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PPPin Light Rall Transit Systemsin Spain

S. Carpintero and R. Barcham

Abstract—Light rail systems have proliferated in Spain in the last
decade, following a tendency that is common not only in other
European countries but also in other parts of the world. This paper
reviews the benefits of light rail systems, both related to
environmental issues and mobility issues. It analyses the evolution of
light rail projects in Spain and shows that light rail systems in this
country have evolved towards an extensive use of public-private
partnerships. The analysis of the Spanish projects, however, does not
contribute any conclusive evidence about whether public-private
partnerships have been more efficient than publicly owned
enterprisesin building and operating light rail systems.
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|. INTRODUCTION

N the late 1980s there was a resurgence of tramways under

the new denomination of ‘light raill’. The mode's
reemergence as an alternative means of transport to cars or
buses was due to its potential to mitigate congestion and
support mobility around urban centers [1]. Light rail transit
(LRT) has developed as form of rail-based transport
particularly suited for distances between 10 and 40 km.
Common light rail train systems use two-car rolling-stock
configurations with articulated joins between cars. This
arrangement provides for greater passenger capacity while still
allowing for tight radius-cornering capabilities [2,3]. In some
cases, the differences between LRT systems and other urban
rail systems are not clear in practice. To provide a clear picture
of this, Table 1 shows the main technical features of light rail,
subway and commuter trains, highlighting the operational
similarities and differences. Light rail systems have
proliferated in both developed and developing countries in the
last decades [4,5]. Among European countries, LRT
construction has been particularly evident in the United
Kingdom, France, Spain, Portuga and Italy. This paper
reviews the environmental and mobility benefits of LRT
systems and analyses the evolution of LRT projects in Spain.
Based on a survey of Spanish projects, the authors identify an
evolution towards greater use of public-private partnershipsin
LRT construction and operation. The Spanish experience,
however, does not contribute any conclusive evidence
concerning the efficiency of the public-private partnerships
relative to publicly owned enterprises. The paper draws on a
review of the relevant literature, to which the authors add an
analysis of data gathered from Spanish light rail companies.
Further context was provided through interviews with
representatives of the majority of light rail projectsin Spain.
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TABLEI
TECHNICAL FEATURES OF URBAN RAIL SYSTEMS
. . Commuter
Light rail Subway train
Length of vehicle (m) 14-20 15-20 15-30
N. of vehicles per unit 1-2 2-10 2-10
Comm. speed (kmvh) 18-23 25-40 25-50
Distance bet. stops 450-800 1,000-2,000  2,000-4,000
Passengers per vehicle 125 180 375
Capac. seated (pass’h) 6,000-20,000 10,000-40,000 n.a

Source: Elaborated by the authors

I1.BENEFITS OF LIGHT RAIL SYSTEMS

Concern over the environmental effects of urban transport
occupies a prominent place in the globa environmental
agenda. Ever greater emphasis is placed on the effort to
achieve efficient transport networks that offer sustainable
mobility and are compatible with broader socia and
community aims. The main benefits of light rail systems may
be divided into two categories. those related to environmental
issues and those derived from its relationship to the urban
environment.

LRT systems offer significant environmental benefits. The
past decades have produced continuous growth in the number
of vehicles circulating on the highways and roads of developed
countries. This has in turn instigated numerous studies on the
environmental consequences of transport, with particular focus
on the increasing carbon emissions and other gases and
pollutants, and their noxious effect on human health. Until
recently, the principal policy instrument for regulating the
environmental impacts of transport has been the imposition of
vehicle emissions standards achieved through technological
improvement. Nonetheless, it has become clear that this is no
longer sufficient if the environmental goals of the international
community, such as the targets set by the Kyoto Protocol, are
to be achieved.

LRT systems have several important positive features from
the environmental point of view:

1) A more efficient use of natural resources. Unlike other
modes of transport such as the automobile or the bus, LRT
is driven by electric power. Therefore consumption of
limited resources and emissions of pollutants can be
reduced by use of renewable sources for electricity
generation.

2) The absence of polluting emissions since light rail
vehicles do not employ fossil-fuelled combustion engines.
In addition to this, LRT may lead to overall reduction in
the overall emission of greenhouse gases by diverting
traffic from other modes of transit (one light rail train is
equivalent to three or four buses).

3) Energy savings deriving from the generation of electric
power by the braking system that can be reused within the
system.
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4) The reduction of noise pollution. LRT systems ofirga Bilbao and Alicante) were built and are managedphilic
at maximum speed generate noise at around 60 decibeompanies. However, starting in 2004 most of thejguts
far below the daytime noise levels in congestech-highave been built and managed by private companidsrua
density urban areas. Furthermore, the design aterigda BOT scheme. In BOT projects the public authoritytcacts
used in the rails, along with the anti-vibrationstgyms with an outside organization (developer) to provséevices at

fitted in the rail cars, contribute significantho tthe
reduction in noise generated by system operations
Beyond strictly environmental benefits, LRT systdorsher
contribute to a higher quality of urban life.
The following features of LRT systems are relewarhis
respect:

1) Light rail vehicles are often pleasant, comfortabied
versatile, and employ the latest technology, withv |
floors that considerably facilitate accessibilitgr fall
passengers.

2) Light rail as a mode extends the right to transporall
citizens and allows an equitable division of pulsjace,
which has often been strongly dominated by th
automobile.

3) Transit along dedicated tracks allows light raittrculate

a specified quality of service standards. The dgped must,
consequently, provide the required inventory ofefixand
movable assets backed by its own resources or ghrou
external financing. The developer also retainsealenues and
commits to absorb either all or a contractuallyeagr portion
of traffic and revenue risks, as well as the ris&sociated with
construction. Risk sharing may also extend into aheas of
regulatory risk. A BOT is often the most approiagpe of
contract for situations with no previous servicesl avith a
requirement to provide depots or other infrastmectiNew
light rail schemes are often covered by long-teomntiacts of
this nature. To ensure sufficient time for recogpimvestment
eosts, these arrangements are generally long-temith
contract periods of 20 to 30 years [5].

The LRT projects built in Spain under a BOT schérage

at commercially attractive speeds, meeting scheduldéollowed the traditional risk allocation where thevate sector

timetables and thus providing a reliable servicgders.

bears construction risk and demand risk. HoweMenpst all

4) Road occupancy is reduced, allowing more drivind anprojects have some kind of mitigation mechanismdemand

parking space for remaining vehicles. As a reshére is
a potential for the urban space to become mo
comfortable and more accessible for pedestrian litobi

5) Light rail contributes to consolidation of the unbgattern,
limiting the distance of transit trips and favowithe
creation of a compact, mixed-use city, with intéigmra of
residential, professional, academic, commercial
leisure areas.

[1l.  UTILIZATION OF PPPIN LIGHT RAIL SYSTEMS IN SPAIN

In the last decade, LRT systems have proliferate8gain.
From 1994 to 2011, sixteen light rail projects h&een built
or commissioned in this country—almost all of thbetween
2002 and 2011. Out of them, eleven are alreadp@naiion as

shown in Table 3. The other five projects are under

construction. The first project was delivered irgervice in
Valencia in 1994.

Out of the sixteen (16) light rails commissionednfr 1994
to 2011, only four (4) have been procured througditional
procurement routes, while the rest have been pedctinrough
different formulas of collaboration between thevpte and
public sectors. The most common formula has been t
Concession, which is granted in most cases fordBDjperate-
Transfer (BOT) schemes, but can also be grantedtHer
operation of an existing infrastructure. In onetbé cases
(Tenerife) the project has been implemented thraughixed
Special Purpose
shareholders.

As shown in Table 3, the analysis of the LRT prtgec
implemented in Spain shows an evolution over tharge
towards the utilization of public-private partndmhand more
specifically BOT formulas. The three first projet&alencia,

risk, usually through a minimum income guaranteéth\ihis
teénd of guarantee, the concessionaire’s revenuescapped
between +/- 30% of anticipated demand.

The awarding criteria for the LRT projects built 8pain
under a BOT scheme have followed similar pattesimshown
in Table Il. There are some differences in theassiprojects

anmegarding the allocation of points in the awardipigcess,

which varies across the projects analysed.

But all of them take into account four aspects:

i) Technical aspects related to building the infragtire;
ii) Technical aspects related to operatiaif); Economic-
financial aspects related to the proposiaf) Economic-
financial aspects related to the sponsors’ solvency

TABLE Il
AWARDING CRITERIA FORLRT PROJECTS BUILT INSPAIN UNDER ABOT
SCHEME(% OF POINTS

Technical Technical Economi ,
Sponsors
aspects aspects c
. : . solvency
infrastructur  operatiol propose
Tenerife 40% 55% 5%
Boadilla-Pozuelo 7% 43% 37% 13%
(Madrid)
h Las Tablas 7% 43% 37% 13%
(Madrid)
Parla (Madrid) 7% 43% 37% 13%
Metro Seville 26% 34% 35% 5%
Metro Méalags 25% 35% 34% 6%

Source: Elaborated by the authors with data tak@n 6]

Company with private and public
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TABLE Ill
LIGHT RAIL SYSTEMS INSPAIN, 2002-2012
Year .
City (urban/metropolitan  delivery p | Length Cap"?" Averlage
area) into rocurement mode| (km) expenditure annual pass.
- (Eur2007) (million)
service

Valenciz 199¢ Public enterpris 12.€ - 6.3
Bilbac 200z Public enterpris 5.2 21.2 2.2
Alicante 200z Public enterpris 93.2 - 2.4
TramBaix (Barceloni 2004 Concession (BO™ 15.€ 23€ 10.2
TramBessos (Barcelona) 2004 Concession (BOT) 135 13.62 2.8
Vélez-Malaga 2006 Management contract 4.7 19.3 1.2
Tenerife 2007 Mixed enterprise 12.3 227 12.2
Boadilla-Pozuelo (Madrid) 2007 Concession (BOT) 422. 362.2 17.7
Las Tablas (Madrid) 2007 Concession (BOT) 5.4 262.3 3.4
Parla (Madrid 2007 Concession (BO™ 9.5 93.t 6.€
Metro Seuville 200¢ Concession (BO™ 19 43C 14.C
Metro Mélaga (* Concession (BO™ 14.7 456.2 17.1
Metro Murcia (*) Concession (BO™ 17 264 (2009 10.€
Palma de Mallorca (*) Public enterprise 7.2 110 28
Chiclana-Cadiz (*) Concession (OT) 23.6 116.4 2.9
Arganda (Madrid) (*) Concession (BOT) 19.1 116.6 6.0

(*) Under construction
Source: Elaborated by the authors

IV. DOES THESPANISH EXPERIENCE SHOW THAPPPARE
MORE EFFICIENT THAN PUBLICLY OWNEDLRT SYSTEMS?

Therefore, no relevant conclusions can be configeinawn
from the analysis of operational expense data,tdpamn the

The analysis of advantages and disadvantages dicpubbroad similarity across the projects analysed. Data

private partnerships versus publicly owned entsegsrifor
building and operating light rail systems has baddressed in
the last few years by a number of authors, inclydhements
and O’Mahony [7], Phang [8] and Mandri-Perrot [d]he
main reason for turning to the private sector guably that
the private sector can provide more cost-effective efficient
solutions to problems, due to both its profit metignd its
tendency to avoid over-engineering, a common fatilthe
public sector. Relying on the private sector foilding and

operational characteristics of the LRT systems shmov
relevant difference when it comes to commercialedpéhe
high speed of Sevilla's LRT presents an anomaly,ibhbas
not been possible for the authors to confirm thidrimation or
discover the reasons for the difference betwees phoject
and the others. The punctuality is very high foitta projects
analysed and the number of accidents, where alailebalso
similar. Data related to number of complaints mimst
regarded as irrelevant since each project has deitft

managing LRT systems, however, also involves high&@mplaints differently. Moving on to data coverimgestment

borrowing costs, higher transaction costs and faty an
optimism bias—the tendency to leave unquantifiatdks out
of the account. In this section we analyze whetherSpanish
experience with LRT systems can contribute any endé in
this debate—whether the analysis of the Spanisheqio
shows that public-private partnerships are moreiefft than
public companies. We have been able to gatherrdbted to
operational expenditures, investment, and somectspalated
to the operation of LRT. However, these data wesalable
for only six projects. Of these six, four are BOdncessions
(Trambaix, Trambessos, Seville and Pozuelo), omeaisaged
by a publicly owned company (Valencia) and anotbree is

in civil engineering works, significant variationar be
observed. These differences, however, depend mamlthe
percentage of the infrastructure built undergrourtte cost of
installation has been significantly higher in thases of
Pozuelo (Madrid) and Sevilla, although the auth@ree again
been unable to discover the causes. In the casdliof stock,
the costs have mostly clustered around 3 milliono eper
kilometre of rail, with the exception of the Tererproject.

The comparison between LRT systems under a BOT

scheme and a publicly owned enterprise should lidewdlude
an analysis of the projects’ financial performantewever,
the information available did not allow such an lgsia. In

managed by a enterprise with both public and peivaome cases, the information provided by the congsamias

shareholders (Tenerife). As shown in Table IV, dat@m

operational expenses show that there is no signific company does not distinguish between LRT lines and

difference between the projects except for Vale(@ipublicly
owned LRT). However, the information provided foal&¥ncia
includes not only the operation of LRT but alsocommuter
train lines.

vague and general, while in other cases (Valentie)

commuter trains, and finally in other cases the mames did
not provide any financial information at all.
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TABLE IV
VARIOUS DATA RELATED TOLRT PROJECTS INSPAIN
Trambaix Trambessos Tenerife Pozuelo Sevila  Valencia
(Barcelona) (Barcelona) (Madrid)
Operational expenses (OPE
Operation €/km) 4.21 4.46 n.a 3,51 n.a 12.4
Maintenance€/km) 4.26 4.40 n.a 3,87 n.a 2.4
Total OPEX €/km) 8.47 8.86 8.92 7,38 9.617 14.€
Operation
Commercial speed (km/h) 17.8 18.8 21.0 23-26 30.0 17.5
Punctuality (%) 96.4 93.0 99.0 99,0 n.a. 99.1
N. accidents (2009) 40 29 35 n.a. n.a. n.a.
N. complaint 703 352 1,528 n.a n.a n.a
Investment (mil€/km rail)
Civil engineering work 8.€ 6.7 15.82 15,7 24.¢ n.a
Installations 3 4.8 2.66 6,46 7.6 n.a.
Rolling stock 2.98 3.35 4.73 3,09 3.0 n.a.

Source: Elaborated by the authors with data pravidethe LRT companies

V. CONCLUSIONS

The analysis of the Spanish experience with LRTesys
shows that in this country there has been a ghifb fpublicly
owned enterprises in the early projects to BOT s&® In
most cases, the main reason for this shift appgedss lack of
public resources. In some projects, particularlghie case of
Madrid, this has been reinforced by the regionalegoment’s
need to reduce its public debt.

The analysis of the available data did not allow tas
conclude which one has been more efficient in lngidand
managing LRT systems: publicly owned companies &TB
schemes. In most cases in Spain, it is too earbbtain data
with sufficient track record. In addition, the dagathered by
the authors for some of the projects were provitled form
that made comparison with other projects impossible

Thus, the research conducted for this paper caotegita
first step in the endeavour of using the Spanisheegnce
with LRT systems to determine whether BOT schentes a

more efficient than those managed by publicly owned

enterprises. The analysis done in this paper shdgd
continued in the near future as more data beconakhble.
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