
Wow,Wow, 
that'sthat's 
reallyreally 
cool!cool!

Chapter 3 The Secret Weapon is The Secret Weapon is 

Hydrogen Power!Hydrogen Power!

Wow,Wow, 
that'sthat's 
reallyreally 
cool!cool!

So theSo the 
reversereverse 
processprocess 

of aof a 
motormotor 

generatesgenerates 
electrici-electrici-

ty…ty…

Then thatThen that 
means if wemeans if we 
could justcould just 
make hugemake huge 
magnets ormagnets or 

coils rotate...coils rotate...

...the people...the people 
living in thoseliving in those 
areas couldareas could 

use electricityuse electricity 
and live moreand live more 

convenientconvenient 
lives.lives.

Yep. What'sYep. What's 
important isimportant is 
what we usewhat we use 
to make themto make them 

rotate.rotate.

Wind power is aWind power is a 
form of naturalform of natural 

energy. Butenergy. But 
without windwithout wind 
blowing, youblowing, you 

can't generatecan't generate 
electricity.electricity.

GeothermalGeothermal 
power is an-power is an-

other form ofother form of 
natural energy!natural energy! 
But without anyBut without any 
volcanoes near-volcanoes near-

by, you can'tby, you can't 
use that, either.use that, either.
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The same is true The same is true 
for nuclear for nuclear 

power plants and power plants and 
hydroelectric hydroelectric 

power dams. You power dams. You 
can't build one can't build one 

without an appro-without an appro-
priate location.priate location.

Yeah.Yeah.

Our neighbors Our neighbors 
put solar panels put solar panels 

on their roof.on their roof.

But I heard But I heard 
that when it's that when it's 
cloudy or it cloudy or it 

rains, it doesn't rains, it doesn't 
generate much generate much 

electricity. electricity. 
That sounds That sounds 
unreliable.unreliable.

Oh, Oh, 
crud…crud…

Thermal Thermal 
power is power is 

reliable, but reliable, but 
it produc-it produc-
es carbon es carbon 
dioxide.dioxide.

Good Good 
pointpoint......
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Isn'tIsn't
there there 
some some 
other other 

form of form of 
energy energy 

out out 
there...?there...?

Energy... Energy... 
Energy... Energy... 

Hmm? Hmm? 
Remember Remember 
the hose the hose 

experiment experiment 
from the from the 

other other 
day...?day...?

The gas The gas 
detonation detonation 
hose ex-hose ex-
periment!periment!

The one that The one that 
combines oxygen combines oxygen 
and hydrogen! and hydrogen! 
I wonder if we I wonder if we 
could use that could use that 

energy?energy?

That's right! I That's right! I 
almost forgot almost forgot 

about that!about that!

Oh yeah! I Oh yeah! I 
wonder why I wonder why I 
didn't realize didn't realize 
it till now?it till now?

We should We should 
ask Ken-... ask Ken-... 

I mean, I mean, 
let's ask let's ask 

Mr. Miyama Mr. Miyama 
about it.about it.
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Hey Hey 
there! there! 
What's What's 

up?up?

You can! In You can! In 
fact, I was fact, I was 

just research-just research-
ing that now!ing that now!

While researching, I While researching, I 
learned that there's a learned that there's a 

company called Mitsubishi company called Mitsubishi 
Heavy Industries which Heavy Industries which 

is developing technology is developing technology 
for hydrogen power!for hydrogen power!

When you burn When you burn 
hydrogen, the hydrogen, the 
only emissions only emissions 
are water. No are water. No 
carbon dioxide!carbon dioxide!

Mr. Miyama, we Mr. Miyama, we 
were thinking about were thinking about 
the SDGs assignment the SDGs assignment 

you gave us...you gave us...
Can't we generate Can't we generate 
electricity with electricity with 
hydrogen and hydrogen and 

oxygen?oxygen?
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And would you And would you 
believe it!? A believe it!? A 
friend I went friend I went 

to high school to high school 
with works at with works at 
this company this company 
on their hy-on their hy-

drogen power drogen power 
project!project!

For real!? For real!? 
That's so That's so 

cool!cool!

So then I told So then I told 
them I was them I was 

interested and interested and 
asked if they asked if they 
could tell me could tell me 
more, and they more, and they 

said yes!said yes!

Want to Want to 
go meet go meet 

them them 
with with 
me?me?

I wanna I wanna 
go!go!

Me Me 
too!too!

I wonder I wonder 
what hydro-what hydro-
gen power gen power 
generation generation 

is like!is like!
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Long Long 
time, no time, no 

see!see!

Never thought Never thought 
I'd see a trou-I'd see a trou-
blemaker like blemaker like 
you become a you become a 
standup guy.standup guy.

I could say I could say 
the exact same the exact same 
thing to you.thing to you.

And you two And you two 
must be Ken-must be Ken-
ta's students ta's students 
I've heard so I've heard so 
much about.much about.

Nice to meet you. Nice to meet you. 
Please teach us Please teach us 
all about hydro-all about hydro-

gen power!gen power!You got it. First, You got it. First, 
what I want you what I want you 
to know is that to know is that 

thermal power is thermal power is 
responsible for responsible for 

most of the power most of the power 
supply in Japan and supply in Japan and 
around the world.around the world.

Kazuki IshidaKazuki Ishida
(Employee at (Employee at 

Mitsubishi Heavy Mitsubishi Heavy 
Industries)Industries)
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Thermal power Thermal power 
generates elec-generates elec-
tricity according tricity according 
to the amount of to the amount of 
fuel. It's con-fuel. It's con-
venient because venient because 
you can vary it you can vary it 
based on how based on how 
much fuel you much fuel you 

use.use.

Unlike nat-Unlike nat-
ural ener-ural ener-
gy, thermal gy, thermal 

power lets us power lets us 
generate just generate just 
the amount of the amount of 
electricity we electricity we 
need, when we need, when we 

need it.need it.

Exactly. Exactly. 
Actually, our Actually, our 

thermal power thermal power 
generation generation 
equipment is equipment is 
used in more used in more 
than 60 coun-than 60 coun-
tries around tries around 
the world.the world.

But But 
thermal thermal 
power power 

genera-genera-
tion emits tion emits 
carbon carbon 
dioxide.dioxide.

Yes, but the Yes, but the 
technology has made technology has made 
great advancements. great advancements. 
The newest thermal The newest thermal 

power stations, which power stations, which 
burn natural gas, burn natural gas, 
produce less than produce less than 
half of the carbon half of the carbon 
dioxide produced by dioxide produced by 
burning coal. Yet, it burning coal. Yet, it 
still generates the still generates the 

same amount of same amount of 
electricity.electricity.

Wow, I had Wow, I had 
no idea!no idea!

However, the However, the 
fact remains fact remains 
that we're that we're 
producing producing 

carbon diox-carbon diox-
ide, so we at ide, so we at 
Mitsubishi are Mitsubishi are 

thinking of thinking of 
converting ev-converting ev-
erything over erything over 
to hydrogen to hydrogen 

power.power.

That's That's 
because hy-because hy-
drogen pow-drogen pow-
er doesn't er doesn't 
produce produce 

carbon diox-carbon diox-
ide, right?ide, right?

Carbon Dioxide Carbon Dioxide 
Emission RatesEmission Rates
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Yes, Yes, 
that's that's 

correct.correct.

How How 
come?come?

Well, the Well, the 
topic itself topic itself 

is a bit is a bit 
complicat-complicat-
ed, but...ed, but...

This card shows This card shows 
the combustion of the combustion of 
methane, which is methane, which is 
the primary com-the primary com-
ponent of natural ponent of natural 
gas. "Combustion" gas. "Combustion" 
means to burn.means to burn.

And by And by 
"burn" we "burn" we 

mean the act mean the act 
of something of something 

combining combining 
with oxygen with oxygen 
violently.violently.

You'll You'll 
learn learn 

about it about it 
in sixth in sixth 
grade.grade.

But if you But if you 
look here, look here, 
when we when we 

make hydro-make hydro-
gen combust, gen combust, 

it doesn't it doesn't 
produce car-produce car-
bon dioxide, bon dioxide, 

right?right?

You will learn You will learn 
more about more about 

chemical equa-chemical equa-
tions in junior tions in junior 
high school.high school.

That That 
sounds sounds 
pretty pretty 
cool!cool!

This is an This is an 
amazing amazing 
way to way to 

generate generate 
electrici-electrici-
ty, but is ty, but is 
it really it really 
that easy that easy 
to switch to switch 

over?over?
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Well, we Well, we 
won't won't 

be able be able 
to do it to do it 
immedi-immedi-
ately.ately.

That's why we That's why we 
start by mixing start by mixing 

the fuel so the fuel so 
that 30% of it that 30% of it 
is hydrogen.is hydrogen.

Check out Page 12 Check out Page 12 
for more!for more!

That way we That way we 
just have to just have to 
replace the replace the 

combustors in combustors in 
the gas tur-the gas tur-

bines.bines.

Wait a Wait a 
second. second. 

"Turbine"? "Turbine"? 
What's What's 
that?that?

I also I also 
don't get don't get 
what a what a 

combustor combustor 
is.is.

Oh, right. Oh, right. 
I haven't I haven't 
explained explained 
those yet. those yet. 

Turbines are Turbines are 
giant fans giant fans 
that spin that spin 

generators.generators.

Haven't you al-Haven't you al-
ready heard that ready heard that 

hydroelectric hydroelectric 
power uses the power uses the 
force of water force of water 
to rotate the to rotate the 
wheels? Well, wheels? Well, 
thermal power thermal power 
uses hot winds uses hot winds 
to spin the tur-to spin the tur-

bines.bines.

We can We can 
cut our car-cut our car-
bon dioxide bon dioxide 
emissions emissions 

just by re-just by re-
placing the placing the 

combustors.combustors.
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Combus-Combus-
tors are tors are 

like rooms like rooms 
where fuel where fuel 
is burned.is burned.

They're They're 
right next right next 

to the to the 
turbines.turbines.

When you When you 
explain it like explain it like 
that, if all that, if all 
you have to you have to 
do is replace do is replace 
the combus-the combus-
tors, it does tors, it does 
seem pretty seem pretty 

easy.easy.

Right?Right?

There's no There's no 
arguing arguing 

that natu-that natu-
ral energy ral energy 
is a good is a good 

thing.thing.

But it can't al-But it can't al-
ways reliably make ways reliably make 
power. That's why power. That's why 
we're thinking of we're thinking of 
using hydrogen to using hydrogen to 
help support the help support the 
process. First, process. First, 

we'll start by re-we'll start by re-
ducing the carbon ducing the carbon 
dioxide emissions dioxide emissions 
from the world's from the world's 

power plants!power plants!

After that, After that, 
we transi-we transi-
tion to the tion to the 
next stage next stage 

of...of...

...100% hy-...100% hy-
drogen drogen 

power and power and 
zero car-zero car-
bon dioxide bon dioxide 
emissions!emissions!
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We're We're 
already already 
working working 

on it.on it.

By the By the 
way, way, 

Kenta?Kenta?
You've You've 

never seen never seen 
a turbine a turbine 
before, before, 
right?right?

I hav-I hav-
en't…en't…It's written It's written 

all over all over 
your face.your face.

Aww! Aww! 
Leave Leave 

me me 
alone!alone!

You two You two 
haven't haven't 
either, I either, I 
suppose.suppose.

I'm pretty sure I'm pretty sure 
it's nothing like it's nothing like 

what you're what you're 
imagining. I was imagining. I was 
shocked when I shocked when I 
saw my first one saw my first one 

after joining after joining 
this company.this company.

Wanna Wanna 
see?see?

Real-Real-
ly?ly?

Can we!?Can we!?



Water is somethingWater is something 
everyone's familiareveryone's familiar 

with.with.

The Smallest ElementThe Smallest Element
Everything in our world is Everything in our world is 

made up of elements. There made up of elements. There 
are more than a hundred are more than a hundred 
different types. Oxygen, different types. Oxygen, 

aluminum, and iron are all aluminum, and iron are all 
elements, and hydrogenelements, and hydrogen

is the smallest.is the smallest.

The Most The Most 
Common Element Common Element 

in the Universein the Universe
Iron is the most common Iron is the most common 

eleelement on Earth. When we ment on Earth. When we 
look at the universe, hydrogen look at the universe, hydrogen 

is the most common, and it is the most common, and it 
makes up almost 90% of every-makes up almost 90% of every-

thing. Our own sun is made thing. Our own sun is made 
up of about 85% hydrogen.up of about 85% hydrogen.

The Lightest The Lightest 
MaterialMaterial

Hydrogen has one fourHydrogen has one fourteenth teenth 
the weight of air. It's the light-the weight of air. It's the light-

est material in the universe, est material in the universe, 
and in older times, hydrogen and in older times, hydrogen 
gas was used to fill weather gas was used to fill weather 

balloons and airships.  Further-balloons and airships.  Further-
more, hydrogen is harmless more, hydrogen is harmless 

to the human body, colorless, to the human body, colorless, 
transparent, tasteless, transparent, tasteless, 

and odorless.and odorless.

Hydrogen's  Hydrogen's  
chemical symbol is Hchemical symbol is H
which comes from the "h" which comes from the "h" 
in "hydrogen." Hydrogen is in "hydrogen." Hydrogen is 
a gas at room temperature, a gas at room temperature, 
a liquid at -253°C (-423.4°F), a liquid at -253°C (-423.4°F), 

and a solid at -259°C and a solid at -259°C 
(-434.2°F).(-434.2°F).

Water 
Molecule H2O

Oxygen Oxygen 
AtomAtom

Easily BurnedEasily Burned
Hydrogen is a gas that Hydrogen is a gas that 

burns very easily. It also burns very easily. It also 
burns very rapidly and burns very rapidly and 

at a high temperature. A at a high temperature. A 
characteristic of hydrogen characteristic of hydrogen 
is that it releases a massive is that it releases a massive 

amount of heat energy amount of heat energy 
when burned.when burned.

Hydrogen 
Molecule H2

Normally, when hydrogen is in Normally, when hydrogen is in 
gas form, it exists as a molecule gas form, it exists as a molecule 

made up of two hydrogen atoms.made up of two hydrogen atoms.

Hydro-Hydro-
gen gen 

AtomAtom

Hydro-Hydro-
gen gen 

AtomAtom

Hydro-Hydro-
gen gen 

AtomAtom

Hydro-Hydro-
gen gen 

AtomAtom

What's Hydrogen?What's Hydrogen? Hydrogen only creates water when combusted. Hydrogen only creates water when combusted. 
So, what is hydrogen exactly?So, what is hydrogen exactly?

Burn to Burn to 
Turn into WaterTurn into Water

When mixed with oxygen and When mixed with oxygen and 
ignited, it combusts, becoming ignited, it combusts, becoming 
water. Unlike other gases, this water. Unlike other gases, this 

does not create carbon dioxide.does not create carbon dioxide.

Ample in the Ample in the 
Earth's WaterEarth's Water

Most of the air we breathe Most of the air we breathe 
doesn't have hydrogen in doesn't have hydrogen in 
it, but there's a lot of it in it, but there's a lot of it in 
our water. Water is made our water. Water is made 
up of oxygen and hydro-up of oxygen and hydro-

gen atoms and is gen atoms and is 
denoted as Hdenoted as H22O.O.
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doesn't have hydrogen in doesn't have hydrogen in 
it, but there's a lot of it in it, but there's a lot of it in 
our water. Water is made our water. Water is made 
up of oxygen and hydro-up of oxygen and hydro-

gen atoms and is gen atoms and is 
denoted as Hdenoted as H22O.O.
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