure 6.15 Class345EMUs and the trains they replaced (kg/seat and yeartadduction)

A visual inspectiorof Figure6.15 shows that the Claggl5trains aréheavierper
seat than the units they are replacifigble6.5 belowcontains the information for
the Class345,Class 35 and Class 360/2ains that was used toake the chart.

Table6.5 Weight and seat data f@rossrail Class345and the Class 3sand 360/2ghey replace

a ea 10 Average
ea el0 pe
pe pe O a (0
pPE a ea (J/SEead
A c A > A > . >
345 9 454 318.4 35.4 50.4 701.3
315 4 316 137.6 344 79.0 4354
360/2 5 331 202.8 40.6 66.2 612.7
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This table shows that the new Cl&<$s are heavier per seat than @lass 3bsand
Class 360/2hat they replaceThe9-car Class345has 44 seats and weigh18.4
tonnes in total, giving a figure @01.3kg/seat. However, the Class53$ the

lightest per sean this table It is a 4carunit with 316 seats and weighs T35

tonnes, giving a figure of36.4kg/seat. To investigate this further, like in Chapter 4,

we can break the metric of weight per seat into its component parts.

Table6.5 shows he average weight of a car for the& Class 345 is 35.4 tonnes

per car, which is heavier than the Class 315s that weigh 34.4 tonnes, jpeit car
lighter than the Class 360/2 at 4@@nes per caHowever, the Class 345 carriages
are 23 metres long, whereas the Classa&8ithb360are 20 metres long (s€&gure

6.14 on page218). The Class 345asmore usable space onboard for passengers and
facilities, butthis would be expected to increase weight.

A significant differenceés visible inthe number of seats,ithr an average of%seats
per car for the Class 3153®mpared to 50 seats per car for the new Class B45s.
explanation for this difference is that the Cl84§trainsfeature a mix of

longitudinal and bay seating in 2+2 lay@bigure6.11), whereas the Class 315s use
a 3+2 seating formaas showrn Figure6.13 above The Class 345s hagpace

devoted to standing passengeith hanging straps and grab rails

The new Class345trains are a lightweight design which is impressive
consideringtheir longer carriages. Their hybrid seating and standing

configuration means that they havdewer seats per car than their predecessors.

The next section explosehe Crossil procurement whengropositions of trains

were articulated, and one was selected to beconredlised trairdescribed above.
6.2.2 Activities before the procurement

Like Thameslinkthe starting point of thistrategicdecision tgproducenew trains

for Crossralil has a long historEarly work started in the 197QsderBritish Rail,

to investigae opportunities to relieve congestion around London and the South East
to cope with expected future growtdowever, easibility studies in 1974 and 1980
(National Audit Office, 2019, p. &oncludedhatit would be too costly.

The project was picked up agamDecember 199&henJohn Prescott, the Deputy
Prime Minister, askethe Strategic Rail AuthoritfSRA)to review eastvest travel

across LondonThe resulting repoiiShadow Strategic Rail Authority, 2000)
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recommended new rail links across London to relieve existing, and forecast,
overcrowding and congestion. In 2002, Cross LorRaih Links (which became
Crossrail Ltd in 2009) was formed by Transport for Lon(ithh) and the SRATfL

is thelocal government body responsible for the Greater London transport system
includingroads, trams, busegaxis, cyclingand aspects of railway services, such as
London UndergrountiVhen theSRA was abolisheth 2005 the Department for
Transport (DfT ook on theS R A ils andacted agoint sponsortogether with

TfL.

The Crossrail programmeasre-assesse(Crossrail Ltd, 2005)Forecastd growth
to the population in London and the South Bt expected to produgecreased
demand for public transpoithe CrossrailElizabeth line was estimated to provide a
10% increas in rail capacity in central Londoihe benefits of Crossrail included
fireduced journey times, reduced crowding on public transport and quicker
interchanges between servioéNational Audit Office, 2014a, p. 5These benefits
were mobilisedloop 1, mobilisation of the worldp strengthen the Crossrail
programme. Benefits were calculated to exceed ¢bisigen, 2019, p. 19nd so,
both theDepartment and Transport for Londdecided to invesind progress the
project.Legislation required to build the railway gained Royal Assent in 20@8
Ma | e st yronent, @008)CGross London Rail Link&zasrenamed Crossrail Ltd
in 2009. It isa wholly owned subsidiary GffL andis responsible fodelivering the
CrossrailprogrammeNetwork Railwere responsible fawork to improve existing
rail infrastructure Construction started in 2009 on the first Crossrail site, Canary

Wharf station.

The General Election of 6 May 20p@oduceda Coalition Government which,

against the backdrop of tl&obal FinancialCrisis and problems in the Eurozone,
paused infrastructarprojects subject to a Comprehensive Spending Review in June
2010.Overall unding for Crossraivasreduced by £1 billion t614.8bn. This
fundingwas providedNational Audit Office, 2014a, p. By anetwork of alliances
(loop 3, alliances)ncludingdirect grant funding fronDfT and TfL, borrowing by
Network Rail and Transport for Londoandcontributions from businesses,

including a supplement toondon business rate§he funding onlycoveredthe

constructioncostsof the railway An estimated1 billion additionalcost(National
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Audit Office, 2014a, p. 9vas needed tbuy thetrains The majority ofthiswas
funded directly by Transport for Londowith DfT providing£100 million

As with Thameslinkihe detailedanalysisof the production ohew trainswill start
with the OJEU noticef the procurementvhich was published by Transport for

London and Crossrail Ltd in November 2010.
6.2.3 Early actor-network development:the OJEU is issuedn November 2010

An OJEU Contract Notice2010/S 233356965 was issued 26 November 204:0d
requesteexpressions of intereby February 2011The first thing to highlight on

the OJEUNotice (Appendix, pag869) is that the address for the contracting entity is
Transport for Londom/o (care of)Crossrail Ltd Although DfT are a joint sponser

there is no mention of them in the OJEU notileis reflects the fact that Crossralil

Limited was established as the company to build the new Crossrail railway that will
become known as the EI i zaUldwernmhbodyd ne. Cr os:
(National Audit Office, 2014a, p. 1@nd it is a wholly owned subsidiary of

Transport for London (TfL). Once the railway is complét&ill be run by TfL as

part of Londonoés i nTodgpuaderstahd dallyacios por t n el
network formation we can defir@rossrail Ltdhere a’rime Mover Crossrail, he

institution, isshapingthe early networland allocating roles to acexpressing an

interest in response to the nottbat they have published

The OJEU notice does not give much information on the background to this
procurementThe initial problematisatior(Callon, 1984, p. 6) definition of the
problem to be addressed by the actetworki is provided bya mix ofhigh-level
information andsome specificlirection.The trains are to be 200 metres long,
although early services will need to operate as &0 trains. Their design life
should be 35 yeamsith high levels of reliability and performancad able to
support24 trains per hour in the central section. Tiagns must integrate with the
local technical infrastructureA future member of the network is described in the
OJEU, because the supplier of trains will be expected to work v@tivssrail Train
Operating Companthat is expected to be in place asdbevices go liveThe scope
of work also includes the design and construction of a depot and maintenance

services for the new trainsinancing for each part of the scope is a requirement,
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although there are options for Crossrail to change their approlaeltost for this

package of requirements is estimated to be between £1bn and £1.9bn.

The final point to note regarding the OJEU notice relates to the stated criterig,

which is defined ashe most economically advantageous tender in terms of the

criteria stated in the specifications or in the invitation to tender or to negofiais

is the same as the Thameslink procurereend reflects EU law where a

procurement can be based on pricealone on t he broader basis
economicallyadvana ge ou s t e i(Hbese ad ComdbATransport

Committee, 2011, p. 12T he definition of MEAT will be developed as the

procurement process unfolds.

The OJEU directs interested parties to downk&oe-Qualification Pack, which

mustbe returned by the deadline of 24 January 20h&PreQualification Pack

was obtained from Crossrail via a Freedom of Information request (Appendix, page
366). Included is @re-Qualification Questionnaire (PQ®@hich aimsto assess
Applicants against the characteristics which CRL [Crossrail] has identified as being
important for the successful tendering and delivery of the Project SerVlee$QQ

is clearthroughout that it is CRL (Crossrail) seeking answers and looking for
evidence from interested parti@sading and financial information must be provided
for the lead organisation and any members of a consorfibim document provides
Crossrail a way to engagespondents in a processrmaeressemen{Callon, 1984,

p. 8). Crossrail, as Prime Mover, are allangtroles to interested parties and create
associations across the developing aottwork thatwill producepropositions of

new trainsThescoring systenfior the PQQwith areas and weightings shown in
Table6.6 below.
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Table6.6 Structure of the&Crossrail Pre-qualification Questionnairevith weightings for scoring system

PQQ Areas Weighting

Section C1 Healh and Safety 5%
Section C2 Quality and Assurance 3%
Section C3 Environment 2%
Section D- Corporate Social Responsibility and Customer S0t
0

Relationships
Section E Ability to design and build trains 30%
Section F Ability to design and buildhe depot 17.5%
Section G- Ability to maintain trains and support operational

: 27.5%
requirements
Section H- Ability to arrange and provide finance 10%
Total 100%

How these figurefiave beenallocateds not explainedbut he structure alignaith

that set out in the OJEUhe sections that attract the most points are those that relate
to the ability to design and build trainéSection E, 30%) antb the ability to

maintan trainsand supporbperational requirementSection G, 27.5%)or
Crossrail,propositiors of trains arealsoarticulated withthe building of a depot

(17.5% weighting) andriancing(10% weighting)as part of theollectiveaction

This document acts to creatdationshipsand associations amoagtors.For
example, a subategoryfE6)as sesses the Respondentso
compliance, testing, commissionjagnd customer acceptancehis will involve

Network Railacceping the trains onto UK rail infrastructure

Seats are not mentionedplicitly anywhere in ta PQQ However, he weight of the
trains is referenced within SectionBecognising that Bidders will bring their

existingpropositions of traingo this action the PQQ asks théodemonstrate an
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ability to adapt existing designs moeet tle Crossrail specification requirements

includingg

1 delivering an efficientass to passenger capacity rafgmphasis addedd
reduce energgnd track maintenance cast
1 optimising whole life costs (including energy efficiency) while meeting

performance requirements

Massto passenger capacity is a similar metric to kg per athgugh itcould
include standing room capacity and not just seats. The emerginghatimrkneed
to consider the weight and energy usafjthe trains that will b@roduced but there

are no specific targets or numbersvidedat this stage.

Potential tradeffs betweerwhole life costendperformance requirementse
recognised, which reflectanetable requirements for 24 trains per hour in the central
section This impliesshort dwell times at stations with trains arriving and departing
every 23 minutes. Achieving this requires a range of attribatebe traing
includingfastacceleration and brakingvhich could lead to greater energy usage.

The PQQdirect Biddergo optimisewhole life costsf there are tradeffs to be

made The design life of the train is not stated in the PQQ, but the OJEU had given it

as 35 years.

This PQQ forms part cd wider discourse, which also inclugipresentations,
industrybriefings, Q&A andvariousdiscussions inside the railway industry and
related sectordhis early stage ofatwork formations mostly formed fronwithin
the railway professiondoop 2, autonomization)but the higkprofile nature of the
Crossrail programme places this within the public eye, given its éageomic costs

and visible impact upon the London geography.

Responset the PQQwere required by 24 January 204atcording to the OJEU

and in March 2011 Crossrail confirmed that five organisations would be invited to
tender: Alstom Transport; Bombardier Transportation (UK) Ltd.; Construcciones y
Auxiliar de Ferrocarriles SA; Hitachi Rail Europe Limited; and Siemens plc.
Crossrailstated thatlgtailed requirements for the new traiwere being finalisednd
the intention wa$o put out an Invitation tdNegotiate(ITN) andinvite thesdive
companiego submit bids in 201,with a view to awarding a contraict build the

Crossrail fleetn late 2A.3.
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6.2.4 Increasingarticulation of propositions: the ITN is issued inMarch 2011

This ITN stage represents the development of more artiquiap®sitionsand itwas
to involve two rounds.In thefirst-round Bidderswould provide technical proposals
and their approach to securing tieressaryinance.Shortlisted bidders werghento
be invited toprovidefully funded proposals the second rounavith a preferred
bidder selectedt the end.

Crossrail providd further tehnical aspects of the desired trajappendix Dpage

375 andrequired attributesuch as the maximum length (205 metres), power
swply (25 kV AC from the overhead line), and so ©his documenincluded an

explicit weight targetwith thenew train to bdess than 350 tonnesEnergy-saving
featuresincluding regenerative brakingere detailed, as was agiredenergy
efficiencyof 24 KWh per train kilometre, which it says is equivalent to 55g CO2 per

passenger kilometre.

However,in June 2011t was announced that Siemens had been made preferred

supplier for theThameslinkcontract with the newtrainsto be built inGermany As
discussecarlier in thischapter Bombardiethadlost out andsubsequently

announcd job lossesincludinga review of the future of its Derby platinite the

unionsaidt hat it was Anot just the jokes at Bo
i n the regi o(fduse osCompnohsylrarspod Committee, 2011, p. 74

Ev 48) A political debate about UK publgectorprocuremenensuedand Crossrail

announced thahe issuing of tender docwntswas tobe deferredThe difficulty of

defining the edges of an actoetwork were demonstrated, as Heparate

Thameslink strategic decision acted upon Crossrail.
6.2.5 Public sector procurement practicescome under scrutinyin June 2011

Upon coming to peer in 2010 he Coalition Governmentreated dNational

InfrastructurePlan The annual review of this plaim 2011, reviewedissues

associated witpublic procurement practiced Crossrail press release described

thisreviewa s i e x @ theidegieatg which the Government can set out
requirements and evalwuation criteria wit
i nt e(PeatesMaoLennan, 2011o allow the findings to be factored into the

Crossrail procurementhé date for the planneawardof the contract wapushed

back from 2013 to 2014.
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In August2011 it was announcdtilmo, 2011)that Alstom, the French

manufacturer of the Pendolino trains operating on the West Coast of England, was to

withdraw from the Crossrail tender proceslstom st at ed t hat dAit
product f (RobertWright ameHeleroWarrell, 2014n0d that adaptation
of their existing products was not <co

requirements.

The National Infrastructure Platated thaith e UK O s t r &inapwaache nt
to public procurement is viewed positively by inward invest@tM Treasury,

2011ap. 112) However, thePlan identified opportunities famprovements to
procurement practicdso fisupport a consistent app
appraisal of infrastr ucHHMTreasuryg,20ijagpct s
92). Supplementary guidance was issuedfioet T r e Green BogKbils!

Treasury, 2018)whichis the central Government framework for appraisal and
evaluation of potiies, programmes and projecthis guidanceecognisedhe
challenges of assessingsts and benefifer infrastructure spending hiswas

illustrated with an example of a railway linghich providedlirect benefits to
passengerthroughfaster journeyimes, reduced ovarrowding and a more pleasant
journey. Additional benefitsdyond thiscould include reduced road congestion,
which could lead to reduced CO2, improved air quality and less noise pollTiien.
supplementarguidanceo the Green Boolvent on to suggegHM Treasury,

2011b, p. 9} h a t new faildne fmay also have a positive effect on economic
activity in deprived areas served, potentially bringing a combination of regeneration
benefits and new employment opportunitiekhis is a recognition of the wider
actornetwork involved in the production aokw trains, with this action reaching out

to form alliances (loop 3) and connect with a wider public (loop 4) beyond the
immediate railway industryl herevisedGreen Bookapproactstates that costs and
benefits should be quantified and monetiséere possibleand still included in the

analysis where this is not possible.

I n November 20 lcbntitudteimplemenetinetEl4® billion o A
Crossrail projeci(HM Treasury, 2011a, p. 4Was announced’he updated
National Infrastructure Plan from the Treashad acted and would be incorporated

into the revised Crossrail action
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6.2.6 The ITN resumesin 2012with arequirement for responsible

procurement

On 28 February 2012he Secretary of State for Transport published a Written
Ministerial Statement outlining how recommendations from the procurement review
were reflected in the Crossradlling stock and depot procurement. Tiheitation to
Negotiate(ITN) included requirements foresponsible procuremerBidders were
requiredtodescribB how t hey wi | widersapghaahpan andiprovide t h e
opportunities for training, apprenti¢eps, and small and mediusized

businesses to establish an appropriate local presence to manage the delivery of the
contracé [ a nadspecify from where each element of the contract will be sodrrced
(Greening, 2012)A wider actornetwork was explicitly recognised this strategic

decision

The award of Thameslink to Siemens had acted upon the revised procurement
guidelines, but it was also claimed that Siemens Inele an advantage in the

Crossrail procuremefiitecause®ffi c | e ar s (Mimio,|2@1R)between hétwo

railways The head of Siemens' UK train divisidenied this and stated thae

expected th€rossraipr ocess t o be hatha dfferdaléveln a f ai
playing field to al/| b(Milcha, 20d23 UndarEly ar d 1 es s
rules, the governent cannot prefer a domestic company, and the Ministerial
statementlarifiedt hat t hi s was fAnot an asse&sment
(Greening, 2012)However biddes wererequired tgprovideestimatedor local

sourcing, andhese estimatesould be monitoredubsequently

A new concept of how trains are producedlidop 5, links and knotg has
emerged.This new concept places greater emphasis tipowider social and
economic valuassociated witthetranslationof propositionanto realised trains
This has parallels with the early days of the rail\{sse sectio®.1) whenthe
railways werenot just a provider of transportation services. They wereaalso
significantconstruction enterpriserovider of employmentand creatoof

opportunitieslpop 3, alliances antbop 4, public representation)

Alstom had withdrawrarlierin August 2011 Theremainingfour bidders
(Bombardier, CAF, Hitachi, Siemensgre issued withevisedtender documenis

February 2012In November 202 the Transport Minister, Norman Baker, indicated
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(Butcher, 2017, p. 18hat thefour biddershadsubmitted firstroundproposaldy
the deadline of 29 Octobéfrhe submitted proposals described the technical
characteristics of the propositions of trains, as well as how each Bidder seculel
finance tomanufacture and delivénerealised trainsHowever the financialaspect

of this strategic decisiomwascomingunder scrutiny.
6.2.7 Financing is reconfigured inearly 2013

As discussed abovéndg Department antfL hadoriginally agreedNational Audit
Office, 2014a, p. 26hat the trains antheir maintenance depot should be funded
through a Private Finance Initiative (PFI) deeith private sector companies
arrangingfinance.However, the Global Financial Crisis and Eurozone problems had
impacted the availability of private finance. Even as the Global Financial Crisis
began to recede, changed lending rules led to a reductiongiterm lending for
infrastructure. In response to this the Chancellor, George Osborne, launchéd the
Guarantees schenreJuly 2012 The Crossrail trains were a candidate for this
scheme andniSeptember 201#he Chief Secretary to the Treasury, Dann
Alexander, announceatiat theGovernment, which was already providing 30 per

cent of the funding for rolling stock, w;
which will be f i nancedlimBickadapdMark@dele f i n a
2012)

In late 2012, TfL expressed concerns firatate financingcould delay the

programme, citing recent transport PFI deals such as the Thameslink programme,

which was delayed by over three yedmansport fo Londonnow proposedo buy

the trains and depot directlxsssessments dhe value for money of PFI and 100 per

cent public procurementere revisited. T ansport f or fauodmdondés a
favour of public procureménwhereashe Departmentor Transpord €&o-sponsor)

analyss (National Audit Office, 2014a, p. 2&asin favour of PF. Each of these

analyses are mobilising evidence from thale/(loop 1, mobilisation of the world)

to support their casélowevert he di fference bet ween each

assessment was marginal.

By 2013 market conditiondadimproveda n d¢ending to UK infrastructure projects
had returned to 2006 level@National Audit Office, 2015, p. 7Private financing

wasagaina viable option that did not require the UK Guarantee scheme. However,
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in February 2013, following discussions between Transport for London, HM

Treasury and theDfT, the sponsors agreed to abandon the PFI apprivaefiect,

the Government agreedtothla y or o f (Bbrs dodnsamjoposal to move

from a financing model involving a substantial element of private sector funding, to

one entirely funded by the public secton 1 March 2013 the Transport Minister,

Stephen Hammond, announde& ¢ hnahe inancing approach for the Crossrail
rolling stock and ass oBuiclet 2007, pd®p ot f aci | i

The concept of how to produce new trainsldqop 5, links and knots) had changed
again. A changng concept produced a reconfiguration othe actor-network.
Financing was still necessary in tkisategic decisigrbut it had moved from

privately sourcedinance to public.
6.2.8 ThelT N is reissued in April 2013

An updated IN (Invitation to Negotiate)vas issued in April 2013vith adeadline
for proposal®of 29 July 2013.

In July 2013 Siemens announced it was withdrawing from the process. The German
company insisted this was not a result of political pressue sa it had no

compl aints about the bid pr oRakn201l3whi ch |
However, theeconfigured concept of trains with public financerd local sourcing

may have impactethe advantagesf their actornetwork to produce new trains

relative to the actenetworks of their rival BiddersAn earlierHouse of Commons

Transport Committeeeview of the Thameslink procurement retdted that it was

Ahard to escape the conclusion that Si emi

contri but i o (Houseof CommonsTuanspoet €aminittee, 2011, p. 3)

The remainind@Biddersreceivel the ITN documentatiomndthearticulaton of
propositiongecommencedA long listof stakeholdergvolved in this actionvas

provided to Bidders

1. TfL and the Secretary of State for Transport (Sponsbitse Crossrail
Project)
2. Crossrail Limitedresponsible to the Sponsors for delivering Crossrail)
3. Network Rail; Canary Wharf Group and Berkeley Homes (industry partners

in the construction of Crosstamfrastructure)
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4. Crossraland the industry partnerso6é contr ac
in delivering the Crossrail infrastructure and associated services

5. Heathrow Airport Limited and Network Rail (owners of infrastructure over
which Crossrail servies will operate)

6. Rail for London (subsidiary of TfLds manager of infrastructure in the
Central Section of the Crossrail Project

7. Network Rail (manager of part of the infrastructure over which Crossrail
Services will operate)

8. various statutory bodies (amwers of the trains, depand railway
operations)

9. various public and private bodies who may be affected by the Works and / or
the Services

10. Crossrail Train Operating Compafthe operator of the trains and user of the
depot)

11.London Underground, Network Rand various train operating companies
(users of the infrastructure or operators of stations on the Crossrail route)

12.neighbours of theew cepot; and

13.members of the public (users of Crossrail Services)

This list recognisea range of actors, includingilvay institutions(loop 2,
autonomization)partnersvho will benefit from the servicesuch as Heathrow
(loop 3, alliances)and neighbours and users of the Crossrail ser{liees 4, public
representationBidders were not allowed to contact stakeleos regarding the

proposalunless approved by Crossrail

The ITN reconfirmghat thisaction to produce new traimgso includedhe building

of adepot and the provision aihaintenancand other services. Thisto be

provided by the selected Bidder for 32 years from the start of the contract. This
collectivei trains, depot, and servicewill becomewith the wider Crossralil
programmethe Crossrail railwagervice operating in and around Lond®he TN
dexribesCr ossr ai | 6 s r degiredrans, depgtandservicesy t h e

however, it is only theequirements for theains that will be explored in detail here.

ThelTN states thata minimum fleet of 60 newainsare requiredThis isan
increased level of specificity ovére OJEUandPQQ which haddescribed aesired
level offuture operationaservicerequired fromafleet of unstated sizeéDesired
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features (attributesjf the trainsare provideddppendix D, pag875). The trains

must have a hybrid nature that allows theradcommodate large numbers of

passengers for metro style operations incr@ralsection but alsoprovide a

comfortable environment for longer journey$e high throughput in theentral

section (24 trains per hour) requires rapid movement of passemygarsl off the

train, so dwell times at statiomsust beminimised The tr ai nds accel e
braking performanceustalso supportherapid transportation of large volumes of

people Integration witHinesidesignallingsystemss criticalto regulae access of all

services, especially in thbusycentralsection A collective effort is required to

deliver the high throughput in the central section.

Crossrail has createdTaain Technical SpecificatiofT TS) to embodyemphasis
added]thosetechnical features considered necessary to deliver the Sponsors'
requirements for the Crossrail Projedthe TTSwasused byCrossrailto evaluaé
propositionsand sacompetingBidderswill need toarticulatetheir propositionswith
the attributes and chacteristics embodied in the TTA similar technical
specificatiorwas createdor the Depot works, but this will not be explored here.

The TTShasmore than 750unique identifiers describingdesiredcharacteristicef

the propositions of trainsSome exmples are shown below:

1 TTS 3.2.1.4The Unit shall be able to achieve and maintain a maximum
operating speed of 145kph on tangent level traakpen air whilst
travelling into a headwind of 50kph[emphasis addedand at all loading
conditions up tand including Normal Payload while operating on traction
power supplies of 24kV.

1 TTS 3.9.1.2The Unit shall ensure the Mean Comfort Index shall not exceed
1.9 when operating on any section of the Croshnéidstructue éFor each
measurement location withthe saloon the Mean Comfort Index shall be
calculated by taking the arithmetic mean of all comfort indicegemphasis
added]calculated for that location.

1 TTS 3.13.1.12: When regenerating the maximum current returned to the AC
network by the Unit shallat exceed 300A.

1 TTS 3.26.1.2Inter-vehicle gangways shall be as wide as practicable, having
sufficient width toallow at least two 95th percentile adult UK male

passengers to pass each othEmphasis addedihe abreast unimpeded.
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1 TTS3.40.3.1Thedrive 6 s cab shall be provided wi
two coat hooks[emphasis addeg$mall waste bin; two cup holdérsand
two BS1363 type socket outléts

1 TTS 3.34.4.4Toilet facilities shall not be fitted within the Unitsé
TTS 3.47.1.1The Unit shdlhave adesign life of 35 yeardased on the

service specifications outlinéd

These examples illustrate the high level of specifi@tg.(two coat hooks300A
maximum current returned by regenerative brakmegardingthe desired future

train. The tran will not include toilets, whicheflects its metrestyle servicdike

London Undergrountrains.Gangways between carriages, that allow congestion to
be eased as the trains are movingst bethe width of two 9% percentile adult UK
male passengerllere, adult UK males are brought into this acfioop 1,

mobilisation of the worldjn the form of statisticsTrain comfort is mobilised

through the uses @fMean Comfort IndexwhichBidders are required to use to
measure and articulate thpmopositionsThe TTSactswith propositions of trains
under developmerni the decisiodaboratory Propositions become more articulate

through this action.

Crossrail will also asse&idderdability to deliveri to translatetheir propositions

of trainsinto realised trainsThis assessment déliverability wasalso assessed
during the earlier PQQ stageor exampleB i d d appraadhes to Health and
Safety, Quality and Environment were all assessed at the PQQ dodfzee
assessed during theNT One important point to note is thiie ability to arrange

and provide financéhatwas assessed during the PQQ stage (weighting of 10% in
the total scorejs no longer assessed for the N. Thechanged concept diow
trainsare producedloop 5, linksand knotshas reconfigured the actaetworks
producing propositiong-inancing is still part of the actoretwork to produce new
trains, but it is now being provided by TfL rather than private finance institutions.
TfL are arranging loans, with finanaestitutions, to buy the trains outright from the
winner, rather than the Bidder owning the realised trains and leasing them to Tf

The evaluation criteria defined in th@S and other parts of tH€N are applied by
Crossrail at each stage leading up tmttact Award. Théour stages tevaluate the

competingproposgtions are:

Page233



Chapter6. Analysis of he Procuremendf New Trainsusing ANT

Stage I General Review and Mandatory Requirements
Stage 2 Technical and Deliverability Evaluation

Stage 3 Commercial Evaluation and negotiations

Stage 4 Contract Award

6.2.8.1 ITN stage 1¢ generalreview andnandatoryrequirements

Thisfirst stage involves a general review of the propdsata Biddersand
assessment agairsssubset ofmandatory requirementd8 mandatory set of 27
requirements are identifiedoim more than 750 g&arate requirements the Train
Technical Specification (TTS). Mandated aspecthetiepot proposal ar@so
described in the IN, buttheywill notbe explored here.

The mandated requirements state that the fleet size must consist of a minimum of 60
full length units.The length of the train is mandated, witkwl Length Unit

required to be no longer than 205 meteewl aReduced Length Unito more than

163 metresStationplatforms act upon the length of the trains because of the

material relationship between train and infrastructure.

A specific weight target for the trains is mandat&dzull Length Unit is not to

exceed 350 tonnefI' TS 3.5.1.). The actual weighof therealised train$ the9-car

Class 3451 subsequently delivered by Bombardieas318.4 tonnesWithout
access to Bombardierds pr opos apropositoe do
thatpreceded the Class 345. However, we do know thatst mwve been less than

the mandated maximum weight of 350 tonnes, sinatild not have progressed.

The number of sesits not mandated, but total capadiggated and standinig)

requiredto bea minimum of 1500 passenger€fl TS 3.34.3.2. The actual Class 345
realised trainkiave a total capacity of 1,500 that includes 454 s€&his.reflects the

mixed use of these trains as metro operations in central London, while also providing
services to regions outside of the citye Class 34%eaised trainsare articulate

with the hybrid requirements for seating and standing. Theydwmwe 2+2 seating

for longer distancedut mostly longitudinal seating, likeondon Undergroundo

give maximum floor space. The internal picture shown eafigu(e6.11, page

215 illustrates this layouiThe ITN stateshat the number of standing passengers

that can be carried must be calculated using a density of no more than four persons
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per square metr&herealised traingnay carry more, or less, th&wur standing

persons per m2, bthe propositions of trainsamot.
6.2.8.2 ITN stage 2- technical and deliverability evaluation

Proposals whiclpassstage 1 areextevaluatedacrossa range of technicand
deliverability criteria The technical criteria include two main scditegories that
further demonstrate thaaticulationof trainswith theirdepots.

a) Technical criteria
1 Train Works
1 Depot Works

The technical criteria for the depot works will not be explored here. The Train
Works criteria argrovidedin the appendix of this document (appendix D, page
378). Within Train Works there are 13 swiiteria thatarticulate attributes of the
desired trains andre usedo assess theompetingpropositions of trainsreatedn
this decisiodaboratory Each of these sutriteria are associated with different
clausedrom the TTS For examplePhysicalBehaviouris one of 13ub-criteria to
assess the proposed Train Worksis is shown irFigure6.16 belowand will be

discussed further to show how this articulates the propositions of leiimg

configured
Sub-criteria Relevant requirements, components and weightings
(Clause references relate to the Train Technical Specification
and are deemed to include other requirements cross referenced
in the relevant clauses)
Physical Behaviour Clause Component % of score
(10%) , o
3.7 Gauging, Routes and Stepping Distance 25%
3.8 Track Wear and T-Gamma 35%
3.9 Ride & Stability 10%
3.10 Noise and Vibration 20%
3.23 Lubrication 10%

Figure 6.16 Crossrail Train Works Subriteria and TTS Clauses

Physical Bzhaviouris given10% of the total score fdhe assessment dfain
Works, alongside the 12 other sw@biteria shown in appendix D (pa@¥ 8. We do
not know how this percentage was choSérerelevant attributes of the desired
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t r aPhgsiwa Behaviouaredescribed acrods/e differentclauses in the TTS:
TTS 3.7, TTS 3.8, TTS 3.9, TTS 3.10, and TTS 3E&:h of theselausedas a
weighting as shown ifrigure6.16 above For example, TTS Clause 3deéscribes
aspects oGauging, Routes and Stepping Distanglated tahe train andts
infrastructureA proposition that is articulatiewith this requirement canagn 25% of

the total score foPhysical Behaviour

TTS dause 3.7s part of a hierarchthatin turncontains 12 sulauses3.7.1.1to
3.7.1.2 thatdescribevariousattributesrelated togauging, routes and stepping
distance which iseffectively aboutequiredclearances in tunnels, thennection
betweertrain andplatform and so onFor example, TTS 3.7.1.1 providie

following lengthy requiremerthat is reproduced below

1 TTS 3.7.1.1: The Unit (including all physical featurestsas underframe

equipment, bogies, door light indicators, buttons, roof mounted antennae,

stowed pantographs but excluding footsteps) shall have a swept envelope no

larger than that generated by the Crossrail Class 345 Vehicle Model for all

movement and &viours (including operation in degraded conditions). For

the lower sector the requirements of Appendix C C.2.3 shall adpte. this
shall be demonstrated by the derivation of a K§EKinematic Envelopd

and comparison with the Crossrail Class 345 Vehiclsodel and the

swept envelopes contained in Appendi X

[Emphasis added]'he development of the KE shall take note of the

guidance note GE/GN8573. Crossrail Class 345 Vehicle Model: Means the

Crossrail and Network Rail authorised ClearRt e E Cr ossr ai

vehicle model which is des3®lnated

In thissubclause TTS 3.7.1.) Crossrail defie the measurement system to be used

by Bidders when they articulate thpropogtions oftrains The software p&age,
Cl e ar Ro u toa foriEglculatisy claarances between railway vehicles and
surrounding infrastructurdidders are instructech TTS 3.7.1.1to create a model
of their proposed train using this softwaréey areeffectively creatingamodel ofa
model, using thesoftware modelling packade modeltheir propositionof a train
thatis itself a modetepresented idocuments@and other formsThe Bidders are
asked to compare the model of th@iopositionof a train to aCrossrail Class 85
Vehicle Mode(LV-345-1), which has been created by Crossk&i do not have a
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physical test track like at Rainhill, but the propositions of trains are required to prove
themselves on a similar abstractidihe route through which the trains will nastg
wasbrought into this actiofloop 1, mobilisation of the worldysing this software,

with modelled infrastructure and a model competitor.

The other 12 sulsriteriawithin Train Works,andtheassociated clauses from the
TTS, describedifferentaspecs of thedesiredrain, including further requirements
regardingweight and seat3 he mandatory requiremesibf stage onéabove)
included a maximum weight limgndminimumtotal capacity foseaing and

standing It is at this second stage thsgiecificrequirements for seatirggegiven

A set of sukcriteria described dsidustrial Design(Figure6.17) is allocated 6% of

the total score for Train Works.

Figure6.17 Crossrail Train Works Subriteria and TTS Clausesindustrial Design(including ®ating

Within Industrial Designthe TTS Clause 3.34assenger Environmeratracts 60%
of the scoreTTS Clause 3.34 includes some 98 sidusesincluding the following

examples:

1 TTS 3.34.3.3The FLU[Full Length Unit]interior shall provide seated
accommodation for minimum of 450 passengerfemphasis added

1 TTS3.34.3.6 The Unit interior layout shall allow fa mixture of seated
accommodation in the longitudinal and transverse configurations, with
the distribution being approximately 2/3rd longitudinal seating
[ emphasi s added] e

1 TTS 3.34.3.7The Unit interiodayoutshall not include 3+2 transverse
seated configurationgemphasis added]

1 TTS 3.34.3.9Theinterior seated capacity and layout shall be calculated
on the following basislemphasis addedperch type seats shall be excluded

from the seated capacitglculation; where tipup seats are provided, they
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