
Chapter 2 How is Electrical How is Electrical 

Energy Created?Energy Created?

What a sur-What a sur-
prise! I never prise! I never 
imagined you'd imagined you'd 
end up one of end up one of 
Akari's teach-Akari's teach-
ers, Kenta!ers, Kenta!

Me nei-Me nei-
ther.ther.

Kenta was Kenta was 
always like always like 
this big bro this big bro 
who was al-who was al-
ways getting ways getting 
into trou-into trou-

ble...ble...

...but now ...but now 
he's really he's really 
popular at popular at 

school!school!

Espe-Espe-
cially cially 
his his 

experi-experi-
ments!ments!

Now, now, Now, now, 
Akari. Akari. 

It's "Mr. It's "Mr. 
Miyama," Miyama," 

remember?remember?

It's fine. It's fine. 
She can She can 
call me call me 

what she what she 
wants at wants at 

home.home.

You You 
know, know, 
Akari…Akari…

I used to mess I used to mess 
up a ton because up a ton because 

I couldn't tell the I couldn't tell the 
difference between difference between 
trying new things trying new things 

and being just and being just 
plain reckless.plain reckless.

Is Is 
that that 
so?so?

4040



4141

J
a
p
a
n
's

 e
l
e
c
t
r
ic

 c
o
s
t
s
 a

r
e
 s

o
m
e
 o

f
 t

h
e
 m

o
s
t
 e

x
p
e
n
s
iv

e
 in

 t
h
e
 w

o
r
l
d
. T

h
e
y
 s

t
a
r
t
e
d
 t

o
 in

c
r
e
a
s
e

J
a
p
a
n
's

 e
l
e
c
t
r
ic

 c
o
s
t
s
 a

r
e
 s

o
m
e
 o

f
 t

h
e
 m

o
s
t
 e

x
p
e
n
s
iv

e
 in

 t
h
e
 w

o
r
l
d
. T

h
e
y
 s

t
a
r
t
e
d
 t

o
 in

c
r
e
a
s
e

 in
 t

h
e
 a

f
t
e
r
m
a
t
h
 o

f
 t

h
e
 2

0
11 T

o
h
o
k
u
 E

a
r
t
h
q
u
a
k
e
 a

n
d
 T

s
u
n
a
m
i d

is
a
s
t
e
r
.

 in
 t

h
e
 a

f
t
e
r
m
a
t
h
 o

f
 t

h
e
 2

0
11 T

o
h
o
k
u
 E

a
r
t
h
q
u
a
k
e
 a

n
d
 T

s
u
n
a
m
i d

is
a
s
t
e
r
.

But if you know But if you know 
how to conduct how to conduct 
an experiment an experiment 

properly, properly, 
there's no there's no 

more danger. more danger. 
It's nothing It's nothing 

but fun!but fun!

Well, look Well, look 
at what a at what a 
fine adult fine adult 
you've be-you've be-

come, Kenta.come, Kenta.

Nah, I've Nah, I've 
still got still got 
a long a long 
way to way to 

go.go.

Experi-Experi-
menting menting 
without without 
being being 

reckless, reckless, 
huh…huh…

Kenta's Kenta's 
really really 

changed changed 
now that now that 
he's all he's all 

grown up.grown up.

I wonder I wonder 
what sort what sort 
of grown-of grown-

up I'll up I'll 
become?become?

Oh, right, Oh, right, 
Kenta. How Kenta. How 

did you handle did you handle 
the blackout the blackout 

the other the other 
day?day?

Oh, that? Oh, that? 
I was fine.I was fine.

What!? What!? 
How?How?
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Well, my car Well, my car 
is a fuel cell is a fuel cell 

vehicle. It gen-vehicle. It gen-
erates electric-erates electric-
ity through a ity through a 

chemical reaction chemical reaction 
between hydrogen between hydrogen 

and oxygen, so and oxygen, so 
I just used the I just used the 

electricity it gen-electricity it gen-
erated to power erated to power 

my home.my home.

I had no prob-I had no prob-
lem boiling lem boiling 

water or using water or using 
my hot plate my hot plate 

to cook myself to cook myself 
some yummy some yummy 

stir fry.stir fry.

Huh.Huh.That's That's 
pretty pretty 
impres-impres-
sive.sive.

I'm also I'm also 
able to able to 
store store 

electricity. electricity. 
I have a so-I have a so-
lar-powered lar-powered 

charging charging 
system on system on 

my balcony.my balcony.

When the When the 
weather's weather's 

clear, it gener-clear, it gener-
ates electricity ates electricity 
using sunlight. using sunlight. 
That way, even That way, even 
if there is a if there is a 
blackout, I blackout, I 

can still use can still use 
my electron-my electron-
ics if they're ics if they're 
plugged into plugged into 
an outlet.an outlet.
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Chapter 2: How is Electrical Energy Created?
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"Perfect "Perfect 
preparation preparation 
prevents prevents 
poor per-poor per-
formance," formance," 

huh?huh?
That's That's 

amazing!amazing!

When we did that When we did that 
experiment the experiment the 
other day, you other day, you 

said that sound, said that sound, 
light, and heat light, and heat 
are all energy, are all energy, 

right?right?

Hey, Hey, 
Kenta?Kenta?

If electric-If electric-
ity is what ity is what 
powers the powers the 
lights, and lights, and 
makes the makes the 
TV and AC TV and AC 
work...work...

...does ...does 
that mean that mean 
that elec-that elec-
tricity can tricity can 

become become 
sound, sound, 

light, and light, and 
heat?heat?

Yeah! Yeah! 
Elec-Elec-
tricity tricity 
is also is also 
energy!energy!

In scientific In scientific 
terms, when terms, when 

things move we things move we 
call it "motion". call it "motion". 
Motion is also Motion is also 

a form of a form of 
energy.energy.

Yup, that's Yup, that's 
right. You right. You 

have a good have a good 
memory.memory.
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For ex-For ex-
ample, if ample, if 

you power you power 
a vacuum a vacuum 
cleaner cleaner 

with elec-with elec-
tricity, its tricity, its 
parts move parts move 
to suck up to suck up 

dirt.dirt.

You make You make 
an elevator an elevator 
move with move with 
electric electric 
energy energy 

to carry to carry 
people.people.

In both cas-In both cas-
es, electri-es, electri-
cal energy cal energy 

is being con-is being con-
verted into verted into 
motion ener-motion ener-
gy. Electri-gy. Electri-
cal energy cal energy 
is easily is easily 

changed into changed into 
other forms other forms 
of energy of energy 
making it making it 

very conve-very conve-
nient.nient.

ElevatorElevator

Oh, so Oh, so 
that's that's 
how it how it 
works.works.

Next week, Next week, 
we're going we're going 

to start to start 
learning learning 

about elec-about elec-
tromagnets. tromagnets. 

Have you Have you 
ever heard ever heard 
of them?of them?

You You 
know know 
what? what? 

I've got I've got 
one on one on 

me.me.

This is an This is an 
iron bolt iron bolt 
wrapped in wrapped in 
a conduct-a conduct-
ing wire to ing wire to 
form a coil.form a coil.

We take this We take this 
conducting conducting 
wire and wire and 

connect it to connect it to 
a battery.a battery.
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Chapter 2: How is Electrical Energy Created?
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As we As we 
bring this bring this 
paperclip paperclip 
closer...closer...

It It 
clung clung 
to it!to it!

...electric-...electric-
ity flows ity flows 
through through 
the coil, the coil, 

making the making the 
iron core a iron core a 

magnet.magnet.

Yes, that's Yes, that's 
correct.correct.

This mech-This mech-
anism is anism is 

called an called an 
electro-electro-
magnet.magnet.

Magnets have Magnets have 
a north and a north and 

south pole. If south pole. If 
we're speak-we're speak-
ing about this ing about this 
here coil, then here coil, then 
this tip is the this tip is the 
north pole.north pole.

As we As we 
bring a bring a 
compass compass 
close close 
to it...to it...

See See 
how the how the 
south south 
pole is pole is 

rotating rotating 
closer?closer?

You're You're 
right!right!
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If we dis-If we dis-
connect the connect the 

battery, then battery, then 
it loses its it loses its 
magnetic magnetic 
force.force.

Also, if Also, if 
we change we change 
the direc-the direc-
tion of the tion of the 
flow of flow of 
electrici-electrici-

ty...ty...

The The 
south south 
and and 

north north 
poles poles 

are re-are re-
versed.versed.

The electricity The electricity 
controls which controls which 
way the magnet way the magnet 

goes!goes!

That's That's 
right! right! 

You get You get 
it!it!

A device made A device made 
to use these to use these 
properties properties 
is called a is called a 

motor.motor.

This is a model I This is a model I 
created in order created in order 
to explain how a to explain how a 
motor works.motor works.

PaperclipPaperclip CoilCoil
Milk CartonMilk Carton

PaperclipPaperclip

Round MagnetRound Magnet
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When When 
you add you add 

electricty...electricty...

Wow!Wow!
It's It's 
spin-spin-
ning!ning!

The electrical The electrical 
energy begins energy begins 

to rotate, to rotate, 
transforming transforming 
into motion into motion 

energy.energy.

This is This is 
what a what a 

motor is.motor is.

How How 
does does 

it spin, it spin, 
though?though?

Dry Cell BatteryDry Cell Battery
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The tip of this The tip of this 
coil's magnet coil's magnet 
wire has half wire has half 
of its insula-of its insula-
tion removed.tion removed.

Exposed SectionExposed Section
(Electricity can flow)(Electricity can flow)

Insulated SectionInsulated Section
(Electricity cannot flow)(Electricity cannot flow)

Exposed SectionExposed Section
(Electricity can flow)(Electricity can flow)

When the When the 
section of the section of the 
wire where the wire where the 
insulation has insulation has 
been removed been removed 
touches the touches the 

paperclip, elec-paperclip, elec-
tricity flows, tricity flows, 

making the coil making the coil 
a magnet.a magnet.

The part up The part up 
here is the here is the 
north pole, north pole, 

so it's pulled so it's pulled 
toward the toward the 

south pole of south pole of 
the magnet the magnet 

below and be-below and be-
gins to spin.gins to spin.

But then the north But then the north 
pole will just con-pole will just con-
tinue to be drawn tinue to be drawn 
down toward the down toward the 
magnet below, so magnet below, so 
the spinning will the spinning will 
stop when it gets stop when it gets 

to the bottom, to the bottom, 
right?right?

Hmm. Yeah, Hmm. Yeah, 
I see.I see.

What happens What happens 
if, right then, if, right then, 
the insulated the insulated 
part touches part touches 
the paperclip?the paperclip?

The The 
electric-electric-
ity stops ity stops 
flowing.flowing.
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Correct. Correct. 
If we do If we do 
that, it that, it 

loses its loses its 
magnetic magnetic 
force.force.

Oh, I get it!Oh, I get it!
Then it won't be Then it won't be 
pulled toward pulled toward 

the magnet the magnet 
anymore.anymore.

So it just So it just 
keeps moving keeps moving 

with the with the 
momentum it's momentum it's 

saved up.saved up.

So the north pole So the north pole 
moves back up to the moves back up to the 
top, the non-insulat-top, the non-insulat-
ed part touches the ed part touches the 
paperclip, and the paperclip, and the 

whole thing repeats.whole thing repeats.
The rotational move-The rotational move-
ment caused by the ment caused by the 

change in the magnet change in the magnet 
creates a kind of creates a kind of 

motor.motor.

Cool!Cool!

This is This is 
a real a real 

motor. See motor. See 
how there how there 
are three are three 

coils?coils?
The parts The parts 
on either on either 
side are side are 
magnets.magnets.

Having three Having three 
coils allows coils allows 
the motor to the motor to 
rotate more rotate more 
smoothly.smoothly.

Oooh!Oooh!

Motors are Motors are 
used for all used for all 

sorts of sorts of 
things.things.

Really?Really?
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TrainsTrains

CarsCars

Amusement Amusement 
Park RidesPark Rides

RopewaysRopeways

VacuumsVacuums

Washing Washing 
MachinesMachines

Driers, Driers, 
electric electric 
fans, and fans, and 
the list the list 
goes on goes on 
and on...and on...

Who was Who was 
smart smart 

enough to enough to 
think up think up 
that?that?

A 19th A 19th 
Century Century 
English English 

scientist.scientist.

Now, that's not Now, that's not 
all there is to it. all there is to it. 
Since the electri-Since the electri-
cal energy con-cal energy con-
verts to motion verts to motion 

energy...energy...

...shouldn't ...shouldn't 
motion energy motion energy 
convert into convert into 
electrical electrical 
energy?energy?

Oh,Oh,
good good 
point!point!

By moving a By moving a 
magnet near magnet near 

a coil, we a coil, we 
can actual-can actual-
ly generate ly generate 
electricity.electricity.

Really!?Really!?

Michael Faraday Michael Faraday 
(1791-1867)(1791-1867)

"The father of "The father of 
electromagnetism"electromagnetism"
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Watch and Watch and 
learn. If learn. If 
we move it we move it 
like this...like this...

See See 
how how 
the the 
nee-nee-
dle is dle is 
mov-mov-
ing?ing?

Does this Does this 
mean electric-mean electric-
ity is flowing ity is flowing 
through it?through it?

Yes, it Yes, it 
does.does.

You can You can 
move a move a 
magnet magnet 
like we like we 

just did,just did,

or you can or you can 
move the move the 

coils. This is coils. This is 
what we call what we call 
generating generating 
electricity. electricity. 

The person The person 
who discov-who discov-
ered this ered this 
principle principle 
was none was none 

other than other than 
Faraday.Faraday.

CoilCoil

MagnetMagnet

CoilCoil
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Wait, does Wait, does 
that mean that that mean that 

electricity electricity 
generated by generated by 

power stations power stations 
is made by mov-is made by mov-
ing coils and ing coils and 

magnets?magnets?

I'm pret-I'm pret-
ty sure...ty sure...

right?right?

That's That's 
right.right.

The amount The amount 
of electricity of electricity 

generated is de-generated is de-
termined by how termined by how 
many times the many times the 
coil is wrapped coil is wrapped 
as well as the as well as the 

rotation speed of rotation speed of 
the magnet.the magnet.

This is the coil This is the coil 
that generates that generates 

electricity.electricity.

This is a This is a 
rotating rotating 
magnet.magnet.

But how But how 
does it does it 
spin?spin?

A giant A giant 
impeller impeller 
makes it makes it 

spin.spin.
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For exam-For exam-
ple, there's ple, there's 
hydroelec-hydroelec-
tric power. tric power. 
It's a form It's a form 
of generat-of generat-

ing elec-ing elec-
tricity that tricity that 

uses uses 
a dam.a dam.

Hydroelectric Hydroelectric 
PowerPower

This is This is 
called called 

"potential "potential 
energy."energy."

A dam col-A dam col-
lects water lects water 

and then and then 
systemati-systemati-

cally makes cally makes 
it fall.it fall.

It then It then 
uses that uses that 

falling force falling force 
to rotate to rotate 

the impeller.the impeller.

The impel-The impel-
lers used in lers used in 

hydroelectric hydroelectric 
power are power are 

called water called water 
turbines.turbines.

DamDam

CoilCoil

Rotating MagnetRotating Magnet

GeneratorGenerator

Water Water 
TurbineTurbine

Things in Things in 
high plac-high plac-
es possess es possess 

energy. This is energy. This is 
because they because they 
want to fall want to fall 
downwards.downwards.
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Natural
Gas

Coal

Fuel types 
for generating

electricity

Oil
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Aren't there Aren't there 
other ways other ways 
to generate to generate 
electricity, electricity, 

like thermal like thermal 
power and power and 

wind power?wind power?

Do those Do those 
methods spin methods spin 

magnets magnets 
around, too?around, too?

That's That's 
right.Even right.Even 
nuclear nuclear 
and geo-and geo-
thermal thermal 
power power 

generation generation 
do.do.

Though, Though, 
solar solar 

power is power is 
a bit dif-a bit dif-
ferent.ferent.

Huh.Huh.

What's What's 
the most the most 
common common 
kind of kind of 

power in power in 
Japan?Japan?

I'll I'll 
look look 
it up.it up.

Looks like Looks like 
it's thermal it's thermal 
power made power made 
by burningby burning

natural natural 
gas, gas, 
coal, coal, 
and and 
oil.oil.

Com-Com-
bined, bined, 
they they 

produce produce 
more more 

than 70% than 70% 
of our of our 

electric-electric-
ity.ity.

We're learning We're learning 
about the SDGs in about the SDGs in 
school. Goal 7 is school. Goal 7 is 
"affordable and "affordable and 
clean energy."clean energy."

Doesn't "clean" Doesn't "clean" 
mean that you mean that you 

should avoid re-should avoid re-
leasing carbon leasing carbon 
dioxide as much dioxide as much 
as possible?as possible?

AFFORDABLE ANDAFFORDABLE AND
CLEAN ENERGYCLEAN ENERGY
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Correct. Burning Correct. Burning 
earth's precious earth's precious 

fossil fuels, fossil fuels, 
such as oil, coal, such as oil, coal, 
and natural gas, and natural gas, 
is connected to is connected to 
global warming. global warming. 

Carbon Carbon 
dioxide is dioxide is 

connected to connected to 
rising tem-rising tem-
peratures.peratures.

As climate change As climate change 
continues, we're continues, we're 

going to face even going to face even 
bigger problems bigger problems 

like extreme like extreme 
weather and rising weather and rising 

sea levels.sea levels.

That means that That means that 
we need to con-we need to con-
tinue to reduce tinue to reduce 
carbon dioxide carbon dioxide 

emissions.emissions.

This says that This says that 
Kenya generates Kenya generates 
85% of their elec-85% of their elec-

tricity using natural tricity using natural 
energy, particularly energy, particularly 
geothermal energy. geothermal energy. 

That's pretty That's pretty 
remarkable.remarkable.

Oh, Oh, 
wow!wow!

It means ways It means ways 
of generating of generating 
electricity that electricity that 
use nature's use nature's 

forces like wind, forces like wind, 
sunlight, and sunlight, and 

water. It doesn't water. It doesn't 
use up natural use up natural 
resources and resources and 
doesn't release doesn't release 
carbon dioxide.carbon dioxide.

What's What's 
nat-nat-
ural ural 
ener-ener-
gy?gy?

It's It's 
also also 

called called 
"renew-"renew-

able able 
energy."energy."

But it'sBut it's
not always not always 
reliable. reliable. 
We are We are 
talking talking 
about about 

nature, nature, 
after all.after all.

Oh, I Oh, I 
see...see...

DroughtDrought

Melting IceMelting Ice

Islands SinkingIslands Sinking
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MethodMethod Fuel & Natural ResourcesFuel & Natural Resources BenefitsBenefits DrawbacksDrawbacks

1. Thermal Power1. Thermal Power
Uses the heat created Uses the heat created 
from burning fossilfrom burning fossil 
fuels to rotate turbines,fuels to rotate turbines, 
which turn the gen-which turn the gen-
erators.erators.

Natural gas, coal, Natural gas, coal, 
biomass, etc.biomass, etc. ••	 Can reliably generateCan reliably generate 

large amounts of elec-large amounts of elec-
tricity.tricity.

••	 Amount of energy gener-Amount of energy gener-
ated can be adjusted.ated can be adjusted.

••	 Produces carbonProduces carbon 
dioxide.dioxide.

••	 Natural resources areNatural resources are 
finite.finite.

2. Hydroelectric2. Hydroelectric 
PowerPower
Uses the force ofUses the force of 
water falling to rotatewater falling to rotate 
turbines, which turnturbines, which turn 
the generators.the generators.

Water inWater in
a dama dam

••	 Doesn't produce carbonDoesn't produce carbon 
dioxide.dioxide.

••	 If the dam has enoughIf the dam has enough 
water, it can quicklywater, it can quickly 
generate electricity whengenerate electricity when 
needed.needed.

••	 Constructing damsConstructing dams 
has a massive impacthas a massive impact 
on the surroundingon the surrounding 
environment.environment.

3. Geothermal Power3. Geothermal Power
Uses the heat from Uses the heat from 
underground magmaunderground magma 
to rotate turbines,to rotate turbines, 
which turn the gen-which turn the gen-
erators.erators.

MagmaMagma ••	 Doesn't use up naturalDoesn't use up natural 
resources.resources.

••	 Doesn't produce carbonDoesn't produce carbon 
dioxide.dioxide.

••	 Can produce electricityCan produce electricity 
around the clock andaround the clock and 
is unaffected by theis unaffected by the 
weather.weather.

••	 Only available inOnly available in 
certain areas.certain areas.

4. Nuclear Power4. Nuclear Power
Nuclear Power Nuclear Power 
Generation makesGeneration makes 
use of thermal energyuse of thermal energy 
generated by thegenerated by the 
nuclear fission tonuclear fission to 
turn the generator byturn the generator by 
rotating a turbine.rotating a turbine.

UraniumUranium
••	 Stable generation of largeStable generation of large 

amount of electricity withamount of electricity with 
a small amount of fuel.a small amount of fuel.

••	 Zero COZero CO22 emissions emissions 
during operation.during operation.

••	 Radioactive waste.Radioactive waste. 
••	 Need to take safety Need to take safety 

measures in case of measures in case of 
an accident.an accident.

5. Wind Power5. Wind Power
Uses the power of Uses the power of 
wind to rotate propel-wind to rotate propel-
lers, which turn thelers, which turn the 
generators.generators.

WindWind
••	 Doesn't use up naturalDoesn't use up natural 

resources.resources.
••	 Doesn't produce carbonDoesn't produce carbon 

dioxide.dioxide.

••	 Amount of electricityAmount of electricity 
generated dependsgenerated depends 
on the direction andon the direction and 
strength of the wind.strength of the wind.

6. Wave Power6. Wave Power
Uses the rising and Uses the rising and 
falling of waves tofalling of waves to 
cause the expansioncause the expansion 
and contraction of airand contraction of air 
inside containers toinside containers to 
rotate turbines.rotate turbines.

WavesWaves

••	 Doesn't use up naturalDoesn't use up natural 
resources.resources.

••	 Doesn't produce carbonDoesn't produce carbon 
dioxide.dioxide.

••	 Very difficult to con-Very difficult to con-
struct structures thatstruct structures that 
can withstand thecan withstand the 
frequently changingfrequently changing 
ocean environmentocean environment 
and severe weatherand severe weather 
such as typhoonssuch as typhoons 
and high tides.and high tides.

7. Solar Power7. Solar Power
Uses sunlight to make Uses sunlight to make 
the electrons insidethe electrons inside 
solar batteries move,solar batteries move, 
generating electricity.generating electricity.

LightLight
••	 Doesn't use up naturalDoesn't use up natural 

resources.resources.
••	 Doesn't produce carbonDoesn't produce carbon 

dioxide.dioxide.

••	 Amount of electricityAmount of electricity 
generated dependsgenerated depends 
on the weather.on the weather.

There are many methods for generating electricity. Numbers one through sixThere are many methods for generating electricity. Numbers one through six 
rotate massive coils and magnets to generate electricity. Let's examine therotate massive coils and magnets to generate electricity. Let's examine the 
characteristics of each.characteristics of each.

Different Ways to Different Ways to 
Generate ElectricityGenerate Electricity
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