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Rezumat. Aceasta lucrare prezinta aspecte generale asupra energiei regenerabile si a tehnologiilor 
acesteia. Ea este o forma de energie ce poate fi produsa fara epuizarea resurselor naturale, cum sunt 
combustibilii fosili (carbuni, petrol, gaze natural). Sursele din care poate proveni energia regenerabila 
includ soarele, vantul, caldura geotermala, bioenergia si mareele. Scopul acestei lucrari este de a 
pune in evidenta numeroasele avantaje ale implementarii unor sisteme de energie regenerabila 
intrucat aceasta: este foarte sustenabila fiind obtinuta din surse inepuizabile; nu emite gaze cu efect 
de sera si nu produce deseuri toxice; este mult mai eficienta din punct de vedere economic; poate 
aduce beneficii economice pentru comunitatile izolate; contribuie la imbunatatirea sanatatii umane. 
 
Cuvinte cheie: energie regenerabilă, fotovoltaică, geotermală, bioenergie, energia mareelor. 
 
Abstract. Our paper presents general aspects regarding renewable energy and its technologies. 
 We are summarizing and comparing the characteristics of the five existing energy sources: 
photovoltaic, wind, geothermal, bioenergy and tidal energy. The goal of the paper is to underline 
the multi-benefits of renewable energy systems, of increased energy security, climate change 
mitigation and sustainable development, but also the social benefits of reduced air pollution, such 
as improved health and employment. 
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1. INTRODUCTION 

The burning of fossil fuels for generating electricity leads to the release of greenhouse gases 
into the atmosphere. This accelerates the insulating effect in upper atmosphere, prevents heat 
dissipation at the normal rate and results in global warming. Global warming has great impact on 
our ecosystems, affect agricultural production, cause rise in sea level and affect human health. 
More than that fossil fuel reserves are limited and humankind has depleted this natural resources 
rapidly. In the not too distant future this could have a negative impact on our activities and 
economic development. 

In contrast to fossil fuels renewable energy is an everlasting and abundant resource of the 
nature. It involves natural phenomena such as sunlight, wind, geothermal heat, tides and plant growth. 
In order to have an overview over what renewable energy means and implies we have synthesised 
below in table 1 some of its characteristics in a SWOT analysis. 

Unlike conventional fossil fuels, where nature provided energy over millions of years to convert 
biomass into energy-dense solids, liquids, and gases- requiring only extraction and transportation 
technology for us to mobilize them - alternative energy depends heavily on specially engineered 
equipment and infrastructure for capture or conversion, essentially making it a high-tech 
manufacturing process [1]. Hereinafter we will present the essentials of each of the existent renewable 
energy sources. 
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Table 1 
 

 SWOT analysis of renewable energy characteristics 
 

Free, inexhaustible and infinitely renewable - it reduces 
the risk associated with volatile fossil fuel prices  
 
 
Clean energy which helps reducing green house gases;  
 
 
Modularity - systems can be constructed to any size, based 
on energy requirements and can be enlarged or moved  
 
 
Remote areas that are not connected to the electricity 
power grid can use renewable energy technologies to 
produce their own supply 

Toxic chemicals are sometimes used in the 
production process of renewable energy technologies 
-  proper recycling and disposal are required . 
 
Variability of available resource - variations in 
climate and site conditions   
 
Energy storage – some systems use batteries for 
storing energy, increasing the size, cost and 
complexity of a system  
 
Education – new & unfamiliar technology, lack of 
information slows market and technological growth 

Reduction in cost of construction due to improvements in 
technology   
 
Durability – most systems show very less degradation in 
time, their life cycle is continuously increased 
 
Decrease in fossil fuels creates a need for alternative 
energy  
 
Climate change scenarios creates a need for clean energy  
 
New jobs to the economy  

High capital cost, decrease in costs is envisaged not 
guaranteed 
  
Resource development risk 
 
 
Unsightly structures and not pleasant or interesting 
to look at 
 
Lack of financing sources  

2. RENEWABLE ENERGY SOURCES 

2.1. Photovoltaic Energy 

Photovoltaic (often abbreviated as PV) is a simple and elegant method of harnessing the sun's 
energy. PV cells convert sunlight directly into electricity without creating any air or water pollution. 
PV cells are made of at least two layers of semiconductor material. One layer has a positive charge, 
the other negative. When light enters the cell, some of the photons from the light are absorbed by the 
semiconductor atoms, freeing electrons from the cell’s negative layer to flow through an external 
circuit and back into the positive layer. This flow of electrons produces electric current. In figure 1 the 
working principle of a PV cell is presented. 

To increase their utility, dozens of individual PV cells are interconnected together in a sealed, 
weatherproof package called a module. When two modules are wired together in series, their voltage is 
doubled while the current stays constant. To achieve the desired voltage and current, modules are 
wired in series and parallel into what is called a PV array. The flexibility of the modular PV system 
allows designers to create solar power systems that can meet a wide variety of electrical needs, no 
matter how large or small [2]. In figure 2 a PV system is presented. 

There are two major market sectors, grid-connected and so-called stand-alone systems. The 
former delivers power directly to the grid and for this purpose the DC current from the solar modules 
is converted into AC by an inverter. The latter supplies power to decentralized systems and small scale 
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consumer products. At present both markets need subsidies but have very high potential and grow 
each year [3], [4]. 

 
 
 
 
 
 
 

 
Fig. 1 – Working principle of a PV cell. 

 
 
 
 
 

 
Unlike the conventional fuel sources which have created environmental problems such as, acid 

rain, smog, water pollution and the destruction of habitat from fuel spills, photovoltaic systems do not 
pose these environmental consequences. The majority of PV modules use silicon as their major 
component. The silicon cells manufactured from one ton of sand can produce as much electricity as 
burning 500,000 tons of coal. 

Economists have predicted that photovoltaic will be the most rapidly growing form of 
commercial energy after 2030, with sales exceeding $100 billion. It is therefore no surprise that this 
clean, reliable source of electric power is regarded as the future of energy production. 

2.2. Wind Energy 

Wind power is the world's fastest growing electricity generation technology. Wind is the result 
of the sun shining unevenly on the earth. The corresponding daily and seasonal changes in temperature 
consistently generate wind, producing a fuel source that can never be depleted. In figure 3 a wind farm 
is presented. 

 

          
 

 Fig. 2 – PV system.  Fig. 3 – Wind farm. 
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 Fig. 4 – A geothermal system. 
 
 
 

State-of-the-art wind power plants use 
large spinning blades to capture the kinetic 
energy in moving wind, which then is transferred 
to rotors that produce electricity. The individual 
turbines are interconnected with a medium 
voltage power collection system and 
communications network. At a substation, this 
medium-voltage electrical current is increased in 
voltage with a transformer for connection to the 
high voltage transmission system. A large wind 
farm may consist of a few dozen to several 
hundred individual wind turbines, and covers an 
extended area of hundreds of square miles, but 
the land between the turbines may be used for 
agricultural or other purposes. At the best wind 

sites, wind plants today are nearly competitive with the conventional natural gas-fired combined-cycle 
plants -- even when natural gas prices have recently been at historically low levels. Wind power is the 
lowest-cost renewable energy technology available on the market today. The costs of wind power are 
projected to continue to fall and may rank the cheapest electricity source of all options by 2020. 

 Over the next 12 years, 332 GW of new electricity capacity – 42% of current EU capacity - 
needs to be built to replace ageing power plants and meet the expected increase in demand. The 2009 
EU Renewable Energy Directive aims to increase the share of renewable energy in the EU from 8.6% 
in 2005 to 20% in 2020. In 2007, the share of renewable energy had already reached 9.9%. At that 
pace – an increase of 0.65%-points per year – the EU will reach 18.35% renewables in 2020. 

Supported by national frameworks and the adoption of the 2001 EU Directive on the Promotion 
of Electricity from Renewable Energy Sources, wind energy technology has developed to a point 
where, in 2008, more new wind power capacity was installed in the EU than any other power 
generating technology, including coal, gas and nuclear power [5]. 

2.3. Geothermal Energy 

Earth’s temperature increases gradually with depth, at the centre reaching more than 4.200°C. 
As heat naturally moves from hotter to cooler regions, so Earth’s heat flows along a geothermal 
gradient from the centre to the surface, where an estimated 42 million thermal megawatts are 
continually radiated into space. The bulk of this immense heat supply cannot be practically captured, 
because it arrives at the surface at too low temperature. Fortunately, the fundamental geologic process 
known as plate tectonics ensures that some of this heat is concentrated at temperatures and depths 
favourable for its commercial extraction [6]. 

Geothermal systems can therefore be found in regions with a normal or slightly above normal 
geothermal gradient, and especially in regions around plate margins where the geothermal gradients 
may be significantly higher than the average value.  

A geothermal system is made up of three main elements: a heat source, a reservoir and a fluid, 
which is the carrier that transfers the heat. In figure 4 a geothermal system is presented.  
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The heat source can be either a very high temperature (> 600 °C) magmatic intrusion that has 
reached relatively shallow depths (5-10 km) or, as in certain low-temperature systems, the Earth's 
normal temperature, which, as we explained earlier, increases with depth. 

The reservoir is a volume of hot permeable rocks from which the circulating fluids extract heat. 
The reservoir is generally overlain by a cover of impermeable rocks and connected to a surface 
recharge area through which the meteoric waters can replace or partly replace the fluids that escape 
from the reservoir through springs or are extracted by boreholes. The geothermal fluid is water, in the 
majority of cases meteoric water, in the liquid or vapour phase, depending on its temperature and 
pressure. This water often carries with it chemicals and gases such as CO2, H2S etc [7]. Of all the 
elements of a geothermal system, the heat source is the only one that need to be natural. Providing 
conditions are favourable, the other two elements could be ‘artificial’.   

Geothermal Resources have various uses; direct heat is one of the oldest, most versatile and also 
the most common form of utilization of geothermal energy. Bathing, space and district heating, 
agricultural applications, aquaculture and some industrial uses are the best known forms of utilization. 
The figure 5 below presents the possible uses of geothermal energy for the different temperature stages. 

Unlike solar and wind, geothermal energy is a very reliable source of clean electricity. 
Geothermal power plants operate at a consistent production level twenty four hours a day [8]. 

Technological advances promise to widen the scope of the geothermal sector, opening up new 
opportunities in markets across the globe. Both the number of countries producing geothermal power 
and the total worldwide geothermal power capacity under development appear to be increasing 
significantly. In 2005, there were 8,933 MW of installed power capacity in 24 countries, generating 
55,709 GWh per year of green power, according to the International Geothermal Association. IGA 
reports in 2010 that 10,715 MW is on line generating 67,246 GWh [9]. This represents a 20% increase 
in geothermal power on line between 2005 and 2010. IGA projects this will grow to 18,500 MW by 
2015, which based upon the large number of projects under consideration appear reasonable if not 
conservative. In figure 6 the evolution of geothermal uses is presented. 

 

          
 

Fig. 5 – Possible uses of geothermal energy for the 
different temperature stages. 

Fig. 6 – Evolution of global geothermal uses. 
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As the world heads towards a new energy economy, geothermal energy will inevitably play a 
larger role in the world’s future energy mix. 

2.4. Bioenergy 

Bioenergy is a broad term that refers to any form of renewable energy produced from materials 
derived from biological sources. This encompasses liquid gas and solid biofuels.  

Liquid biofuel refers to any liquid fuel source derived from organic matter, rather than 
conventional fossil sources. They provide significant greenhouse gas savings when used as an 
alternative to fossil fuels. There are two main strains of liquid biofuel – Bioethanol and biodiesel; 

 

 
 

Fig. 7 – Uses of bioenergy. 
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Bioethanol is produced through the fermentation of sugars, starches, or cellulose, and can be 
mixed with any percentage of gasoline to provide fuel for transport. The most popular feedstocks have 
proven to be sugarcane and sweet sorghum, because of their prevalence and sustainability. 

Biodiesel is produced from oils or fats through a process of transesterification, and has a wide 
range of possible feedstocks: animal fats, vegetable oils, soy, rapeseed, mustard, sunflower, and palm 
oil. As a fuel, it can be used in any diesel engine when combined with mineral diesel.  

The economic benefits of liquid biofuel production are twofold. Firstly, it allows to reduce  
dependence on expensive fossil-fuels; and secondly – once this has been attained – it provides a 
valuable commodity to be exported to the international market, further increasing economic well-being 
of the country which produces it. 

Biogas refers to a gas produced by the biological breakdown of organic matter in the absence of 
oxygen. It can be produced from various types of organic waste: dead plant and animal material, 
animal dung, kitchen waste etc. Biogas is produced using anaerobic digesters, in which an air-tight 
tank transforms biomass waste into methane producing renewable energy that can be used for heating 
and electricity[10]. 

Biosolids are sewage sludge from wastewater treatment plants. They can be dried, burned, and 
used in existing boilers as fuel instead of coal, or together with coal to generate steam and power. The 
high water content of most biosolids can present challenges for combustion. As a result, biosolids 
must generally go through a drying process prior to being used for energy production[11]. 

Apart from reducing air pollution, bioenergy also helps reduce solid waste as bioenergy is 
retrieved from these materials, which can lessen the amount of garbage that goes to our landfills. 

Despite these advantages, bioenergy is a controversial matter since the argument of food vs. fuel 
has appeared. Experts declare that there is no imminent danger as long as both food security and 
sustainability of fuel are ensured. 

2.5. Tidal Energy 

Tidal energy is one of the oldest forms of energy used by humans. Tides are caused principally 
by the gravitational pull of the moon on the world’s oceans. The sun also plays a minor role, not 
through its radiant energy but in the form of its gravitational pull, which exerts small additional effect 
on tidal rhythms. Tidal cycles are calculated using harmonic constants defined by the rhythmic 
movements of the sun, moon, and earth. On a global scope, the tides are meters high bulge in the level 
of the ocean that moves across the globe every 24 hours and 50 minutes. As this bulge nears land, it is 
changed in amplitude by the decreasing depth and anomalies of the seabed. At the extremes, some 
tidal ranges are as small as 6 inches and some are as large as 60 feet. Broad-mouthed estuaries create 
the largest tidal ranges and long straight coastlines tend to have the smallest. The power available (per 
unit area) in any specific location is a function of the square of the tidal range and thus the largest tidal 
ranges are the most attractive areas for tidal power generation 

The rise and fall of the sea level can power electric-generating equipment. The gearing of the 
equipment is tremendous to turn the very slow motion of the tide into enough displacement to produce 
energy. Tidal barrages, built across suitable estuaries, are designed to extract energy from the rise and 
fall of the tides, using turbines located in water passages in the barrages. The potential energy, due to 
the difference in water levels across the barrages, is converted into kinetic energy in the form of fast 
moving water passing through the turbines. This, in turn, is converted into rotational kinetic energy by 
the blades of the turbine, the spinning turbine then driving a generator to produce electricity. 

The use of tidal energy is also very controversial mainly due to impacts tidal technology has on 
plant and fish migration. The long construction period for the larger schemes and low load factors 
would result in high unit costs of energy, which means tidal projects have relatively high capital cost 
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in relation to the usable output, compared with most other types of power plants. Therefore the use of 
tidal power energy currently remains uncompetitive with conventional fossil-fuel alternatives [12]. 

3. CONCLUSION 

Modern cities are the product of fossil fuels technologies. They could not exist and develop 
without the routine use of coal, gas and oil. However nowadays we have an alternative – the renewable 
which besides assuring urban energy security also stimulates the growth of a new green economy 
sector. 

Every city is different due to local climate and resources, state of development and prosperity, 
degree of control over energy generation. Therefore each city should make use of its strengths and 
resources in order to create and implement renewable energy systems which can support a leaner, 
healthier and more prosperous urban life. 
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