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ABSTRACT 

The increase in rapid industrialization for different development programs have created 

energy crisis for many developing countries. If this increase in demand will rely upon Coal 

based thermal power plants, it results in environment pollution and high cost of generation. 

So the best alternate solution is to develop plants based on renewable sources of energy in 

the country. The potential for renewable energy resources is enormous because they can, in 

principle, exponentially exceed the world's energy demand; therefore, these types of 

resources will have a significant share in the future global energy portfolio. The Renewable 

sources of energy include Energy from Biomass, Geothermal Energy, Hydro power energy, 

wind Energy and Solar Energy. Biomass can be explained as all organic material originating 

from plants, trees and crops, and is essentially the collection and storage of the sun's energy 

through photosynthesis. Geothermal energy is the energy contained as heat in the Earth’s 

interior and considered as a cost effective, reliable, and environmentally friendly energy 

source. Hydropower is based on a simple process taking the advantage of the kinetic energy 

freed by the falling water and a source of clean energy and its generation is not linked to 

issues concerning fuel supply, especially the price volatility of imported fuels. Solar energy is 

radiant light and heat from the Sun harnessed using a range of ever-evolving technologies 

such as solar heating, photovoltaics’, solar thermal energy, solar architecture and artificial 

photosynthesis. This paper presents current scenario, scientific developments and 

deployment of Renewable sources of Energy. 
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INTRODUCTION 

Energy is considered to be a key factor in 

the generation of wealth, social 

development and improved quality of life 

in all developed and developing countries 

in the world [1]. The global energy 

consumption is likely to grow faster than 

the population growth. Estimates of the 

world primary energy consumption are 

that 80% of the energy supply is provided 

by fossil fuels [2]. Conventional energy 

sources based on oil, coal, and natural gas 

have proven to be highly effective drivers 

of economic progress. However, with the 

rapid depletion of conventional energy 

sources and increasing energy demand, 

worldwide primary energy consumption 

has grown by 1.8% in 2012 [3]. 

 

 Renewable energies are energy sources 

that are continually replenished by nature 

and derived directly from the sun (such as 

thermal, photo-chemical, and photo-

electric), indirectly from the sun (such as 

wind, hydropower, and photosynthetic 

energy stored in biomass), or from other 

natural movements and mechanisms of the 

environment (such as geothermal and tidal 

energy). Renewable energy does not 

include energy resources derived from 

https://en.wikipedia.org/wiki/Light
https://en.wikipedia.org/wiki/Heat
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https://en.wikipedia.org/wiki/Solar_heating
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https://en.wikipedia.org/wiki/Artificial_photosynthesis
https://en.wikipedia.org/wiki/Artificial_photosynthesis
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fossil fuels, waste products from fossil 

sources, or waste products from inorganic 

sources [4]. 

 

Global electricity generation from 

renewable energy sources is expected to 

grow 2.7 times between 2010 and 2035. 

Consumption of biofuels is projected to 

more than triple over the same period to 

reach 4.5 million barrels of oil equivalent 

per day (mboe/d), up from 1.3 mboe/d in 

2010. Almost all biofuels are used in road 

transport, but the consumption of aviation 

biofuels will make an inroad towards 

2035. The use of modern renewables to 

produce heat will almost double, from 337 

Mtoe in 2010 to 604 Mtoe in 2035. [5]. 

Global electricity generation from 

renewable energy sources is expected to 

grow 2.7 times between 2010 and 2035, as 

indicated by Table 1. 

 

Table 1. World renewable energy use by type [5]. 
 2010 2020 2035 

Electricity generation(TW h) 4206 6999 11,342 

Bioenergy 331 696 1,487 

Hydro 3431 4513 5,677 

Wind 342 1272 2,681 

Geothermal 68 131 315 

Solar PV 32 332 846 

Concentrating solar power  2 50 278 

Marine 1 5 57 1 5 57 

Share of total generation  20% 25% 31% 

Heat demand (Mtoe)  337 447 604 

Industry  270 263 324 

Buildings and agriculture  131 184 280 

Share of total production  10% 12% 14% 

Biofuels (mboe/d)  1.3 2.4 4.5 

Road transport  1.3 2.4 4.4 

Aviation  - - 0.1 

Share of total transport  2% 4% 6% 

 

Renewable energies are energy sources 

that are continually replenished by nature 

and derived either directly or indirectly 

from the sun. The direct sources of energy 

includes thermal, photo-chemical, and 

photo-electric and indirectly sources 

includes wind, hydropower, and 

photosynthetic energy stored in biomass, 

or from other natural movements and 

mechanisms of the environment (such as 

geothermal and tidal energy. Figure 1 

shows the overview of renewable sources 

of energy. Renewable energy technologies 

turn these natural energy sources into 

usable forms of energy–electricity, heat 

and fuels.

 

 
Fig. 1. Overview of renewable energy sources. 

 

DESCRIPTION OF RENEWABLE 

ENERGY SOURCES  

Biomass Energy 

Biomass is the term used for all organic 

material originating from plants, trees and 

crops, and is essentially the collection and 

storage of the sun's energy through 
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photosynthesis. Biomass energy 

(bioenergy) is the conversion of biomass 

into useful forms of energy such as heat, 

electricity and liquid fuels (biofuels) [6]. 

The estimated biomass production in the 

world is 104.9 petagrams (104.9 * 10
15

 g - 

about 105 billion metric tons) of carbon 

per year, about half in the ocean and half 

on land [7]. Wood remains the largest 

biomass energy source today. Biomass 

energy is renewable and sustainable, but 

shares with fossil fuels many 

characteristics. While biomass can be 

directly burned to obtain energy, it can 

also serve as a feedstock to be converted 

to various liquid or gas fuels (biofuels). 

Biofuels can be transported and stored, 

and allow for heat and power generation 

on demand, which is essential in an energy 

mix with a high dependence on 

intermittent sources such as wind. These 

similarities account for the major role 

biomass is expected to play in future 

energy scenarios [8]. Bio-energy is 

assumed to reduce CO2-emissions 

(Nguyen et al., 2010), to preserve non-

renewable resources, to enhance energy 

security, and to promote regional 

development (Ecosense, 2007) and rural 

diversification by creating jobs and 

income in usually underdeveloped rural 

areas (Elghali et al., 2007) [9]. The 

conversion of biomass into electrical 

energy has an efficiency of 25 percent 

[10]. This might be improved by using hot 

combustion gases to partially dry the 

incoming feedstock. A 100-megawatt 

power plant produces about 457 x 106 

kilowatt-hours annually [11] and will 

supply electrical energy to a town of about 

50,000 people [12]. The Figure 2 shows 

the conversion technologies from Biomass 

energy to other forms of Energy. 

 

 
Fig. 2. Main conversion options for biomass to secondary energy carriers [6]. 

 

Geothermal Energy 

Geothermal energy is the energy contained 

as heat in the Earth’s interior and the 

origin of this heat is linked with the 

internal structure of our planet and the 

physical processes occurring there. The 

heat moves from the Earth’s interior 

towards the surface where it dissipates, 

although this fact is generally not noticed. 

We are aware of its existence because the 

temperature of rocks increases with depth, 

proving that a geothermal gradient exists: 
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this gradient averages 30 ºC/km of depth [13] (Figure 3). 

 

 
Fig. 3. Evolution of world-wide electrical 

geothermal installed capacity. 

 

Geothermal power is considered a cost 

effective, reliable, and environmentally 

friendly energy source [14]. However 

geothermal energy is a powerful and 

efficient way to extract renewable energy 

from the earth by natural processes. 

Geothermal energy resources consist of 

thermal energy from the earth's interior 

stored in both rock and trapped steam or 

liquid water. Geothermal systems occur in 

different geological environments where 

the temperatures and depths of the 

reservoirs vary accordingly. Many high 

temperature hydro thermal systems 

(greater than 180 ºC) are associated with 

recent volcanic. Intermediate-temperature 

(between 100 and 180 ºC) and low 

temperature (less than 100 ºC) systems are 

also found in continental settings, where 

above normal heat production through 

radio- active isotope decay increases 

terrestrial heat flow or where aquifers 

recharged by water heated through 

circulation along deeply penetrating fault 

zones. Under appropriate conditions, high, 

intermediate and low temperature 

geothermal fields can be utilized for both 

power generation and the direct use of 

heat [15, 16]. 

 

The world geothermal electrical capacity 

installed in the year 2000 was 7974 MWe 

with the generation in that year of 49.3 

billion kWh [17]. The total electricity 

produced world-wide from all sources in 

the year 1998 was 14,411 billion kWh 

(15,342 in 2000) [18] of which 2826 

billion kWh were generated by renewable 

sources (2600 billion by hydropower 

alone, and 226 billion altogether by 

biomass, geothermal, wind, solar and tidal, 

[15]). These values show that renewable 

with the exception of hydro played a very 

minor role on the world energy scene in 

1998 (and again in 2000), but geothermal 

ranked third after hydro and biomass 

(Table 2). 

 

Table 2. Installed geothermal generating capacities in the world in the year 2000 [17]. 

 



 Renewable Energy Resources                                                                                                       Kushwaha et al. 

 

 

IJPNC (2016) 36-44 © JournalsPub 2016. All Rights Reserved                                                                  Page 40 

 
Hydropower Energy 

Hydropower is based on a simple process 

taking the advantage of the kinetic energy 

freed by the falling water. In all 

hydroelectric generating stations, the 

rushing water drives a turbine, which 

converts the water’s motion into 

mechanical and electrical energy [19, 20].  

 

Hydroelectricity is clean energy and its 

generation is not linked to issues 

concerning fuel supply, especially the 

price volatility of imported fuels. It 

enhances our energy security and is ideal 

for meeting peak demand 

Hydropower or water 

power is power derived from the energy of 

falling water or fast running water, which 

may be harnessed for useful purposes.  

 

Hydro power plants (HPP) span a very 

large range of scales, from a few watts to 

several GW. The largest projects are 

Itaipuin Brazil with 14,000 MW and three 

Gorges in China with 22,400 MW, both 

producing between 80 to 100 TWh/yr 

[21]. Hydro power projects are always 

site-specific, and, thus, designed according 

to the river system they inhabit. 

Over the next decade, hydropower should 

increase by approximately 180 GW of 

installed capacity if projects currently 

under construction proceed as planned. 

This increase corresponds to roughly one-

quarter of the currently installed capacity. 

Hydro power plants are classified into 

three categories according to operation 

and type of water flow. Run-of-River 

(RoR), storage (reservoir) and pumped 

storage HPPs vary from small to large in 

terms of scale, depending on the 

hydrology and topography of the 

watershed. 

 

In India Hydropower projects are 

generally categorized in two sectors i.e., 

small and large hydro. Hydro projects up 

to 25 MW station capacities have been 

categorized as SHP projects and Ministry 

of New and Renewable Energy (MNRE) 

are responsible for SHP projects. While 

Ministry of Power (MOP), Government of 

India (GOI) is responsible for large hydro 

projects [22]. Table 3 shows the estimated 

basin-wise hydropower potential in India. 

 

Table 3. Estimated basin-wise hydropower potential in India [20]. 

 

 

https://en.wikipedia.org/wiki/Power_(physics)
https://en.wikipedia.org/wiki/Energy
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Marine Energy 

Marine energy or marine power (also 

sometimes referred to as ocean 

energy, ocean power, or marine and 

hydrokinetic energy) refers to the energy 

carried by ocean waves, tides, salinity, 

and ocean temperature differences. The 

movement of water in the world’s oceans 

creates a vast store of kinetic energy, or 

energy in motion. This energy can be 

harnessed to generate electricity to power 

homes, transport and industries. 

 

Ocean energy has the potential of 

providing a substantial amount of 

new renewable energy around the world 

[23]. There is the potential to develop 

20,000–80,000 terawatt-hours (TWh) of 

electricity generated by changes in ocean 

temperatures, salt content, movements of 

tides, currents, waves and swells [24]. 

 

Relatively few assessments have been 

conducted on the technical potential of the 

various ocean energy technologies and 

such potentials will vary based on future 

technological development [25–27]. 

 

Solar Energy 

Solar energy is radiant light and heat from 

the Sun harnessed using a range of ever-

evolving technologies such as solar 

heating, photovoltaics’, solar thermal 

energy, solar architecture and artificial 

photosynthesis [28]. The large magnitude 

of solar energy available makes it a highly 

appealing source of electricity. The United 

Nations Development programme in its 

2000 World Energy Assessment found 

that the annual potential of solar energy 

was 1,575–49,837 exajoules (EJ). This is 

several times larger than the total world 

energy consumption, which was 559.8 EJ 

in 2012 [29, 30]. 

Photovoltaics’ (PV) is the name of a 

method of converting solar 

energy into direct 

current electricity using semiconducting 

materials that exhibit the photovoltaic 

effect. A photovoltaic system 

employs solar panels composed of a 

number of solar cells to supply 

usable solar power. The process is both 

physical and chemical in nature, as the 

first step involves the photoelectric 

effect from which a second 

electrochemical process takes place 

involving crystallized atoms 

being ionized in a series, generating an 

electric current [31]. PV cells are inter 

connected to form a PV module, typically 

up to 50 to 200 W. The PV modules, 

https://en.wikipedia.org/wiki/Ocean_wave
https://en.wikipedia.org/wiki/Tide
https://en.wikipedia.org/wiki/Salinity
https://en.wikipedia.org/wiki/Ocean_thermal_energy
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https://en.wikipedia.org/wiki/Light
https://en.wikipedia.org/wiki/Heat
https://en.wikipedia.org/wiki/Sun
https://en.wikipedia.org/wiki/Solar_heating
https://en.wikipedia.org/wiki/Solar_heating
https://en.wikipedia.org/wiki/Photovoltaics
https://en.wikipedia.org/wiki/Solar_thermal_energy
https://en.wikipedia.org/wiki/Solar_thermal_energy
https://en.wikipedia.org/wiki/Solar_architecture
https://en.wikipedia.org/wiki/Artificial_photosynthesis
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https://en.wikipedia.org/wiki/World_energy_consumption
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https://en.wikipedia.org/wiki/Semiconducting_material
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https://en.wikipedia.org/wiki/Photoelectric_effect
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combined with a set of additional 

application dependent system components 

(e.g., inverters, batteries, electrical 

components, and mounting systems), form 

a PV system. PV systems are highly 

modular, i.e., modules can be linked 

together to provide power ranging from a 

few watts to tens of megawatts [6]. 

 

The most established solar PV 

technologies are silicon based systems. 

More recently, so called thin film 

modules, which can also consist of non-

silicon semiconductor material, have 

become increasingly important. Although 

thin films generally have a lower 

efficiency than silicon modules, their price 

per unit of capacity is lower. 

Concentrating PV, where sunlight is 

focused on to a smaller area, is on the 

edge of entering full market deployment. 

Concentrating PV cells have very high 

efficiencies of up to 40%. Other 

technologies, such as organic PV cells, are 

still in the research phase (Figure 4) [32]. 

 

 
Fig. 4. Global installed PV capacity, 1984–2012 [33]. 

 

Wind Power 

Wind power is defined by the conversion 

of wind energy by wind turbines in to a 

useful form, such as using wind turbines 

to make electricity, wind mills for 

mechanical power, wind pumps for 

pumping water or drainage, or sails to 

propel ships. The first wind turbines for 

electricity generation were developed at 

the beginning of the 20
th

 century. The 

technology has gradually improved since 

the early 1970s. By the end of the 1990s, 

wind energy has re-emerged as one of the 

most important sustainable energy 

resources [33]. Generating electricity from 

the wind requires that the kinetic energy of 

moving air be converted to mechanical 

and then electrical energy, thus 

challenging the industry to design cost 

effective wind turbines and power plants 

to perform this conversion. The amount of 

kinetic energy in the wind that is 

theoretically available for extraction 

increases with the cube of the wind speed 

[6]. 

 

CONCLUSION 

Due to the environmental problems caused 

by the emissions, and shortage of 

inexhaustible resources, power generation 

based on fossil fuels are generally 

considered to be unsustainable in the long 

term. Many developing countries like 

India are facing energy crisis due to 

increase in industrialization for various 

development programs. If this increase in 

demand rely upon Coal based thermal 

power plants, it results in environment 

pollution and high cost of generation. So 

the best alternate solution is to develop 

plants based on renewable sources of 

energy in the country. Renewable energy 

resources are innovative options for 

electricity generation and their potential is 

enormous as they can, in principle, meet 

the world's energy demand many times 
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over. In summary, the main advantages of 

Renewable sources are: 

 

 It is a much more concentrated energy 

resource than coal based thermal plant 

 Power is usually continuously 

available on demand 

 No fuel and only limited maintenance 

are required 

 It is a long-lasting technology 

 It has almost no environmental impact. 
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