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Summary 
 
The present project  emerge  from the personal worry about actual interventions that are carried out on 

some train stations. The necessary adaptation and elimination of architectural barriers and the 

integration of the control of accesses on the station is doing  a loss of the heritage. The idea born of this 

question: What option is more suitable? To repair  the station  or to demolish and to build one again 

 

The aim of this project is to study the characteristics of the train stations, to know the uses, the needs, 

the traffics, and this specific work is to study two typologies of intervention, a new work and a 

rehabilitation , will allow us to know what option is more adequate economically, more environmental, 

etc. To know all these parameters will allow us to position and to have opinion about  to decide which is 

the best option, the most suitable. 

The work is formed for following paragraphs and graphical documents: 
 
Historical study 
The first part of the work consists of the historical study of the railway stations, the origin and his 

development, the influence of the station in the city, the station  typologies, the form, the position of the 

station and the typical things that do of the building the icon of the station. 

 
Functional program 
 The second part of the work consists of the study of the surfaces, uses and traffics of the train stations. 

To be able to develop this paragraph of the work has been necessary a previous search of graphical 

material, for analyzing the interior distributions of every floor and the possible traffics. This point also 

includes the study of the requirements by ADIF, the characteristics and surfaces of the new rooms and 

dependences that they force to include nowadays on the stations. 

 

Stations of study 
In this paragraph are described two typologies of interventions, the new work and the rehabilitation, 

there is detailed the geographical situation of every station, the characteristics of the original building 

and the actual condition, the motives by which every intervention was chosen, the differences between 

buildings, etc… 

This paragraph of the work includes the study of the travellers flow for the line where both stations were, 

as well as the investigation of the travellers who usually up and  down in these stations during the year,. 

 
 
 

 
Environmental study 
In this paragraph has been analyzed the environmental impact that it represents to execute every type 

of intervention. From the memory of the project and of the budget of every work I could have obtained 

the values of CO2 emissions. 

 

 With the total values obtained of emission of every work, have been in use the free programs of the 

technical code, LIDER and CALENER for studying the demand and energetic qualification of every 

station.  With these programmes we will obtain the total emissions by the use of the station (the demand 

of heating, cooling...)  

 

Analysis and comparison of the results 
 The analysis and comparison of the results is the last part of the work, is where the emissions are 

evaluated of each intervention. By the comparison of the results we can see the most environmental 

option, the repercussions for traveller, etc. 

On the other hand in this paragraph you can see the comfort conditions, the temperatures of every 

town, the months where we are inside in this band of comfort and the months where the conditions are 

more extreme, this analysis will allow us to see what conditions we will have if we choose not to 

acclimatize the stations. 

From this point we can see what of both interventions a better option is, thinking about all of parameters 

of this project and development the final conclusions. 

 

Attached documentation 
I attached the documentation separated in three parts: 

Part I is formed by the budgets of every work, it has included two columns with the values by items 

obtained of the energetic cost and the emissions CO2.  

The resultant graphics are included by chapters and personal details of the work. 

Part II attaches the results obtained from the programs LIDER and CALENER. 

Part III attaches the draws of both stations. 
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1. Introduction 

 
 

The simple stations are the purest expression of the architectural railway language.  
Christian Barman (Introducing to Railway architecture, 1950) 

 
Origin and motivation of the project 
 
The project that I have decided to develop is born in a beginning of the personal interest to know more 

the stations and in especially the buildings; it is due to my job in the company INECO (Ingeniería y 

economía del transporte) where we develop tasks of technical assistance in railway works. Working in 

INECO I could see some interventions have been realized in train stations and as a result my interest 

has been growing in this type of buildings and their characteristics. 

 

The second reason for which I have decided to develop this project is for the personal worry about the 

actions that are realized to the train stations. The actual changes that are suffering many stations due to 

the modernization and adjustment to new regulations and demands of the administrator, it is producing 

that some of them are demolished or reformed completely, losing partly the railway image. 

 

With the plan of railway infrastructures of Barcelona 2008-2015, the train stations are modernizing, 

adapting and renewing the elements of the infrastructure, which includes the traveller’s buildings, the 

oldest stations are adapting for persons with limited mobility. The travellers' traffic is being improved and 

giving a major quality to the service of the stations. 

 

The aim of the project has been from a beginning to study and to analyze the stations, to observe the 

evolution that they have suffered, the reason for which they appeared or the needs that they were 

covered and to see which differences they present respects the current stations, to study and to know 

two interventions realized in two stations, to analyze the characteristics of each one, which they have 

supposed economically and the most important, what has been the environmental cost of the 

construction of every station, from the materials that to form them, and the associate CO2 emissions. 

Finally, to check each building and verify if they will are suitable according to the actual uses. 
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2. Analysis of the CO2 emissions 

 

Once analyzed the characteristics and the uses of the stations and explained both cases have been 

studied by me, only we need to analyze the environmental repercussion that represents every type of 

intervention: the rehabilitation and the new building. 

For studying the CO2 emissions produced in both interventions what I have done is to study all the 

chapters and project items and to introduce them in the ITEC. This tool allows knowing what emission 

produces every activity develops in the site. 

 

Introducing every item in the database of the ITEC, it allows us to know the components that form her, 

the energetic cost and the Kg of CO2 that are issued. Thus we can do us an idea of the quantity of 

energy that supposes every activity developed in the work grouped by chapters (structure, coatings, 

etc...) and simultaneously we can do us a global idea of each zone (traveller's building, underpass, 

platforms, etc.) 

An example extracted from the ITEC where we can see the information of energetic cost and CO2 

emissions of an item introduced: concrete in mass HM-20/P/40/I 

 
 

The study of CO2 emissions has been focused first on the travellers' building that is the principal subject 

of the work, later to be able to make comparisons between two typologies of intervention and be able to 

extract conclusions, and secondly in the rest of the work to observe the total repercussion and to see 

that it mean every zone. 

 

To be able to know the total quantity of Kg of CO2 and MJ that have been generated due to the 

execution of both works, I have used the budget of each one dividing it by zones and chapters, of the 

following way. 

Sant Andreu de Llavaneres has been divided in: 

 ·  Traveller’s Building 

 ·  New marquees 

 ·  Underpass 

 ·  Platforms 

 ·  Environment 

Caldes d'Estrac: 

 ·  Traveller’s Building 

 ·  Underpass 

 ·  Platforms 

 ·  Environment 

 

2.1. Sant Andreu de Llavaneres 
 

Since we have seen a new building was constructed in Llavaneres. The new station includes the uses 

and requirements that the old station was not allowing. 

In addition there was built a new underpass, new marquees were placed, the platforms grew up and the 

site was adapted. Later we can see the value for chapters and total of the work: 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

BUDGET          

TRAVELLERS BUILDING 483.454,20 € 
NEW MARQUEES 224.470,45 € 
UNDERPASS 553.058,53 € 
PLATFORMS 618.280,88 € 
ENVIRONMENT 128.369,56 € 

TOTAL 2.007.633,62 € 
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We can see the travellers' building is not the most important economical chapter because is the 

platforms and secondly the construction of the underpass. The platforms (200m of length) were 

extended and grew up and to achieve them 68cm necessary of height, were paved, them adapting to 

persons with limited mobility and blind persons. 

The underpass was executed to opened sky during a weekend, and includes the excavation, the 

prefabricated modules and the new service. 

 

In this part of the work I explain the results obtained of CO2 emissions of the traveller’s building. this 

results will be compared with Caldes d’Estrac. (All the graphs and information can be seen in the Part I). 

 

Once introduced in the ITEC all the items of each one of the chapters that form the traveller’s building 

we can observe the results: 
EDIFICI DE VIATGERS COST ENERGETIC EMISSIONS CO2

CAPÍTOL 1: ENDERROCS I MOVIMENT DE TERRES 34.997,10 Euros 116.521,26 MJ 3,08% 30.294,52 Kg 5,68%
CAPÍTOL 2: FONAMENTS 96.575,26 Euros 590.039,91 MJ 15,61% 97.461,69 Kg 18,26%
CAPÍTOL 3: ESTRUCTURA 64.828,39 Euros 581.060,23 MJ 15,37% 71.243,55 Kg 13,35%
CAPÍTOL 4: COBERTA 44.572,42 Euros 343.818,49 MJ 9,10% 55.048,03 Kg 10,31%
CAPÍTOL 5: TANCAMENTS EXTERIORS 17.926,60 Euros 160.301,78 MJ 4,24% 15.373,08 Kg 2,88%
CAPÍTOL 6: TANCAMENTS INTERIORS 16.461,94 Euros 99.908,05 MJ 2,64% 10.057,37 Kg 1,88%
CAPÍTOL 7: PAVIMENTS 16.647,20 Euros 52.561,70 MJ 1,39% 6.997,97 Kg 1,31%
CAPÍTOL 8: REVESTIMENTS 101.111,22 Euros 162.758,16 MJ 4,31% 14.245,51 Kg 2,67%
CAPÍTOL 9: FUSTERIES 90.334,08 Euros 1.672.651,33 MJ 44,25% 232.948,07 Kg 43,65%

TOTAL 483.454,20 Euros 3.779.620,89 MJ 100% 533.669,79 100% 
The most important chapter is aluminium windows that are the half of the total of the emission. It is 

followed by the chapters of foundations, structure and cover that are characterized by the use of the 

concrete and the steel. 

6%

18%

13%

10%
3%

2%1%3%

44%

Emissions de CO2 E.V (Obra Nova)

CAPÍTOL 1: ENDERROCS  I MOVIMENT  DE 
TERRES

CAPÍTOL 2: FONAMENTS

CAPÍTOL 3: ESTRUCTURA

CAPÍTOL 4: COBERTA

CAPÍTOL 5: TANCAMENTS  EXTERIORS

CAPÍTOL 6: TANCAMENTS  INTERIORS

CAPÍTOL 7: PAVIMENTS

CAPÍTOL 8: REVESTIMENTS

CAPÍTOL 9: FUSTERIES

 

The materials like for example the concrete and steel are used in big quantities and is necessary a lot of 

energy for his utilization. 

For example, the consumption of fossil fuels carries the CO2 emission to the atmosphere that he 

contributes to the global warming. Many forms of energy come to us as result of previous 

transformations, as for example the electric power from thermal power stations. 

 

The emission produced by the use of the concrete in the work might be divided by us in: the materials 

that shape it (cement and arid), the transport of the first matters, the same production of the concrete 

and the transport of this one to the site.  

The cement represents more than 70% of the emission and energy used in the manufacture of the 

concrete due to the high temperatures necessary for his production and for the decomposition of the 

calcic carbonate. So, the total quantity of environmental effects produced by the concrete, depends of 

his content of cement. 

If we observe the emission of the totality of the work, we will see that the most significant chapter is the 

traveller’s building, followed by the underpass and the platforms. 

    BUDGET ENERGETIC COST EMISSIONS CO2 
  

TRAVELLERS BUILDING 483.454,20 € 3.779.620,89 MJ 29,81% 533.669,79 Kg 33,24% 
NEW MARQUEES 224.470,45 € 2.680.487,94 MJ 21,14% 275.614,81 Kg 17,17% 
UNDERPAS 553.058,53 € 2.569.664,88 MJ 20,27% 360.886,06 Kg 22,48% 
PLATFORMS 618.280,88 € 2.953.142,72 MJ 23,29% 353.303,26 Kg 22,00% 
ENVIRONMENT 128.369,56 € 696.202,50 MJ 5,49% 82.122,02 Kg   5,11% 

   
TOTAL        2.007.633,62 € 12.679.118,93 MJ 100% 1.605.595,93 Kg 100% 
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2.2 Caldes d’Estrac 
 
In Caldes d’Estrac was chosen the integral reform of the traveller’s building, the first floor was very spoilt 

and it was impossible that the station continued offering the service of a suitable way. A new underpass 

was built, the platforms grew-up and the site was adapted. 

Later we can see the value for chapters and total of the work:  

 
BUDGET 

TRAVELLER BUILDING 404.681,48 € 

UNDERPAS 536.625,05 € 

PLATFORM 412.352,55 € 

ENVIRONMENT 98.772,56 € 

TOTAL 1.452.431,63 € 

The most important economical chapter is the execution of the underpass and is followed by platforms, 

and traveller’s building. As curiosity, if we compare the chapter of the execution of the travellers’ 

building of Caldes d’Estrac with Llavaneres we will see that they have similar cost.  

Economically, the option to repair the building doesn’t generate an important saving. 

In the following table we can see the results obtained by ITEC's database. 

 
EDIFICI DE VIATGERS COST ENERGETIC EMISSIONS CO2

CAPÍTOL 1: ENDERROCS I DESMUNTATGES 330.228,87 Euros 127.054,78 MJ 6,70% 33.191,89 Kg 12,91%
CAPÍTOL 2: FONAMENTS 14.076,23 Euros 211.774,29 MJ 11,17% 29.242,65 Kg 11,38%
CAPITOL 3: ESTRUCTURA 54.088,02 Euros 933.774,06 MJ 49,25% 101.107,36 Kg 39,33%
CAPÍTOL 4: COBERTA 12.488,00 Euros 94.396,80 MJ 4,98% 15.875,20 Kg 6,18%
CAPÍTOL 5: TANCAMENTS EXTERIORS -88.374,44 Euros -308.555,51 MJ -16,28% -26.721,79 Kg -10,40%
CAPÍTOL 6: TANCAMENTS INTERIORS 11.638,29 Euros 81.656,98 MJ 4,31% 6.829,51 Kg 2,66%
CAPÍTOL 7: PAVIMENTS 6.641,40 Euros 80.134,82 MJ 4,23% 8.991,14 Kg 3,50%
CAPÍTOL 8: REVESTIMENTS 27.439,04 Euros 159.417,40 MJ 8,41% 16.083,83 Kg 6,26%
CAPÍTOL 9: FUSTERIA I MANYERIA 36.456,08 Euros 516.156,45 MJ 27,23% 72.449,66 Kg 28,19%

TOTAL 404.681,48 Euros 1.895.810,07 MJ 100,00% 257.049,43 Kg 100,00%

 

We can see the most prominent chapter it is the structure that supposes 33 % of the total, followed by 

the chapter of aluminium windows, demolitions and foundations. To execute the interior structure of 

building they are used profiles and props of steel, which there has increased the emission CO2.  

To knock down the interior parts and to execute the new foundations for the props have been other 

concepts that increase the production of CO2. 
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The four chapters that integrate the work have similar levels of emission. 

 
BUDGET ENERGETIC COST EMISSIONS CO2 

    
TRAVELLER BUILDING 404.681,48 € 1.895.810,07 MJ 26,34% 257.049,43 Kg 25,40%
UNDERPAS 536.625,05 € 2.200.024,65 MJ 30,57% 303.665,55 Kg 30,01%
PLATFORM 412.352,55 € 1.606.663,62 MJ 22,32% 241.079,44 Kg 23,83%
ENVIRONMENT 98.772,56 € 1.494.398,23 MJ 20,76% 210.044,30 Kg 20,76%

    
TOTAL 1.452.431,63 € 7.196.896,56 MJ 100% 1.011.838,72 Kg 100% 

   

25%

30%

24%

21%

Estació de Caldes d'Estrac (Rehabilitació)

EV

PAS INFERIOR

ANDANES

ENTORN

 
 
 



Estratègies i criteris per a la intervenció mediambiental en les estacions de rodalies                
 
 

204 
 

If we compare the global results obtained of both stations we can see that the new construction 

supposes a 60% more emission than rehabilitation, in spite of the fact that the final difference is not very 

important because in Llavaneres’s station were built new marquees. This fact produces an increase 

respect to Caldes's station. 

 

 
If we observe only the emission generated by each of the buildings we can see that the difference is 

more substantial, managing to duplicate the levels of an action to other one. 
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3. Analysis of the energetic demand and energetic qualification 
 
The object of the present part is to realize a check of the conformity of the energetic demand of both 

stations according to the Basic Document HE1 of the Codigo tecnico de la edificación; as well as, to 

obtain the energetic qualification of the buildings of agreement with the RD 47/2007, of January 19. 

Once studied both stations we will be able to see if they are agree with the CTE, which is the demand of 

heating and cooling, and which are the emission for using the station and energy consumptions. 

With these results we will be able to extract different graphs as for example proportions between the 

emission due to the construction and the emission due to the use, we will be able to see what part of 

this emission they correspond to every traveller and to extract the final conclusions. 

 

They are an object of checking all the buildings of new construction, as well as the reforms and building 

rehabilitations with surfaces bigger than 1000m2 where there is renewed more than 25 % of the total of 

his facades, therefore in spite of the fact that we will study of both cases (Sant Andreu de Llavaneres 

and Caldes d’Estrac) actually Caldes's work is not of application. 

 

To be able to do the study there have been used two IT free applications that the technical code called 

LIDER and CALENER. 

 

3.1 Energetic demand 
 
In agreement with the DB HE 1, the check of the limitation of the energetic demand of the buildings can 

be analyzed by two options, the general option and the simplified option.  

The option that I have chosen to analyze both stations is the general option, introducing the information 

in the LIDER program. This option consists in realizes a direct evaluation of the energetic demand from 

the comparison between demand of the building and the demand corresponding to a building of 

reference that it defines the own programme:  

· The building object is the real building (real form, sizes, materials,) 

 

 · The building of reference has the same characteristics that the object but with a few constructive 

qualities that guarantee the strict fulfilment of the requirements of the energetic demand established for 

the regulation.  

 

 

 

In the same time, we check the condensations and the air infiltrations for maintaining the conditions 

established by the Basic Document. 

 

This program allows to define the characteristics of the building: the geographical location, the 

orientation, the type of building, the floors of the building, the types of spaces, and his use (intensity of 

use), the types of closings and materials, etc... 

 

In both cases it has been considered the only common space to acclimatizer, that is the cafeteria and 

hall, there are the unique spaces where will have air conditioning. 

 

The geographical location of the building is the first point that we have to define, and involves his 

incorporation in one of 12 climatic zones defined by the DB HE 1. These zones are defined by a letter 

depending on the climatic severity in winter, and with a number, according to the climatic severity to the 

summer. From the tables where the zones are defined for all the capitals of province it is possible to 

obtain the classification of the zone to studying. Sant Andreu de Llavaneres and Caldes d’Estrac are 8m 

over the capital of province; the buildings will be catalogued and checked for the zone C2. 

 

Once finished the description of the buildings we could define the closings and materials that them 

shape, exterior closings, partitions and cover, as well as the holes and types of glasses, generating the 

volume in 3d, creating the spaces and them assigning a use. The habitable spaces that have been 

considered are the hall, cafeteria and baths.  

 

Once defined the descriptions of buildings we already can calculate the energetic demand for the 

building object and the building of reference.  

 

For the checking of the energetic demand of the building, the first check will be the transmittance of the 

closings, limited according to the climatic zone where the building has been included. From the 

information introduced we verified that each one of the thermal transmittances of the closings and 

internal parts that shape the building and the parameters established as the regulation for the climatic 

corresponding zone. Later we can see in the table the maximum values for the zone C. 
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There are attached the results obtained of both stations by LIDER application program, as well as a few 

images of the model obtained. 
 
3.1.1 Sant Andreu de Llavaneres 
 
According to the 'Programa de necesidades tipo para estaciones de cercanías y requerimientos 

funcionales ' established by ADIF, the new stations will incorporate during the project phase the use of 

the programs LIDER and CALENER.  

In the memory and annexes of the project one doesn’t speak about the use of these programs, only 

speaks about that the project has been realized bearing in mind that all the constructive elements fulfil 

with the current regulation, in order to expire the energetic demand for managing thermal well-being.  

 
Knowing this, I have proceeded to verify the energetic demand of the station, introducing all the 

necessary information and defining geometrically and constructively the building.  

See you below the geometrical building. 

 

 
 
To define the both vertical and horizontal closings of the building, the program has a database with the 

materials and his thermal conductivities, therefore when a closing is defined there has to be specified 

the thickness of every component and the program automatically says to us the thermal total 

transmittance.  

Once obtained the values it is necessary to verify that they do not overcome the limits established in the 

DB. 
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Results 
 
In the following table there appear the values of the medium transmittances obtained with the LIDER 

program, and we can see that these do not overcome the maximum values. 

 

 
 
 

 

 

 

 

 

 

According to the LIDER program, the station of Sant Andreu de Llavaneres expires with the basic 

document HE1.  

In the graph we can see the demands of the building of reference and the real building (columns of blue 

colour). In this case we see that the demand of refrigeration is more important. 

 
 

 

 
3.1.2 Caldes d’Estrac 
 
Caldes d’Estrac is not necessary check the energetic demand, and the project has not done any study.  

 

 In the same way that I have done in Llavaneres, I have introduced the information of Caldes: situation, 

orientation, type of building... I have defined a principal space acclimatize (hall and cafeteria) and the 

attached spaces as not acclimatize. 

 

 
 
In the moment to introduce the information of the closings of Caldes d’Estrac has been a bit different 

from Llavaneres. The program does not offer the possibility of choosing the type of facades like to 

station (it was made with a big brick walls), for that I have had to create these closings from the 

information of the material: conductivity, density, thermal resistance and specific heat. 
 
 
 
 
 
 

Element Transmittance (W/m2K) 

Partition 2,64 

 Exterior closing 0,40 

 Interior closing 2,72 

 Cover 0,40 

 Soil 2,41 

 Closing crystal 2,92 

 Doors 2,80 
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Results 
In the following table there appear the values of the medium transmittances obtained with the LIDER 

program: 

 

 

 

 

 

 

 

 

 

 

According to the LIDER program, Caldes d'Estrac's station expires with the basic document HE1. In the 

graph we can see that the station expires so much in the demand of heating and cooling, the demands 

are minor that demands of the building of reference. 

 
3.2 Energetic qualification 
 
The energetic qualification of the buildings has been obtained using the program CALENER. From the 

LIDER we exports the model generated to CALENER. In this program are defined the equipments of air 

conditioning and ACS. Once defined all the systems it is possible to execute the calculation where the 

energetic qualification of the building is obtained. 

The information that I have introduced in the program in both cases has been extracted from both 

constructive projects. Three systems (air conditioning, acs and lighting) are those who have needed 

later to execute the calculation. 

 

3.2.1 Sant Andreu de Llavaneres 
 
Air conditioning 
For the station of Sant Andreu Llavaneres they chose a system of air conditioning reversible air-to-air 

heat pump exterior unit and interior type cassete. Four independent units were placed, two in cafeteria 

and two in hall. The system allows to obtain cold or heat indifferently, according to the interior needs of 

every zone. As building has small dimensions and its constant the travellers arrival, the doors of the 

principal hall will be opened constant obtaining the sufficient renovations of air. 

 

ACS 
The project describes the system of solar capture for the warming of the sanitary water for the cafeteria 

of the station. As value of consumption it’s considered a 1 litter of ACS/day to 60ºC by breakfast. 

It is considered a total consumption of 240 litters of ACS to 60ºC for day. 

Since the consumption is 240 litters ACS/day to 60ºC and the energetic source of support is energy for 

effect joule, the percentage of solar contribution will be 60%. 

 

Lighting 
The project of Llavaneres's station has been executed in agreement with the section HE3 Eficiencia 

energetica of the CTE. The equipment has proceeded to check of the value of energy efficiency of the 

installation VEEI, there has been forecast a plan of maintenance and conservation as the CTE 

indicates, and also according to the article 20 of the RBT. 

 

For the calculation of the energetic qualification the following value has been considered to be loads of 

lighting: 25W/m2 

 
Results  
The building has obtained an energetic qualification C, which means that it is an efficient enough 

building  (A for more efficient buildings, G for less efficient buildings) We can observe in the graph of 

results the emission due to the different systems and the total emission. 

Element Transmittance (W/m2K) 

Partition 0,65 

 Exterior closing p0 0,44 

 Exterior closing p1 0,39 

 Cover 0,40 

 Soil 3,54 

 Forged 2,97 

 Windows 2,02 
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Summary 
 Building object 

For square meter  annual 

consume final energy (KWh) 119,0 39.256,3 

consume primary energy (KWh) 299,1 98.654,3 

Emission CO2 (Kg CO2)  74,3 24.499,6 

 

The emission produced for obtaining of the conditions of comfort (heating, cooling, ACS and lighting) in 

one year reach 24.499,6 Kg CO2, approximately 24,5 tons of CO2. 

 
3.2.2 Caldes d’Estrac 
 

Caldes d'Estrac's station has the same type of equipments projected that the station of Sant Andreu 

Llavaneres, like a system of air conditioning was installed a system air-to-air heat pump exterior unit 

and interior type cassete, the ACS to 60ºC with a solar contribution of 60 % and the load of lighting of 

25W/m2. 
 
 
 

 
Results  
 
 The building has obtained an energetic qualification C. We can observe in the graph of results the 

emission due to the different systems and the total emission. 

 

 
 

Summary 

 Building object 

For square meter  annual 

consume final energy (KWh) 99,5 29.562,3 

consume primary energy (KWh) 249,2 74.035,0 

Emission CO2 (Kg CO2) 61,9 18.383,7 

 

The emission produced for the obtaining of the conditions of comfort (heating, cooling, ACS and 

lighting) in one year promotes 18.383,7 Kg CO2. 
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4. CO2 emissions in 50 years 
 
With the information obtained to the CALENER program and the emission derived from the 

construction, we can form a graph where we can see the impact that will be generated from the moment 

in which the work is ended up to 50 years later, time that is considered to be a useful life of the building. 
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The first year we can see the emission that had been produced during the execution of the construction 

of Llavaneres's station, from then we can see the emission generated due to the use that is done of the 

station in 10, 20, 30, 40 and 50 years. 

The same information in another typology of graph allows us to see clearer what so much per cent that 

has supposed the construction and what it of the use of the station. 
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Of the CO2 emissions produced by the materials of construction and the produced ones for the 

obtaining of the conditions of comfort, we can see that they are bigger those who have generated during 

the construction of the station that not those who will take place during the use of this one in 50 years. 

 In case of Caldes the graph is very similar, in spite of the fact that the values are low enough. 
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In case of Caldes we can see that the emission that have been generated during the construction of the 

station has a % bigger enough than the produced ones during the use of the station in 50 years, not 

because the emission fruit of the construction is much bigger because the value of the emission of use 

is much smaller in this case. 

 

 

construcció; 52,90% ús; 47,10%
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Later we can see the graph with the results of both works. 
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The construction of the station of  Sant Andreu Llavaneres has supposed the emission of 1.605 tons of 

CO2. If we add the emission due to the use, these come to 2.806 tons that suppose an approximate 

repercussion of 56 tons a year. 

 

In case of Caldes d'Estrac, the construction has supposed 1.011 tons, in 50 years of life approximately 

18,4 tons per year. In total approximately 1.915 tons will have issued approximately 38.3 tons the year. 

 

 As information of reference: an one-family housing of 100m2 where there lives a family of 4 persons 

supposes approximately some 3 tons of CO2 a year. 

 
4.1 Repercussion emission / m2 
 
Now that we have the total of CO2 emissions, we can see which the quantity for square meter is. 

  
SANT ANDREU DE LLAVANERES 
    TOTAL EMISSIONS m2 BUILT kg/m2

TRAVELLERS BUILDING 533.669,79 Kg 33,24% 380,8 m2 1401,44
NEW MARQUEES 275.614,81 Kg 17,17% 764,2 m2 360,65
UNDERPAS 360.886,06 Kg 22,48% 144,75 m2 2493,16
PLATFORMS 353.303,26 Kg 22,00% 1874,15 m2 188,51
ENVIRONMENT 82.122,02 Kg 5,11% 1166,56 m2 70,39

TOTAL 1.605.595,93 Kg 4.330,46 m2 4154,18

 
    ENERGETIC COST m2 BUILT MJ/m2

TRAVELLERS BUILDING 3.779.620,89 MJ 29,81% 380,8 m2 9925,4
NEW MARQUEES 2.680.487,94 MJ 21,14% 764,2 m2 3507,5
UNDERPAS 2.569.664,88 MJ 20,27% 144,75 m2 17752,4
PLATFORMS 2.953.142,72 MJ 23,29% 1874,15 m2 1575,7
ENVIRONMENT 696.202,50 MJ 5,49% 1166,56 m2 596,7

 
TOTAL 12.679.118,93 MJ 4.330,46 m2 33.358,01 
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The building of Llavaneres's station gives the first approximation to the types of parameters with which 

we will value the environmental impact of our buildings:   

 

   4.15 tons of materials for m2 

   33.358,01 MJ of energy invested in materials for m2 

 
CALDES D'ESTRAC 
 

TOTAL EMISSIONS m2 BUILT kg/m2

TRAVELLERS BUILDING 257.049,43 Kg 25,40% 337,52 m2 761,58
UNDERPAS 303.665,55 Kg 30,01% 106,71 m2 2845,70
PLATFORMS 241.079,44 Kg 23,83% 1414,93 m2 170,38
ENVIRONMENT 210.044,30 Kg 20,76% 1790,08 m2 117,33

TOTAL 1.011.838,72 Kg 3.649,24 m2 3895,01
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ENERGÈTIC COST m2 BUILT MJ/m2

TRAVELLERS BUILDING 1.895.810,07 MJ 26,34% 337,52 m2 5616,8
UNDERPAS 2.200.024,65 MJ 30,57% 106,71 m2 20616,8
PLATFORMS 1.606.663,62 MJ 22,32% 1414,93 m2 1135,5
ENVIRONMENT 1.494.398,23 MJ 20,76% 1790,08 m2 834,8

TOTAL 7.196.896,56 MJ 3.649,24 m2 28.204,07
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The building of Caldes's station has supposed: 
 
   3,89 tons of materials for m2 
   28.204 MJ of energy invested in materials for m2 
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4.2. Repercussion emissions use / traveller   
 

How we could have seen previously, it is very difficult to foreseen the number of travellers who will 

circulate from now even of here to fifty years along these two stations, to be able to award a travelling 

number of emission there has been needed the travellers quantity that they happen during the year 

2010 multiplied for 50años. 

 

The result is the following one: 
LLAVANERES 

Emissions use 50 years:       1.198.863,40 KgCO2 

Traveller's estimation 50 years:    24.634.799,00 persons 

Repercussion:                      0,048 kgCO2/trip · year 
 
CALDES 

Emissions use 50 years:          586.912,2 KgCO2 

Traveller's estimation 50 years:    21.706.804,00 persons 

Repercussion:            0,027 kgCO2/trip · year  
 
To reduce the repercussion of this emission / traveller: 

 

 1. To increase the step of the trains. 
Nowadays circulate in direction Molins-Massanet 52 trains in working day and 34 in holidays, and in 

direction Massanet-Molins 55 in working day and 35 in holiday. If we increase the journey frequency of 

the trains, there will be more possibility than the habitants choose the railroad as way of transport for the 

daily displacements, instead of the car. If more people take the train, the consequences will be better for 

traveller. 

 

 2. To reduce the price of the ticket 
 

 Reduce de price will obtain more people use this transport. 
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5. Emission due to the transport 
 

Till now, only we have observed the impact caused by the construction and use of the stations, without 

bearing in mind the emission of the railroad displacements. 

 

The railroad is the form of transport of travellers and of goods that presents a minor environmental 

impact, is the way that less energy consumes for transported unit, which presents a few minor levels of 

CO2 emissions, which less he contributes to the local pollution in the urban areas, and which generates 

a minor acoustic impact. In addition the occupation of the area realized by the railway infrastructures is 

in relative terms minor that the space occupied by the roads. 

 

It is the way that realizes a few minor CO2 emissions for transported unit, between 3 and 5 times less 

that travelling by road and between 7 and 10 times less that travelling in plane. RENFE has reduced in 

more than 45 % his emission for unit transported in the period 1990-2009. 

 For example in the distance Barcelona - Madrid a traveller who uses the AVE generates a few emission 

of 13kg of CO2. 

 

The aim of this paragraph is to know the emission that can be imputed to a traveller who uses the 

railroad and compare it with one that uses the car, from the information obtained on the travellers 

quantity that circulate along the stations of Llavaneres or Caldes in one year. 

 

From the study on the mobility that we have seen previously we can extract that the principal 

relationship of mobility of Llavaneres and Caldes is between the own town and Mataró, for which we 

can suppose that the travellers during one year in Caldes and Llavaneres correspond to displacements 

the great majority for labour motives to the capital of Maresme. 

 

The travellers assessed in one year to the station of Llavaneres are 502.751, one average of 41.895 a 

month and some 1500 a day. These 1500 ' tickets validated ' they correspond approximately to 750 

persons who go and 750 persons who return of the work every day, therefore we can observe the 

emission that suppose these trips. 

 

This travel if it is done by railroad supposes approximately some 0,15KgCO2 for traveller, now well if 

the same distance we were doing it in car it would be: 

 

 

 ·  Distance Llavaneres - Mataró = 7,6Km 

 ·  Quantity of cars (at best 2 persons for car) = 375cars 

 ·  Emission of a car: 150gCO2/Km =0,15kgCO2/km 

 ·  7,6km x 0,15kgCO2/km = 1,14kgCO2 for travel 

 ·  375 cars x 1,14kgCO2 for trip =427,5 kgCO2 

 ·  In one day = 427,5 kgCO2 x 2travels/day = 855kg CO2 day 

 ·  In one year=855kg CO2 day x 365days = 312.075kgCO2 year 

 

Approximate 312 CO2 tons a year. 

312.075kgCO2 year between 502.751 =0,62kgCO2 

The use of the car supposes four times more of CO2 emissions that it to do by train. 
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Summary: 
Annuals emissions in Llavaneres: 

 

 Building construction = 1.605 tons   

 Building use in 50 years= 1.200 tons                   In total 130T year 

 Transport=0,15 KgCO2 x 24.634.799v= 3.695.219,85=3.695 tons  0,26 kgCO2/travel · year 
 

Construcció ; 24,69% Prestacions; 18,46% Transport; 56,85%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

emissions

SANT ANDREU DE LLAVANERES (OBRA NOVA)

 
 
Annuals emissions in Caldes: 

 

 Building construction = 1.011 tons   

 Building use in 50 years = 904 tons                   In total 107,76T year 

 Transport=0,16 KgCO2 x 21.706.804v= 3.473.088,64=3.473 tons  0,25 kgCO2/ travel · year 
 

 

Construcció ; 18,76% Prestacions; 16,78% Transport; 64,46%
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emissions
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6. Conditions of comfort 
 
The purpose of this part is to know the conditions of comfort in the architecture and the parameters of 

control. 

 

The sensation of comfort of an environment there influence simultaneously the stimuli gathered by all 

the senses, being the most important the criostésic sense. Two agents influence the comfort: the 

environmental parameters and the factors of comfort of the user. 

The environmental parameters are energetic manifestations, which express the physical and 

environmental characteristics of an inhabitable space, independently of the use of the space and of the 

occupants. 

The factors of comfort are the exterior conditions to the environment that influence the appraisal of this 

one. In this case the same space, with identical parameters of comfort, can have very different answers 

according to the conditions of his users. These personal conditions are of different types: biological - 

physiological (as the age or the sex), sociological conditions (types of activity, alimentation, clothes) and 

psychological, according to the individual characteristics of each one of the users. 

Therefore, the comfort of an environment, it depends both on his objective parameters and on the 

factors of his users. 

 

 6.1 Thermal comfort 
 
In the thermal comfort there intervene the energetic phenomena of exchange of energy between the 

body and the environment. The most important thing on thermal comfort is the degree of activity that, it 

influences directly on the metabolism and modifies the requirements of comfort. There is important the 

type of garment, thermal barrier that influences especially for his thermal resistance, the age, the sex 

and the education, the geographical situation and month of the year. 

From the parameters and the factors of thermal comfort several studies have been done, the most 

important are Víctor Olgyay's graph or Giovani's Abacus. In the first one the exterior environment is 

studied and bears in mind two parameters of thermal comfort, the temperature of the air and the relative 

dampness. 

 

Giovani's Abacus, it is the study in the psychometric abacus of the zone of comfort and of the relation of 

this one with the possible systems of correction with architectural solutions for conditions out of the 

mentioned zone. From the temperature and the dampness we can see if we are inside the zone of 

comfort both in winter and in summer. 

 

 Later Giovani's abacus is attached: 

 
Since we can see, the zone of comfort in summer is approximately between the 21,5 º and the 26 º with 

a dampness between 20 % and 85 %. In winter this zone changes being between the 18,5 º and 23,5 º 

with a dampness of 30 % to 80 %. 

 

Bearing the margin of comfort in mind in the summers months and those of winter, and knowing the 

temperature of the populations of Caldes d'Estrac and Llavaneres, we can form in a graph the obtained 

and like that values observe what months they are inside this comfort and which are those who more 

move away. 
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The climate of the Maresme is Mediterranean of Coastal Central type. The medium annual rainfall 

ranges between them 550mm and 800mm, the highest values being achieved in the northern part and 

in the area of the Montnegre and the lowest in the coastal peoples of the south of the region. The rainy 

station is the autumn and the drought the summer. As for the temperature, the winters are moderated, 

with averages of 8 °C to 10 ºC, and the warm summers, between 22°C and 23 ºC of average, enduring 

a thermal annual moderate extent. 

 

The climatic information of both populations has been extracted from the tables of meteocat. Since they 

are near towns only I have showed one. 

 
 

We can see the average it places between them 8ºC as lower temperature in January and 24ºC as 

higher in August. If we take form in the same graph the values of thermal summer comfort and of winter 

we can observe what months they are inside the comfort. 

 

 
Summers months are inside this band of comfort, whereas winters months are far from the zone of 

comfort, especially December, January and February. 

 

We have to bear in mind that the appraisal of the environment is subjective and depends on each 

person, therefore the months as for example March, April, October or November that they remove from 

the band of comfort, for a person who is in the exterior, the sensation and temperature can be more 

troublesome than for other one. 
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7. Conclusions 
 

The need to transport goods from a site to other one motivated the appearance of the railroad, which 

with the course of the years ended up by including also the persons transport. This fact propitiated the 

creation of emplacements where the users could acquire the ticket and embark and land, protecting the 

traveller, offering a space of wait and cover and simultaneously provided to the chief of station a 

working place and housing.  

The traveller was having modest rooms to make the wait of the train more comfortable, since in those 

moments the traveller unknown the hour of arrival exact, the places were simple, illuminated well and 

ventilated spaces. The building was designed in a functional way, with a minority space for the user and 

rooms and stores for the internal functioning. 

 

Nowadays, the use and the services that the station offers are different, now a more big halls are 

necessary in relation with the volume of passengers and the new regulations, rooms of electrical 

equipments, of air conditioning, baths integrated inside the station, etc... The fact that has generated the 

most significant change towards the current use and characteristics of the station is the incorporation of 

the control of accesses and the cafeteria.  

 The canteen did not appear until the 30’s and only on stations of 1a class, with the incorporation of this 

service to the rest of stations it propitiated the change, happening of being a place of step to being a 

place ' to be '. 

Another fact that has influenced the change of the station has been the need to control the accesses, 

the incorporation of the machines of validation of tickets and the equipments associated with his correct 

functioning, they have provoked that the station ends up by being a space of pure vigilance.  

We might summarize the current function of the station as that of a space where the traveller validates 

the ticket and takes the coffee. 

 

The building of the station since it was conceived it does not have raison d'être, on the one hand the 

first floor that was the housing of the chief of the station and had a very specific function, nowadays it is 

a space that cannot assign any utility, and on the other hand, how we have seen the ground floor has 

not sufficient square meters to absorb the requirements and uses of nowadays. 

 

Therefore the first conclusion would be that to maintain the building, supposes more disadvantages that 

benefits. To preserve the building that how we have seen is a railway icon provokes difficulties of traffic 

and distribution. 

 

 

 

From both studied interventions I have discovered that, they suppose economically a very high 

expense. In spite of the fact that the new work overcomes the rehabilitation.  

 

Therefore the second conclusion is that economically, an option is not better than other one, is not 

important. 

 

Now then, if we compare the environmental impact that is generated of the construction of every work, 

we see that the new work supposes some more 60% of emission respect to the rehabilitation, the 

construction of the traveller’ building in a case duplicates the level of emission of other one. This fact is 

due to the fact that the travellers new building has been designed as a very transparent space, using 

numerous closings of aluminium, new foundations have had to be done.  

A new building has been executed without bearing this aspect in mind, using in big material quantities 

as for example the concrete and the steel that they are necessary a lot of energy. 

The third conclusion would be: if we choose for the option to rehabilitate, we generate less emission that 

to construct from zero, and therefore we cause a minor environmental impact. 

 

How we have seen these it is not the only emission that take place, since the own use of the station 

also generates, the services of station as for example the air conditioning, the lighting, the ACS, 

originates other emissions that have to be added to the caused ones by the construction. 

 

If we were modifying the concept that we have nowadays of the station, we would eliminate the 

emission that take place during the construction of these new buildings and especially the emission that 

take place for the use. We have to change the conception of the travellers building, modify the customs, 

the station has to stop being a building with so many services, we have to rethink the function of the 

travellers building, if now we know the step of the trains from house, it is not necessary to be too much 

time on the station. 

Why the station is thought as a place where the people happen more time? 

 

The journey frequency of the trains in Caldes d 'Estrac and Llavaneres is 10 minutes between 6 a.m. to 

11a.m and of 25min between 11 to 17pm.  

What happen if we wait only under a marquee? 
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It is not such a crazy idea if we bear in mind the analysis of the temperatures of the town, in both 

studied cases we could have seen that in summer without any type of air conditioning the temperature 

of the zone is inside the climatic comfort, in case of the winter we have to look at it from another 

perspective, we are sheltered for walk on street. 

 

This change of concept of the station would imply like in case of the bus, doing a control of the travellers 

inside the own coach, recovering the work of the reviser.  

 

The railroad is the most ecological transport, which generates fewer emission for transported unit, 

therefore we have in our hands make it more sustainable, we can contribute re-defining the stations.  

 

The solution the station is a big marquee of bus, where the traveller is protected from the rain, and to 

realize the control inside the train, likes to other transport as for example the tram. 

 

 
 

 

 

 

As summary: 

 The characteristics of the building, the materials, forms and used colours have transformed it in 

a symbol, turning into a railway architecture that all the world have in mind and identifies easily. 

 

 To maintain the building is to support part of the heritage, the building as we know it is the image 

of the company and the railway icon to the town. People associates the characteristics of the 

building with the use that is done of him, detecting easily the station inside the urban area. 

 

 To maintain the building means to preserve an icon for the population and for the inhabitants but 

to do it he supposes a high price since the building is not prepared to absorb the current uses 

and surfaces. 

 

  Economically: to maintain old stations generates an important increase in the budget of the 

project, doing that reaches values similar to those of a new building.  

 

 The environmental impact that takes place to the new work is bigger than the rehabilitation. 

 

This work is the first approximation on the economic and environmental impact that supposes 

rehabilitating and constructing a station.  

I have analyzed two works, should be do another exhaustive and complete study; observing and 

studying others station, and the information would be more conclusive.  

 

The cases that I have seen are two concrete examples and therefore the results and the conclusions 

are not that can be generalized. 

To realize this project has been a very interesting work, it me has contributed new knowledge on the 

topic and as I have been penetrating into him I have discovered characteristics of the surprising 

stations. 

I have seen that the station as we know her, it is a building estimated by the population, Llavaneres's 

case is a clear example, his demolition generated complaints and a general discomfort between the 

inhabitants.  The people saw how with the reform of the station there was getting lost the last travellers 

building of the line with these characteristics.  

 

I believe that my work can serve to develop others, analyzing stations other lines, stations of 1a class, 

of big cities, etc...  To be able to see a more exhaustive and precise way the repercussions that produce 

from this typology of interventions. 
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