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Chapter I 

The Evolution in time of energy 

consumption and use of energy 

resources 

 

 An increase in living standards can not take place without a 

corresponding increase in energy consumption. One million years ago, a 

human being could manage with only an amount of energy equivalent to two 

kilowatt-hours a day. This energy came from food and was consumed for 

two purposes: ensuring a constant body temperature and providing the 

necessary mechanical energy for the movements with which man obtained 

food and for various movements. 

 Later, wood becomes the first fuel to burn so as to generate heat. At 

that time, the energy economy was relatively stable, as a forest regenerates in 

about 30 years, so there is no energy problem. However, the development of 

agriculture has led to a severe deforestation of land areas in order to obtain 

the land necessary for the cultivation of agricultural plants. Since 

deforestation has started to decrease this resource, it has been expected that, 

in time, a problem of thermal energy will emerge. 

 Solar energy manifests itself on the surface of the Earth as a 

mechanical energy of winds and waters. The intensive use of these energy 

sources begins when the use of watermills and windmills extends. The mills 

put people at their disposal a new source of mechanical energy, which they 

use in the agricultural circuit and for the diversified preparation of food. The 

gradual disappearance of forests and the increase in domestic and industrial 

consumption favored the introduction of fossil fuels into the energy circuit: 

coal, oil and gas, which concentrate more energy than wood. The 

introduction of coal was not without difficulty. Thus, in the fourteenth 

century in England, King Edward I gave a law on the basis of which he used 

coal instead of wood and  was condemned to hang because he "poisoned" the 

air. It was only after 1800 that coal started to be used intensively with the 

introduction into the industrial steam machinery industry. Then, with the 

onset of internal combustion engines, petroleum is increasingly exploited. 

 In the nineteenth century, the energy mix began to reflect the aspects 

of the industrial society. Food consumption increases to 8 kwh per person per 
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day, household consumption is more than doubled, 36 kwh per person per day, 

industrial consumption is three and a half times as high as 27 kwh per person 

and per day, and transport consumption increases appreciably to 16 kwh per 

person and day. In the twentieth century there is the possibility of 

transforming thermal energy and mechanical energy into electricity. 

Electricity is increasingly replacing other forms of energy because of the ease 

with which is transported away and the possibility of turning it into other 

forms of useful energy such as: mechanical energy, light, heat, chemical 

energy. This has made electricity out of the total energy consumed over 30 

percent today. Increasing the total number of people on the globe raises a new 

issue for energy: it has to cope with "the increase in total energy consumption, 

the consumption of the whole existing society at a certain time". 

 It is obvious that such growth, coupled with increasing rising growth 

rates that are getting faster and faster, can not lead to an energy problem that 

is necessary for the future development of mankind. The world will consume 

more energy in 2040 than at present, but the evolution of demand will be 

affected by rising prices and improving energy efficiency. According to the 

International Energy Agency (IEA) baseline scenario, global demand for 

energy would increase by 37% by 2040, but the annual growth rate will be 

reduced as a result of measures to improve energy efficiency from over 2% 

in the past two decades to 1% per year after 2025. Renewable energies will 

grow rapidly so that in 2040 oil would provide a quarter of the world's 

energy supply, a similar proportion to renewable energies, gas and coal. 

 Electricity is the form of energy with the most significant share, 

which is used both in the production of material goods and household 

consumers. It is also expected that in the future it will become the most 

important energy used in another sector, a big consumer of energy, such as 

the transport field. Among the advantages that make it preferable to other 

forms of energy we can remember: 

- cheap, long-distance and low-loss transportation, which makes it possible 

to produce directly from the primary energy source, 

- Simple distribution at places of use even if the power of consumers differs; 

- can easily be transformed into other forms of energy needed by consumers 

- mechanical, chemical, thermal, light, etc. 

 Electricity has uses in all areas of current life: 

1. In electrical lighting that may be external (streets, alleys, parks, etc.) 

and interior (residential buildings, cultural spaces, institutions, industrial, etc.). 
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2. In the technical field, electricity supplies the operation of 

machinery, equipment and processing equipment, transport equipment, radio 

and TV. 

3. In agriculture, electricity is used to pump water from irrigation 

facilities, zootechnical installations, feed mills, etc. 

4. In the field of transport, electricity is used for the operation of 

trains, trams, trolleybuses and metro, in telecommunications, acoustic and 

visual signage in transport. 

5. Household electricity is used for the operation of household 

appliances, lighting and air conditioning, etc. 

6. Electricity in trade ensures the operation of electric appliances 

such as cash registers, refrigerated display cabinets, forklifts etc. 

 The disadvantage of electricity compared to other forms of energy is 

that it can not be stored. Electricity should be produced when it is demanded 

by consumers. 

 Electricity is produced by transforming other forms of energy: 

- the transformation of the chemical energy of fuels into turbines with air, 

gas, internal combustion engines. The production of electric energy by 

transforming the chemical energy of fuels is done in district heating plants or 

thermoelectric power plants. 

- transformation of potential or kinetic energy of water. The production of 

electricity through the transformation of the potential or kinetic energy of the 

water is done in hydroelectric power plants that produce hydraulic power. 

This energy source is economic and inexhaustible. 

- transformation of atomic energy; 

- transforming other forms of energy: tidal, solar, wind.  

 Renewable energy comes from natural resources that are constantly 

renewed over relatively short intervals. At present, the functioning of the 

world economy relies heavily on energy from non-renewable resources 

(coal, oil, natural gas). Factors such as greenhouse gas emissions that favor 

global warming, pollution, acid rain, all due to the use of conventional 

resources, and alarm signals that oil - the main source of transport fuels - is 

on its way exhausted, have activated a significant global investment process 

to capitalize on renewable energy. 

 Further pressure on the development of the renewable energy sector is 

added by the continuous, prefigured growth of energy demand due to the 

expansion of the world economy as well as by the continuous population growth. 
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 Renewable sources are used to generate electricity, heat, but also for 

the production of transport fuels. 

 Solar radiation can be used to directly generate electricity using 

photovoltaic panels, or indirectly by using the generated heat (heat → water 

→ vapors → turbine → generator, Stirling engines, etc.). Also, solar 

radiation is used on a relatively large scale to produce domestic hot water or 

even industrial water. 

 Vertical or horizontal wind turbines convert the kinetic energy of 

moving air currents (called wind energy) into electricity. In some cases, 

wind energy is used to pump water out of wells. 

 The most common use of a renewable natural energy without a 

novelty is the kinetic energy of flowing water, which is transformed into 

electric energy by the operation of turbine-generator systems. More recently, 

similar systems exploit the tidal energy generated by the ocean water 

movement due to tides, but there are also technologies currently in the 

research or demonstration stage, which exploit the wave energy transforming 

it into electricity. 

 In some geographic areas such as Iceland, heat that is generated and 

stored inside the Earth is near the surface, which allows it to be captured and 

converted into electricity or used as a residential heating system, for 

industrial processes, for water desalination or in agriculture. It is known as 

geothermal energy. 

 Biomass is represented by recent organic materials of plant or animal 

origin and is available as agricultural, forestry, various types of waste and 

residues. Due to its abundance, biomass is gaining more and more importance, 

both for the production of thermal energy (generally by direct burning or 

gasification of vegetal materials), as well as for the production of biofuels 

(biodiesel, bioethanol, biogas, biobutane, bio-hydrogen, etc.). Although 

combustion or conversion of biomass generates CO2, the process is considered 

neutral in terms of greenhouse gas emissions due to the fact that the same amount 

of CO2 was absorbed by plants from the atmosphere during their life cycle. 

 Research in this area may be considered to be still in its infancy and 

will continue to optimize conversion technologies, reduce the costs of 

producing renewable energies and fuels, increase the sustainability factor 

and identify and eliminate the potential risks associated with their 

implementation on a range scale. 

Appendix 1 / Fig. 1   Renewable energy in Europe 



10 

Chapter II 

 ERASMUS+KA2 project “A new energy for 

new European citizen”  

 

Erasmus + KA2 project "A new energy for new European citizen" aims 

to change the mentality of students and the attitude towards the environment, 

which will ensure the sustainable development of society, based on the use 

of alternative, safe, harmless and renewable energy sources. In this context, 

students also develop their entrepreneurial skills by initiating new business 

related to the use of renewable energy sources. 

Energetics is one of the areas of human activity that has a negative 

impact on the environment, it contributes to climate change, which not only 

influences natural processes but also economic development, drinking water 

supply, the health of the planet's population. It is necessary to learn to use 

renewable energy sources, to apply energy efficient technologies, to educate 

ecological culture energy consumption and, most importantly, to train young 

people in renewable energy, energy conservation and rational use of 

resources. 

 
 

ERASMUS+KA2, Opole, Poland, october 2017 
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Chapter III 

Wind Power 

 

 Wind energy has been used by humans for a long time. Since ancient 

times, boats and ships have been moving by wind. Later, people built 

windmills to grind the grains in order to have food. Now, after many years, 

people have built special devices that capture the wind energy and turn it 

into electricity. 

 Due to the sun's differential warming of the Earth's atmosphere as 

well as the Coriolis force associated with Earth's rotation, large air mass 

movements occur, which leads to the classification of wind power as an 

indirect form of solar energy. It goes without saying that the distribution of 

wind power is uneven from one region to another. By analyzing the vertical 

airflow movement, the airflow speed increases gradually with the height 

until it stabilizes at an altitude that can reach up to approximately 2000m. 

Due to the friction forces and the geometrical unevenness of the terrain and 

various constructions, the speed decreases significantly near the surface of 

the Earth.  

 Wind power is proportional to its cube speed. For example, the 

available power for a speed of 10 m/s is eight times higher than for a speed 

of 5 m/s. Even in the absence of friction loss, the maximum efficiency of a 

turbine could not exceed 59.3%, so a Cp coefficient of maximum 0.593. The 

power developed by the wind turbine is proportional to the third wind speed, 

with the square of the rotor diameter and with the air density. The latter 

depends on altitude, temperature, humidity and the coordinates of the 

geographical area (latitude and longitude). 

 In most cases, the wind turbine-driven generator starts to generate 

electricity when the wind power exceeds the power required to overcome the 

friction forces in the transmission and the friction losses between the air 

currents and the turbine blades. The wind speed at which the turbine reaches 

the rated power is called the rated speed. At wind speeds that endanger the 

structural integrity of the turbine due to centrifugal forces, the rotor is 

located in a direction that differs from the wind direction and the generator is 

off. The amount of energy that the rotor can extract from the wind energy 
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depends on the speed. If this is too small a part of the air mass in motion will 

pass between the blades without influencing them, and if the speed is too 

high the turbulence created by a palette will interact with the next blade 

impacting their next operation negatively.  

 

III.1 Construction and functioning of wind turbines 

          Regardless of the category they belong to, in the construction of the 

wind power conversion systems into the electric power enters the rotor with 

the blades, the speed multiplier (this is not required on some models of low 

power turbines), brakes and the generator. Horizontal shaft turbines also 

require a wind direction rotor guidance system. Depending on the orientation 

of the rotor axis, the turbines can be with horizontal and with vertical axes. 

Horizontal axis models are the most common, ranking them by how the 

system is positioned in relevance to the wind in: 

- upstream systems, when the first contact with the wind takes the rotor 

blades. It is necessary to increase the rigidity of the blades to avoid contact 

with the tower by bending under the action of the air currents. Also, there is 

a need for a wind direction orientation system. 

- downstream systems, where the tower and the nacelle have first contact 

with the wind, followed by the pallet rotor. Unlike upstream models, the 

flexibility of the blades may be higher and the guidance system is not 

necessary as the rotor-mounted rotor assemblies are self-orientated. These 

advantages translate to a lower value of the initial investment. On the other 

hand, due to the wind turbulence and wind speed loss in the interaction with 

the nacelle and the tower, these systems have a lower efficiency. Also, both 

the turbulence and the pressure losses behind the tower lead to sudden and 

periodic variations of the pallet loads, which require increased fatigue 

strength. 

Appendix 2 / Fig. 2  Location of the system in relation to the wind 

 

 Components of a wind turbine are highlighted in Figure 3. The 

turbine blades can be made of fiberglass, wood, steel, aluminum or titanium 

and are up to four, with a single-paneled and counterweight model pallet 

pair. This particular solution offers the advantage of a lower price. However, 

among the commercial versions, the cheapest is the two-pallet but, as with 

the palette model, their noise level is higher. The four-roller rotors are well-
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balanced but have a large mass and efficiency at lower cost. Also, due to the 

number of pallets, the construction exhibits stability problems at each 

rotation when the upper pallet is in the upper vertical position due to the fact 

that it develops maximum power while the lower pallet is in the shadow of 

the supporting tower. 

Appendix 3 / Fig. 3 Components of a wind energy conversion system   

 

III.2  Advantages and disadvantages of wind turbines 

 

Benefits 

 Wind energy has already proven to be a very good solution to the 

global energy problem. The use of renewable resources addresses not only 

energy production, but through the particular way of generation, it also 

reformulates the development model by decentralizing sources. Wind energy 

in particular is among the renewable energy forms that lend itself to small-

scale applications. 

 The main advantage of wind energy is the zero emission of pollutants 

and greenhouse gases due to the fact that no fuels are burned. 

 There is no waste. Wind energy production does not involve the 

production of any kind of waste. Reduced cost per unit of energy produced. 

The cost of electricity produced in modern wind power plants has fallen 

substantially in recent years, reaching the US. to be even lower than in the 

case of energy generated from fuels, even if the negative externalities 

inherent in the use of classical fuels are not taken into account. In 2004, the 

price of wind energy had already reached one fifth compared to the 1980s, 

and the forecasts are it will continue to decline as more and more wind 

power units are deployed by more megawatts. 

 Low cost of decommissioning. Unlike nuclear plants, for example, 

where decommissioning costs may be several times higher than costs in the 

case of wind generators, the decommissioning costs at the end of the normal 

operating period are minimal and can be fully recycled. 

 

Disadvantages 

 The main disadvantages are the relatively limited energy resource, 

the inconsistency due to the variation in wind speed and the low number of 
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possible locations. Few places on earth provide the possibility of producing 

enough electricity using wind energy. 

 Initially, an important disadvantage of wind power production was 

the relatively high energy production price and relatively low turbine 

reliability. In recent years, however, the unit price of electricity has dropped 

drastically, reaching, by improving the technical parameters of turbines, to 

figures of 3-4 eurocents per kilowatt hour. 

 Another disadvantage is "visual pollution" - that is, they have an 

unpleasant appearance - and also produce "noise pollution" (they are too 

loud). It is also claimed that the turbines affect the surrounding environment 

and ecosystems, killing birds and requiring large virgin plots for their 

installation. Arguments against them are that modern wind turbines have an 

attractive stylized appearance, that cars kill more birds a year than turbines, 

and that other sources of energy, such as coal-fired power generation, are far 

more environmentally damaging because they create pollution and lead to 

the greenhouse effect. 

 Another disadvantage is the high risk of storm damage if the wind 

speed exceeds the limits allowed for design. No matter how large the limit is, 

there is always the possibility that it is overcome. 

 

III.3 Impact on the environment 

 

Social and environmental issues 

 Social and environmental issues are common to high-capacity turbine 

parks distributed over large areas, possibly near populated or protected areas. 

In the short history of these parks the following categories of problems were 

reported and analyzed: visual impact, noise, local ecological impact, land 

use, effects on electromagnetic signals (radio signals, TV, radar). 

 

Visual Impact  

 The location of wind turbines and their size is a key factor in their 

acceptance by the public in some European countries. In the early years of 

wind park development, there have been many local community protests 

when wind turbines have been attempted in the neighborhood. This was one 

of the reasons why we were looking for isolated placements and / or that do 

not visually affect some special natural landscapes. Also, under the same 

pretext, the development of offshore wind farms (offshore) began, proving 
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later that there were advantages in terms of uniformity, intensity and 

direction of the wind. The aesthetics of these parks and the impression left 

by large-scale rotors in operation are nowadays a tourist attraction. 

Moreover, due to the educative factor on renewable energy sources 

propagated through the media and due to the permanent signals of scientists 

on the same topic, a low number of wind turbines (eg up to 30) is perceived 

as beneficial by the various local communities, provided they are not too 

close to residential areas.  

 There are several factors that positively influence the acceptance of 

the public. The most important is partial or even total ownership of wind 

systems, with effects such as lower costs and / or preferential energy 

delivery locally. Another aspect that needs to be considered is the real 

collaboration between builders and community leaders at the start and 

planning phase of the wind farm.  

 

The noise  

 In the process of designing the blades of the turbines, the noise level 

produced during operation is always taken into account, trying to minimize 

it. Over time, effects due to turbine operating noise have been reported, such 

as dizziness, anxiety, headaches and sleep disruptions. To this end, some 

countries have taken action. For example, in Ontario, Canada the noise level 

produced at a distance of 30 m of housing or campsites should not exceed 40 

dB. Other countries have set minimum distances between turbines and 

inhabited areas, with a typical distance of two kilometers.  

 

Greenhouse gas emissions  

 As there is no fuel consumption during wind turbine operation, 

greenhouse gas emissions can not be associated with the electricity 

production process. However, the carbon footprint can be associated with the 

manufacture of turbine components and their construction, during which 

materials, such as steel, copper, concrete, aluminum, polymers, etc. are used 

and transported. According to Vestas reports, these greenhouse gas 

emissions are offset after approximately nine months of running a 2 MW 

turbine under low-wind conditions compared to a standard coal-fired power 

station. In a study of the Irish National Grid, it is reported that CO2 

reductions are between 330 and 590 t for each GWh of energy produced by a 

wind turbine.  



18 

Land use  

 The ground requirement for each megawatt of a turbine's capacity is 

0.1 km2, which means that a wind farm of 1 GW can occupy an area of 100 

km2. The distance between two adjacent turbines must be large enough to 

prevent each other from interacting with the turbulence they create. By 

plotting the surface at capacity, it results that 10 W can be obtained per m2 

of land, assuming the wind constantly beats constantly. Taking into account 

that the capacity factor of modern turbines is 20-30%, the specific capacity is 

reduced to 2-3 W / m2. In wind-friendly areas, the total specific wind power 

is around 500 W / m2.  

 Although at first sight the land is improperly used as wind turbines 

only use 0.4-0.6% of this energy, it should also be taken into account that 

less than 1% of the area occupied by the wind farm is effectively 

decommissioned by construction foundations and access roads. The 

remaining 99% may be for other revenue-generating activities, generally 

agricultural activities such as grazing and the setting up of crops. Land 

owners can also benefit from rents based on the number of turbines and their 

capacity. It should be borne in mind, however, that turbines can interfere 

with certain agricultural works such as airplane and commercial helicopter 

treatments, and limit stops are allowed until they are allowed to approach 

turbines. 

 

Effects upon fauna 

Ever since high capacity wind turbines appeared, concerns have been 

manifested regarding the impact upon birds. Research has proved the 

mortality rate approximately 0,4 for each GWh of electricity produced,the 

value being in fact comparable with those reported for any other artificial 

structure with similar dimensions.The number is negligible in comparison 

with the death rate caused by car traffic, hunting,tall buildings and high-

voltage lines.On the other hand,it was found that birds prefer to avoid 

occupied spaces of wind parks,which leads to population decline in those 

areas.This aspect has been reported by various profile 

organizations,recommending the avoidance of founding wind parks in the 

proximity of important areas for certain species like: the habitats of 

endangered specied mentioned in IUCN(International Union for 

Conservation of Nature and Natural Resources ) Red List; the courses of 

migrator species; the habitats prefered by the bird population;near 
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geographical elements with attract predator species. Other recommendations 

mention the avoidance of turbine emplacement in configurations which 

could favour the increase rate of bird mortality or in areas which could lead 

to the fragmentation of large-scale habitats populated by any type of fauna. 

As a result of these recommendations,the support of profile societies 

and Non-Govermental Organizations,measures have been take specific for 

wind farms existent since the date of elaboration of the rules mentioned 

above.For example,the Penascal Wind Power Farm in Texas,located on the 

course of migratory birds,deployed a radar system,which has the capacity of 

detecting birds on a distance of 6 kilometres and which can determine if 

there is possibility that the birds enter the aerofoil range.In that case,the 

sistem automatically shuts down the turbines and restarts them after the 

safety conditions for the birds are fufilled.  

Wind turbines are a unique danger for bat species. During a study 

made in 2004, in United States,the number of killed bats by the 63 turbines 

of a wind farm in a period of six weeks was 2200. It has been recommended 

that wind turbines should be equipped with microwave transmitters, which 

create areas that are avoided by bats due to the fact that the waves emitted 

interfere with their orientation system.  

 

III.4   Wind energy potential  

Wind energy potential of Earth 

The wind source avaiable on Earth is appraised at a global scale at 

57.000 TWh per year.The contibution of off shore wind energy is estimated 

at 25.000-30.000 TWh per year. Theoretically,the energy of wind origins can 

cover the necessity of electricity on a global scale. At the same time,the main 

inconvience of this power source is the wind instability. During freezing 

periods,just like the heatwave,cases in which the demand of energy is 

fierce,the effect produced by the wind is practically non-existent,fact that led 

to the development of wind installations,to the attachement of other 

installations of regenerable energy caractherised by a better functiong 

balance,or storage systems of electric energy.What must be take into 

account,in case of high capacity electric energy storage systems,the high 

price of those systems, which are today,in development. Approximately 80% 

if the wind energy throughout the world is produced now in California. 

Europe has only but 9% of the wind potential avaiable in the world,buy has 
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72% of the power installed in 2002.It produced 50 TWh electricity of wind 

origin in 2002,worldwide production being 70 TWh.The tehnical wind 

potential available in Europe is 5000 TWh per year.  

 

Appendix 4 / Fig. 4  Wind Power repartition on a global scale 

 

 Due to the recent technological progress,the sector of wind energy 

throughout Europe encountered a quick and durable increase in the last 20 

years.In 2009,approximately,4,8% of the total consumption of electriciyu of 

EU-27 was ensured by wind energy.An important stimulent of this hasty 

increase is the neccesity of  Europe of a secure supply line with energy that 

doesn`t depend on outside sources of oil and gas.A second major stimulent 

consists of the  significant contribution which the wind energy can bring the 

reduction of greenhouse gas emission.In the capacity of a clean and 

regenerable resource,the wind energy already plays,and it will continue to do 

so,a major role in stopping the climate changes,bringing at the same 

time,advantages regarding the reduction of emissions of air polluants and the 

cooling water consuption associated with numerous productive technologies 

of coventional energy.   

 

Appendix 5 / Fig. 5  Global distribution of annual average onshore wind 

power potential (W/m2)  

Romania's Wind Energy Potential 

      The speed at which wind power is profitable as an energy resource refers 

to the wind speed at the wind turbine rotor height, usually at high heights 

(50, 70, 80, 90 m above ground). 

 The distribution of wind velocity on the territory of Romania 

highlights the main wind energy potential of mountain peaks where the wind 

speed can exceed 8 m. The second wind potential that can be profitably hired 

is the Black Sea Coast, the Danube Delta and northern Dobrogea, where the 

average annual wind speed is around 6m /s. 

 As opposed to other areas, the energy exploitation of the wind 

potential in this area is also favored by the lower turbulence of the wind. The 

third area with considerable potential is the Barlad Plateau where the average 

wind speed is about 4-5 m/s. Favorable wind speeds are also reported in 
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other smaller areas in the West, the Banat and the western slopes of the 

Western Hills. 

Appendix 6 / Fig. 6  Distribution of the average annual wind speed for a 

height of 50 m above ground, in Romania. 

 

 In Romania, at the beginning of 2012, there are over 1000 wind 

turbines producing 3% of the total energy. The wind power in Romania 

produces an average of 150-200 megawatt hours. The cost of wind energy is 

170 euros per megawattfor, nearly three times more than the energy 

produced by hydroelectric plants. One of the largest functional wind farms in 

Constanta County is in Cogealac-Fântânele area, with 240 turbines and a 

total installed capacity of 600 MW, provided that a reactor of the Cemavoda 

Nuclear-Electric Power Plant has an electric power of about 700 MW. At the 

Cave there is a wind farm consisting of 30 turbines. Energias de Portugal 

(Portugal), the world's third-largest wind energy investor, has completed the 

construction of a 69 MW wind farm in Cemavoda. in May 2011. Energy can 

feed 70,000 households and cost $ 200 million. 

 The French company Filasa has invested 780 million euros in the 

construction of 11 wind farms in Suceava County, a project that started in 

spring 2012. The total installed power of these wind farms will be 516 MW, 

ten times more than the consumption of the municipality Suceava. The 11 

wind farms will be built in nine Suceava localities (Ciprian Porumbescu, 

Horodniceni, Capul Câmpului, Drăgoieçti, Berchişeşti, Moara, Stroiesti, 

Liseşti and Udesti) and each wind farm will have an area between 350 and 

400 hectares. The total area of the 11 parks will be 4,000 hectares. 
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Chapter IV 

Hydroelectric power 

 

 

 Hydraulic energy is the ability of a physical system (water) to 

perform a mechanical work when moving from a given position to another 

position (flow). Thanks to the water circuit in nature, automatically 

maintained by the energy of the Sun, hydraulic energy is a form of 

renewable energy. Hydraulic energy is a mechanical energy formed by the 

potential energy of water given by the difference in level between the 

reservoir and the central and the kinetic energy of the moving water. This 

energy is currently being used in hydropower plants, which converts the 

potential energy of the water into kinetic energy. It is then captured by 

means of hydraulic turbines that act on electric generators that eventually 

convert electricity. 

 Water mills were the first examples of renewable energy use, using 

the flowing water energy to drive the plant's work tool. The simplest water 

wheels were still used in antiquity, about 4000 BC, to facilitate heavy 

manual labor. The Greeks used the water wheel to grind the wheat. Wider 

use had water power in the 19th century, when it began to be adapted for 

various mechanical actions: grinding of beans, production of electric current, 

etc. In many regions of Europe and North America, even industrial plants 

built by the water turbine were built. 

 

IV.1 Construction and operation of hydropower plants 

 

Hydropower plants are complex installations where the hydraulic 

energy of natural or artificial waterfalls is transformed into mechanical 

energy by means of hydraulic turbines and then into electricity in power 

generators. The potential to produce electricity depends on both the drop and 

the quantity of water. Their operating principle consists in converting the 

potential energy of captured water into storage lakes into mechanical energy. 

From the reservoir, through the forced duct, the water falls on the blades of a 

hydraulic turbine, rotating the blades. It moves the electric generator, which 

converts mechanical energy into electricity. 
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Appendix 7 / Fig. 7 Scheme of a hydropower station with a Kaplan turbine   

There are three kinds of power that is produced: 

- Hydro power plants with an installed power of over 100 kWh; 

- micro-power plants with installed power between 5 and 100 kWh; 

- picocentres built on the river, no dam and power installed below 5kwh. 

Appendix 8 / Fig. 8  Scheme of a hydropower development 

Small hydropower plants can be located either in mountainous areas where 

rivers are fast or in low-lying areas with large rivers. The four most common 

types of micro-power plants are presented below. 

 

IV.2 Advantages and disadvantages of hydropower plants 

 

The advantages of hydropower plants are: 

- Hydro-electric energy is a renewable electricity source; 

- Hydroelectricity does not pollute (no emissions of heat and toxic gases); 

- Hydro-electric power has no fuel costs and low operating and maintenance 

costs; 

- Hydroelectric power generation technology is a technology that offers 

flexible and secure operation; 

- Hydroelectric power plants have a long life and many of them have been 

operating for over half a century and are still very effective; 

- Hydroelectric stations have a yield of over 80%. 

 

Advantages of small power hydroelectric power plants 

 Low power hydroelectric power plants are one of the most reliable 

and cost-effective technologies for producing non-polluting power. In 

particular, the key advantages of these hydropower plants to wind-based, 

wave-based or solar power plants are: 

- High efficiency (70-90%), by far the best of all energy technologies. 

- A high capacity factor (usually> 50%), compared to 10% for solar energy 

and 30% for wind power. 

- High predictability, depending on yearly rainfall patterns. 

- Low rate of variability; the energy produced varies only gradually from day 

to day (not from one minute to the next). 
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- Good correlation with demand (eg output is maximum in winter). 

- It is a durable and solid technology; systems can be designed to work for 

over 50 years. 

- Small hydroelectric  power plants are also environmentally friendly. Most 

of the time they work on the natural course of water. Therefore, this type of 

water system does not have the same negative environmental effects as large 

hydropower plants 

 The disadvantages are related to the dependence on the river regimen, 

the existence of water sources, the high value of the investment, the 

construction takes a long  time and requires a lot of work force. By building a 

reservoir on the water course, the climate and fauna of the neighboring area 

are affected due to the change in the regime of precipitations, disappearing 

plant and animal species. Accumulation  lakes prevent the transport of fertile 

substances that are deposited mainly in the area of the river mouths in the 

delta. 

IV.3 Impact on the environment 

 The dam, barrier and / or capture activities of watercourses determine  

the drastic modification of hydro-geomorphological parameters of riverbeds, 

generating altering all processes occurring in the aquatic environment as well 

as habitats of aquatic and terrestrial species. Changing river hydrology, flow 

and oxygen regime affects the entire aquatic system. In some cases, rivers and 

rivers can be completely emptied of water, which means destroying habitats. 

 The first cause of the negative impact is represented by construction 

works. This is an effect that is due to insufficient and incorrect planning in 

order  to avoid the occurrence of severe conflicts with the biological 

environment. Construction works (causes) include: road infrastructure 

development (construction of new access roads / rehabilitation of access 

roads, including deforestation); MHC construction works and landscaping 

works (arrangement of dewatering / basins for water cleaning of alluviums, 

arrangement of compensating basins, arrangement of adductions, installation 

of return pipes in the emissary, arrangement of passages for the migration of 

aquatic fauna); handling of construction materials and site traffic. 

 

A. Construction works have the following effects: 

1) Hydro-geomorphological modification of the river bed, consisting of: 
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- reducing the water flow of the rivers from which it flows 

- changing the flow of water / deviation of the river on some parts of the bed, 

especially in the places where the conduit passes. The deviation of the river 

flow determines a chain of physico-geographical changes with repercussions 

on biocenoses; 

- pronounced diminution of floods that may lead to the accumulation of 

sediments on some parts of the river bed; 

- a change in sediment transfer. In the case of the construction, the 

sedimentary material accumulates in large amounts upstream of the dam, and 

downstream the amount of sediment from the upper basins is significantly 

reduced. This changes the hydraulic balance and the morphology of the river 

bed, altering or hindering the development of characteristic habitats; 

- interruption of river connectivity. The built-in stables alter the longitudinal 

connectivity. The height of the nest determines whether it may or may not be 

passed by the fish. The determining factors are: water flow, temperature, size 

and species, as well as the depth of water before and after sail. Depending on 

the construction solution chosen, the output from the plant can divert the fish 

from their migration path by directing them to the turbine or other obstacles 

that can not be overcome. The construction of a fish staircase is necessary, 

but it only partially solves their access to the breeding areas. 

- landscaping changes. The visual features of landscapes are changed by: 

modifying the dominant type of river vegetation, by deepening or widening 

the river bed, by making visible elements of the structure (dams, pipes, 

cables, etc.). 

2) Emissions of pollutants such as: 

- Atmospheric pollutants generated by machinery and earth handling 

activities; 

- Liquid pollutants due to leaks of petroleum products or other substances 

used on site; 

- Machine-generated noise and other site-specific sources. 

3) Waste generation - including surplus quantities of land and other 

excavated materials. 

 

B.  During the operation / operating phase most of the effects produced 

during the construction of the MHC are maintained and accentuated. To 

these are added effects such as "scrubbing" of scrapers, an operation 

whereby amounts of fine sediments and organic matter retained are suddenly 
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released into the river. Such an event, with frequent repetition, can have a 

significant negative impact on downstream fauna mainly by producing 

mortality on vertebrates and fish. Accidental or intentional obstruction of 

fish stacks slopes, often encountered in the case of projects implemented in 

Romania, is an action that leads to the complete disruption of the 

connectivity of habitats of aquatic species with significant impact on them. 

Conventionally, impacts on biodiversity can be grouped as follows: 

- Habitat loss; 

- Alteration of habitats; 

- Fragmentation of habitats; 

- Disturbance of fauna; 

- Mortality. 

 

IV.4 The hydro power potential 

The hydro energy potential of the Earth 

 Hydroelectric power is certainly the most widespread and most 

mature application of renewable energy. Electricity produced by hydropower 

represents 71% of total renewable energy production worldwide; 22% of 

global energy production comes from hydroelectric power stations, many of 

which are low-power (MHP) plants producing less than 10 MW; there are 

more than 17,400 such hydroelectric plants in Europe. 

Appendix 9 / Fig. 9  Hydroenergy distribution on continents 

 The first hydroelectric power plant was built in Canada - Niagara 

Falls, and it is the first power plant to distribute AC. Its construction has 

inspired the development of hydropower power plants nowadays. The largest 

hydroelectric plants in the world are in China and Brazil. In Europe, the top 

countries in terms of installed capacity are: Russia (50,624 GW) Norway 

(30,566 GW), Turkey (25,886 GW), France (25,397 GW), Italy (21,880 

GW) Switzerland (15,635 GW), Austria (13,178 GW), Germany (11,258 

GW), Ukraine (6,8 GW), Romania (6,1 GW), etc.   

Appendix 10 / Fig. 10  Top of countries producing hydroelectric power – 

2017  
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Romania's Hydro Power Energy Potential  

 Water resources due to inland rivers are estimated at about 42 billion 

cubic meters per year, but under unregulated arrangements it can only 

account for about 19 million cubic meters per year due to fluctuations in 

river flows. Water resources within the country are characterized by great 

variability, both in space and in time. Thus, large and important areas, such 

as the Romanian Plain, the Plateau of Moldavia and Dobrogea, are poor in 

water. There are also large variations in time flows, both in one year and 

year-to-year. In the spring months (March-June), more than 50% of the 

annual stock flows, reaching maximum hundreds of times the minimum. All 

this leads to the conclusion that the necessity of accomplishing the debts 

compensations with artificial accumulations. 

 The theoretical average potential of the country's rivers, including 

Romania's share of potential of the Danube, amounts to 70 TWh / year, of 

which the technically feasible potential is 40 TWh / year (2/3 given by the 

inland rivers and 1/3 of the Danube). 

 As with wind applications, the technically adjustable hydropower 

potential is lower than the theoretical one, and in this respect we estimate a 

value of approx. 1 100 MW and a production of 3600 GWh / year. In 2012 in 

Romania there were approximately 300 micro-hydropower plants in 

operation and over 400 micro-hydropower plants at different stages of design 

/ approval and construction (WWF). Currently in Romania there are over 

500 micro-plants of Hidroelectrica SA and over 120 projected (unbuilt), with 

a clear tendency to decrease the number of new constructions. It is also 

possible, accordingly to developments in green certificate policy, that this 

downward trend in new projects is temporary. According to data published 

by the European Micro-Hydro Energy Association, a number of 

approximately 550 micro-hydropower plants in Romania are due to  2020. 

 As the most important renewable energy source in Romania 

(according to with the EU requirements) is hydro power, it was necessary to 

analyze the database regarding both the existing hydroelectric power plants / 

rehabilitation and those potentially economically amenable. The 

hydrological potential of Suceava County is significantly capitalized through 

the 32 existing low power hydroelectric power plants. 

 

Appendix 11 / Fig. 11  Map with geographic zoning of Romania’s micro 

hydro potential 



28 

Chapter V 

Tidal power 

 
 The oceans and seas occupy 71% of the Earth's surface and, in 

addition, they have an inexhaustible resource: the waves. The energy of seas 

and oceans is in the form of mechanical and thermal energy. The Planetary 

Ocean Waters have a huge energy potential that can be used for power 

generation, the Planetary Ocean's energy reserves being huge. The internal 

energy, corresponding to the 20 ºC heating of the ocean’s water, compared to 

the river’s water, is about 1026 J. The kinetic  energy of the ocean's currents 

is about 1018J, but only a little can be used. 

 The main sources of energy, at least in the current state, refer to: 

tides, marine currents, waves, temperature differences of marine water 

structures. 

 a) Tides, due to the moon's attraction, appear regularly in certain 

seaside  areas around the globe, with amplitudes that may sometimes reach 

14-18 m, causing slow sea-level oscillations. The principle of using tidal 

energy, in sea-powered power engine, consists of setting up pools that allow 

the capture of the water energy triggered by these oscillations both during 

filling and emptying (at reflux). Tidal energy is the energy that can be 

captured by exploiting the potential energy resulting from vertical 

displacement of the water mass at different levels or the kinetic energy due 

to tidal currents. Tidal energy results from the gravitational forces of the Sun 

and Moon, and as a result of terrestrial rotation. 

 For an efficient use of tidal energy, some natural conditions are 

required: 

- having a natural basin (usually an estuary) that communicates with the 

ocean through a very narrow opening; 

- the tidal amplitude should be at least 8 m. 

 These natural conditions appear only in about 20 areas of the globe 

(the coastal Atlantic of France, Great Britain, USA, Canada, northern 

Australia, eastern China etc.). If the amount of available energy could be 

fully utilized in the large Power Plants, the amount of available energy 

would produce about 100,000 times more electricity than all of the 

hydropower plants currently in operation in the world. However, large-scale 
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plants produce kWh at a double cost than hydroelectric power plants. In 

operation, such large-scale plants are located in France and Russia. Other 

projects provide new developments on the South East coast of Great Britain; 

on the shores of Fundy Bay, where the US and Canada plan to build a huge 

construction . 

 b) Marginal currents that may appear in the form of: horizontal 

currents (due to dominant winds); vertical streams (in which case the water 

ascends or descends from/to the depths); marine currents due to the planetary 

water movement, are carriers of particularly high kinetic energies. So, it has 

been calculated that an ocean current with the width of about 100 m, 10 m 

deep and a speed of 1 m/s during one year could provide a kinetic energy of 

about 2 million kWh. 

 c) Waves represent a form of storage of wind energy, calculable 

energy and worth taking into consideration. Wave motion is due to solar 

radiation. The calculations have shown that waves with an 1 m high, 40 m 

long and a 5 s cycle have an available power of about 5 kW on a 1 m wide 

front. Numerous hydraulic and energy research institutes in the United 

States, France, the United Kingdom, China and Japan have in their activity 

program, the realization of a wave energy capture installation. And however, 

judging by the huge potential offered by the world's seas and oceans, wave 

energy is insufficiently used.  

 d) "Ocean thermal energy conversion" has captured a great attention, 

namely obtaining electricity via the difference in temperature between 

surface waters and water that is brought back by the pumps (for example 

when using a closed cycle turbine of volatile liquids such as propane, freon 

or ammonia). The temperature differences of the marine water structures 

create thermal energy - stored in the form of heat. Heat content , other than 

surface and deep water, has a difference of about 30o C. 

 A more remote perspective is to obtain electricity based on the 

differences between salt water and freshwater, for example seawater and 

river water. 

 

V.1   Construction and operation of tidal power plants 

The basic concept of getting electricity from water flowing through a 

turbine rotor is well established for applications in hydropower (rivers and 

water flows) and wind energy. Two major technology groups were invented 

to produce power from waves energy: 
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- near-shore devices (easily accessible, easier to maintain and 

monitor); 

- offshore devices (offshore and at great depths, the largest energy 

resources are available). 

Several wave energy capture systems: 

a) Liquid piston system. In an enclosure, through its climbing and 

descending motion, the marine tide acts as a piston, pumping and 

aspiring the air, with a direct result on a turbine. 

Appendix 12 / Fig. 12   Liquid piston system   

b) The system based on the ascension of water. The system is based on the 

ascension of water in the form of a wave on an artificial slope and then 

taken over while falling by the blades of an electric generator. 

Appendix 13 / Fig. 13   The system based on the ascension of water. 

c) Pressure piping system (resembles a vehicle's braking system). Thus, the 

pressure exerted on a large surface is transmitted via a liquid, through the 

pipes, to a smaller surface, thus multiplying the force per unit area. 

Through a mechanical system, this force rotates the electric generator. 

Appendix 14 / Fig. 14   Pressure piping system 

V.2   Advantages and disadvantages of tidal power plants  

 

Advantages of tidal power plants: 

- Alternative energy source. It is renewable and inexhaustible. 

- tidal movement is predictable, unlike wind or solar radiation; 

- it does not generate emissions into the atmosphere, it does not 

contribute to global warming. 

Disadvantages of tidal power plants:  

- impact on underwater life due to leaky substances (oils for 

lubricating equipment); the rotating blades of the turbines are also an 

intrusive element in marine habitats; 

-  metallic components of the equipment are exposed to corrosion due 

to salty water. Its maintenance is difficult because of its large dimensions 

and depths. The more difficult the "manual" maintenance is, the more 
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mechanical purpose substances (oils) will be used (and we will return to the 

previous paragraph). 

- there are not many areas with high potential; is not a resource 

available to many states. 

- Relatively high construction costs. 

- Large-scale plants produce kWh at a cost of twice as high as the 

cost of hydroelectric power plants. 

 

V.3   Impact on the environment 

One of the positive effects documented on the basis of the 

information gathered so far is the increase of biodiversity in the area due to 

the fact that various species of mussels, shells and algae are attached to the 

structural elements and to the cables for fixing and transporting electricity to 

the shore. For example, between 2005 and 2006, approximately 150 kg of 

marine organisms were found on a single floating generator three meters in 

diameter. The results of computer modeling show that this biological 

"entrainment" does not affect the performance of the system in question. 

Concrete foundations on the seabed (where needed) act as artificial reefs, 

being attractive to marine organisms. 

The installation of large-scale marine generators parks may adversely 

affect the fishery activity in the area. On the other hand, this aspect also has 

a positive side, due to the fact that, for this reason, these regions can become 

protected areas where the density and diversity of different fish species will 

increase. 

Although there is little information on the effects of underwater noise 

produced during the construction and operation of wave energy recovery 

systems, there are signals that species that use echo-location systems for 

guidance, communication, hunting and other predators are affected (some 

species fish, dolphins, whales and seals). 

There is also ongoing research to identify the effects of 

electromagnetic fields produced by underwater electrical cables on migratory 

marine organisms that use the Earth's electromagnetic field to navigate. 
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V.4  Mareomotric energy potential 

 The first big-scale large-scale power central was only put into 

operation in 1966, in France, at Rance, in the river estuary bearing that 

name. The installed power is 240 MW; the tides reach amplitudes over 13 m. 

Appendix 15 / Fig. 15   Rance high-powered plant, France 

 The largest sea-center in the world is the central Sihwa Lake, South 

Korea. It was completed in 2011 and has a capacity of 254 MW. In North 

America, Canada is the Annapolis Royal Generating Station, inaugurated in 

1984 in the Bay of Fundy. It has an installed capacity of 20 MW. Portugal, 

Scotland, UK have special programs to convert wave energy into electricity. 
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Chapter VI 

Geothermal energy 

 

        Geothermal energy is the thermal energy stored inside the Earth. Earth's 

structure consists of a solid core of iron and nickel, an external fluid core of 

about 2900°C and an outer core of melted rock called magma. The next layer 

is called cloak, has a thickness of approximately 2900 km and is made of 

solid rock and magma. The litosphere, or terrestrial bark, is the outer layer of 

the Earth and has a thickness varying between 5 and 70 km, with smaller 

thickness in oceanic areas (5-10 km). 

         The bark is divided into continental plains that "float" on a viscous 

layer of semi-melted rocks, with temperatures between 650°C and 1250°C. 

In the marginal areas of these plates, but also in other areas within the 

tectonic plates, the magma may approach the surface of the Earth even up to 

one km and the temperature gradient can reach 100°C/km. The rock and 

water that penetrate these depths through the cracks in the rock, absorb the 

heat transmitted by the magma. Under these conditions, the water 

temperature can reach 370°C, then it reaches the surface as thermal springs 

or geysers. 

          It is estimated that the energy stored in the first 3 km of the bark is 

4.3x107 EJ30 (approximately 12x109 TWh), which represents over 10 000 

times the global energy consumption per year. Although geothermal energy 

is more than sufficient for the needs of mankind, only a very small part is 

exploitable under economically feasible conditions, due to the fact that 

accessible areas in which the magma approaches the terrestrial surface are 

few. In these locations, the usual thermal energy recovery procedure usually 

consists of drilling up to hot water tanks or underground vapors, pumping 

these resources to the surface, and using them for heating or producing 

electricity. 

          However, for a higher capacity to exploit this non-polluting resource, 

deep drilling is required, up to the hot rock layer. Because of the high costs, 

this mode of exploitation is still in the experimental phase. A study 

published in 1999 estimated that the geothermal resources discovered up to 

that date had an electricity production potential of between 35 TWe and 73 
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TWe. The World Energy Council estimates that 8.3% of the world's 

electricity demand could be produced by exploiting geothermal resources 

   

VI.1 Construction and operation of geothermal centrals 

             There are currently three types of geothermal power central in 

operation: "dry", "central" and "binary" central stations, depending on the 

temperature of the fluid and its state (vapor or liquid). 

            Dried power plants were among the first types used to exploit 

geothermal energy. Steam at temperatures generally above 235°C is 

extracted from the geothermal reservoir through several wells and is usually 

directed to a single high-capacity turbine (20-120 MW) to benefit from a 

superior efficiency compared to lesser use smaller capacity turbines. Steam 

pipes are provided, before the turbine, with filters that retain the rock 

fragments and eventual condensation formed along the way. To protect the 

natural reserve of steam, a particular fraction is re-injected after use in the 

geothermal reservoir as a condensate. 

          This technology is simple, efficient and economical, but the major 

drawback lies in the fact that the vapor-tanks discovered to date are very 

rare. Also, compared to other technologies, only (15-20)% of the extraction 

fluid is re-injected into the geothermal reservoir. The efficiency of dry plants 

is about 30%, mainly due to the relatively low steam temperature and the use 

of turbines with lower production capacities compared to conventional 

central 

 

Appendix 16 / Fig. 16   Scheme of a dry steam geothermal power plant 

 

Most of the geothermal surfaces produce a combination of gas, water 

and dissolved minerals, with a high value of corrosiveness, at a value of 

pressure up to 10 atmospheres. This is why the avoidance of direct contact 

between active equipment of the power station and the water coming from 

underground is required. The “flash” power stations represent a solution to 

this challenge. 

 Geothermal areas which produce low-temperature water (under 150-

170C) are far more numerous than the ones which produce high-

temperature water. In these cases, the transformation of thermal energy into 



35 

electricity takes place in power stations with binary system, power stations 

that can handle with temperatures between 75C and 200C. 

 In geothermal industry, thermal potential is considered low when its 

temperature drops down to less than 150C. The heat provided by 

geothermal resources with a reduced temperature (between 20C and 150C) 

or by residual fluid from geothermal power stations can be used in a direct 

way for residential, commercial or industrial heating on a small scale 

(homes, offices, ponds, greenhouses). On a larger scale, these resources can 

be used for heating residential neighborhoods or even small towns; in 

industry, for drying food, drying timber, recovering the minerals, etc.  

 The main advantages are: 

 High frequency of low-temperature resources; until now, this type of 

resources have been discovered in 80 countries, at economic depths 

in terms of drilling costs; 

 the possibility of using drilling equipment for conventional wells 

 The short amount of time in which heating projects are implemented: 

most of them could be finished in 1 year or less 

 Lack of conversion loss 

 The prices for heating drop down to 80% less than any other type of 

heating which includes fossil fuels 

 The lack (or a very reduced amount) of emissions of polluting gases 

 The possibility of using heating or cooling equipment on the market 

if they are compatible with the temperatures and composition of 

geothermal fluids 

 It is not necessary to drill wells because the water from geothermal 

surface springs (where they exist) can be used directly 

 The operating depth is much lower than in the case of high 

temperature geothermal sources. 

VI.2   Advantages and disadvantages of geothermal power stations 

 

Advantages:  

- the energy provided by geothermal power stations does not pollute the 

environment and it is renewable; 

- the geothermal power stations are not affected by any weather conditions 

and by day and night cycle. 

Disadvantages:  
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- the soil in that area becomes unstable and could even cause low-intensity  

earthquakes; 

-the areas with geothermal activity are cooling off during several decades of 

use, so the source of energy is not infinite, but is still renewable. An 

explication for the process of cooling off could be the fact that the size of the 

geothermal power station installed is too big for the heating capacity of that 

area. 

 

VI.3   The impact upon the environment 

 Although functioning of power stations comes with emissions of 

carbon bioxide, hydrogen sulphide, sulfur bioxide, ammonia or methane, 

combined with steam and/or geothermal water, all of these together represent 

one of the cleanest forms of exploitation of renewable energy available in 

commercial quantities. 

 CO2 emissions of ”flash” engines are just 5% of the emissions from 

all the power stations fuelled by natural gases. Regarding hydrogen sulphide, 

it is captured and reinjected in the soil, or, otherwise, it is transformed into 

sulphur or sulphuric acid. 

 The degree of land use in the case of geothermal plants (shaft 

drilling, placing the surface piping, placing the construction) is small, 

compared to the degree of land use for producing energy out of classical 

resources. It is taken into consideration the percentage of the surface used 

and aso its degradation due to procedures for extracting oil, coal, natural gas 

or nuclear ore. Also, the degree of land use is much smaller even than 

hydroelectric stations, whose accumulation lakes occupy vast areas, much 

larger than any geothermal plant (calculated as surface / MW production 

capacity). 

 

VI.4   Geothermal energy potential 

Earth's geothermal energy potential  

 

 The International Geothermal Association (IGA) has reported that 

10,715 megawatts (MW) of geothermal power in 24 countries is online, 

which is expected to generate 67,246 GWh of electricity in 2010. This 

represents a 20% increase in geothermal power online capacity since 2005. 

IGA speculated that this would grow to 18,500 MW by 2015, due to the 

https://en.wikipedia.org/wiki/Megawatts
https://en.wikipedia.org/wiki/GWh
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large number of projects that were under consideration, in areas that are 

often previously assumed to have little exploitable resource.  

 In 2010, the United States led the world in geothermal electricity 

production with 3,086 MW of installed capacity from 77 power stations; the 

largest group of geothermal power plants in the world is located at The 

Geysers, a geothermal field in California. The Philippines follows the US as 

the second highest producer of geothermal power in the world, with 1,904 

MW of capacity online; geothermal power makes up approximately 27% of 

the country's electricity generation. Al Gore said in The Climate Project Asia 

Pacific Summit that Indonesia could become a super power country in 

electricity production from geothermal energy. India has announced a plan to 

develop the country's first geothermal power facility in Chattisgarh. 

 Recent studies show that worldwide there are 587 operating station 

based on geothermal resources, with an installed capacity of 15.5 GWe . The 

table below shows the part of the capacity installed in countries. 

Country  Number of sites  Installed 

capacity(MW?) 

United States 253 2774,43 

Philippines 48 1840,9 

Indonesia 23 1134 

Mexico 39 983,3 

Italy 35 882,5 

New  Zeeland 43 783,3  

Iceland 31 715,4 

Japan 21 535,26 

Costa Rica 8 205 

El Salvad or 7 204,3 

Kenya 13 166,2 

Turkey 8 94,98 

Nicaragua 5 87,5 

Russia 12 79 

Papua-New Guinea 6 56 

Guatemala 9 44,6 

Portugal 6 26 

China 8 24 

France 2 14,7 

https://en.wikipedia.org/wiki/Geothermal_energy_in_the_United_States
https://en.wikipedia.org/wiki/Power_plant
https://en.wikipedia.org/wiki/The_Geysers
https://en.wikipedia.org/wiki/The_Geysers
https://en.wikipedia.org/wiki/California
https://en.wikipedia.org/wiki/Al_Gore
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Ethiopia 1 8,5 

Germany 4 6,75 

Austria 3 1,45 

Thailand 1 0,3 

Australia 1 0,15 

Total 587 10 668,52 

  

 The best example, in Europe, to take the benefits of geothermal 

energy is Iceland, where they extract hot water from various depths - at 500 

meters depth, the water has 150 degrees Celsius, and at 1,000 meters depth, 

water has 300 degrees Celsius. Iceland began this operation decades ago (70 

years ago). They realized that, instead of having toxic ash from power plants, 

they had better use the warm water below them. Now, 80% of their energy is 

from geothermal resources and 12% of the  resources are renewable. Almost 

all households in the state capital, Reykjavik, are heated with thermal water. 

Electricity is produced also from geothermal resources by using heat and 

steam. 

Geothermal energy potential of Romania 

 

 Theoretically, Romania has the third highest potential geothermal 

capacity in Europe after Greece and Italy. Romania uses geothermal energy 

to heat homes. The direct-use heating has been mostly district 

heating serving 5,500 residences in Oradea and the city of Beiuş is the only 

city in Romania entirely heated by geothermal energy.  

In Romania, the temperature of the hydrosources is between 25 and 

125 degrees C. The deepest drilling to extract these waters at a depth of 3300 

m, reached in some areas such as geothermal basin north Bucharest - 

Otopeni, certain perimeters within the Snagov and Balotesti. Operating 

activities in geothermal fields started in Romania in 1962, the first wells 

being drilled in Oradea, Timisoara, Călacea and Felix. Experimental 

operation of about 100 wells over the past 25 years has enabled assessment 

of the energy potential of this type of resource. Geothermal energy is used 

for a heating rate of 37%, 30% for agricultural (greenhouse), 23% in 

industrial processes, 7% for other purposes if exploitation wells by pumping 

(not artesian) confirmed  reserves reach 200,000 TJ approximate value over 

a period of 20 years. At present, only 137 MW is used, the operation of 

https://en.wikipedia.org/wiki/Europe
https://en.wikipedia.org/wiki/Greece
https://en.wikipedia.org/wiki/Italy
https://en.wikipedia.org/wiki/District_heating
https://en.wikipedia.org/wiki/District_heating
https://en.wikipedia.org/wiki/Oradea
https://en.wikipedia.org/wiki/Beiu%C5%9F
https://en.wikipedia.org/wiki/Romania
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producing wells 60 (artesian) geothermal water, the total installed power of 

320 MW of existing wells. 

In the first figure we can see locations of major geothermal fields in 

Romania.Main geothermal fields in Romania: in the west are located most 

geothermal fields, in  the north-west  -Satu Mare, Tasnad , Acaș Marghita, 

Salonta.  The main geothermal fields in Romania are: 

1) The geothermal aquifer  Oradea 

2) The geothermal reservoir Băile Felix- 1 Mai; 

3) The geothermal reservoir Borş; 

4) The geothermal aquifer  Panonian , along the western border of Romania, 

as limits to the north and in the southern Satu Mare and Timisoara Jimbolia;  

5) The geothermal reservoir Ciumeghiu,  between Oradea  and Arad; 

6) The geothermal reservoir  Otopeni; 

7) Geothermal reservoir on the Olt Valley (tails - Calimanesti - Caciulata). 

 

Appendix 17 / Fig. 17   Geothermal Map of Romania 
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Chapter VII 

The Energy from biomass 

 

 From the energy point of view, the term "biomass" refers to organic 

material which can be converted into energy. The main types of biomass 

which can be used for this purpose are woody matter, plant residues from 

agriculture and animal increase livestock waste, as well as dedicated crops 

and plantation energy recovery. In addition, municipal waste is also 

envisaged (waste from trimming trees, maintenance of parks, etc.), 

household garbage or some residues from the food industry.  

Photosynthesis is the process by which plants convert solar energy 

into chemical energy. The latter can subsequently be converted into heat and 

/ or electricity for industrial or residential use as well as fuels transportation. 

The simplest conversion technologies involve burning woody biomass to 

produce heat that can be used directly. Also, the heat generated water can 

vaporize, resulting in a vapor turbine coupled to an electric generator. The 

conversion to biofuels for transport can be thermal, chemical or biological, 

or you can apply technologies that make use of all three methods. 

Biodiesel can be produced from animal fats and oils or waste and 

vegetable oils, such as sunflower or rapeseed. It can be used in modern 

diesel vehicles, changing the engine a little. Other emissions are reduced by 

20-40%. 

 The bioethanol: From seeds or grains the starch is produced, which is 

fermented in bioethanol; the last one can be used in internal combustion 

engine and in fuel cells. The ethanol is integrated in clean energy 

infrastructure. For example, E85 is a fuel made of 85% ethanol and 15% gas, 

which is sold to the consumers. 

 The biogas:  the biogas is produced in the anaerobic digestion process 

of organic material by the anaerobic bacteria. It can be produced out of 

biodegradable waste or by the use of energy crops, which, being introduced in 

anaerobic fermentor, supplements the gas quantity. The biogas can also be 

easily produced from current flows of waste, like paper, sugar and sewer 

industry (e.g. sewage) and also, animal waste. Varied flows of  waste must 

gather and ferment naturally, producing methan gas. This one can be converted 

in biogas. When in a biogas power-generating-facility the anaerob process of 
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methanetanc was finished (all the available methane has been extracted from 

the methanetanc), the leftovers become a more useful fertilizer than the 

original biomass. The resulted gas from this process of anaerobic fermentation 

is eliminated in the atmosphere and thus it becomes a potential greenhouse 

effect gas.  

 The solid biofuel: solid biomass: wood, sawdust, straws, garbage, wood 

charcoal, charcoal, agricultural leftovers, energetic grains and dry dung are 

used as fuels. If the biomass has a form of sawdust, wood leftovers, branches, 

straws, grass, agricultural leftovers, there is another option - to be palletized 

using a special installement of pallets. Another kind of solid fuel is the bio-

coal.  

VII.1. The construction and functioning of biomass/biogas power plants 

The valorization of the biomass energy 

1) DIRECT COMBUSTION  

 By direct burning of different types of biomass hot gases can be 

produced which can be used to heat or produce steam. The steam can still train 

a turbine-generator system in order to generate electricity. Combustion is the 

simplest technology and can be economical if the available biomass source is 

nearby and is sufficient. 

 

2) PYROLYSIS 

 Pyrolysis consists of thermochemical decomposition of solid biomass, 

which takes place at temperatures of 300-800° C and in the absence of oxygen. 

It has been known for hundreds of years as technology to produce charcoal and 

chemicals. This process results in heat, various gases (hydrogen, methane, 

carbon monoxide, etc.), bio-oil and coal. Fuel gases can be separated and 

captured, and resulting coal, also called biochar, can be used as a fertilizer and 

agricultural amendment, which is also an efficient and economical way to 

seize carbon. 

 

3) GASIFICATION 

 Gasification processes can be seen as combustion conversion but with 

less oxygen than burning. Thermochemical gasification is the process of 

conversion by partial oxidation at high temperature biomass, with the 

formation of a gas called gas gas, "medium calorific gas". 
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Air gasification produces a low calorific gas that is suitable for use in boilers, 

engines and turbines, but is not suitable for pipeline transport due to low 

energy density. 

 Oxygen gasification produces a higher calorific gas, which is suitable 

for a limited pipeline distribution and for use as synthesis gas. The gasification 

can be applied to biomass with a moisture content of less than 35%. Air 

gasification is the most widely used technology, as additional costs and 

dangers are avoided. 

 

4) ANAEROBIC FERMENTATION 

 Sludge from sewage, manure or food waste, as well as agricultural 

products, at a certain humidity or in a mixture with water (depending on the 

type of biomass) are degraded in a closed enclosure in the absence of air. 

Thus, anaerobic fermentation results in a mixture consisting mainly of 

methane and carbon dioxide. Approximately 90% of the energy stored in the 

biogas obtained belongs to methane. The technology is mature and has become 

a way of supplementing the income of modern agro-zootechnical farms, which 

produce both energy and fertilizers rich in nitrogen, phosphorus, potassium 

and micronutrients, as well as municipal waste water treatment plants. 

Table - Energy potential of some residue categories 

Category of residues Energy potential ( MWe) 

Food and fruit 40 

Municipal solid waste 900 

Municipal liquid waste 100 

Paper, cellulose products, dairy 

products, tobacco products 

140 

Sugar products 220 

Residues from distilleries 300 

 

Mwe = "megawatt electrical" 

5) GASES EMITTED FROM WASTE DEPOSITS 

Waste deposits are a special case of anaerobic fermentation of the 

organic residues present here. Recovering the emissions of these deposits not 

only brings economic benefits but also a positive contribution from the point 

of view of environmental protection, given that methane has a potential of 21 
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times higher than carbon dioxide in terms of greenhouse effect. Typically, 

these emissions include 45-60% methane, 40-60% carbon dioxide, water 

vapor and other compounds (nitrogen, oxygen, hydrogen sulfide, various 

contaminants such as benzene, toluene, chloroform, carbon tetrachloride, 

halogenated compounds, etc.) in much smaller proportions. 

 

6) Alcoholic fermentation 

Fermentation is widely used in different countries to produce 

bioethanol (C2H3OH) from sugar cane, sugar beet, wheat or corn. The 

fermentation comprises the following steps: the biomass is crushed and the 

starch converted into sugars by the enzymes, then the sugars are converted to 

bioethanol by the yeast and finally the separation and purification of the 

bioethanol by distillation. From a ton of dried corn kernels, about 450 liters 

of bioethanol are produced. The solid residue of the fermentation process can 

be used as animal feed, and in the case of sugar cane the residue can be used 

as fuel in boilers as a raw material for gasification or for the production of 

fibers boards. 

Ethanol can be used in various industrial processes, but also as a 

gasoline substitute or mixed with it in spark ignition engines. 

 

7) Biodiesel  

 Biodiesel is a clean, biodegradable and non-toxic fuel that is 

produced by transesterification from vegetable oil or animal fats. For this 

purpose, raw material used can also be used, such as residual oils from 

restaurants. Biodiesel can be used in pure or mixed form with diesel for 

supplying injection-compression ignition engines. 

 In addition to obvious advantages in terms of lack of pollution and 

carbon neutrality, biodiesel also has some disadvantages. Its direct use and 

not blended with diesel will create difficulties when starting engines in cold 

weather due to higher viscosity than diesel. Gaskets and rubber ducts are 

attacked, so they need to be changed if they are on the feed circuit (generally 

older models of vehicles). Keeping for a longer period causes the oxidation 

of biodiesel, which is accompanied by the thickening phenomenon. 

Appendix 18 / Fig. 18   The schematic diagram of a biogas plant 

VII.2 Advantages and disadvantages of biomass / biogas power plants 
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Advantages at society level: 

- a renewable energy source; 

- low greenhouse gas emissions and a reduction in global warming; 

- low dependence on the import of fossil fuels; 

- contribution to EU directives on energy and environmental protection; 

- waste reduction; 

- creating new jobs; 

- Flexible and efficient use of biogas; 

- reducing the demand for water. 

 

Advantages for farmers: 

- additional income for farmers; 

- digestate, a valuable fertilizer; 

- closed circuit of nutrients; 

- flexibility in the use of different types of raw materials; 

- weak smells and few insects; 

- veterinary security. 

 

Disadvantages: 

- systems based on such a fuel are more expensive than those using fossil 

fuels; 

- limited availability of land for energy crops; 

- natural disasters can destroy crops of grain; 

- can contribute to rising food prices; 

- in some cases, CO2 emissions from cultivation, harvesting, transporting 

and processing crops counterbalance the benefits of using biofuels; 

- handling and storage of biomass are relatively difficult and expensive 

processes. For this reason, systems that burn biomass are primarily intended 

for communities, rather than individual properties. In this way the initial 

investment expenses are recovered quickly, and the passing of the profitable 

period of the installation is done in a short time; 

- Massive amounts of water are needed for proper irrigation of biofuel crops 

and for fuel production that could strain local and regional water resources. 
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VII.3   Environmental impact 

 The production of bioenergy feedstock often requires significant 

areas of land, either for the plantation of crops or fast-growing trees. This 

can threaten biodiversity if uncontrolled. As well as the impact on land-use 

from the growing of the crops, there is also the additional issue of 

deforestation, which is certainly not limited to the bioenergy industry but 

applies to its further expansion nonetheless. What is particularly worrying  is 

the clearing of natural/virgin rainforest for sugar cane and other similar crops 

that are well suited to the production of biofuels. 

 Bioenergy’s water footprint as a form of energy when compared to 

other resources is considerable. Water is required to grow the feedstock 

crops and in the case of biofuels in the transformative process to convert the 

raw feedstock into an end-user fuel. In Brazil and other parts of the world the 

processing of ethanol form sugarcane requires large amounts of water. The 

usage of water is about 87% which covers cane washing, juice evaporation, 

fermentation cooling and ethanol distillation condenser cooling. In the 

1990s, the reuse of water within a closed loop and substituting dry cane 

cleaning with wet cane washing has brought about a four-fold decrease in 

water requirement when compared to the 70s. The impact bioenergy has on 

water resource varies based on the type of bioenergy system and also on the 

region. Bioenergy demand can be met in several ways, such that it improves 

the situation with regards to water usage. For example, Eucalyptus rameliana 

and pachyphylla occupy arid habitats with annual precipitation of less than 

350mm which can be a potential feedstock for bioenergy in areas where 

droughts are common. Sorghum bicolor also has a tolerance for drought. 

 Using biomass as a fuel produces air pollution in the form of carbon 

monoxide, carbon dioxide, NOx (nitrogen oxides), VOCs (volatile organic 

compounds), particulates and other pollutants at levels above those from 

traditional fuel sources. 

                 There is also soil pollution. Soil pollution sources on the site can 

be considered: household waste water, leakage of petroleum products, 

deposition of dust from chimney emissions, deposition of dust from raw 

materials, storage of raw materials - biomass. 
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VII.4.  Potential biomass 

 

 Bioenergy has been successful in many developed countries and, to a 

certain extent, some developing countries as well. Countries like Sweden and 

Finland are leading the way in this transition by their successful use of 

bioenergy. The sustainable usage of forestry and forest products has led them 

to be world leaders in renewables. Countries like Brazil are becoming 

independent of oil by increasing their blending of biofuels in the 

transportation sector. The ease of access of biomass feedstock in countries in 

sub-Saharan Africa and Asia has led to an increasing dependence on 

biomass. 

 The adoption of biomass-based energy plants has been a slow but 

steady process. Between the years of 2002 and 2012 the production of these 

plants has increased 14%.[82] In the United States, alternative electricity-

production sources on the whole generate about 13% of power; of this 

fraction, biomass contributes approximately 11% of the alternative 

production. 

 

Potential Biomass Romania 

            

Biomass contains a promising renewable energy source for Romania, 

both in terms of its potential and its potential for use. From the point of view 

of the energy potential of biomass, the Romanian territory was divided into 

eight regions:  

1.The Danube Delta 

2.Doborgea 

3.Moldavia 

4.Transylvanian Plateau 

5.The Western Plain 

6.Subcarpations 

7.The South Plain 

  

The richest counties in forestry resources are the following: 

- Suceava 647.0 thousand cubic meters 

- Harghita 206.5 thousand cubic meters 

- Neamţ 175,0 thousand cubic meters 

- Bacău 132.0 thousand cubic meters. 
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The poorest in this type of resource are the counties in the south: 

- Constanta 10.4 thousand cubic meters 

- Teleorman 10.4 thousand cubic meters 

- Galaţi 10.4 thousand cubic meters. 

 

The richest counties in agricultural resource are: 

- Timiş 1432.0 thousand tons 

- Calarasi 934.0 thousand tons 

- Braila 917.0 thousand tons. 

 

The poorest in this type of resource are: 

- Harghita 41,004 thousand tons 

- Covasna 73,000 thousand tons 

- Brasov 89,000 thousand tons. 

Suceava County also boasts biomass - especially forestry and wood 

exploitation - which is increasingly being used to obtain heat and electricity. 

In this regard, for example, are the thermal plants in Vatra Dornei and 

Rădăuţi. CET EGGER RĂDĂUŢI harnesses the biomass residues from the 

production processes, ensuring the thermal and electric energy for the 

production facilities. The plant has a total capacity of 22 MW, of which 17 

MW thermal energy and 5MW electric power. 

Suceava's thermal power plant is the most modern biomass power 

plant in the country, with a 34-MW turbine and a 6,000-square-meter 

warehouse. It is equipped with four biomass boilers, plus one special for 

heating water during the summer. The plant can also work with methane gas 

to cover the load peaks. Bioenergy Suceava was put into operation in 

November 2013. Since then, it has provided heat for approximately 20,000 

apartments, 155 private homes, 530 businesses and 38 budget units. 

The largest biomass power plant in the country operates in the 

Vornicenii Mari area, in Moara commune in December 2013. Here biogas is 

produced from maize and manure. The electrical power obtained is 3 

megawatts per hour, the electricity being introduced into the national system. 

The raw material used for this biogas plant is 90-95% silo maize, the 

difference being manure. 
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Chapter VIII 

Solar energy 

 

 

Solar energy is the source that keeps life on our planet. The sun heats 

the atmosphere and the surface of the Earth. Due to the solar energy on our 

planet the wind, the water circuit in nature, the sea and the oceans are heated, 

the plants and the animals develop, the fossil fuels have formed. Solar 

energy can be transformed into warmth or cool temperatures. 

Every day the sun sends to the earth an amount of 10,000 times more 

energy than it can consume. This huge potential proves to be remarkable 

competition for nuclear energy, considered to be the most efficient 

alternative to the increasingly costly and polluting production of fossil fuel-

based electricity. The data provided by scientific studies show that if 1% of 

the world's solar desalination area, ie 9000 km2, builds solar power plants, 

the equivalent of the total amount of electricity currently used worldwide is 

obtained. 

The sun radiates an enormous amount of energy - about 1.1 x 1020 

kW / h per second. 1 kilowatt / hour is the amount of energy required to run 

a 100-watt light bulb for 10 hours. The outer layers of the Earth's atmosphere 

stop about one millionth of the energy emitted by the Sun. However, due to 

the reflection, diffusion and absorption of atmospheric gases, only 47% of 

total energy reaches the Earth's surface. 

Appendix 19 / Fig. 19   Earth's Radiation Balance 

 The amount of solar energy coming to Earth is also influenced by the 

movements of the Earth, depending on the height of the Sun above the 

horizon. At noon, when the Sun is at a high distance, the path traveled by the 

sun's rays through the atmosphere is shorter than the morning or evening. 

Obviously, the amount of diffused and absorbed radiation is lower, and the 

Earth's surface gets more energy. The same thing happens in the summer 

season, compared to winter or autumn. 

Appendix 20 / Fig. 20   Solar Tracking 
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The amount of solar energy reaching the Earth also depends on the 

geographic position of the territory: the closer it is to the equator, the greater 

it is. 

Appendix 21 / Fig. 21  Net absorbed solar radiation 

 The amount of solar radiation reaching the surface of the Earth 

depends both on the position of the Sun during the day and the year and on 

the different weather conditions. Clouds are the main atmospheric 

phenomenon that determines the amount of solar radiation reaching the 

surface of the Earth. In any place on Earth, solar radiation decreases if the 

sky is cloudy. Consequently, the dominant misty weather countries receive a 

lower amount of solar radiation than the desert regions where the weather is 

mostly serene. Cloud formation is largely conditioned by the peculiarities of 

local terrain: the presence of mountains, seas and oceans, and large lakes. 

Therefore, the amount of solar radiation received in these areas and 

neighboring regions may be different. For example, in the mountains the 

amount of solar radiation is lower than in the neighboring regions and in the 

plains. The winds that knock in the direction of the mountains ensure that the 

air descends on the slope, it is cooling, and consequently increases the 

humidity of the air and forms the clouds. The amount of solar radiation in 

seaside areas also differs from that recorded in regions within the continent. 

 The amount of solar energy reached during the day depends to a large 

extent on local weather conditions. Under clear sky conditions in Central 

Europe the amount of solar radiation can reach 1000 W/m2 at noon (in 

particularly favorable weather conditions, this figure could be higher), while 

in cloudy weather it is less than 100 W/m2, even at noon. 

 

Months of 

the year 

South 

Europe 

Central 

Europe 

Northern 

Europe 

The 

Caribbean 

region 

January 2,6 1,7 0,8 5,1 

February 3,9 3,2 1,5 5,6 

March 4,6 3,6 2,6 6,0 

April 5,9 4,7 3,4 6,2 

May 6,3 5,3 4,2 6,1 

June 6,9 5,9 5,0 5,9 
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July 7,5 6,0 4,4 6,0 

August 6,6 5,3 4,0 6,1 

September 5,5 4,4 3,3 5,7 

October 4,5 3,3 2,1 5,3 

November 3,0 2,1 1,2 5,1 

December 2,7 1,7 0,8 4,8 

Annual 5,0 3,9 2,8 5,7 

 

Table: The amount of solar radiation in Europe and in the Caribbean Basin 

countries, kW·h/m2/day 

 Human activity, as well as other natural phenomena, can limit the 

amount of radiation that has reached the surface of the Earth. Urban smog, 

smoke from forest fires and ash thrown into the air as a result of volcanic 

activity reduce the possibility of using solar energy as it increases the 

amount of diffused and absorbed solar radiation. That is, these factors 

influence the direct solar radiation rather than the total solar radiation. When 

the air is high (eg smog), direct radiation is reduced by 40% and the total 

radiation is only 15-25%. Major volcanic eruptions require 20% of the direct 

solar radiation on the surface, and 10% for a period of 6 months to 2 years. 

 The theoretical global solar energy potential is very high, but various 

factors such as limited sun areas, climatic conditions and conversion 

performance significantly reduce the potential for exploration. However, the 

exploratory energy potential remains particularly high. The most favorable 

areas in terms of solar energy conversion are those from the equator and, in 

particular, the desert, where such a negative effect (for the conversion of 

solar energy) such as rain is rare. Also, some solar energy conversion 

systems require large areas that, in the case of developed farming areas, are 

out of the crop. From this point of view, the largest solar energy conversion 

systems are located in the deserts of the USA, Australia, arid areas of Spain, 

and so on. Solar energy can be converted in two ways: 

- using the photovoltaic effect (direct conversion of solar energy into 

electricity); 

- by thermal conversion (solar energy is converted to thermal energy, used to 

heat rooms, domestic water or it produces electricity). 
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VIII. 1   Construction and operation of solar power plants 

Photovoltaic cell 

 A photovoltaic solar panel translates light energy from direct sunlight 

into electricity. The main components of the solar panel are solar cells. 

Photovoltaic systems use cells that convert solar radiation into electricity. 

The photovoltaic effect, in which a semiconductor generates a direct current 

when exposed to light, was discovered by Becquerel in 1839 and is the basis 

for the production of modern photovoltaic cells, introducing a new way to 

obtain energy from the sun . The cell consists of two or more layers of 

material-conductor. This structure is similar to that of a diode. When the 

unwanted layer is exposed to light, an excitation of electrons from the 

material will occur and an electric current will be generated. The higher the 

luminous intensity, the more electricity can be generated. Currently 

commercial photovoltaic cells convert only between 6 and 15% of the 

radiant energy into electricity. 

Appendix 22 / Fig. 22  Photovoltaic Solar Cell Construction 

 However, these types of cells have been used very well and there are 

considerable possibilities in this technology, with important advances being 

made in recent years, especially in the field of the use of noimaterials 

capable of improving photovoltaic conversion. Most used semiconductor 

material in cell manufacturing photovoltaic is the silicon, an element in the 

sand composition. It is unlimited and available as raw material; silicon is the 

second element found abundantly in the bark. 

 Modern photovoltaic cells produce power that does not exceed 1.5 ÷ 

2W at voltages of 0.5 ÷ 0.6V. In order to obtain the necessary voltages and 

powers of the consumer, photovoltaics are connected in series and / or 

parallel. The smallest electrical installation of photovoltaic cells 

interconnected in series and / or in parallel, encapsulated to obtain greater 

mechanical strength and protection of cells against the environment is called 

photovoltaic mode. The 36-cell modules produce the required voltage to 

charge a 12V battery, modules similar to 72 cells produce a voltage for a 23 

V battery. Solar photovoltaic panels are made up of solar modules. Most 

technologies require automatic solar panel orientation systems so that the 

light incident is directly focused on the photovoltaic material. Therefore, 

these systems are used rather for commercial, large-scale, photovoltaic 

panels, being too costly and complex for residential applications. 
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When photovoltaic panels are grouped together in a serial number 

connected to one another and connected to one or more power inverters on 

the same site, this is known as a photovoltaic park or field. 

 Every element of the complex that makes up the photovoltaic park 

has a well-defined role: 

- photovoltaic panels capture solar energy;  

- the energy is taken by a junction box from a row of panels;  

- the generator connection box takes energy from multiple junction boxes;  

- the energy is transformed from continuous current into alternating current 

from the three-phase inverter:  

- through the power station the current is transmitted to the energy system. 

The three most common applications that can use solar panels are: 

- generating electricity for individual use, in which case batteries can be used 

to store the produced electricity.  

- Generating electricity for individual use but also for selling excess energy 

to other users using a transmission connection to various beneficiaries (most 

often encountered in companies seeking lower energy costs).  

- The production of electricity for sale to various users using a transmission 

connection (in most cases these parks have more than 1 MWh). 

 

Solar thermal power stations 

 The energy of concentrated light radiation on a heat exchanger is 

transferred to a fluid, and then a Clausius-Rankine11 energy production 

cycle (superheated steam - turbine - current generator) is usually applied. In 

the literature, the fluid is known as the generic HTF (Heat-Transfer Fluid). A 

power generation system with a concentrated solar energy concentrate (CSP) 

(Concentrating Solar Power) is being developed. These systems can use 

direct solar radiation with an effieciency that may be better than that of 

photovoltaic panels, but can not exploit diffuse radiation. A CSP plant can 

operate independently, or can work in tandem with a conventional power 

plant to save fossil fuels. 

 From the point of view of the arrangement of the solar collectors, the 

CSP systems fall into two categories: 

- With linear focusing, where parabolic troughs or Fresnel linear reflectors 

can be used (inclined linear mirrors, reflecting solar radiation to the 

collector). Concentration ratios of up to 100 can be achieved. Only one axis 

guidance system is required. 
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- With punctual focus, where discoidal parabolic mirrors or solar 

towers can be used (a field of mirrors called heliostats, focusing on a point 

located in a tower). Focusing coefficients may be in the order of thousands, 

depending on the number of mirrors or heliostats. A two-axis guidance 

system is required. 

VIII.2 Advantages and disadvantages of solar panels 

Advantages of solar panels:  

-  solar energy is inexhaustible and non-polluting; 

- the installation of thermal solar panels, despite the higher initial investment 

costs, allows considerable savings over the medium and long term;  

- maintenance and running costs are quite low;  

- after installation and commissioning, the photovoltaic park does not require 

human presence on the site, the operation being monitored remotely by 

taking over and processing the data provided by the monitoring equipment 

with which the installation is equipped. 

- the surplus of electricity produced in relation to the electricity consumed 

may be sold to third parties; 

- the production of solar energy by solar panels or by other means using solar 

energy is noise-free, unlike other methods; 

- the possibility of providing electricity in isolated locations that do not have 

access to the power supply network or in the alien space; 

- solar power units are compact and flexible as design, which means they can 

be installed almost any type of space without worrying about building 

special locations; 

- the introduction of photovoltaic systems in urban environments has 

surprising and positive visual effects, especially when integrated into the 

structure of buildings. The integration of photovoltaic modules in the 

building as architectural elements (roofs, glass roofs, facades, awnings, solar 

blinds), due to the variety of models, colors and transparency of photovoltaic 

panels, make each building unique, allowing architects to highlight or hide 

use of photovoltaics. Photovoltaics have many possibilities in restoration 

work, even in heritage buildings. 

 

Disadvantages of solar panels: 

- the initial investment cost is higher, but the subsequent savings are high; 

- solar cells work only during the day and their efficiency is reduced during 
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mild and cloudy days. For this reason, the system needs to be developed and 

efficient, also benefiting from an energy storage system. 

- solar energy is an intermittent energy, so there is a need for a secondary 

energy generation system; 

- requires inverter to produce AC current; 

- Although almost any location receives sunlight, solar panels can not be 

installed anywhere (in places with little sun, natural shade, where there is 

plenty of dust, etc.); 

- the creation of large solar installations is expensive and difficult in terms of 

location; 

VIII.3  The Impact on Environment 

A solar power station is considered from the very beginning an 

investment with extremely low impact for many reasons: lately, almost 

completely recyclable components have been established after the end of the 

life cycle, they use a renewable energy source, once installed they don’t 

cause disruption to the site area. 

There are no air pollutants. The installation does not produce any 

noise. During operation, no water is used, no soil quality is affected in the 

investment area. The positioning of the supporting panels in the screwed 

poles allows them to develop the vegetation specific to the area. The shading 

effect is low, and other advantages such as keeping moisture in the soil or 

limiting the access of herbivores make the effects of solar panels beneficial 

to vegetation. The small animals in the area retreat during the execution of 

the works on the neighboring lands. Minor fauna that retired from the site 

during construction can return to the site. But if the photovoltaic park 

occupies a large area in the order of square kilometers then we can talk about 

a negative impact on the fauna in the area. 

 

VIII.4  Solar Energy Potential 

Earth's Solar Energy Potential 

 Solar energy is on the rise worldwide. The top 10 countries in the 

world in electricity production using solar panels: Germany, Italy, Japan, 

USA, Spain, China, France, Czech Republic, Belgium, Australia. 
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 The largest solar power plant is called Ivanpah Solar Electric 

Generating System and is owned by Bright Source Energy, California. Its 

capacity is 392MW achieved through 173,500 solar panels and occupies 14.3 

square kilometers. At present, this plant generates 30% of all solar energy in 

the United States and is able to supply the electricity needed for 140,000 

nearby homes. 

Appendix 23 / Fig. 23   Ivanpah Solar Electric Generating System 

We recall, as the largest solar power station in the world: 

- Perovo Solar Power Station, Ukraine - 100 MW 

- Sarnia Photovoltaic Power Plant, Canada - 97 MW 

- Montalto di Castro PV Power Plant, Italy - 84.2 MW 

- Solarpark Senftenberg II, III, Germany - 82 MW 

- Solarpark Finsterwalde I, II, III, Germany - 80.245 MW 

- Ohotnikovo PV Power Plant, Ukraine - 80 MW 

- Lopburi PV Power Plant, Thailand - 73 MW 

- Solarpark Lieberose, Germany - 71 MW 

- San Bellino PV Power Plant, Italy - 70.556 MW 

- Solarpark Alt Daber, Germany, 257- 70 MW. 

In Africa, where small-scale off-grid photovoltaic systems are 

numerous, South Africa dominates PV capacity. 

The photovoltaic panel remains the fastest growing energy 

technology on a large scale. While climate change concerns are growing, 

solar energy is becoming an essential actor in the transition from fossil fuels 

to clean energy. 

The European Union plans to increase renewable energy 

consumption by 20% by 2020 and solar energy is an important part of this. 

Not all European countries have a solar potential that allows them to fully 

exploit solar or photovoltaic panels for energy and warm water. Similar solar 

systems will generate twice as much energy in Europe's sunny areas as Malta 

or southern Spain, Scotland or northern Scandinavia, because the solar 

potential in the southern European Union is higher than in the northern 

European continent. The world leader in the use of solar energy is Germany, 

which holds 50% of the world market for photovoltaic panels. Spain ranks 

second in the top of Europe's solar energy consumers, and Italy third. 

Appendix 24 / Fig. 24   Europe solar map 
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Romania's solar energy potential 

 Romania has a valuable potential for implementing measures that 

exploit solar energy due to its geographic position and local climatic 

conditions, which have an important influence. There are areas where the 

annual solar energy flow reaches 1450 - 1600kWh/m2/year, on the Black 

Sea coast and Dobrogea, as in most southern areas. In most regions of the 

country, the annual solar energy flow exceeds 1250 - 1350kWh/m2/year. 

Appendix 25 / Fig. 25   Solar insolation in Romania 

Projects in Romania: 

a) Târgu Cărbunești: The power plant has a 20 megawatts power and 

the solar panel field has over 50 hectares. 

b) Uieşti village (in the Bucşani commune) in the Giurgiu county: The 

photovoltaic park in northern Giurgiu County spans a surface of 42 

hectares, with about 87,000 solar panels installed, these being 

integrated into the national system. The energy that is produced could 

fuel up to 20.000 households. 

c) The Valahia University of Târgovişte – The Solar Amphitheater 

Project: In May 2001 a 10 kW photovoltaic plant was brought into 

service that was integrated into the southern roof/façade of the Solar 

Amphitheater at the Faculty of Electrical Engineering of Valahia 

University in Târgovişte, the first BIPV project (Building-Integrated 

Photovoltaics) in Romania. 

d) Polytechnic University of Bucharest - Photovoltaic plant: On June 28. 

2006, a 30 kW photovoltaic plant was installed at the Polytechnic 

University of Bucharest, on the Electrical Engineering Faculty's 

terrace. It is part of a European network of 26 similar power plants 

installed in 26 universities across Europe through the PV Enlargement 

project of the European Commission's FP5 Framework Program. 

e) Transilvania University of Braşov: In 2008, a 10 kW photovoltaic 

plant was connected to the electrical network of the University and 

installed on one of its buildings. 

f) In the proximity of the Singureni village in Giurgiu County (30 km 

south from Bucharest): In January 2011 it was brought into sevice the 

first 1 MW photovoltaic power plant in Romania, having a capacity 

of 0,993 MW. 

https://en.wikipedia.org/wiki/Insolation
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Soon two decades of the 21st century will have passed, a fifth of it, 

and mankind is far from solving the biggest challenge we have left from the 

previous century, namely: identifying and developing adequate technologies 

to ensure the energy required to maintain the current level of civilization. It 

is true that the 20th century did not fully consume fossil energy sources, but 

the horizon of their exhaustion is already predictable, leaving the present 

century some resources, but also some time to solve this essential problem 

for the existence of human society. The 22nd century will have to greet 

mankind with the problem solved almost 100% compared to the required 

consumption at that time, not from now. For the time being, there is not 

much prospect that this problem will be entirely solved. 

The alarming increase in environmental pollution, greenhouse gas 

emissions, acid rain, all caused by the production of energy from the burning 

of fossil fuels, and the prospect of exhaustion have put mankind at an 

existential crossroads: either finds the way to alternative energies, or the very 

degree of technological civilization reached is jeopardized. But, in order not 

to repeat this possible critical situation in the existence of mankind, it is 

preferable and even wise that the new sources of energy identified are 

"renewable energies", that is, to be cyclically restored and organically 

integrated into the ecosystem called the environment, so that they will no 

longer affect it and are a part of the "system". 

The only way to revitalize mankind is to use renewable energy 

sources, which are also environmentally friendly, because they appear and 

are used in harmony with the environment. 

 

Renewable energies are the future! 
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Fig 1.   Renewable energy in Europe 

http://solarcenter.ro/tag/criza-dezvoltare-energie-regenerabila/ 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig 2.   Location of the system in relation to the wind 

(a) (a) upstream location with active guidance system; (b) upstream 

positioning with passive guidance system; (c) downstream location 

www.1energy.ro/constructia-si-functionarea-turbinelor-eoliene 

http://solarcenter.ro/tag/criza-dezvoltare-energie-regenerabila/
http://www.1energy.ro/constructia-si-functionarea-turbinelor-eoliene
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Fig. 3 – Components of a wind energy conversion system 

https://stoianconstantin.wordpress.com/2008/03/04/introducere-in-

problematica-energiei-eoliene/ 

 

Fig. 4 Wind Power repartition on a global scale 

http://www.rasfoiesc.com/inginerie/electronica/Studiul-privind-

exploatarea-si68.php 

https://stoianconstantin.wordpress.com/2008/03/04/introducere-in-problematica-energiei-eoliene/
https://stoianconstantin.wordpress.com/2008/03/04/introducere-in-problematica-energiei-eoliene/
http://www.rasfoiesc.com/inginerie/electronica/Studiul-privind-exploatarea-si68.php
http://www.rasfoiesc.com/inginerie/electronica/Studiul-privind-exploatarea-si68.php
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Fig. 5 Global distribution of annual average onshore wind power potential 

(W/m2) 

https://www.pnas.org/content/106/27/10933 

 

 

 

 

Fig. 6 Distribution of the average annual wind speed for a height of 

50 m above ground, in Romania. 

http://www.rasfoiesc.com/inginerie/electronica/Studiul-privind-exploatarea-

si68.php 

https://www.pnas.org/content/106/27/10933
http://www.rasfoiesc.com/inginerie/electronica/Studiul-privind-exploatarea-si68.php
http://www.rasfoiesc.com/inginerie/electronica/Studiul-privind-exploatarea-si68.php
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Fig 7   Scheme of a hydropower station with a Kaplan turbine 

http://www.esru.strath.ac.uk/EandE/Web_sites/01-

02/RE_info/Hydro%20Power.htm 

 

Fig 8 Scheme of a hydropower development 

https://energypedia.info/wiki/File:Run-of-River_Hydropower_Plant.JPG 

http://www.esru.strath.ac.uk/EandE/Web_sites/01-02/RE_info/Hydro%20Power.htm
http://www.esru.strath.ac.uk/EandE/Web_sites/01-02/RE_info/Hydro%20Power.htm
https://energypedia.info/wiki/File:Run-of-River_Hydropower_Plant.JPG
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Fig. 9 Hydroenergy distribution on continents 

https://link.springer.com/referenceworkentry/10.1007%2F978-1-4614-6431-

0_36-2 

Fig. 10     Top of countries producing hydroelectric power – 2017 

https://www.statista.com/statistics/474799/global-hydropower-generation-

by-major-country/ 

https://link.springer.com/referenceworkentry/10.1007%2F978-1-4614-6431-0_36-2
https://link.springer.com/referenceworkentry/10.1007%2F978-1-4614-6431-0_36-2
https://www.statista.com/statistics/474799/global-hydropower-generation-by-major-country/
https://www.statista.com/statistics/474799/global-hydropower-generation-by-major-country/
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Fig.11 Map with geographic zoning of Romania’s micro hydro potential 

http://add-energy.ro/potentialul-microhidroenergetic-al-romaniei/ 

 

http://add-energy.ro/potentialul-microhidroenergetic-al-romaniei/
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Fig. 12 Liquid piston system 

http://rsta.royalsocietypublishing.org/content/370/1959/235 

http://www.soz-etc.com/energien-erneuerbar/alle-zusammen/komb003-

energy-turnaround-w-photos-ENGL.html 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 13 The system based on the ascension of water 

http://www.wavedragon.co.uk/technology-2/ 

http://www.global-greenhouse-warming.com/wave-dragon.html 

http://rsta.royalsocietypublishing.org/content/370/1959/235
http://www.soz-etc.com/energien-erneuerbar/alle-zusammen/komb003-energy-turnaround-w-photos-ENGL.html
http://www.soz-etc.com/energien-erneuerbar/alle-zusammen/komb003-energy-turnaround-w-photos-ENGL.html
http://www.wavedragon.co.uk/technology-2/
http://www.global-greenhouse-warming.com/wave-dragon.html
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Fig. 14 Pressure piping system 

https://www.researchgate.net/figure/The-Archimedes-Wave-Swing-

16_fig2_259479491 

http://modernecologysolutions.com/wave-energy-potential 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15  Rance high-powered plant, France 

https://www.tes.com/lessons/jgyvnVpwuE2C5Q/centrale-mareomotrice 

 

https://www.researchgate.net/figure/The-Archimedes-Wave-Swing-16_fig2_259479491
https://www.researchgate.net/figure/The-Archimedes-Wave-Swing-16_fig2_259479491
http://modernecologysolutions.com/wave-energy-potential
https://www.tes.com/lessons/jgyvnVpwuE2C5Q/centrale-mareomotrice
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Fig. 16  Scheme of a dry steam geothermal power plant 

http://www.scrigroup.com/casa-masina/instalatii/Centrale-electrice-

geotermale-94292.php 

 

Fig 17. Geothermal Map of Romania 

https://www.totb.ro/energie-verde-romania-a-treia-tara-cu-potential-

geotermal-din-europa/ 
 

THE LEGEND: 

Blue - areas with underground geothermal water used for heating.(The 

emerging temperature at source 60-120 degrees ) 

Green - the deep wells in which the temperature  is determined 

Yellow - the groundwater area used perspectives for geothermal heating 

(The emerging temperature at source being 60-120 degrees) 

 

http://www.scrigroup.com/casa-masina/instalatii/Centrale-electrice-geotermale-94292.php
http://www.scrigroup.com/casa-masina/instalatii/Centrale-electrice-geotermale-94292.php
https://www.totb.ro/energie-verde-romania-a-treia-tara-cu-potential-geotermal-din-europa/
https://www.totb.ro/energie-verde-romania-a-treia-tara-cu-potential-geotermal-din-europa/
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Fig. 18  The schematic diagram of a biogas plant 

http://www.iesbiogas.it/en/biogas-plant-operation/356 

 

 

Fig.19   Earth's Radiation Balance 

https://serc.carleton.edu/eslabs/weather/2.html 

 

 

http://www.iesbiogas.it/en/biogas-plant-operation/356
https://serc.carleton.edu/eslabs/weather/2.html
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Fig.20  Solar Tracking 

http://solarschoolhouse.org/ 

 

 

 

 

Fig.21  Net absorbed solar radiation 

https://www.fondriest.com/environmental-

measurements/parameters/weather/photosynthetically-active-radiation/ 

http://solarschoolhouse.org/
https://www.fondriest.com/environmental-measurements/parameters/weather/photosynthetically-active-radiation/
https://www.fondriest.com/environmental-measurements/parameters/weather/photosynthetically-active-radiation/


69 

 

Fig. 22  Photovoltaic Solar Cell Construction 

http://www.alternative-energy-tutorials.com/solar-power/photovoltaics.html 

 

 

Fig. 23  Ivanpah Solar Electric Generating System 

http://architectism.com/ivanpah-solar-electric-generating-system/ 

http://www.alternative-energy-tutorials.com/solar-power/photovoltaics.html
http://architectism.com/ivanpah-solar-electric-generating-system/
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Fig. 24  Europe solar map 

https://commons.wikimedia.org/wiki/File:SolarGIS-Solar-map-Europe-

en.png 
 

 

Fig. 25 Solar insolation in Romania 

https://en.wikipedia.org/wiki/Solar_power_in_Romania 

https://commons.wikimedia.org/wiki/File:SolarGIS-Solar-map-Europe-en.png
https://commons.wikimedia.org/wiki/File:SolarGIS-Solar-map-Europe-en.png
https://en.wikipedia.org/wiki/Insolation
https://en.wikipedia.org/wiki/Solar_power_in_Romania
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