Nuclear Power Plant:

Nuclear power plants provide about 17 percent of the world's electricity. Uranium-238 (U-238) has an extremely long half-life> (4.5 billion years), and therefore is still present in fairly large quantities. U-238 makes up 99 percent of the uranium on the planet. U-235 makes up about 0.7 percent of the remaining uranium found naturally, while U-234 is even more rare and is formed by the decay of U-238. 

Uranium-235 has an interesting property that makes it useful for both nuclear power production and for nuclear bomb production. U-235 decays naturally, just as U-238 does, by alpha radiation. U-235 also undergoes spontaneous fission in a small percentage of the time. However, U-235 is one of the few materials that can undergo induced fission. If a free neutron runs into a U-235 nucleus, the nucleus will absorb the neutron without hesitation, become unstable and splits into two lighter atoms and throws off two or three new neutrons. The process of capturing the neutron and splitting happens very quickly, on the order of picoseconds (1x10-12 seconds). An incredible amount of energy is released, in the form of heat and gamma radiation, when a single atom splits. The two atoms that result from the fission later release beta radiation and gamma radiation of their own as well. The energy released by a single fission comes from the fact that the fission products and the neutrons, together, weigh less than the original U-235 atom. The difference in weight is converted directly to energy at a rate governed by the equation E = mc2.

The heat generated by a nuclear power plant will be used to convert water into hot steam. The superheated, high-pressure steam is then piped to rotate the steam turbine at fixed revolution speed, thus spinning the generator which is connected directly with the turbine shaft. In this way, electricity is produced and adjusted for further transmission. 
Hydropower Plant:

Worldwide, hydropower plants produce about 24 percent of the world's electricity and supply more than 1 billion people with power. The world's hydropower plants output a combined total of 675,000 megawatts, the energy equivalent of 3.6 billion barrels of oil. Hydropower plants harness water's energy and use simple mechanics to convert that energy into electricity. Hydropower plants are actually based on a rather simple concept -- water flowing through a dam turns a turbine, which turns a generator.

· Dam - Most hydropower plants rely on a dam that holds back water, creating a large reservoir. 

· Intake - Gates on the dam open and gravity pulls the water through the penstock, a pipeline that leads to the turbine. Water builds up pressure as it flows through this pipe. 

· Turbine - The water strikes and turns the large blades of a turbine, which is attached to a generator above it by way of a shaft. 

· Generators - As the turbine blades turn, so do a series of magnets inside the generator. Giant magnets rotate past copper coils, producing alternating current (AC) by moving electrons

· Transformer - The transformer inside the powerhouse takes the AC and converts it to higher-voltage current. 

The water in the reservoir is considered stored energy. When the gates open, the water flowing through the penstock becomes kinetic energy because it's in motion. The amount of electricity that is generated is determined by several factors. Two of those factors are the volume of water flow and the amount of hydraulic head. The head refers to the distance between the water surface and the turbines. As the head and flow increase, so does the electricity generated. The head is usually dependent upon the amount of water in the reservoir. 

Thermal Power Plant
In a conventional thermal or steam turbine system, fuel is burned in the boiler furnace to heat water in the boiler into hot steam. The superheated, high-pressure steam is then piped to rotate the steam turbine at fixed revolution speed, thus spinning the generator which is connected directly with the turbine shaft. In this way, electricity is produced. After driving the turbine, the exhaust steam from the low-pressure turbine is passed into the condenser where hot steam is condensed into water to be reused in the boiler. 
Thermal power plants are outstanding because of their high efficiency and capacity and long service life. Besides, they can burn various kinds of fuel, such as natural gas, oil and coal (usually coal is used due to cost and availability). Due to their much time-consuming for start up, thermal facilities usually run continuously all day long to provide base load for the system. 
Gas Turbine Power Plant
A gas turbine operates in the same manner as a jet motor of an aero plane. Ambient air is drawn and compressed in the compressor and subsequently heated in the combustion chamber. Fuel is sprayed to mix with the compressed air. The gas mixture then ignites, causing the hot combustion gas to increase sharply in volume, which exerts pressure against turbine blades. This drives both the compressor and the generator, and then electricity is generated. 
The gas turbine power plant can burn either diesel oil or natural gas. Compared with a conventional thermal plant, the gas turbine takes less time from start up to attaining full capacity. However, due to its higher cost of fuel, gas turbines are operated for a shorter period of time to provide peaking or reserve capacity. Installation of gas turbines can be completed within a short time and can be easily moved elsewhere. 
Diesel Power Plant
In a diesel engine system, ambient air is drawn into cylinders and compressed by pistons. Fuel is sprayed to mix with the heated air, causing ignition of the gas mixture. Then the hot combustion gas increases sharply in volume and pressure, pushing the pistons immediately downward. The crankshafts of the pistons then move and rotate the connected generators to produce electricity. 
In practice diesel power plants are of small size, not more than 5 MW in capacity. Like gas turbine generators, they can be easily moved for quick installation elsewhere. Therefore, it is suitable for peaking power and reserve capacity to meet urgent electricity demand. 
How An Electric Generator Works
An electric generator is a device used to convert mechanical energy into electrical energy. The generator is based on the principle of "electromagnetic induction" discovered in 1831 by Michael Faraday, a British scientist. Faraday discovered that if an electric conductor, like a copper wire, is moved through a magnetic field, electric current will flow (be induced) in the conductor. So the mechanical energy of the moving wire is converted into the electric energy of the current that flows in the wire.
In a hydroelectric power plant, the mechanical energy to turn the generator comes from the water turbine, which is turned by the force of falling water. In case of nuclear, thermal or gas turbine power plants the compressed steam generates the mechanical energy to turn the turbine.
The Supply System

The main aim of the electricity supply system is to meet the customer’s demands for energy. Electricity is generated in a number of ways. Hydro and nuclear stations have high capital costs (setup cost) and are only economic if operated for most of the year at maximum output. On the other hand gas turbines have relatively low capital cost but high operating costs. It is essential to have an adequate electrical system to transport electrical power from large power stations to the main load centers. The demand then can be met by running the precise power plant to give the minimum overall cost. A strong transmission system is often justified because the difference in cost between different methods of generation is usually higher than any additional transmission cost. High voltage systems are therefore planned so that single circuit faults rarely result in loss of supply to any customer. 

Objective of the Game and Playing Rules:

The objective of the game is to meet the customer’s demand and increase the profit as a supplier by keeping the following factors in mind:

The simulation will run for a week on day night terms

Any surplus generated power cannot be stored so will result in a profit loss

The cost of production for various power plants is different

Load requirements for demand centers will change e.g., industrial units will take more load during the day and the load requirements for housing units will be high in the evenings

The player needs to vary the generation capacity of power plants to meet the load requirements

A demand not served carries a very high penalty as it damages the supplier’s repute 

To fulfill the load requirements in case of fault occurring at any power plant, increase the generation capacity of a power plant or turn on another power plant

While changing the power supply routs, power losses occurring due to line resistances should also be considered. These power losses are due to the cable resistance and is given as per kilometer length of cable

Power Loss due to Resistance:

When current passes through a circuit power loss occurs due to the resistance. If  “I” is the dc current through the circuit and “R” is the resistance then power loss is given by:

PLoss = I2R

To find the power I2R loss in an ac circuit, root-mean-square (rms) value of current is used. Which is given by

rms = 0.707 x Peak Value

Role of Step-up and Step-down Transformers in Power Transmission:

When electric power is transmitted over long distances, it is economical to use a higher voltage and low current to reduce I2R losses. At the receiving end of such lines, the consumer requires power at low voltage and high current. An ac transformer is a device that can increase or decrease the voltage with corresponding decrease or increase in current.

In the simplest form, ac transformer consists of two coils of wire wound around a core of soft iron. The coil connected to the input voltage (V1) having turns N1 is called primary winding and the coil connected to the load having N2 turns is called secondary winding. The purpose of a common iron core is to increase the magnetic flux and provide a medium in which nearly all the flux passes to the other coil. The voltage V2 across the secondary coil is given by

V2 = N2 x V1 / N1

When N2>N1, the output voltage exceeds the input voltage. This setup is referred to as a step-up transformer

When N2<N1, the output voltage is less than the input voltage. This setup is referred to as a step-down transformer

In an ideal transformer (one where the losses in the winding and cores are zero) the power supplied to the primary circuit is equal to the power in the secondary circuit i.e.,

I1 x V1 = I2 x V2

So an increase in secondary voltage will result in a decrease in current (a resultant decrease in I2R losses) and vice versa.

Example:

A generator produce 10A (rms) of current at 400V (rms). The power is transmitted over a long distance with a total transmission line resistance of 30 Ohams. Determine the power loss.

PGenerate = V x I = 4000 W

PLoss = I2 x R = 3000 W

The voltage is step-up to 4500V (rms). What will be the power loss now?

I2 = V1 x I1 / V2 = 0.89 A

PLoss = I2 x R = 24 W  

