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Abstract 

CONCENTRATED POWER PROJECT is an integrated electricity generation system which pools together concentrated solar 

power with biogas and natural gas in order to meet the energy requirements especially in the coastal cities. India has 211 GW of 

installed electricity capacity, mostly in coal-powered plants. Because of insufficient fuel supply, the country suffers from a severe 

shortage of electricity generation, leading to rolling blackouts. Concentrated solar power (CSP) systems use mirrors or lenses to 

concentrate a large area of sunlight, or solar thermal energy, on to a small area. In this method, biogas and natural gas are used 

along with CSP in order to compensate these drawbacks. Since these projects are to be established on coastal cities, domestic and 

some part of industrial waste from these cities will suffice as feed for the biogas plant and hence result in proper waste disposal. 

Coastal areas being the prime location for natural gas extraction, the cost of transportation reduces by manifolds. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Since the dawn of civilization man has been trying to find out ways and means to meet his energy requirements. The stone age 

man made use of fire to light his home. During the era of industrial revolution Thomas Alva Edison with the help of J. P. Morgan 

invented direct current electricity. A few years later Nicola Tesla invented alternating current electricity. This is the type of 

electricity that we use to light our houses, offices and industries. 

     The nonrenewable sources of electricity such as coal, which are the fastest and the cheapest means of electricity production are 

on the verge of extinction. Hence it has become the need of the hour to find faster, cheaper and economical means of electricity 

generation. Concentrated Power Project is a combination of concentrated solar power, biogas and natural gas. The efficiency of 

the system is optimized by distributing the residual heat produced during the generation of electricity in order to accelerate the rate 

of biogas production. 

II. COMPONENTS OF THE SYSTEM 

 Concentrated Solar Power Plant 

Concentrated solar power systems use mirrors or lenses to concentrate a large area of sunlight onto a small area. Electrical power 

is produced when the concentrated light is converted to heat, which drives a heat engine connected to an electrical power generator 

or powers a thermo-chemical reaction. Here we make use of parabolic troughs in order to concentrate the sunlight. A parabolic 

trough consists of a linear parabolic reflector that concentrates light onto a receiver positioned along the reflector's focal line. The 

receiver is a tube positioned directly above the middle of the parabolic mirror and filled with a working fluid. The reflector follows 

the sun during the daylight hours by tracking along a single axis. A working fluid (e.g. molten salt) is heated up to 565 °C as it 

flows through the receiver and is then used as a heat source for a power generation system. 

 Biogas Plant 

Biogas is produced by the anaerobic digestion with anaerobic bacteria or fermentation of biodegradable materials such 

as manure, sewage, municipal waste, green waste, plant material, and crops. Biogas comprises primarily methane and carbon 

dioxide (CO2) and may have small amounts of hydrogen sulphide, moisture and siloxanes. The gases methane, hydrogen, and 

carbon monoxide (CO) is combusted or oxidized with oxygen. It is used in anaerobic digesters where it is typically used in a gas 

engine to convert the energy in the gas into electricity and heat. 

 Natural Gas 

Natural gas is a naturally occurring hydrocarbon gas mixture consisting primarily of methane, but commonly includes varying 

amounts of other higher alkenes and even a lesser percentage of carbon dioxide, nitrogen, and hydrogen sulfide. Natural gas is an 
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energy source often used for heating, cooking, and electricity generation. Before being directly used in the concentrated power 

plant, the natural gas and biogas need to be adequately purified. 

III. PRINCIPAL 

The Concentrated Power Project integrates energy produced by CSP, biogas and natural gas with the help of a combustion turbine. 

The combustion turbine works on the principle of an internal combustion engine. Purified biogas and natural gas are used as fuel 

to generate electricity. 

IV. CONSTRUCTION 

The combustion turbine comprises of the following parts: 

 Compressor 

The compressor has two jobs viz. it sucks squeezes throwing air in from the outside and also compresses the air. 

 Combustor 

Some of the air form the compressor is forced into the combustor at very high pressure so that when fuel is mixed with it and 

ignited, a rapid increase in heat energy is produced. The combustion chamber is where the bang happens. 

The remaining air is allowed to flow over the turbine and is used as a coolant. 

 Turbine 

The burning mixture of purified biogas and natural gas is sent rushing at high speed into the turbine. As this gas expands part of 

the energy is used to power the turbine which in turn drives the compressor and the first generator.  

 Exhaust 

Finally the gas is blown out through the exhaust nozzle. 

 
Fig. 1:  

V. WORKING 

The purified biogas and natural gas produced is supplied to the combustion chamber of the combustion turbine. 

Air is supplied to the compressor externally.  When the air reaches the combustion chamber it is at a very high pressure approaching 

600 psi and velocity approaching half the speed of sound. The fuel is difficult to burn under these conditions. So the combustion 

chamber provides with the correct environment to the slowly moving and swirling air that is sprayed with fuel. This mixture will 

ignite and the increase in hat energy is quiet considerable. Burning gas can be as hot as 2100 °C. At this temperature the metal of 

the turbine blades will melt. However, the coolant air continues to be mixed with the burning air to lower its temperature before 

entering into the turbine. More cool air which was not taken through the combustion chamber diverted for cooling purposes brings 

down the working temperature of the turbine to a much more manageable 1000 °C. In some ways the turbine is a compressor in 

reverse. Nozzle guide veins channel the air onto the turbine blade which are shaped so that the gas flowing over them is used to 

generate the optimum power. The blades are slotted onto a disc which rotates the shaft connected to the compressor and to the first 

generator. It can generate upto 7000 HP at which point the blades will be moving at a speed of over 1000 miles/hr. So everything 
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must be done to ensure that the passage of air through the turbine is as smooth as possible. Similarly, care is taken as the gas leaves 

the engine through the propelling nozzle. 

The rotational energy of the turbine is harvested by the first generator with the help of a shaft. 

The heat coming from the turbine is fully contained and directed into a recovery system that converts the heat into steam. The 

steam is sent to another system which spins the second generator creating electricity. Further the steam is sent into the low 

temperature salt tank so as to keep the salt in its molten state (about 260 °C). The remaining steam is sent into the digester of the 

biogas. 

The energy stored in the molten salt produced by the CSP is harvested by the third generator  

VI. PROJECT LAYOUT 

 
Fig. 2: Concentrated Power Generation Process 

VII. LOCATION OF PLANT 

The concentrated power project is to be set up in coastal cities. Above 50% of the world’s population reside in coastal cities also 

the major and minor natural gas deposits are concentrated near the coastal areas. Most of the urban waste produced is either dumped 

into the land or let into the ocean. This leads to land and water pollution. If this waste is properly treated, it can be used as a feed 

for a biogas plant and will hence considerably reduce pollution. If the plant is set up near the cities the transmission losses incurred 

are low (as compared to 30% in case of coal). 

VIII. ADVANTAGES 

1) By effective use of residual heat energy, the efficiency of the plant is improved. 

2) Since multiple sources of electricity are used, the total amount of electricity produced is very large. 

3) CSP and Biogas being a sustainable source of energy are more economical and sustainable alternatives to non-renewable 

resources. 

4) It  reduces our country’s dependence on foreign countries for its energy needs. 

5) The efficiency of the system is as high as 70-90 % as compared to 30% as in case of coal. It starts out with lower carbon 

content and due to higher efficiency of the plant there is a reduction upto 60%. 

6) Toxic materials like mercury are not produced during this process. 

7) Since the plant is set up in coastal areas, the cost of transportation of raw materials and supply of electricity is reduced. 

REFERENCES 

[1] The men who built America, History channel. 
[2] Martin and Goswami (2005)- pg .45 

[3] National Non-Food Crops Centre “NNFCC Renewable Fuels and energy fact sheet Anaerobic Digestion” 

[4] Composition of natural gas- www.naturalgas.org 
[5] T. Boone Pickens: Let’s transform energy- with natural gas. 

[6] “Integrated Solar Thermo chemical Reaction System”, U.S Department of Energy 

[7] “How does a biogas plant work?” by Bioconstruct. 
[8] “How a jet engine works”, GEnx Overview.  

[9] AREVA’s Solar Technology. 

[10] ARVA Energy Storage and distribution facility manual.  

http://www.naturalgas.org/

