
 
 
UNIT 1. ENERGY, THE DRIVING FORCE BEHIND THE WORLD 
 
 
Energy, in its different forms, is involved in all activity carried out by living beings on the 
planet Earth, including that of humans. Although we cannot see it, energy is present in all 
aspects of our life. It is, in fact, the driving force behind all our actions. 
 
 
1. ENERGY. Concept and history. 
What is energy? 
 
Energy is a physical property invented by Man, a concept – like mass and force – used to 
explain many naturally occurring phenomena. 
 
Initially, energy is associated with the capacity to perform work, where work is understood as 
the action of a force with a transferable point of application. It is also related to heat, understood 
as a physical phenomenon parallel to work insofar that it can “move” from one place to another. 
 
A broader definition refers to energy’s ability to produce a wide range of effects not necessarily 
limited to work and heat. 
 
Just it has several definitions, energy also makes itself manifest in various ways: heat, light, 
movement, radioactivity, electricity… This implies that energy is present in all the events which 
take place in the Cosmos, regardless of whether they involve living organisms or inanimate 
objects. 
 
Physics, and more specifically Thermodynamics, is the in-depth study of the laws which govern 
energy and its exchange between physical systems. This scientific knowledge is not yet 
sufficient to explain in detail how energy exchange works, but it is nevertheless obvious that 
without it the many issues related to energy would be difficult to understand. 
 
A first step towards this more comprehensive understanding of energy is to divide it initially 
into transit energy and mass-related energy.   
 

• Transit energy: between substances or parts of substances as a result of differences in 
some form of power, such as pressure, temperature, electric and magnetic fields, etc. 
The energy quantity is exchanged independently of the amount of matter in the systems 
involved. 
 
Examples of this type of energy are HEAT (or cold, which is simply the heat taken out 
of a system), which moves from a warm area to a cold area, and the FORCE produced 
by a revolving axis, a moving piston or electricity passing through a conductor. 
 

• Mass-related energy: results from certain conditions in a system which depend on the 
mass involved. One property of this energy stored within a mass is that the amount of it 
available depends on the state of the substance in question. 

 
 
 
 
 
 



 
The most important type of mass-related energy is INTERNAL ENERGY, which 
includes Einstein’s absolute energy, m.c2, and a body’s total KINETIC ENERGY, 
deriving from its velocity and from the POTENTIAL ENERGY resulting from the its 
position in a gravitational field such as the Earth’s. 
 
Another type of mass-related energy, and one of great importance its applications, is 
ENTHALPY. This refers to the energy of a moving mass, and includes, in addition to 
the internal energy of that mass, the energy flux exercised on it by its mass immediately 
before. 
 
One last consideration: the internal energy possessed by a substance deriving from its 
temperature is not heat (which, as we have seen, is energy in transit between two bodies 
with different temperatures); the component of internal energy referred to as 
temperature is called thermal energy. 
 
 

The first two Laws of Thermodynamics. 
 
We now turn to energy transfer, as described in the first two Laws of Thermodynamics. 
 
 
The First Law 
 
The first law, known as the Law of Energy Conservation, states that energy is neither created 
nor destroyed, but only transformed from one form of energy into another. Heat, for example, 
which is one form of energy, can turn into movement, movement into electricity, and electricity 
back  into heat or movement or, of course, into internal energy. Work can also be transformed 
into heat or internal energy, and the latter into heat and/or work. 
 
A thermal solar collector receives heat from the Sun in the form of electromagnetic radiation, 
increases the internal energy of the fluid inside it and gives off heat to its surroundings. In this 
way, the Sun’s energy minus the energy lost to the surroundings equals the increase in the 
internal energy of the fluid contained inside the collector. 
 
A water heater containing an accumulator and an electrical resistance works most of the time as 
a closed circuit in which the water inside the tank has its internal energy - and therefore its 
temperature – increased to the value preset by the thermostat as a result of the electrical work 
produced in the resistance by the mains electricity in what is nevertheless a very inefficient 
transformation. Again it can be proven that the energy supplied by the electric current minus the 
energy lost to the environment equals the increase in the internal energy of the water held in the 
tank. 
 
Most specialists only use this Law of Energy Conservation to analyze energy exchanges. But 
one fundamental aspect of such processes is not, however, addressed by the law and is worthy 
of attention: thus far we have considered only  the quantitative aspect of energy exchanges, 
without looking at why it is also necessary to take into account the qualitative aspect of energy. 
We can start by recognizing that some natural processes occur in one direction but not in the 
other. 

 
 
 

 
 



 
The Second Law 
 
We all know that when an electric current is passed through a resistance, the energy supplied as 
work (electrical) is transformed into heat. We also know that the reverse process is not possible: 
the resistance will not produce electrical work, however much heat is applied to it. According to 
the First Law of Thermodynamics described above, however, the two processes would 
theoretically be possible as long as the quantities exchanged were equal. 
 
Another example would be that of two systems with different temperatures brought into contact. 
We know that heat passes from the system with the higher temperature – thus decreasing its 
internal energy – to that with the lower temperature, the internal energy of which increases 
accordingly. This process continues until the temperatures of the two systems are equal. 
Experience shows that the reverse process does not occur spontaneously; the internal energy of 
two systems at the same temperature does not change to make one cooler and the other hotter, 
despite the amount of heat exchanged being equal in accordance with the First Law. 
 
These facts, and other similar conceptually significant facts, are neither addressed nor explained 
by the Law of Energy Conservation, and it has therefore been necessary to formulate another 
basic principle of Thermodynamics: the Second Law. 
 
Like all basic laws, this is not based on previous laws, and can only be formulated and tested in 
real processes. In order fully to understand this Second Law, or Second Principle, a series of 
concepts should first be explained. 
 
A thermal engine is a device which produces work from the heat it receives from a high 
temperature heat reservoir. The amount of work produced is usually less than the heat received, 
since the difference has to be transferred to a cold reservoir with a lower temperature than the 
heat source. In most thermal engines, this cold reservoir is the environment. The engine must 
also function cyclically in order to be useful. 
 
A heat pump – refrigeration machine – is another device which transfers heat from a cold 
reservoir to a heat reservoir. To do so it requires the help of another form of energy, either work 
or heat at a higher temperature. This type of machine too must function cyclically if it to be of 
practical use. 
 
We are now ready to formulate the Second Law of Thermodynamics, or the Law of Energy 
Degradation. Two totally equivalent versions exist of this law, one referring to thermal engines 
and the other to heat pumps: 
 
• The Kelvin-Planck statement (or thermal engine version) 

 
No thermal engine process is possible whose sole result when working cyclically is the 
absorption of heat from a single heat reservoir and the conversion of all of this heat into work. 
  
This statement implies the inexistence of a Perpetual Motion Machine of the Second Kind; that 
is, the inexistence of a thermal engine with a performance of 1. It means that a ship cannot 
function by taking energy from the vast amount that exists in the sea around it, an aircraft 
cannot fly using the energy contained in the atmosphere, and a car cannot move using the 
energy around it. These three vehicle types consume a specific type of energy (usually a fuel) 
which produces a high temperature heat reservoir, and it is from here that they take the heat with 
which they work. The other heat reservoir  is their environment,  which they use to give off the 
heat that they necessarily must exchange. The work produced will be the difference between 
these two heat values, heat received and heat given off. 



 
 
• The Clausius statement  
 
No heat pump – or refrigeration machine – (process) is possible whose sole result, when 
working cyclically, is the transfer of heat from a cold reservoir to a heat reservoir without 
consuming energy. 
 
Equivalent to the previous statement, this version tells us that for a refrigeration machine to 
work it must receive energy, either in the form of work (electrical or otherwise) or heat. 
Indeed, a domestic refrigerator works by consuming electrical energy in its compressor, 
extracting heat from the food stored inside it and transferring another amount of heat – the sum 
of the heat extracted and the electrical energy employed – to the environment at the back of the 
machine. 
 
This Second Principle or second Law of Thermodynamics has many more conceptual 
repercussions which enable the working of energy systems to be fully explained in terms of 
specific physical quantities such as ENTROPYand EXERGY, which lie beyond the scope of 
this study. 
 
 
1.2 Energy’s role in technological development 
 
To understand the importance of energy in the world in which we live, a brief look at history is 
required. The discovery of the different sources and technologies, processes and devices for 
obtaining and using energy, and its benefits and applications, have shaped Man’s development 
and the improvement of His lifestyle. 
 
In early times, Man used only his own strength to obtain food, communicate with his peers and 
relate to his environment. He relied on his own metabolic energy to hunt, fish, collect wild fruit, 
and make rudimentary clothing, dwelling places and tools. 
 
The caveman first embarked upon the road to civilization when he used the energy from fire to 
provide heat and light, produce tools and cook his food. From then on Man’s development 
progressed hand in hand with the use of firewood. 
 
The wheel represented a vitally important technological contribution to the efficient use of 
energy in transport. 
 
Another key element in the evolution of humanity was the use of wind power in sea travel. It is 
known to have been used by the Sumerians and the Egyptians as long ago as 4500 years B.C. 
 
Similarly, the Egyptians were among the first civilizations to exploit the kinetic and potential 
energy of water by building water wheels, 3000 years B.C. Middle Eastern peoples used similar 
wheels to supply water and grind wheat 1000 years B.C. 
 
Such devices were later used by the Greeks and the Romans in their respective cultures. 
 
Between approximately 1000 and 900 B.C. the Persians began to develop windmills to pump 
water and provide mechanical energy for wheat grinding, tanning and other processes. 
 
One major landmark in the use of energy in human society was the discovery of how to 
manufacture charcoal, probably originally produced from the remains of abandoned fires. 
 



 
Several centuries later, the introduction of gunpowder into Europe boosted the extraction and 
employment of mineral coal as another energy source for metal processing. Coal also proved 
very useful as a fuel for heating homes and for cooking. 
 
When steamships first appeared at the end of the 18th century, the use of coal as an energy 
source increased sharply, heralding an era of great industrial activity and personal mobility 
based on the transformation of heat into work in thermal engines. At that time, the performance 
of such machines was very low, but the functions they carried out were of huge importance 
insofar that they constituted more efficient substitutes for the physical work of men and animals. 
 
One particularly interesting and attractive use of coal during this period was the employment of 
coal gas to light streets and homes. 
 
The Industrial Revolution stimulated research into new energy sources, leading to the discovery 
of oil and natural gas. Subsequent inventions were to change lifestyles throughout the world: the 
train, the car, aircraft, and engines in general for use in industry and in the generation of 
electricity. 
 
The discovery of electricity and its applications revolutionized the energy system.This new, 
high quality energy form allowed the development of more devices which have since gradually 
transformed human lifestyles: the telegraph, the telephone, the radio, cinema, television, 
electrical appliances in homes, communication satellites, computers and all the new 
technologies we know today. 
 
This technological development is never ending, and the future very probably holds new 
advances, which can already be glimpsed today in a world which is far more complex and more 
aware of environmental interaction than it has been in the past. 
 
 
1.3 Energy today 
 
Energy is present in all human activity. Every day, transport, lighting, air-conditioning, the 
manufacture of countless articles and the transmission of information consume an amount of 
raw energy equivalent to 27 million tonnes of oil throughout the world. 
 
If we all consumed the same amount of energy, each human being would be responsible for 
the consumption of 4.5 kg of oil every single day. 
 
Fossil fuels (oil, gas and coal), non renewable and very contaminating energy resources, 
represent a little over 80% of the world’s total energy consumption. At the moment, they 
constitute the basis for our energy system and the platform for industry. 
 
Nuclear generated electricity accounts for just 6.7% in equivalent raw energy. 
 
Renewable energy sources offer a viable alternative for the future, although at present they 
represent only 12% of global energy consumption. 
 
However, the optimum exploitation of renewable energy sources is held back by a series of 
widely differing obstacles. First, they require investment in research, development and 
adaptation of infrastructures and applications: investment which the conventional fuels too once 
needed, and continue to require. 
 
 



 
Secondly, the installation of renewable energy devices involves numerous problems: 
administrative obstacles in favour of conventional energies, the lack of a political will among 
governments and even insufficient awareness on the part of the population. 
 
 
2. THE EFFECTS OF TODAY’S ENERGY SYSTEM  
  
The dependence of today’s energy system on fossil fuel and nuclear energy sources represents a 
constant risk to the Earth’s environmental balance. It also has a great influence on human social 
and economic organization. 
 
 
2.1 Environmental Consequences 
 
 
Gas emissions 
 
The fossil fuels produced by the decomposition of the remains of living organisms over 
hundreds of millions of years are being consumed in a very short period of time – a few hundred 
years – and are releasing large amounts of contaminating gases into the atmosphere. 
 
These contaminating gases are produced by the combustion of the primary energy sources. The 
gas produced in the greatest amounts is carbon dioxide (CO2). 
 
Annual carbon dioxide (CO2) emissions have increased fourfold in the last fifty years and, 
together with gases generated as a result of other activities, are bringing about serious changes 
in the atmosphere. The main consequence of this situation is the intensification of the 
greenhouse effect, which in turn leads to an increase in the the Earth’s surface temperature. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 

 
                                                                                                                                                                                
 
 
To give an idea of these quantities, consider that the CO2 produced by the present energy system 
is approximately 24 Gt per year, or 11 tonnes per head of population per day. 
 
 
 
 



 
Global warming and the greenhouse effect 
 
The energy system presently employed by human beings is generating major changes in the 
make-up of the Earth’s atmosphere and, by extension, in the Earth’s radioactive interactions 
with its surroundings. 
 
The solar radiation reaching Earth is modified as it passes through the atmosphere, but this 
modification depends on the composition of the atmosphere: around thirty per cent of the Sun’s 
radiation is reflected back into outer space; twenty per cent is absorbed by the atmosphere and 
the other fifty per cent penetrates to the Earth’s surface, raising its temperature to its equilibrium 
level, which varies frpm place to place according to local and regional factors. 
 
In short, the Earth’s atmosphere is to a certain extent transparent to solar radiation, in the 
corresponding wavelengths (from 0.2 to 3 µm). 
 
The Earth also emits longwave radiation (10-14 µm), depending on its temperature. This 
radiation “leaves” the Earth and interacts with the atmosphere, where part of it is absorbed and 
most of it is reflected. 
 
This difference in “radiation transparency” depending on atmospheric components produces a 
balance in the Earth’s energy, and also therefore in its temperature. 
 
This series of phenomena is called the greenhouse effect.  
 
The two elements in the atmosphere which exert the most influence over the greenhouse effect 
are carbon dioxide (CO2) and methane (CH4). 
 
It is clear from the above explanation that the greenhouse effect has always existed. What is 
happening at present is that the equilibrium level of Earth’s temperature is being altered by the 
quantitative changes taking place within that process. 
 
The rapid industrial growth of the 19th and 20th centuries has caused an increase in gas emissions 
deriving from the use of fossil fuels, raising the percentage of carbon dioxide in the atmosphere 
by 28%. This dramatic increase has led some scientists to predict a global warming scenario 
which may cause numerous environmental problems, such as the destruction of climate balance 
and the melting of the polar ice caps. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 

  
 
 
Our planet is heating up. The last 10 years have been the hottest since temperatures were first 
recorded and the specialists predict that future years will be even hotter. 



 
Acid rain 
 
When fossil fuels are burned, they give off sulphur, nitrogen and carbon, which combine with 
oxygen to form oxides. When these oxides are released into the air they react chemically with 
the water vapour in the atmosphere and form sulphuric, nitric and carbonic acid respectively. 
The acid bearing water vapour, commonly known as acid rain, forms part of the water cycle and 
may therefore have a negative impact on the biological quality of woodland, soils, lakes and 
streams. 
 
 
Dumping 
 
The inevitable movement of materials and products arising from the distances between 
conventional energy sources and the place where the energy is finally consumed causes a great 
variety of major interactions: coal and oil extraction and its associated toxic by-products, 
transport by tanker, oil and gaspipelines with the accidents that are all too familiar to everyone, 
refineries and thermal and nuclear power stations, the transport of intermediate products (petrol, 
gasoil, butane, electricity), waste products and many more. 
 
 
Ash 
 
When fossil fuels are burned they also produce solid particles called ash. Coal burning plants 
release large amounts of ash into the atmosphere. Current legislation in many countries, 
however, requires ash-containing emissions to be cleaned, or the particles to be controlled by 
other means, in order to reduce this source of atmospheric contamination. Although oil and 
natural gas produce less ash than coal, air contamination caused by ash from automobile fuel 
can be problematic in cities with large numbers of petrol and gasoil fueled vehicles. 
 
 
2.2 Socioeconomic Consequences 
 
The importance of access to energy sources, especially to electricity sources, for economic, 
social and human development cannot be denied. In fact one of the most significant parameters 
used to measure the level of human life quality is electrical and total energy consumption. 
 
Without energy no individual or people can hope to live in worthy conditions or even to survive. 
Life expectancy is very closely associated with access to energy. 
 
Continuous, guaranteed access to energy sufficient in quantity and quality is vital for economic 
progress and the development of health, educational, industrial and transport infrastructures. 
 
 
POOR COUNTRIES  
 
At present over two thousand million human beings have no access to electricity. Practically the 
same people have no access to conventional fuels or a suitable source of drinking water. 
 
In many cases, the areas where people have no access to electricity are in fact very rich in 
natural energy resources, and paradoxically, those same people can see high capacity electricity 
cables passing above their heads carrying huge amounts of energy. A person living in one of 
these poor countries consumes only around 80 kWh/year of electricity, equivalent to 9 watts per 
person. Consider that the basic human metabolism consumes 100 watts, an amount of power 



 
which could be considered the “slave equivalent” energy level. In other words, many human 
beings only consume one tenth of their vital energy requirements in the form of electricity. 
 
Such people usually only have firewood or other agricultural or livestock farming leftovers to 
cover their energy requirements, and this only brings to bear an undesirable additional pressure 
on the environment, opening the door to desertification. 
 
The availability of drinking water is also linked to energy, which is necessary for well drilling, 
pumping, water sterilization, transport and distribution. 
 
In contrast, the developed countries have been consuming electricity – and other forms of 
energy – for decades, in ever increasing amounts and at a rate far surpassing their population 
opr even economic growth rates. 
 
An average North American, for example, consumes 11000 watts of electricity. That is, 110 
times more than his/her own metabolism. The Europeans, rather more efficient from the energy 
point of view, also consume an excessive amount of electricity: 8000 kWh per head of 
population per year, and 100 times more than the inhabitants of less developed countries 
mentioned above. 
 
In the developed countries, access to high quality energy fuels is so commonplace that firewood 
is almost a luxury item. Fossil-based fuels (petrol, gasoil, butane, etc) are constantly squandered 
on a day to say basis by almost all the inhabitants of the developed world. 
 
Another sharp contrast can be seen in the availability of drinking water and irrigation water, 
with excesses along the same lines as those seen with electricity and fuel. The pumping, 
distribution and treatment of water in developed countries is seen as something totally lacking 
in importance because it entails no problem whatsoever – thanks to the availability of energy. 
We consider it completely normal for drinking water effortlessly to come out of our taps and 
even for our wastewater to “disappear” as if by magic. 
 
In the less developed countries, and especially in rural areas, the provision of access to energy 
for populations without such access implies a vast improvement in their possibilites for 
development and welfare. 
 
For the rich countries, guaranteeing a continuous supply of energy to the most underprivileged 
represents a lasting contribution to social cohesion. In contrast, the habitual abuse of the energy 
forms available perpetrated by the majority of the population may lead us to an environmental 
catastrophe.  
 
 
2.3. Geopolitical Consequences 
 
The developed countries, with just one sixth of the world population, are responsible for two 
thirds of the world’s energy consumption. 
 
But in most cases the reserves of conventional primary energy sources (coal, oil, gas and 
uranium) are not located in the place where they are consumed. Most of them are located in less 
developed countries. 
 
These non-renewable sources are concentrated in a handful of locations and controlled by a 
small number of states. 77% of the world’s coal resources are in just four countries (USA, 
Russia, China and South Africa), 64% of its oil and 45% of its gas are in the Middle East, and 



 
78% of its uranium is also held by a small group of countries (Canada, USA, Australia, 
Namibia, Niger and South Africa). 
 
Vested interests in the control of the main oil and gas fields decide the foreign policy and also, 
in many cases, the military policy of some developed countries.These policies ultimately 
increase the risk of war, as can presently be seen in the tragic situation in the Middle East, an 
area which contains two thirds of the world’s oil reserves and is the origin of almost half of the 
world’s oil exports. 
 
The transport of these energy sources is also a cause of conflict, especially in the case of those 
coming from reserves many kilometres inland. The construction of oil and gas pipelines across 
several countries has caused many conflicts in the Caucasus, Central Asia and, again, the 
Middle East.  
 
Finally, relationships between countries are affected by cross-border contamination and disputes 
regarding responsibility and compensation payments for the resulting environmental impact.  
 
The recent European Directive concerning emissions trading and its transposition to the 
legislation of the Member States is a positive sign of awareness of the importance of such 
phenomena. 
 
Conversely, there are some countries which particularly stand out for the way in which they 
squander energy, and which have not yet signed the famous Kyoto Protocol for the voluntary 
elimination of greenhouse effect gas emissions. 
 
 
3. A planet at risk 
 
If the present rhythm of contamination and speculation with land, water and air continues 
unabated, the planet’s future is far from certain. Over the last two decades, the use made by Man 
of Earth’s natural resources has exceeded the planet’s capacity to regenerate, and this 
overexploitation is expected to increase even more despite the signing of protocols and the 
introduction of international sanctions. 
 
If governments do not adopt real, effective measures to change the situation, human welfare will 
go into decline within the lifetimes of our children and grandchildren. 
 
Different instruments have been decveloped over recent decades to evaluate the impact of 
human activity on Earth’s ecological equilibrium. One of them is the Ecological Footprint. 
 
This can be defined as the surface area needed to produce the resources consumed by a specific 
human population, and also to absorb the waste generated during the process. In other words the 
Ecological  Footprint  is the  total  area needed  by a population  for  agriculture,  grazing, wood 
production, fishing and infrastructures, plus the area required to absorb the carbon dioxide 
produced by the burning of their fossil fuels. 
 
At the present rate of consumption, the Ecological Footprint for the whole human race will be 
double the Earth’s capacity for regeneration by 2050. That means that another planet Earth will 
be needed to withstand the pressure we exert on our environment. 
 
But the Ecological Footprint corresponding to the inhabitants of different countries varies 
greatly. On average, the populations of the richer countries leave a print six times greater than 
those of the less developed nations: as contrasting examples we can mention a North 



 
American’s footprint of 9.6 hectares as opposed to that of an African living in a rural 
environment, which is less than 1.4 hectares. 
 
In Spain each individual requires a surface area of 4.7 hectares to satisfy all his/her consumption 
needs. Half of this area is needed to absorb the carbon dioxide (CO2) produced by energy 
system emissions. To give an idea of the size of the areas we are talking about, a football pitch 
occupies approximately one hectare. 
 
All this means that one single human being directly or indirectly uses an enormous amount of 
land in order to survive, and even more to maintain a high quality lifestyle. 
 
To break out of this vicious circle leading only to destruction it is crucial to change the pattern 
of our energy system. 
 
The concept we today call sustainable development is a response to these preoccupations. 
 
By sustainable development we mean development which makes a rational use of existing 
resources in such a way that future generations will be able to continue to live in harmony with 
other life forms on the planet Earth. 
 
 
SOCIAL INITIATIVES 
 
3.1 Citizens’ Demands 
 
Different groups and associations dedicated to the environment (Ecologists in Action, 
Greenpeace, SEO/BirdLife, WWF/Adena,...) have consistently proposed a series of measures 
aimed at achieving the following energy objectives: 

 
o Reduce primary energy consumption by 20% by 2010. 
o Close all nuclear power stations. 
o Increase the percentage contributed by renewable energies to the primary energy 

supply, at world level, to reach 25% by 2010. 
 
 
 
o Reduce emissions of each of the greenhouse effect gases at least to the levels 

marked as objectives in the Kyoto Protocol, reversing the present tendency to 
increase such emissions. 

o Design a route map for emission reductions which by 2050 will lead to a reduction 
of 80% compared to 1990. 

 
o Ban all chlorofluorocarbons (the so-called CFCs) by 2010. 
o Introduce legislation concerning corporate environmental responsibility. 
o Create a specialized court to deal with ecological crimes. 
o Create a public data base of environmentally contaminating emissions. 

 
But despite the existence of these groups and their work in support of sustainable development 
and in defence of the rational, efficient use of renewable energies, the truth is that society is still 
not fully aware of the gravity of the situation. 
 
Strangely enough, most citizens who claim to be concerned about the planet’s serious 
environmental situation tend to place responsibility on companies, governments, and even on 



 
other countries, without realizing that each and every one of us has a certain amount of 
responsibility for the situation and that the solution to the problem is in our own hands. 
 
The scenario becomes evident when we consider the day to day use of energy at home, at work 
and in our surroundings, and discover that we are still a long, long way from applying good 
practice in the use of energy. 
 
 
3.2 Proposals by international organizations and regional initiatives 
 
The international conferences that have taken place in recent years to discuss the environment, 
and in particular the climate, in Rio, Kyoto, Buenos Aires and Johannesburg have contributed to 
raising public awareness of the imperative need to change the existing energy system. Among 
other objectives, such a change includes more commitment to renewable energies. 
 
Nevertheless, the agreements reached are observed little if at all and have not even been signed 
by several countries, including some of the biggest contributors to the deterioration of the 
Earth’s climate. The Bush Administration in the USA, for example, has refused to sign the 
Kyoto Protocol. 
 
The European Union is working hard on measures to encourage a greater use of Renewable 
Energies within its area of influence. The flagship of its environmental policy is the fulfilment 
of the commitments undertaken in Kyoto. A major directive dealing with emissions trading has 
already been launched to this end, and is beginning to have practical resultsd in all the sectors 
involved. This policy also has many critics, however, who are attempting to conceal a lack of 
political will and the inefficiency of their own energy systems. 
 
It must be remembered that a common European energy policy, like the policies drawn up for 
other economic sectors, still does not exist. Despite the EU’s Green Paper on Energy and White 
Paper on Renewable Energy, more public money is spent in Europe on subsidising conventional 
energy than on renewable energy. 
 
Similarly, R+D policies continue to give priority to nuclear energy, especially that based on 
nuclear fission, over renewable energy. This is sometimes even justified using environmental 
arguments. 
 
A change in ideology in the Spanish Government has facilitated a new approach to these 
concerns and raised hopes that specific measures will adopted which will be more effective in 
changing the energy pattern and in addressing the commitments established in the Kyoto 
Protocol. A U-turn in the official Spanish position would not be good. 
 
Closer to home in Andalusia, the Energy Plan for Andalusia (PLEAN) 2003-2006 has been 
launched. This is the first step towards the creation of a scenario to enable the consolidation of 
renewable energies as the source of 15% of the total primary energy consumed by Andalusians, 
surpassing the E.U. recommendations in this respect (12%). The plan also aims to achieve a 
7.5% saving in energy consumption. 
 
Both objectives are scheduled for completion in 2010. 
 
All these measures are designed to achieve a reduction of 28.9% in CO2 emissions, compared to 
the year 2000, thus helping Spain to fulfil its obligations under the Kyoto protocol. 
 
 



 
4. The road towards energy sustainability 
 
To envisage a sustainable energy system we have to close our eyes to many aspects of the 
present situation and imagine a distant future in which conventional energies have either been 
exhausted or are simply no longer used due to environmental considerations or cost. 
 
Just what will the energy system of the future be like? Will nuclear fission still be used? And 
what about fusion? Will there be energy generation plants and will they be as the experts predict 
- good, pleasant to look at, cheap and contamination-free? For this future to materialize it is 
obviously necessary for Earth as a whole to have conserved natural conditions similar to those 
existing now, and to continue to support life, including human life. And that depends partly on 
our ability to implement a sustainable energy system. 
 
 
HOW DO WE CREATE A SUSTAINABLE ENERGY SYSTEM? 
 
The basic principles which must be taken into consideration to develop the sustainable energy 
system desired are: 
 

• Consume energy products without squandering them. 
This, generically, is known as demand management and consists basically of 
optimizing end consumption by reducing it as much as possible without lowering the 
quality of life for its human beneficiaries. In the future, and above all if people become 
aware of the seriousness of the problem, new and more efficient devices will obviously 
appear on the market, more appropriate to the energy requirements of the moment. The 
first steps are already being taken in this direction with the appearance of energy 
labelling. 
 
To reach such a situation from the present state of affairs, savings must be made in 
energy consumption and energy efficiency measures must be incorporated into the 
corresponding devices. 
 

• Produce intermediate energies – electricity and fuel – more efficiently and with less 
environmental impact than at present. 
The idea is to create a totally decentralized energy generating system (for electricity and 
fuel), based on the already existing concept of Distributed Generation. This will allow 
intermediate energy to be generated in line with consumption, both spatially and 
temporally. 
 
 
At the same time, cogeneration should be employed more as the most efficient way 
simultaneously to generate electricity and heat. 
 

• Substitute today’s conventional energies, which are exhaustable and extremely harmful 
to the environment, by renewable energies, which are practically inexhaustible and 
have much less impact on the natural surroundings. The number of energy 
technologies being presented as alternatives to existing systems is gradually increasing. 

 
The employment of hybrid systems (renewable with renewable, renewable with conventional) 
in the period of transition in which we now find ourselves would without doubt constitute a 
highly useful mechanism with which to achieve the desired objective. 
 



 
But this approach is just the opposite of what is happening in practice: energy is being offered at 
very low prices, which do not take into account the system’s external factors (or the 
replacement costs) and inefficient consumption is tolerated. When an “accident” has to be dealt 
with, everyone has to pay the cost while the profit makers remain free from any responsibility. 
 
Some of the “sharper” energy producers are aware that their own resources are dwindling 
(United States, England) and attempt to control those belonging to others (Iraq, Kuwait, 
Afghanistan, Venezuela, Mexico, etc). 
 
Realistically, it must be accepted that a large part of the energy system will conserve the same 
characteristcis over a certain period of time, with highly centralized and interconnected energy 
generation, the same (or a very similar) transport system for electricity and fuel distribution and 
widespread consumption. 
 
But some modifications are already being made to this system, and are coexisting with what can 
be called the traditional system: 
 

• More and more consumers are producing their own energy, or at least part of it, 
becoming independent generators, spread out over large areas. 

 
• The transport of energy is therefore losing some of its importance, since many 

consumers either no longer need it or share their energy with neighbours. This also 
makes their energy supply more dependable. 

 
• Fossil fuels and nuclear energy resources are gradually diminishing, and will finally 

disappear. 
 

• The contribution made by renewable energy is increasing. 
 
The basic reason why this energy pattern has to change is that the planet Earth cannot withstand 
the alterations being made by human beings to its chemical, thermal and biological stability. 
 
The change in the energy pattern is also the result of the inexorable exhaustion of the primary 
energy reserves used by the present system, which will lead to an increase in exploitation and 
sales costs. Furthermore, the price of these energy sources will in the future have to incorporate 
the costs of eliminating their negative impact on the environment and their replacement costs 
(that is, external factors will be internalized). 
 
The recent European Directive on contaminating gas emissions trading and its transposition into 
the legislation of the member states has triggered all the controversies and conflicts which had 
previously been bubbling under the surface for so long . 
 
 
HOW CAN WE IMPLEMENT THIS NEW ENERGY MODEL? 
 
A detailed description of the whole model is beyond the scope of this document. We therefore 
offer a simplified, diagrammatic view of how the model would be applied within a specific 
sector very close to the citizens: their own home. 
 
Consider an average home occupied by 4 people, fulfilling the following conditions: 
 

• Good architectural and energy design, taking into account consumption and the supply 
available in the location. 



 
• Correct construction with regard to materials, insulation, and inclusion of energy 

collecting and storage devices. 
• A good control system. 

 
This vision is not a pipedream. It is today perfectly possible to fulfil all these conditions and to 
undertake the construction of homes of this nature. Let us see how. 
 
Firstly, remember that today’s domestic habits are not influenced by the availability of 
intermediate energy (electricity and fuel) because these resources are not limited either in time 
or in quantity. Today’s user consumes electricity as and when he/she desires and employs 
domestic appliances with no restrictions whatsoever. 
 
Secondly it should not be forgotten that energy supplied by renewable energy sources is 
variable in time (daylight, wind when the conditions are favourable, etc) and does not always 
coincide in time with the consumer’s habits. 
 
Some of these habits are difficult to change (light is always needed at night) in order to adapt 
them to the energy offered. We must therefore consider energy accumulation, or storage, in 
conjunction with a control system which adapts and optimizes production and consumption with 
respect to time. It is not possible to switch on all the equipment at the same time; operations 
must be staggered in time according to the maximum power available at each moment. 
Performance is also higher under certain conditions than under others, and equipment should 
therefore preferably be used at the most appropriate times. 
 
Consumption in this home can be supplied by 500 W photovoltaic solar cells (= 5 m2) and 4 m2 
of solar thermal collectors; a total of 9 m2. If hybrid collectors are available, 5 m2 will be 
sufficient. A 300 litre hot water accumulation tank and a pressurized (30 bar) 100 litre hydrogen 
tank will also be required. 
 
The transformer elements will be: 

• The abovementioned thermal and photovoltaic or hybrid solar collectors. They will 
produce electricity and thermal energy. 

• An electrolyser to produce hydrogen from the electricity generated by the photovoltaic 
cells. This will be stored in the pressurized tank. 

• A fuel battery to produce electricity and heat from the stored hydrogen. The battery and 
electrolyser can be one single element, working in reverse. 

• A suitably sized absorption machine for both cooling and air-conditioning. 
 
The main consumption elements will be: 

• Artificial lighting, radio and audio equipment, TV, computers, communications and 
small domestic appliances. 

• Water heating and air-conditioning. 
• Refrigerator and freezer, which may be combined in one element. The refrigeration 

process should produce useful heat. 
• Dishwasher, washing machine. 
• Cooker, microwave oven, etc. 

 
The control system integrates both energy supply and consumption management. This function 
can be performed by a computer which also carries out other functions in the house. 
 
Energy operations in the home will be as follows: 
 



 
• During the day the solar collectors produce electricity and heat water. The electricity 

generated is used to power the electrical devices working at that time and the surplus 
power is used to produce hydrogen in the electrolyser stored in the pressurized tank. 
The hot water is stored in the corresponding tank. 

• The home, designed to energy-related criteria, also exchanges heat with its surroundings 
and is able to store part of it. 

• Consumption takes a variety of forms: 
o The electricity used by the various devices comes from the photovoltaic cells 

and/or from the fuel battery, depending on the time of day and the power 
required. This is handled by the controller computer. 

o The cold or heat required to maintain the level of comfort inside the home is 
minimal, since the architecture of the building has been designed with this in 
mind. The building’s own thermal inertia and the energy accumulated in the hot 
water tank will in any case meet consumption needs. 

o Natural lighting has also been allowed for in the building design, and electricity 
will only therefore be required at night. 

o The cold needed to preserve food can be produced using electricity, as is 
habitual at present, or from heat if an absorption machine is employed.  

 
The most important feature of the energy microsystem described above is that the home’s 
Ecological Footprint is less than that of a similar home with the same features using 
conventional energy. This is due to two factors: the construction itself has less impact on the 
environment and, more importantly, its energy exchanges generate far less contamination. 
 
The greatest negative environmental impact caused by this energy microsystem could be said to 
be that of the manufacturing processes of its components. 
 
CONCLUSION: WHAT STEPS NEED TO BE TAKEN TO LAUNCH SUCH A 
MODEL? 
 
For the time being, a contaminating energy consumption tax should be introduced, payable in 
proportion to the contamination caused. The present system of incentives for electricity 
produced from renewable sources is in fact a timid step in this direction, albeit financed by the 
conventional electricity system. The same idea could be extended to cover fuels. The revenue 
generated should obviusly be invested in the development of renewable energies and in energy 
savings and efficiency. 
 
This proposal may seem quite radical to some, but the UE Green Paper “Towards a European 
strategy to guarantee the energy supply” contains a similar suggestion. Specifically, on page 49-
50 it states:   
 
“One possible way of financing renewables could be to subject the most profitable sources of 
energy – nuclear, oil and gas – to a contribution towards the development of renewable energy 
sources”. 
 
Our proposal would allow a sustainable energy system, above all because it is based on 
renewable energy sources. The words “sustainable” and “renewable” are very closely related. 
 
Certainly the process of substituting the present energy system with the idea proposed is not 
going to take place spontaneously, totally or automatically. 
 
For such changes to occur the humans of today must be aware of the problem and begin to work 
on the solution as soon as possible. Some movement in this direction is already apparent. 



 
 
UNIT 2. ENERGY IN OUR LIVES 
 
The disastrous environmental consequences of today’s energy system are not only the 
responsibility of governments and large companies. Part of that responsibility also lies with the 
end consumer: that is, each and every citizen. 
 
This affirmation, however, must be qualified. The pressure exerted on the planet by humans 
varies from country to country. 
 
Citizens of the richer nations leave an Ecological Footprint six times greater than those of the 
less privileged nations. 
 
CO2 emission is one of the problems that is currently arousing most interest. Almost two thirds 
of the amount of CO2 released into the atmosphere comes from the more developed countries. 
The United States, with only 6% of the world’s population, is responsible for at least 22% of the 
greenhouse gases produced globally. 
 
The citizens of the developed countries should understand the importance of the role we play, as 
consumers, in the interaction between the energy system and the environment. It is within our 
power to change consumption habits and alter those areas of our behaviour which cause 
negative effects on our surroundings. It is also our responsibility to demand that the 
corresponding organisms and institutions change their policies and legislation to favour a 
sustainable future. 
 
Good practice in the field of energy consumption is a duty which falls to all citizens. By 
adopting good habits we not only contribute to improving our surroundings and our economy, 
but also collaborate in the construction of a more human and socially just world. 
 
There follows a list of suggestions – some of which have been taken from other sources and 
adapted. They include making small changes to everyday activites in order to make our 
behaviour more respectful towards the environment without diminishing our quality of life. 
 
 
 
THE EFFICIENT HOME 
 
 
Expenditure on energy for homes in the European Community represents 23% of final energy 
consumption, or 273 tonnes oil equivalent (TOE). Together with business, housing is 
responsible for 19% of the CO2 emissions produced by Europeans. 
 
The most efficient home in terms of energy is that which has been designed and built to energy 
optimization criteria (Energy Architecture): where the orientation of the building, the 
positioning of windows, the thermal insulation of the enclosing walls, solar protection, etc., 
have all been taken into account. 
 
The additional energy supply (mainly solar energy) should be integrated efficiently and 
aesthetically into the building itself. Before such a house is built, therefore, it is wise to consult 
an energy specialist. 
 
 
 



 
Design and Insulation 
 

• Efficient design in a building will strive to exploit free energy to the utmost, avoid 
unwanted heating/cooling and specify the most suitable equipment to be fitted. 

 
• Compliance with building construction standards should always be ensured when 

buying a home, especially with regard to its thermal insulation (Technical Building 
Code).  

 
• Care should be taken when selecting the type of glass, solar protection, the size of the 

windows and the direction in which they face, since this is vital in saving heating 
energy in winter and cooling energy in summer. If possible, double glazed windows 
should be fitted, because they can save up to 20% of energy consumed. Remember that 
40% of heat loss takes place through windows and glass panels.Solar panels are also 
available to reduce the requirement for solar radiation by conserving acceptable levels 
of illumination. Air conditioning consumption can almost certainly be cut down. 

 
• The fitting of adhesive draught excluders to doors and windows can save between 5 and 

10% of energy, both heat and cold. 
 

• Light coloured walls have a low absorption capacity (absorbance) and can therefore 
reduce the heat absorbed by the building by up to 35%. This is of enormous importance 
in the hotter seasons. 

 
• A light coloured rather than a dark coloured roof can reduce the building’s heat 

absorption by 50%. 
 

• An enclosed attic with good roof insulation and suitable ventilation can reduce heat 
absorption by 25% in summer. 

 
• Money invested in thermal insulation is quickly recovered. 

 
• Good insulation can save over 50% of the energy consumed in a home. 

 
 
Renewable energies at home 
 

• It is preferable to use solar energy systems to produce domestic hot water. The 
collectors should be correctly integrated into the building and the hot water 
accumulation tank should be positioned in its own separate area. 

 
• For homes not connected to the mains electricity network, it is worth considering the 

possibility of installing mixed photovoltaic cell systems with electrochemical 
accumulator batteries and wind machines and /or hydraulic microturbines for lighting, 
air-conditioning and electrical appliances. It is also possible to use the photovoltaic 
plant alone or supplement it with a small petrol- or gasoil-powered generator. 

 
• Renewable energies, especially solar power devices, should if possible be integrated 

into the heat and cold production systems. 
 
 
 
 



 
• Some heating and domestic hot water production systems employ biomass, a renewable 

source of energy which has a particularly positive effect on the environment. It can be 
used as part of a hybrid system with solar collectors. 

 
 
Air-conditioning 
 

• The aim should be to optimize air-conditioning system installations in order to generate 
an amount of heat/cold appropriate to our needs, while always avoiding overgeneration.  
Heat and cold distribution should correspond to real requirements, and be based on the 
correct zoning of air-conditioning units in such a way that it is not necessary to heat or 
cool the entire building if only a small part of it is being used. 

 
• Before buying an air-conditioning unit, it is important to choose an efficient model and 

to find out whether it offers a collection and recycling service when you no longer need 
it. 

 
• The most economical energy system for our home should be chosen, bearing in mind 

the initial outlay but also considering a period of use which corresponds to the model’s 
expected service life. The energy consumed by cheap units may prove very expensive 
and very contaminating. 

 
• In places with mild winters (Seville, Cordoba, Huelva, Almeria, Cadiz, Malaga, etc.) it 

is convenient to install units which provide both heat and cold (reversible heat pumps). 
With one single unit carrying out both functions the initial investment is recovered 
sooner, primary energy is saved and contamination is avoided. 

 
• There is no sense in being cold in summer. The air-conditioning should therefore only 

be switched on when the temperature rises above about 25º C. 
 

• Similarly, the heating temperature should be between 20º and 23º C. A higher 
temperature is not necessary to produce a high level of comfort and excess heat has a 
harmful effect on the health. 

 
• When sleeping, a temperature of between 15º and 18º C is sufficient, although children 

and elderly people may need slightly more heat. 
 

• For every degree above or below the appropriate temperature for an enclosed space, 
10% more energy is consumed. 

 
• When the home or room is not occupied, the air-conditioning should not be switched 

on. 
 

• Heating should be switched off at night and not switched on again until the house has 
been aired and the windows closed. The windows should only be open long enough to 
air the rooms. In normal circumstances it takes around 15 minutes for the air to be 
renewed. 

 
• If the home is to be unoccupied for more than a day, the heating and energy devices 

should be completely disconnected. 
 
 
 



 
• Blinds and awnings should be fitted. Blinds are efficient when fitted outside the 

windows, because this reduces the levels of solar radiation entering the home and 
therefore reduces the energy required for cooling in summer. In winter the blinds should 
be removed to allow solar radiation into the home. Also in winter, curtains should be 
closed during the hours of darkness to reduce heat loss. 

 
• Thermostats should be fitted to radiators and air-conditioning units, and a temperature 

regulator to boilers. The expense incurred will soon be recovered. 
 

• The home should be air-conditioned by zones, and only those units in occupied areas 
should be switched on. 

 
 
Lighting 
 

• Natural light should be exploited whenever possible, by opening blinds and curtains. 
 

• Traditional incandescent light bulbs should be replaced by low consumption bulbs, 
which save up to 80% on energy and which are available for practically all domestic 
applications and requirements. 

 
• The substitution of one single 100-watt incandescent light bulb by a low-consumption 

(18-watt) bulb can avoid the emission of over 500 kg of CO2 into the atmosphere each 
year, and consumes less than one fifth of the energy to produce the same luminosity. 
Low consumption bulbs also have a far longer useful life than incandescent bulbs. 

 
• Movement sensors switch lights on and off automatically when they detect movement. 

They should be fitted whenever possible in areas that are used intermittently: 
bathrooms, corridors, etc. 

 
• Lights and other devices should never be left on in unoccupied rooms or areas. 

 
• Electronic dimmer switches, which allow energy to be saved, should be used rather than 

the so-called rheostats, which do not. 
 

• Electronic lighting systems aqre more efficient than conventional systems. 
 

• Light fittings should be spatially sectorised. 
 

• Lights and lamps should be cleaned from time to time. 
 
 
Good Practice for the Residents’ Association 
 

• An energy specialist should be consulted to optimize energy costs in the Residents’ 
Association. Good management can result in significant savings, by selecting the most 
appropriate tariff, timeband, contracted power, power factor correction, etc. 

 
• The Association should preferably arrange for energy costs to be shared among the 

proprietors in accordance with the real energy consumption of each home. 
 

• It is obligatory for the heating and hot water systems in each home to have regulators. 
 



 
• In many Spanish towns and villages it is obligatory for water to be heated by solar 

energy. When the new Technical Code for Building Construction comes into force, this 
will be obligatory nationwide. 

 
• Residents should be urged to install double glazing wherever possible for the benefit of 

all. 
 

• A mechanism should be fitted to optimize lift functions. 
 

• Light switches on stairs and in parking areas should be sectorized, and movement 
sensors should be fitted to avoid all the lights in the common areas unnecessarily being 
switched on at the same time. 

 
• Condensing or low temperature boilers should be employed, because their performance 

is superior to that of normal types. 
 
 
GOOD PRACTICE WHEN TRAVELLING: TRANSPORT 
 

• The opportunities offered by the city, district or neighbourhood should be exploited, 
and unnecessary movement should be reduced. 

 
• Movement should be on foot or by bicycle whenever possible. Even a motorcycle 

consumes less energy than a car. 
 

• The car should be used rationally, only when it is really necessary. It should not be 
used to travel short distances, especially in city centres. 

 
• The alternative offered by public transport should be considered. For many 

journeys, the car is neither faster, more comfortable or cheaper. It also releases up 
to 3 times more CO2 than the bus or train. 

 
• When we do use the car, vehicles should be shared whenever possible. Relatively 

speaking, fully occupied vehicles consume four times less energy. Car sharing 
initiatives for colleagues who live/work in nearby areas should be encouraged. 

 
• We should find out about any traffic jams before setting out (in heavy traffic 

consumption can rise to twice that of a normal journey by road; stopping at traffic 
lights consumes the equivalent of 1 - 2 km on the open road and 2 - 4 km if the 
car’s air-conditioning is switched on) and avoid congestion in large city centres and 
on long journeys. By planning the route, we can save on kilometres, energy 
consumption and time. 

 
• Roof racks should be removed if they are not needed. They can increase 

consumption by 35%. 
 

• The vehicle manufacturer’s indications regarding periodical checks should be 
followed. This will save energy and increase safety. 

 
• The vehicle’s tyre pressure should be monitored. When the pressure is correct we 

will consume less fuel and increase our own safety. 
 
 



 
• We should drive off immediately after starting up the engine. Waiting with the 

engine running consumes energy and offers no advantages. 
 

• A cold motor should not be revved up unnecessarily. This will damage the engine 
itself and also consume a huge amount of fuel. 

 
• We should drive at a uniform speed, avoiding sharp acceleration and braking. 

 
• We should not accelerate the engine before stopping it. This serves no purpose and 

consumes fuel. 
 

• We should be watchful and respect the braking distance. The best guarantee of 
safety and saving is to drive with caution and tranquility. 

 
• We should bear in mind that the lower the engine revolutions, the lower the losses 

through friction between the engine components, and therefore the lower the energy 
consumption. The useful life of the vehicle is also extended. 

 
• The higher gears (fourth and fifth) should be used whenever traffic conditions 

allow. 
 

• The engine should be kept running at the revolutions which provide the best 
performance. This usually means the middle part of the revolutions counter. 

 
• The application of these simple norms of efficient driving in private vehicles can 

save up to 15% in fuel (and an equivalent reduction in emissions) and reduce fuel 
costs by 15%. 

 
• An alternative would be to use sustainable technologies, such as vehicles with 

hybrid propulsion systems combining an electric motor and an internal combustion 
engine (diesel or petrol), or which run on compressed natural gas, biofuels 
(bioethanol or biodiesel) or a hydrogen battery (in other words, diversify the energy 
sources employed in transport). 

 
 
DOMESTIC ELECTRICAL APPLIANCES 
 
Buying electrical appliances 
 

o We should be familiar with the energy label which is obligatory for all domestic 
electrical appliances. 

 
o We should insist that the dealer explain what it means. If this is not done, we should 

consult the Andalusian Energy Agency (AAE). The energy label tells us how efficient 
an electrical appliance is in terms of energy consumption. 

 
o Electrical appliances are divided into 7 groups, represented by colours and letters. The 

most efficient machines are rated A and B. 
 

o The appliance should be checked for an ecological label. This is different from the 
energy label, and is not obligatory. It informs us that the product’s life cycle from its 
manufacture to its recycling is carried out with the least possible impact on the 
environment and in compliance with all current environmental legislation. 



 
o Before buying, it is important to know whether there is a collection service and 

recycling process for the product, for when we no longer need it, and whether recycled 
elements or materials have been used in its manufacture. 

 
o We should ensure that the machines we buy possess an energy saving system, and if so, 

we should use it whenever possible. 
 

o The capacity of the appliance should correspond to our needs. An excessively powerful 
machine should not be bought because usually a machine used to carry out a function 
for which it has not been designed is very low on performance and consumes far more 
energy than that really necessary. 

 
 
Fridge and freezer 
 

• The back of fridges and freezers should always be kept clean and well ventilated for 
them to work well. When operating in poor conditions, with no escape for the heat 
generated, they consume up to 15% more energy. 

 
• The door should not be opened without a reason. A few seconds are all that it takes for 

the inside temperature to rise by several degrees and then extra energy will be 
consumed to return it to normal. 

 
• We should check that the door closes properly. This can be done by placing a strip of 

paper between the door and its framing in the fridge, closing the door and then pulling 
the paper. If it comes out easily, the door’s airtight seal needs to be improved. 

 
• Hot food should not be placed in the fridge. It should first be allowed to cool down at 

room temperature. 
 

• The temperature in the fridge should be regulated according to the manufacturer’s 
instructions. A one degree decrease in temperature represents a 5% increase in 
consumption, and a 5% increase in costs. 

 
• The freezer should be defrosted as soon as possible when frosting begins to form, and 

certainly before it reaches a thickness of 5 to 7 mm. 
 

• The dust on the condenser coil should be cleaned at least twice a year. 
 

• When buying a new fridge or freezer, care should be taken to choose one manufactured 
to the best energy standard possible. If it costs a little more, the difference in price will 
soon be recovered in the energy savings produced. 

 
• A needs analysis should first be carried out, based on the number of people living in the 

house and food buying and eating habits. This will help to determine which size and 
model is the most appropriate. It is not practical to choose a larger size than that 
necessary: it will just consume more energy. 

 
A refrigerator working in good conditions can reduce energy consumption by 25%. If this 
saving were made in every home in Spain, our annual CO2 emissions would fall by half a 
million tonnes. 
 
 



 
Washing machine 
 

• When buying a washing machine, look for models which consume less water and 
energy. If they cost a little more, the difference in price will soon be recovered in the 
energy savings produced. 

 
• It is important for the washing machine’s wash cycle to be economical and short. A 

machine should also be chosen which offers the possibility of selecting different wash 
temperatures, including a cold wash option. 

 
• Remember that front-loading washing machines usually consume less energy and water 

than top-loading machines. 
 

• The washing machine should be completely full before it is switched on. This way, the 
total number of washes, and the associated costs in energy, money and contamination, 
will be reduced. 

 
• The correct amount of detergent should be used. Detergent packets contain indications 

and measurements of the quantities needed for different types of wash cycles. 
 

• It is preferable to use detergents without phosphates and with tensoactive agents based 
on vegetable oils. 

 
• It is best to use short wash cycles at low temperatures. Clothes are washed just as 

efficiently and are damaged less. If hot water is to be used, it should preferably be 
supplied by a solar power unit. 

 
• Clothes should be dried by Sunlight in the open air, and as little as possible by 

automatic dryers. These consume a great deal of energy to produce the same result that 
can be achieved naturally. The possibility of pre-drying the clothes in a centrifuge to 
avoid using a clothes-dryer may also be considered.  

 
• Alternative methods of drying should be considered before buying a dryer, since this is 

the appliance which consumes the most energy. If it is absolutely necessary, one of the 
most efficient dryers (type A or B) should be chosen. 

 
 
Dishwasher 
 

• As with the washing machine, wash programmes at natural temperature should be used. 
Hot water should, in any case, come from a solar installation. 

 
• The washing capacity required should be taken into account when buying a dishwasher. 

If there are normally few dishes to wash, it will be difficult to employ the full load 
capacity of a large machine. 

 
• The model with the most wash cycle possibilites, and above all with the low-cost cold 

cycle, should be selected. 90% of the electricity consumed is used to heat the water, and 
only 10% to operate the motor. 

 
• Dishes should be rinsed with cold water (or hot water from a solar energy installation) 

before being placed in the dishwasher. 
 



 
• The dishwasher should not be switched on until it is completely full. It should not, 

however, be overloaded or have dishes piled one on top of another, because they would 
probably have to be washed again (leading to more energy consumption). 

 
 
Small electrical devices 
 

• When buying small electrical devices, we should select those with power adequate to 
cover our needs. Excess power only consumes more energy. 

 
• Be careful not to be misled when choosing, because some small domestic electrical 

appliances, although it may seem otherwise, can at certain moments consume more 
energy than a fridge (hair dryers, microwave ovens, vacuum cleaners…). 

 
• We should be aware of little differences which may represent great savings. For 

example, enclosed-type toasters can consume up to 50 less energy than their open-type 
counterparts. 

 
 
THE KITCHEN 
 

• Primary food sources should be exploited as much as possible in order to reduce 
leftovers. 

 
• Recipients should be of a diameter equal to or greater than that of the ring on which 

they stand. When cooking, saucepans should be covered whenever possible to avoid 
energy loss. 

 
• Iron or stainless steel pans should be used rather than ceramic types, which are not 

recommended because of their insulating properties. They may also contain lead. 
 

• Pressure cookers, especially the “superfast” type, offer the best alternative, since they 
save on time, energy, money and contamination, while at the same time helping to 
conserve the vitaminic properties of the food. 

 
• The hotplate or cooker should have the temperature turned down or be switched off 

before the food is ready. With regard to energy, gas cookers and ovens are more 
efficient than electrical appliances (vitro-ceramic or otherwise). 

 
• Certain products can be defrozen in the refrigerator. This will avoid the energy 

consumption needed to defreeze them in the oven or the microwave oven. 
 

• The oven door should be kept closed while it is being used (each time it is opened, the 
inside temperature drops by 25-30 degrees). 

 
• The oven should not be preheated before placing food inside, as advised by some 

recipes, because in many cases this is simply not necessary. 
 
 
THE BATHROOM 
 

• Water should be heated by solar energy if possible and if not, by gas. This would avoid 
an average CO2 emission to the atmosphere of up to half a tonne per family per year. 



 
  
• Water hotter than 47º C should not be used. This temperature is more than sufficient to 

provide a sense of comfort in daily hygiene. 
 

• Electric water heaters should not be fitted to heat water for use in the house. Solar 
energy should be used, supplemented by gas. Supplementary heat based on electric 
resistances is an economical and environmental fraud because it causes a major 
decrease in the performance of the solar energy unit, turning it into a source of energy 
waste rather than savings, which is usually the objective pursued when installing such 
equipment. 

 
• Toilet fittings should have regulators to save water. 

 
• Showers are preferable to baths. A shower consumes 30 to 40 litres of water, whereas a 

bath can consume between 100 and 130 litres. 
 
 
DOMESTIC WASTE 
 

• Full advantage should be taken of all the possibilities offered by the local council to 
collect waste selectively. If there are no containers nearby, we should insist that they be 
provided. The council should be consulted as to where toxic materials consumed at 
home and at work (batteries, paints, used oil, etc.) can be deposited. 

 
• Glass containers are preferable to metal containers, and paper ones to plastic ones. 

 
• Do not accept bags which you do not need. Try always to use your own shopping bag. 

Avoid products with either no packaging or excessive packaging. 
 

• We should use available computer technology to transmit and receive information 
without using paper. 

 
• The re-use and recycling of paper at home and at work should be encouraged. 

 
 
 



 
 
UNIT 3. THE ENERGY CYCLE 
 
 
INTRODUCTION 
 
Where exactly does the energy we consume in switching on lights and machines in our homes, 
in travelling and in many other everyday activities come from? 
 
Each year the Earth receives from the Sun energy equivalent to 150 billion tonnes of oil 
(150.1012 TOE). That is 15,000 times more than the primary energy currently consumed by the 
whole of Humanity. Of this amount, 30% is reflected back into outer space and the other 70% is 
absorbed into the atmosphere, the land and the oceans and seas. It becomes the internal energy 
of the sea, the continents and the atmosphere. This same amount of energy is eventually 
returned to space as infrared radiation. But this balance has been shaken in recent years. 
 

 
Global energy exchange 
 
Only a tiny fraction, 0.06%, of the energy that reaches Earth is used by the plant world in its 
photosynthesis process, the self feeding mechanism which forms the base of the planet’s life 
pyramid. 
 
It is photosynthesis which allows the CO2 produced by the present energy system to be checked, 
because plants consume CO2 and produce oxygen. 
 
 
 
 
 
 
 



 
 

 
Cycle of the carbon 
 
The energy from the Sun is the direct or indirect source of almost all the energy we consume, 
because, as we have said, solar radiation activates the biochemical process of photosynthesis. 
The resulting biochemical energy is in turn the source of all kinds of biomass. Even the fossil 
fuels owe their existence to the photosynthesis which converted atmospheric CO2 into plants 
and animals from which coal, natural gas and oil were formed millions of years ago. 
 
The Sun is also the origin of the light and heat levels necessary to sustain human life. 
 
Solar radiation can today also be directly or indirectly transformed into electricity and other 
forms of energy transmision. 
 
The water cycle that provides us with hydroelectric energy has its origins in the solar energy 
which evaporates water, forms it into clouds and moves it inland where it then falls as rain, or 
snow at higher altitudes. 
 
Similarly, the wind is created when parts of the atmosphere, land or water are heated by the Sun 
more than other parts, and differences in the pressure of the surrounding air generate the 
corresponding movement. 
 
The energy system implies the transformation of primary sources into what can be called 
intermediate sources of energy (final energy, in the jargon of the sector). These are in fact the 
system’s intermediate products, mainly fuel and electricity, which are used to produce the 
effects we desire, which could in turn be called final energy consumption or energy services. 
 
 
 
 
 
 



 
 
 

 
Final energy consumption or energy services 
 
The drawing shows the process by which a primary source of energy, such as biomass, coal, oil 
or solar energy, is turned into an energy carrier like electricity or fuels (petrol, gasoil and 
butane) and is distributed and sold to a consumer.The consumer uses the intermediate energy 
form obtained to power a machine or a system, such as a light bulb, a cooker, a motor, a 
television, or any other device which finally produces the energy service: lighting, cooking, 
generating movement or any other desired effect which satisfies a specific necessity. 
 
This chain of energy transformations can be called the energy system. In each of the 
transformations mentioned there is an energy loss which means that the total performance 
(useful energy consumed divided by primary energy employed) is very low.According to one 
specialist it is as low as 2.5%. 
 
If only we could increase this performance, we would need less primary energy to obtain the 
same energy service. 
 
 
CONSUMPTION 
ENERGY SERVICES 
 
As described in the section Energy. Concept and History, the energy we consume can be 
divided into two large conceptual groups: heat and work. We will now look at how we usually 
consume energy in these two forms. 
 
The principal use of energy, both at home and in services, is to produce what is normally called 
heat and cold. Cold is simply heat that has been removed. 
 
 
 



 
Typical examples of heat exchange in everyday life can be seen in the transfer of energy from 
the cooker flame and the combustion producing products in the kitchen to food in pans or 
saucepans.Heat is also exchanged inside the fridge, from the foodstuffs to the refrigeration fluid 
flowing around the evaporator. The water heating process that takes place in a thermal solar 
collector as a result of solar radiation is also a heat transfer process, and we are surrounded by 
many other processes of this type. 
 
Transport is one of the major ways in which energy is consumed as work. The movement of a 
vehicle resulting from a piston moving inside a cylinder, caused in turn by the difference in 
pressure inside and outside that cylinder, is simply an exchange of work. 
 
Even electricity, in the form in which we use it, is work produced as a result of variations in 
electrical and magnetic fields.When an electric current is passed through a resistance, energy 
supplied as work (electrical) is turned into internal energy and heat. 
 
The major sectors of consumption are industry, transport and services. Together with homes, 
they share the energy services powered by intermediate energy sources. Homes and services 
account for the greatest percentage (39.7% globally) of the intermediate energy consumed. 
 
In industry, heat is consumed in processes and work in motors and movement in general. It 
should be remembered that in this section, the term “transport” refers to the movement of both 
people and goods. In the services sector (hotels, hospitals, schools), heat is used for heating, hot 
water, cooking, refrigeration and air-conditioning, while work is employed in numerous tasks. 
In the home, a vast range of energy applications employ heat and work. 
 
To understand with any degree of accuracy just how this consumption takes place, certain 
details should first be considered: 
 
Primary energy: 
 
In 2003 the world’s consumption of primary energy, equivalent to 10.9 Gtoe, was distributed as 
follows: 
 

• 3697 Mtoe of oil 
• 2518.7 Mtoe of coal 
• 2356.6 Mtoe of natural gas 
• 1115 Mtoe derived from traditional biomass 
• 599 Mtoe of primary energy equivalent in the form of 198 Mtoe of electricity 

produced by nuclear energy 
• 595.4 Mtoe of primary energy equivalent in the form of 196.5 Mtoe of 

electricity produced by hydroelectric energy 
• 51 Mtoe from other, renewable energy sources (solar, wind, geothermal) 

 
In short, the energy system in 2003 consumed around 11 Gtoe of primary energy equivalent, of 
which 9 Gtoe came from exhaustible sources and 2 Gtoe came from renewable sources. 
 
 
 
 
 
 
 



 

 
 
Intermediate energy: 
 
A total of 7094 Mtoe, divided between electricity and fuel. This was produced as follows: 
 
Electrical system: 3992.8 Mtoe (including the conventional system and cogeneration), to 
produce 966 Mtoe of electrical energy. 
 
Fuel system: 5700 Mtoe, for uses not related to electricity. Most of it was employed for 
automobile fuels. 
 
Energy losses and other uses: 3839 Gtoe. Due to the system of large electricity generating plants 
employed, most of this was released into the atmosphere as residual heat. 
 
The main interest usually lies in how and with what degree of efficiency this consumption takes 
place. One indicator of this is energy intensity, a parameter which shows the energy efficiency 
within an economic system of any size and takes the form of the ratio between energy 
consumption and the economic product of the system in question. It represents the amount of 
energy (primary, intermediate, etc) consumed in order to produce a specific economic result. To 
give an example, a country’s primary energy intensity is the ratio between its total primary 
energy consumption and its Gross National Product. A benchmark is provided by the average 
global energy intensity (the ratio between the gross global product and the primary energy 
consumed in the same year). In 2002 this was 0.22 ktoe/million €. Other comparisons may be 
made with the energy intensity of Spain and the European Union, which in 2002 were 0.23 
ktoe/million € and 0.21 ktoe/million € respectively. 
 
Less developed countries and groups of countries have worse energy intensities than the more 
developed countries in that they need to consume more energy to produce the same economic 
goods. This gradually widens the gulf between the rich and poor nations.Specifically, the former 
republics of the Soviet Union are the countries with the poorest energy efficiency. In contrast, 
Europe and Japan, with their liberal economic systems, display the greatest energy efficiency in 
the world. 



 
One significant aspect of energy consumption is its uneven geographical distribution and its 
relationship with the quality of life. It is not necessarily correct to assume that greater energy 
consumption corresponds to higher quality living standards. In some countries where the quality 
of life is quite high – as measured by the Human Development Index (HDI) - far less energy is 
consumed than in others where the HDI is similar or even lower. For example, the table shows 
that Belgium has a higher HDI than the United States, while its electricity consumption is much 
lower.  
 
An analysis of those parts of the world where energy consumption is low, however, reveals that 
their quality of life invariably also tends to be low. 
 

 
 
We consider the following data to be particularly significant: 
 
The countries of the OECD (EU, USA, Japan, Australia, and New Zealand) account for 
19.42% of the world’s population and 50.7% of the primary energy consumed in the 
global system. 
 
Asia (not including Japan, Australia or New Zealand), with 51.8% of the world’s population, 
consumes 22.3% of the world’s total energy. 
 
Clearly, the nations with the highest living standards are the ones which squander the most 
energy and which therefore produce the most environmental contamination. 
 



 

 
 
In contrast, there is an alarming fact to be considered: a third of the world’s present human 
population, which chiefly inhabits the less developed countries, still has no access to electrical 
energy even at the beginning of the 21st century. This a situation of such insolidarity that it 
represents the ultimate example of social injustice. 
 
In extreme cases, energy-producing raw materials are extracted from almost unspoilt parts of the 
planet, with all the contamination that this implies, and the inhabitants of the areas in question 
receive nothing in return; except, that is, for a decrease in their living standards due to their 
“luck” in having oil, coal or natural gas reserves on their land. 
 
It should be pointed out that by energy consumption we are not only referring to electrical 
energy. Electricity represents only a quarter of final energy consumption: the other three 
quarters correspond to fuel consumption. These figures, however, reflect global averages; in 
some countries, where electricity generation is high and fuels are scarce, the case may be very 
different. 
 
INTERMEDIATE SOURCES 
 
Many primary energy sources cannot be used directly in the form in which they appear in 
Nature, and have to be transformed into products which the final consumers will find in the 
market (petrol, gasoil, natural gas, butane, electricity…). These products are called intermediate 
energy sources. 
 
The intermediate energy system is made up of the electricity system and the fuel system. 
 
Primary sources are tranformed into intermediate sources principally in oil refineries and 
electricity generating plants, which is where the corresponding industrial processes take place. 
These processes, in which some energy is inevitably lost, have a very negative impact on the 
environment, in many cases irreversible. 
 
 



 
Transformation processes also involve the transport and handling of substances which can be 
considered hazardous in many senses (chemical, thermal, biological, radioactive, etc.). 
 
The energy lost can be as much as 3000 Mtoe (the figure for 2003), and is attributable mainly to 
the electricity system, at the moment of generation in thermal power plants. 
 
In the fuel system the major losses are caused not when crude oil is transformed into its 
derivatives (petrol, gasoil, butane, etc.), but when these products are consumed in different 
machines and devices (especially in automobile engines). 
 
Both the electrical system and the fuel system need transport subsystems to make their 
intermediate energy products available to consumers.  
 
Electricity cables and auxiliary network installations. (Electricity system). 
Fuel distribution networks, including service stations. (Fuel system). 
At world level, the intermediate energy system (a total of 7095 Mtoe) is distributed among the 
different energy sources as follows: 
  
 66.3% Fossil fuel derivatives (43% oil, 16.2% natural gas, 7.1% coal) 
 16.1% Electricity 
 14.1% Biomass and urban waste 
 3.5%  Others (geothermal, solar, wind power) 
 

 
 
World intermediate energy system by energy source 
 
 
 
 
 
 
 



 
ELECTRICITY 
 
This is one of the most important intermediate energy sources, and has two fundamental 
characteristics: 
 
•   High quality. Energy quality is understood to mean the capacity to produce work. Work is the 
form of energy taken as a reference because from it, the other energy types can be obtained 
without limitation and with maximum performance. When the energy producing process is 
reversed, however, there is always some kind of limitation. 
 
In the case of electricity produced from other, lower quality forms of energy (for example in a 
thermal power plant which usually employs fuel as its base source) the transformation 
efficiency is always quite low. Specifically, the thermoelectric system at world level has an 
efficiency of 33.2%. Each unit of electrical energy costs three units of the raw material used to 
obtain it, and the two remaining units have to be “thrown out” into the environment. 
 
In contrast, when electricity is converted into another form of energy of a lower quality, 
efficiency is usually very high, even rising above 100% when considering energy quantity 
without taking into account its quality. This may seem surprising, but it is in fact quite possible 
according to the Laws of Thermodynamics. 
 
Electricity is typically converted into heat through resistances (usually electric fires and 
electrically-powered heating), in which each unit of electrical energy is transformed into the 
same amount of heat. The three units of primary energy originally employed to generate the unit 
of electricity in the thermal power plant are therefore converted into just one unit of 
consumption, and the other two, indirectly, are discarded into the environment. 
 
To carry out the same transformation efficiently, it would be necessary to use a heat pump in 
which one unit of electrical energy can be converted into two or three units of heat depending 
on the temperatures of the heat reservoirs between which the heat is being exchanged, and on 
whether the machine is being used for heating or for refrigeration. 
 
•    Impossibility of direct storage in significant quantities. Electricity can only be stored in 
small quantities in condensers. This makes it necessary to convert it into other forms of energy 
which can be stored, and later to recover part of the original electrical energy. A typical example 
of this is that of electro-chemical batteries in cars, in which the electricity produced by the 
alternator is converted into chemical energy in the sulphuric acid solution contained in the 
battery. When electricity is required, the battery generates it using the chemical energy stored 
previously. 
 
The electricity generated throughout the world in 2002 (16054 TWh = 1380 Mtoe) was 
produced from the following sources: 
 
Hydroelectric: 16.2% 
Thermoelectric: 81.9% (coal, 39%: natural gas, 19.1%: nuclear, 16.6%: and fuel, 7.2% 
Others: 0.7% (solar, wind, geothermal power) 
 
 
 
 
 
 



 

 
Combined heat and power (CHP) plant , San Roque, Cádiz 
 
Thermal power plants: 
 
Thermal power plants – including those running on fossil fuels, nuclear and geothermal plants – 
are energy transformation plants which produce work from heat at high temperatures. This work 
is normally transformed into electricity, which is then transported and distributed to consumers 
as an intermediate energy source. 
 
One of the basic laws of Nature (the 2nd Principle of Thermodynamics) states that this type of 
device cannot function without transferring heat to a low temperature heat reservoir, usually the 
atmosphere. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
In global terms this single need to give off heat into the atmosphere represents a loss of 3000 
Mtoe per year. 
 
Such a large amount of energy (together with other energy forms) released into the atmosphere 
obviously causes noticeable temperature changes in the areas surrounding the power plants, in 
addition to other physical impacts, contamination and chemical changes. 
 
Hydroelectric and wind powered power plants 
 
Here, the potential energy of the water stored in reservoirs (hydroelectric plants) or the kinetic 
energy of the wind (wind-powered plants) is transformed into electricity. 
From the energy point of view the most significant aspect of these plants is their high efficiency, 
since they manage to convert most of the potential or kinetic energy into electricity. In fact the 
high quality of the electricity produced is a direct result of the high quality of the initial 
potential (water) and kinetic (wind) energy sources. 
 
From the environmental pont of view these plants certainly do not produce direct 
contamination, unless certain other aspects of the environment (scenery, etc) are to be so 
considered. Even then, the impact is very different from that caused by thermal power plants. 
 
Wind-powered and hydroelectric power plants have their critics. But they tend to forget the very 
important fact that, apart from aesthetic considerations, which are very personal and difficult to 
define from an objective perspective, this form of generating electricity has far fewer negative 
effects on the environment than thermal power plants. And because electricity cannot be stored 
as such, and is being consumed more and more, it is preferable to produce it in this way than by 
other, more environmentally damaging, means. 
 
 
 
 
 



 
THE FUEL SYSTEM 
 
80.4% of available intermediate energy sources correspond to the fuel system: petrol, gasoil, 
butane and propane, natural gas and solid fuels, including biomass. The most important feature 
of fuels is that they can be stored, because the available energy is accumulated in the chemical 
bonding of their molecules. 
 

 
Station of regulation and measurement 
 
These intermediate sources are mainly consumed in: 
 
Transport 
Industry 
Domestic use 
Services sector 
 
 
Fossil fuels 
 
At present the most important element in this energy subsector are refineries, which perform the 
same role as power plants in the electricity subsystem. They are large industrial plants which 
receive raw materials – primary energy sources – and employ the appropriate physical-chemical 
processes to obtain the desired final products, which are then marketed (propane, butrane, 
petrol, gasoil, fuel, etc.). 
 
The geographical distribution of refineries does not correspond to that of the places where the 
raw materials are extracted and stored. The larger refineries are located in economically and 
technologically advanced countries. 
 
At the end of 2003 global refining capacity stood at 83.658 million barrels per day. Of this 
capacity, 56% was located in Europe, the United States and Japan. 
 



 
Refineries in less developed countries lie mainly in the industrial areas on the outskirts of cities, 
usually ports. This places them near to their final consumers, and provides a way of controlling 
the essential strategic resource which fuel has become. Naturally, it also requires the transport of 
raw materials (coal, oil, natural gas) on a massive scale from where they are extracted to the 
refineries.A significant increase in the product’s final cost is subsequently attributable to 
transport costs, either in the shape of infrastructures (construction, management and 
maintenance of oil and gas pipelines) or land and sea transport. 
 
Mention must also be made of the notoriously negative environmental consequences of 
accidents in this stage of fuel transformation: the Prestige, the Erika, the Exxon Valdés, etc. 
 
One last major impact of refineries located in intensely industrialised areas is the “magnet” 
effect it often has on the country’s population. In less developed countries the phenomenon of 
unplanned deruralization has disastrous results, with the population being drawn towards areas 
generally lacking in adequate support infrastructures. At the same time, the population which 
originally possessed the resource is deprived of all protagonism and development opportunities. 
Paradoxically, a vast number of consumers watch their locally produced resource “leave” for 
countries thousands of miles away only to return after being transformed: the resources are 
“returned to their owners”, but at a price much greater than what it cost to extract them. And no 
jobs are created locally. 
 
 
Other fuels: nuclear energy 
 
Electrical energy produced in nuclear power stations represents around 2.8% of the world’s 
marketed energy consumption (intermediate energy) and 16.6% of all the electricity generated. 
The main disadvantages of nuclear power concern the risk of accidents, which are potentially 
extremely harmful to human health, the very long duration of the radioactive waste generated 
and the difficulties and expenses incurred in dismantling obsolete nuclear plants. 
 
 
COGENERATION 
 
So far we have described how one major basic intermediate energy source, electricity, is 
generated, and briefly mentioned the processes involved in producing the other basic 
intermediate energy type: fuel. We now turn to a method of electricity production which at the 
same time very efficiently produces heat for use in consumption processes. 
 
Cogeneration consists of simultaneously generating electricity and heat using the same device, a 
normal thermal engine in which the surplus heat, instead of being transferred to the cold 
reservoir, is applied in a heat consuming process like, for example, steam generation or water 
heating, at a temperature sufficiently higher than that of the environment. The heat is therefore 
exploited to the full, rather than being released into the atmosphere. 
 
For example: the Reina Sofia Hospital in Cordoba. This hospital building produces the electrical 
energy it consumes using two natural gas powered 1 MW thermal engines. Demand for heating 
and domestic hot water is met almost totally by taking the heat available in the engines (in their  
cooling and turbocompressor circuits and in their waste gases, by means of an extra heat 
exchanger). 
 
 



 

 
Cogeneration plant, Reina Sofia Hospital, Córdoba 
 
 
TRIGENERATION 
 
This is a system which provides electricity, heat and cold. Basically it is a cogeneration system 
with an added absorption machine. This consumes heat and produces cold, and can be exploited 
to avoid using conventional refigeration units (to meet the demand for air-conditioning or for 
industrial cold). 
 
In the example mentioned above, the Reina Sofia Hospital in Cordoba, surplus heat in the 
summer is converted into cold for air-conditioning in the corresponding absorption system. 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
Reina Sofia Hospital, Córdoba 
 
PRIMARY SOURCES 
 
Primary energy sources are substances and systems found in Nature which are used as the basis 
for the energy system as we know it today. 
 
These sources contain accumulated energy in the chemical bonds of their molecules, atoms and 
nuclei (coal, oil, natural gas, uranium, biomass), in the position they occupy in potential fields 
(water, tidal energy, etc.), in their state of movement (wind, wave power) and even in an 
immaterial form (solar radiation, earth radiation). They are almost always available and can be 
used with more or less difficulty depending on the state of technical expertise existing at any 
given time. 
 
Primary energy sources vary in nature: some - those most frequently used today and in the 
recent past – are exhaustible. That is to say, their reserves are limited. 
Others – which are now being employed ever increasingly – are renewable. Their availability is 
continuous within more or less constant time periods. They are available because they are 
resources and phenomena inherent to the planet Earth: the energy of the Sun, the wind, the 
waters, biomass and geothermal heat. 
 
The total primary energy consumed by human beings is around 11 Gtoe (11 thousand million 
tonnes oil equivalent), which gives an average figure per head of population of approximately: 
 

1.8 toe/person.year = 5 kg of oil equivalent per day 
 
Most of the energy we consume today (over 75%) comes from fossil fuels: coal, oil, gas. These 
are exhaustible energy sources. Energy  production  using this  type of  fuel  generates  waste, 
including CO2, with all its associated contamination and its contribution to the greenhouse 
effect, the main cause of global warming. 
 



 
What we we know as renewable energies (solar, wind, water, biomass, etc.) are also used to 
produce consumer energy, but they are much more attractive because they have very little 
negative interaction with the environment, and they are available almost everywhere where 
energy needs to be consumed. Despite such advantages, the proportion of energy produced 
using these renewable sources in today’s energy system is low (around 18%). 
 
There follows a brief overview of the different types of energy sources. 
 
 
EXHAUSTIBLE PRIMARY SOURCES 
 
These are the conventional energy sources and form the mainstay of the present energy system. 
They are derived from non-renewable natural resources: fossilized remains (coal, oil, natural 
gas) and minerals used in nuclear fission processes (uranium and plutonium). 
 
The amount of these sources is limited, regardless of whether the exact quantity is known. They 
lie deep within the Earth and it is difficult to quantify the reserves remaining, which explains 
why estimates vary in line with the economic and political criteria applied. They are even 
sometimes used as a political and economic weapon. 
 
The mass use of exhaustible primary energy sources is presently based on a variety of factors 
and is the result of several centuries of industrial development: 
 

• Ease of use 
• Existing technology 
• Market laws 
• The political situation in each country at given moments 

 
Today, energy derived from fossil fuels (coal, oil, gas) represents over 75% of the world’s 
consumption of marketed energy. Energy produced in nuclear power stations represents around 
3% of the world’s consumption of marketed energy. 
 
The main features of exhaustible primary sources (coal, oil, natural gas and uranium) are 
described below. 
 
 
COAL 
 
Coal is the leading exhaustible energy resource, mainly because it is the most abundant. 
 
It was originally formed in the Carboniferous Period of the Palaeozoic Age, when the vast 
forests of giant ferns and rushes which covered the Earth some 300 million years ago died and 
were buried in the swampland that had been their habitat. Because the ground was a mixture of 
water and mud very poor in oxygen, normal rotting did not occur and little by little huge 
accumulations of dead plants were formed, rich in the carbon that had been their basic 
component. With time, this layer of dead plants was covered by other sediments and a 
combination of pressure and temperature converted the organic matter into what we now know 
as mineral coal. 
 
 
 
 
 



 
RESERVES 
 
The major coal deposits are to be found in North America, Russia and China, although there are 
also considerable amounts in some of the islands in the Arctic Ocean, in Western Europe, India, 
South Africa, Australia and the eastern side of South America. 
 

Map: distribution of known coal reserves 
 
 
If present mining levels remain constant, our sources estimate that coal reserves lie somewhere 
between 700 Gtoe and just under 1000 Gtoe, assuming that technological progress will be made 
to enable the mining of what are today inaccessible reserves. 
 
Historically, mineral coal was the origin of economic development in countries like England, 
Germany and the United States. The Industrial Revolution also began with the exploitation of 
coal. 
 
Today it is mainly used to generate electrical energy in large thermal power plants. 
 
 
DISADVANTAGES 
 
The use of coal has a considerable number of disadvantages. The greatest is the huge 
environmental impact resulting from the generation of contaminating gases which, as described 
previously, alter the greenhouse effect in the Earth’s atmosphere. Coal consumption also 
contributes greatly to the origins of acid rain through the production of sulphur oxides when it is 
burned. 
 
Open cast mining also has a great visual impact and the liquids released tend to be highly 
contaminating. At present, mining companies in the developed countries have to restore the 
landscape once they have finished their work in the area. This is normally done be refilling and 
replanting each area left empty when the mineral is extracted, to hide the great holes, churned 



 
up earth and slag heaps which were until now the typical legacy of all mining activity. It is also 
very important to regulate and treat leaching water, the water which, after seeping through the 
mineral and slag deposits, flows out of the mining area into the surrounding areas or towards 
rivers. This water has a high content of extemely toxic matter, such as heavy metals and 
chemical products used in mining, and may produce considerable contamination if it is not 
carefully controlled. 
 
In practice, however, large companies prefer to set up their operations in countries where the 
legislation is far less demanding, and where they can cut costs by not having to restore the 
environment. 
 
 
OIL 
 
Oil is currently the exhaustible primary energy source which is consumed in the greatest 
quantity. 
 
Oil is a greasy liquid made up of different proportions of carbon and hydrogen. It is found at 
depths of between 500 and 4000 metres. In the 20th century and the opening years of the 21st 
century its use has become extraordinarily widespread, with enormous refinery and 
petrochemical industry facilities extracting products from oil to serve different purposes: liquid 
gas, petrol, gasoil, lubricants, and numerous by-products employed in the manufacture of paints, 
detergents, plastics, cosmetics, fertilizers and other items. 
 
 
DISTRIBUTION AND RESERVES 
 
Oil is distributed very unevenly throughout all of the continents. The Middle East has huge oil 
fields which contain more than half of the world’s reserves, and there are also large quantities of 
oil in the Caspian Sea, the Gulf of Mexico, and the North Sea and in the Arctic (both in Alaska 
and in Russia). Considerable reserves are believed to exist within the continental platforms, but 
most of them have been neither located nor exploited for technical and political reasons. 
 
Because we know neither the exact reserves available nor the potential rhythm of consumption, 
it is very difficult to estimate how many years our supply of oil will last. When it begins to grow 
scarce and prices rise interest in switching to alternative sources will probably grow and its 
present level of consumption will decrease. For the moment, consumption continues to increase, 
mainly due to the high demand for oil-based products in China and India. Oil figures tend to be 
based on differing assumptions, and vary considerably depending on their source and moment 
of compilation. Their reliability therefore tends to be questionable. In 1970 there were known 
oil reserves sufficient to last for 30 years (until the year 2000). In contrast, in 1990 enough oil 
deposits had been located to last for another 40 years (until 2030). 
 
 



 

Map: distribution of known oil reserves 
 
 
For all this, it can be told that there are reservations for a time understood between few scores of 
years and little more than half century.  What is clear is that some countries (USA, England) 
have seen already the bottom of to their wells.  It is not a chance their international politics of 
invasion of countries whose known reserves are among the most important of the world.  Iraq is 
in second position behind Saudi Arabia.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
DISADVANTAGES 
 
A major problem with oil is that it is mostly consumed in regions different from those in which 
it is extracted. The United States and Western Europe consume almost half of the world’s oil. 
The countries in the Middle East, which consume only 5.9% of the world total, produce 29.6% 
of it. One of them, Saudi Arabia, produces 12.8% and consumes 1.8%. This difference will 
widen in the future because most of the new reserves being discovered lie in countries which 
consume less. The geopolitical and social implications of this situation are enormous, and the 
the future will depend on a change in the global model – not only regarding energy – envisaged 
in the decisions taken by our successors. We can only hope that no catastrophe will occur with 
irreversible consequences for humanity. 
 
Apart from the sociopolitical aspects, and as mentioned previously, it is well known that fuels 
derived from oil produce contamination both when they are consumed and when they are 
transported. We might add that their extraction in itself is also a very contaminating process. 
 
Contamination produced through the consumption of oil-based products includes CO2 emissions 
and the production of acid rain-forming nitrogen oxides. 
 
The environmental damage caused by the transport of oil products can be direct or indirect. 
Direct damage is caused by oil leakage from oil tankers or from oil pipelines vulnerable to 
accidents and sabotage. Indirect damage includes the considerable gas emissions from the 
engines of the ships and vehicles which transport the sub-products to their point of final 
consumption. 
 
Energy transformation within refineries also involves highly contaminating environmentally 
damaging processes. 
 
 
 



 
Finally, oil extraction has its share of the huge environmental impact generated by any type of 
mining. It damages (almost always irreversibly) the natural structure of ecosystems, through 
leakages and through the installation of extraction and transportation infrastructures. 
 
 
NATURAL GAS 
 
Like oil and coal, this exhaustible primary source has its origin in biological remains buried 
millions of years ago. It now lies in deposits where mud, sand, stones, plants and animal matter 
once accumulated, gradually forming layers, and through the action of the Earth’s pressure and 
heat, turned into what we now know as natural gas, mostly methane. 
 
Natural gas is found in porous rocks in the Earth’s crust, with no contact with air. Sometimes it 
appears near oil deposits, although as it is a gas it can also be found alone. 
 
Methane is still produced in modern rubbish dumps – “garbage methane”- and is in some places 
beginning to be used as an energy source. 
 
RESERVES 
 
The world’s natural gas reserves lie mainly in Russia and the Middle East, especially in Iran. 
 

Map: distribution of known natural gas reserves 
 
Gas is normally transported from where it is extracted in gas pipelines, although tanker vessels 
are also employed to transport the gas in liquid form. 
 
 
 
 
 
 



 
DISADVANTAGES 
 
The carbon content of natural gas is less than that of oil or coal, and gas also contains a higher 
proportion of hydrogen. This means that the gases emitted during combustion contain less CO2 
than other fossil fuels and makes natural gas less contaminating and more attractive as an 
energy source, although it is not totally innocuous. The most serious problem caused by using 
natural gas lies in the methane leakages which have a greater effect than carbon dioxide on the 
greenhouse effect. 
 
Methane leaks occur in all parts of natural gas transportation infrastructures, from oil platforms, 
methane tanker vessels, pipelines, to mains gas networks in cities and underground storage 
tanks. In urban gas networks, for example, it is estimated that leaks account for a loss of 
between 10 and 15%. There is also a high risk of explosions. 
 
The developed countries are currently beginning to show greater interest in using natural gas. It 
offers higher efficiency, and is therefore substituting coal and oil in many applications and 
gradually increasing its share within the energy system. It is also the fossil fuel most suitable for 
use in conjunction with renewable energies like solar power and biomass in mixed or hybrid 
systems. 
 
 
URANIUM: NUCLEAR FISSION 
 
The atomic nucleus of certain heavy elements can be disintegrated to release radiant and kinetic 
energy: this process is known as nuclear fission. Thermonuclear power plants employ this 
energy to power steam turbines to produce electricity. 
 
One heavy element is uranium, a mineral found naturally in 150 different forms: sometimes 
primary (combined with minerals like uranite and pitchblende), sometimes oxidised or in 
refractory form. It is also present as a by-product in the manufacture of phosphate, in copper 
mines and in sea water. 
 
58,000 tonnes of uranium are extracted annually throughout the world. 
 
 
RESERVES 
 
Like all exhaustible energy resources, world uranium reserves are distributed unevenly from the 
geographical point of view. Around 25% is to be found in Australia, followed by Kazakhstan, 
Canada and South Africa. 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
There is hardly any uranium in Europe: just 1.2% of the world’s reserves. After France, Spain 
holds the largest reserves – although they are not at present profitable. 
 
As explained, plants which transform energy from nuclear fission into intermediate – electrical 
– energy are steam turbine power plants, each with a capacity of around 1000 MW. There are 
435 power plants of this type, providing a total power of 338 GW. Geographically they are 
distributed as follows: 
 
USA: 109 
Former USSR: 56 
France: 55 
England: 40 
Japan: 38 
Germany: 29 
Spain: 10 
 
 
DISADVANTAGES 
 
The most negative aspects of nuclear fission as a source of energy are not inherent to uranium 
itself, but to the nuclear fission process. 
 
As is well known, nuclear fission involves radioactive processes and waste, with all the 
associated risks. 
 
 
 
 
 
 



 
The first problem lies in the fission phase itself. A typical nuclear plant cannot explode as if it 
were an atomic bomb, but very high temperatures produced accidentally may melt the metal 
enclosing the uranium allowing radiation to be released. Highly radioactive water from the 
reactor’s primary circuit may also accidentally leak out into the atmosphere or the surroundings. 
 
The probability of such accidents occurring is very low, but they do happen. The two most 
notorious examples are the accident in 1979 at Three Mile Island in the USA, and the one in 
1986 at Chernobyl in the former Soviet Union. The consequences of the latter are still not fully 
known. The accident at Three Mile Island is surprising because it took place in a technologically 
highly developed country. Logically, this would suggest that an accident of this type is equally 
possible in any other part of the world. 
 
The second problem concerns the long term storage of the radioactive waste generated in the 
power plants: they cannot be eliminated, they are highly contaminating and they have a half-life 
of thousands of years. In a world which, at the dawn of the 21st century, is just beginning to 
realize the importance of sustainability it is difficult to justify leaving a legacy of this nature to 
our descendants. 
 
Another problem, and one shared by nuclear plants with all other types of thermal power plant, 
is energy loss. We have already seen how a considerable amount of energy is lost due to the 
huge size of power plant installations, because two thirds of the primary energy employed has to 
be transferred to a cold reservoir in the form of heat and no process exists to exploit this vast 
amount of thermal energy at moderate temperatures. 
 
Finally, the dismantling of nuclear power plants at the end of their life poses a less serious 
problem, as can now be seen in the cases of some of the older power plants which are nearing 
the moment of closure. 
 
 
HYDROGEN: NUCLEAR FUSION 
 
The union of two atomic nuclei to form a larger one produces a reaction known as nuclear 
fusion. This is the type of reaction which takes place in the Sun and other stars, emitting 
enormous amounts of energy. 
 
Many supporters of nuclear energy see this process as the solution to the energy problem 
because the fuel it consumes is hydrogen, which is available in large quantities despite the fact 
that it does not occur naturally. In principle, the process is also relatively free of radioactive 
contamination. 
 
The fusion process has yet to be tested because, although it is being studied with keen interest 
and abundant resources, no power plant based on nuclear fusion is yet operative. The only 
model is the Sun, our great nuclear fusion reactor, which, being 150 million km from Earth, 
obviously cannot be used to measure environmental effects on our planet. The main drawback at 
present is that reactions of this type are very difficult to control, since fusion requires 
temperatures of millions of degrees. 
 
 
 
 
 
 
 



 
RENEWABLE PRIMARY SOURCES 
 
Renewable primary energy sources are those which are available continuously in time because 
they are inherent to the life supporting conditions existing on Earth: solar energy, water power, 
wind power, biomass and geothermal energy. Their other fundamental characteristic is cyclical 
renewal: they are available at more or less constant time intervals. 
 
As mentioned previously, renewable energy sources stem directly or indirectly from the Sun. 
Their reserves, in a continuous process of renewal, could well last for several million years – 
just as long as the Sun continues to exist, in fact. 
 
We have also seen how renewable energies have been exploited by man for thousands of years, 
until many of them were practically forgotten with the arrival of the Industrial Revolution, when 
cheap fossil fuels became readily available. Following the oil crisis of 1973, the general energy 
system slowly began to use renewable sources once again, recovering the principles of old, 
applying to them the scientific expertise of the last few centuries and exploiting the enormous 
technological capacities of the modern world. 
 
There follows a short description of the main renewable sources of primary energy. 
 
 
SOLAR ENERGY 
 
The Sun has shone in space for around five thousand million years, and it is believed that it has 
not yet reached even the midway point of its existence. 
 
Spain, thanks to its particularly favourable location and climate, is in a noticeably advantageous 
position with regard to most other European countries in that each square metre of its land 
receives approximately 1500 kilowatts/hour of energy. 
 
In the south of the Iberian Peninsula this amount is even higher, and can be as much as between 
1800 and 1900 kWh/m2 per year (or 5 kWh/m2 per day). This energy can either be used directly 
or converted into other useful energy forms, like electricity or heat. 
 
As an energy source the Sun can be considered to be a black mass of 5777 K throwing out 1367 
W/m2 to the edge of our atmosphere. The solar radiation penetrates the Earth’s atmosphere and 
is subjected to different reactions – absorption and diffusion – which reduce the power that 
reaches the Earth’s surface to values a little under 1000 W/m2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
These interactions between solar radiation and the atmosphere combine with those caused by 
clouds to greatly decrease the amount of solar radiation reaching the Earth’s surface. 
 
The solar power resource is nevertheless abundant and long lasting. As can be seen on the 
global radiation map, most of the planet receives considerable amounts of solar energy. 
 

 
Global radiation map 
 
 



 
We know that energy from the Sun is the direct or indirect source of all the other renewable 
energy sources and most of the exhaustible sources; but when we talk of solar energy as a 
renewable source we are referring to the direct exploitation of the electromagnetic radiation 
reaching Earth from the Sun. 
 
To use this solar energy, energy conversion processes need to be applied. The two forms of 
conversion relevant here are thermal conversion and photovoltaic conversion. 
 
 
FORMS OF CONVERSION 
 
The Sun emits electromagnetic radiation at short wavelengths (0.2 – 3 µm), producing different 
effects on the materials and masses with which it interacts. 
 
These effects have their origin in the energy stimulation of the material’s atomic and subatomic 
components, and cause chemical and biochemical processes and other energy transformations 
with or without changes in internal physical structures. Macroscopically, and for the purposes of 
this study, the transformations of most interest are those in which solar radiation is converted 
into thermal energy (photothermal conversion) and electrical energy (photovoltaic conversion). 
 
In photothermal conversion, solar radiation merely modifies the state of thermal agitation 
existing in the molecular, atomic and subatomic components of matter, increasing its internal 
energy and therefore increasing its temperature. This phenomenon occurs regardless of the 
value of the radiation received, although its intensity varies with the nature of the matter.To 
produce a thermal effect, therefore, any material and any type of radiation will suffice. 
 
Photovoltaic conversion, however, is somewhat more complicated and is based on what is 
known as the photovoltaic (or photoelectric) effect. To understand it, we must first introduce 
some basic notions concerning semiconductors, above all with regard to atomic structure. 
 
The basic technological element involved in the transformation of solar radiation into electricity 
is the photovoltaic cell. The most typical photovoltaic cells are made of silicon, a basic 
semiconductor which possesses four electrons in its electronic conduction layer. The atoms of 
semiconductors – especially when doped with other elements – are very sensitive to the energy 
of the photons which make up solar radiation. 
 
Silicon is one of the most abundant elements in the Earth’s crust, and is employed in many 
everyday materials. The particular type of silicon used in the manufacture of photovoltaic cells 
is produced with sand. 
 
Base silicon for cells can be obtained in three different forms: 
Monocrystalline, polycrystalline and amorphous, depending on the production process. 
 
 
 
 
 
 
 
 
 
 



 
PHOTOTHERMAL CONVERSION 
 
The aim of thermal solar systems is to possess a device in which certain physical properties 
possess values suitable to produce the desired effect. These basic properties are absorbance (α), 
transmittance (τ) and reflectance (ρ), and are associated with the material’s capacity to absorb, 
transmit and reflect solar radiation. The value  of  these properties in  each  material depends  on 
the wavelength of the electromagnetic radiation in question. Their values within the solar 
spectrum (between 0.2 and 3 µm) are of particular interest. 
 
Another property important in the thermal conversion of solar radiation is emissivity, which 
concerns the electromagnetic radiation emitted by a body at a given temperature. 
 
A thermal solar device will therefore require a high absorbance value ( it must absorb a lot of 
radiation), a low reflectance value (it must reflect little radiation), no transmittance in the solar 
spectrum wavelengths, and a low emissivity value at the wavelengths corresponding to the 
temperature of the solar collector. 
 
This is what is known as absorption selectivity, and it is required of all materials used to build a 
thermal solar device. It is not at all easy to achieve, but, as we will see below, it is not 
impossible. 
 
Another selective effect of great importance in photothermal conversion is known as the 
“greenhouse effect”. This is basically selectivity in transmission by by glass and other 
transparent materials. Glass allows over 90% of the solar radiation it receives to pass through it 
(a transmittance value of over 0.9), while rejecting the longwave thermal radiation produced by 
the materials inside the collector, which it reflects back towards the interior. The graph shows 
the transmission spectrum for a glass in which over 90% of the solar radiation received is 
transmitted within the solar spectrum, 0.2 – 3 um. The solar radiation therefore passes through 
the glass while the thermal radiation produced by the materials inside the collector – above all 
the absorber – at around 7-10 um, is rejected by the glass since its transmittance at this 
wavelength is practically zero. 
 
 
Passive photothermal conversion 
 
This type of conversion takes place at low temperatures, only slightly above those of the 
environment. The term passive refers to the fact that it does not involve any special devices with 
moving parts, such as pumps or mechanisms. 
 
Passive thermal solar energy conversion is used in architecture in what is known as passive 
solar design. Bioclimatic Architecture and Energy Architecture use the principles of passive 
solar conversion to design and build buildings and open spaces which, apart from the physical, 
mechanical and optical properties of the construction materials used, also take into account the 
relative position of the Sun and the prevailing winds. External heat (and cold) and the energy 
accumulated in the enclosing walls and enclosed spaces is transferred to the building’s spaces 
by radiation, conduction and convection, significantly improving the building’s performance 
and its level of thermal comfort. 
 
 
 
 
 



 
Classic greenhouses are essentially low temperature thermal solar collectors which also exploit 
the selective transmission properties of transparent plastics. For environmental and landscape 
impact reasons it is not advisable to use such installations excessively, although their 
employment in cash crop cultivation has brought a great deal of economic prosperity to several 
parts of Spain. Fruit dryers also belong to this category of thermal collectors. 
 
The same idea is now being applied to the direct heating of swimming pools, converting 
conventional pools into genuine solar collectors simply by covering them with a foldable 
transparent roof which can be removed in summer to allow the pool to be used as normal during 
the hot season. 
 

 
  
Active photothermal conversion 
 
Photothermal conversion applications at temperatures higher than that of the building served 
require active systems, involving the natural or artificial circulation of a fluid. The collectors 
used in such systems are defined depending on their operating temperatures: low, medium or 
high. 
 
Low temperature collectors 
 
To achieve temperatures lower than 80º C, a fluid (normally water or air) is heated by devices 
called flat-plate thermal solar collectors, comprising the different elements described below: 
 
 
 
 
 
 
 
 



 

Flat-plate solar collector 
 
 
Transparent cover: a flat element made of a material that is transparent to solar radiation and 
which produces a greenhouse effect inside the collector, reducing convection- and radiation-
induced heat loss from the absorber. It is usually made of glass. 
 
Absorber: the component in which the solar radiation is conveted into thermal energy. It 
consists of a flat surface made up of a plate or several metal vanes attached to a hydraulic circuit 
through which the work fluid flows to carry away the energy collected. The absorber’s external 
covering may be black or selective. A black covering involves the use of black paint made up of 
pigments and solvents which help it to adhere to the absorber, in order to increase its absorption 
at the wavelengths at which it receives the solar radiation (0.2 -3 µm). Selective treatment also 
aims to reduce the absorber’s emissivity at the wavelenghts at which the absorber itself emits 
(7-14 µm), in addition to increasing absorption of the solar energy received. There are several 
types of selective treatment (metal electrodepositioning, spray processes, etc), but all of them 
possess selective absorption qualities. 
 
Other elements: the collector also contains insulation for the back and sides, and the whole 
device is enclosed in a metal cabinet or box which, together with the cover, protects the 
components from the weather and provides rigidity. 
 
This type of device for converting solar energy into useful energy is already quite common all 
over the world, although its performance priorities and use vary from country to country. 
 
 
 
 



 

 
 
Germany is the European country which makes the most use of thermal solar energy, with over 
five million square metres of solar collectors. It is followed by Greece and Austria, ahead of 
countries with more sunlight such as Spain, Italy and Portugal. This is significant, although 
difficult to explain. At world level, China, the United States and Japan are the countries with the 
most thermal solar installations. 
 
In Spain, a certain logical correspondence exists between surface area occupied by collectors 
and the availability of sunlight: Andalusia, the Balearic Islands and the Canary Islands are the 
regions with the greatest surface area.  In Andalusia the launching of the PROSOL programme 
to promote and subsidize thermal solar plants has unquestionably contributed to the relative 
progress that has been made. The Canary Islands have an identical programme, the PROCASOL 
programme, while in Morocco the PROMASOL programme is being implemented. 
 
 
Other flat-plate collectors 
 
Flexible flat-plate collector. Some appliances use collectors with no transparent cover. They are 
cheaper than the others and are usually made of flexible materials which can be adapted to 
uneven or irregular surfaces. They are used a lot to provide direct heating for swimming pools. 
Most of the thermal solar plants in the United States are of this type. 
 
There are also specially designed flat-plate collectors which allow higher temperatures, to be 
reached, sometimes even above 100ºC. Specifically, their insulation capacity is greater than 
normal, especially on the inside which is where most of the heat loss (= 80% of the total) 
occurs. They are known as vacuum collectors* and transparent insulation *collectors. 
 
 



 
Evacuated tube collector. The absorber consists of two metal pipes through which the heat 
transporting fluid flows. These pipes are encased in two glass tubes, and a vacuum is created 
between the two which reduces heat loss. 
 
Transparent insulated flat-plate collector. The arrangement is similar to normal collectors; the 
only difference being the covering which, rather than being made of plain glass, has a 
“honeycomb” structure formed by small glass or platic tiubes. This greatly reduces heat loss 
while increasing the solar radiation acquisition temperature. 
 
Other flat-plate collectors which allow temperatures of over 80º C are the so-called CPCs 
(Compound Parabolic Concentrators). Here, the amount of solar radiation received by the 
absorber tube is increased by fitting geometrical strips of a reflecting material in such a way that 
the radiation that they receive is reflected onto the tube. 
 
Medium temperature collectors 
 
To obtain temperatures above 80º C it is necessary to use radiation concentrating elements 
based on either reflection or refraction. 
Depending on whether a solar tracking mechanism is available, these are divided into tracking 
and non-tracking collectors. 
 
1. Non-tracking collectors 
 
These are low concentration devices generically called CPCs, mentioned previously in the 
section dealing with flat-plate colectors. Their advantage is that no tracking is required as long 
as they are properly orientated so that, from all the different positions of the Sun during the 
course of the day, the solar radiation received always lies within the so-called “admission angle” 
of the panel. This admission angle depends in turn on the structural properties of the collector. 
 
Non-tracking collectors are not yet used extensively, although their clearest field of use is in 
heat-cold air-conditioning systems with absorption machines, running as a mixed system with 
conventional fuel. In the School of Engineering at the University of Seville there is a test 
installation of approximately 160 m2 of solar collectors, used to supply hot and cold water to the 
air-conditioning system in one of the School’s laboratories. 
 
2. Axis tracking collectors 
 
The most widespread type is the cylindro-parabolic concentrator. 
 
Cylindro-parabolic concentrator 
 
Collectors of this type can be set up in different ways: on the horizontal axis and facing East-
West or North-South or with the axis inclined towards the polar axis (parallel to the axis on 
which the Earth turns). 
 
The device turns, in any case, to track the Sun in its apparent daily movement. Depending on its 
type of assembly, it will permit total acquisition throughout the year or will give priority to 
acquisition at certain times of the year.  Tracking is performed by electric motors or hydraulic 
mechanisms, controlled by elements which follow the position of the Sun and ensure that the 
Sunlight is reflected onto the receiver tube. 
 
 



 
The most important components of cylindro-parabolic concentrator is their reflecting surface, 
the absorber-receiver tube and the tracking system. The reflecting surface is usually made of 
mirrors of the greatest reflectance possible in comparison with duration and cost, and has a 
parabolic cross section. The receiver/absorber tube, which is usually a metal tube with a 
selective surface protected in a glass tube to reduce heat loss, lies at the focal point of the 
concentrator. 
 

 
 
Applications for these collectors are not widespread, even though the biggest solar energy plants 
in the world are of this type: the SEGS (Solar Energy Generating System) in the Mohave Desert 
on California (USA). 
 
These are mixed power plants run 25% on natural gas, and have been growing in capacity until 
the bigger plants now produce up to 80 MW. 
 
There is now a total installed power capacity of 350 MW, and the plants are producing good 
results both technically and economically. 
 
The two 50 MW power plants currently being built on the plateau of El Marquesado del Zenete, 
in the province of Granada, are also of this type. 
 
 
3 Axis tracking cylindro-parabolic solar concentrators 
 
Some research has been carried out with medium temperature 2-axi tracking cylindro-parabolic 
concentrators. The most interesting example was a German-built plant set up at the Solar 
Platform, Almeria at the beginning of the 1980s. It absorbed more energy than any other, but 
had some disadvantages; higher costs and greater energy losses, due to the length of its 
distribution piping. 
 
 
 



 
High temperature solar cells 
 
For temperatures above 400º C it is necessary to use devices with a shape that allows the energy 
to be focused on one point. 
 
One essential feature of medium and high temperature devices is their concentration ratio, the 
ratio between the area of the device’s opening surface area and that of the receivor-absorber. In 
high temperature concentrators this can be as high as 3600, meaning that if the solar radiation 
received has an intensity of 900 W/m2 the radiation reaching the receiver may have an intensity 
of 3 MW/m2 or more, producing temperatures of 1000º C or more. 
 
To obtain even higher temperatures, the radiation must be concentrated even more, and this can 
be done by means of double concentration in what are known as solar ovens, used in research. 
 

 
 
 
The basic types of high temperature solar cells are: 
 
Parabolic trough. These are compact revolving paraboloid assemblies at the focal point of 
which the energy transformation device receiver is positioned: usually Stirling motors with air – 
or other inert gases – as the work fluid. This technology has a good chance of being 
implemented on a  massive  scale in the  not-too-distant  future, above all  because of its very 
modular nature which allows the installation of large series, similar to the wind machines 
installed today. There is a dish of this type in the pre-industrial development stage in the School 
of Engineering at the University of Seville. 
 
 
 
 
 
 



 
Central receiver and reflecting mirrors: In this case the concentration system is a series of 
adjustable mirrors which constitute a Fresnel style paraboloid reflector.The radiation is directed 
into a receiver normally positioned at the top of a tower. It is known as a tower plant precisely 
because it is at the top of the tower where the concentrated solar energy is transformed into 
fluid-borne thermal energy. 
 
The main application for high temperature concentration systems is in the production of heat 
and/or electricity in specially designed plants. 
 
Within the energy transition stage mentioned previously, it is logical to envisage these systems 
as part of a hybrid system in conjunction with other, storable forms of energy. 
 
Several installations have been tested using these concentration systems at the Solar Platform in 
Almeria. Different elements and useful energy transformation systems have also been tested. 
The early experimental installations in the 1980s, with cylindro-concentrators and oil at 300º C 
serving as the transport fluid, generated around 500 kW of power each. The mirror arrays and 
central receiver were incorporated little by little and eventually, with thermal engines of a 
different type, a capacity of 1.2 MW was reached. 
 
In the same period, very close to the oil crisis caused by the Yom Kippur War between Israel 
and the Arab nations, several experimental plants based on the same central receiver technology 
were built all over the world. 
 
Fresh initiatives have been launched more recently, like the 11 MW electricity plant being built 
in Sanlucar la Mayor (Seville) by the Solucar Company.  
 
As the subject of research, these devices and solar ovens are enabling great advances to be made 
in what is known as solar chemistry and in the study of new materials, as well as in other areas 
of thermal specialization. In this respect one of the most emblematic plants is the Odeillo solar 
oven in the French Pyrenees and, albeit on a somewhat smaller scale (in both size and 
resources) the solar oven in the Solar Platform in Almeria. 
 
The Solar Platform, Almeria (the only installation of such size and importance in Europe) and 
the Sandia National Laboratory (New Mexico, USA) are indeed the leading centres specializing 
in high temperature thermal solar energy R + D. But other countries have also experimented 
with solar concentration systems: they include Japan, Russia, France, and the European Union 
in Italy. To date, only the SEGS plants in the USA has been and continues to be of a 
commercial nature, but Spain is expected to have commercial plants in the near future. 
 
In Spain, these test plant initiatives saw their first results in the shape of the State support 
provided through Royal Decree 1828 in 1998, which addressed the corresponding chapter of the 
Special Regime legislation within the Law governing the Electricity Sector. It backed proposals  
for solar plants of this type by means of a premium of 0.12 €/kWh for electrical energy 
produced from solar power. Today, the situation has improved as a result of Royal Decree 436 
of 2004, which provides for a premium of 300% on the nominal electricity tariff for the first 25 
years following installation, and 240% from then on. No doubt this incentive will serve to inject 
enthusiasm and resources into future energy developments, including some of those we have 
described above. 
 
 
 
 



 
Other special high temperature devices are the SRTA (Stationary Reflector, Tracking Absorber) 
systems. This concentration technology dates from the early 1980s and was developed mainly in 
France. It involves a fixed reflector and an absorber which tracks the movement of the Sun’s 
rays in order to receive concentrated radiation. 
 
 
PHOTOVOLTAIC CONVERSION 
 
The basic principles underlying the photovoltaic effect have been described above. The essential 
element is the photovoltaic cell, made of silicon doped with boron and phosphor, which 
constitutes a semiconductor with an internal energy barrier from which an electric current can 
be obtained.  
 
Photovoltaic modules made of amorphous silicon, low in performance and affected by ageing 
problems, are used mainly in small portable appliances (for camping, sailing, toys, calculators). 
 
For self standing or mains connected installations when the objective is high electricity 
production using the smallest possible surface area, modules are used made of cells 
manufactured from monocrystalline silicon (the most efficient cells) or polycrystalline silicon (a 
little cheaper but a little less efficient). 
 
The manufacturing process of a photovoltaic cell begins with the production of a cylindrical 
ingot of silicio. This initial silicon cylinder is cut to produce a quadrangular prism and then 
again into very thin slices (0.3 mm thick or less), known in the argot of the industry as wafers. It 
has already undergone the metallurgical proces of doping with boron, and the boron atoms 
which replace those of silicon in the original crystalline structure create  “gaps” – places where 
one electron is missing (because boron has three electrons in its conduction band) from the four 
present in the base material. 
 
These silicon wafers doped with boron can be considered the raw material from which 
photovoltaic cells are manufactured. 
 
Once cleaned and suitably treated they are placed in a diffusion oven where they are coated on 
one side with phosphor to a previously calculated thickness (around 50 µm). The result is a 
semiconductor known as type p.The rest of the wafer doped with boron, as explained, is a type 
n semiconductor. 
 
The wafer is now a photovoltaic cell because at the point of union of the areas p and n there is a 
strong electrical field which, with the appearance of the electron-gap pairs released by solar 
radiation of sufficient energy, generates an electric current. 
 
This simple wafer, now converted into a material suitable for producing electricity from solar 
radiation, serves as the basis for a whole series of rather complicated and almost always 
automatic industrial processes, which eventually produce the definitive photovoltaic cell. The 
cells are then grouped together, in series or in parallel, and enclosed to form the panels to 
produce the voltage and current appropriate for the desired application. 
 
On the market, panels are classified by their “peak power “expressed in Watts W, the maximum 
power being provided by the panel when the radiation received is 1000 W/m2 and the panel 
temperature is 25º C.Peak power gives an idea of the power that can be obtained from a 
photovoltaic panel, and should not be confused with maximum power under real conditions.  
 



 
This depends on the level of radiation received by the panel and on other factors, such as the 
panel temperature, wind direction and speed, load voltage, etc. 
 
Applications in which photovoltaic solar energy can be used are just as numerous as those for 
electrical energy. The most frequent and most useful applications are briefly reviewed below. 
 
 
Stand alone installations 
 
The most outstanding application for photovoltaic solar energy is to supply electrical energy for 
isolated buildings and other uses when no connection is available to the conventional mains 
network. These installations permit artificial lighting, communications, music, TV, the pumping 
and distribution of water, and hundreds of similar productive and profitable activities. 
 
For many human beings who, for geographical, political or economic reasons, do not have 
conventional access to electricity, the only form of electricity available is that produced from 
photovoltaic energy. Photovoltaic solar plants therefore represent a very real possibility of 
improving the standard of life for a large portion of the world’s population: over two thousand 
million people.  
 
Pumping water for irrigation and water troughs are widespread applications of photovoltaic 
power today. Assembly is simple and there is no need to store energy in batteries.Once water 
has been pumped it can be stored in tanks to be distributed as required. 
 
Other applications of photovoltaic technology worthy of mention are in traffic signs and street 
and motorway lighting, and to supply the electricity to power communications devices. 
 
 
Installations connected to the mains network 
 
This application has recently been undergoing intense development, above all in wealthy 
countries with a high level of technology and awareness of environmental issues. Basically it 
involves the use of non-accumulating plants which by means of a CC (continuous current) to 
AC (alternating current) inverter, transfer all the electricity they produce to the general mains 
supply network. Such plants are being encouraged by institutional support for the electricity 
generated in the shape of premiums per kWh transferred to the network. In Spain, the premium 
is around 0.41 €/kWh (a premium of 575% on the basic electricity tariff for the first 25 years 
and 460% from then on) if the installation’s total rated power does not exceed 100kW. When it 
exceeds this amount, the premium falls significantly (300% for the first 25 years and 240% 
thereafter). 
 
Japan, the United States and Germany are the leading countries in terms of installed 
photovoltaic power production, as can be seen in the table. Again, the countries which receive 
the most Sunlight in Europe, including Spain, do not live up to expectations regarding the 
number of photovoltaic power plants they have in operation 
 
Spain does stand out, however, in solar power equipment manufacturing, and has several major 
companies which sell most of their production outside Spain. 
 
 
 
 
 



 
WIND ENERGY 
 
The uneven warming of the Earth’s surface produces areas of high and low pressure. This 
imbalance causes the air surrounding the planet to move from one place to another, creating 
wind. Wind is simply a mass of air which carries kinetic energy with it as it moves, and this 
energy can be transformed into useful energy thanks to certain devices. 
 
Wind power currently constitutes an interesting alternative through which the electricity system 
could be relieved of its overriding dependence on exhaustible primary energies. Installed 
electrical power produced by wind-powered generaters has grown by more than 11% in the last 
10 years. By the end of 2004 the world as a whole possessed an installed wind power capacity 
of 47,000 MW. 
 
Germany is again the leading country in wind energy exploitation, followed at quite some 
distance by Spain and the United States. 
 



 

 
 
 
 
 
 
 
 
 



 

 



 
 

 
 
 
HISTORY 
 
Wind power was used to propel sailing ships as far back as 4500 B.C., when it pushed boats 
along the River Nile. By 200 A.D., in China, water was being pumped by simple wind mills, 
and in the 11th century wheat was ground in the Middle East by vertical windmills with 
interweaving fabric sails. The idea was brought back to Europe by returning merchants and 
Crusaders. 
 
In Spain, windmills are known to have existed in La Mancha in the 16th century, as Cervantes so 
skilfully reminds us in his Don Quijote. The Danes refined the windmill and adapted it for use 
on lakes and in the bays of the upper Rhine estuary. Its heaviest use came in the years following 
1700 in pre-industrial Europe, when over 10000 windmills existed in Holland alone. They were 
used to grind wheat, pump water and saw wood. European colonists took the technology with 
them to the New World in the 19th century, using windmills to pump water on farms. 
 
Industrialization, first in Europe and then in America, brought about a gradual decline in the use 
of windmills. They were replaced by steam engines. But at the same time the first wind 
machines began to appear, in Denmark towards the end of the 19th century. The following 
decades saw the appearance of numerous prototypes, most of which collapsed or fell to pieces 
as soon as they were assembled. There are records of devices having existed in Russia and in 
France prior to 1940. 
 
The popularity of wind power has fluctuated with the price of fossil fuels and of generating 
electricity. As we have seen, when oil prices fell after the Second World War interest in wind 
power disappeared, but when they reached their peak in the 1970s, interest in renewable energy, 
including wind power, revived. 
 
 
 



 
Technological research after the rise in oil prices reconsidered old ideas and introduced new 
ones, gradually resulting in ever larger turbines and eventually producing the wind farms of 
today. Wind farms are plants containing dozens of wind machines connected to the electricity 
network. They produce significant quantities of electricity with a very high level of efficiency: 
the power produced by one single device can be as high as 2 MW in the latest models. 
 
Apart from large scale electrical conversion, there are also medium sized and small wind 
machines designed to generate electricity for the home and for small businesses and industries, 
and used to provide self standing power sources, to power mills and pumps, and for the 
desalination of sea water by reverse osmosis. 
 
 
INSTALLATIONS 
 
Wind machines 
 
A modern wind machine comprises two basic systems:  
 

1. The rotor. This is the mechanism which captures the wind’s kinetic energy and 
transforms it into mechanical energy on an axis. It may have a vertical or a horizontal 
axis. 

 
2. The converter system. This transforms the mechanical energy from the rotor into 

electrical energy. 
 
 
Future prospects 
 
The main problems posed by the employment of wind power are variations in the wind’s speed 
and its random nature, an inherent characteristic which makes it difficult to obtain a constant, 
stable power supply from this resource. The growth in the number of installations connected to 
the electricity network, however, and their wide geographical dispersion offset this randomness. 
Wind conditions vary from one area to another, and when the wind farms in one area are not 
working, those in other areas can still supply energy to the electricity network. Also, 
improvements in wind forecasting systems based on meteorological models allow for better 
short term planning within the national electricity production network. Other problems, like the 
layout of the infrastructures connecting wind farms to the mains electricity network, are less 
serious and will no doubt be overcome as wind technology becomes more consolidated. 
 
New models are even now being designed which will enable the wind to be exploited even 
when it is not particularly strong; new areas where wind power may prove efficient are also 
being studied, especially at sea on offshore installations. 
 
Wind power is today a highly successful industry which supplies electricity to millions of 
people. It is expected to continue its expansion in the future, and to end the monopoly enjoyed 
by other, far more contaminating sources of electricity generation. 
 
 
 
 
 
 
 



 
BIOMASS 
 
Biomass is any recently produced organic matter. It may come from animals or plants, or from 
the natural or artificial transformation of the same. 
 
Primary biomass has its origins in the photosynthesis processes which take place in plants 
thanks to their micro- and macroscopic structures. Photosynthesis is a physical-chemical 
process which produces carbon, oxygen and other substances from carbon dioxide, water and 
other soil components with the help of solar radiation energy. It transforms solar radiation into 
intermediate energy, and stores the energy produced. 
 

 
The natural biomass cycle 
 
Today’s attempts to optimize the exploitation of biomass energy involve adapting it for use as 
fuel. Different types of processes have to be adopted depending on the type of biomass and the 
type of fuel desired. 
 
 
TYPES OF BIOMASS 
 
Natural 
This comes from natural ecosystems – woods, meadows, bushland – and has always been used 
by Man as a source of heat. In less developed çcountries this type of biomass, in the form of 
firewood from autochthonous trees and bushes, still provides a high percentage of many 
people’s energy supply. In the countries with unlimited access to all the alternative energy 
sources it may appear that this use of firewood simply contributes to the desertification of large 
parts of the planet, and this is true, but we must take into account the fact that these human 
beings have no alternative. We must be aware of the need to make an effort to satisfy the energy 
requirements of people in such circumstances. There can be  no doubt that  renewable energies 
offer a solution in the shape of the new developments taking place in solar ovens and other 
devices and technologies. 
 



 
Residual biomass: biomass produced by the principal operations carried out in different fields: 
 

• Agricultural: crop remains after harvesting, and waste from crops, agricultural surpluses 
and the agricultural product processing industry. 

• Livestock: droppings, leftovers, waste etc. 
• Woodland: waste produced by the primary (forestry) and secondary (industrial) 

transformation of wood. 
• Biodegradation of urban waste. 
• Wastewater. 

 
 
Energy crops: crops grown exclusively in order to produce biomass for energy. They typically 
offer large yields from little input and are therefore economically profitable both for farmers and 
for the energy sector. This type of biomass offers several advantages: 
 

• It enables the exploitation of land no longer used for agriculture, which would otherwise 
simply be abandoned. 

• It guarantees revenue for rural areas. 
• It improves environmental conditions: reduces soil erosion, improves the nature of land, 

etc. 
 
 
PROCESSES 
 
Direct combustion 
 
Combustion is the chemical reaction of a substance with oxygen. The oxygen used is normally 
in the air and the combustible substance contains carbon and hydrogen. The gases released 
therefore contain CO2 and water. Depending on the composition of the fuel, other contaminating 
substances may also be released (sulphurous and sulphuric anhydrides, nitrogen oxides, etc.). 
Heat is also produced because combustion is in almost all cases an exothermal reaction. 
 
The first way in which biomass energy was used by man was to produce fire. Even now in the 
21st century biomass combustion is the main energy source for around two thousand million 
people all around the world. 
 
 
Pyrolysis 
 
Pyrolysis is the decomposition of an organic substance through the effect of heat in a vacuum or 
in an inert atmosphere. It produces gases (made up of hydrogen, carbon oxides and 
hydrocarbons), liquids and pyroligneous substances and a solid form of carbon (charcoal). It 
takes place at temperatures between 250º C and 600º C. The nature and composition of the final 
products depend on the properties of the biomass used, the temperature and pressure to which it 
is submitted and the time it is kept in the pyrolysis reactor. 
 
Wood pyrolysis is a very old process: the ancient Chinese, Romans, Greeks and Egyptians all 
made charcoal and collected the condensation vapours for use in embalming and caulking ships. 
 
In the 19th century interest grew in using industrial processes to recover condensable products in 
order to separate chemical compounds from pyroligneous liquids. Methanol, acetone, acetic 
acid, creosote, etc. were all extracted from condensed pyroligneous fractions and were used to 
produce the first organic-based compounds, employed in industry until the beginning of the 20th 



 
century. Today pyrolysis is important because of the commercial value of just one of its 
products: coal. Others, like acetic acid and methanol, can be produced more economically using 
other methods. 
 
 
Gasification 
 
Gasification is a high temperature thermochemical process in which a solid fuel in contact with 
a limited amount of an oxidising agent is turned into combustible gas, small amounts of other, 
heavier hydrocarbons and a solid waste containing ash. 
 
Combustible gas can be used directly in thermal applications (such as internal combustion 
engines or gas turbines) or in combined cycle plants. 
 
 
Anaerobic digestion 
 
Anaerobic digestion consists of degrading organic matter without using oxygen, thanks to the 
action of certain bacteria which attack the matter and decompose it. This produces biogas and 
sludge, which contains most of the inorganic substances and compounds that are difficult to 
degrade. 
 
Biogas has a high methane content (around 50-70%), making it particularly attractive as an 
energy source. It also contains CO2, small amounts of nitrogen and hydrogen, and traces of 
sulfhydrate. Biogas is a very versatile form of energy, and can be used directly in internal 
combustion engines with only slight mechanical alterations. It can also be used in Stirling 
motors. 
 
Anaerobic digestion processes are especially suitable for treating biomass with high humidity 
content, like urban wastewater and animal and plant waste. The process also occurs naturally in 
properly sealed urban solid waste deposits. Domestic digesters are widespread in certain 
developing countries. 
 
 
Alcoholic fermentation 
 
This is a biotechnological process by which yeast, when placed in contact with small quantities 
of oxygen, produces ethanol from the sugar contained in the biomass. 
 
Alcohol is exploited as energy above all in internal combustion engines, either directly as a 
component of petrol, or by using its ether – ETBE – as an additive. Ether is a product with fuel 
properties similar to MTBE, and is used as a component in petrol formulations. It is valued for 
its high octane content, and because it contributes towards compliance with environmental 
quality specifications for petrol. 
 
Oil extraction and sterification 
 
The sterification process converts the oils and fats present in oil-yielding plants into linear 
molecules similar to those of the hydrocarbons present in diesel fuel. This reaction can only 
occur naturally at high temperatures and at high pressure. Using a suitable catalyst, however, 
sterification can be carried out at normal pressures and temperatures. The ether obtained from 
the vegetable fats is a good fuel for diesel engines, and is known as diesel biofuel. 
 



 
 
FUTURE PROSPECTS 
 
It should be remembered that biomass is today the most commonly used form of renewable 
energy (see the statisitics given at the beginning of this unit). It is also the energy form with the 
most promising immediate future, as can be seen by the expectations raised by the European 
Commission in all its programmes in support of renewable energies. 
 
As a resource, the advantage of biomass is twofold: 
 

• It is very abundant, with more than 700 Gtoe (about the same as fossil-produced 
mineral coal) in storage. 

 
• Its rate of renewal is around 80 Gtoe per year. The amount of primary energy consumed 

annually by human beings stands at a little over 11 Gtoe.  
 
 
WATER ENERGY 
 
Using the potential energy accumulated in water to generate electricity is a classic form of 
obtaining useful energy. Around 20% of the electricity used throughout the world comes from 
this source. It is a renewable energy but not, strictly speaking, an alternative energy because it 
has been used for many years as one of the major sources of electricity. It was even the origin of 
the standardized electricity service, when the flour grinding mills of old became small local 
electricity plants, supplying electricity to the surrounding areas. 
 
The hydroelectric energy that can be obtained from an area depends on its water courses and the 
variation in their levels. At present, the potential energy of water stored in a reservoir is 
converted into kinetic energy downstream of the reservoir. The kinetic energy produced acts on 
the vanes of a specially designed turbine, causing an axis to rotate and drive a generator which 
produces the electricity required. 
 
Hydroelectric plants can vary greatly in size, from the enormous installations of the Itaipú plant 
between Brazil and Paraguay, which produces up to 13500 MW, to tiny turbines installed on 
small streams to generate around 1 kW or even less. 
 
It should be noted that water energy resources are available in abundance – over 3000 GW 
around the world – and very versatile. Considering that the global total electricity production 
capacity is approximately that same figure and the installed hydroelectric power capacity 
currently stands at around 650 GW, it is easy to understand the bright future facing this by no 
means minor renewable energy resource. From the point of view of its versatility, it should also 
be remembered that the exploitation of hydroelectric power does not necessarily require 
enormous installations with water covering vast areas of land, which are often very sensitive in 
terms of biodiversity and other environmental concerns. 
 
 
HISTORY 
 
It is known that the Egyptians were among the the first peoples to exploit water energy by 
means of water wheels, around 3000 years B.C. Middle Eastern civilizations also used similar 
wheels to supply water and to grind wheat 1000 years B.C. 
 



 
Medieval England is said to have had over 5000 watermills, with the same number existing in 
continental Europe. Watermills were later used to power wood saws, wine presses, pumping 
systems, bellows for ovens, wood crushers, etc. These water wheels were very inefficient and 
only transmitted mechanical force using rudimentary gear systems. Later the axis was 
positioned vertically and directly engaged with the wheel: the elimination of the gears improved 
efficiency. There are remains of water wheels, and even some leather tanning mills, in most 
parts of the Iberian Peninsula. 
 
At the beginning of the 20th century a horizontal water wheel was invented and named the 
reaction turbine. This, and similar turbines with a series of modifications, were the forunners of 
today’s Pelton, Francis and Kaplan turbines which work differently with regard to the 
waterflow. 
 
 
INSTALLATIONS 
Hydroelectric power plants 
 
Hydroelectric power plants are facilities which take water energy and convert it into electricity. 
Depending on the way they are set up they can be divided into three groups: run-of-the-river 
plants, dams and irrigation or supply channel plants. 
 
Run-of-the-river plants divert part of the water in a river and feed it through the plant turbine 
where it is transformed into the desired energy. The water is then returned to the river. 
Dam plants, as their name indicates, contain a reservoir of water behind a dam and when 
required let it drop into the turbines at the foot of the dam. 
 
Irrigation and supply channel plants exploit possible differences in level between water conduits 
or nearby rivers. 
 
The size of hydroelectric plants is indicated by their classification according to the power 
produced, as follows: 
 
1 Over 10 MW: Power plant 
2 Between 1 and 10 MW: Mini power plant 
3 Less than 1 MW: Micro power plant 
4 Just a few kW: Pico power plant 
 
Installed hydroelectric power in Spain at the end of 1998 was 18167 MW (comparable to total 
electricity generating capacity, and with thermoelectric and nuclear capacity), of which only 
1749 (9.6%) was in mini power plants. 
 
 



 

 
 
 
FUTURE PROSPECTS 
 
Mini hydroelectric power plants are especially important for several features which make them 
ideal for use in a renewable, sustainable, decentralized system: 
 
1. They are renewable and local. 
 
2. Their production is non-contaminating, and their impact on the environment is in general 
very small. 
 
3. They replace thermal power plants, reducing the amount of gases emitted by the energy 
system as a whole. 
 
4. Plant technology can be totally national. 
 
5. Their effect on employment is positive. 
 
6. They are very attractive economically thanks to their reasonable tariffs. 
 
7. They represent one of the best ways of providing access to electrical energy in most 
developing countries. 
 
Hydroelectric energy is a high quality, easy-to-store and abundantly available primary energy of 
great versatility. Support for this technology should not be overlooked in a future in which we 
must strive to make energy distribution more efficient and more in line with consumption 
requirements. 
 
 
 
 



 
GEOTHERMAL ENERGY 
 
The term “geothermal” comes from the Greek “geo” (Earth) and “therme” (heat), and therefore 
refers to the heat of the Earth. 
 
Beneath the Earth’s crust, the upper layer of the mantle is made up of extremely hot liquid rock 
called magma. When this magma breaks through the Earth’s surface in volcanoes it is called 
lava. 
 
Rock temperature rises by around three degrees for every hundred metres of depth. Water 
filtering down from the surface sometimes comes into contact with hot rock. Sometimes it even 
evaporates, reaching temperatures of up to 150º C (higher than boiling point). 
 
In some parts of the world, the abundance of geothermal steam and hot water is exploited to 
generate electricity. Just like the steam produced by burning fuel in a normal thermal power 
station, this natural geothermal steam powers turbines. These turbines are specially treated to 
withstand certain mineral concentrations typical of this energy source. Once it has been used the 
water is pumped back underground, where it is again heated by natural processes 
 
 
HISTORY 
 
The hot water flowing freely to the Earth’s surface in the form of hot springs has been used by 
Man since ancient times.The most widespread and oldest use of this source was as warm baths, 
but that was not the only application: 
 
1. The Romans used geothermal water to treat eye and skin diseases, and in Pompeii to heat 
buildings. 
 
2. Many North American Indian tribes used hot water springs for cooking or for medicinal 
purposes. 
 
3. The Maoris of New Zealand have cooked using geothermal energy for centuries. 
 
 
INSTALLATIONS 
 
Geothermal plants in California produce half of the world’s total geothermally generated 
electrical energy, enough to supply two million homes. 
 
The same underground hot water resources are used to heat buildings and agricultural 
greenhouses. 
 
In the city of San Bernardo, California, the heating in several public buildings is based on 
geothermal energy: the water is transported to the city through several kilometres of insulated 
pipes and serves the Town Hall, a hotel, a convention centre, an old people’s home and office 
buildings. In Iceland, where there are more than 25 active volcanoes, many of the buildings and 
swimming pools in the capital Reykjavik and in other cities are heated by geothermal water. 
 
This resource is currently efficiently exploited by countries like Iceland, New Zealand, Mexico, 
Italy and the Azores. Other countries are gradually increasing their use of it, although world 
production of useful energy from geothermal sources is still low. 
 



 
The traditional use of geothermal hot water has always been in hot baths, recreational pools and 
health spas, and its sources are still exploited to a greater or lesser degree by the tourism and 
health sectors in numerous places around the world. 
 
Environmentally, the use of geothermal energy poses certain problems.Hot water from the 
undersoil is released on the surface, thermally contaminating ecosystems by raising their natural 
temperature. The water extracted also frequently contains salts and other dissolved substances 
which may contaminate the atmosphere and surface waters if not suitably treated. 
 
 
TIDAL ENERGY 
 
Tidal energy is the energy inherent in the ebb and flow of sea and ocean tides.  Tide is 
understood as the periodical and alternating rising and retreating movement caused in sea water 
by the gravititational effects of the Sun and the Moon, and to a lesser degree by Earth-based 
factors.The rising of the tide is known as the ebb, the descent is called the flow and is shorter 
than the former. High tide is the moment when the ebb has reached its highest point, and 
lowtide the point of maximum descent. 
 
Using tidal energy simply involves cutting off an estuary from the open sea with a dyke and 
exploiting the differenc ein level between the sea and the enclosed estuary. 
 
The system comprises retaining the water at high tide and releasing it at lowtide, when it has to 
pass through turbines. When the tide rises, the level of the sea is higher than that of the water 
inside the estuary. When the sluice gates are opened water will pass from one side of the dyke to 
the other and its movement will move the turbines in current generators located in the water 
conduits.In contrast, when the tide is low, the level of the sea is lower, the water flows in the 
opposite direction to the previous case, but is still used to produce electricity. 
 
R+D programmes currently being developed are attempting to produce current exploitation 
systems based on tidal systems, using turbines in such a way that a wind machine can also 
exploit marine air movement. Such systems require high average current speeds, like those 
produced in well positioned conduits. 
 
 
HISTORY 
 
The technique has been known since antiquity, and was used to move the Egyptians’ primitive 
tide mills. Historically its development has been similar to that of watermills: by the 13th century 
tidally operated wheels were used in England and in the 18th century several wheat and spice 
grinding  installations  appeared,  both  in the France  and in  the United  States.  In Spain,  the  
 
Cantabrian Coast still has some working tidal mills, similar to the French models, dating from 
the 17th and 18th centuries. 
 
In 1920 the first extensive studies were carried out into large scale applications in France, 
Russia, Canada and the United States, the first practical results being seen in the construction of 
tidal energy plants in France (La Rance, 1966) and Russia (1968). Like other renewable energy  
 
sources used for centuries, interest in tidal energy declined when low cost electricity began to be 
produced in thermal power plants. But following succesive energy crises, it is once more 
attracting attention. 
 



 
 
RESOURCES 
 
To be exploited reasonably efficiently tides must create a difference of at least 5 m in water 
levels, and there are therefore only a limited number of places in the world where tidal 
conditions are suitable for energy transformation. 
 
Tides are not the same on all coasts: they are negligible in some inland seas, like the Black Sea, 
very small in the Mediterranean – where they rise only 20 to 40 centimetres, and equally weak 
in most of the Pacific Ocean. 
 
Along the southern coast of Chile, however, they reach significant sizes, as they do in certain 
parts of the Atlantic Ocean (which is where the largest tides are recorded). On Argentina’s 
South Atlantic coast in the provinves of Chubut and Santa Cruz, they reach 11 metres and ships 
are left beached during low tide. Tidal magnitudes reach their maximum in Fundy and Frobisher 
Bays in Canada (13.6 metres), and in some spots on European coasts: the Severn Estuary in 
Great Britain (13.6 metres), and Mont-Saint-Michel bay (12.7 metres) and the La Rance Estuary 
(13 metres) in France. 
 
Despite this uneven distribution, the exploitable power of this energy source has been estimated 
at around 15000 MW which, when compared with the 3000 MW total of the installed electricity 
plants throughout the world, gives some idea of its higher potential. 
 
The tidal currents necessary to make energy production from this source viable are thought to be 
around 2 m/s. The possibility of implementing such systems will depend on the technological 
advances made in the different R + D projects currently in progress. 
 
 
FUTURE PROSPECTS 
 
Considering the characteristics of tidal energy, we can see that its advantages – non-
contaminating, silent, completely free raw material, available at any time of the year and in any 
climate – outweigh its disadvantages – possible impact on natural ecosystems and on the 
landscape, and limited locations. 
 
The total amount of tidal energy is sufficiently high to have motivated extensive programmes to 
develop the technologies necessary for large tidal power plants to be put into operation. 
Economically, these plants are not at present competitive alongside other forms of energy 
production, but the situation in the future may well alter, especially considering the fact that the 
lifspan of a tidal power station could be more than 75 years and the cost of its fuel is zero. 
 
No valid references yet exist for tidal energy transformation systems, but possible application 
areas would be coastal areas like the Strait of Gibraltar.  
 
It would not appear to be reasonable to prejudge this energy source as unviable. Attempts 
should be made to overcome the obstacles which exist at present to enable the total exploitation 
of the world’s tidal energy potential. 
 
 
 
 
 
 



 
WAVE ENERGY 
 
The waves produced on the surface of the sea are caused by the wind and they absorb some if its 
energy. Waves are not constant because the wind is not constant, and it is very difficult to 
determine the real amount of energy they contain. 
 
It is just this lack of uniformity in wave movements which constitutes the main problem when 
designing systems that attempt to capture mechanical energy in a totally random manner and 
convert it efficiently into a different, useful form of energy, usually electricity. 
 
 
INSTALLATIONS 
 
Research has been in progress for years into different systems for capturing wave energy and 
transforming it into useful energy, and numerous initiatives have been presented to that end. At 
the end of the 19th century, for example, the first attempts involved using a vessel equipped with 
fins which produced a sideways movement when hit by the waves. 
 
The search for new energy sources has now led the more advanced countries to invest heavily in 
the study of new systems to capture wave energy. Today’s systems are very small and generate 
little electricity; but even that is useful to power a buoy or a small lighthouse. 
 
There are three phenomena produced by waves which current reseach is attempting to exploit: 
 
1. The impulse of the wave 
 
2 The variation in the height of the wave 
 
3 The variation in pressure beneath the surface of the wave 
 
Wave converters can be grouped together in two categories with respect to their dynamic 
performance: 
 
Active: the structural elements move in response to the wave and the energy is extracted using 
the relative movement taking place between the moving and non-moving parts. 
 
Passive: the structure is fixed to the seabed or the coast and the energy is extracted directly 
from the movement of the water particles. 
 
 
 
 
 
 



 

Wave energy converter 
 
 
In this simple example, the wave flows up into a chamber. The rising water forces the air out of 
the chamber, and it is this moving air which drives the turbine connected to a generator. When 
the wave flows back, the air again passes throught the turbine on its way to the chamber, which 
it enters through the gates which had previously closed behind it. 
 
Other systems exploit the rising and falling of the wave to move a piston up and down in a 
cylinder. The piston is connected to a generator. 
 
 
FUTURE PROSPECTS 
 
Countries like Great Britain, the USA, Japan, Sweden, Finland and Holland are engaged in 
research to modify existing solutions in order to meet local energy requirements. In Spain, the 
possibility of implementing wave energy converter systems on the Cantabrian coast and in the 
Canary Islands is being examined. Specifically, two projects have been launched this year 
(2005): one is a buoy (active) off the Cantabrian coast at Santoña, and the other is the new 
Mutriku dyke in Vizcaya (passive). 
 
Great Britain currently possesses a Wave, Tide and Marine Current system testing and 
standardization platform (the European Marine Energy Centre – EMEC). 
 
Commercial exploitation of these systems, which are now at a relatively advanced stage of 
development, is expected to be possible from 2015. 



 
 
GLOSSARY 
 
Absorbance 
The fraction of the radiation falling upon a body which is absorbed by that body. 
 
Acid rain 
A term applied to wet or dry precipitations of an acidic nature caused by the emission of 
sulphates and nitrates into the atmophere, mainly  as a result of burning fossil fuels. 
 
Aerobic-Anaerobic 
The name given to fermentation processes carried out with (aerobic) or without (anaerobic) 
oxygen. 
 
Aerosols 
Solid and liquid particles, present in the atmosphere, which play an important role in 
contamination or, conversely, as the cores for the condensation that produces rain. 
 
Air-conditioning system 
The devices used to create comfortable microclimatic conditions. 
 
Alkylation 
A process which produces a compound with high octane content through the reaction of 
isobutane with butenes, with hydrofluoric acid acting as a catalyst. 
 
Asphalts 
Solid, semisolid or viscous hydrocarbons with a colloidal structure. Their colour can vary from 
brown to black. They are obtained as waste from the distillation of crude oil and atmospheric 
waste in a vacuum. They can be dissolved in carbon sulphur, and are non volatile and 
thermoplastic between 100 and 200º C. They are adhesive and insulating, and are mainly used 
in road construction. 
 
Barrel of oil 
159 litres of oil = 0.13878 toe = 5.81 x 109 J 
 
Biofuel 
Solid, liquid or gas fuel obtained from biomass. Some types can be used in engines and turbines. 
 
Biogas 
The product of the anaerobic decomposition of organic compounds through the action of 
different types of bacteria. It is a mixture of methane and CO2. 
 
Biomass 
In the energy context, this is any organic matter which has its origins in living beings, and any 
products deriving from its immediate transformation which can be used to produced energy. 
 
Briquettes 
A compact, regularly shaped mass made up of dust or tiny fragments of different substances 
held together by a flocculating agent and by pressure. In the energy context, they are made up of 
waste from the wood industry. 
 
 
 



 
B.T.U. (British Thermal Unit) 
1 BTU = 252 calories = 1055 J 
 
Bunker fuel 
Amounts of fuel supplied to vessels at sea, regardless of their flag or type. 
 
Calorie 
The amount of heat needed to raise the temperature of one gramme of water at 14.5º to 15.5º C. 
1 calorie = 4.1878 J. 
 
Carbon dioxide (CO2)  
A gas given off during combustion (if the fuel contains carbon in its structure) and absorbed by 
plants during photosynthesis. 
 
Cast 
A cylindrical or spherical body less than 1 cm in size obtained by uniting finely divided matter. 
In the energy context, it is made up of waste material from wood or similar substances. 
 
Catalyst 
A substance which alters the speed of a chemical reaction, and which after the reaction can be 
recovered with no fundamental changes to its form or composition. 
 
Centane (synonym of n-hexadecane) 
The saturated hydrocarbon C16H34. A crystalline, colourless solid which melts at 20º C and is 
soluble in hydrocarbons, ethanol and acetone. It is obtained from oil, and used in organic 
synthesis processes and as a benchmark fuel for assessing the ignition qualities of diesel fuels 
(the cetane number). 
 
Coal 
A solid, fossilized organic sediment made up of plant remains which solidified beneath several 
geological strata. It is black and combustible. 
 
Coal plant 
A thermoelectric plant which uses coal for fuel. 
 
Cogeneration 
The simultaneous production of work and heat. 
 
Coke 
A light, porous, solid waste product, produced by the destructive distillation (coking) of coal, 
especially hard coal. It is used mainly in blast furnaces to reduce the mineral content of irons. 
There are two high temperature types, obtained by distilling coal at temperatures of over 800º C 
(semicoke). 
 
Combined heat and power (CHP) plant 
An electricity production plant where the waste gases from the gas turbine generator feed a 
residual heat boiler which may or may not have a supplementary burner. The steam from the 
boiler is used to power a steam turbine generator. 
 
Combustion 
The chemical reaction of oxygen (combustive) with a substance (combustible). Combustion is 
an exothermal reaction. 
 



 
Crude oil 
A mixture, in varying proportions, of hydrocarbons which under normal conditions may be 
solid, liquid or gas in form, present in their natural state and subjected to relatively high 
pressure and temperature in their natural deposits. It also contains small amounts of materials 
other than hydrocarbons. 
 
Cutting waste 
Wood leftovers following the stripping of lumber areas. 
 
Demand management 
The process of optimizing enegy consumption. 
 
Digestor 
A tank in which fermentation takes place. 
 
Efficiency 
The relationship between the amount of useful energy coming out of a system and the amount 
of energy initially supplied to it. 
 
Electricity plant  
A facility where a primary energy source is transformed into electrical energy. 
 
Energy 
A property possessed by bodies, shown by their capacity to undergo change (of position or of 
any other type). 
 
Energy balance 
The application of the energy conservation equation to a given system. It is used to quantify the 
amounts of energy exchanged in the system. 
 
Energy basket 
The combination of the different types of energy sources used to meet the energy requirements 
of a country or region. It is usually expressed as a series of percentages. 
 
Energy crop 
Quick growing, cyclically renewable crops which allow the production of large amounts ofraw 
material to be used in fuel and synthetic fuel production. 
 
Energy intensity 
The relationship between energy consumed and Gross Domestic Product. It measures the 
overall energy efficiency of an economic system, in reverse. 
 
Energy plant 
A facility where a primary energy source is transformed into useful energy (usually electricity 
and/or heat). 
 
Energy rationalization 
The most appropriate use of energy by consumers to achieve economic objectives, taking into 
account social, political, financial, environmental considerations. 
 
Energy source 
In general terms, where energy is obtained. 
 



 
Enthalpy 
Energy from a flowing current, the sum of its internal energy and the product pv (flux energy). 
 
Entropy 
A thermodynamic quantity associated with the energy degradation which takes place in all 
processes. Entropy also indicates a system’s state of disorder. 
 
Ethanol 
A chemical compound which can be used as fuel. If it is produced from sugar and/or starch 
fermentation it is called bio-alcohol (a biofuel). It can be mixed with petrol (see Gasohol). 
 
Exergetic balance 
The application of the energy conservation equation to a given system. It is used to quantify the 
amounts of energy exchanged in the system. 
 
Exergy 
A thermodynamic property which measures energy quality and provides a benchmark for 
assessing energy process efficiency. It is defined as the maximum useful work (highest quality 
energy) that can be exchanged by a system not in equilibrium with the environment. 
 
Fermentation 
The transformation of an orrganic substrate by microorganisms. 
 
FFC (Fluid Catalytic Cracking) Conversion 
The conversion process carried out in refineries which produces high value added products like 
petrols, propane, butane, propylene, gasoils and fuel oils. 
 
Final energy 
Energy supplied to the consumer to be converted into useful energy. 
 
Final energy consumption 
Energy consumption in the last stage of the process. 
 
Flat-plate collector 
A device for transforming solar radiation energy into thermal energy transmitted by a fluid. 
Basically it comprises a sheet of glass, an absorption plate containing the fluid, and an insulator 
inside a cabinet or box. 
 
Fluidized bed 
A fuel bed associated with non combustible particles held in suspension by air currents. 
 
Forestry treatment 
Improvement work carried out in woodland (spalling, pruning, clearing of undergrowth, etc.). 
 
Fossil fuels 
Combustible substances deriving from plant and animal remains stored over very long periods 
of time. They include oil, natural gas, coal, oil shale, slate and asphaltic sands.  
 
Fuel-oils 
Mixtures of hydrocarbons present in liquid form under normal pressure and temperature 
conditions. They are defined according to their properties. Their usage depends on their 
viscosity. 
 



 
Gasohol 
A mixture of petrol and ethilic alcohol (anhydric methane), in varying proportions (70-90% 
petrol). 
 
Gasoil(s) 
A mixture of liquid hydrocarbons, defined according to their properties and used in internal 
combustion engines. 
 
Geothermal energy 
Energy enclosed within the Earth, which can be seen in volcanic eruptions, gas and boiling 
water (geysers) emissions and hot water springs. Only some of these phenomena can be 
exploited by Man. 
 
Geothermal flow 
The heat flow proportional to the thermal gradient and conductivity coefficient of rocks. 
Average geothermal flow is around 0.05 W/m. 
 
Geothermal gradient  
The variation in temperature for every one hundred metres of depth. 
 
Giga watt (GW) 
One thousand million watts = 109 W 
 
Gigawatt–hour (GWh) 
One million kilowatt.hours = 3.6 x 1012 J 
 
Greenhouse effect 
The effect produced by materials and substances which display different transmission behaviour 
depending on radiation wavelength. They allow through a large amount of shortwave radiation 
(solar radiation, for example) but reflect back the longwave radiation emitted by bodies at 
temperatures close to those of the surroundings. 
 
Greenhouse effect gas 
Gas in the atmosphere which reflects back the infrared radiation emitted by the earth, causing 
the Earth and the atmosphere itself to heat up. 
 
Halocarbons 
Chemical compounds containing atoms of halogenous elements (fluorine, chlorine, bromine or 
iodine) in their molecular structure. They are obtained from hydrocarbons. Chlorofluorocarbons 
(CFCs) are of particular importance for the environment. 
 
Heliostats 
A small flat or curved device with a reflecting surface and fitted with solar tracking systems. 
They form an essential part of solar energy plants with central receivers. 
 
High temperature T.S.E. 
Solar energy destined for those applications which require very high temperatures (even higher 
than 2000º C), and produced by concentrating solar energy. 
 
High voltage line 
A series of conductors, insulators and accessories designed to transport electrical energy with a 
voltage of over 1 kV. 
 



 
Hybrid, or mixed, energy systems 
Systems initially involving more than one type of energy source. 
 
Hydrocarbon 
A chemical compound made up of hydrogen and carbon. 
 
Hydroelectric plant 
A facility in which the potential energy in a water course is transformed into electrical energy. 
 
Hydrolysis 
The cleaving of a chemical compound through the action of water. 
 
Hydrosulphuration (HDS) 
A wet procedure for removing the sulphur oxides produced by the gases emitted during the 
combustion of sulphurous fuels before they are released into the atmosphere. 
 
Internal energy 
Energy which constitutes a system simply by existing. The total of all inherent energies and 
those resulting from mutual interaction with each of the system’s microscopic components. 
 
Isomerization 
The transformation of linear chain or simply bonded paraffins into paraffins with highly 
complex molecular bonding. 
 
Joule (J) 
Unit of energy equal to the work performed by a force of one newton (N) when its point of 
application is moved one metrte (m). It is the basic unit if energy in the International System of 
Units. 
 
Kerosene 
A product obtained by distillation from oil, somewhere between petrol and gasoil. At least 65% 
of its volume should be distilled at under 250º C. Its relative density is approximately 0.80 and 
its ignition point equals or exceeds 38º C. Kerosene is used in limited quantities for heating and 
lighting (paraffin oil), and as fuel for certain types of internal combustion engines. 
 
Kilowatt 
Unit of power, understood as energy per time unit. 1 kW = 3.6 x 10 J 
 
Kinetic energy 
The energy of a body in movement = ½ mv2 
 
Liquid oil gases 
C3 and C4 hydrocarbons and their mixtures. Under normal temperature and pressure conditions 
they conserve their gaseous form, and turn into liquid when pressure increases or when the 
temperature falls. The most common examples are propane and butane. 
 
Low voltage line 
A series of conductors, insulators and accessories designed to transport electrical energy with a 
voltage of less than 1 kV. 
 
Lower calorific value (LCV) 
The amount of heat given off in the total combustion of one unitnof fuel, when the water vapour 
is not condensed or the heat recovered. 



 
M3 of natural gas 
= 8.3 mcal = 3.47 x 107 J 
 
Medium temperature T.S.E. 
Solar energy destined for those applications which require relatively high temperatures (higher 
than 80º C), and produced by concentrating solar energy. 
 
Methane 
A combustible gas found in abundance in Nature. It is the principal componernt of methane-
produced biogas (biogas can also be produced from coal and from lignocellulosic biomass). 
Methane is a good fuel. 
 
Methanization 
The biological process by which biogas is produced through anaerobic digestion. 
 
Microelectricity plant 
A low power wind energy conversion plant, often not connected to the mains network, used to 
supply electricity in remote areas. 
 
Micrometre  
The one millionth part of a metre. 
 
Mini power plant  
A small hydroelectric unit, normally producing less than 10 MW (in Europe). 
 
Miscibility 
The capacity of two substances to mix. 
 
Nanometre 
The one thousand millionth part of a metre = 10-9-m 
 
Natural gas 
A combustible methane-rich gas obtained from natural deposits. It contains varying amounts of 
the heavier hydrocarbons, which liquidize on contact with the atmosphere, in the same way as 
steam. It may also contain sulphur compounds such as carbon gas, nitrogen and helium. 
 
Nitrogen oxides 
Each of the compounds formed by oxygen and nitrogen. They are produced in most high 
temperature combustion processes, and are one of the causes of acid rain. 
 
Offshore plant 
A wind energy conversion plant located at sea. 
 
Ozone 
The tri-atomic oxygen molecule, present in the stratosphere and the troposphere, which absorbs 
the ultraviolet radiation from the Sun. 
 
Petrol(s) 
A mixture of liquid hydrocarbons, calculated to meet very precise specifications regarding 
physical properties (volumetric mass, steam pressure, distilling period) and chemical 
characteristics, the most important of the latter being its resistance to self-ignition. 
 



 
Petrochemical processes 
The industrial use, generally considered non- energy related, of chemical products derived from 
oil. 
 
Photobiological conversion 
A biochemical process which takes place in plants. Solar radiation causes photosynthesis, 
producing chemical energy which is then stored in the plant. 
 
Photochemical conversion  
The transformation, in certain substances, of solar radiation into chemical energy. 
 
Photochemical smog 
The result of Sun-induced interactions between nitrogen oxides, organic components and 
oxidants in the atmosphere, leading to the formation of oxidants and eventually causing reduced 
visibility, irritation in the eyes and, if they are sufficiently concentrated, damage to materials 
and vegetation. 
 
Photothermal conversion 
The transformation of solar energy into thermal internal energy. 
 
Photovoltaic cell 
A device, usually made of silicon, which enables solar radiation to be converted into electricity. 
 
Photovoltaic conversion 
The process of transforming solar radiation directly into electrical energy. 
 
Photovoltaic solar energy 
Electrical energy obtained through the direct conversion of solar radiation. 
 
Potential energy 
The energy possessed by a body due to its position with respect to a potential field. Normally 
used to refer to the Earth’s gravity = mgh. 
 
Power 
The variation of energy exchanged in time. The unit of power is the watt (W).  
1 W = 1 J/s. 
 
Primary energy 
A natural energy source, such as coal, oil, natural gas, the Sun, water – stored and moving, tidal 
energy, the wind, uranium, the heat stored inside the Earth (geothermal energy), etc. After its 
transformation, primary energy produces intermediate energy (petrol, coal, electricity, etc.). 
 
Pruning waste 
Waste from periodical maintenance and improvement work in woodlands and agricultural 
plantations (fruit, citrus plantations, olive groves, etc.), involving felling, pruning, clearing of 
undergrowth, etc. 
 
Pumping plant 
A hydroelectric facility where stored water is pumped during trough times (times when there is 
least demand for energy) and then passed through the turbines at peak times (times when there 
is most demand). 
 



 
Qualified customers 
Consumers of energy who, due to the quantity and quality of their demand, are able to choose 
their supplier and do not have to pay for their energy at the standard rate. Consumption 
thresholds for consideration as a qualified customer are established in Spain by the Law 
governing the Electricity Sector and the Law governing the Hydrocarbons Sector, together with 
their associated legislation and subsequent Royal Decrees, and the Law governing Urgent 
Measures to Liberalize and Boost Competition. 
 
Radiation 
A form of energy transmission not involving matter. It is produced and absorbed by all bodies, 
and can be understood as electromagnetic fields moving at the speed of light. 
 
Radioactive 
Possessing radioactivity. 
 
Radioactivity 
A property of certain atoms with unstable nuclei which disintegrate naturally (natural 
radioactivity) or as a result of external action (artificial radioactivity). 
 
Reactor 
Part of a nuclear power plant in which nuclear fission takes place to generate heat. 
 
Refinery 
A facility designed to carry out a series of industrial processes to transform crude oil into 
product suitable to meet consumers’ needs: fuels, solvents, lubricants, asphalts, etc. 
 
Reflectance 
The fraction of the total radiation falling on a body which is reflected by that body. 
 
Reforming 
The transformation, by cyclation, aromatization, etc., of light hydrocarbons. Hydrogen is 
separated in order to increase their aromatic content and their octane level. 
 
Regasification plant 
A facility which carries out the gasification of liquid natural gas. 
 
Regimen Especial (Special regime) 
The legal and retributive framework for plants included in Spain’s Regimen Especial is 
established by Royal Decree 2366 of 1994, for those plants authorized before the 
implementation of Law 54/97, and by Royal Decree 2818 of 1998 “for those authorized before 
the implementation of the said Law. Royal Decree 2818 states that the owners of plants 
producing up to and including 50 MW (100 MVA in Royal Decree 2366 of 1994) and registered 
in the Adminstrative register of Special Regime Production Plants have no obligation to extend 
offers to the bulk market, but will have the right to sell their surplus production, or their 
electrical energy production where applicable, to distributors at the average final price existing 
in the electrical energy production market complemented by a premium or incentive”. 
 
Regimen ordinario (Ordinary regime) 
The system in which production units generating power above 50 MW, or those which before 
the implementation of Law 54/1997 were subjected to public service company pricing control, 
are registered. 
 



 
Renewable energies 
Energies the use and consumption of which do not represent a reduction in their resources or 
potential (wind, solar, water power). Biomass is also considered a renewable energy because 
woodlans and crops can be renewed in relatively short periods of time. 
 
Reserve 
The known amount of a resource which under current economic and technical conditions is 
exploitable. 
 
Residual heat 
Heat energy not used during an industrial thermal process, and which is released into the 
surrounding atmosphere, ground or waters as heat.  
 
Self consumed energy 
Energy produced and/or tranformed by the users themselves to power their own equipment. 
 
Sludge 
The accumulated biological mass produced during wastewater treatment processes. 
 
Solar collector 
A device for capturing the solar radiation it receives and converting it into (usually) thermal 
energy, subsequently transferred to a heat carrier. 
 
Solar electricity plant 
A facility where electricity is produced from solar radiation. 
 
Solar radiation 
The electromagnetic radiation produced by the Sun, with a temperature equivalent to 5777 K. 
 
Solid fuels 
Combustible products in solid form. Basically they include mineral coals (anthracite, hard coal, 
black lignite, brown lignite, coke, peat) and “natural” coals (from plant remains), agglomerates, 
briquettes, casts. 
 
TCE 
Tonnes of coal equivalent = 7000 Mcal = 0.7 TOE = 2.93 x 1010 J 
 
Teracalorie 
One thousand million kilocalories (109 kcal = 4.2 x 1012 J) 
 
Terawatt (TW) 
One billion watts (1012 W) 
 
Terawatt-hour 
One billion watts/hour (1012 W x h = 3.6 x 1015 J) 
 
Thermal solar energy (T.S.E.) 
Thermal energy obtained through the direct conversion of solar radiation. 
 
Therme 
One thousand kilocalories 
 



 
Thermosolar plant 
A plant designed to transfer solar energy to a heat carrying fluid and then to tranform this 
thermal energy into electrical energy. 
 
Thermodynamic conversion 
The transformation of heat into work by means of a thermal engine, transferring heat to a cold 
reservoir. 
 
Thermoelectric plant  
A facility in which the chemical energy stored in solid, liquid or gas fossil fuels is transformed 
into electrical energy. 
 
TOE 
Tonnes of oil equivalent. 1 TOE = 10000 mcal = 4.2 x 1010 J 
 
Transmittance 
The fraction of the total radiation falling on a body which is transferred by that body. 
 
Upper calorific value (UCV) 
The amount of heat given off in the total combustion of one unitnof fuel, when the water vapour 
is condensed and the heat recovered. 
 
Urban solid waste (U.S.W.) 
Solid waste products generated by urban activity. 
 
Useful energy 
Energy available to consumers after the last conversion process in their own appliances. 
 
Visbreaking 
A process carried out in refineries to reduce viscosity. 
 
Waste 
Material discarded as having no immediate value, or abandoned as a by- product of processes or 
activities. It includes refuse from agriculture (for example organic remains and manure), 
industry (metals – with or without iron content, glass, plastics, etc.), business and homes (for 
example, urban waste). 
 
Water power 
The potential and kinetic energy contained in water. 
 
Watt (W) 
A unit of power. 1 W = 1 J/s. It is more usual to use the kilowatt (kW) 
 
Watt-hour (Wh) 
Unit of energy. 1 W x h = 3600 J. It is more usual to use the kW x h 
 = 3.6 J 
 
Wind energy 
The power of the wind, used to produce electrical energy, power industrial mills, pumps…It is a 
renewable, clean, non-contaminating energy, but also widely dispersed, intermittent and 
variable in terms of intensity. 
 
 



 
Wind machine 
A device used to capture wind energy and transform it into another form of energy. It comprises 
an electricity generator connected to a wind-powered motor. 
 
Woodland waste 
Waste produced as a result of the treatment of woodland. 
 
Work 
In mechanics, this refers to a force created by movement. In thermodynamics the concept is 
broadened to include the energy exchanged by a system, with no exchange of mass: the 
exchange is caused by the difference in an intensive thermodynamic variable, different from 
temperature. Thermodynamics extends the concept further: energy exchanged by a system, with 
no exchange of mass, the exchange being due to the difference in an intensive thermodynamic 
variable, different from temperature. For example, pressure, or an electric or magnetic field, etc. 
 
 
 
 
ACRONYMS OF INTEREST 
 
 
C.I.E.M.A.T.:  Centro de Investigaciones Energéticas, Medioambientales y Tecnológicas 
(Centre for Energy, Environmental and Technological Research) Formerly the Junta Nuclear 
(Nuclear Council), and now with several Research Institutes. Reports to the Spanish Ministry of 
Industry and Energy. 
 
C.N.E.: Comisión Nacional de la Energía (National Energy Commission) 
 
C.S.I.C.: Consejo Superior de Investigaciones Científicas (Scientific Research Council) 
 
E.C.: European Commission 
 
E.C.S.C.: European Coal and Steel Community  
 
E.F.T.A.: European Free Trade Association 
 
E.R.D.F.: European Regional Development Fund 
 
E.S.F.: European Social Fund 
 
E.U.: European Union 
 
G.N.P.: Gross  National Product 
 
I.A.E.A.: International Atomic Energy Agency 
 
I.D.A.E.: Instituto para la Diversificación y el Ahorro de la Energía (Institute for Energy 
Diversification and Saving)  
 
I.E.A: International Energy Agency 
 
I.M.F.: International Monetary Fund 



 
  
I.N.E.: Instituto Nacional de Estadística (National Statistics Institute)* 
 
I.P.T.S.: Institute for Prospective Technological Studies 
 
L.N.G.: Liquid Natural Gas 
 
N.A.F.T.A.: North American Free Trade Association 
 
O.E.C.D.: Organization for Economic Cooperation and  
Development 
Formed by: Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Ireland, 
Iceland, Italy, Japan, Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, 
Turkey, United Kingdom and United States 
 
O.L.A.D.E.: Organización Latinoamericana de Energía (Latin American Energy Organization) 
Formed by: Argentina, Barbados, Bolivia, Brazil, Colombia, Costa Rica, Cuba, Chile, 
Dominican Republic, Ecuador, El Salvador, Grenada, Guatemala, Guyana, Haiti, Honduras, 
Jamaica, Mexico, Nicaragua, Panama, Paraguay, Peru, Surinam, Trinidad-Tobago, Uruguay and 
Venezuela. 
 
O.A.P.E.C.: Organization of Arab Petroleum Exporting Countries 
 
O.P.E.C.: Organization of Petroleum Exporting Countries 
Founded in 1960, and formed by: Venezuela, Iraq, Iran, Kuwait, Saudi Arabia, Qatar, Libya, 
Indonesia, United Arab Emirates, Algeria, Nigeria, Ecuador and Gabon. 
 
O.T.E.C.: Ocean Thermal Energy Conversion 
 
P.R.O.S.O.L.: Programa de Promoción de Instalaciones de Energías Renovables Renewable 
Energy Plant Promotion Programme 
 
P.R.O.C.A.S.O.L.:  Programa de Promoción de Instalaciones de Energías Renovables  en 
Canarias Renewable Energy Plant Promotion Programme, Canary Islands 
 
P.R.O.M.A.S.O.L.: Programa de Promoción de Instalaciones de Energías Renovables  en 
Marruecos Renewable Energy Plant Promotion Programme, Morocco 
 
R.E.E.: Red Eléctrica de España(Spanish National Electricity Network) 
 
U.N.O.: United Nations Organization    
 
 
 
 
 
 
 
 
 
 
 
 



 
UNITS OF ENERGY 
 
Energy is quantified in two fundamental umits: the joule (J) and the watt (W). These are the 
basic units for energy and power in the International System of Units. In practice, however, 
other units are often used, including those defined below: 
 
Barrel of oil: 159 litres of oil = 0.13878 TOE = 5.81 x 109 J 
 
B.T.U. (British Thermal Unit): 1 BTU = 252 calories = 1055 J 
 
Calorie: the amount of heat needed to raise the temperature of one gramme of water at 14.5º to 
15.5º C. 1 calorie = 4.1878 J 
 
Gigawatt (GW): one thousand million watts (one million kilowatts) = 109 J 
 
Gigawatt-hour (GWh): one million kilowatts/hour = 3.6 x 10 12 J 
 
Joule (J): unit of energy equal to the work produced by the force of one newton (N) when its 
point of application is moved one metre (m). This is the basic unit of energy (International 
System of Units). 
 
Kilowatt: unit of power. It refers to energy per unit of time. 1 kW = 1000W = 1000 J/s. 
 
Kilowatt-hour: unit of energy, commonly used in electricity. 1 kWh = 3.6 x 10 g J 
 
Q: quantity of energy, a unit more frequent in the USA. 1 Q = 10 15 BTU. 
 
Megawatt (MW): one million watts (W).  
 
M3 of natural gas: = 8.3 mcal = 3.47 x 10 7 J 
 
TCE: tonne of coal equivalent = 7000 mcal = 0.7 TOE = 2.93 x 10 10 J 
 
TOE: tonne of oil equivalent. 1 TOE = 10000 mcal = 4.2 x 10 10 J 
 
Teracalorie: one thousand million kilocalories (109 kcal = 4.2 x 10 12 J) 
 
Terawatt (TW): One thousand million watts (10 12 W) 
 
Terawatt-hour: One thousand million watts – hour (10 12 W x h = 3.6 x 10 15 J) 
 
Therme: One thousand kilocalories (10 3 kcal = 4.2 x 10 6 J) 
 
1 tonne of wood: = 0.45 TOE = 4.5 x 10 6 kcal = 1.884 x 10 10 J 
 
1 tonne of uranium: 10000 TOE = 4.2 x 10 10 J 
 
Watt (W): unit of power. 1 W = 1 J/s. It is more usual to use the kilowatt (kW) 
 
Watt-hour (Wh): unit of energy. 1 W x h = 3600 J. It is more usual to use the kW x h = 3.6 x 
10 6 J. 



 

 


