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How does a nuclear power plant make electricity?
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How does a nuclear reactor generate electricity? Let’s begin at the end and see how
it all fits together.
We begin by looking at an electric motor.
A motor consists primarily of two major
components: a stator, which stands still,
and a rotor, which rotates within the stator. When electricity is applied to the motor, electromagnets within the stator and
the rotor push and pull on each other in
a way that causes the rotor to rotate. The
magnets in the stator pull magnets in the
rotor toward them, and then, as the rotor
magnets pass by reverse themselves and
push the rotor magnets away. The parts
are arranged so the pulling and pushing
are all in the same direction, so the rotor
spins inside the stator. The electrical energy
applied to the motor results in mechanical
energy in the rotor.
But that same machine can be used in reverse: If some outside force causes the rotor to spin, the interaction of the magnets
causes electricity to be produced: the “motor” is now a “generator,” producing electrical energy as a result of the mechanical
energy applied to its rotor. That’s the most
common way to make large quantities of
electricity.
So how do you make the rotor spin? That’s
where the nuclear reactor comes in, although still indirectly. Recall that a nuclear
reactor generates heat. The fuel rods get hot
because of the nuclear reaction. That heat is
used to boil water, and the steam from that
boiling water is used to spin the rotor. As we
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PWRs keep water under pressure so that it heats, but does not boil. Water from the reactor and the water in the steam generator that is turned into steam never mix. In this way, the radioactivity stays in the reactor area.
have seen, when the rotor spins, electricity
comes out of the stator.
When water boils, the steam that is produced occupies much more physical space
than the water that produced it.
So if you pump water through some sort
of a heat source – like a nuclear reactor, or
a coal-fired boiler – that is hot enough to
boil the water, the exiting steam will be
traveling much faster than the water going in. That steam runs through a machine
called a turbine, which acts something
like a highly sophisticated windmill. The
physical structure is vastly different from
a windmill, and a large turbine can be far
more powerful than any windmill that has
ever been made, but the effect is somewhat
the same: the steam, or wind, causes part of
the machine to spin, and that spinning part
can be connected to a generator to produce
electricity.
The steam leaving the turbine is collected in a device called a condenser – essentially a metal box the size of a house,
with thousands of pipes running through

it. Cool water flows through the pipes, and
the steam from the turbine is cooled and
condenses back into water. Then the water
is pumped back through the heater and the
cycle continues.
Now, back to the nuclear reactor ... We
have seen how the reactor generates heat,
and we have seen how heat is used to generate steam and how the steam then powers
the turbine, which spins the generator that
produces electricity. The final piece in the
puzzle is how the heat from the nuclear reaction generates the steam.
The fuel rods are suspended in a water bath
contained in a large metal container somewhat like a gigantic pressure cooker. A typical “reactor vessel” might be 15 feet in diameter and 20 feet high, and some are much
larger than that. In some types of reactors,
the water is allowed to boil, and the heat
generated in the fuel rods is carried away
in steam. These are called “boiling water
reactors” (or “BWR”). In others, the water
is held at a very high pressure – on the order
of 2000 pounds per square inch. (By the way,

that is more than 60 times the pressure in
the tires of a typical car.) In that situation,
the water cannot expand and cannot boil.
The water in that type of reactor carries
the heat away while remaining liquid, and
that heat is then transferred to another water system where the boiling occurs. This
transfer takes place in a device aptly named
a “steam generator.” These are called “pressurized water reactors” (or “PWR”). A small
PWR might have two steam generators. A
large one might have four. Some have three.
The steam from all of the steam generators
is typically combined into a single “main
steam line” that carries the steam to the turbine, so the reactor and all of the steam generators act together as a single steam source.
The water from the condenser is pumped
directly into the reactor vessel for a BWR, or
into the steam generators for a PWR.
So there you have it: the nuclear reaction
heats the fuel, the fuel heats the water to
make steam, the steam spins the turbine,
the turbine turns the generator, and the
generator makes electricity.

