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ABSTRACT 
 

At present, the reduction of greenhouse gases (GHGs) emission from 

electricity generation sector is a subject of great debate. In addition, climate 

change and water scarcity are important issues for today´s power sector. 

Therefore, there is a need to accelerate the development of advanced clean 

energy technologies in order to address the global challenges of energy safety, 

climate change and sustainable development.  

 

Solar energy is the most interesting alternative in this aspect. Each day 

the solar radiation that hits the earth´s surface is over 4.000 times the global 

consumption in the world. We only need to collect, to storage and to know how 

to use it. There are two mainly technologies to use solar radiation: Photovoltaic 

(PV) and Concentration Solar Power (CSP).  

 

PV, is one of the most active, commercially and reliable technology with 

a potential growth all over the world. It consists in direct conversion of sunlight 

into electricity in PV cells. Today, PV provides 0.1% of the total global electricity 

generation. However, PV is expanding very rapidly due to the dramatic cost 

reduction PV is projected to provide 5% of global electricity consumption in 

2030, rising 11% in 2050 [1]. 

 

CSP is another possibility for using solar radiation. It is not direct 

conversion. CSP technology uses an intermediate heat transfer fluid (HTF) for 

transferring the energy contained in solar radiation to the power block in the 

steam turbine. There are two different options referring to CSP: Central Tower 

and Parabolic Trough. In this report, we focus in Central Tower. 

 

All this renewable energy plants have an environmental footprint that has 

to be evaluated to quantify the real impact of renewable technologies on the 

environment. Nowadays, the most important tool to evaluate this impact of a 

product is the Life Cycle Assessment (LCA). 
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1. INTRODUCTION AND OBJECTIVES 

 

Nowadays, in the beginning of the 21st, the renewable energies 

consumption represents a minority part of the total world energy consumption. 

Fortunately this situation is changing. Due to climate change, provoked for 

Greenhouses gases (GHG´s), and other harmful emissions, many countries are 

developing green energies for reducing the dependence on fossil fuels. 

Expectations are that renewables will play a major role by the end of this 

century [2]. Thus, it is worth to consider how the energy problem is being 

treated and what the existing technologies are.              

 

 

1.1  INTRODUCTION 

 

The Humanity consumes every day a huge amount of energy (around 50 

TWh/day). The majority of this comes from fossil fuels. It means that the harmful 

gases emissions (not only GHG´s), are alarmingly important and therefore we 

need changing the way in which we obtain the energy, to at the same time 

reduce the dependence of other countries fossil resources. The present energy 

situation is not sustainable as fossil fuel reserves are diminishing and will not be 

able to satisfy the increasing demand associated with economic development 

and population increase. In 2005, the world oil consumption was equal to 85 

millions of barrels per day [3]. 

 

The most proportion on energy consume growth, is associated to 

economies in transition, which will continue demanding electric energy more 

than developed countries. The estimation of the United States Department of 

Energy (U.S. DOE) by 2025 is that the most useful fuel will continue being coal, 

but on the other hand renewable energies will exceed gas production.  
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Based on the information of World Economic Outlook 2010 (WEO) from 

International Monetary Fund (IMF), during 2009 world economy decreased        

-0.6% (Fig. 1.1). As a result of international economic crisis of this year, 

developed economies suffered a global recession of -3.2%.      

 

 

Figure 1.1: World Gross Domestic Product (GDP) historical and prospective, 
1980-2015 (Annual percentage valuation) 

 

IMF estimates during the period 2010-2015 the average growth could be 

4.6% for world economy, 2.5% for developed economies and 6.7% for 

emergent economies. Thus, in lots of countries in which energy consumption is 

relationship with economy (as we can see in previous years with economic 

crisis, Fig. 1.2), is expected energy will grow again [4]. 
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Figure 1.2: World Energy Consumption, 1980-2008 (Annual percentage 
valuation) 

 
 

The population of the world will keep growing and it is expected to 

stabilize around 9 billion (nowadays is around 6.9 billions). If all 9 billion people 

were expected to consume the same per capita amount of energy as 

industrialized countries today, we would need a factor of 20 times more than we 

do now. From now on, it is needed to set a useful target because it takes a long 

time to harness new technologies profitability and to change habits globally. 

During this period, increasing energy efficiency will affect our needs. Developing 

countries will need a deeper dedication to catch up the energy needs; and 

regretfully, some of them never will. On the other hand, the developed countries 

will reduce their wasteful energy habits [5].  

 

But, there is no doubts about we will need much more energy than now. 

If poor parts of the world roughly reach the average a factor of 2 o 3 more 

energy will be required. Furthermore, additional energy needs are likely to 

appear, for example, meeting future water necessities, say, desalination. 

Therefore we will need a strong energetic system. By the way, it cannot be all 

from oil because oil wells will slowly dry up. It should be also considered the 
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increase in oil price that has damaged the economies and the developing 

countries. This is only the prediction of tougher times to come, both 

economically and politically. It will not come from fission energy either, because 

uranium is also a limited resource. Besides, fusion technology will not be 

developed at least in 40 years from now [5]. 

 

The renewable way of the energy, in all of its modes, becomes, not only 

by an ethic necessity but by a strategic necessity, whose importance will be 

evident in the next 20 years. Renewable energies are key players regarding 

world energy supply security and the reduction of fossil fuel dependency and 

harmful emissions to the environment (Fig. 1.3). Considerable developments 

have been achieved on renewable energies, especially in Western Europe.   

 

 

 

Figure 1.3: World Fuel Consumption and Raw Material for electricity, 1980-
2008 (PJ) 

 

 
 

To sum up, looking towards the future, oil will become less available and 

coal will not able to be used without a significant damage to the environment, 
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fusion will have no function, hydrogen will remain marginal, and nuclear fission 

can be expected to increase lightly. Renewables will not able to fill the whole 

vacuum because of fossil fuels but they will play the main role.  

 

1.2  OBJECTIVES 

 
 

The main objective of this present project is to compare two different 

solar technologies: photovoltaic (PV) and concentrated solar power (CSP), in 

order to see which is more profitable and more appropriate depending on the 

location, the power, and other aspects of the plant.        

 

For this purpose, a Life Cycle Assessment (LCA) of the plants is made, 

being used the same parameters (location, solar radiation, functional unit,…), in 

order to can perform an optimal comparison. For the implementation of the 

system models the SimaPro7 LCA software has been used and the 

Intergovernmental Panel for the Climate Change (IPCC), Cumulative Energy 

Demand (CED) and Ecoindicator 99 methodologies, implementing a Damage-

Oriented Approach, has been chosen. This last method accounts for 11 impact 

categories (mid-point level): Carcinogens, Respiratory Organics, Respiratory 

Inorganics, Climate Change, Radiation, Ozone Layer, Ecotoxicity, 

Acidification/Eutrophication, Land Use, Minerals and Fossil Fuels.  

          

The specific tasks that were performed in this present thesis were: 

 

 Description of the most important aspects about the Sun relationship 

with solar energy. 

 

 Brief description about the methodology of a Life Cycle Assessment. 

 

 Description about photovoltaic and Concentrated Solar Power plants. 
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 Life Cycle Assessment of each power plant in the study: photovoltaic, 

CSP parabolic trough and CSP central tower.  

 

 Comparison between the LCAs of the power plants in order to see 

which is more environmentally profitable.  

 

1.3    CONTENTS 
  

 The present work is divided in ten chapters, beyond the references, 

going from general knowledge about the energy and the solar energy, LCA 

methodology, CSP and PV plants and to the main aim of the project, the LCA 

and comparison of the power plants.   

 

Chapter I. INTRODUCTION AND OBJECTIVES. 

 

 In this chapter it is presented a general description and motivation of the 

project. A brief introduction shows the importance of the problem to deal with 

and its practical application. The general approach to face the problem is 

introduced, and the particular aim of this project is placed in this general 

approach.  

   

Chapter II. THE SUN. 

 

In this first chapter, it is exposed a qualitative description of the sun as 

the source of almost all renewable energy. Basic features of the solar radiation 

and energy are explained in order to understand better the operation of solar 

plants.   
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Chapter III. LCA METHODOLOGY. 

 

It tries to describe what is exactly a Life Cycle Assessment, and why is 

so important for analysing and evaluating the interaction of a plant with the 

environment. It is also included the parts of a LCA and the set of norms in which 

it is based on.        

 

Chapter IV, V. PV AND CSP PLANTS.   

 

It presents a brief introduction to the operation of both plants in a general 

point of view. This chapter describes the functional operation and tries to 

understand better what is exactly a power plant of this type: the mainly 

components, the way in which it works, the problems of this plants, etc.  

  

Chapter VI. LCA OF A PV PLANT. 

 

It focuses its attention in a PV plant for analysing deeply its interaction 

with the environment considering its whole life cycle. The Life Cycle 

Assessment is carried out by means of the SimaPro7 software, one of the most 

used LCA software in the world.     

 

Chapter VII, VIII. LCA OF A CSP PLANT - PARABOLIC TROUGH AND 

CENTRAL TOWER. 

 

It focuses its attention in a CSP plant (Parabolic trough and Central 

tower) for evaluating the environmental impacts of the electricity produced in a 

high temperature molten salt Concentrated Solar Power plant. As well in the 

CSP plant, the Life Cycle Assessment is carried out by means of the SimaPro7 

software, one of the most common LCA software.   
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Chapter IX. LCA COMPARISON OF THE DIFFERENT PLANTS.   

 

This chapter is the core of the project in which all the development of the 

project is based on. In these pages the environmental performance of the CSP 

plant was compared with PV plant, which is the main aim of the project.   

 
 

Chapter X. CONCLUSIONS. 

 

In this final chapter, it is done a summary of the principal conclusions that 

can be drawn.   
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THE SUN 
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2. THE SUN 

 

The Sun is the star at the center of the Solar System. It is almost 

perfectly spherical and consists of hot plasma interwoven with magnetic fields. It 

has a diameter of about 1,392,000 km, about 109 times that Earth, and its mass 

accounts for about 99.86% of the total mass of the Solar System. Chemically, 

about three quarters of the Sun's mass consists of hydrogen, while the rest is 

mostly helium. Less than 2% consists of heavier elements, including oxygen, 

carbon, neon, iron, and others [6].    

 

The Sun is the primary source of energy for the Earth because of the 

thermonuclear chain reactions that take place on its surface. Seen from the 

Earth, the Sun subtends an angle of 32´ in the sky (Fig. 2.1).   

 

 

Figure 2.1: Sun - Earth relationships 

 

 

 

 

http://en.wikipedia.org/wiki/Star
http://en.wikipedia.org/wiki/Solar_System
http://en.wikipedia.org/wiki/Sphere
http://en.wikipedia.org/wiki/Plasma_(physics)
http://en.wikipedia.org/wiki/Magnetic_field
http://en.wikipedia.org/wiki/Earth
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Helium
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Carbon
http://en.wikipedia.org/wiki/Neon
http://en.wikipedia.org/wiki/Iron
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2.1 SOLAR RADIATION 

 

The solar radiation that arrives to the terrestrial surface, which is not only 

a function of the extraterrestrial spectral distribution but also of the atmospheric 

composition of the Earth, results very important in lots of application: thermal 

solar, photovoltaic, photochemical process, photosynthesis, etc.  

 

Extraterrestrial radiation (solar constant) is the solar energy received per 

unit time in a surface of 1m2 perpendicular to the direction of the radiation 

propagation and situated outside of the atmosphere in a middle distance 

between Sun and Earth. This figure is used as 1367 W/m2.  

 

The influence of the atmosphere is showed in the surface radiation (Fig. 

2.2). Two processes change the characteristic of the solar radiation in the 

atmosphere:  

 Diffusion: due to the interaction between light with air molecules, 

with water and dust in suspension.  

 Absorption: by O3 in the UV and H2O and CO2 in the band of IR.  
 

 

 
Figure 2.2: Influence of atmosphere in solar radiation 
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The net quantity of radiation that arrives to the surface is less, its 

spectrum changes and besides it does not come all from the same direction 

(diffuse radiation appears). The spectral distribution of the direct and diffuse 

components is not equal, but for engineering calculations it can be supposed 

the same (Fig. 2.3).  

 

Figure 2.3: The solar spectrum 
 

Solar energy is the most abundant energy resource on earth. The solar 

energy that hits the earth’s surface in one hour is the same as the amount 

consumed by all human activities in a year [1]. 

 

Besides, the solar radiation flux that arrives to the surface of the earth is 

the primary source of almost all ways of energy known. The solar radiation is 

the origin of the circulation movements in the atmosphere and oceans, the 

vegetable life or the fossil fuels, among others.  

 

From the point of view of solar energy applications, it is important to 

know the amount of energy coming from the sun that arrives to the surface of 

the earth, and the relation with geographical and climatological parameters.  
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 The amount of energy irradiated by the Sun per time unit can be 

calculated by the multiplication of the solar constant by the surface of a sphere 

with the same radio as the distance Sun-Earth. Then, the incident solar energy 

at the terrestrial surface is equal to 1.743*1014 kW. If we take into consideration 

that around 70% of this energy is intercepted by the oceans, the annual incident 

energy to the ground is around 5.23*1013 kW, which is already a high value, 

enough to overcome the world energetic needs. 

 

2.2 SOLAR POSITION 

 

The Earth´s axis is inclined 23.5º respect to the perpendicular plane 

which contains its orbit around the Sun (The Ecliptic). This result is the 4 

seasons (Fig. 2.4).     

 

 

Figure 2.4: The 4 seasons in the Ecliptic 
 

 By this aspect, the Sun describes different trajectories in winter and 

summer, taking a larger path in summer. (Fig. 2.5) 
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Figure 2.5: Solar paths 
 

The total radiation coming from the Sun that hits the Earth surface is 

composed by:   
 

-  Direct radiation: the one that arrives to the Earth directly from the Sun.  

- Diffuse radiation: caused by the dispersion effects of the atmospheric 

compounds, including clouds.  

- Reflected radiation: incident radiation at the surface that comes from the 

reflection with the ground.  

 
 

The global o total radiation, which arrives to a surface, can be expressed 

as the addition of the three components (Fig. 2.6).   

 

 

Figure 2.6: Composition of solar radiation in Earth surface 
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2.3 SOLAR ANGLES 

 

  The apparent Sun route around the Earth is denominated ecliptic, 

therefore the revolution plane of the Earth around the Sun is called ecliptic 

plane. 
 

2.3.1 Solar declination  

 

The angle formed by the union of the centers of the Earth and the Sun 

with the equatorial plane is called solar declination (δ), and it is defined as the 

angle between the directions of solar rays with the equatorial plane. It results 

also the same as the angle that the solar rays form at midday with the direction 

of the zenith over the equator and matches also with the geographic latitude at 

which one day of the year the Sun at midday is at zenith.  

 

The declination angle changes sinusoidal between ±23.45º. It takes 

positive values in the northern hemisphere and negative in the southern 

hemisphere. The position of a determined place is described by the geographic 

latitude (ϕ). It is used for placing a solar panel in the correct way for obtaining as 

major quantity of solar radiation as possible (Fig. 2.7).  

 

 

Figure 2.7: Solar declination and latitude 
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This angle varies daily, or more accurately instantaneously (δ(n)), 

describing a sinusoid (Fig. 2.8), according with this equation [7]:   

 ( )            (    
     

   
    )     

 

Figure 2.8: Solar declination during a year 
 

 
 

2.3.2 Relative position Earth-Sun 

 
In order to be able to calculate the solar radiation arriving to a plane in 

the terrestrial surface the Sun relative position at the sky and the position of the 

plane should be known.  

 

In a spherical coordinate system with center in the observer placed in the 

Earth, the position of the Sun is defined by the angles: zenith (θz) and azimuth 

(γs).    

 

The zenith angle is the angle formed by the zenith direction with the 

union of the Sun with the observer.  

The azimuthal angle is the angle formed between the solar rays 

projection over the horizontal plane and the southern direction. It takes a 
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positive value if the projection is to the East (before midday) and it is negative if 

it goes towards the West (after midday).  

 
 

These two angles depend on the declination (δ), the latitude (ϕ) and the 

hourly angle (ω). It can be also defined other angles respect to the solar panel: 

slope (β) and orientation (γ) of the surface (Fig. 2.9).  

 

The hourly angle (ω) is defined as the angular distance between the Sun 

and its position at noon along its apparent trajectory across the sky; and also 

equal to the angle to which the Earth must rotate through in order to move over 

the local meridian. This angle is null at midday, positive in the morning and 

negative in the afternoon [7].   

 

 

Figure 2.9: Solar angles 

 
It is possible to represent the apparent movement of the Sun along the 

sky for the same hour of the day and for every day of the year, fixing a system 

of angle measure, the sun height and the solar azimuth. As it can be 
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appreciated the solar path is longer in summer months and shorter during 

winter months (Fig. 2.10). 

 

Figure 2.10: Sun-position diagrams in Cartesian coordinates for ϕ=48,8º 
 

2.4 SOLAR APPLICATIONS 

 

Solar radiation can be utilized in different forms and for different targets. 

Among the different applications, it can be highlight the most important ones:   

 

 Solar thermal energy.  

 

The solar thermal energy is based on the conversion of solar radiation in 

thermal energy, therefore is an indirect method. This technology has two main 

applications:   

 

 Domestic hot water. The incidence of solar rays on the collector allows 

heating the fluid that flows inside itself. This heat is transferred to the 

secondary circuit through a heat exchanger and normally stays 

accumulated in a tank prepared for its future use (Fig. 2.11).  
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Figure 2.11: Domestic hot water system 
 

 Energy production. Another use for thermo solar technology is the 

utilization of this heat produce in the collectors for generating electricity in 

a Rankine cycle. Heat is used for boiling water in the next circuit and the 

steam generated is conducting to the steam turbine for generating 

electricity.     

 

 Solar photovoltaic energy.  

 
The photovoltaic energy is based on the direct conversion of solar 

radiation released from the sun into electricity. For this purpose it is used a 

special solar cell made of semiconductor materials, especially Silicon and 

Cadmium telluride.   

 

 Passive solar energy.  

 
It consists of the direct collection of the solar radiation from structural 

elements of a building, bioclimatic architecture. This kind of energy will allow 

having a considerable energy saving. At the same time, the bioclimatic 

architecture has different objectives.  
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 Limit the energetic losses of the building, facing and designing properly 

the shape of the building, organizing the interiors and using protecting 

surroundings.  

 

 Optimize the solar contributions, by means of glass surfaces and with 

passive system of solar reception.  

 

 Use constructive materials that require a small amount of energy on their 

transformation or their manufacturing.    
 

 

On the other hand, the sun is the origin of almost all other renewable 

energy sources, hence in an indirectly way the Sun is involved in almost all 

energetic technologies. For instance, it is the sun’s heat on the earth and the 

water that causes the differences in pressure that produce the wind, the source 

of wind power. The sun is also the main driver of the water cycle, evaporating 

water from the oceans, which falls to the earth as rain, where it becomes a 

resource for hydroelectric power. The sun is also the essential driver of 

photosynthesis, and therefore the origin of the energy used in biomass. 
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3. LCA METHODOLOGY 

 

The increased awareness of the importance of environmental protection, 

and the possible impacts associated with products, both manufactured and 

consumed, has increased the interest in the development of methods to better 

understand and address these impacts. One of the techniques being developed 

for this purpose is Life Cycle Assessment (LCA).  

 

Life Cycle Assessment (LCA) is the most important tool to quantify the 

real impact that realizing and installing renewable energy plants have in the 

surroundings. It is a crucial tool for better understanding how technologies may 

reduce the environmental footprint. It consists of systematic analysis of 

environmental performance from cradle to grave perspective. 

 

The practice of LCA is normalized by the series of ISO standards 14040, 

In compliance with ISO 14040 (2006) and ISO 14044 (2006). 

 

The objectives of the LCA consist of evaluating the effects of the 

interactions between a product and the environment, helping to understand the 

environmental impacts directly or indirectly caused by the use of a given 

product and the crucial steps for an environmental point of view of the whole 

production process. Therefore, LCA addresses the environmental aspects and 

impacts. Economic and social aspects and impacts are outside the LCA scope. 

 

The LCA methodology allows the evaluation of a set of interactions with 

the environment of a product or service, considering its whole life cycle 

including [8]:  

 

 Pre-production points (e.g. extraction and production of raw materials). 

 Production/construction phase. 

 Distribution/transport. 
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 Use (including re-use and maintenance). 

 Dismantling phase. 

 Recycling and/or final disposal. 

 

 This analytic tool systematically describes and assesses all flows that 

enter into the studied systems and all those flows that go out of the systems, all 

over the life cycle (Fig. 3.1). 

 

 

Figure 3.1: Life cycle of a solar thermal power plant 
 

LCA can assist in: 

 

 Identifying opportunities to improve the environmental performance of    

products at various points in their life cycle. 

 Informing decision-makers in industry, government or non-government 

organizations. 

 The selection of relevant indicators of environmental performance, 

including measurement techniques. 
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3.1 LCA STEPS   

  

In a LCA, four clearly phases can be recognized (Fig. 3.2): 

 

 definition of the goal and scope of the study; 

 

 life cycle inventory (LCI): collection of all the environmental inflows 

and outflows; 

 
 life cycle impact assessment (LCIA); 

 
 interpretation of the study results; 

 

The relationship between the phases is illustrated in the next figure [9]: 

 

 

Figure 3.2: Stages of a LCA 
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3.1.1 Goal and Scope 

 

 In this phase, the goal and scope of the study are formulated and 

specified in relation to the intended application.  

 

 The functional unit is defined, that is the function which the obtained 

environmental effects are related to; it is provided by the analyzed object of the 

LCA (in this project, the output of the power plants).  

  

 The primary purpose of a functional unit is to provide a reference to 

which the inputs and outputs are related. This reference is necessary to ensure 

comparability of LCA results. Comparability of LCA results is particularly critical 

when different systems are being assessed, to ensure that such comparisons 

are made on a common basis.   

 

 The system boundary determines which unit processes are included in 

the LCA and must reflect the goal of the study [9]. 

 

3.1.2 Life Cycle Inventory, LCI 

 
 The second phase ‘Inventory’ involves  data collection and calculation 

procedures to quantify relevant inputs and outputs of a product system, as well 

as description and verification of data. This encompasses all data related to 

environmental (e.g., CO2) and technical (e.g., intermediate chemicals) 

quantities for all relevant unit processes within the study boundaries that 

compose the product system. The data must be related to the functional unit 

defined in the goal and scope definition. The results of the inventory is an LCI 

(Life Cycle Inventory) which provides information about all inputs and outputs in 

the form of elementary flows to and from the environment from all the unit 

processes involved in the study. 
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 The process of conducting an inventory analysis is iterative (Fig. 3.3). As 

data are collected and more is learned about the system, new data 

requirements or limitations may be identified that require a change in the data 

collection procedures so that the goals of the study will still be met. Sometimes, 

issues may be identified that require revisions to the goal or scope of the study 

[9]. 

 

 3.1.2.1 Data collection 

 

 Data for each unit process within the systems boundary can be classified 

under major headings include:  

 

 Energy inputs, raw material inputs, ancillary inputs, other physical inputs. 

 Products, co-products and waste. 

 Emissions to air, discharges to water and soil. 

 Other environmental aspects. 

  

 3.1.2.2 Data calculation 

 

 Following the data collection, calculation procedures, include: 

 

 Validation of data collected. 

 The relating of data to unit processes.  

 The relating of data to the reference flow of the functional unit. 

 

 The calculation of energy flows should take into account of the different 

fuels and electricity sources used, the efficiency of conversion and distribution 

of energy flow, as well as the inputs and outputs associated with the generation 

and use of that energy flow. 
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 3.2.1.3 Allocation of flows and releases 

 

 Few industrial processes yield a single output or are based on a linearity 

of raw material inputs and outputs. In fact, most industrial processes yield more 

than one product, and they recycle intermediate or discarded products as raw 

materials. 

 

 

 

Figure 3.3: Simplified procedures for inventory analysis  
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3.1.3 Life Cycle Impact Assessment, LCIA 

 
 

 The impact assessment phase of LCA is aimed at evaluating the 

significance of potential environmental impacts using the LCI results. In general, 

this process involves associating inventory data with specific environmental 

impact categories and category indicators, thereby attempting to understand 

these impacts. The LCIA phase also provides information for the Life Cycle 

Interpretation phase.  

 

 For the implementation of the system models the SimaPro7 LCA 

software uses the Ecoindicator 99 methodology, implementing a Damage-

Oriented Approach. This method accounts for 11 impact categories (mid-point 

level): Carcinogens, Respiratory Organics, Respiratory Inorganics, Climate 

Change, Radiation, Ozone Layer, Ecotoxicity, Acidification/Eutrophication, Land 

Use, Minerals and Fossil Fuels.  

  

 The first six impact categories are normalized and grouped in the macro-

category (end-point level) “Human Health” that considers the overall impact of 

the emissions associated to the product analysed on the human health; the 

categories Ecotoxicity, Acidification/Eutrophication and Land Use flow in the 

macro-category “Ecosystem Quality” that considers the overall damage on the 

Environment, while the “Minerals and Fossil Fuels” are grouped in the macro-

category “Resources” that accounts for the depletion of non-renewable 

resources [9].  

 

 On the other hand, the Intergovernmental Panel for the Climate Change 

(IPCC) and the Cumulative Energy Demand (CED) methods, are also used to 

estimate the global warming and the total energy requirements. 
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 The elements of the LCIA phase are illustrated in the next figure (Fig. 

3.4): 

 

 

 

Figure 3.4: Elements of the LCIA  

 

  

3.1.4 Life Cycle Interpretation 

 
 

 Interpretation is the phase of LCA in which the findings from the inventory 

analysis and the impact assessment are considered together.  

 

 The interpretation phase should deliver results that are consistent with 

the defined goal and scope and which reach conclusions, explain limitations 
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and provide recommendations. The findings of this interpretation may take the 

form of conclusions and recommendations to decision-makers, consistent with 

the goal and scope of the study (Fig. 3.5) [9].  

 

 

Figure 3.5: Relationship between interpretation phase and the other phases 
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4. PV PLANTS  

 

The photovoltaic plants are installations in which solar radiation is 

converting directly in electrical energy. A PV station has to be placed in areas 

with a high solar radiation because they need high quantities of photons to 

produce electricity. The Mediterranean zone is suitable for the installation of this 

type of stations. By the way, Spain nowadays is one of the most powerful 

countries in photovoltaic energy, according to International Energy Agency 

(Photovoltaic Program), with an installed cumulative power of 3.523 MW. By 

2020 is expected that photovoltaic energy supplies 12% of electricity in the 

European Union [10].  

 

4.1 PV CELLS 

 

In PV plants electricity is generated by the photovoltaic effect, which 

consists of certain semiconductors materials (photovoltaic cells) that come into 

contact with photons (solar radiation) generating a current of electrons. When 

the sunlight hits a semiconductor (generally Silicon), its photons provide an 

amount of energy needed by the valence electrons in order to break their 

linkage and release them to run through the material. For every electron 

released it appears a hollow, these hollows behave as positive charged 

particulates. When in the semiconductor electron pairs are generated, it is said 

that there is a photo generation of negative and positive charge carriers, which 

contribute to diminish the electric resistance of the material.   

 

The PV cell is formed by the union of two semiconductor materials. Type 

n, with electrons in higher energy levels somewhat linked to chemical bonds 

among atoms; and other type p, with gaps or electron absence in these levels. 

From the joint of these two type p and n semiconductors, results the new p-n 

union type, with electrical connections both in the upper and lower part (Fig. 

4.1). The thickness of this joint can vary, from less than one micron (which is 
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the case of amorphous silicon), to hundreds of microns (in the case of 

crystalline silicon).  

 

The p-n union allows the appearance of an electric field in the cell (from n 

to p side) that separates the pairs: gaps, positive charges, are run to p side 

what makes the extraction of an electron from the metal that constitutes the 

contact. Electrons, negative charges, are run to n side contact injecting them in 

the metal. This makes possible the maintenance of an electric current 

throughout the external loop and, therefore, the performance of the cell as a 

photovoltaic generator.  

 

The electric current generated is direct current (DC), but the electricity 

consumed in our houses is alternating current (AC). For transforming DC into 

AC the inverter is used.    

 

Figure 4.1: Photovoltaic cell 

 

Electrical current generated in photovoltaic panels can be consumed at 

the moment or accumulated in a system of batteries. Thus it will be possible to 

use this energy in no-solar hours. For improving the performance of these 

panels, they are put above an element that is guided with the Sun following his 

path, from the dawn to nightfall, with the goal of making solar radiation to come 

into contact with the panels perpendicularly and in this way obtaining a better 

performance.          
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Nowadays, photovoltaic cells are made from Silicon; the goal is to find 

new materials that increase the performance of these cells. PV plants, thanks to 

the research for obtaining photovoltaic cells with higher performance and the 

reduction of costs in its manufacturing, could help to solve the energetic 

problem. Beyond economic aspects, it is worth to take into account of the huge 

environmental benefits of implant in massive way solar panels. A clean and 

renewable energy without the negative effects of conventional energies [11].     

 

4.2 PV TECHNOLOGIES 

 

For describing the use of PV installations it is used the maximum power 

(Wp) that theoretically the PV module can provide. The power of the solar PV 

installations is therefore given in Wp (peak Watts), this power corresponds to 

the one given by the solar modules at 25ºC at irradiation conditions of 

1000W/m2.  

 

There are four ranges of power for PV installations depending on the 

location and the number of housing supplied [12]:  

 

 Small-sized installations of 3 kWp, up to 5 kWp. Generally, these are 

isolated rural applications because of being a clean solution and, 

sometimes, economic. They can be also connected to the grid on the 

roof of private houses. The power generated with this type of installations 

covers almost all the energetic consumption of an average housing with 

2 or 3 people.  

 

 Medium-sized installations of 30 kWp, with a range between 5 and 100 

kWp. They are typically generators in rural centralized electrifications, or 

on the contrary, connected to a set of buildings. The 30 kWp installation 

in a building could meet the energetic demand of 10 average housing. 
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 Big-sized installation of 300 kWp, with ranges between 100 kWp and 1 

MWp. These ones use to be connected to the grid, in a wide area. A 300 

kWp installation can satisfy the demand of an average building.  

 

 3 MWp photovoltaic plants, with ranges between 1 and 50 MWp. They 

are generation plants, promoted by business partnership, in which one of 

the enterprises is the distributor obtaining, in this way, an environmental 

friendly electric generation and, at the same time, economic 

compensation. With this level of generation, energetic demands in small 

cores of population can be satisfied.  

 

Another possible classification is referring to the electric grid connection, 

in this way we can distinguish two different applications [12]: 

 

 Off-grid installations, isolated from the grid installations, whose objective 

is to satisfy the electric energy demand from a certain location where the 

electric grid does not arrive. This category emerged to cover the electric 

energy demand from isolated places that do not have conventional 

electric grid due to the difficulties to establish it for topographical 

reasons. This kind of installation, nowadays, is only used in developing 

countries. There is also another industrial field in which it can be applied: 

remote applications in the telecommunications field, especially to link 

remote rural areas to the rest of the country. These applications are cost 

competitive today as they enable to bring power in areas far away from 

the electric net, avoiding the high cost of installing cabled networks.  

 

 Grid-connected installations, this type of facilities has as main feature, 

that all the produced energy is injected to the distribution network of the 

power company. In the past years, because of the huge legislation 

development and electricity tariff produced by this kind of installations, 

their number is growing. It is possible to find them in houses connected 

to the local electricity network, allowing any excess power produced to 



                                IV. PV Plants                                 

    

   
Comparison between PV and CSP Plants through LCA approach  Page 38 

 

feed the electricity grid and to sell it to the utility; besides, exist solar 

farms that produce a large quantity of photovoltaic electricity in a single 

point. The size of these plants ranges from several hundred kilowatts to 

several megawatts.  

 
This last installation will be the most interesting for our project, because 

is the one which produces electricity for injecting to the distribution network.   

 

4.3 COMPONENTS OF A PV PLANT  

 

In a typical photovoltaic plant, the complete system includes different 

components that should be selected taking into account of the individual needs, 

site location, climate and expectations. The functional and operational 

requirements will determine which components the system will include (Fig. 

4.2).  

 

Nevertheless, it may include major components such as: DC-AC power 

inverter, battery bank, system and battery controller, auxiliary energy sources 

and sometimes the specified electrical loads (appliances) [13]. 

 

The function of each component is: 

 

 PV Modules, to convert sunlight instantly into DC electric power.  

 

 Inverter, to convert DC power into standard AC power for home use, 

synchronizing with utility power whenever the electrical grid is distributing 

electricity.  

 

 Battery, to store energy when there is an excess coming in and distribute 

it back out when there is a demand. Solar PV panels contribute to re-

charge batteries each day to maintain battery charge. 
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 Transformer, to change the voltage in the installation for being able to 

connect with the distribution network. It is used a low voltage – medium 

voltage transformer.  

 

 Utility Meter: utility power is automatically provided at night and during 

the day when the demand exceeds the solar electric power production. 

The utility meter actually spins backwards when solar power production 

exceeds house demand, allowing you to credit any excess electricity 

against future utility bills. 

 

 Charge Controller, to prevent battery overcharging and to prolong the 

battery life of your PV system.   

 

In addition, an assortment of balance of system hardware is present; 

wiring, overcurrent, surge protection and disconnect devices, and other power 

processing equipment.  

 

Figure 4.2: Components of a PV Plant
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5.    CSP PLANTS  
 

The Concentrated Solar Power Plants are installations in which solar 

radiation is used in an indirect way. Firstly, solar radiation is transformed in heat 

by the concentration in one point with small area (solar thermal energy), through 

mirrors or lenses with tracking systems to focus the sunlight; after that, this heat 

is used in a Rankine cycle for generating electricity, driving a steam turbine 

connected to an electrical power generator.  

 

CSP is being widely commercialized and the CSP market has seen about 

740 MW of generating capacity added between 2007 and 2010. Spain is one of 

the most advanced countries in the development of solar energy, since it is one 

of the countries of Europe with more hours of sunshine. Spain added 400 MW 

of CSP in 2010, taking the global lead with a total of 632 MW, while the US 

ended the year with 509 MW after adding 78 MW, including two fossil–CSP 

hybrid plants. By the way, CSP growth is expected to continue at a fast pace. 

Interest is also notable in North Africa and the Middle East, as well as India and 

China. Global market has been dominated by parabolic-trough plants, covering 

90 per cent of CSP plants, but this tendency is changing [14].    

 

5.1 CSP TECHNOLOGIES 

 

All CSP technologies are based on the same principle, using mirrors or 

lenses. Although simple, these solar concentrators are quite far from the 

theoretical maximum concentration. Approaching the theoretical maximum may 

be achieved by using more elaborate concentrators based on nonimaging 

optics [15].   

 

Different types of concentrators produce different peak temperatures and 

correspondingly varying thermodynamic efficiencies, due to differences in the 

http://en.wikipedia.org/wiki/Tracking
http://en.wikipedia.org/wiki/Spain
http://en.wikipedia.org/wiki/Solar_energy
http://en.wikipedia.org/wiki/Nonimaging_optics
http://en.wikipedia.org/wiki/Nonimaging_optics
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way they track the sun and focus light. New innovations in CSP technology are 

leading systems to become more and more cost-effective.  

 

Nowadays, concentrating technologies exist in four common forms: 

parabolic trough, dish Stirling, concentrating linear Fresnel reflector, and solar 

power tower [15]. 

 

 Parabolic trough consists of a linear parabolic reflector that concentrates 

light onto a receiver positioned along the reflector's focal line. The 

receiver is a tube positioned directly above the middle of the parabolic 

mirror and filled with a working fluid (heat transfer fluid), typically a 

synthetic oil, although several have been used, from water and 

superheated steam to molten nitrate salts. The reflector follows the sun 

during the daylight hours by tracking along a single axis system. Trough 

systems are the most developed CSP technology (Fig. 5.1).  

 

Parabolic trough technology allows energy to be stored as heat, which is 

much less expensive than storing electricity. This allows the energy from 

these plants to be available at times of peak demand, making the 

electricity much more valuable. 

 

 

Figure 5.1: Parabolic trough 

http://en.wikipedia.org/wiki/Parabolic_trough
http://en.wikipedia.org/wiki/Dish_Stirling
http://en.wikipedia.org/wiki/Compact_Linear_Fresnel_Reflector
http://en.wikipedia.org/wiki/Solar_power_tower
http://en.wikipedia.org/wiki/Solar_power_tower
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 Fresnel reflectors, is a variant of parabolic trough. It uses many thin, flat 

mirror strips instead of parabolic troughs, to concentrate sunlight onto 

tubes through which working fluid is pumped. Flat mirrors allow more 

reflective surface in the same amount of space as a parabolic reflector, 

thus capturing more of the available sunlight, and they are cheaper than 

parabolic reflectors (Fig. 5.2). On the other hand, Fresnel reflectors are 

not as efficient as parabolic mirrors. Fresnel reflectors can be used in 

various CSPs sizes [16]. 

 

 

 

Figure 5.2: Fresnel reflector 

 

 Dish Stirling, or dish engine system consists of a stand-alone parabolic 

reflector that concentrates light onto a receiver positioned at the 

reflector's focal point. The receiver system is a simple closed-cycle 

engine which operates simply using a heat source. Sometimes they are 

hybridized with a fossil fuel source to provide heat when the sun is not 

shining (Fig. 5.3). 

 

The reflector tracks the Sun along two axes. The working fluid in the 

receiver is heated to 250–700 °C and then used by a Stirling engine to 

http://en.wikipedia.org/wiki/Dish_Stirling
http://en.wikipedia.org/wiki/Parabolic_reflector
http://en.wikipedia.org/wiki/Parabolic_reflector
http://en.wikipedia.org/wiki/Stirling_engine
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generate power. Parabolic-dish systems provide the highest solar-to-

electric efficiency among CSP technologies according to Sandia National 

labs, and they have the advantage of the small size and the scalability, 

because each individual mirror-engine system produces only around 25 

kW, but many can be linked together.  

 

 

 

Figure 5.3: Dish Stirling 

 

 Solar power tower, is similar to solar trough technology since it uses 

mirrors to concentrate sunlight on a working fluid which is then used to 

superheat steam to run a turbine. It consists of an array of dual-axis 

tracking reflectors (heliostats) that concentrate light on a central receiver 

atop a tower; the receiver contains a fluid deposit, which can consist of 

sea water or molten salts. This system permits to reach higher 

temperatures, but it leads to engineering problems because of the high 

temperature at the receiver (Fig. 5.4). 

The working fluid in the receiver is heated up to 500–1000 °C and then it 

is used as a heat source for a power generation or energy storage 

system.  

 

http://en.wikipedia.org/wiki/Solar_power_tower
http://en.wikipedia.org/wiki/Heliostat
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Power-tower development is less advanced than trough systems, but this 

situation is changing because of all the advantages that this kind of 

technology can offer: 

 

 Higher efficiency and better energy storage capability.   

 

 Lower price per watt theoretically compared to trough technology 

because of the higher temperatures. 

 

 Heliostats carry out sun tracking in two axis instead of one axis in 

parabolic trough.   

 
 This system is concentrated in a small area, reducing heat losses, 

maintenance costs and possible leaks.  

 
According to different studies, central tower technology and molten salts 

is the most attractive in terms of energetic efficiency [17]. This will be the 

technology that we used in our project for the comparative analysis.   

 

 

 

Figure 5.4: Solar power tower 
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5.2 COMPONENTS OF A CSP PLANT  

 

As we have seen before, the most developed technologies and therefore 

the most important and profitable CSP plants are parabolic trough, and, most 

recently, central tower. The components of these two power stations are very 

similar; they only differ in the types of mirrors and lenses that they use, and the 

way in which the solar radiation is used for heating up the heat transfer fluid 

(Fig. 5.5).  

 

As we have chosen the central tower technology for our project, we will 

describe the main components of this kind of power station. In a typical CSP 

plant, the complete system includes different components. The function of each 

component is following described [18]: 

 

 Heliostats field, it performs the function of focusing concentrated sunlight 

on a receiver which sits on top of the tower. Heliostats consist of a 

reflective surface, a structure that serves as a support, and sun-tracking 

mechanisms to follow sun's movement. Currently, glass mirrors are the 

most reflective surfaces used.    

 

 Tower, it serves as a support to the receiver, it should be placed some 

distance above the level of the heliostats in order to avoid or at least 

reduce the shadows and blockades. 

 

 Central receiver: within it the concentrated sunlight heats a fluid such as 

water, molten salts, etc. The heat transfer fluid is responsible for 

transferring the heat to the rest of the power plant.  

 

 Storage system: heat storage allows a solar thermal plant to produce 

electricity at night and on overcast days. Currently, the most used 

solution is to transfer the heat to a thermal storage medium in an 

insulated reservoir during the day, and withdraw for power generation at 

night. Thermal storage media include pressurized steam, concrete, a 
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variety of phase change materials, and molten salts. It accumulates the 

energy to be distributed in another moment. Two different tanks are use: 

a hot storage tank and a cold storage tank. The cold storage tank 

contains the salts from the steam generator at a temperature about 

290ºC. Afterwards, these salts go up to the tower and receive the heat 

from the heliostats field until reaching a temperature about 565ºC and 

then, they flow into the hot storage tank where they are stored, and 

eventually pumped to the steam generator.  

 

 Steam generator: it is a heat exchanger in which molten salts from hot 

storage tank heat up the water until obtaining steam. This steam is driven 

to a standard turbine to generate electricity.  

 

 Steam turbine and Electrical generator: it is the typical electricity 

generation system used in all the electrical plants. Through a steam 

turbine we turn the circular movement into electricity.  

 

 Condenser cooling tower: it is the system where the steam is cooled to 

be used again in the power block.    

 

Figure 5.5: Central tower plant
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6.    LCA OF A PV PLANT 
 

According to the prescriptions of the Standards ISO 14040 and ISO 

14044, all the steps of LCA are described, referring to the PV Plant. The Life 

Cycle Assessment was carried out by means of the SimaPro7 software, one of 

the most used LCA software.    

 

It has been selected the photovoltaic plant “Parque solar El Coronil”, 

because it is located in the same area as the CSP plant of Torresol, which we 

want to compare with (Seville, Spain) (Fig. 6.1), and because it has the same 

installed power. 

   

 

 

Figure 6.1: Location of “El Coronil” 

 

The photovoltaic solar park of El Coronil has a power output of 20 MW, 

distributed in two plants of 10 MW each, the first one (Coronil I), comprising 

solar trackers (Fig. 6.2) and the second (Coronil II) composed of panels on a 
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fixed structure (Fig. 6.3). The solar installation is located in the north region of 

the Municipality and occupies a land area of over 90 hectares [19]. 

 

 Data needed to perform the LCA have been provided by literature, 

complemented with data obtained from the database Elsevier and the most up-

to-date LCA databases mainly from Ecoinvent. 

 

 

 

Figure 6.2: Parque solar El Coronil I 
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Figure 6.3: Parque solar El Coronil II   

 

As it was described before, the LCA consists of four clearly phases that 

will be described below: 

 

6.1 GOAL AND SCOPE 

 
In this first step, it is described the objectives of the study, the functional 

unit, the system boundary and the description of the plant. 

 

6.1.1 Objectives 
 
The main objectives that are followed with this project are: 
 

 To evaluate the environmental impacts derived from the electricity 

production of a 20 MW solar photovoltaic power plant. 

 

 To identify the opportunities to improve the systems in order to reduce 

those environmental impacts.  
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6.1.2 Functional unit 
 
The choice of the functional unit in LCA studies is crucial, since all input 

and output fluxes are referred to it. In this study three different power plants are 

compared, in order to compare the results obtained from the relative LCA 

studies, we refer all the obtained results to the electrical energy amount 

produced, thus we define as functional unit the production of 1 GWhe of energy.   

 

6.1.3 Description of the plant 
 

Based on the functional unit and system boundary, we describe the 

power plant systems as follows [19]: 

 

The installation has the most advanced applied technology in the 

renewable energy field, with 386 dual axis solar trackers which achieve a 30% 

increase in energy production (Coronil I). It is expected to maximize the “land-

energy production” relationship, in accordance with the relief features of the 

area in which it is situated. The fixed modules occupy 20 hectares, while the 

panels on the trackers cover over 70 hectares. 

   

The photovoltaic plant “Coronil I” have a nominal power of 10 MW and it 

consists of 386 solar trackers in total. These are divided into two types 

depending on the module installed. Out of the 386 trackers, 161 have panels 

with an average peak power of 170 Wp, distributed in 7 rows and 22 columns 

(154 panels), thus obtaining a power rating of 26.95 kW per tracker. The 

remaining 225 units will have 220 Wp peak power panels, arranged into 6 rows 

and 20 columns (120 panels), thus offering 26.4 kW of potential power. The 

power station will consist of six arrays of 1,600 kW each and a seventh array of 

400 kW. Each of the six arrays will include four inverters with a nominal power 

of 400 kW each and a Transformation Center composed of two 1,000 kVA 

transformers. The seventh array will only have one 400 kW inverter and a 630 

kVA transformer. 
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Solar Trackers 

 

 The total capacity of the trackers is 10,000 KW.  

 

 The modules mounted on the trackers will always have a positioning 

which will be perpendicular to the to the sun´s rays, following the sun 

from sunrise until sunset, in order to maximize the use of the solar 

radiation.  

 

 The photovoltaic panels are made from Polycrystalline photovoltaic  

modules. 

 

 The electric charge produced by this type of installation is DC, but the 

inverter transforms it into AC. 

 

Solar trackers using for the Photovoltaic Installation “El Coronil” because 

of a concern for the environment linked to the need to derive maximum yields 

from clean energy technologies.  

 

 The tracker works thanks to a dual axis (vertical-horizontal) mechanism 

supported by a modular structure made of a galvanized material which 

does not require maintenance.  

 

 The foundation on which the support structure rests is made of highly 

resistant reinforced concrete. This helps to resist the fatigue caused by 

strong winds against the modular surface. 

 

 The dual axis tracker has several advantages when compared to other 

support structures: 

 

 It can achieve a yield up to 30% higher than a fixed structure. 
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 It offers the possibility of placing the tracker in the position which is 

the least resistant when the wind is blowing strong (the panel 

assembly represents a large smooth surface with barely any fissures 

through which the wind might be able to flow, so it acts as a large sail 

which transmits a high load onto the base).  

 It contributes an extra 5% to the photovoltaic production. 

 

The photovoltaic power station “Coronil II”, mounted on fixed structures, 

also reaches a nominal power of 10 MW. It consists of 53,206 photovoltaic 

modules, with individual capacity ranging between 175 Wp and 280 Wp. The 

solar farm will be composed of six 1,600 Kw arrays. Each will include four 400 

kW inverters and a 15/0.4 kV Transformation Center with two 1,000 kVA 

transformers. There will also be a 400 Kw array comprising a 400 kW inverter 

and a 15/0.4 kV Transformation Center with a 630 kVA capacity. 

 

Fixed Modules 

 

 The maximum capacity of the fixed panels is 10,000 KW. 

 

 The cells are south-facing and they have the appropriate gradient (30º) 

to maximize the use of solar radiation. The slope of each panel is 

dependent on its placing, latitude and predicted energy demand.  

 

 The photovoltaic panels are made from Polycrystalline photovoltaic 

modules. 

 

 The distance between modules is 6.4 meters; this guarantees the 

absence of shadow areas between panels. 

 

 The electric charge produced by this type of installation is direct current 

(DC), but the inverter transforms it into low-voltage alternating current 

(AC). 
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 These are panels mounted on an anticorrosion treated metallic structure 

with a fixed gradient which does not allow sun ray tracking. Their yield is lower 

than the yield of the modules mounted on solar trackers.   

 

In conjunction, the power stations will hold 14 Transformation Centers 

and 26 transformers. The Transformation Centers for both plants will be 

arranged into a double ring shape connected by a medium-voltage underground 

cable at 15kV.  

 

6.1.4 System boundary 
 
The system boundary is defined as cradle to grave. This means that the 

processes modeled included are the manufacturing of materials and 

components of the power plant, construction activities, operation and 

maintenance, as well as decommissioning of the power plant and the disposal 

of all the waste materials. It is considered a life cycle of 25 years.  

 

The definition of the system borders indicates which process units have 

to be included in the LCA. The power plant is divided in all its components and 

afterward these components are disassembled in all its composing elements 

(materials and components) interested by matter and energy fluxes during their 

life cycle: production, transportation, assembly, use and disposal.  

 

The PV Plant life has been divided in three fundamental phases: 

 

Construction: in this phase the materials production (the extraction and 

the eventual recycling), the transport to the manufacturing companies and the 

transport to the plant site are considered.  

 

Exercise and maintenance: during the operations of maintenance it could 

be possible to change some elements or use some harmful fluids. It is 

considered a life cycle of 25 years.   
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End of life: a waste management scenario is imagined for all the 

components, which could be recycled, sent to an incinerator or brought to a 

landfill. 

 

6.2 LIFE CYCLE INVENTORY, LCI 

 

After the first step, it is done the energy and matter fluxes inventory, both 

entering and leaving the system. These data will represent the input data of the 

code in the software Simapro 7. 

 

LCI of the PV plant has been realized on the basis of data provided 

directly by the Internet and using data included in the Ecoinvent v.2.0 database. 

Therefore, the specifically data can be considered a point of weaknesses of the 

LCI, because they cannot be very reliable.   

 

Construction phase 

 

Firstly, we will distinguish between the constructions of the different 

components of the plant [20].  
 

 

Figure 6.4: Representative structure of a Poly-Si module 
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PV Modules 

 

 We have to consider the manufacture of all the PV panels and also the 

foundation and the structure that support them.  

 

Part Material 
Mass 

(kg) 

Thickness 

(mm) 

Front cover Alkaline earth lead glass 13.2 3 

EVA foil 

 
EVA (12% vinyl acetate, 

shore A95/D50) 
 

0.675 0.25 

Cell film Silica (quartz fused) 0.9 0.5 

 
EVA foil 

 

 
EVA (12% vinyl acetate, 

shore A95/D50) 
 

0.675 0.25 

 
Back cover 

(Tedlar) 
 

PVC (flexible, shore 60 A) 0.19 75 μ 

 

Table 6.1: Poly-Si module structure in quantities 

 

 About the frame of the panels, they are made from aluminum with a rate 

of 2.1kg/m2. 

   

Part Material Kg/m2 

Frame Aluminum 2.1 

 
Table 6.2: Aluminum frame rate    
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  The extraction of raw materials, the production stages along with the 

transportation and the use phase are divided to 4 main stages. The use 

represents the energy spent for the maintenance of the module through its life 

cycle (25 years) [21].   

 

Phase Energy (MJ/m2) Energy (KWh/m2) Energy (%) 

Material 374.82 104.12 42.00 

Manufacture 237.85 66.10 26.70 

Transport 7.67 2.13 0.86 

Use 272.93 75.81 30.44 

Total 893.27 248.16 100.00 

 
Table 6.3: Energy requirements per m2 of module area    
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The structure and the foundation have the next weights [22]: 

 

Part Material Mass (kg) 

Post 
Steel St37-2 s/DIN17100-

80 
967.8 

Cross weight 
distribution 

 
Steel St37-2 s/DIN17100-

80 
520.45 

Panels rack Fiberglass 1,180.6 

 
Foundation 

 

 
Concrete 

 
30,448 

 

Table 6.4: Structure and foundation of the whole panel 
 

The amount of concrete has been calculated using the dimensions of the 

foundation in the literature (2 x 2 x 1.73 m for 51 m2 of solar panel), in 

proportion with the dimensions of the PV panels in El Coronil (210 m2).  

 

 

Inverters 

 

 We have to consider two times the number of inverters, one for the fix 

panels and another one for the trackers. The plant use inverters with a power of 

400kW. Each installation has 25 inverters of this capacity [23]. 
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Material Mass (kg) 

Steel 1438 

 
Aluminum 

131 

 
Copper 

 
335 

Polymers  159 

Lubricating oil 881 

 
Table 6.5: 400 kW Inverter components     

 

 

 

Transformers 

 

 We have to consider two types of transformers in each central. There are 

12 of 1000 kVA and 1 of 630 kVA in each central [23].  
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Material Mass (kg) 

Ferrite 1790 

Epoxy resin 1325 

Copper 376 

Steel 90 

 
Lubricating oil  

 
1070 

 
Table 6.6: 1000 kVA transformer components    

 
 

Material Mass (kg) 

Ferrite 1256 

Epoxy resin 929 

Copper 264 

Steel 63 

 
Lubricating oil  

 
750 

 
Table 6.7: 630 kVA transformer components 
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Other components 

 

 We have to take into account of the others components in a PV plant, 

apart from the most important ones mentioned before. These other components 

could be: batteries, charge controller, switchgear, …  

 

 We estimate the contribution of these parts as a percentage in the whole 

plant: 

 

Part Material Mass (kg) 

Other components Steel 51,130 

Other components Copper 17,800 

Other components Polymers 11,200 

 

Table 6.8: Other components weight    
 

Electric substation 

 

 The installation of El Coronil, has one electric substation in which, both 

photovoltaic plants, (El Coronil I y II) are connected. This substation is 15/66 kV. 

We will not consider this effect, since it is the same for the three plants.  

 

Exercise phase 

 

The trackers work thanks to a dual axis (vertical-horizontal) mechanism 

supported by a modular structure made of a galvanized material. These 

mechanisms require, at least, one substitution during the life cycle of the plant, 
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due to the wear in the daily operation of tracking the sun path. Fix modules 

don´t require any maintenance [19]. 

 

 In this type of centrals there are not pumps or compressors, but we have 

to consider the energy consumption of the two engines which move the trackers 

and lots of day to day operations for maintaining the central operational. 

Therefore, it will be consider an electrical consumption from the grid, per year of 

[24]: 

Part Consumption (MWh/yr) 

PV plant 10,000 

 

Table 6.9: Energy consumption of the power plant per year 

 
 The simulation implemented with SimaPro used the process unit 

“electricity, low voltage, at grid” referred to the Spain mix of electric production. 

 

 On the other hand, it will be considered the assumption of an electrical 

self-consumption in the plant from the own electricity output, in order to see 

what would happen with the environmental aspects in this case.  

 

End of life phase 

 

The database Ecoinvent considers three options for the materials end of 

life: recycling, incinerating and landfill; it would be necessary to know the 

quantity of each material is recycled and that is incinerated or brought to a 

landfill. For the assessment we will use information retrieved from the INE 

(National Institute of Statistics), which dispose of up to date and detailed 

records relative to the packaging waste management. A recycling scenario in 

which some part of the materials is recycled after decommissioning has been 

considered: 
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MATERIAL Recycling (%) Landfill (%) Incinerating (%) 

Steel 96.2 3.8 0.0 

Aluminum 96.2 3.8 0.0 

Glass 99.8 0.2 0.0 

Fiberglass 44.0 56.0 0.0 

Polymers 90.3 9.7 0.0 

Electronic 

components 
68.6 31.4 0.0 

Ferrite 96.2 3.8 0.0 

Concrete 9.3 80.1 10.6 

Epoxy resin 90.3 9.7 0.0 

Oil 94.9 2.2 2.9 

Copper 96.2 0.0 3.8 

 
Table 6.10: End of life in materials 

 
 These percentages are taken from the actual values recycled in Spain in 

year 2009 [25]. 

 

 

6.3 LIFE CYCLE IMPACT ASSESSMENT, LCIA 

 

In this third phase, it is necessary to choose which kind of environmental 

effects are taken into account. These effects are grouped into impact categories 

depending on the method used: the “Intergovernmental Panel for the Climate 

Change (IPPC)” method deals with greenhouse gases emissions (kg of CO2 

eq), the “Cumulative Energy Demand (CED)” treats the energetic resources 

consumption (MJ eq), while the “Eco-indicator 99” method contemplates eleven 

impact categories, divided into three damage groups:  
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“Human Health”, that consider the overall impact of the emissions associated to 

the product analysed on the human health: Carcinogens, Respiratory Organics, 

Respiratory Inorganics, Climate Change, Radiation and Ozone Layer. 

“Ecosystem Quality”, that considers the overall damage on the Environment: 

Ecotoxicity, Acidification/Eutrophication and Land Use.  

 

“Resources”, that accounts for the depletion of non-renewable resources: 

Minerals and Fossil Fuels. 

 

 For the implementation of the system models has been used the 

Ecoindicator 99 methodology, implementing a Damage-Oriented Approach. 

Furthermore the “IPCC” and the “CED” methods were also used to estimate the 

global warming and the total energy requirements. Based on this last 

parameter, the “Energy Payback Time (EPT)” has been calculated. EPT is 

defined as the time it takes for a renewable energy system to save the same 

amount of primary energy as is consumed for its production, operation, and 

dismantling. The EPT is calculated using the following formula:  

 

 

 

CEDc is the cumulative primary energy demand for construction of the power 

plant, Enet is the yearly produced net electricity (MJ/yr), and g is the utilization 

grade of primary energy source to produce electricity. Since it is produced in 

Spain, this utilization grade is taken as 44.28%. This utilization grade has been 

calculated considering the contribution to the overall production of electricity 

and the primary energy conversion factors of the different electricity generation 

technologies [26]:  
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Technology % Primary Energy Conversion Factor  

Hydro 16.21 1 

Nuclear 23.87 3.03 

Coal 30.23 2.81 

Fuel and gas 
 

6.86 
 

2.70 

Gas in combined cycle 11.18 1.96 

Wind 11.65 1 

 
Table 6.11: Contribution to electricity generation and PECF 

 

CED0 is the annual primary energy demand for operation and maintenance 

(MJ/yr). 

 

 

6.4 INTERPRETATION OF THE RESULTS 

 

In this last phase, the most important LCA results for the PV plant, in 

terms of single impact categories, are summarized and evaluated. It has been 

used the three methods mentioned before: Eco-indicator 99, IPCC and CED.     
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Construction phase 

 

Eco-indicator 99 

 

 The Eco-indicator 99 method shows that the major impact in the plant is 

due to the PV panels (Fig. 6.5). This happens because, compared with the rest, 

the number of photovoltaic panels is really high. They present a preponderant 

quantity respect to the total installation. Indeed, the solar field occupy almost all 

the available area in the plant and they are the heart of the installation.  

 

 On the other hand, the contribution of the transformers 630 KVA is not 

very relevant because there are only two of them in the whole plant.    

 

 
Figure 6.5: Eco-Indicator 99 method, impact categories evaluated for each 

component of the PV plant 
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IPCC  

 

 The IPCC method shows the same results that the previous one. The 

impact of the PV panels in the harmful emissions is the most important (Fig. 

6.6).   

  

 

 
Figure 6.6: IPCC method, percentage of GWP for the production and 

manufacturing of the components of the PV plant 
 

 

Operating phase 

 

CED  

 

 The CED method shows that the major impact in the electric 

consumption of the grid during the operation and maintenance of the PV plant is 

due to fossil fuel utilization (Fig. 6.7). It is worth noting that the software used is 

not the most update, because the Spanish government has invested lot of 

money in renewable energies, especially in wind and solar power, reducing the 

contribution of fossil fuels.   

PV panels 

Inverters 

T 1000 KVA T 630 KVA Other  
components 
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Figure 6.7: CED method, contribution of the different electricity generation 

technologies 
 

 

 Finally, the impact of the different phases along the life cycle of the plant 

is compared. It is worth to take into account of the high value of the exercise 

phase. It is due since the construction and dismantling phases are account only 

one time, while the operation phase is developing during the whole life cycle of 

the power plant, in this case 25 years (Fig. 6.8).  

 

 On the other hand, it has to be highlighted the negative contribution of 

the dismantling phase. This is because the waste processing results in a useful 

by-product that can be recycled or reused. The energy and materials flows are 

regarded as an environmental profit. Therefore, the deductions are greater than 

the environmental impact of a process and it appears as a negative 

contribution.  
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Figure 6.8: Eco-Indicator 99 method, damage categories for each phase of the 
life cycle 

 
 

 Eco-indicator 99 H/H 
(Pt) 

IPCC GWP 100a 
(kg CO2-eq) 

CED 
(MJ-eq) 

Construction phase 3.36·106 4.10·107 7.20·108 

Operating phase 1.02·107 1.51·108 3.04·109 

End of life phase -4.43·105 -5.09·106 -8.07·107 

Complete LCA 1.32·107 1.87·108 3.68·109 
 

Table 6.12: Impact of the different phases in the three assessment methods 
 

 

 
Based on these results, it is calculated the Energy Payback Time (EPT). 
 

    
          

(
         

       
        

  
)     

         

 
 

 This result is in concordance with the results of the literature [27]. It is 

worth noting that the EPT result depends on the solar radiation, panels yield, 

power installed, etc. Therefore, the EPT is not exactly the same.  
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 It was not available specifically information for doing the LCA of this PV 

plant, such as thesis or other documents, about LCAs with the same power, 

location, technology, etc. Therefore, it was used a compilation of different 

documents: 

 

 PV panels characteristics, components, materials, efficiencies, 

dimensions, weights, structure, etc. In this document is all the information 

relationship with the PV panels, as well as a comparison between CdTe 

and Poly-Si PV modules, in order to see with is better to put it in the 

power plant [21].    

 

 The competing in the energy sector of PV technology, the present costs 

and future, the price, the situation of this technology in other countries, 

competitiveness findings, policy recommendations, etc [28].    

 

 Environmental impacts of residential photovoltaic systems with a low 

solar irradiation. Different types of PV modules evaluated, different 

efficiencies and countries. Using the three impact methods Eco-indicator 

99, CED and IPCC [29]. 

 

 Impacts and average costs of PV technology for four types of PV 

installations: grid connected centralised, grid connected distributed, off-

grid non domestic and off-grid domestic. Future scenarios for PV, 

consider 4 key factors: Cost reduction, Efficiency increase, Building 

integration and Storage network [30]. 

 

 Whole production of process for silica modules. Assumptions made, 

functional unit, etc. Contribution of each operation in Gross Energy 

Requirement (GER) and Global Warming Potential (GWP). In different 

countries, EPBT and Energy Return Factor (ERF), PCM (CO2 emissions 

avoid) and Mix Electricity [31]. 
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7. LCA OF A CSP PLANT – PARABOLIC TROUGH 

 

According to the prescriptions of the Standards ISO 14040 and ISO 

14044, all the steps of LCA are described, referring to the CSP Plant. The Life 

Cycle Assessment was carried out by means of the SimaPro7 software, one of 

the most used LCA software in the world.       

 

It has been selected the concentrated solar power plant “Valle 1”, 

because it is also a power plant propriety of Torresol Energy, it is located in the 

same region as the CSP plant of Torresol, which we want to compare with 

(Cádiz, Spain), both plants are located in the south of Spain, in the area of 

Andalucía more or less in the same location (Fig. 7.1). Therefore, direct normal 

irradiation it is considered the same.  

 

On the other hand, there is not a parabolic trough power plant in Spain 

with 20MW, indeed all the solar plants with this technology in Spain, are a 

50MW power installation. Thus, for doing the comparison in the most correct 

sense, the final result will be referred to the total power capacity of each plant. 

 

 

Figure 7.1: Location of “Valle 1” 
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The thermal solar park of Valle 1 has a power output of 50 MW, as we 

mentioned before, distributed in 510,000 m2 of solar collection area (Fig. 7.2).  

 

 Data needed to perform the LCA have been provided by Torresol 

Energy, complemented by literature data and information obtained from the 

database Elsevier and the most up-to-date LCA databases mainly from 

Ecoinvent. 

 

 

 

Figure 7.2: Valle 1 

 

As it was described before, the LCA consists of four clearly phases that 

will be described below: 

 

7.1 GOAL AND SCOPE 

 
In this first step, it is described the objectives of the study, the functional 

unit, the system boundary and the description of the plant. 

 

7.1.1 Objectives 
 
The main objectives that are followed with this project are: 
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 To evaluate the environmental impacts derived from the electricity 

production of a 50 MW solar thermal plant with parabolic trough 

technology.  

 

 To identify the opportunities to improve the systems in order to reduce 

those environmental impacts.  

 

7.1.2 Functional unit 
 
The choice of the functional unit in LCA studies is crucial, since all input 

and output fluxes are referred to it. In this study three different power plants are 

compared, in order to compare the results obtained from the relative LCA 

studies, we refer all the obtained results to the electrical energy amount 

produced, thus we define as functional unit the production of 1 GWhe of energy.   

 

7.1.3 Description of the plant 
 

Based on the functional unit and system boundary, we describe the 

power plant systems as follows [18]: 

 

The 50 MW solar thermal power plant consists of 624 parabolic trough 

collectors of 817 m2 of solar collector area each one, divided in 156 parallel 

loops with four series connected collectors. This plant uses synthetic oil as 

transfer fluid and molten salts to create a 7.5 h storage system, enabling a very 

high annual coefficient of use. The total area occupied by the plant is 200 

hectares and the net electrical production expected: 160 GWh/year. It is 

guaranties electrical production for 4,000 hours per year, what is energy 

efficiency.   

 

The plant is comprised of loops (or arrays) of parabolic mirrors that 

concentrate solar radiation in a central collector pipe through which thermal oil 

circulates and is heated to almost 400ºC (Fig. 7.3). This oil is transferred to a 

heat exchanger, where: 
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 It vaporizes water which, in a steam turbine, drives a generator that 

injects electrical power into the grid. 

 

 Surplus power can be used to heat liquid nitrate salts and store the heat 

in a hot tank, making it possible to generate electricity even in the 

absence of sunlight. 

 
The system of SENER-patented SENERtrough® cylindrical-parabolic 

collectors includes design enhancements that make it possible to reduce both 

the assembly time and the weight of the collector structure versus other similar 

ones. 

 

 

Figure 7.3: Diagram Valle 1 
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7.1.4 System boundary 
 
The system boundary is defined as cradle to grave. This means that the 

processes modeled included are the manufacturing of materials and 

components of the power plant, construction activities, operation and 

maintenance, as well as decommissioning of the power plant and the disposal 

of all the waste materials. It is considered a life cycle of 25 years [18].   

 

The definition of the system borders indicates which process units have 

to be included in the LCA. The power plant is divided in all its components and 

afterward these components are disassembled in all its composing elements 

(materials and components) interested by matter and energy fluxes during their 

life cycle: production, transportation, assembly, use and disposal.  

 

The PV Plant life has been divided in three fundamental phases: 

 

Construction: in this phase the materials production (the extraction and 

the eventual recycling), the transport to the manufacturing companies and the 

transport to the plant site are considered. 

 

Exercise and maintenance: during the operations of maintenance it could 

be possible to change some elements or use some harmful fluids. 

 

End of life: a waste management scenario is imagined for all the 

components, which could be recycled, sent to an incinerator or brought to a 

landfill. It is considered a life cycle of 25 years.   

 

7.2 LIFE CYCLE INVENTORY, LCI 

 

LCI of the CSP plant has been realized on the basis of data provided 

directly by Torresol Energy, Internet and using data included in the Ecoinvent 

v.2.0 database.  
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Construction phase 

 

Firstly, we will distinguish between the constructions of the different 

components of the plant.     

 

Collector’s field 

 

 We have to consider the manufacture of all the parabolic trough panels 

and also the foundation and the structure that support them [32].   

 

Part Material Mass (kg) 

Mirrors Glass  8,950 

Heat Collector 
Element (HCE) 

 
Steel 

 
2,108 

Torque box Steel 7,130 

 
End plates 

 

Steel 
 

2,108 

 
Cantilever Arms 

 
Steel 4,070 

Foundation Concrete 60,000 

 

Table 7.1: Collector components   

 

The amount of concrete has been calculated using the dimensions of the 

foundation in the literature (2 x 2 x 1.73 m for 51 m2 of solar panel), in 

proportion with the dimensions of the CSP collectors in Valle 1 (817 m2). It is 
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worth noting that parabolic trough collectors requires less foundation than PV 

panels.   

 

Heat exchanger 

 

 We have to notice that there are two different heat exchangers: between 

oil and salts and the steam generator. It will be consider that both exchangers 

are in the same materials.  

 

 We consider for our analysis 9.144 kg/kWe of steel, for the parabolic 

trough power plant [33]. 

 

Part Material Mass (kg) 

Heat exchanger Steel 457,200 

 

Table 7.2: Heat exchanger weight   

 

Molten salts tank 

 

 We have to notice that there are two different molten salts tanks, (hot and 

cold). It will be consider that both tanks are in the same materials.  

 

 In both plants, the salts are stored in two tanks of diameter 38.2 m, 12.2 

m height and 15 cm thickness [34]. Based on that, a total weight of steel was 

then estimated [23].   

 

 

 

 

 



           VII. LCA of a CSP Plant - Parabolic Trough           

   

   
Comparison between PV and CSP Plants through LCA approach  Page 80 

 

Part Material Mass (kg) 

Molten salt tank Steel 1,717,217 

Foundation Concrete 3,782,078 

Foundation Fiberglass 58,450 

 

Table 7.3: Molten salt tank weight  

 

Steam turbine 

 

 It is used next data, based on the dimensions of the steam turbines in the 

Siemens booklet [35].  

 

Part Material Mass (kg) 

Steam turbine Steel 395,640 

Steam turbine Polyethylene 113,040 

Steam turbine Copper 56,520 

Foundation Concrete 396,000 

 

Table 7.4: Steam turbine weight  
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Electrical generator 

 

 It is used next data [23].  

 

Part Material Mass (kg) 

Electrical generator Cast iron 150,000 

Electrical generator Copper  65,000 

Foundation Concrete 150,000 

 

Table 7.5: Electrical generator weight  
 

 

Cooling tower 

 

 For cooling the water after using it in the power block, it is used a 

modular cooling tower in an open water circuit with three fans [36].  

 

Part Material Mass (kg) 

Structure Fiberglass 1,500 

Structure Plastic 1,500 

Cross section Iron 1,000 

Cross section Steel 1,000 

 

Table 7.6: Cooling tower weight  
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Transformer 

 

 It will be considered that the transformer in the parabolic trough plant, 

has the same materials that the transformer in the PV plant, but taking into 

account of the difference in the power installed, 50 MW versus 20MW [23].     

 

Material Mass (kg) 

Ferrite 67,500 

Epoxy resin 50,487 

Copper 14,328 

Steel 3,429 

 
Lubricating oil  

 
40,770 

 
Table 7.7: Transformer components    

 
Molten salts  

 

 The weight of molten salts in system, totally close, is 28,500 t. They will 

be charged in the system during the implementation of the plat [34]. 

  

Part Material Mass (kg) 

Molten salts 
60% NaNO3 

 

40% KNO3 
28,500,000 

 

Table 7.8: Molten salts weight   
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Synthetic oil 

 

 The weight of thermal oil in system, totally close, is 100 t. They will be 

charged in the system during the implementation of the plat [34]. 

  

Part Material Mass (kg) 

Synthetic oil Synthetic oil  100,000 

 

Table 7.9: Synthetic oil weight  

 

Exercise phase 

 

The collectors work thanks to a single axis mechanism supported by a 

modular structure made of a galvanized material. These mechanisms require at 

least one substitution during the life cycle of the plant, due to the wear in the 

daily operation of tracking the sun path. 

 

In this type of centrals there are pumps, for the molten salts, the thermal 

oil and the water, there are also three fans for the cooling tower, one axis 

trackers in the each parabolic trough and lots of day to day operations for 

maintaining the central operational. Therefore, it will be consider an electrical 

consumption from the grid, per year of [24]: 

 

Part Consumption (MWh/yr) 

CSP plant 16,338 

 

Table 7.10: Energy consumption of the power plant per year 
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The simulation implemented with SimaPro used the process unit 

“electricity, low voltage, at grid” referred to the Spain mix of electric production. 

 

On the other hand, it will be considered the assumption of an electrical 

self-consumption in the plant from the own electricity output, in order to see 

what would happen with the environmental aspects in this case. 

 

End of life phase 

 

For the assessment we will use information retrieved from the INE 

(National Institute of Statistics), which dispose of up to date and detailed 

records relative to the packaging waste management. A recycling scenario in 

which some part of the materials is recycled after decommissioning has been 

considered: 

 

MATERIAL Recycling (%) Landfill (%) Incinerating (%) 

Steel 96.2 3.8 0.0 

Glass 99.8 0.2 0.0 

Fiberglass 44.0 56.0 0.0 

Concrete 9.3 80.1 10.6 

Copper 96.2 3.8 0.0 

Plastic 90.3 9.7 0.0 

Iron 96.2 3.8 0.0 

 
Table 7.11: End of life in materials  

 
 These percentages are taken from the actual values recycled in Spain in 

year 2009 [25]. 

 

7.3 LIFE CYCLE IMPACT ASSESSMENT, LCIA 

 

In this third phase, it is necessary to choose which kind of environmental 

effects are taken into account. There will be used the same methods as in the 
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previous power plant: Ecoindicator 99 methodology, implementing a Damage-

Oriented Approach, “IPCC” and the “CED” methods were also used to estimate 

the global warming and the total energy requirements. Based on this last 

parameter, the “Energy Payback Time (EPT)” has been calculated.  

 

7.4 INTERPRETATION OF THE RESULTS 
 

In this last phase, the most important LCA results for the PV plant, in 

terms of single impact categories, are summarized and evaluated.  

 

Construction phase 

 

Eco-indicator 99 

 

 The Eco-indicator 99 method shows that the major impact in the plant is 

due to the collectors (Fig. 7.4). This happens because, as well as in the PV 

plant, the number of solar collectors is really high. They present a preponderant 

quantity respect to the total installation. In addition, the molten salts also 

represent a high percentage in the environmental impact due to they are a big 

amount of them in the system.   

 

 On the other hand, the contribution of the cooling tower is not very 

relevant because in the smallest component in the plant.    



           VII. LCA of a CSP Plant - Parabolic Trough           

   

   
Comparison between PV and CSP Plants through LCA approach  Page 86 

 

 Figure 7.4: Eco-Indicator 99 method, impact categories evaluated for each 
component of the parabolic trough plant 

 

IPCC  

 

 The IPCC method shows the same results that the previous one. The 

impact of the collectors in the harmful emissions is the most important, closely 

followed by the molten salts (Fig. 7.5).     
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Figure 7.5: IPCC method, percentage of GWP for the production and 

manufacturing of the components of the parabolic trough plant  
 

 

Operating phase 

 

CED  

 

 The CED method shows that the major impact in the electric 

consumption of the grid during the operation and maintenance of the parabolic 

trough plant is due to fossil fuel utilization (Fig. 7.6). The same result that in the 

PV plant.  

Collectors 

Cooling tower Electrical 
generator 

Heat exchangers 

Molten salt tanks 

Steam turbine 

Transformer 

Molten satls 

Synthetic oil 
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Figure 7.6: CED method, contribution of the different electricity generation 

technologies 
 

 

 Finally, the impact of the different phases along the life cycle of the plant 

is compared. It is worth to take into account of the high value of the exercise 

phase. It is due since the construction and dismantling phases are account only 

one time, while the operation phase is developing during the whole life cycle of 

the power plant, in this case 25 years (Fig. 7.7).  

 

 On the other hand, it has to be highlighted the negative contribution of 

the dismantling phase. This is because the waste processing results in a useful 

by-product that can be recycled or reused. The energy and materials flows are 

regarded as an environmental profit. Therefore, the deductions are greater than 

the environmental impact of a process and it appears as a negative 

contribution.  
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Figure 7.7: Eco-Indicator 99 method, damage categories for each phase of the 
life cycle 

 
 

 Eco-indicator 99 H/H 
(Pt) 

IPCC GWP 100a 
(kg CO2-eq) 

CED 
(MJ-eq) 

Construction phase 6.16·106 8.39·107 1.49·109 

Operating phase 1.67·107 2.46·108 4.97·109 

End of life phase -1.57·106 -2.04·107 -3.14·108 

Complete LCA 2.12·107 3.1·108 6.14·109 
 

Table 7.12: Impact of the different phases in the three assessment methods 
 

 

 
Based on these results, it is calculated the Energy Payback Time (EPT). 
 

    
          

(
        

       
        

  
)     

           

 
 This result is in concordance with the results of the literature [37]. It is 

worth noting that the EPT result depends on the solar radiation, collectors yield, 

power installed, etc. Therefore, the EPT is not always exactly the same.  
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It was not available specifically information for doing the LCA of this CSP plant, 

such as thesis or other documents, about LCAs with the same power, location, 

technology, etc. Therefore, it was used a compilation of different documents: 

 

 Environmental footprint of renewable energy plants. Evaluation of the 

interactions between a product and the environment. Comparison of 

three plants: CSP, oil and gas power plants. The CSP plant, to avoid a 

discontinuous production, uses a biomass burner. Energy consumption 

and Soil needed [8]. 

 

 Impacts of a parabolic trough plant and key design alternatives. LC 

phases: manufacturing, construction, operation and maintenance. 

Specification of Wet and Dry Cooled designs in GHG, water and 

Cumulative Energy Demand (CED) [38]. 

 

 The most advanced technology for storage is two-tank storage. Cost 

range of two-tank. Thermal storage system cost [39].   
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Chapter VIII:                             
 
 

LCA OF A CSP PLANT  

CENTRAL TOWER 
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8. LCA OF A CSP PLANT – CENTRAL TOWER 
 

According to the prescriptions of the Standards ISO 14040 and ISO 

14044, all the steps of LCA are described, referring to the CSP Plant. The Life 

Cycle Assessment was carried out by means of the SimaPro7 software, one of 

the most used LCA software in the world.       

 

It has been selected the concentrated solar power plant “Gemasolar”, 

because it is the power plant we want to compare with the rest. It is also a 

power plant propriety of Torresol Energy, it is located in (Fuentes de Andalucía, 

Seville, Spain), the same region as the previous one. As it was mentioned 

before, for doing the comparison in the most correct sense, the final result will 

be referred to the total power capacity of each plant. 

 

The thermal solar park of Gemasolar has a power output of 20 MW, as 

we mentioned before, distributed in 304,750 m2 of solar collection area (Fig. 

8.1).  

 

 Data needed to perform the LCA have been provided by Torresol 

Energy, complemented by literature and with data obtained from the database 

Elsevier and the most up-to-date LCA databases mainly from Ecoinvent. 
 

 

Figure 8.1: Gemasolar 
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The LCA consists of four clearly phases that will be described below: 

 

8.1 GOAL AND SCOPE 

 
In this first step, it is described the objectives of the study, the functional 

unit, the system boundary and the description of the plant. 

 

8.1.1 Objectives 
 
The main objectives that are followed with this project are:  

 
 To evaluate the environmental impacts derived from the electricity 

production of a 20 MW solar thermal plant with central tower technology.  

 

 To identify the opportunities to improve the systems in order to reduce 

those environmental impacts.  

 
 

8.1.2 Functional unit 
 
The choice of the functional unit in LCA studies is crucial, since all input 

and output fluxes are referred to it. In this study three different power plants are 

compared, in order to compare the results obtained from the relative LCA 

studies, we refer all the obtained results to the electrical energy amount 

produced, thus we define as functional unit the production of 1 GWhe of energy.   

 
 

8.1.3 Description of the plant 
 

Based on the functional unit and system boundary, we describe the 

power plant systems as follows [18]:   

 

The 20 MW solar thermal power plant consist of a solar field with 2,650 

heliostats distributed around the tower, with a 110 m2 reflective surface for each 

one, and a solar tracking mechanism with two axes designed and manufactured 
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by SENER. The total area occupied by the plant is 142 hectares and the net 

electrical production expected: 110 GWh/year. It is guaranties electrical 

production for 6,500 hours per year, what is energy efficiency.   

 

These heliostats are pointed facing the central tower receiver 

manufactured with an alloy of materials similar to those in the aeronautic 

industry. The Gemasolar receiver is designed to absorb 20% more solar energy 

flow and three times the thermal power of other tower projects.  

 

To move the molten salt, a pumping system capable of lifting the salts to 

140 m, at a temperature of 290ºC, is used. Once the salts have been 

exchanged and water steam is produced, this steam reaches a turbine 

connected to a generator to produce energy wheeled to the grid (Fig. 8.2).   

 

Power production cannot be carried out without salt melting, the only fluid 

participating in the collection and storage of thermal energy. These salts reach 

very high temperatures allowing a more efficient storage, with a 74% capacity 

factor and 15 hours of autonomy which can allow the plant to operate 24 hours 

a day during certain months of the year.  

 

Figure 8.2: Diagram Gemasolar 
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8.1.4 System boundary 
 

The system boundary is defined as cradle to grave. This means that the 

processes modeled included are the manufacturing of materials and 

components of the power plant, construction activities, operation and 

maintenance, as well as decommissioning of the power plant and the disposal 

of all the waste materials. It is considered a life cycle of 25 years.  

 

 

8.2 LIFE CYCLE INVENTORY, LCI  

 

LCI of the CSP plant has been realized on the basis of data provided 

directly by Torresol Energy, Internet and using data included in the Ecoinvent 

v.2.0 database.  

   

 

Construction phase 

 

Firstly, we will distinguish between the constructions of the different 

components of the plant.    

 

 

Heliostats field 

 

 We have to consider the manufacture of all the heliostats and also the 

foundation and the structure that support them [40].   
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Part Material Mass (kg) 

Mirrors Glass  800 

 
Structure 

 
Steel 1,200 

Foundation Concrete 15,000 

 

Table 8.1: Heliostat components  

 

The amount of concrete has been calculated using the dimensions of the 

foundation in the literature (2 x 2 x 1.73 m for 51 m2 of solar panel), in 

proportion with the dimensions of the CSP heliostats in Gemasolar (110 m2).  

 

Heat exchanger 

 

 We consider for our analysis 17.767 kg/kWe of steel, for the parabolic 

trough power plant [33]. 

 

Part Material Mass (kg) 

Heat exchanger Steel 355,340 

 

Table 8.2: Heat exchanger weight  

Molten salts tank 

 

 We have to notice that there are two different molten salts tanks, (hot and 

cold). It will be consider that both tanks are in the same materials.  

 



            VIII. LCA of a CSP Plant - Central Tower              

   

   
Comparison between PV and CSP Plants through LCA approach  Page 97 

 

 In both plants, the salts are stored in two tanks of diameter 22 m, 12.2 m 

height and 15cm thickness [41]. Based on that, a total weight of steel was then 

estimated [23]. 

 

Part Material Mass (kg) 

Molten salt tank Steel 986,117 

Foundation Concrete 3,182,078 

Foundation Fiberglass 45,450 

 

Table 8.3: Molten salt tank weight  
 

Steam turbine 

 

 It is used next data, based on the dimensions of the steam turbines in the 

Siemens booklet [35]. 

 

Part Material Mass (kg) 

Steam turbine Steel 310,000 

Steam turbine Polyethylene 90,000 

Steam turbine Copper 45,000 

Foundation Concrete 280,000 

 

Table 8.4: Steam turbine weight  
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Electrical generator 

 

 It is used next data [23]. 

 

Part Material Mass (kg) 

Electrical generator Cast iron 150,000 

Electrical generator Copper  65,000 

Foundation Concrete 150,000 

 

Table 8.5: Electrical generator weight  
 

Cooling tower 

 

 For cooling the water after using it in the power block, it is used a 

modular cooling tower in an open water circuit with three fans [36].  

 

Part Material Mass (kg) 

Structure Fiberglass 1,500 

Structure Plastic 1,500 

Cross section Iron 1,000 

Cross section Steel 1,000 

 

Table 8.6: Cooling tower weight  
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Central tower 

 

 The tower has a height of 140m, and it is divided in three different 

sections [42]: 

 

1. From 0 - 40 m, external diameter 14 m and thickness 0.40 m. 

2. From 40 – 100 m, external diameter 8 m and thickness 0.30 m. 

3. From 100 – 140 m, external diameter 6 m and thickness 0.30 m.   

 

With this measures, and knowing that the material using is reinforced 

concrete we can estimate next use of material:  

 

  Part Material Mass (kg) 

Central tower Reinforced concrete 3,201,600 

Foundation Concrete 4,319,689 

 

Table 8.7: Central tower weight  

 
 
Transformer  

 

It will be considered that the transformer in the central tower plant, has 

the same materials that the transformer in the PV plant, since it of the same 

power 20 MW [23]. 
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Material Mass (kg) 

Ferrite 45,000 

Epoxy resin 33,658 

Copper 9,552 

Steel 2,286 

 
Lubricating oil  

 
27,180 

 

Table 8.8: Transformer components  

 

Molten salts  

 

 The weight of molten salts in system, totally close, is 8,150 t. They will be 

charged in the system during the implementation of the plat. It is worth nothing 

that each kilogram of salts in Gemasolar stores almost three times more the 

energy of one kilogram in parabolic trough plants [41]. 

  

Part Material Mass (kg) 

Molten salts 
60% NaNO3 

 

40% KNO3 
8,150,000 

 

Table 8.9: Molten salts weight 
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Exercise phase 

 

The trackers work thanks to a dual axis (vertical-horizontal) mechanism 

supported by a modular structure made of a galvanized material. These 

mechanisms require at least one substitution during the life cycle of the plant, 

due to the wear in the daily operation of tracking the sun path. 

 

In this central there are pumps, one special for the molten salts which 

has to be capable of lifting the salts to 140 m, at a temperature of 290ºC, and 

for the water, there are also three fans for the cooling tower, two axis trackers in 

heliostats, and lots of day to day operations for maintaining the central 

operational. Therefore, it will be consider an electrical consumption from the 

grid, per year of [24]: 

 

Part Consumption (MWh/yr) 

CSP plant 10,757 

 

Table 8.10: Energy consumption of the power plant per year 

 

The simulation implemented with SimaPro used the process unit 

“electricity, low voltage, at grid” referred to the Spain mix of electric production.  

 

On the other hand, it will be considered the assumption of an electrical 

self-consumption in the plant from the own electricity output, in order to see 

what would happen with the environmental aspects in this case. 

 

End of life phase 

 

For the assessment we will use information retrieved from the INE 

(National Institute of Statistics), which dispose of up to date and detailed 
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records relative to the packaging waste management. A recycling scenario in 

which some part of the materials is recycled after decommissioning has been 

considered: 

 

MATERIAL Recycling (%) Landfill (%) Incinerating (%) 

Steel 96.2 3.8 0.0 

Glass 99.8 0.2 0.0 

Fiberglass 44.0 56.0 0.0 

Concrete 9.3 80.1 10.6 

Reinforced 

concrete 
9.3 80.1 10.6 

Copper 96.2 3.8 0.0 

Plastic 90.3 9.7 0.0 

Iron 96.2 3.8 0.0 

 
Table 8.11: End of life in materials  

 

 These percentages are taken from the actual values recycled in Spain in 

year 2009 [25].  

 

8.3 LIFE CYCLE IMPACT ASSESSMENT, LCIA 

 

In this third phase, it is necessary to choose which kind of environmental 

effects are taken into account. There will be used the same methods as in the 

previous power plant: Ecoindicator 99 methodology, implementing a Damage-

Oriented Approach, “IPCC” and the “CED” methods were also used to estimate 

the global warming and the total energy requirements. Based on this last 

parameter, the “Energy Payback Time (EPT)” has been calculated.  
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8.4 INTERPRETATION OF THE RESULTS 
 

In this last phase, the most important LCA results for the PV plant, in 

terms of single impact categories, are summarized and evaluated.  

 

Construction phase 

 

Eco-indicator 99 

 

 The Eco-indicator 99 method shows that the major impact in the plant is 

due to the heliostats (Fig. 8.3). The reason is the same that in the previous 

plants, the number of solar heliostats is really high. They present a 

preponderant quantity respect to the total installation. In addition, the molten 

salt tanks also represent a high percentage in the environmental impact due to 

they are a big constructions that need lots of materials and energy to build 

them.   
 

 On the other hand, the contribution of the cooling tower is not very 

relevant because in the smallest component in the plant.    

 

Figure 8.3: Eco-Indicator 99 method, impact categories evaluated for each 
component of the central tower plant 
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IPCC  

 

 The IPCC method shows the same results that the previous one. The 

impact of the heliostats in the harmful emissions is the most important, followed 

by the molten salt tanks and the proper molten salts (Fig. 8.4).    

  

 

 
Figure 8.4: IPCC method, percentage of GWP for the production and 

manufacturing of the components of the central tower plant  

 

Operating phase 

 

CED  

 

 The CED method shows that the major impact in the electric 

consumption of the grid during the operation and maintenance of the parabolic 

trough plant is due to fossil fuel utilization (Fig. 8.5). The same result that in the 

previous plants.  

Central tower Cooling tower Electrical 
generator 

Heat exchanger 

Heliostats Molten salt tanks 

Steam turbine 

Transformer 

Molten salts 
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Figure 8.5: CED method, contribution of the different electricity generation 

technologies 
 

 

 Finally, the impact of the different phases along the life cycle of the plant 

is compared. It is worth to take into account of the high value of the exercise 

phase. It is due since the construction and dismantling phases are account only 

one time, while the operation phase is developing during the whole life cycle of 

the power plant, in this case 25 years (Fig. 8.6).  

 

 On the other hand, it has to be highlighted the negative contribution of 

the dismantling phase. This is because the waste processing results in a useful 

by-product that can be recycled or reused. The energy and materials flows are 

regarded as an environmental profit. Therefore, the deductions are greater than 

the environmental impact of a process and it appears as a negative 

contribution.  
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Figure 8.6: Eco-Indicator 99 method, damage categories for each phase of the 
life cycle 

 
 

 Eco-indicator 99 H/H 
(Pt) 

IPCC GWP 100a 
(kg CO2-eq) 

CED 
(MJ-eq) 

Construction phase 2.84·106 3.61·107 5.77·108 

Operating phase 1.10·107 1.62·108 3.27·109 

End of life phase -8.10·105 -8.44·106 -1.28·108 

Complete LCA 1.30·107 1.90·108 3.72·109 
 

Table 8.12: Impact of the different phases in the three assessment methods 
 

 

 
Based on these results, it is calculated the Energy Payback Time (EPT). 
 

    
          

(
        

       
        

  
)     

            

 
 

 This result is in concordance with the results of the literature [37]. It is 

worth noting that the EPT result depends on the solar radiation, collectors yield, 

power installed, etc. Therefore, the EPT is not always exactly the same.     
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It was not available specifically information for doing the LCA of this CSP plant, 

such as thesis or other documents, about LCAs with the same power, location, 

technology, etc. Therefore, it was used a compilation of different documents: 

 

 Environmental footprint of renewable energy plants. Evaluation of the 

interactions between a product and the environment. Comparison of 

three plants: CSP, oil and gas power plants. The CSP plant, to avoid a 

discontinuous production, uses a biomass burner. Energy consumption 

and Soil needed [8].  

 

 The most advanced technology for storage is two-tank storage. Cost 

range of two-tank. Thermal storage system cost [39].   

 

 Optimization of heliostat field for high-temperature. Efficiency of solar 

panels and distribution of the heliostats in the field [43]. 
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Chapter IX:                             
 
 

LCA COMPARISON OF  

THE DIFFERENT PLANTS 
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9. LCA COMPARISON OF THE DIFFERENT 

PLANTS 

 

The LCA results are compared for all power plants considered in this 

work.   

 

Eco-indicator 99 

 

 As it could be explained in last chapters, for doing the comparison 

between the power plants it is necessary to make the LCA of each plant but we 

have to refer the results to the functional unit, to do the analysis in the correct 

way. Therefore, we divide the previous results by the amount of electrical 

energy generated in each plant per year (GWh/year) (Fig. 9.1).  

 

Figure 9.1: Eco-Indicator 99 method, LCAs comparison per GWh/year 

 

As we can see in the graphic, both solar thermal power plants have more 

or less the same results, (parabolic trough a little more) and the photovoltaic 
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plant is the one with the highest values in all the impact categories (Fig. 9.1). 

For both damage categories, “Resources” and “Human Health”, the figure 

clearly highlights the lower impact of the CSP plants compare with the PV plant, 

while its impact for the “Ecosystem Quality” is substantially comparable with that 

of the PV power plant, but the difference is still significant. 

 

From an overall point of view suggests that the CSP plants are always 

preferable to the photovoltaic power plant (its impact is lower than that of the PV 

power plant for all the three damage categories). On the contrary the 

comparison between the CSP plants (parabolic trough and central tower) is not 

so simple, because of the similar results. Anyway, despite of this proximity, if we 

do a more detailed comparison, we can see that the central tower plant is less 

harmful than parabolic trough in all the simple impact categories. 

 

Doing a more detailed comparison in terms of single impact categories, 

we obtained the results summarized in Table 9.1. It is compared the results 

obtained for the three power plants considered in this work.  

 

 

Impact category 
CSP  

Central tower 
CSP  

Parabolic trough 

 

PV plant 

Carcinogens 12062,14 13176.70 39864.41 

Resp. organics 10,86 13.77 51.31 

Resp. inorganics 30654,33 32737,88 88694.71 

Climate change 7043,21 7892,79 21301.91 

Radiation 396,45 475,43 1074.26 

Ozone layer 4,06 7,08 9.17 

Ecotoxicity 5871,23 6710,07 16662.72 

Acidification/ 
Eutrophication 

3330,47 3651,68 9764.30 

Land use 1380,88 1170,53 3706.77 

Minerals 2647,85 3335,62 7723.22 

Fossil fuels 55267,12 63034,76 179444.22 

 
Table 9.1: Eco-indicator 99 method, specific emissions of the simple impact 

categories (Pt) 
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IPCC: Global Warming Emissions 

 

As it could be explained in last chapters, for doing the comparison 

between the power plants it is necessary to make the LCA of each plant but we 

have to refer the results to the functional unit, to do the analysis in the correct 

way. Therefore, we divide the previous results by the amount of electrical 

energy generated in each plant per year (GWh/year) (Fig. 9.2). 

 

As we can see in the graphic, both solar thermal power plants have more 

or less the same results, (parabolic trough a little more) and the photovoltaic 

plant is the one with the highest values (Fig. 9.2). 

  

Figure 9.2: IPCC method, LCAs comparison per GWh/year   
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From an overall point of view suggests that the CSP plants are always 

preferable to the photovoltaic power plant (its impact is lower than that of the PV 

power plant). And between them, it is preferable the central tower plant as we 

can see in table 9.2. 

 

  CSP  
Central tower 

CSP  
Parabolic trough 

 

PV plant 

Construction phase 3.28·105 5.24·105 1.14·106 

Operating phase 1.47·106 1.54·106 4.22·106 

End of life phase -7.36·104 -1.28·105 -1.42·105 

Complete LCA 1.73·106 1.94·106 5.23·106 

 

Table 9.2: IPCC method, GWP of the different phases in each plant per 
GWh/year (kg CO2 eq) 

 

 

 

Cumulative Energy Demand CED 

 

As it could be explained in last chapters, for doing the comparison 

between the power plants it is necessary to make the LCA of each plant but we 

have to refer the results to the functional unit, to do the analysis in the correct 

way. Therefore, we divide the previous results by the amount of electrical 

energy generated in each plant per year (GWh/year). 

 

As we can see in the graphic, both solar thermal power plants have more 

or less the same results, (parabolic trough a little more) and the photovoltaic 

plant is the one with the highest values (Fig. 9.3). 
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Figure 9.3: CED method, LCAs comparison per GWh/year 

 

From an overall point of view suggests that the CSP plants are always 

preferable to the photovoltaic power plant (its impact is lower than that of the PV 

power plant). And between them, it is preferable the central tower plant as we 

can see in table 9.3. 

 

  CSP  
Central tower 

CSP  
Parabolic trough 

 

PV plant 

Construction phase 5.25·106 9.31·106 2.01·107 

Operating phase 2.97·107 3.10·107 8.49·107 

End of life phase -1.16·106 -1.96·106 -2.25·106 

Complete LCA 3.39·107 3.84·107 1.03·108 

 

Table 9.3: CED method, energy consumption of the different phases in each 
plant per GWh/year (MJ eq) 
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 In this final figure (Fig. 9.4), it is clearly observed the fact that, the power 

plant which uses more energy during its life cycle if the PV plant, and afterward 

the parabolic trough plant.  

 

Figure 9.4: CED method, LCAs comparison per GWh/year, single score 

 

 

9.1 SELF-CONSUMED ENERGY 

 

 As it was mentioned before, it will be interesting to see what happen if 

the electrical energy used yearly in each plant for their performance during the 

operational stage, is not taken from the grid and on the contrary is taken from 

the self-production in the plant.    
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Eco-indicator 99 

 

Figure 9.5: Eco-Indicator 99 method, LCAs comparison per GWh/year  

(self-consumed) 

 

 As we can see in the figure, the order of the most pollutant plants is the 

same, firstly the PV plant, secondly the parabolic trough and finally the central 

tower plant. The difference is only that obviously now, in all the damage 

categories the pollution is significantly lower (Fig. 9.5), thus the environmental 

damages are less aggressive and it can be understood as an environmental 

profit.  
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IPCC: Global Warming Emissions 

 

Figure 9.6: IPCC method, LCAs comparison per GWh/year (self-consumed) 

 

As we can see in the figure, the order of the most pollutant plants is the 

same, like in the previous method, but now the difference between the parabolic 

trough and the central tower plant is a bit higher. The main difference is that the 

harmful emissions are significantly lower now (Table 9.4), as it could be 

provided. Therefore, the associated global warming emissions will be much 

more reduced and it can be understood as an environmental profit.  

 

 CSP  
Central tower 

CSP  
Parabolic trough 

 

PV plant 

 

Complete LCA 1.73·106 1.94·106 5.23·106 
 

Complete LCA 
(self-consumed) 

2.77·105 4.42·105 1.39·106 

 
Table 9.4: IPCC method, GWP of the different phases in each plant per 

GWh/year (kg CO2 eq) 
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Cumulative Energy Demand CED 

 

Figure 9.7: CED method, LCAs comparison per GWh/year (self-consumed) 

 
 Figure 9.8: CED method, LCAs comparison per GWh/year, single score 

(self-consumed) 
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 As we can see in the figure, the order of the most pollutant plants is the 

same, like in the previous methods, but now the difference between the 

parabolic trough and the central tower plant is a bit higher. The main difference 

is that the energy resources consumed are significantly lower now (Fig. 9.7 and 

9.8), as it could be provided. Therefore, it can be understood as an 

environmental profit. 
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10. CONCLUSIONS 
 

In this work the three solar power plants performance was assessed from 

an environmental point of view by using the Simapro7 LCA software. The CSP 

plants were compared to photovoltaic power plant in order to evaluate its 

reliability. From the LCA performed of these, some important conclusion can be 

drawn: 

 

First at all, both technologies show an environmental profile much better 

than the current mix of technologies used to produce electricity in Spain. What 

is more, most of the harmful emissions of these installations are produced in the 

operation of the plant (Figs. 6.8, 7.7 and 8.6), due to the consumption of 

electricity, so is not a direct emission produced in the performance of the plants, 

is the result of using electricity from the grid. The fact is that the electricity 

consumed in the plant taken from the grid has important environmental 

consequences due to the high fossil share of electricity generation in Spain 

(Figs. 6.7, 7.6 and 8.5), although this situation is changing in recent years 

because Spanish government is investing lot of money in green energies, 

(especially wind and solar power) (Fig. 10.1) [26]. These “imported” impacts 

could be reduced if the electricity needed in the operation of the plant were 

taken from the self-produced electricity (as we can see in the chapter 9.1). If 

external electricity were not used, the greenhouse gas emissions would be 

much lower.  
 

 

Figure 10.1: Actual mix of electricity generation in Spain 
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 From one hand, this finding confirms the high potentials (from an 

environmental point or view) of this innovative plant technology, but it is also 

worth highlight that the MS-CSP plant technology is a young technology in 

comparison to the conventional power plants, therefore further developments, 

mainly finalized to improve the conversion efficiency from thermal to electrical 

energy, must be carried out.  

 

It has been demonstrated that using the three methods in the LCIA (Eco-

indicator 99, IPCC and CED) the photovoltaic plant is the most pollutant of them 

if we refer to the functional unit (the amount of energy generated per year 

GWh/yr), (Figs. 9.1, 9.2 and 9.3). Afterward, we can compare both CSP plants 

and we can see that the central tower power plant is a little less harmful than 

parabolic trough plant (Tables 9.1, 9.2 and 9.3). 

 

Other point of view can be relating the environmental releases with the 

economical aspect, the power installed, the solar collecting area, the amount of 

electricity generated per year and the EPT (the time it takes for a renewable 

energy system to save the same amount of primary energy as is consumed for 

its production, operation, and dismantling), in order to see which is the best 

option to choose in a global point of view.  

 

The photovoltaic plant of “El Coronil”, has an investment of 80 M€ for the 

“Coronil I” and 72.5 M€ for the “Coronil II". The power installed is 20 MW in the 

whole plant and occupy a solar collecting area of 650,000 m2. With these 

characteristics, the power plant produces 35.8 GWh/yr of electricity and the 

EPT is 4 years [19].    

 

The parabolic trough plant of “Valle 1” has an investment of 270 M€. The 

power installed is 50 MW and occupy a solar collecting area of 510,000 m2. 

With these characteristics, the power plant produces 160 GWh/yr of electricity 

and the EPT is 1.3 years [18].  

 



                              X. Conclusions                                 

  

   
Comparison between PV and CSP Plants through LCA approach  Page 122 

 

The central tower plant of “Gemasolar” has an investment of 240 M€. 

The power installed is 20 MW and occupy a solar collecting area of 304,750 m2. 

With these characteristics, the power plant produces 110 GWh/yr of electricity 

and the EPT is 9.2 months [18].  

 

Regarding the previous information, we can conclude that despite of 

require a lower investment the PV plant does not reach a yearly electrical power 

comparable with the CSP plants, besides of require a bigger area and to have 

an EPT much more long than the rest. All of this, plus the environmental 

emissions provoke the assumption of thinking that nowadays with the present 

technology a PV plant is not a good solution versus CSPs plants.      

 

Apart from the PV plant, that has been demonstrated that nowadays 

cannot compete with the CSP power plants, we can focus on both CSP plants 

to determinate which is the most profitable.   

 

Gemasolar power plant requires a less investment and solar collecting 

area. It has an amount of energy generated per year lesser than Valle 1, but it is 

also worth noting that Gemasolar has a nominal power in the steam turbine also 

less. Finally in the EPT the difference is about six months less for the 

Gemasolar plant, thus in a global point of view we can say that central tower is 

preferable than parabolic trough.  

 

In addition, Gemasolar is the first commercial-scale plant in the world to 

apply central tower receiver and molten salt heat storage technology. The 

molten salt storage tank permits independent electrical generation for up to 15 

hours without any solar feed. The prolongation of the plant's operating time in 

the absence of solar radiation and the improvement in efficiency of the use of 

the heat from the sun makes Gemasolar's output much higher than that which is 

delivered by other technologies, 1.5 to 3 times more than other renewable 

energies. It permits the utilization of 24 hours per day in summer time.  
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Other improvements of Gemasolar respect to parabolic trough plants are: 

 

 The parabolic trough collectors track the solar path in one axis, while 

central tower heliostats do it in two axes. Therefore, it means a higher 

efficiency in the solar field.  

 

 The synthetic oil use in parabolic trough plants restricts the operation 

temperature up to 390ºC, while molten salts in central tower 

technology permits temperatures up to 656ºC, what means better 

thermal efficiency of the cycle.   

 

 The central receiver is optimized for minimize thermal losses, with a 

high flux of incident radiation in a small area, what provoke a 

maximum thermal efficiency.    

 

 The storage system permits reach a higher utility efficiency, with more 

hours of operation in the use of the steam turbine in nominal load, 

minimizing the performance of the turbine in partial load the number of 

cycles of starting and stopping in the generation system. This means 

the production of sure, predictable and programmable electricity, 

avoiding the problems of others sources of renewable energies like 

photovoltaic energy.     
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