Explaining nuclear energy

Atoms and what's inside them
The nucleus is at the centre of an atom. Atoms make up everything in the universe and are held together with great force. The nucleus contains the positively charged protons and the neutral neutrons which are held together by the strong force. The negatively charged electrons are outside the nucleus and are bound to the nucleus through electric forces.

In a process called fission, atoms are broken apart. Unlike chemical interactions which involve loss or gain of electrons, here the nucleus of the atom is also broken up. Since the nucleus is very tightly bound, breaking it up causes a large amount of energy to be released. For example, it is about 100,000 times more than the energy released when the electron of an atom intereacts instead. The energy released can be used to generate electricity at power plants.
Chain Reaction
Atoms of uranium, a common element that can be mined from the Earth, are typically used in nuclear reactions. In fission, a free neutron hits a uranium atom. The atom splits, releasing more neutrons. These in turn hit more uranium atoms, breaking them up and releasing more neutrons and generating a chain reaction. That reaction releases huge amounts of energy. That energy can boil water to create steam, which in turn causes turbines to spin, generating electricity in a power plant. The last stage is the same as in any other power plant such as diesel, coal, hydro-electric, etc.
What is a nuclear reactor?
A nuclear reactor is the device in a power plant where fission takes place. Pieces of uranium about the size of your fingertip get stacked up in 12-foot-long metal tubes, called rods. Bunches of rods form the core of the reactor. It is enclosed in a giant concrete dome that's reinforced in case it explodes. In the heart of the reactor (the core), atoms split apart and release heat energy, producing neutrons and splitting other atoms in a carefully controlled nuclear reaction.
How is the reaction controlled?
The number of neutrons available (to split more uranium) decides the rate of the reaction. Control rods made of materials such as cadmium and boron can be raised or lowered into the reactor to soak up neutrons and slow down or speed up the chain reaction.
How is the energy taken out?
Water is pumped through the reactor to collect the heat energy that the chain reaction produces. It constantly flows around a closed loop linking the reactor with a heat exchanger. Inside the heat exchanger, the water from the reactor gives up its energy to cooler water flowing in another closed loop, turning it into steam. Using two unconnected loops of water and the heat exchanger helps to keep water contaminated with radioactivity safely contained in one place and well away from most of the equipment in the plant. The steam from the heat exchanger is piped to a turbine. As the steam blows past the turbine's vanes, they spin around at high speed. The spinning turbine is connected to an electricity generator and makes that spin too. The generator produces electricity that flows out to the power grid—and to our homes, shops, offices, and factories.
Can a nuclear reactor explode?
One reason many people oppose nuclear power is because they think nuclear plants are like enormous nuclear bombs, just waiting to explode and wipe out civilization. It's true that nuclear plants and nuclear bombs are both based on nuclear reactions in which atoms split apart, but that's generally where the similarity begins and ends.

To start with, very different grades of uranium are used in power plants and nuclear bombs. Bombs need extremely pure (enriched) uranium-235, which is made by removing contaminants (notably another isotope of uranium, uranium-238) from naturally occurring uranium. Unless the contaminants are removed, they stop a nuclear chain reaction from occurring. Power plants can work with less purified, much more ordinary uranium providing they add another substance called a moderator.

So what happens if the reaction inside a power plant starts to run out of control? If that happens, as it happened in 2011 in Fukushima in Japan, so much energy is released that the reactor overheats and may even explode—but in a relatively small, entirely conventional explosion, not an apocalyptic nuclear bomb. In that situation, the moderator burns or melts, the reactor is destroyed, and the nuclear reaction stops; there is no runaway chain reaction. The worst situation is called a meltdown: the reactor melts into a liquid, producing a hot, radioactive glob that drops deep down into the ground, potentially contaminating water supplies.

There are various other important differences that stop nuclear power plants from turning into nuclear bombs.
Advantages and Disadvantages of nuclear power
Nuclear plants can produce large amounts of power compared to coal or other plants. They also produce much lower carbon emissions than fossil fuel plants (coal, oil, and natural gas).

However, waste from nuclear plants remains dangerously radioactive for many years, so it's difficult to dispose of safely. Nuclear plants can produce long-range air pollution and water pollution. Nuclear plants aren't sustainable or renewable forms of energy, because they rely on mining limited reserves of uranium. Nuclear plants are expensive and take many years to construct, usually in the face of fierce public opposition. Since nuclear plants need huge amounts of cooling water, they're often built by the coast—but that makes them dangerously susceptible to rising sea levels and earthquake tsunamis. At the end of their life, nuclear plants are very expensive to decommission safely.
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