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A B S T R A C T   

The Basque Y High Speed Rail connection between Madrid and the Basque Autonomous Community is, quite 
exceptionally, a mixed freight and passengers HSR line, that has been presented as a fundamental step towards a 
more sustainable mobility. In this paper, a life-cycle assessment (LCA) is conducted to assess the environmental 
performance of the line throughout its lifetime, based on the latest data available, including both construction 
and maintenance burdens. Results show that this new corridor is not justified in terms of reducing emissions and 
energy consumption, mainly due to its low transport density. It also has a negligible impact on Spanish current 
low rail freight traffic. We conclude, therefore, that Spain needs to reconsider its AVE network expansion if 
aiming at increasing rail's modal share and meeting the emissions targets set by the EU. From a policy 
perspective, many information inconsistencies have been found regarding the demand projections of freight 
transport, which cast serious doubt about the decision-making process behind Trans-European transport projects.   

1. Introduction 

The increase in the global average temperature of planet Earth as a 
result of climate change is part of a global environmental crisis that is 
increasingly threatening the survival of the human race (United Nations, 
2022a). Its serious consequences require not only long-term plans and 
actions, but also immediate and urgent measures. Consequently, the 
European Union (EU) and its Member States have agreed, under the 
European Green Deal, to reduce their greenhouse gas (GHG) emissions 
by 2030 by at least 55% compared to 1990 and achieve emissions 
neutrality by 2050 (European Union, 2021; European Commission, 
2020a). 

Mobility and the transportation of passengers and freight play a key 
role in this crucial human strategy (Pons et al., 2020). The trans-
portation sector, mainly powered by fossil fuels derived from oil (95% of 
transportation energy in Europe), accounts for around a quarter of GHG 
emissions in Europe and, far from decreasing, these have increased by 
29% from 1990 to 2018 (European Environment Agency, 2019). Thus, 
in terms of a common strategy for sustainable mobility, more 

environment-friendly modes of transport should be promoted (European 
Commission, 1992), and High-Speed Rail (HSR) seems to fill that gap, 
since rail transport is generally assumed to have a great capacity to 
achieve considerable reductions in GHG emissions and energy con-
sumption (California High-Speed Rail Authority, 2016; European Court 
of Auditors, 2018; Jehanno et al., 2011). Since HSR is powered by 
electricity, it is argued that the environmental benefit is clear, because it 
shifts passengers and freight from more polluting modes of transport 
(car, aeroplane, etc.) to one with lower environmental impacts. Thus, 
the HSR project in the Basque Country, also known as the Basque Y, has 
often been presented as the most important step towards the ecological 
transition of the region (SPRI, 2020) and, therefore, as fundamental in 
order to meet the GHG emissions reduction objectives set by the EU for 
2050. For these reasons, the Basque Climate Change Strategy 2050 
(Basque Government, 2015) concludes that this new high-speed project 
would be crucial for the fulfilment of those goals. However, these 
alleged benefits come from analysing just the network's operation and 
do not take into account the environmental burdens related to building 
and maintenance phases of the infrastructure (Kortazar et al., 2021a). It 
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is quite common to find analyses that do not count the impacts from 
construction of the infrastructure and therefore underestimate the total 
life-cycle emissions (Chester and Horvath, 2009; Jones et al., 2016). 

There are several very interesting Life-Cycle Assessment (LCA) pa-
pers ((Kaewunruen et al., 2020b, Kaewunruen et al., 2020a; Lee et al., 
2008; Lin et al., 2019; Rungskunroch et al., 2021)) but they only 
partially cover the scope of this paper. In fact, few studies have 
attempted to include in their analysis such impacts from construction of 
the infrastructure. Bueno et al. (2017) performed a limited environ-
mental LCA of the Basque Y HSR, a small corridor of the Spanish AVE 
network, which included the construction and maintenance phases of 
the infrastructure in its analysis. Similarly, the LCA methodology was 
more recently used by Kortazar et al. (2021a) to assess the environ-
mental performance of the complete AVE project, including the con-
struction and maintenance phases of the high-speed infrastructure. The 
authors concluded that the building of the Northern and Levante lines 
would not be justified in terms of GHG emissions reduction and energy 
demand decrease, and that this is mainly due to its low transport density. 
The indicator used to compare the transport service on networks of 
varied extension is annual transport density: the transport/extension 
ratio of the network, which is equivalent to the number of passengers 
that would annually travel over the complete infrastructure. The 
transport density of an HSR project is an indicator of the service pro-
vided by the infrastructure and would behave as production does under 
the Law of Diminishing Returns of classical economics. This law states 
that, in all production processes, increases in one of the productive 
factors (while keeping the others constant) will give progressively 
smaller increases in production per unit (Samuelson and Nordhaus, 
2001). Furthermore, investments in transport infrastructure tend to 
have diminishing returns, too (Rodrigue, 2020). Initial investments in 
transport infrastructure usually have a high economic return, since they 
cover a gap in terms of mobility, but as the infrastructure improves, 
these investments have less and less economic return. Therefore, 
transport density of HSR networks shows diminishing returns, too. In 
other words, beyond a certain extension threshold, adding more length 
to the network inevitably causes the transport density to decrease: once 
the areas with the highest population density have been connected and 
the peak of demand is reached, subsequent connections will only 
decrease the overall transport density of the infrastructure. Such is the 
case of the AVE network in Spain, where the maximum transport density 
was reached in 2009 with 9.2 Mp (million passengers) and subsequent 
expansions have reduced the density to almost 6 million passengers 
(Fundación de los ferrocarriles españoles, 2021; UIC, 2020). 

The Basque Y HSR will be an extension of the Northern line in the 
Spanish AVE network, but with a unique difference, since it has been 
designed for the mixed transport of people and freight. However, it 
seems that this new line will not improve the results in terms of transport 
density, nor in terms of emission reduction and energy savings for the 
corridor and the network. In light of this, the present work attempts to 
answer to the following questions: What would be the transport density 
of the Basque Y HSR? What would be the environmental impact balance 
of the infrastructure when it is put into operation? Would the imple-
mentation of the infrastructure lead to a sufficient reduction of GHG 
emissions to meet the targets set by the European Union? 

1.1. Context of the Basque Y HSR line 

The Basque Autonomous Community (BAC) is one of the most 
populated and industrialised regions in Spain (300 inhabitant⋅km− 2). It 
has always been a strategic area for the transportation of people and 
goods between Spain and France. Its 2.2 million inhabitants account for 
4.6% of the Spanish population and it is one of the areas with the highest 

income per capita in Spain and its economy contributes to 6.3% of the 
Spanish GDP. 

The Basque Y HSR line was designed to be part of the Northern 
Corridor2 of the Spanish HSR network, popularly known as the AVE 
network, aimed at connecting Madrid to the BAC and to France via the 
west end of the border. The state-owned company ADIF-AV is respon-
sible for the management of the entire HSR infrastructure, thus man-
aging the second longest HSR network in the world, with >3000 km 
already in operation in 2022 (ADIF, 2022), and more sections are being 
built or projected. After China, Spain is the country with the most high- 
speed kilometres built and in operation (Albalate and Bel, 2016; Euro-
pean Court of Auditors, 2018). Exhaustive information of the Spanish 
AVE HSR project can be consulted in Kortazar et al. (2021b). 

The Basque Y line will connect the region's three capitals in a three- 
pointed star network design and will cover 190 km of the region's 
complex orography (see Fig. 1). Its construction began in 2006 and the 
line was expected to be operational by 2015, but continuous delays have 
postponed this to at least 2027.3 This line is designed with the European 
high-speed rail characteristics: 14-m wide platform, 1435 mm interna-
tional gauge track and electrified at 25 kV and 50 Hz. But it also has an 
exceptional feature: it is designed for combined passenger (230–250 
km/h) and freight (90–110 km/h) traffic. It should be noted, however, 
that the Spanish AVE trains operate exclusively for passenger traffic 
(Kortazar et al., 2021a). Therefore, it remains unclear whether and how 
much cargo would finally run along the Basque Y HSR, especially after 
the Spanish government has confirmed that its Southern connection 
with the AVE network (Burgos–Vitoria-Gasteiz) will only be compatible 
with passenger transport (INECO, 2017). A similar situation can be 
found at the French border, since the TGV network was not designed for 
freight transport and, furthermore, French authorities do not plan to 
initiate any action on the section in Aquitaine, between Dax and Hen-
daye, before 2037 (European Court of Auditors, 2020). Meanwhile, the 
construction works for a mixed traffic network continue, and this re-
quires very demanding geometric path parameters, with wide curvature 
radiuses and very small slopes in an environment of complex geomor-
phological characteristics. Due to these restrictive parameters, the ma-
jority of the route is made up of tunnels and viaducts that allow these 
huge orographic barriers to be overcome. (See Fig. 2.) 

1.2. Objective and structure of this article 

The fundamental goal of this research is to evaluate the capacity of 
the Basque high-speed rail line to mitigate global warming and reduce 
energy demand in the Basque Country, and to verify whether it will 
contribute to the accomplishment of the environmental objectives set by 
the EU for 2050. To this end, this work studies the environmental per-
formance of the Basque Y HSR line in its estimated useful life of 60 years 
and including the building and maintenance phases of the infrastruc-
ture, following the Life-Cycle Assessment (LCA) methodology, and using 
the latest data available. This article is the continuation of several pre-
vious works carried out by the authors. The first work on the analysis of 
the high-speed rail began in 2016 as part of an interdisciplinary study on 
HSR transport (Albalate and Bel, 2016). The methodology follows the 
same model designed by Kortazar et al. (2021a), updating and 
expanding upon the research gathered by Bueno et al. (2017) by 
increasing the number of environmental impact indicators analyzed and 
using the latest published data available on future passenger and freight 
demand. The environmental loads generated throughout the life-cycle of 
this line are presented for the same environmental impact categories and 
elementary flows selected by the European Commission for the evalu-
ation of external costs of transport (European Commission, 2020b). The 

2 The four corridors of AVE network: Madrid-Catalonia, Madrid-North, 
Madrid-Levante and Madrid-Andalusia.  

3 Latest statements set 2027 as the new start year (Gómez Camacho, 2021). 

A. Kortazar et al.                                                                                                                                                                                                                               



Environmental Impact Assessment Review 103 (2023) 107276

3

geographic scope coincides exactly with the 190 km projected in the 
design of the line and still under construction in 2023. 

As a secondary objective, this work calculates transport density, 
measured in equivalent passengers and equivalent tonnes over the 
complete infrastructure, in order to assess the environmental profit-
ability of this high-speed line. This allows us to evaluate whether the 
connection of the Basque Y with the AVE network in Spain and with the 
TGV network in France will be capable of increasing transport density. 

This paper applies the methodology developed in Kortazar et al. 
(2021a) to the Basque Y HSR, which has the particularity that it will also 

carry freight. To our knowledge, there are no precedents for an LCA 
study of a high-speed infrastructure for passengers and freight. As the 
network is still under construction, the passenger and freight traffic 
estimates used are based on the forecasts made by the promoters. The 
results of this study question the environmental viability of the project 
and could influence the future operation of the line. This article is 
structured as follows: Section 1 presents the introduction of the current 
Basque Y HSR situation and description of objectives, followed by Sec-
tion 2, which presents the data, methods and information used in the 
environmental analysis as well as the characteristics and properties of 

Fig. 1. (a) European HSR network map in 2018. Own elaboration based on UIC (2021). (b) Layout of the Basque Y HSR network.  
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the different scenarios. Next, Section 3 presents the study's main find-
ings, of which Section 4 provides a detailed discussion. Finally, Section 5 
gathers the main conclusions drawn from this research. Further details 
on the application of the methodology, the data used etc. can be found in 
the “Data in Brief” article (Kortazar et al., 2023). 

2. Methods and data 

In order to verify the potential displayed by the Basque Y HSR line for 
mitigating climate change and increasing energy savings in the BAC, an 
exhaustive environmental study has been carried out based on the LCA 
methodology developed by Kortazar et al. (2021a) to assess the envi-
ronmental burdens of the AVE network. 

This LCA collects and analyses the main inputs (energy and material 
consumption) and outputs (emissions, waste and by-products) of the 
Basque Y project throughout its entire life-cycle. System boundaries 
considered in this LCA encompass transport infrastructure within the 
Basque Y network throughout the calculation period, including opera-
tion, construction, maintenance and disposal of vehicle fleet, track 
system and main buildings, following the approach adopted by 
Tuchschmid et al. (2011); production of traction energies for all trans-
port modes follows ecoinvent v3.7 (Steubing et al., 2016); and system 
boundaries for transport services shifted from other modes to the Basque 
Y also follow ecoinvent v3.7 (operation, construction, maintenance and 
disposal of vehicles and other infrastructure). The functional unit for this 
analysis is the passenger and freight transport service provided by the 
Basque Y HSR line during the calculation period for the operation phase 
of the LCA, of 60 years, as in the environmental product declaration 
(EPD) of passenger transport on the Bothnia Line (Stripple and Uppen-
berg, 2010; The International EPD system, 2010). Since passenger and 
freight transport evolves over the years, our modelling is annualized. 
Tables 2 and 3 show the annual densities of passenger and freight 
transport considered, and thus define the functional unit. Impact results 
are also calculated annually (as shown in Tables 8 and 9 and Figs. 3 and 
4). 

The reminder of this section describes the Life-Cycle Inventory (LCI) 
data used and the modelling approach followed to be able to analyse the 
environmental performance of the HSR project. 

2.1. LCA modelling approach 

The LCA allows for the calculation of the net balance of Environ-
mental Impacts (EI) of any high-speed rail project from a life-cycle 
perspective. The net EI of any new HSR project for a particular envi-
ronmental indicator, i.e. PM10 or NMVOC emissions can be expressed 
as: 

NetEI =
∑

EIHSR
Construction∧Maintenance +

∑
EIHSR

Operation −
∑

i
EIi

i→HSR (1)  

where i stands for different modes of passenger and freight transport 
(Kortazar et al., 2021a). 

For the calculation of the net environmental impacts of this project, 
the construction, maintenance and operation phases have been consid-
ered separately; subsequently, all the environmental impacts related to 
the shifted transport of passengers and freight from any mode of trans-
port to the HSR have been subtracted. As these modal shifts from con-
ventional modes of transport to the HSR constitute environmental 
benefits that must be attributed to the HSR. If all these environmental 
burdens related to this shift of passengers and freight from conventional 
transport modes to the HSR in a sector without HSR project are higher 
than the annual environmental burdens linked to all phases of the HSR, 
the net EI balance in a particular category will provide an environmental 
benefit (i.e. Net EI < 0) (Kortazar et al., 2021a). Thus, environmental 
performance of a high-speed rail project on a specific indicator depends 
primarily on the power to shift significant quantity of passengers and 
freight from other conventional transport modes to the high-speed rail 
(Kortazar et al., 2021c). 

2.2. LCI data on the construction and maintenance phase 

To calculate the environmental loads of the construction and main-
tenance phases of the HSR project, it is necessary to have a detailed 
description of the layout, which includes infrastructures details and its 
measurements. To that end, it has been possible to carry out an aerial 
review of each meter of the route based on the work developed by 
stakeholder “AHT gelditu!”. This social movement carried out a detailed 
diagram of the line using the GoogleEarth tool, and collected all the 
information in a file that is available on their website (AHT Gelditu, 
2019). This meticulous work allowed us to depict the whole infra-
structure in detail (see the Data in Brief article (Kortazar et al., 2023)). 

Fig. 2. The structure of this article.  
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The Basque Y was designed to have an extension of 190 km in a three- 
pointed star shape to connect the three main stations of the capitals of 
the region: Bilbao, Donostia-San Sebastian and Vitoria-Gasteiz. Another 
two minor stations have been planned in Ezkio-Itsaso and Astigarraga. 
Two multimodal terminals will also be installed to allow the freight 
transport in 750 m long trains, as well as four signaling posts and two 
overtaking and parking posts. There is also a long interchanger of 10 km 
in Bergara, where the three branches of the line intersect. In order not to 
have to build level crossings in a very demanding landscape, this junc-
tion has a high level of complexity. 

Most of the line was designed over a double track in international 
gauge. A third track over old conventional track (1645 m) will be 
installed in the section between Astigarraga and Irun. Except for that 
section (14 km), most of the line is of new construction. Furthermore, 
this new line is configured for mixed freight and passenger transport, 
which involves more technical complexity in its design: a minimum 
radius of 3.2 km, maximum cant of 160 mm, maximum gradients of 15 
thousandths and, exceptionally, 18 thousandths, thus enabling speeds in 
a range between 90 km/h for freight transport and 250 km/h for pas-
senger transport. 

Fig. 3. GWP100 compensation balance and annual reduction in the Optimistic Scenario.  

Fig. 4. CED compensation balance and annual reduction in the Optimistic Scenario.  
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The uneven relief of the landscape and the abrupt orography of this 
territory demand a technically complicated construction with a high 
requirement of construction materials and energy resources. Most of the 
approximately 190-km layout runs through tunnels (104.9 km, 56%) 
and over viaducts (24.55 km, 13%), and just 60.55 km (31%) is in open 
air (see Table 1). These construction parameters make this project one of 
the most technically complicated transport infrastructures in Europe 
(Gobierno Basque Government, 2012). 

The LCI for the building and maintenance phases of the Basque Y line 
is based on the work of Tuchschmid et al. (2011). Impact coefficients 
collected therein have been found to be precise and transparent while 
providing the most reliable results (Cuenot, 2016) (see Data in Brief for 
more details). 

2.3. LCI data on the operation phase 

The calculation of the environmental burdens of the operation line 
requires some key data. First, accurate passenger and freight transport 
data over the HSR line are essential. Second, it is crucial to identify how 
much of the HSR total demand is shifted to the HSR; and third, it is 
necessary to provide the LCI data for the service phase of the Basque Y 
HSR and for all conventional transport modes from which freight and 
passenger transport are shifted. 

2.3.1. Passenger and freight transport demand 
Transport demand is a key factor for the calculation of the socio- 

economic and environmental benefits and costs of an infrastructure. 
As the Basque Y HSR line is still under construction, there are no real 
data available on transport demand. Therefore, this section quantifies 
passenger and freight transport demand based on the latest official 
projected data provided by public administrations. However, a sensi-
tivity analysis for different demand scenarios will be conducted, given 
the increasing literature showing that promoters of transport in-
frastructures may be prone to overestimating demand (see e.g. Flyvb-
jerg, 2007). 

Passenger and freight transport depend on two main factors; first, the 
amount of persons and tonnes moved, and second, their corresponding 
travelling distances. Notably, the Basque Y star topology penalises line 
exploitation, since any passenger or good only uses, at most, two thirds 
of the layout on each journey. 

An estimation for passenger transport demand is available in ADIF 
(2015a), which provides estimates of the annual volume of displace-
ments by train for the years 2020, 2030, 2040 and 2049 in a scenario 
with the Basque Y in operation (Table 90, page 164). In order to 
compute future transport demand for this project, these annual pas-
senger flows must be multiplied by the distance travelled on the line. For 
those years, a transport density of 3.8, 5.8, 6.9 and 7.6 million passen-
gers annually are expected in the Optimistic Scenario. For the passenger 
transport estimation in a more realistic or moderate scenario, passenger 
demand has been reduced (Table 2) to reflect the degree by which 
freight transport may be also reduced, according to a report from ADIF 
and the Basque Government (ADIF-Gobierno Vasco, 2019). 

Said report provides information on the future demand (for the 
period of 2023–2050) for freight transport at the freight terminal 
located in Jundiz, just at the border between the Basque Y and the 

Spanish AVE network. Since the AVE network does not allow for freight 
transport, the traffic through this terminal is a good indicator of the 
traffic on the whole Basque Y. Table 3 gathers the estimation for freight 
transport density for the period 2023–2050 on the Basque Y for three 
scenarios (Optimistic, Moderate and Baseline). 

It is important to put this piece of data into context. According to the 
Secretaría General de Transporte (2018), the onroad freight transport 
that crosses the Pyrenees from or to the Basque Country accounted for 
47 million tonnes in 2015. So, according to these estimates, the new HSR 
infrastructure would (under the most optimistic scenario conditions) 
absorb in 2030 around 2% of the freight demand on the corridor (con-
ventional rail currently accounting for <5%). This freight demand data 
differs substantially with respect to other estimations previously pub-
lished. For example, it is much lower (and more reasonable) than the 
estimation made four years earlier by ADIF (2015a) of 9 million tonnes 
of goods per year. It is quite surprising to find a ninefold gap between the 
two administrations regarding such critical input for the environmental 
(and economic) evaluation of the project. And, also, sometimes it has 
been argued that the main contribution of the Basque Y to freight 
transport would be freeing the current Iberian gauge line from passen-
gers so it could be used exclusively for freight. However, it is important 
to note that the current network is highly underused, so the main 
problem for Spanish rail cargo does not seem to be capacity (Antigüedad 
et al., 2016). 

In any case, it is certain that these infrastructure start-up forecasts 
will not be met (passengers in 2020, freight in 2023). At the end of 2022 
the platform is still not completely built in all sections; access to the 
capitals seems to be initially achieved with provisional stations outside 
the urban centres, since the works are not expected to start for a few 
years; and the Jundiz logistics terminal is in the expansion phase, and its 
rolling highway terminal4 has not yet reached the construction phase. 
For all these reasons, this study will assume that the infrastructure will 
be put into operation in 2030 (although it is likely to be later). 

2.3.2. Environmental burdens of the transport shifted to the HSR 
The main environmental benefit that may arise from the construction 

of an HSR infrastructure comes from passengers or freight shifted from 
other conventional modes to the HSR. The percentages of passenger and 
freight transport shifted have been taken from Kortazar (2021), where 
they were calculated based on the data on passenger and freight traffic 
available in ADIF (2015a, 2015b). These are: 46.7% from cars, 9.9% 
from buses, 27.3% from conventional trains, 4.5% from aeroplanes, and 

Table 1 
Details of the Basque Y HSR line.   

km % 

Tunnels 104.90 55.52% 
Viaducts over 250 mt 18.23 9.65% 
Small Bridges under 250 mt 6.32 3.34% 
Total tunnels & viaducts 129.45 68.52% 
Open air 59.48 31.48% 
Basque Y HSR total km 188.93 100%  

Table 2 
Passenger transport density estimation measured in millions of passengers. This 
passenger transport density also defines the functional unit of the system under 
analysis.   

2020–29 2030–39 2040–49 2050–59 2060–89 

Optimistic Scenario 3.79 5.84 6.88 7.60 7.60 
Moderate Scenario 2.12 3.27 3.85 4.26 4.26  

Table 3 
Freight transport density estimation measured in millions of tonnes of goods per 
year. This freight transport density also defines the functional unit of the system 
under analysis.   

2023 2024 2030 2040 2050 

Optimistic Scenario 0.55 0.65 1.05 2.38 3.02 
Moderate Scenario 0.39 0.46 0.73 1.67 2.12 
Baseline Scenario 0.31 0.37 0.59 1.34 1.70  

4 The semi-trailers would be transported on railway wagons (Euskal Trenbide 
Sarea, 2019). 
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11.4% for induced demand. The percentages of shifted freight transport 
have been set as follows: 5% from container ships, 80% from lorries, 
10% from conventional freight trains, and 5% for induced demand. 

2.3.3. LCI data for the different transport modes 
The life-cycle inventories of the means of transport involved in the 

operational phase of the Basque Y were collected from ecoinvent, 
version 3.7 (Steubing et al., 2016), and processed with the openLCA 
software (Ciroth, 2007) (see Table 4). This data is derived from Kortazar 
et al. (2021a), where the coefficients for the different freight transport 
modes have been added. The impact coefficients obtained from the 
ecoinvent database include the environmental impacts associated with 
the building and maintenance of both, infrastructures and vehicles 
(Kortazar et al., 2021a). Therefore, to avoid double counting, ecoinvent 
impact coefficients have been previously adjusted. 

2.4. Description of scenarios 

Two dynamic scenarios—an Optimistic Scenario and a Realistic 
Scenario—have been designed, making the following assumptions:  

■ Freight and passenger transport over the HSR line starts in 2030.  
■ At the beginning of train operation (2030s), 28% of private vehicles 

are diesel cars, and 22% are petrol cars, following DGT (2018). 
■ 50% of private vehicles are electric until 2039; 100% of private ve-

hicles are electric from 2040 onwards.  
■ Private vehicles will carry an average of 1.68 passengers per vehicle 

until 2060 (1.68 p/v) following the Ministerio de Transportes, 
Movilidad y Agenda Urbana (2018). From 2060 onwards, this 
average is double (3.36 p/v).  

■ Transport demands shifted from other conventional modes to high- 
speed rail are taken from Section 2.3.2.  

■ Passenger and freight transport demand is incorporated according to 
Table 2 and Table 3, according to the latest government forecasts 
from 2030 onwards; transportation in each decade is assumed to be 
constant.  

• Electricity production is 100% of renewable origin (ecoinvent v3.7).  
• The temporal scope of this analysis is 60 years since this is the useful 

life of many of the components of the railway sector (Stripple and 
Uppenberg, 2010). 

Based on these initial conditions, changes are applied to different 
variables that may occur during the operation years of the project in 
order to evaluate their effects on the results. These alternative changes 

have no effects on the construction and maintenance impacts of the 
project, affecting only the operation burdens and those associated with 
shifted demand. In both scenarios, passenger and freight transport de-
mand increase throughout the useful life. Also, it is considered a more 
realistic future scenario where fuel cars are replaced by electric cars 
powered with a 100% renewable electricity mix. In addition, following 
Adra et al. (2010), this model also considers the situation where the 
vehicle occupancy rate increases to 3.36 p/v. Tables 5 and 6 show the 
main characteristics of the optimistic and realistic scenarios on a decade- 
by-decade basis. Since there are no passenger or freight traffic forecasts 
beyond 2050, the scenarios assume that these remain at 2050 levels. 
(See Table 7.) 

3. Results 

This section outlines the modelling results for each of the scenarios 
presented above. Detailed information about the modelling strategy and 
all the results are available in the related Data in Brief article (Kortazar 
et al., 2023). 

The mountainous orography of the Basque Country (traversed by 
55% tunnels and 13% viaducts) critically influences the results. Error! 
Reference source not found.7 shows the environmental balance for each 
impact category of the construction and maintenance phases of the 
infrastructure of the Basque Y HSR measured in annual tonnes per kil-
ometre. Average CO2 emissions (224.79 t/km⋅y) are above the upper 
limit of the bounds proposed by Tuchschmid et al. (2011) for traditional 
railway lines (39–71 t/km⋅y), although slightly below the upper limit 
proposed by Baron et al. (2011) for high-speed lines (ranging between 
79 and 270 t/km⋅y) (Kortazar et al., 2021a). Therefore, the environ-
mental burdens of constructing and maintaining the Basque Y are high 
and will require a high transport demand if it is to compensate for these 
loads. 

The result of the net EI balance for the Basque Y HSR line is beneficial 
(negative value) for all impact categories, because the environmental 
burdens avoided from shifted demand are higher than those related to 
the building, maintaining and the operation of the project. More detailed 
results can be found in the Data in Brief. However, to better understand 
them, as the LCA methodology is based on a temporal horizon and the 
environmental objectives related to atmospheric emissions and energy 
consumption set by the European Union (European Commission, 2018a) 
have a temporal deadline too, these results can be presented as the HSR 
operation years required in order to compensate the environmental 
burdens of constructing and maintaining the infrastructure (Table 8 and 
Table 9). Most of these impacts have occurred before the trains start 

Table 4 
LCI data obtained from ecoinvent v3.7. Own elaboration (p/v: passengers per vehicle).  

Transport mode Global warming 
gCO2eq/pkm 

Cummulative energy 
demand MJ/pkm 

Particulate 
matter g/pkm 

Sulphur 
oxides g/pkm 

Nitrogen 
oxides g/pkm 

Non methane volatile 
organic compounds g/ 
pkm 

Passenger airplane, very short haul 159.37 2.41 0.04 0.22 0.72 0.10 
Passenger coach 49.44 0.82 0.03 0.05 0.47 0.05 
Passenger car mix for 1.68 p/v occupancy 187.39 2.86 0.11 0.31 0.46 0.17 
Passenger car mix for 3.36 p/v occupancy 93.69 1.43 0.05 0.16 0.23 0.08 
Electric car passenger, electricity production 

100% renewable and 1.68 p/v occupancy 
56.30 1.40 0.10 0.18 0.17 0.07 

Passenger train, Spanish electricity mix 54.65 1.18 0.05 0.19 0.31 0.03 
Passenger train, electricity production 100% 

renewable 27.12 0.73 0.04 0.05 0.22 0.03 

Passenger high-speed rail, Spanish electricity 
production, (HSR infrastructure excluded) 

32.91 0.86 0.03 0.15 0.10 0.01 

Passenger high-speed rail, electricity 
production 100% renewable (HSR 
infrastructure excluded) 

6.42 0.43 0.02 0.02 0.02 0.00 

Freight container ship 9.31 0.13 0.01 0.12 0.19 0.01 
Freight lorry 16–32 metric ton, EURO6 161.40 2.65 0.11 0.21 0.23 0.13 
Freight train (Electricity Spain) 25.04 0.57 0.03 0.10 0.11 0.01 
Freight train (Electricity Spain-REN) 10.12 0.33 0.02 0.03 0.06 0.01  
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running on the infrastructure. Furthermore, any new high-speed rail 
project begins its activity with an environmental negative result caused 
by its building phase. This deficit will be compensated over the years but 
only if the environmental burdens derived from the operation of the 
train are lower than the environmental impacts derived from the shifting 
demand from other transport modes (Kortazar et al., 2021a). Otherwise, 
compensation would not take place within the useful life of the line and 
the environmental performance would be detrimental. 

In the Optimistic Scenario, the initial GHG emissions would be 
compensated in 2053, and Cumulative Energy Consumption (CED) in 
2047. Then, if the project started running in 2030 and given the con-
ditions and assumptions of each period of time, GHG emissions and CED 
would not achieve neutrality until around 2050 (Fig. 3 and Fig. 4). 
Compensation for the rest of the indicators also occurs around those 
years: PM10 in 2059; SO2 in 2051; NOX in 2050 and NMVOC in 2041. 
These results imply that GHG emissions and CED would, by 2050, un-
dergo an impact reduction of 34.6% and 38% each year with respect to 
the reference scenario without the HSR. Fig. 3 and Fig. 4 show, for the 
GWP100 and CED indicators and for the Optimistic Scenario, the 

evolution of the annual net balance over the 60-year life-cycle of the 
infrastructure, and the annual impact reduction provided by the oper-
ation of the infrastructure, compared to the scenario without HSR. 

However, the results worsen considerably in the Realistic Scenario, 
as can be seen in Table 9, Fig. 5 and Fig. 6. In the same 2030–89 period of 
operation, and respecting the conditions and assumptions established 
for each period of time, GHG emissions and CED would not achieve 
neutrality until around 2071 (41 years) and 2059 (29 years), respec-
tively. This means that, by 2050, with respect to the reference scenario 
without HSR, GHG emissions and CED would reach an annual impact 
reduction of 11.6% and 16.3%, respectively. 

Finally, these results allow us to conclude that, in the best of cases, 
this project will not begin to have a positive contribution in terms of 
global warming mitigation and energy consumption until around year 
2050, and in a probable more realistic case, until the year 2060. Fig. 7 
and Fig. 8 show the critical contribution of the building and mainte-
nance phases to the impact index of the HSR. These figures show the 
impact associated with each of the modes of transport considered, with a 
life-cycle perspective and including both the operation and building and 

Table 5 
Description of the optimistic scenario, for each decade.  

Optimistic scenario 2030–2039 2040–2049 2050–2059 2060–2069 2070–2079 2080–2090 

Passenger transport density (Mp) 5.84 6.88 7.60 7.60 7.60 7.60 
Freight transport density (Mt) 1.05 2.38 3.02 3.02 3.02 3.02 
Renewable electricity 100% 100% 100% 100% 100% 100% 
Electric vehicles 50% 100% 100% 100% 100% 100% 
Occupancy per vehicle (p/v) 1.68 1.68 1.68 3.36 3.36 3.36  

Table 6 
Description of the realistic scenario, for each decade.  

Realistic scenario 2030–2039 2040–2049 2050–2059 2060–2069 2070–2079 2080–2090 

Passenger transport density (Mp) 3.27 3.85 4.26 4.26 4.26 4.26 
Freight transport density (Mt) 0.59 1.34 1.70 1.70 1.70 1.70 
Renewable electricity 100% 100% 100% 100% 100% 100% 
Electric vehicles 50% 100% 100% 100% 100% 100% 
Occupancy per vehicle (p/v) 1.68 1.68 1.68 3.36 3.36 3.36  

Table 7 
Results of the environmental balance of the building and maintaining phases of the Basque Y high-speed rail.   

CO2 Cummulative Energy Demand Particulate Matter Sulphur Oxides Nitrogen Oxides Non Methane Volatile Organic Compounds  

t/km⋅y TJeq/km⋅y t/km⋅y t/km⋅y t/km⋅y t/km⋅y 

Basque Y HSR line 224.79 2.37 0.23 0.35 0.60 0.10  

Table 8 
Results in the optimistic scenario.   

Global 
warming 

Cummulative energy 
demand 

Particulate 
matter 

Sulphur 
oxides 

Nitrogen 
oxides 

Non methane volatile 
organic compounds 

Optimistic Scenario kt CO2eq/y TJ/y t/y t/y t/y t/y 
Annual emissions reduction with respect to the same 

scenario without HSR (in the compensation year) 82.96 1178.16 64.02 154.61 301.27 84.19 

Compensation year 2053 2047 2059 2051 2050 2041  

Table 9 
Results in the realistic scenario.   

Global 
Warming 

Cummulative Energy 
Demand 

Particulate 
Matter 

Sulphur 
Oxides 

Nitrogen 
Oxides 

Non Methane Volatile 
Organic Compounds 

Realistic Scenario kt CO2eq/y TJ/y t/y t/y t/y t/y 
Annual emissions reduction with respect to the same 

scenario without HSR (in the compensation year) 17.24 634.79 − 1.88 23.55 106.51 39.11 

Compensation year 2071 2059 2086 2068 2066 2049  
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maintenance phases of the project, for each decade once the train is 
running. Although the impact of HSR operation is low, as it is powered 
by renewable electricity, the low density of passenger and freight 
transport in these scenarios has a significant negative effect on the total 
impact, which clearly harms the overall environmental profitability of 
the infrastructure. 

4. Discussion 

The LCA of the Basque Y HSR is clear concluding that the environ-
mental loads of the construction phase are too high for the estimated 
insufficient passenger and freight traffic, both in the most optimistic 
scenario and in the realistic one, and this prevents the project from 
contributing significantly to mitigating climate change and other envi-
ronmental impacts in an immediate and efficient way. 

The performance of the Basque Y HSR line would be clearly penalised 

Fig. 5. GWP100 compensation balance and annual reduction in the Realistic Scenario.  

Fig. 6. CED compensation balance and annual reduction in the Realistic Scenario.  
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Fig. 7. Impact per passenger-kilometre on the GWP100 indicator of different modes of transport and the HSR in each scenario and period.  

Fig. 8. Impact per passenger-kilometre on the CED indicator of different modes of transport and the HSR in each scenario and period.  
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due to the Basque Y high-speed line would be clearly penalised due to its 
low demand for passenger transport. In its first year of operation, this 
line would transport the equivalent of just 5.8 million passengers over 
the complete infrastructure in the optimistic scenario, and just 3.3 
million passengers in a more realistic one. This density of transport 
would be significantly lower than those supported by networks else-
where in the world: 22 Mp in France, 22 Mp in China, and around 35 Mp 
in Japan and Taiwan (UIC, 2020). Both economic (De Rus, 2011) and 
environmental analyses (Westin and Kågeson, 2012) have found that a 
minimum threshold of 10 million passengers in the first year of opera-
tion are required for a typical HSR line to be socially and environmen-
tally viable. Furthermore, considering the technical difficulties 
presented by the Basque Y line (e.g. Westin and Kågeson (2012) assumed 
far fewer tunnels: 10% in comparison to 60% in the Basque Y), the 
abovementioned threshold would need to be higher. 

Moreover, the transport density of HSR networks shows diminishing 
returns. Once the areas with the highest population density have been 
connected and the peak of demand is reached, subsequent connections 
will only decrease the overall transport density of the infrastructure. 
Based on the data on the historical evolution of the extension of the 
network provided by the UIC (2021) and transport data measured in 
pkm and provided by UIC (2022), Fig. 9 gathers the evolution of the 
transport density by progressive geographical extension of the high- 
speed networks of China, Japan, France, Spain, Germany and Taiwan. 
In Japan, taking all the lines in the country combined, the transport 
density remains above 36 Mp. Similar densities have already been 
reached in Taiwan (almost 35 Mp in 2019). In France, after reaching a 
transport density of almost 29 million passengers in 2006, the length-
ening of the network in subsequent years brought transport density 
down to 22 million passengers. A similar trend is observed in Germany, 
where the peak of 27 million passengers in 2001 on a short network 
(576 km) reduced to below 20 million passengers when the network 
length tripled (1571 km). The transport density peak has not yet been 
observed in China, but transport density seems to be stabilising just over 

20 million passengers yearly (21 Mp in 2019, over a network of >35 
thousand km). In Spain, when the line between Madrid and Barcelona 
was inaugurated in 2008, it reached the point of highest transport 
density with 7 million passengers. At present, and after doubling the 
extension of the AVE network to areas with lower population density, 
the density of transport has dropped to just below 5 million passengers. 
It is obvious that, as new sections are inaugurated, the density of 
transport will continue to decrease. The Basque Y will be an extension of 
the Northern corridor in the Spanish AVE network, and it seems that this 
high-speed project will not mean a significant improvement in terms of 
transport density, nor will it reduce energy demand and GHG emissions 
in the sector. 

Insufficient passenger transport will not be compensated for by 
strong freight transport demand in the region. The freight demand data 
used in this work was provided by the infrastructure administrator ADIF 
and the Basque Government (ADIF-Gobierno Vasco, 2019), which 
expect the equivalent to between 0.6 and 1 million tonnes of freight to 
be transported annually over the complete infrastructure in 2030, an 
insufficient amount when compared with the 47 million tonnes of 
onroad freight traffic that crossed the Pyrenees in 2015. 

It can be argued that in the future the demand for freight transport 
may increase, and to some extent it will surely do so. Nonetheless, there 
are some issues that cast serious doubt on the ability of the HSR to 
greatly increase freight transport in the future. 

Firstly, there are some technical limitations linked to HSR in-
frastructures offering both freight and passenger transport. It is very 
challenging to coordinate the traffic of trains with very different speeds. 
Passenger HSR and slower freight transport will share the rail line, and 
this may result in a timetable and capacity conflict (Troche, 2005). If this 
freight operates at night, as in Germany, the intense maintenance that 
this infrastructure needs will reduce the time slots available for freight 
traffic. Instead, if freight traffic is programmed during the day, many 
sidings would be needed. 

Secondly, although it has sometimes been argued that the main 

Fig. 9. High-speed transport density in various countries. Own elaboration based on the statistics provided by the UIC (2021, 2022). Transport density is given in 
million passengers. 
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contribution of the Basque Y to freight transport will be freeing the 
current Iberian gauge line from passenger traffic, so that it can be used 
exclusively for freight transport, but as mentioned before the main 
problem of current conventional rail cargo in Spain does not seem to be 
capacity but underuse. Conventional line 100, between Madrid-Cha-
martín and Irun-France, which currently carries the freight traffic that 
could, in the future, run along the Basque Y, had a saturation of 23% in 
September 2021 (ADIF, 2022). In other words, freight traffic through the 
conventional network could be tripled without reaching saturation. 

And thirdly, it should be added that both networks connected to the 
Basque Y—the AVE network (Spain) in the south and the TGV network 
(France) in the north—were designed exclusively for the transport of 
passengers. The incentives for freight to circulate on the Basque Y are 
limited, since goods coming from France on the standard gauge network 
could continue on the Basque Y only up to the connection with the 
Spanish conventional network in Jundiz, and not without passing 
through an intermodal station to change to other modes of transport, or 
to Spanish gauge, in order to continue on the Spanish conventional 
network. 

Another issue that requires specific attention is the number of years 
required to compensate construction emissions. This issue is critical in 
the current context of climate emergency. The results show that, in the 
best case, transport demand estimated by ADIF and the Basque Gov-
ernment would compensate the GWP deficit linked to build the infra-
structure only after 23 years, and, in the most probable case, 
compensation would be achieved after 40 years of operation of the 
infrastructure. 

Besides, the improvements in the reduction of impacts derived from 
train operation are very modest. The Basque Country emitted an average 
of 20 Mt. CO2eq in the period 2006–2019, 5.9 Mt. (30%) of which 
corresponding to the transport sector, but only 240 kt CO2eq to traffic 
affected by the Basque Y (other modes from which transport is shifted to 
the HSR). 

The net yearly balance for GHG emissions (GWP100 indicator) in the 
Optimistic Scenario in the 2050s (Table 8) is − 83 kt CO2eq per year 
(only 1.4% of total emissions linked to transport in the Basque Country). 
Then, the GHG emissions mitigation provided by the Basque Y HSR 
would be just 34.6% when compared with the situation without the 
Basque Y in operation, when the overall objective set by the European 
Union in its carbon-neutral 1.5LIFE scenario for the transport sector is a 

91% reduction (European Commission, 2018b). 
In other words, in a context of global environmental crisis that re-

quires urgent and drastic measures to be taken regarding GHG emis-
sions, this Basque Y HSR line would not be an efficient solution to reduce 
those emissions. The large investments required, moreover, only affect a 
meager 1.2% of total GHG emissions in the BAC (see Fig. 10). 

Finally, the existence of other alternatives that currently already 
obtain better results in terms of reducing atmospheric emissions in the 
transport sector and without having to invest in new projects should be 
assessed (Hoyos, 2009). Table 10 shows the environmental performance 
of the HSR connection between Bilbao and Donostia-San Sebastián (110 
km) but by proposing three new future scenarios for the connection of 
the same cities along the same AP-8 motorway corridor and with a 
similar length (100 km). According to Interbiak's transport data 
(Diputación Foral de Bizkaia, 2019), the average daily traffic of light 
vehicles on this motorway was 30,532 units in 2018, which is similar to 
an annual transport of 11.14 million light vehicles over complete 
infrastructure. While this Basque Y HSR connection would reduce CO2 
emissions, annually, in the Optimistic Scenario, by 48 kt, a reduction of 
175 kt of CO2 would be achieved only by increasing (double) the oc-
cupancy of light vehicles driving on the AP-8 toll motorway (MC1 in 
Table 10). If these light vehicles were powered with electricity from 
renewable sources, a reduction of 245 kt of CO2 would be achieved 
(MC2); and the reduction would be up to 300 kt CO2 if the average 
occupancy of those electric vehicles were doubled (MC3). 

5. Conclusions 

The world is experiencing an unprecedented environmental crisis 
with continuous temperature records and an uncertain and worrying 
future. Global warming and climate change are realities that require 
immediate attention and efficient responses. In the words of United 
Nations secretary general António Guterres: “unless countries dramati-
cally scale up their efforts to counter the climate crisis, the world faces a 
global catastrophe” (United Nations, 2022b). 

The EU has set an ambitious carbon neutrality objective by 2050. 
Transport emissions account for one third of total GHG emissions in the 
Basque Autonomous Community, so transport policy plays a key role in 
climate change mitigation. Local and regional policymakers have often 
presented HSR as a sustainable mode of transport able to contribute 

Fig. 10. Impact of the Basque Y HSR on CO2 emissions in the Basque Country.  
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significantly to achieving those environmental goals. Furthermore, 
regional authorities have presented the Basque Y HSR as the most 
important step towards the ecological transition of the country (SPRI, 
2020) however, it is clear that these HSR projects have major implica-
tions on the environment (Carvalho et al., 2017). 

This paper analyses the environmental performance of the Basque Y 
HSR line using the LCA methodology to explore the capacity of this 
technology to reduce energy demand and mitigating climate change, 
and to test its potential contribution to the accomplishment of the 
emission reduction objectives set by the EU. The results show that the 
impacts generated in the construction phase of the Basque Y would be 
close to the upper limit of the range of loads associated with this phase, 
based on the literature for other HSR lines, mainly due to the moun-
tainous orography of the region that requires building bigger and more 
complex structures that imply a greater consumption of resources and 
energy. In the Optimistic Scenario (best-case scenario considered) the 
Basque Y HSR line is found to compensate for its construction and 
maintenance GHG emissions in 24 years, while the rest of the environ-
mental indicators would require between 12 (NMVOC) and 30 years 
(PM10). Although this finding may be seen as a potential benefit for the 
environment, it is negligible when considered in the broader context of 
climate emergency. It would contribute to reducing <1.4% of the annual 
GHG emissions of the transport sector and <0.4% of the annual GHG 
emissions of the region, when official targets currently require it to be 
climate neutral by 2050. 

The environmental performance of this HSR would get worse when 
the transport demand acquires the lower values presented for the 
Realistic Scenario. It is not unreasonable to think that freight transport is 
not going to be able to grow much in the future, since the Spanish HSR 
network allows only for passenger transport, and the French connection 
will never be ready for freight transport before 2037. The Realistic 
Scenario shows that the infrastructure would require many more years 
of operation to compensate for its construction and maintenance im-
pacts if transport were less than initially estimated for the Optimistic 
Scenario. 

This means that the environmental balance of the Basque Y HSR line 
is affected by its insufficient passenger transport, equivalent to just 5.8 
million passengers in the best case and just 3.3 million passengers in the 
more realistic case, at the time of starting its operation in the year 2030. 
This demand is far below the demand provided by the TGV network (22 
Mp), the Japanese projects (36 Mp on average), China (22 Mp) and 
Taiwan (35 Mp). The Basque Y HSR will not have enough transport 
demand to provide an environmental benefit; in other words, the 
transport demand expected in the Basque Y is not high enough to justify 
the construction of the HSR infrastructure in terms of reduction energy 
consumption and atmospheric emissions. Besides, this means that the 
extension of the AVE network with the Basque Y HSR line would cause a 
decrease in the transport density of the Spanish network and would 

confirm that the transport density of high-speed lines clearly shows 
diminishing returns. These results and the methodology developed in 
this work open an interesting opportunity for the application in other 
LCA studies of high-speed rail projects or even in infrastructures of other 
transport modes. Also, it could be very interesting to include the results 
of this analysis in a broader socio-economic study, such as a Cost Benefit 
Analysis, of the Basque Y HSR line. It is unusual in CBA studies to see the 
monetary valuations of the environmental burdens analyzed in this 
study integrated into the balance. This work will also have to be updated 
according to the evolution of the European Union's energy and climate 
policy, which greatly conditions the evolution of the background sce-
nario. The potential of the Basque Y HSR to mitigate climate change, 
reduce energy consumption and other environmental impacts is not 
sufficient. In a context of the global environmental crisis, this project, far 
from improving things, can make them worse. Transport policy remains 
inefficient, and the European Environment Agency (2019) makes this 
clear by stating “current efforts to limit the [transport] sector's envi-
ronmental and climate impacts in Europe are not sufficient to meet the 
EU's long term climate and environmental policy objectives”. 
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Table 10 
Impact results of the Basque Y HSR connection between Bilbao and Donostia-San Sebastián (110 km) in the year 2050 of the Optimistic Scenario and the AP-8 
motorway corridor also connecting both capitals (100 km) with scenarios of occupancy in private vehicles doubles (MC1), electric vehicle (MC2), and both occu-
pancy doubles and renewable electricity production for electric vehicle (MC3).   

Global 
warming 

Cummulative energy 
demand 

Particulate 
matter 

Sulphur 
oxide 

Nitrogen 
oxide 

Non methane volatile organic 
compounds 

Bilbao – Donostia-San Sebastián connection CO2eq kt/y TJ/y t/y t/y t/y t/y 
Basque Y HSR (110 km, Optimistic Scenario in 

2050) 
48.25 863.41 37.26 89.98 148.32 59.32 

MC1 – AP-8 toll motorway, 100 km 
(11.14 million v/y, double occupancy) 

175.36 2677.58 101.78 294.35 432.97 155.24 

MC2 – AP-8 toll motorway, 100 km 
(11.14 million v/y, renewable electricity, 
electric vehicles) 

245.34 2736.13 17.88 253.24 538.79 180.60 

MC3 – AP-8 toll motorway, 100 km 
(11.14 Mv/y, electric vehicles, double 
occupancy, renewable electricity) 

298.03 4045.64 110.72 420.97 702.37 245.54  
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Adra, N., Michaux, J.-L., André, M., 2010. Analysis of the load factor and the empty 
running rate for road transport. In: Artemis - Assessment and Reliability of Transport 
Emission Models and Inventory Systems [WWW Document]. ResearchGate. URL. htt 
ps://www.researchgate.net/publication/277183200_Analysis_of_the_load_factor_an 
d_the_empty_running_rate_for_road_transport_Artemis_-_assessment_and_reliability_ 
of_transport_emission_models_and_inventory_systems (accessed 2.10.20).  

AHT Gelditu, 2019. AHT Gelditu-Paremos el TAV: TAV en Euskal Herria. AHT Gelditu- 
Paremos el TAV. URL. http://noaltavahtgelditu.blogspot.com/p/aht-en-euskal-he 
rria.html (accessed 4.13.20).  

Albalate, D., Bel, G., 2016. Evaluating High-Speed Rail: Interdisciplinary Perspectives. 
Taylor & Francis. 

Antigüedad, I., Bermejo, R., Hoyos, D., Bel, G., Bueno, G., Capellán-Pérez, I., Gorostidi, I., 
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