NATURAL GAS

DESCRIPTION

The two most common types of fossil-fueled power plants being constructed in the United
States are simple-cycle and combined-cycle gas turbines (CCGT), both primarily powered by
natural gas.

Simple-cycle gas turbines are essentially jet engines. The engine burns gas and the thrust
rotates a drive shaft that is coupled to a generator which produces electricity. Simple-cycle gas
turbines are used as peaking generators because their efficiency (around 30%) is not high
enough to provide economical baseload generation. Much of the fuel energy ends up being
wasted as thermal energy in the hot exhaust gases from the combustion process.

CCGT plants operate in two stages. The
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Natural gas plants produce about half of the carbon that coal-fired plants produce.

COST

Construction cost of CCGT would be in the range of $1 to $1.2 million/MW. The all-in estimate
for energy from CCGT would be in the $70/MWh range for the next decade, depending on the
cost of natural gas.

CAPACITY FACTOR

Typical capacity factor for a CCGT in the desert southwest is around 55%, although that is
driven largely by economic factors. CCGT plants are capable of generating about 90% of the
time.



TIME TO PERMIT AND CONSTRUCT

Assuming control of the underlying land, permitting and construction time for CCGT is less than
three years.

NOTES

Reliance on natural gas will likely cause energy costs to vary greatly from year to year due to
the inherent volatility of the natural gas market. The chart below, developed for CAP by Black
& Veatch, shows actual natural gas prices over the past decade and various projections for the
next two decades. Just as the price spikes of the past decade were not predicted, it is unlikely
that prices over the next two decades will be as stable as this chart suggests.
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An Overwew of Comblned Cycle Power Plant (on photo Magnolla Energy 900MW CCPT)

Abstract

The Combined Cycle Power Plant or combined cycle gas turbine, a gas turbine generator
generates electricity and waste heat is used to make steam to generate additional electricity via a
steam turbine. The gas turbine is one of the most efficient one for the conversion of gas fuels to
mechanical power or electricity. The use of distillate liquid fuels, usually diesel, is also common as
alternate fuels.

More recently, as simple cycle efficiencies have improved and as natural gas prices have fallen, gas
turbines have been more widely adopted for base load power generation, especially in combined
cycle mode, where waste heat is recovered in waste heat boilers, and the steam used to produce
additional electricity.

This system is known as a Combined Cycle. The basic principle of the Combined Cycle is simple:
burning gas in a gas turbine (GT) produces not only power — which can be converted to electric
power by a coupled generator — but also fairly hot exhaust gases.



Routing these gases through a water-cooled heat exchanger produces steam, which can be turned
into electric power with a coupled steam turbine and generator.
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Figure - Combined cycle power plant scheme

This type of power plant is being installed in increasing numbers round the world where there is
access to substantial quantities of natural gas.

A Combined Cycle Power Plant produces high power outputs at high efficiencies (up to 55%) and
with low emissions. In a Conventional power plant we are getting 33% electricity only and remaining
67% as waste.

By using combined cycle power plant we are getting 68% electricity.

It is also possible to use the steam from the boiler for heating purposes so such power plants can
operate to deliver electricity alone or in combined heat and power (CHP) mode.

Mechanism

Combined cycle power plant as in name suggests, it combines existing gas and steam technologies
into one unit, yielding significant improvements in thermal efficiency over conventional steam plant.
In a CCGT plant the thermal efficiency is extended to approximately 50-60 per cent, by piping the
exhaust gas from the gas turbine into a heat recovery steam generator.

However the heat recovered in this process is sufficient to drive a steam turbine with an electrical
output of approximately 50 per cent of the gas turbine generator.

The gas turbine and steam turbine are coupled to a single generator. For startup, or ‘open cycle'
operation of the gas turbine alone, the steam turbine can be disconnected using a hydraulic clutch.
In terms of overall investment a single-shaft system is typically about 5 per cent lower in cost, with its
operating simplicity typically leading to higher reliability.



Working principle of CCTG plant

First step is the same as the simple cycle gas turbine plant. An open circuit gas turbine has a
compressor, a combustor and a turbine. For this type of cycle the input temperature to turbine is very
high. The output temperature of flue gases is also very high.

This is therefore high enough to provide heat for a second cycle which uses steam as the working
medium i.e. thermal power station.
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Figure - Working principle of combined cycle gas turbine (CCTG) plant

Air Inlet

This air is drawn though the large air inlet section where it is cleaned cooled and controlled. Heavy-
duty gas turbines are able to operate successfully in a wide variety of climates and environments
due to inlet air filtration systems that are specifically designed to suit the plant location.

Under normal conditions the inlet system has the capability to process the air by removing
contaminants to levels below those that are harmful to the compressor and turbine.

Turbine Cycle

The air which is purified then compressed and mixed with natural gas and ignited, which causes it to
expand. The pressure created from the expansion spins the turbine blades, which are attached to a
shaft and a generator, creating electricity.



In second step the heat of the gas turbine’s exhaust is used to generate steam by passing it through
a heat recovery steam generator (HRSG) with a live steam temperature between 420 and 580 °C.

Heat Recovery Steam Generator

In Heat Recovery Steam Generator highly purified water flows in tubes and the hot gases passes a
around that and thus producing steam .The steam then rotates the steam turbine and coupled
generator to produce Electricity. The hot gases leave the HRSG at around 140 degrees centigrade
and are discharged into the atmosphere.

The steam condensing and water system is the same as in the steam power plant.

Typical Size and Configuration of CCGT Plants

The combined-cycle system includes single-shaft and multi-shaft configurations. The single-shaft
system consists of one gas turbine, one steam turbine, one generator and one Heat Recovery
Steam Generator (HRSG), with the gas turbine and steam turbine coupled to the single generator on
a single shaft.

Multi-shaft systems have one or more gas turbine-generators and HRSGs that supply steam through
a common header to a separate single steam turbine-generator. In terms of overall investment a
multi-shaft system is about 5% higher in costs.

The primary disadvantage of multiple stage combined cycle power plant is that the number of
steam turbines, condensers and condensate systems-and perhaps the cooling towers and
circulating water systems increases to match the number of gas turbines.

Efficiency of CCGT Plant

Roughly the steam turbine cycle produces one third of the power and gas turbine cycle produces
two thirds of the power output of the CCPP. By combining both gas and steam cycles, high input
temperatures and low output temperatures can be achieved. The efficiency of the cycles adds,
because they are powered by the same fuel source.

To increase the power system efficiency, it is necessary to optimize the HRSG, which serves as the
critical link between the gas turbine cycle and the steam turbine cycle with the objective of increasing
the steam turbine output. HRSG performance has a large impact on the overall performance of the
combined cycle power plant.

The electric efficiency of a combined cycle power station may be as high as 58 percent when
operating new and at continuous output which are ideal conditions. As with single cycle thermal
units, combined cycle units may also deliver low temperature heat energy for industrial processes,
district heating and other uses. This is called cogeneration and such power plants are often referred
to as a Combined Heat and Power (CHP) plant.

The efficiency of CCPT is increased by Supplementary Firing and Blade Cooling. Supplementary
firing is arranged at HRSG and in gas turbine a part of the compressed air flow bypasses and is
used to cool the turbine blades. It is necessary to use part of the exhaust energy through gas to gas
recuperation. Recuperation can further increase the plant efficiency, especially when gas turbine is
operated under partial load.



Fuels for CCPT Plants

The turbines used in Combined Cycle Plants are commonly fuelled with natural gas and it is more
versatile than coal or oil and can be used in 90% of energy applications. Combined cycle plants are
usually powered by natural gas, although fuel oil, synthesis gas or other fuels can be used.

Emissions Control
Selective Catalytic Reduction (SCR):
e To control the emissions in the exhaust gas so that it remains within permitted levels as it

enters the atmosphere, the exhaust gas passes through two catalysts located in the HRSG.

e One catalyst controls Carbon Monoxide (CO) emissions and the other catalyst controls
Oxides of Nitrogen, (NOx) emissions. Aqueous Ammonia — In addition to the SCR, Aqueous
Ammonia (a mixture of 22% ammonia and 78% water) is injected into system to even further
reduce levels of NOx.

Fuel efficiency

In conventional power plants turbines have a fuel conversion efficiency of 33%which means two
thirds of the fuel burned to drive the turbine off. The turbines in combined cycle power plant have a
fuel conversion efficiency of 50% or more, which means they burn about half amount of fuel as a
conventional plant to generate same amount of electricity.

Commercial availability

Combined cycle units are commercially available from suppliers anywhere in the world. They are
easily manufactured, shipped and transported.

Abundant fuel sources

The turbines used in combined cycle plants are fuelled with natural gas, which is more versatile than
a coal or oil and can be used in 90% of energy publications. To meet the energy demand now a
day’s plants are not only using natural gas but also using other alternatives like bio gas derived from
agriculture.

Demerits

1. The gas turbine can only use Natural gas or high grade oils like diesel fuel.

2. Because of this the combined cycle can be operated only in locations where these fuels are
available and cost effective.
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