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Abstract

This paper analyses the contribution of the higiesrail project in the Basque Country, Spain, to
energy consumption reduction and to climate chanigigation by means of a simplified Life Cycle
Assessment. The calculation of €€missions and energy consumption reductions tweesdrvice
lifetime of the infrastructure (60 years) shows tleaen in the most optimistic scenarios
considered, it would neither compensate the @issions linked to its construction and
maintenance (2,71 MtGQ) nor would it contribute to net energy saving®be 55 years of service.
Robustness of these results leads us to conclai&tHG emissions reduction and energy savings
should not be used as a general argument in fasfanovesting in high-speed rail infrastructure.

Keywords: High-speed rail; Transport policy; Transport hrehy; Life-cycle assessment;
Sustainable mobility;

Highlights
g- gEnvironmental assessment of the new High SpeedpiRgéct in the Basque Country.
» Environmental burdens linked to construction amthreghighest worldwide.
* Very modest forecast of passengers demand (les2tbanillion annually).
* The new Basque HSR project does not comply withla@sport Hierarchy.
* GHG emissions reduction cannot be a general arguiméswvour of new HSR lines.
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1. Introduction

Transport policy faces, at the beginning of therttydirst century, an unresolved dilemma: how to
reconcile an apparently unstoppable growth of pagseand freight traffic with its undesirable
social and environmentally harmful effects. Transparrently accounts for about a third of EU’s
energy consumption (European Commission, 2015agdiith of greenhouse gas (GHG)
emissions (European Commission, 2015b), and whaneztber sectors GHG emissions have been
decreasing, in transport they have grown by 29%éen 1990 and 2009. Moreover, transport
activity is expected to double by 2050 (Europeam@ussion, 2013, 2011a). Thus, the
development of sustainable forms of transport leenlone of the key priorities of the transport
policy all around Europe. The European Commisdimninstance, has repeatedly stressed the need
to pursue a series of measures to limit the canioh of transport activity to climate change,
calling to strengthen the environmental assessnoéiuslicy initiatives with important
environmental effects (European Commission, 201288).

In this context, high speed rail (HSR) is sometimexposed as sustainable mode of transport, i.e.
as a means to reconcile the dilemma between trangmovth and sustainability (see e.g. Jehanno
et al., 2011). However, while few countries haveébarked in HSR technology, the environmental
arguments favouring investments in HSR are far fobear. Railway transport on HSR lines has
been acknowledged by the AR5-III (Sims et al., 9Gdlan alternative with potential for the
reduction of GHG emissions. However, the reporhlngipts that not only the operation, but also
the HSR infrastructure construction, maintenanckdismantling produces emissions and other
environmental impacts should be considered fronmigral perspective of its life-cycle.

The question is, therefore, whether HSR lines ead Lo a net reduction of environmental impacts
considering their entire life-cycle. Different stesl indicate that HSR investments may compensate
infrastructure construction burdens and mitigate @@issions (Akerman, 2011; Chang and
Kendall, 2011; Chester and Horvath, 2010). Howethese reports also underline the high
sensitivity of the results to certain variables;tsas passengers’ demand, traffic diverted and
induced and construction burdens. Westin and Kaggx@il 2) find that, in order to balance the
annual emissions from the railway constructiorffitaolumes of over 10 million passengers are
needed annually; most of the traffic diverted frother modes must come from aviation, and the
lines cannot involve an extensive use of tunnetester and Horvath (2012) estimate that the
Californian HSR line (CAHSR, 1100 km) might takéo63 years to balance the carbon footprint of
construction, provided HSR vehicle occupation igtkegher than for the other transport modes.
Chang and Kendall (2011) analyzed the San Franésaheim line (CAHSR, 725 km) balance,
concluding that the GHG emissions footprint coudddalanced in 6 years’ service, although low
occupation might delay the process to over 20 yeaud on a line where tunnels and viaducts are
only 15% of the layout. Akerman (2011) likewise e&feds a net savings on GHG emissions on the
Europabanan line (Sweden, 740 km). The UIC alsanclghat the HSR offers tangible advantages
over other transport modes (Jehanno et al., 2011).

Furthermore, if the environmental performance oRHB8vestments is to be evaluated under current
European environmental policies (especially regaydiimate change and energy consumption),
reduction of environmental impacts should not ddyundoubted after the infrastructure’s lifetime
but in a rather shorter period of time. In its Roag to a low carbon economy to 2050, the EU has
committed to reduce its emissions to at least 88#ivip 1990 levels (40% by 2030 and 60% by
2040), in order to be consistent with a +2°C terapee stabilisation in comparison to pre-
industrial levels (European Commission, 2011a).s€htargets have been accompanied by others
such as reducing European energy dependency amcimgdhe use of critical resources like

energy, raw materials, soil and water (European i@msion, 2010, 2011c).



In this context, the Spanish and Basque Governnpeojscted a 180 km length star-shaped HSR
network— commonly known as the Basque Y due to its “Y” shhapking the three Basque

capitals- that will also be connected to the French and BpadSR lines. The Basque Climate
Change Strategy 2050 argues that the constructitmsonew HSR line would shift transport from
other modes and be essential in the reduction &fsoms exceeding 80% on the 2050 horizon.
Strategy Action Line 4 from this Strategy contengdaboosting intermodality and transport means
with lower GHG emissions, including a new BasquéviRgy Network action (#12) for freight and
passenger transport (Basque Government, 2G1&etually, the budget of the Basque Government
for 2016 allocated the equivalent to over 50% efEmvironment and Territorial Policy Department
budget to the HSR construction (Basque Governn2&it,;b). However, LCA studies of the
Spanish HSR network in general (Garcia Alvarez02@hd the studies for the Basque Y (Basque
Government, 2012) fail to consider the emissiorsarergy embodied in the construction of the
infrastructure, despite the scientific consensugmportance (Baron et al., 2011; Cour des
Comptes, 2014; Sims et al., 2014). In fact, whike Basque Government (2012) reports an
emission savings potential of 425 tonnes ok @@lly for the Basque Y, an assessment of the whole
infrastructure life-cycle is still pending.

This paper aims to perform an environmental assessai the Basque Y HSR project by means of
a simplified LCA, in order to specifically analydgse potential contribution to climate change
mitigation and energy savingg-he environmental performance of HSR technologviuated
under two important assumptions: (1) a proper atain of the environmental performance of
HSR requires considering its entire life-cycle; §afthe environmental performance in terms of
GHG emissions and energy savings should be assesdedcurrent national and European
strategies and commitments. In the European cartteégtmeans: (1) that GHG emissions should
be reduced by 80% in 2050 as compared to emisdieveds in 1990 (European Commission,
2011a); (2) reducing the use and dependence ofjgeuropean Commission, 2010, 2011c).

The rest of the paper is structured as followstiBe@ explains the methodology and data used for
the simplified life-cycle assessment. Section 3/les with the results in our baseline scenario and
alternative sensitivity scenarios. Section 4 diseaghe main findings in the context of the current
European transport policy. Finally, Section 5 pdaa with the main conclusions and policy
implications.

2. Simplified Life Cycle Assessment of the Basque Y

This section documents the methods and materiglerform a simplified life-cycle assessment
(simplified LCA) on the Basque Y HSR infrastructunce our aim is to assess its potential

! The Basque Climate Change Strategy 2050 partialydes the objectives set by the EU. It propasdsicing GHG
emissions at least 40% by 2030 and 80% by 2056lation to 2005. Furthermore, it proposes achieviogp
renewable energy contribution in final consumptiyr2050. As for the transport sector, the Strafggyposes a
reduction in emissions of almost 85% by 2050.

2 More specifically, the Basque Climate Change 8taiconsiders that mobility in the Basque Countityumdergo a
notable transformation, “firstly, a gradual chaffigen oil derivatives to alternative fuels combingith a drive towards
intermodality, fostering modes with lower GHG enuss and boosting pedestrianism in town centreBs&guently, in
the latter decades of the period, where mobiligdsewill have reduced due to the new territorial arban planning
layout, transport modes like railway and electdesdinked to electricity generation schemes wothdr GHG
emissions will become consolidated. This transfdionawill enable transport emissions reductionseexting 80% by
2050” (Basque Government, 2015a).

® This analysis focuses on the GHG emissions andjgm®nsumption balance; however the reader shuegd in

mind that other environmental dimensions are difez#d by the HSR construction and operation astabitat
fragmentation, impacts on flora and fauna (affectiodiversity), occupation of fertile land, landpe and visual
impact, noise and vibrations, etc. In fact, impartsgenerally similar along road and railways (Gies Comptes,
2014; Dorsey et al., 2015; Jehanno et al., 2011).



contribution to GHG emissions reductions and ensayngs in the context of climate change
mitigation and energy security, we focus on caliidpthe carbon and energy footprint, measured
in tonnes of CQ(tCO,) and tonnes of oil equivalent (toe), respectively.

After a brief description of the project backgroundection 2.1, the steps applied to perform the
simplified LCA of the Basque Y in this work are tfedlowing: (1) calculation of the carbon and
energy footprints associated with the construcéiod maintenance of the infrastructure (section
2.2.1); (2) calculation of the net carbon and epéogtprints associated with operation based on
project estimations, considering passengers afghfreraffic under a baseline scenario (section
2.2.2); and (3) consideration of four other altéireascenarios for sensitivity analysis (sectioB) 2.

Any new transportation infrastructure starts frositaation of environmental deficit due to its
construction burdens. Thus, a new HSR line may feat environmental impact reductions only
when the initial deficit is compensated after sgmears of operation. Since the new infrastructure
absorbs demand from other existing transportatiodes, the net environmental balance for the
new infrastructure is derived from the comparisberovironmental impacts from all existing
transportation modes in two alternative scenanas, without the HSR, and the other one with the
HSR line in service. Thus, the net environmentadast (EI) of constructing and operating a new
HSR line for a generic environmental impact catgderg. GHG emissions, energy consumption)
would be, during year

Net EI(t) = Elyitn usr(t) — Elyitnou nsr () eq. (3

Environmental impacts in each transport mode cadii\oded into impacts derived from
construction and maintenance (eBIR .emain: () fTOr HSR mode), and impacts derived from
operation £1.,......, (1)for a generic modg. These impacts will vary along time, especiatiytie
case of infrastructure construction, which alwagsuss previous to operation.

Regarding the impacts derived from construction mathtenance of infrastructure for other
transport modes different from the new HSR lineth@se infrastructures have to be constructed
and maintained in both scenarios (with and withtbatHSR), their net contribution is the one
derived from the avoided construction and mainteadimked to the traffic shifted to the HSR,
which is assumed to be negligible when comparel thi construction and maintenance burdens
of the new HSR liné.This way, eq. (1) can be rewritten as:

, eq. (2
_{Z Eléperation(t)} q ( )

without HSR

Net EI (t) = Elggfst&maint(t) + {Z Elcl;peration (t)}
i

with HSR

EIf5R remaint () 1S €Stimated in section 2.2.1, anil,,, .., (t) with and without the HSR
infrastructure in operation are estimated in seci@.2 for each transportation made

Thus, at the end of the lifetime of the infrasttuet the total net environmental impact can be
estimated as:

Total Net EI = eq' (3)

lifetime lifetime lifetime
= z Elgs;z’zst&maint (t) + { Z z Eléperation (t)} - { Z z Eléperation (t)}
with HSR without HSR

yeart yeart modei yeart modei

* Other studies provide calculations of the avoidediens linked to avoided maintenance in other moafbich result
negligible in comparison to the construction busdehthe new HSR line (more details in section21); besides, the
Basque Y will shift a small fraction of road traffirom other modes, as will be shown in section 4.



To perform the assessment, some assumptions héee@ade regarding the evolution of the
system during the infrastructure lifetime. Thessuagptions deal with infrastructure lifetime,
electrification rate of road passengers transpi@tarbonisation rate of the power sector, the type
transport serviced (whether the HSR line transpamtg passengers, or mixed with freight),
transport demand, the induced demand by the newI8Rvehicle occupation indexes and
energy/carbon intensities of transport modes. @halysis considers a baseline scenario which is
built assuming the most reasonable technical pasamim the context of the Basque Country and
the optimistic demand projections for passengedsfia@ight transport by the Basque
administration, as justified in the following sexti2.2. Subsequently, in section 2.3, a sensitivity
analysis is carried out in order to account forittiiilence of relevant uncertainties.

For the sake of simplicity, this life-cycle assessinconsiders constant transport demands and
energy intensities for each propulsion technoldgg\aer the infrastructure lifetime, in all
scenarios.

2.1.Project background

With an area of 7,234 Kn{1.4% of Spanish territory) and around 2.2 millinhabitants (4.6% of
Spanish population), the Basque Country is amoeagrtbst densely populated regions in Spain. In
economic terms, the Basque Country is the secahgstrial region of Spain and is one of the
regions with higher income per capita (31,000 €/0af010, compared to 22,500 €/cap in Spain),
contributing 6.3% to the Spanish GDP. Annual priyremergy consumption reached 6,200 ktoe in
2014, of which near 38% was used for transporta#d/e, 2015).

According to Bueno (2012), passenger transportwoes 66% of the energy demanded by the
transport sector in the Basque Country in 2008, idated by intraprovincidljourneys (43%).
International freight transport followed, mainlyab®rne, which accounted for 24% of all energy
consumed (Fig. 2 from Bueno (2012)). Current magiit in the Basque Country is dominated by
road transport, with rail transport accountingléss than 2% of freight transport and less than 10%
of passenger transport. Furthermore, the BasquatGooas lost 300 km of railway network in 40
years (1950-1990) despite having doubled its pajpmgBasque Government, 2008). In this
context, the Basque Y is proposed to respond toaiheay deficit in the region, being in fact the
largest infrastructure ever built in the Basque i@oy with a budget of nearly 6,000 million Euros
(Basque Government, 2012).

The Basque Y project is a star-shaped Europearegéll§) HSR covering 180 km connecting the
region’s three capitals (Bilbao, Donostia-San Se#asnd Vitoria-Gasteiz, see Figure 1), which
total 1.6 million inhabitants. Due to the mountaie@rography, 60% of the layout is through
tunnels and 10% over viaducts. It is planned thatsbuthern point of the star will connect the line
to the rest of the Spanish HSR network and theheast point will connect with the French
network, although the date for these connectiossybaito be set. This is critical, since other vgork
related to HSR projects have concluded for sinsiaed regions like Belgium or the Netherlands
that domestic demand alone cannot justify a new H&R(Givoni and Banister, 2012; Kamga and
Yazici, 2014).

> The Basque Country is composed of three provinces, Bizkaia (capital Bilbao), Gipuzkoa (capital Donostia-San
Sebastian) and Araba (capital Vitoria-Gasteiz); see Figure 1.

® Budget excluding access to the three capitalsolating for these might increase the amount toectosl0,000
million Euros (Antigliedadt al., 2016).



Figure 1. Layout of the Basque Y

France

: Donostia-
© San Sebastian

Bilbao

Vitoria-Gasteiz

The Basque Y project wammsse in 2001 and its construction began in 2006. Althoiig star-up
was initially expected for 201@&\dif, 2009, various delays have postponed it to beyond
(Antigiiedadet al., 2016) Important network elements, such asentrance layout in the capite
and stationsconnections to France and the rest of Spaintarabmpatibility with freight transpg,
have yet to be defined. The netwhas been design support a combined traffic of passenc
(230-250 km/h) and freight (9010 km/h). In fact, the scenarifrom theBasque Governme
(2012) attribute the greateSHG emissions reduction and energy s@a potential to freigh
transport.

2.2.Calculation of the carbon and energy footprin under the baseline scenari

The functional unit for this lifeycle assessmeis the transport service provided by the
infrastructure during one year of opera (pkm/year and tkm/yearThis section is divided to
two main subsections that calculate the carboreaedgy footprint associated with the construc
and maintenancef the Basque Y (sectic2.2.1) and with it®peration (sectio2.2.2) for the
baseline scenario.

2.2.1. Carbon and energy footprint associated with HSRconstruction and
maintenance

The Basque Y will be electrified with 25 kV, andshen international gauge double track (1.435
laid over plate (on a 14 m wide platform). The liselesigned focombined freight and passenc
traffic along which trains will travel with speenfsarange between 90 km/h (freight) and 250 ki
(passengers). The network connects the tBasque capital cities via a thrpeinted star with a
total extension of 180 km. The intersection oftiimee branches is performed in a triang
interchanger of @ km on each side with great technical complexitgvoid level crossings on
highly complicated orography. It must be underlitfeak this star network topology penalizes |
exploitation, ;xce any passenger only use% maximum of the total netwolextension on each
journey though the network. The minimum layout wsds 3.2 km (2.2 km on the interchanger)
the maximum cant is 160 mm. The maximum gradiefibithousandths and exceptionally
thousandths.



The mountainous Basque geography greatly hinderkatlout adaptation to the terrain, and will
require the construction of 23 tunnels and 44 witslurhus, 60% of the layout runs through
tunnels, 10% over viaducts and only 30% in openTdie Basque Y will have three main stations in
the capitals plus two secondary stations on thedbraonnecting with France. The construction of
two multimodal terminals has also been projectefddditate freight transport on 750 m long trains.
The network will have four signalling posts, andtavertaking and parking posts. The southern
point of the star will connect the line to the rethe Spanish HSR network and the northeast point
will connect the line to the French network, althbuhe Basque Y connection date to the French
and Spanish HSR networks has yet to be set.

Our calculation of the burdens associated withcthvestruction of the Basque Y is based on the life-
cycle inventory (LCI) of the HSR infrastructure struction and maintenance included in the
Carbon Footprint of the High Speed Rail Report @Baet al., 2011). This report, sponsored by the
International Union of Railways (UIC), estimates ttarbon footprint associated with the
construction of four HSR lines: “LGV Mediterranéedm Saint-Marcel-lés-Valence to Marseille in
France; “South Europe Atlantic-Project” from TotwsBordeaux in France; the Taipei-Kaohsiung
line in Taiwan; and the Beijing—Tianjin line in Cia.

Table 1 includes the annual carbon footprint cgoesling to concepts associated with the Basque
Y infrastructure construction and maintenance apglyhe LCI data of (Baron et al., 2011). In line
with that study and others (Akerman, 2011; BotnmareA.B., 2010), our baseline scenario
considers an infrastructure lifetime of 60 years.other studies have considered this lifetime from
50 years (Sanz et al., 2014) to 100 years (Barah,e2011), a sensitivity analysis assuming a 100
year infrastructure lifetime is carried out (SA2essection 2.3). The burdens associated with track
and equipment maintenance are reflected in a Itifggme consideration for some items (30-50
years) (Baron et al., 2011; Rozycki et al., 2003).

Table 1. Annual carbon footprint of elements and cmponents linked to the construction and
maintenance of the Basque Y.

Basque Y tCO,-km* year,

(60 years lifetime) tCO,- station” year" Units Lifetime Total (tCQ yea)
Conception 0.45 180 km 81

Earthwork 37 54 km 60 years 1,998

Track construction 31.6 180 km 30 years 5,688

Large viaducts 305 18 km 60 years 5,490
Tunnels 285 108 km 60 years 30,780
Railway equipment 3.5 180 km 50 years 630
Secondary stations 55 2 stations 60 years 110

Main stations 136.7 3 stations 60 years 410

Basque Y 251 tCokm* year' 180 km 45,187 tCOyear"

The calculations provide an annual carbon footrfrit51 tCQ km™ year*, which lies on the
upper end of the 96-270 tG®m™ range provided by Baron et al. (2011). This meatwtal carbon
footprint of 2.71 MtCQ for the whole infrastructure during its entireetime, or 45.19 ktC®
yearly.



To calculate the energy consumption burdens agsdorath the Basque Y construction, we
assume an emissions intensity factor (#@@2) coherent with the calculations of other répor

which have estimated both the carbon footprintemelgy consumption in the construction of other
large infrastructures. The LCA for the Bothniawaily line (Sweden, 190 km) provides an
emissions factor of 4.82 tG@oe (Botniabanan A.B., 2010). The constructiordeas in the LCA

of the “Arroyo Valchano” bridge on the Madrid-GaidHSR provide a factor of 4.62 tG/e
(Acciona Infraestructuras, 2015). Our study assuamesmissions factor of 4.7 tGfe as
characteristic of the Basque Y construction, wiyskes an energy consumption burden associated
with the construction of 577 ktoe (53.4 toe/km)tloe equivalent to an annual consumption of 9.6
ktoe throughout the infrastructure lifetime.

2.2.2. Carbon and energy footprint associated with HSR opation

This section documents the methodology and assangpto calculate the net carbon and energy
footprints associated with the operation of thedg@sY for passengers and freight. The potential
environmental benefits, in terms of energy consumnpind GHG emissions, of a new HSR line
critically depend on the ability to attract subsi@namounts of traffic from other transport modes
with high emissions and energy intensity levelse Thlculation of the reductions in environmental
impacts from the operation of the HSR involves madiing the impacts of the transport system
analyzed with and without the HSR infrastructuese(eq. (2)).

On the one hand, HSR infrastructure start-up léadinsport transfers from other modes; on the
other hand, it leads to new induced traffic in &R line which is non-existent in the transport
system without HSR. The net balance associatedthétloperation of the infrastructure is the
subtraction of the impacts without and with the H8Rervice. The environmental impact per
transport system is calculated multiplying the sgzort per mode (e.@.,., »sz(t) IS the annual
transport serviced by mode i expressed in pkmpésisengers transport, and tkm, for freight, in the
system with HSR) by the environmental impact ceedfits per mode (e.g. in the GHG emissions
calculation, tis the GHG emissions factor in grams of {g@r passenger-kilometre, ggpkm, or
gCOy/tkm for freight, of mode i; and grams of oil eqaient per passenger-kilometre, goe/pkm, or
goe/tkm for freight, for energy consumption). Theg, (2) can be rewritten as:

Net Elyperation(t) = Z Twith usr () * Coien nsr () — Z Twithout usr (£) * Cwithout Hsr (£ eq. 4
7 ;

Figure 2 shows graphically the methodology for engdified generic case, where an HSR
infrastructure provides a complementary transpervise to generic transport modes 1 and 2
without and with HSR.



Figure 2. Graphic representation of transport in generic modes land 2; and HSR in two
alternative transport systems, one without HSR (abee), and another one with an HSR line it
service (below).
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For this simplified casen a given time teq. (4) would be (beingz,.. ... Z€ro:

Net Eloperation = m_ 5
_ 7l s 2 ) HSR . HSR _ (1 L 2 )
= Twith usr * Cwicn sk T Twien sk * Covith nsr T Twith asr * € (Twithout 1sR * Cwithout sk T Tithout HsR * Cwithout HSR)

Assumingthat environmental impact coefficients per modeideatical in both scenari with and
without HSR, then eq. (£an be rewritte as:

THSR

_ (1 1 a1 2 _r2 L2 . HSR
Net Elyperation = (Twitn nsg — Twithout usg) * € + (Tovien usr — Tvithout rsr) * € + Twith usr * €

eg. 6

However, the transport in the HSR line is the sditnamsports shifted from the other ma to the
HSR L,.) plus the induced transp (rzsz..,):

TvII;'IiStIfL HSR = (Tul/ithout HSR — Tul/ith HSR) + (Tuzzitnout HSR — Tuz/ith HSR) + Tizfifzcea = TllﬂHSR + TzzaHSR + Tizfiﬁced eq 7
Combining eq. (6) and (7), the net environmentagdan in a given timecan be rewritten &
Net Eloperation = Tiwnsr * (¢"F — ) + T psp - (¢M5F — ¢®) + T ceq - c5F (SO 8

The latter equation can be generalized for n moflasnsportatio in any yeat as:



i=n

Net Elgperation(t) = Z {Ti:HSR(t) : (CHSR(O - Ci(t))} + Thoncea(t) - ¢™F(2)
The net environmental impact derived from the HEBR bperation in a given year can therefore be
calculated as the sum of transports derived frdmranodes to the HSR line multiplied by the
difference of the transport environmental impactdeas in the mode of origin of the diverted
transport and in the HSR line, plus the new trartspduced in the HSR line multiplied by the
environmental impact factor of transport in the HB8#®. A negative result in this calculation
implies a reduction in environmental impacts datifrem the HSR line operation.

eg. 9

This latter formula is very important because sk not only the potential of HSR lines to reduce
certain environmental impacts (when eq. (9) givesgative result), but also the limits of said
reduction. HSR lines can reduce the impact in segavironmental categories provided the HSR
transport presents impact coefficients below thafsgther modes from which diverts traffic
(otherwise, eg. (9) cannot give a negative resthjs, however, also requires traffic diverted from
other modes to present sufficient volume, as tfecebdf the new induced traffic has to be
discounted, too. Actually, it could be the casd tha environmental impact linked to the induced
transport in the new line might overwhelm the bésaeff shifting transport from other modes. In
that case, putting the new HSR line into servicaeldmot provide a net reduction of overall
environmental impacts. It should be added to thegoing that the HSR infrastructure starts from a
situation of environmental deficit due to its constion burdens. The HSR infrastructure leads to
net environmental impact reductions only once thigal deficit is compensated, after some years
of operation (Westin and Kageson, 2012).

The remaining of the section documents the sowandsnethods to estimate the net environmental
impact (as given by eq. (9)) of the Basque Y framgengers (section 2.2.2.1) and freight (section
2.2.2.2) transport based on project estimations.

In relation to the technological conditions of sport over such a long period (60 years lifetime),
our baseline scenario assumes a dynamic evolutiad, passenger transport being progressively
electrified and the power system being graduallyadeonised, following the European and Basque
energy and climate roadmaps (Basque Governmenba2@uropean Commission, 2011a, 2011c).
In particular, we consider that road passengensp@rt will be progressively electrified from 2020
on with an annual increase rate of 15% until 208ten 56% of all road passengers transport would
be electrified. Railway transport is currently preally electrified in the Basque Country.

Regarding the decarbonisation of the power sectormodelling supposes a 10% annual reduction
in the CQ emissions factor for electricity from 2020 untinest total decarbonisation in 2050,
when an emissions factor of 5 g&fJ is reached. These assumptions are coherenBhittargets
and provisions, which consider scenarios wherdethelectricity system will be virtually
decarbonised by 2050 (European Commission, 20Xithp@pose reducing transport emissions
60% in relation to 1990 (European Commission, 2DIeanwhile, the Basque Climate Change
2050 Strategy proposes achieving a renewable emergyibution of 40% in final consumption by
2050 (Basque Government, 2015a).

The energy and carbon intensities of the diffeneatles of transport, as well as the vehicle

occupation indexes are considered constant aldisgeriarios following the data from (Basque
Government, 2012) (see Table 4).

2.2.2.1. Passengerstransport

Table 2 shows the annual flow of passengers pegecr 2020 for the Basque Y in the optimistic
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demand scenario (scenario B) from Basque Govern(@et2)’ The annual flow of passengers is
estimated to reach almost 5 million by 2020. Simogassenger ever travels the entire 180 km of
the network but rather an average distance of 8®,2his corresponds to around 2.45 million
passengers per annum over the entire infrastrutzyoeit.

The application of eq. (9) requires knowing whicdction of that transport will be induced and
which will come from each of the alternative modes, bus, conventional train and air). This
information is included in Table 2 and drafted gsihe scenarios 1-2015 and reference-2013 of
Adif (2009), which determines Spanish administragqrevisions. These scenarios include
passengers transport distribution modes in theerebée scenario without the HSR being
operational, and in the scenario with the Basque &ervice. This scenario is, at this moment, the
most likely in the long term, since it considerattthe HSR line has no connections to Cantabria or
Navarre (see Figure 1). However, it does have gotetenconnection between Vitoria-Gasteiz and
Castile/Madrid (Spain), and with France, althougg ¢onnection with speeds exceeding 200 km/h
has yet to be decided, and will initially be abaér speed.

Table 2. Annual passenger flows projected in the Bgue Y, based on scenario B from Basque
Government (2012), shifted and induced transport fom other modes to the Basque Y,
following scenarios 1-2015 and reference-2013 of A¢2009).

Passengers | Distance| Shifted transport to the HSR Induced Total Share
(Thouslyear) | (km) (Mpkm/year) transport | (Mpkm/year) of total
(Mpkm/year) HSR
From To HSR Car CoachConv. Air HSR HSR
(To) (From) Rail
Internal 59.5%
transport
Vitoria  Donostia| 569.7 105.4 325 111 114 O 5.0 60.0 13.6%
Vitoria  Bilbao |1,113.5 78.5 515 174 6.9 0 11.6 487 19.8%
Donostia Bilbao | 1,031.4 111.4 709 287 28 0 12.6 114.9 26.1%
Medium 7.4%
distance
Vitoria  Castile | 84.4 6 0.4 0.0 0.2 0 0.0 0.5 0.1%
Donostia Castile | 142.7 111.4 6.9 1.0 7.0 0 0.9 15.9 3.6%
Bilbao Castile | 190.8 84.5 104 1.9 2.9 0 1.0 16.1 793
Long 33.1%
distance
Vitoria ~ Madrid | 284.9 6 1.0 0.1 0.2 0.2 0.2 1.7 0.4%
Donostia Madrid | 564.7 1114 224 1.6 19.7 126 6.5 62.9 14.3%
Bilbao Madrid | 959.9 84.5 33.6 4.6 5.4 248 12.8 181. 18.4%
Total 4,942.1/2,447.889.2/180 | 229.6 66.4 56.4 37,5 50.7 440.6 100%
Share of shifted transport to the HSR 52.1%.1% 12.8% 8.5%11.5% 100%

" This scenario is likewise based on the scena@015 from Adif (2009).
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Additionally, the impact coefficient factors in €§) depend on the evolution of the energy
intensities of transport modes, which are consiieonstant along the lifetime of the HSR
infrastructure following the values given by thesBae Government (2012) for all scenarios (see
Table 4): 44 goe/pkm for internal combustion engiaetransport; 12 goe/pkm for electric car; 9
goe/pkm for bus; 10 goe/pkm for rail transport otfan HSR; 41 goe/pkm for air; and 7 goe/pkm
for transport by HSR. The G@missions in each transport mode are calculatdtiphying the
previous energy intensities by the following enossi factors: 108 gC4MJ for electricity, and 74
gCO,/MJ for fossil fuel consumption (Bueno, 2012), whiarovide 138 gC&pkm for car

transport, 28 gC&ypkm for bus, 45 gC&pkm for conventional rail (electric), 32 gGpPkm for

HSR, and 127 gC&pkm for air. Vehicle occupation indexes in allnsport modes remain constant
all over the period.

For the baseline scenario, a progressive electifio of road transport with an annual increase rat
of 15% until 2050, where a 56% of electrificati@réached is assumed, as well as a progressive
decarbonization of the power sector with a 10% ahreduction of the electricity emissions factor

until almost total decarbonization in 2050. An aitgive scenario (SA1) is built assuming a static

behaviour of the two latter variables (see Table 4)

Once operational, passengers transport supportédte®asque Y would be 52.1% shifted from car
transport, 15.1% from bus, 12.8% from conventiogadvay, 8.5% from air and 11.5% would be
new induced transport. This calculation implicslypposes that transport diverted to the HSR from
other modes corresponds to the same travellingrdistwithin the Basque Country as that which
would be using the Basque Y. Although the HSR roodg reduce journeys in some cases in
relation to the transport mode of origin, it magaatequire supplementary journeys on public
transport to move passengers to and from statwimsh added to the HSR journey may
compensate and even exceed that of transport iorii@al mode. Our model has not considered
these elements, on the understanding that its béffeect compensates and is negligible.

The results from Table 2 allow validating the asptiam that the avoided maintenance
requirements of the existing infrastructures ofd¢herently operating modes (i.e. car, coach, plane
and conventional rail) are negligible comparinghitie construction and maintenance burden of
the new HSR line. In fact, these loads do not chaiupsiderably as a consequence of the
commissioning of the HSR, being the diverted tcafiforn roads just a small fraction of total
transport. Besides, the great use of the Basqukne@vork guarantees a small footprint in terms of
per passenger-kilometre. As a reference, the AR#®mvay section in Bizkaia is one which will
divert traffic to the Basque Y. In 2013 this sentgupported a traffic of lightweight vehicles 068.
million cars (Interbiak, 2014). An occupation 022 .passengers per vehicle (IHOBE, 2006), close
to the 30% observed on other road networks (Saak,&014), provides an annual transport of
11.8 million people in lightweight vehicles oveethantire section, to which we must add freight
transport and collective transport on buses. Patdoahe methodology used by Baron et al. (2011)
for the A7 Lyons-Marseille motorway (annual footgrassociated with the construction of 73
tCO./km, 42% of loads allocated to passengers trangptightweight vehicles), a carbon footprint
associated with construction of just 2.6 gfp®m is obtained for the AP-8 motorway. This number
is well below the carbon footprint of the Basquefyl02.6 gCQ@/pkm, which is the result of
distributing the emissions burden associated wotistruction, 251 tC@per layout kilometre and
year, among 2.45 million passengers per year. A&er(@8011) calculates the G@missions
prevented on road infrastructures by the Europab&&R line (Sweden), assuming burdens
associated with construction, maintenance, operaina deforestation, of 78 tG&®m annually;
under these conditions the burdens avoided by 8R 4 the Basque motorway network would
also be below 3 gC4Zpkm.
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2.2.2.2. Freght transport

The Basque Government (2012) proposed two frerghsport scenarios in the Basque Y operating
fully in service by 2020, one deemed optimisticy project, and the other more realistic. This
paper has assumed the optimistic scenario fordkelime scenario, analysing the realistic one
through sensitivity analysis (SA4, see section.ZlBg reference scenario for freight transport in
the Basque Country without the HSR uses transpaé filom year 2010, in which the following
adjustments have been made to those consider8asge Government, 2012): firstly, for road
and rail transport beyond the Basque Country ber@eter-regional and international transport), an
average journey length of 100 km was consideredesihat distance is the average that freight
travels within the Basque Y geographical area fii@mce. Impacts or potential reductions
associated with HSR transport outside the Basqumi@oshould be attributed to other HSR
networks instead of the Basque Y, in this caseftkach or other Spanish networks. Secondly,
pursuant to the report (Basque Government, 2012je\8.2 Mt of freight was transported by rail

in 2010, the optimistic scenarios foresees movisg\& with the HSR, and 8.5 Mt annually with
the conventional railway network. That report agteat the diversion of passengers from the
conventional network to the Basque Y would enabélrfreight transport to be diverted to the
conventional railway from other modes. Westin argdj&son (2012) also point out the beneficial
impact the start-up of a new HSR line might havdrbging capacity for freight transport on
conventional lines. However, this requires a lafezight transport demand that cannot be covered
due to lack of capacity in the conventional netwdirkited exclusively by passenger transport
occupying the entire network. This is not the cafsthe Basque Country conventional network,
since the Basque Government (2008) realizes teahr transport service with the HSR line
operational will inevitably also require large istents in the conventional network, such as: the
purchase of dual locomotives and polyvalent platfarconstruction of twinned rail sections, new
train overtaking and stationing sections, freigiutiants, infrastructure improvement to admit larger
loads per axis, improvement of signalling at Orde@as (access to the high plains of central
Spain), agreements among the different operatdisinegion; and above all, the construction of
the Bilbao South Freight variant. Furthermore,ghg¢irelated problems in the Bilbao metropolitan
area must be solved, the main Basque Country n@isogentry to and exit from the Port of

Bilbao, access to iron and steel yards and sewatastrial areas. These important conventional
network improvements should be considered availiabda alternative scenario without the Basque
Y, with the corresponding increase in freight tg@ors in the conventional network. As a more
straightforward alternative, our scenarios havesiared that the conventional railway network
transports the same freight flow when the HSR erafve and inoperative, proportionally
adjusting the transport in other modes whereby fagaght transport remains constant in all
scenarios.

Table 3 shows freight transport data consideredhi®iscenarios with the HSR line operational and
non-operational for the optimistic (baseline) aedlistic (SA4) scenarios.
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Table 3. Annual freight transport data considered or the scenarios with the HSR line
operational and non-operational for the optimisticand realistic scenarios, derived from
Basque Government (2012).

Transport mode Optimistic scenario  Optimistic scenario  Realistic scenario Realistic scenario
(data in Mtkm) No HSR HSR available No HSR HSR available
Road 6,832 6,717 6,987 6,947
Conventional rail 880 880 429 429

HSR 0 361 0 176

Air 10.8 10.3 11.3 111

Seaborne 6,106 5,861 6,402 6,266

Total 13,829 13,829 13,829 13,829

For the calculations derived from freight transpottr baseline scenario assumes the emissions and
energy intensity factors considered in (Basque Gowent, 2012): 91 gC&4km and 47.1 goe/tkm

for road transport; 19 gGfikm and 6.8 goe/tkm for rail transport, both camvenal and HSR; 540
gCOy)/tkm and 754 goe/tkm for transport by air; and B@gtkm and 6.5 goe/tkm for seaborne.

2.3.Description of scenarios for sensitivity analysis
The simplified LCA of the Basque Y was performedding a baseline scenario assuming the most
reasonable technical parameters and the optingistitand projections for passengers and freight
transport (see section 2.2). In particular, thenseio assumes that the infrastructure will offer
mixed freight and passengers transport for a fifetof 60 years (starting in 2020), a constant
transport demand throughout the infrastructureitife based on Basque Government’s estimations
for the year 2020 (Basque Government, 2012), ashghamic evolution of the technological
conditions over the lifetime of the infrastructdioe electrification of road passengers transpod an
decarbonisation of the power system following tledpean and Basque energy and climate
roadmaps (Basque Government, 2015a; European Cammi2011a, 2011c). Table 4 summarizes
the main assumptions of the baseline scenariar{toe details see the sections 2.2.1 and 2.2.2).

In order to account for the relevant uncertainitiesome of the variables considered, four
sensitivity analyses are considered (SA1-4, seé&eTgblin each one, a specific variable or
hypothesis assumed in the baseline scenario isfimdh order to explore its influence in the
results. The first sensitivity analysis (SA1) exp®the implications of non-compliance of transport
electrification and renewability targets, assumangiatic scenario where the degree of
electrification of transport and of penetratiomr@fewables in the power sector remains constant at
current levels. Scenario SA2 extends the infratiredifetime to 100 years, coherent with some
other assessments in the literature (Baron e2@L1). An increase of the lifetime of the
infrastructure until year 2120 would translate iatdecrease of the annual averaged burdens
associated to the construction, thus facilitatimg potential environmental benefits of the new HSR
line. Scenario SA3 considers a situation whereBdeque Y infrastructure would transport
passengers exclusively, since there are curreatigis doubts regarding the commercial and
technical viability of combined freight and passersgtraffic on the Basque Y (Bermejo and Hoyos,
2016; Ekai Center, 2013). Finally, scenario SA4stders a moderate demand for freight transport,
likewise based on scenarios also considered bBdlsgue Government (2008). The energy and
carbon intensities of the different modes of tramspas well as the vehicle occupation indexes are
considered constant along all scenarios.

Table 4 collates the assumptions and characteristithe baseline and sensitivity scenarios
considered in this work.
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Table 4. Characteristics and conditions assuméukitbaseline scenario for the simplified LCA, amagiations considered in the sensitivity analyses.

Conditions

Baseline scenario Sensitivity analysis

Progressive electrification of transport

Annual increase rate of 15% in road passengerpgoatjsSALl Electrification stable at current levels (resiin road
until 2050 (when 56% of electrification is reached) transport, almost complete by rail)

Progressive decarbonisation of the power sectorl0% annual reduction of the electricity emissioastdr SA1 Electricity emissions stable at 108 gfM)J, mean value

Infrastructure lifetime
Transport serviced

Passenger transport demand

Freight transport demand

Energy intensities of transport modes

Vehicle occupation indexes

until almost total decarbonization in 2050 in the Basque Country during the last decade
60 years SA2 100 years
Passenger and freight transport SA3 Only passdray@port, no freight transport

Following optimistic  estimations from (Basque
Government, 2012) and scenario #1 from (Adif, 2009)

Following optimistic  estimations from (Basqu&A4 Moderate demand scenario from (Basque Goverfimen
Government, 2008) 2008)

Those handled in (Basque Government, 2012) :

44 goe/pkm by car, 9 goe/pkm by bus and 47.1 gwoe/tk
for freight by truck; 10 goe/pkm and 6.8 goe/tknr fo
conventional rail; 7 goe/pkm and 6.8 goe/tkm fansport

by HSR; 41 goe/pkm and 754 goe/tkm for air; and 6.5
goe/tkm for seaborne.

Constant over time

Notes: For each scenario from the sensitivity asig)yall the conditions are the same as for thelimesscenario, excepting for the indicated change.
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3. Results

This section outlines the results in terms of puéiCO, and energy savings for the baseline and
alternative sensitivity scenarios described ingievious section. It is important to highlight that
the baseline scenario is built under the most aptiotransport demand projections of the project.

Firstly, an annual footprint of 251 tG®&m™ year' and 108 toe kihyear" for the construction of
the Basque Y (including maintenance along itsitifie) are obtained, i.e. the project would start
with a footprint of 2.71 MtC@and 577 ktoe. Since this result only depends erifistime of the
infrastructure, these values only change in theaoe SA2 where a 100-year lifetime is assumed.
In this scenario, the environmental burdens linkeedonstruction and maintenance are slightly
greater: 2.97 MtC@of GHG emissions, and 631 ktoe of consumed energy.

In relation to the operation of the infrastructudrem the data shown in Tables 2 and 3 the
reduction in energy consumption and emissions &sgocwith the Basque Y project in its first
year of operation can be estimated applying eq.c(@)sidering the emissions and energy intensity
factors of the passengers and freight transporiesiddcumented in section 2.1. The results for the
baseline scenario are shown in Table 5. For com@arihe last column of Table 5 shows the
annual CQ emissions and energy consumption burdens assoeigie the construction and
maintenance of the infrastructure. The£&issions reduction achieved in the first year of
operation of the Basque Y would only compensate 87%e annual carbon footprint associated
with the infrastructure construction and maintemameaving an annual deficit of 5.9 kt&Qhe
energy savings derived from HSR passengers transpoid compensate the annual energy
consumption burden associated with the infrastrecteaving a net saving of 5 ktoe.

Table 5. Annual reductions of CQ emissions and energy consumption in the first yeaof
operation of the Basque Y in the baseline scenario.

Passengers Freight Passengers and freight Annual footprint from
transport transport transport construction and maintenance of
infrastructure

440.6 Mpkm  360.9 Mtkm  440.6 Mpkm + 360.9 Mtkm

Annual reduction
CO, emissions 30.5ktCO 8.81ktCQ  39.31 ktCQ 45.2 ktCQ
Energy consumption  9.64 ktoe 4.92 ktoe 14.56 ktoe .6 kibe

Although the baseline scenario assumes that relgi@msport remains constant throughout the
infrastructure lifetime, the progressive penetratd electricity of renewable origin in the transpo
sector would lead to a progressive change in argm@sions and energy consumption reductions
derived from HSR operation along its lifetime. FHig3 shows the environmental balance 0,CO
emissions and energy consumption of the Basqueoddmout the infrastructure lifetime (60 years)
for two scenarios: (1) baseline scenario with pesgive renewable electrification of transport ol
lines), and an alternative scenario where conditremain static throughout the infrastructure
lifetime (SA1, dashed lines). The environmentaldems associated with the infrastructure
construction and maintenance are representedtprtbe network service start-up, to reflect the
fact that the infrastructure originates from a désgituation which can only be compensated after
functioning a specific number of years.
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Figure 3: Net environmental impact of the Basque Yor CO, emissions and energy
consumption. Baseline dynamic scenario (solid lingand static scenario for sensitivity
analysis SA1 (dashed lines).
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Figure 3 also shows how progressive road trangbectrification fed with renewable electricity
softens the slope of the curve in the baselineascgrparticularly after 30 years’ operation,
whereby at the end of the useful infrastructurtilite the carbon footprint associated with
construction is still far from amortization, withfiaal deficit of around 900 ktCOAs to energy
savings, electrification with renewables means cemsption of the construction environmental
burdens is delayed 15 years in the baseline scemarelation to the static scenario (SA1), leaving
a final net balance of 39 ktoe.

Table 6 shows the final environmental balance eetind of the infrastructure lifetime in relation to
net CQ emission and energy consumption savings, as wetha years of HSR line service
required to compensate the environmental burdeseceded with the infrastructure construction
and maintenance in all the scenarios analyzedb@keline scenario is the one shown in Figure 3
(solid lines), and is a reference for the other &nsitivity analysis scenarios, where different
conditions are modified (see Table 4 in section:2r8nsport electrification and renewable
penetration conditions fixed to the initial condits throughout the infrastructure lifetime (SAL,
also shown in Figure 3 with dashed lines); a graateastructure lifetime of 100 years (SA2); the
Basque Y only transports passengers (SA3); anghfréiansport demand is adjusted to a more
realistic scenario (SA4).
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Table 6. Final environmental balance of scenariosmalyzed, baseline (dynamic) scenario and
four complementary scenarios for sensitivity analys.

Years of service needed to offset Net final balance
environmental burdens linked to (negative is net reduction)
construction and maintenance of HSR
Scenario Sensitivity analysis Energy £gnissions Energy CL£&missions
Baseline Reference 55 years >60 years -39 ktoe k@m0,
SA1 Static context 40 years >60 years -297 ktoe 0O,
SA2 100 years lifetime 63 years >100 years -25@ kto 370 ktCQ
SA3 Only passengers >60 years >60 years 308 ktoe 1.92 MiCO
transport (no freight)
SA4 Realistic freight >60 years >60 years 152 ktoe 1.42 MtCO

transport demand

In terms of GHG emissions, no scenario producesanghgs at the end of the lifetime
infrastructure, even in the case that its lifetivaes extended to 100 years (SA2). Thus, pursuant to
the Basque Government’s demand previsions, theugagagill likely not lead to net reductions of
emissions. 3 out of 5 scenarios report negativenetgy balance (a net reduction of cumulative
energy consumption) at the end of the lifetimeasfructure: baseline, SA1 and SA2. The net
energy balance would be barely negative for thelbesscenario (-39 ktoe), taking almost its
entire lifetime (55 years) to compensate the emvirental burdens associated with construction and
maintenance. Non-compliance of transport elecsifon and renewability targets (static scenario
SA1) would allow to save almost 300 ktoe, althotlgh figure represents less than 5% of current
annual primary energy supply in the Basque CoufiiE, 2012). A similar balance would be
achieved by extending the infrastructure lifetimé 00 years (SA2, 257 ktoe saved).

In a global context in which rapid emissions reductions are desperately needed in order to restore
Earth’s energy balance and avoid irreversible climatic effects (e.g. Hansen et al., 2013), present
emissions have more negative climatic impact than future ones, and present reductions have more
positive impact than those in the future. As the construction of a new HSR line implies an increase
in present emissions to be counterbalanced by future reductions, the consideration of physical
carbon discounting rates for emissions and reductions might be alleged. Their calculation, though, is
problematic and subject to scientific debate (Baral and Malins, 2014), as it should be based on the
analysis of the specific response of climatic models when emissions profiles are moved from the
future to present. In any case, the consideration of discounting rates, based on climatic behavior, for
CO; emissions and reductions in the Basque Y HSR project would always worsen an already
detrimental net GHG emissions balance. A parallel reasoning could be applied to the energy
balance in a context of global increasing fossil energy scarcity.

4. Discussion

In this section, we will proceed by discussing iti@n factors conditioning the results found in the
previous section, namely volume of passengersranght transport and important construction
costs and impacts. These results will subsequéstivaluated under current European and Basque
energy and climate change commitments as well staisable mobility policies.

Firstly, it must be stressed that a volume of fpantsof 2.45 million passengers per annum over the
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entire infrastructure layout is a magnitude siguaifitly lower than those measured in other railway
infrastructures. Table 7 shows the volume of transand emission burdens associated with several
HSR lines around the world.

Table 7. CO, emissions associated with the construction and nmdenance of several HSR
lines.

Reference km Million annuaMtCO, gCO,)/pkm
passengers

Basque Y This work 180 2.45 2.71 102.6
LGV Mediterranée (Baron et al., 2011) 250 15.8 1.446.1
South Europe Atlantic-Project (Baron et al., 2011) 302 155 1.43 5.1
Taipei-Kaohsiung (Baron et al., 2011) 345 19.9 5.5913.6
Beijing—Tianjin (Baron et al., 2011) 117 23.0 1.46 9.1
California HSR (Chester and Horvath, 2010) 1100.224 9.7 6.1
Beijing-Shangai (Yue et al., 2015) 1318 471 37.26.0
Hannover-Wuerzburg (Rozycki et al., 2003) 325 155 2.9 9.7
Madrid-Barcelona (Sanz et al., 2014) 621 4 6.9 46.5
Europabanan (Akerman, 2011) 740 4.0
San Francisco-Anaheim (Chang and Kendall, 2011) 725 2.4

The emissions burden associated with the consbructi the Basque Y of 251 tGQer layout
kilometre and year, distributed among 2.45 millgassengers is equal to a footprint of 102.6
gCO,/pkm. This burden is one order of magnitude highan the footprints in other lines,
essentially due to the scarce provision of passsrigensport demand, i.e. under 2.5 million per
annum. Additionally, the technical complexity onmgaections of the Basque Y carries with it an
important construction carbon footprint, where tiinds correspond to burdens associated with
construction of tunnels (60% of the layout). Untherse conditions, the supposed benefit of moving
a car passenger (138 g&fkm, see section 2.1) to the HSR (32 g&m), of 106 gCQpkm, is
virtually null due to the burden associated witl thfrastructure construction (102.6 gtkm).

The burden associated with infrastructure constinatan never be ignored; however, as it
constitutes a fixed burden, its weight can be $icamtly reduced in passenger-kilometre terms if a
sufficient number of annual passengers can be gtesd.

Scenarios SA3 and SA4 show the enormous dependensevironmental balance in relation to the
freight transport demand. However, today theresar®us doubts regarding the commercial and
technical viability of combined freight and passengaffic on the Basque Y (Bermejo and Hoyos,
2016; Ekai Center, 2013). Delving into the freigharracterization which the new infrastructure
would transport in theory, two elements must benban mind; firstly, although the Basque
Government (2012) does not stipulate the typeseigtit considered, the commercial and technical
limitations of the mixed HSR transport model leads to foresee that the HSR would transport
high-added value items and packages; and secandiy, in the event of full occupation in the
optimistic scenario, the Basque Y would only traonsp% of the total current freight traffic,
besides bearing in mind that packages currentlgwatddor just 4% of the total (Ekai Center, 2013).
In conclusion, the Basque Y would have (if any)kealigible impact on freight transport.

The importance of freight traffic to improve thevennmental balance was already mentioned by
Akerman (2011), which pointed out that, in contesitsilar to Sweden, new HSR lines (i.e. the
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Europabanan line) may require a large increaseeight transport capacity to justify such

important investments. This limits the maximum sppassenger trains can travel at; in the Basque
Y case, up to 250 km/h. The combination of freighd passengers transport improves the network
environmental balance by increasing its use. Baipdissengers transport prevision is almost
negligible for the Basque Y, 2.45 million per annawer the entire layout, against a minimum
threshold of 10 million passengers proposed by Westd Kadgeson (2012), considering a line with
a much shorter tunnel layout (10%) than the Ba3q(&0%).

To improve its environmental balance, the Basquweoyild have to increase considerably
passengers transport diverted from other modede Bakhows in its first row the percentages of
transport shifted from other modes and of new ieducansport in the Basque Y, to be compared
with the percentages of journeys in each mode (gkomw) that the diverted transport represents in
the total within each mode (as per data includefidif (2009)). Over half the HSR passengers
transport would come from car transport (52.1%)¥ theans, however, transporting only 5.3% of
journeys made by car. HSR would take 8.5% of &@fitr from airplane transport, and as such
would take over 41.3% of all airplane journeys. Sédata show that the potential of transport
increase on the Basque Y is limited at the expehBeng haul transport (air and conventional rail).
The greatest potential comes from car journeys;dvew the potential of HSR to divert traffic from
cars is limited by the fact that, as previously trered in section 2.1, the majority of passenger
transport in the Basque Country is dedicated tapmovincial journeys that are out of the scope of
the planned HSR line: 73% of the car journeys madiee Basque Country in 2014 were short haul
(OTEUS, 2015). A more efficient alternative to redwoad emissions and energy consumption
would be to significantly increase vehicle occupatiates, which would require almost no new
infrastructure construction (Bueno, 2012).

Table 8. Origin of transport displaced to HSR and prcentage of journeys displaced to HSR
within each mode.

Car Coach  Conv. RailAir Induced
% of HSR transport shifted from other modes 52.1%.1% 12.8% 8.5% 11.5%
% of journeys shifted from each mode to HSR 5.3% 0%/. 55.5% 41.3%

In regards to current transport policy, it is imoit to highlight the implications of our findings
from a sustainable mobility perspective. Althoughas been found difficult to provide with an
operational definition of sustainable mobility (sg. Hoyos, 2009), the transport hierarchy
approach has been proposed as a general framewdHefassessment of transport policies from a
sustainable perspective (Sustainable Developmemin@ssion, 2011). Under this framework, the
design and management of a HSR investment sholldavfthese four levels of priority: (1)

demand minimisation; (2) modal shift and intermdagta(3) efficiency optimisation; and (4)
capacity increase. So, given that the creationr@va HSR line ranks last in the hierarchy, robust
evidence of positive results in the previous thesels of the hierarchy would be needed in order to
consider the construction of a new HSR line asséasnable mobility policy. This would require
that a significant volume of traffic has to be dieel from other less sustainable modes, able not
only to overcome the burdens derived from theitrafiduced by the new transport offer (which is
contrary to the first level of the hierarchy, demaaduction), but also to compensate the
environmental impacts linked to the constructiothef new infrastructure. Actually, these
additional burdens derived from adding new infrasiure to the transport system may significantly
reduce, and even overwhelm, benefits derived fraxdahshift (second level of the hierarchy).
Regarding to efficiency (the third level of the taechy), although HSR is generally claimed as an
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efficient transport mode, the potential for effrody improvements in other modes (i.e. the
electrification of propulsion or a significant o@ancy improvement in private cars) is another
option to be checked in a case-by-case analysiggsiet al., 2017).

In respect to modal shift, HSR seems to have haddest impact in the EU: by doubling the
network between 1995 and 2008, HSR has increasstidtre in the demand for rail from 16% in
2000 to 24% in 2008, but the rail network has ledats modal share from 6.6% to 6.3% (Givoni
and Banister, 2012). Furthermore, in countries 8kain, investments in HSR are provoking a
progressive abandonment of conventional lines (Bgrand Hoyos, 2016). Finally, although HSR
can achieve a remarkable level of energy efficianayperation, the third level of the transport
hierarchy highlights that these efficiency improwets require the traffic to be diverted from less
sustainable modes (i.e. air and private cars withdccupation), but not from similarly efficient
modes such as bus or conventional train. Furthexniiodynamic scenarios are considered and
overall demand is induced, then the energy argusrfamburing investments in HSR are
considerably less clear. In this context, the ablthe Trans European Network may be
controversial: it may favour sustainable mobilitydxhieving a significant modal shift from road
and air to rail, but it may increase overall mdpjlso the net effect may be adverse.

Finally, it is also important to contextualise pas results under current European and Basque
climate change commitments and targets. Takingantmunt the magnitude of the environmental
problem, as well as the commitments already sidpyetthe EU, the most important contribution of
HSR to sustainable mobility lies in its potentiat €nvironmental impact reductions, especially
with regard to GHG emissions and energy consump@aiven the expected modest (if any)
contribution that investing in the Basque Y wouliv& on emission reduction and energy savings,
we can conclude that this investment will not géawour but against fulfilling the European
climate policies’ goal of reducing GHG emissions8®o by 2050.

5. Conclusions

Supply-side transport policies through massive shwents in new transport infrastructures have
promoted economic growth and better transport stfu@tures over the past half a century, but they
have failed to provide net benefits to society ttua series of environmental and socially
undesirable effects: congestion, GHG emissions Ast@ consequence, transport policy in the
European Union has struggled between growth asaheepiece of European treaties and
environmental and social protection commitmentsweleer, the indefinite continuation of current
trends in transport would be unsustainable ini@iab the environmental impact, in particular as
regards global warming, as transport is one oftbst polluting sectors and its ability to lower its
emissions has been somewhat limited. In this uaitecontext, HSR infrastructures have been
proposed as a means to reconcile the dilemma betireagsport growth and sustainability due to its
potential contribution to energy savings and GHGssmns reductions.

This paper has evaluated the environmental perfiocenaf HSR technology in the context of a new
project developed in the Basque Country, Spaineutwlo important assumptions: (1) a proper
evaluation of the environmental performance of H8§uires considering its entire life-cycle; and
(2) the environmental performance in terms of GHiissions and energy savings should be
assessed under current national and Europeangséstnd commitments. In the European context,
this means: (1) that GHG emissions should be retlbge30% in 2050 as compared to emissions’
levels in 1990 (European Commission, 2011a); (@ucang the use and dependence of energy
(European Commission, 2010, 2011c).
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The environmental burden linked to the Basque Ystrotion is estimated at 2.71 Mtgof GHG
emissions and an energy consumption of 577 ktoel&tive terms, these burdens would be among
the highest calculated on HSR lines worldwide,ipaldrly due to the high percentage of tunnels
(60%) and viaducts (10%) in the layout, likewisgolat complexity. These environmental burdens
linked to construction also place the HSR line smvinental balance in a deficit situation initially,
at the time of start-up, which would only be comgeard after a number of years of line service.
The environmental net balance of the Basque Y prageevaluated under different scenarios. The
baseline is characterised by a progressive eleettiin in road passenger transport with optimistic
passenger and freight demand projections. Sertgiainialysis is conducted under four scenarios:
(1) electrification in road passenger transportaies stable at current levels; (2) infrastructure
lifetime is extended from 60 to 100 years; (3) gpdpsenger transport is considered; and (4)
moderate transport demand. In terms of GHG emissiom scenario produces net savings at the
end of the lifetime infrastructure, even if theetine was extended to 100 years. In regards to
energy balance, although some positive resultfoared, none of the energy savings occurs before
40 years of service (considering the most optimstenario). Physical carbon discounting
considerations derived from the fact that the fiomehg of the new HSR line would imply moving
CO, emissions and energy consumption from the futup@ésent would only worsen these already
detrimental balances. Hence, according to our arslthe Basque Y project does not seem to
contribute to compliance with regional, nationatl &uropean energy and climate targets, and even
moves away from them. Therefore, high constructioa operation costs drag not only financial
and social profitability of this project, as argugdHoyos and Bel (2016), but also its
environmental accounting.

These results are found to be highly dependerthi@wadlume of transport and the consideration of
freight transport. When evaluated under the tranidperarchy framework, we conclude that this
new infrastructure does not contribute to sustdeaiobility: firstly, because the Basque Y project
implies a transport capacity increase (i.e. lagtllef the hierarchy), which will induce new
transport (contrary to the first level of the hretay, demand minimization); secondly, because it
will shift a very modest traffic flux from less dagable modes that may even not compensate
environmental burdens linked to construction (&igntrary to the second level of the hierarchy,
modal shift to more sustainable modes); and thjdogcause it provides efficiency improvements
that are not unreachable in the context of the Bagtpuntry for other transport modes, in
application of the third level of the transportriaiechy (efficiency optimization, i.e. renewable
electrification of private cars, or the increaseefiicle occupancy). For example, policies directed
towards significantly increasing occupancy rate2Zpassengers per private vehicle) would not
only reduce GHG emissions and save energy, butdil®e for moderate increases in other
efficient transport niches.

Robustness of these results leads us to conclatl&StHG emissions reduction and energy savings
should not be used as a general argument in fasfaovesting in HSR infrastructures.

Furthermore, considering European ambitious cliraatéenergy goals and that transport operation
accounts for one third of EU-28’s final energy asmgtion and one fifth of the total GHG
emissions, HSR net environmental benefits (if angy not be cost-efficient given the massive
financial investment they require.
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