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Chapter 4 A Changing A Changing 
world.world.

Thanks Thanks 
for com-for com-

ing.ing.

Now then, Now then, 
right this right this 

way.way.

This is Ms. This is Ms. 
Yamamura. Yamamura. 
She will She will 

be showing be showing 
us around us around 

today.today.

Thank you Thank you 
for having for having 

us!us!

Mitsubishi Heavy Mitsubishi Heavy 
Industries TakasagoIndustries Takasago

(Gas Turbine Assembly Factory)(Gas Turbine Assembly Factory)

Sachi Yamamura Sachi Yamamura 
(Takasago factory (Takasago factory 

manager)manager)

I'm I'm 
sorry.sorry.

Look Look 
over over 
there.there.



Whoa!!Whoa!!

This is This is 
what a what a 

real gas real gas 
turbine turbine 
looks looks 
like!?like!?
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I didn't I didn't 
realize that realize that 
gas turbines gas turbines 

were this were this 
big!big!

It's It's 
about about 
fifteen fifteen 
meters meters 

in length in length 
and five and five 
meters meters 
in diame-in diame-

ter.ter.

Look at Look at 
all the all the 
wings wings 
on it!on it!

Those are Those are 
called called 
blades.blades.

It's kinda It's kinda 
pretty in a pretty in a 

way...way...

And And 
cool...cool...

This whole This whole 
thing thing 
spins?spins?

Of Of 
course!course!

When it's When it's 
generat-generat-
ing elec-ing elec-
tricity, tricity, 
it spins it spins 
3,600 3,600 

times per times per 
minute.minute.

Which Which 
means...means...

It spins It spins 
sixty sixty 

times per times per 
second.second.
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2. The air is pushed 2. The air is pushed 
     into a combustor,      into a combustor, 
     and the impeller      and the impeller 
     raises the pressure.     raises the pressure.

1. The turbine    1. The turbine    
     takes in air.     takes in air.

CombustorCombustor

CompressorCompressor

3. The compressed air is then 3. The compressed air is then 
mixed with fuel in a cylinder mixed with fuel in a cylinder 
(a room) and combusted to (a room) and combusted to 
raise the temperature.raise the temperature.

4. The high temperature and 4. The high temperature and 
high pressure of the gas turns high pressure of the gas turns 
the turbine.the turbine.

5. The shaft spins, and then   5. The shaft spins, and then   
     the shaft of the generator it's      the shaft of the generator it's 
     attached to also spins.     attached to also spins.

The parts of a Gas TurbineThe parts of a Gas Turbine

Turbine (Blades)Turbine (Blades)

The whole The whole 
thing weighs thing weighs 
about one about one 
hundred hundred 

tons. Well? tons. Well? 
Surprised?Surprised?

I'm I'm 
really really 
sur-sur-

prised...prised...

I mean, I mean, 
something something 

this massive this massive 
spins that spins that 
fast. It's fast. It's 
just so...just so...
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Why does Why does 
it spin so it spin so 
fast...?fast...?

Because Because 
we want we want 

to produce to produce 
the most the most 
electric-electric-

ity at ity at 
the most the most 
efficient efficient 

rate.rate.

I'll show you a I'll show you a 
bit later, but the bit later, but the 
power generated power generated 

by this turbine and by this turbine and 
a steam turbine a steam turbine 

working together working together 
as a set is enough as a set is enough 

to power 1.5 to power 1.5 
million homes.million homes.

Large and Large and 
efficient gas efficient gas 
turbines can turbines can 

generate much generate much 
more electric-more electric-

ity with the ity with the 
same amount same amount 

of fuel.of fuel.

Does that Does that 
mean car-mean car-
bon dioxide bon dioxide 
emissions emissions 
go down, go down, 

too?too?

Correct. The Correct. The 
opening effe-opening effe-

ciently takes in ciently takes in 
air at a speed air at a speed 
of Mach 1.2.of Mach 1.2.

It takes It takes 
in 650 kilo-in 650 kilo-

grams of air grams of air 
in one sec-in one sec-

ond. In forty ond. In forty 
minutes, it minutes, it 
could suck could suck 

up all of the up all of the 
air inside of air inside of 
Tokyo Dome.Tokyo Dome.

Mach Mach 
speed! It speed! It 
moves 1.2 moves 1.2 
times the times the 
speed of speed of 
sound!sound!

650 kilo-650 kilo-
grams of grams of 
air in one air in one 
second... second... 
Wait, but Wait, but 
air isn't air isn't 

very heavy, very heavy, 
right?right?

That That 
means it means it 
takes in takes in 
a lot.a lot.

That's That's 
so cool, so cool, 
I can't I can't 
even even 

imagine!imagine!

Now that Now that 
I look I look 
closer, closer, 

they have they have 
a funny a funny 
shape.shape.

T
r
iv

ia
T
r
iv

ia

Chapter 4: A Changing World

O
n
e
 l

it
e
r
 o

f
 a

ir
 w

e
ig

h
s
 1.3

 g
r
a
m
s
. S

o
, a

 r
o
o
m
 t

h
a
t
's

 5
m
 x

 4
m
 x

 3
m
 h

a
s
 a

 v
o
l
u
m
e
 

O
n
e
 l

it
e
r
 o

f
 a

ir
 w

e
ig

h
s
 1.3

 g
r
a
m
s
. S

o
, a

 r
o
o
m
 t

h
a
t
's

 5
m
 x

 4
m
 x

 3
m
 h

a
s
 a

 v
o
l
u
m
e
 

o
f
 6

0
 s

q
u
a
r
e
 m

e
t
e
r
s
, m

e
a
n
in

g
 a

l
l
 o

f
 t

h
e
 a

ir
 in

 t
h
a
t
 r

o
o
m
 w

o
u
l
d
 w

e
ig

h
 7

8
 k

il
o
g
r
a
m
s
.

o
f
 6

0
 s

q
u
a
r
e
 m

e
t
e
r
s
, m

e
a
n
in

g
 a

l
l
 o

f
 t

h
e
 a

ir
 in

 t
h
a
t
 r

o
o
m
 w

o
u
l
d
 w

e
ig

h
 7

8
 k

il
o
g
r
a
m
s
.



Did you Did you 
know that know that 
wings of wings of 
jets and jets and 

supersonic supersonic 
aircraft aircraft 

have have 
specially specially 
designed designed 
shapes?shapes?

They're They're 
designed designed 

that way to that way to 
reduce air reduce air 
resistance resistance 
created created 

when moving when moving 
through the through the 
air at high air at high 

speeds.speeds.

Their de-Their de-
sign helps sign helps 
adjust the adjust the 
flow of air flow of air 
and help and help 

the engines the engines 
operate ef-operate ef-
fectively.fectively.

Is this Is this 
iron?iron?

It would It would 
melt if it melt if it 
was made was made 
of normal of normal 
iron. This iron. This 

gas turbine gas turbine 
hits 1650hits 1650°°C* C* 
when it's when it's 
spinning.spinning.

It's It's 
made made 
of a of a 

special special 
metal.metal.

High High 
speed speed 
means means 
high high 

tempera-tempera-
tures, tures, 
after after 
all.all.

But if it melted, But if it melted, 
it'd become it'd become 
useless, so useless, so 

we also work we also work 
to cool the to cool the 

blades.blades.

The insides The insides 
of the of the 
turbine turbine 

blades are blades are 
hollow.hollow.

Holy Holy 
cow!cow!

That's That's 
cool!cool!

The air flows The air flows 
through them, through them, 

cooling the blades. cooling the blades. 
Even though they're Even though they're 

cooled, the air cooled, the air 
still reaches more still reaches more 

than 400than 400°°C*.C*.

 *1650 *1650°°C = 3002C = 3002°°F.F.

*400*400°°C  = 752C  = 752°°F.F.
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Look at Look at 
that big that big 
boy! Is boy! Is 
that it?that it?

You might not be You might not be 
able to tell by look-able to tell by look-
ing at it, but that gas ing at it, but that gas 

turbine is slightly turbine is slightly 
warped at the bot-warped at the bot-
tom, right around tom, right around 

the center.the center.

It does It does 
weigh a hun-weigh a hun-
dred tons dred tons 
after all.after all.

But is it okay But is it okay 
to use if it's to use if it's 

warped?warped?

We We 
calcu-calcu-
lated lated 
for for 
that.that.We estimate We estimate 

the weight the weight 
and pliability and pliability 
of the metal of the metal 

so that it so that it 
fits together fits together 

perfectly.perfectly.
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It's so big, It's so big, 
but it was but it was 

created with created with 
so much so much 
care...care...

It re-It re-
ally is ally is 

incredibly incredibly 
awesome.awesome.

This is where This is where 
we test-spin we test-spin 
the turbines.the turbines.

We're not We're not 
spinning spinning 

one at the one at the 
moment, moment, 
so it's so it's 
safe to safe to 
take a take a 
look.look.

These These 
are are 
tur-tur-

bines?bines?
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It's equipped with It's equipped with 
all sorts of fea-all sorts of fea-
tures like a tube tures like a tube 
for supplying the for supplying the 
combustor with combustor with 
fuel, a tube for fuel, a tube for 

weighing the fuel, weighing the fuel, 
a thermometer, a thermometer, 

and more.and more.There's There's 
some-some-
thing thing 

wrapped wrapped 
around it.around it.

That's to That's to 
help it main-help it main-

tain tem-tain tem-
peratures. peratures. 
We have to We have to 

maintain that maintain that 
very high very high 

temperature temperature 
or it will or it will 

be less effi-be less effi-
cient.cient.

When it's When it's 
spinning, spinning, 

just just 
standing standing 
here gets here gets 
close to close to 
5050°°C*.C*.

Real-Real-
ly!?ly!?

Since it Since it 
spins spins 
sixty sixty 

times in times in 
one sec-one sec-
ond, that ond, that 
means it means it 
moves at moves at 
a speed a speed 
of two of two 

thousand thousand 
kilome-kilome-

ters per ters per 
hour*!hour*!

That's That's 
more more 
than than 
six six 

times times 
faster faster 
than than 

Japan's Japan's 
bullet bullet 
train!train!

That's right. That's right. 
These turbines can These turbines can 
spin nonstop for spin nonstop for 

three years. They're three years. They're 
made well enough made well enough 
that they won't that they won't 
break down that break down that 

entire time.entire time.

This thing This thing 
connected connected 
to it is the to it is the 
generator, generator, 

right?right?

*2000kph=1242.7mph*2000kph=1242.7mph

*50*50°°C=122C=122°°F.F.
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It gets It gets 
really really 
loud, loud, 
too.too.



What's GTCC?What's GTCC?  (Gas Turbine Combined Cycle Power Plants)(Gas Turbine Combined Cycle Power Plants)

FuelFuel

Heat Heat 
Recovery Recovery 
Steam Steam 
GenetratorGenetrator

AirAir

Gas Turbine Gas Turbine 
(400 MW)(400 MW)

Steam Turbine (200 Steam Turbine (200 
MW)MW)

Generate 600 MW of Electricity CombinedGenerate 600 MW of Electricity Combined

WaterWater

Highly Highly 
Pressurized Pressurized 

SteamSteam

Cools the steam Cools the steam 
and turns it back and turns it back 
into water.into water.

Gener-Gener-
atorator

Look! Look! 
There's There's 
another  another  

generator generator 
connect-connect-
ed over ed over 
there.there.

You have a You have a 
sharp eye. sharp eye. 

That's because That's because 
steam turbines steam turbines 
can also gener-can also gener-
ate electricity.ate electricity.

Steam?Steam?

Remem-Remem-
ber what ber what 

I was I was 
talking talking 
about about 

earlier? earlier? 
This is This is 
a huge a huge 
part of part of 
those those 

advances advances 
in tech-in tech-
nology.nology.

That tall That tall 
chimney has a chimney has a 
heat recovery heat recovery 
steam genetra-steam genetra-
tor underneath tor underneath 
it. It uses the it. It uses the 
gas emissions gas emissions 
from the gas from the gas 

turbine to boil turbine to boil 
water.water.

The gas The gas 
emissions emissions 
are 650are 650°°C*, C*, 
so it'd be so it'd be 
a waste a waste 
to just to just 

discard that discard that 
heat, right?heat, right?

So we take So we take 
the heat, turn the heat, turn 

water into water into 
steam, and steam, and 

then use that then use that 
force to ro-force to ro-
tate a steam tate a steam 
turbine which turbine which 

generates generates 
electricity. electricity. 
It's called It's called 

GTCC.GTCC.

I see. I see. 
They They 

really really 
thought thought 

this this 
through.through.

*650*650°°C C 
=1202=1202°°F.F.

Uses leftover heat Uses leftover heat 
to boil water, to boil water, 
producing steam.producing steam.

Gas at 650°CGas at 650°C
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When the When the 
water water 

changes changes 
from a liq-from a liq-
uid to a gas uid to a gas 
in the form in the form 
of steam, of steam, 
its volume its volume 
increases increases 
1,700 times.1,700 times.

And that And that 
force force 
makes makes 

the piston the piston 
rotate? rotate? 
It's like It's like 
a steam a steam 

locomotive!locomotive!

With a With a 
design like design like 

this, we this, we 
can use can use 
the same the same 
amount of amount of 
fuel as fuel as 

before but before but 
generate 1.5 generate 1.5 

times the times the 
amount of amount of 
electricity.electricity.

This pro-This pro-
cess is cess is 

referred referred 
to as "com-to as "com-
bined cycle bined cycle 
electricity electricity 
genera-genera-
tion."tion."

And now And now 
it's time for it's time for 
what we've what we've 
all been all been 

waiting for! waiting for! 
This hereThis here
 is a com- is a com-

bustor that bustor that 
has 30% of has 30% of 
its fuel re-its fuel re-
placed with placed with 
hydrogen!hydrogen!

We are go-We are go-
ing to swap ing to swap 
this with a this with a 
combustor combustor 
inside the inside the 

gas turbine gas turbine 
we saw we saw 
earlier.earlier.

And this is And this is 
a combus-a combus-

tor for the tor for the 
next stage next stage 

which is 100% which is 100% 
hydrogen. hydrogen. 
We're so We're so 
close to close to 

finishing it.finishing it.

*650
=1202=1202

So we're 
already 
reducing 
our CO2 
emis-
sions!

No CO2 
emissions! 

It will 
only make 

water!
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It's amazing It's amazing 
how quick-how quick-
ly you're ly you're 
inventing inventing 

things like things like 
this.this.

Hold on a Hold on a 
second.second.Huh?Huh?

These These 
things things 

don't get don't get 
invented invented 
over-over-
night, night, 
you you 

know.know.

We make slow We make slow 
and steady and steady 

progress by progress by 
working really working really 
hard and failing hard and failing 

countless countless 
times.times.

Now now, Now now, 
Mr. Ishida. Mr. Ishida. 

It's not It's not 
like you've like you've 
experienced experienced 
the work the work 
yourself.yourself.

Well, yeah, Well, yeah, 
that's that's 

true... This true... This 
is my first is my first 
year at the year at the 
company.company.

Mr. Mr. 
Miya-Miya-
ma.ma.

Allow me to Allow me to 
give you an give you an 
example. It example. It 

took close to took close to 
five years for five years for 
us to arrive us to arrive 
at this fuel at this fuel 

nozzle design.nozzle design.

Each Each 

of of 

these these 

you you 

see is see is 

a fuel a fuel 

nozzle.nozzle.

Five Five 
yyearsears

......
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While hydro-While hydro-
gen is easily gen is easily 
burned, that burned, that 
also makes also makes 
it a difficult it a difficult 

fuel source to fuel source to 
work with.work with.

When we mix When we mix 
air and hy-air and hy-
drogen and drogen and 
try to burn try to burn 

them...them...

...it can ...it can 
easily easily 

trigger trigger 
something something 
called a called a 
flash-flash-
back back 

where where 
the flame the flame 

ignites ignites 
back-back-

wards up wards up 
the fuel the fuel 
nozzle.nozzle.

That That 
might might 
melt melt 
the the 

partsparts
......

That's That's 
right.right.However, if we However, if we 

inject the air and inject the air and 
hydrogen separate-hydrogen separate-
ly and, to a certain ly and, to a certain 

extent, limit the extent, limit the 
location of ignition, location of ignition, 

we can prevent we can prevent 
flashbacks.flashbacks.

But the down-But the down-
side of that is side of that is 
that it's more that it's more 
likely to re-likely to re-

lease nitrogen lease nitrogen 
oxide, which pol-oxide, which pol-

lutes the air.lutes the air.

Yes.Yes.

It would It would 
destroy destroy 
the envi-the envi-
ronment.ronment.

Nitrogen 
oxide is denoted 
as NOx. It's one 
of the causes of 
photochemical 

smog.

If we lower the 
combustion tempera-

ture, we can pre-
vent NOx from being 
released, but if we 
do, then we also 

lower the efficiency 
of the machinery. 
We can't prioritize 

efficiency and allow 
NOx emission.
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※FITとは「固
こ

定
てい

価
か

格
かく

買
かい

取
とり

制
せい

度
ど

」のことで、FIT法
ほう

は、電
でん

気
き

事
じ

業
ぎょう

者
しゃ

による再
さい

生
せい

可
か

能
のう

エネルギー電
でん

気
き

の調
ちょう

達
たつ

に関
かん

する

　特
とく

別
べつ

措
そ

置
ち

法
ほう

。
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Sorry Sorry 
for my for my 

thought-thought-
less less 

remark.remark.

I guess I guess 
I still I still 
have a have a 
lot to lot to 
learn.learn.

Poor Poor 
Kenta...Kenta...

Hey, the Hey, the 
same goes same goes 
for me. I for me. I 

just wanted just wanted 
to point to point 
it out.it out.

After all, After all, 
you're shaping you're shaping 

children's children's 
futures. I futures. I 

just wanted just wanted 
to make sure to make sure 
I wasn't being I wasn't being 

misunder-misunder-
stood.stood.

We all We all 
still have still have 
a lot to a lot to 
learn. learn. 
That's That's 
why...why...

...we can ...we can 
make a make a 
better better 
future. future. 

*FIT refers to the "Feed-in Tariff" System and is a special measure introduced to encourage the *FIT refers to the "Feed-in Tariff" System and is a special measure introduced to encourage the 
procurement of renewable energy electricity by electricity companies.procurement of renewable energy electricity by electricity companies.

That is 
why we did 
countless 

experiments 
and finally 
created this 
fuel nozzle 
that pre-

vents both 
flashbacks 

and NOx.

8282

T
r
iv

ia
T
r
iv

ia



Chapter 4: A Changing World

R
is

in
g
 s

e
a
 l

e
v
e
l
s
 a

s
 a

 r
e
s
u
l
t
 o

f
 c

l
im

a
t
e
 c

h
a
n
g
e
 a

r
e
 a

 s
e
v
e
r
e
 p

r
o
b
l
e
m
 f

o
r
 c

o
u
n
t
r
ie

s
 l

ik
e
 t

h
e
 N

e
t
h
e
r
l
a
n
d
s
, 

R
is

in
g
 s

e
a
 l

e
v
e
l
s
 a

s
 a

 r
e
s
u
l
t
 o

f
 c

l
im

a
t
e
 c

h
a
n
g
e
 a

r
e
 a

 s
e
v
e
r
e
 p

r
o
b
l
e
m
 f

o
r
 c

o
u
n
t
r
ie

s
 l

ik
e
 t

h
e
 N

e
t
h
e
r
l
a
n
d
s
, 

w
h
ic

h
 h

a
v
e
 a

 v
e
r
y
 l

o
w

 e
l
e
v
a
t
io

n
. T

h
e
y
 a

r
e
 in

 d
a
n
g
e
r
 o

f
 l

o
s
in

g
 a

 l
a
r
g
e
 p

a
r
t
 o

f
 t

h
e
ir

 l
a
n
d
.

w
h
ic

h
 h

a
v
e
 a

 v
e
r
y
 l

o
w

 e
l
e
v
a
t
io

n
. T

h
e
y
 a

r
e
 in

 d
a
n
g
e
r
 o

f
 l

o
s
in

g
 a

 l
a
r
g
e
 p

a
r
t
 o

f
 t

h
e
ir

 l
a
n
d
.

This is also This is also 
a 100% hydro-a 100% hydro-
gen-fueled gen-fueled 
combustor. combustor. 
It isn't very It isn't very 
well known, well known, 
but it was but it was 

used to burn used to burn 
hydrogen as hydrogen as 
far back as far back as 
fifty years fifty years 

ago.ago.

We also have We also have 
plans to soon plans to soon 
start building start building 
power gener-power gener-
ation facilities ation facilities 
that use this.that use this.

Fifty years Fifty years 
ago? Then it ago? Then it 
isn't related isn't related 
to the SDGs!to the SDGs!

Still, talk of Still, talk of 
using hydro-using hydro-
gen as fuel gen as fuel 
really didn't really didn't 
start picking start picking 
up speed until up speed until 
2014-2015 in 2014-2015 in 

Europe.Europe.

We want We want 
what we what we 

make to be make to be 
available available 

the moment the moment 
it's needed, it's needed, 

and we want and we want 
it to be used it to be used 
for a long, for a long, 
long time.long time.

That's That's 
why we're why we're 
working working 
hard to hard to 

hurry and hurry and 
prepare prepare 

good-qual-good-qual-
ity prod-ity prod-
ucts that ucts that 
have been have been 

tested tested 
so that so that 
they're they're 

available available 
for the for the 
world.world.

Boss!Boss!

The hydro-The hydro-
gen for gen for 

the exper-the exper-
iment has iment has 
arrived!arrived!

Why don't Why don't 
we go we go 

check it check it 
out?out?
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So that So that 
long thing long thing 
over there over there 
has hydro-has hydro-
gen in it, gen in it, 
right?right?

The world still The world still 
hasn't reached hasn't reached 

the age of hydrogen, the age of hydrogen, 
so it's not easy to so it's not easy to 
gather hydrogen in gather hydrogen in 

large amounts.large amounts.

When you make 
hydrogen, too, you 
have to make sure 
you don't release 
CO2, right? When 
hydrogen power 

takes off for real, 
how are you going 

to procure the 
hydroogen?

One day, we One day, we 
will be able to will be able to 
create hydro-create hydro-
gen through gen through 

electrolysis of electrolysis of 
water, which water, which 

will be powered will be powered 
through natural through natural 
energy sources energy sources 

like wind and like wind and 
the sun.the sun.but but 

we can we can 
store it store it 
under-under-
ground.ground.

But first, we 
start by cre-

ating hydrogen 
from natural 
gas. CO2 is re-
leased when 
that happens, 

Does that 
mean you 
bury CO2 
gas in the 
ground!?
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Mr. Mr. 
Ishida, Ishida, 

you look you look 
sur-sur-

prised, prised, 
too!too!

You didn't You didn't 
know? know? 
We've We've 

already already 
started started 
on it.on it.

Remember that Remember that 
we're conduct-we're conduct-
ing research ing research 
now into how now into how 
we can make we can make 

fuel and fuel and 
plastic goods plastic goods 
from carbon from carbon 

dioxide.dioxide.

O-Oh, O-Oh, 
that's that's 
right!right!

This is a This is a 
hydrogen hydrogen 

flame.flame.

But I But I 
don't don't 
see see 
any-any-
thingthing

……

Normal-Normal-
ly you ly you 
would-would-

n't.n't.

This is This is 
a pro-a pro-
jection jection 
of the of the 

ultravio-ultravio-
let rays let rays 
released released 

by a by a 
hydrogen hydrogen 

flame.flame.

Now Now 
I can I can 
see it!see it!

How cool. 
They're not 

just trying to 
stop making 
C02, they're 

even planning 
to use it.
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LithiumLithium
(Red)(Red)

SodiumSodium
(Yellow)(Yellow)

PotassiumPotassium
(Red-Violet)(Red-Violet)

CalciumCalcium
(Orange)(Orange)

BariumBarium
(Yellow- (Yellow- 
Green)Green)

Copper Copper 
(Blue-(Blue-
Green)Green)
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Akari, most Akari, most 
of the fire of the fire 

we're used to we're used to 
seeing is made seeing is made 

by burning by burning 
something something 
that was that was 
living.living.

Wood is Wood is 
obvious, obvious, 
but gas but gas 
and oil and oil 
used to used to 

be plants be plants 
and ani-and ani-
mals at mals at 

one point, one point, 
too.too.

Plants and ani-Plants and ani-
mals contain car-mals contain car-
bon in them, so bon in them, so 
they all tend to they all tend to 
give off the same give off the same 

colors when colors when 
they burn,they burn,

But when you But when you 
burn things burn things 
that aren't that aren't 

living, you get living, you get 
all sorts of all sorts of 

colors.colors.

Think about the Think about the 
colors you see colors you see 
in fireworks. in fireworks. 
Among them, Among them, 

hydrogen just hydrogen just 
happens to be happens to be 

colorless.colorless.

It could It could 
just be just be 

we've ar-we've ar-
rived at an rived at an 
era where era where 

we will we will 
burn some-burn some-
thing else.thing else.

It's only been 
between about 

500,000 to 
750,000 years 
since humans 
discovered 
fire. We've 

been burning 
living things 
as fuel and 
generating

CO2 the 
whole time.
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Chapter 4: A Changing World

That's That's 
right. right. 
Things Things 
will be will be 

changing changing 
in the in the 

future.future.If that's the If that's the 
case, then case, then 

just like the just like the 
sun, humani-sun, humani-
ty might end ty might end 
up creat-up creat-
ing energy ing energy 
through through 
nuclear nuclear 
fusion.fusion.

By the time you By the time you 
are adults, are adults, 

humans may be humans may be 
traveling to traveling to 
the Moon and the Moon and 
Mars like it's Mars like it's 

nothing major.nothing major.

If that happens, If that happens, 
since it's the since it's the 
most common most common 

element in element in 
space, using space, using 

hydrogen could hydrogen could 
become become 

the norm.the norm.

Are you Are you 
crying, crying, 
Akari?Akari?

Oh? Oh? 
Huh? I Huh? I 
wonder wonder 
why?why?

There's so There's so 
much I don't much I don't 
understand, understand, 
but it's all but it's all 
just kinda just kinda 

really really 
incredible...incredible...

I like these I like these 
invisible invisible 
flames!flames!
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A 3D printed metal prototypeA 3D printed metal prototype

Visiting the TOMONI HUBVisiting the TOMONI HUB

 (A Remote Monitoring Center) (A Remote Monitoring Center)

AI-Generated SimulationAI-Generated Simulation

A
t
 t

h
e
 s

u
n
's

 c
o
r
e
, n

u
c
l
e
a
r
 f

u
s
io

n
 o

c
c
u
r
s
 w

h
e
r
e
 h

y
d
r
o
g
e
n
 a

t
o
m
s
 a

t
t
a
c
h
 t

o
 e

a
c
h
 o

t
h
e
r
 b

e
f
o
r
e
 t

u
r
n
in

g
 in

t
o
 h

e
l
iu

m
. T

h
is

 g
e
n
e
r
a
t
e
s
 m

a
s
s
iv

e
 a

m
o
u
n
t
s
 o

f
 e

n
e
r
g
y
.

Even complicated Even complicated 
shapes can be shapes can be 
automatically automatically 

created according created according 
to specifications, to specifications, 
which saves time.which saves time.

Oooh! Oooh! 
That's That's 
cool!cool!

We're con-We're con-
nected to a nected to a 
network of network of 

power plants power plants 
around the around the 

world and are world and are 
assisting them assisting them 

with their with their 
operations.operations.

Using Using 
artificial artificial 

intelligence, intelligence, 
we can run we can run 
simulations simulations 
to see how to see how 
gas moves.gas moves.

We do it We do it 
because because 
it's very it's very 
important important 
that we that we 
under-under-

stand why stand why 
it moves it moves 

the way it the way it 
does.does.

And that And that 
is how the is how the 
three were three were 
given a tour given a tour 

of the of the 
facilities.facilities.
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I now un-I now un-
derstand derstand 
what it is what it is 
the people the people 

at this plant at this plant 
are trying are trying 
to accom-to accom-

plish.plish.

When we look When we look 
at Sustainable at Sustainable 
Development Development 

Goal 7, two of Goal 7, two of 
the aims are to the aims are to 
increase ener-increase ener-
gy efficiency as gy efficiency as 
well as to use well as to use 
environmen-environmen-

tally friendly tally friendly 
technology.technology.

And while And while 
natural natural 

energy is a energy is a 
wonderful wonderful 

thing, it also thing, it also 
has stability has stability 
issues, so issues, so 

you're work-you're work-
ing on hydro-ing on hydro-

gen power gen power 
advancements advancements 
to help com-to help com-
pensate for pensate for 

that.that.

Are you Are you 
working on working on 
initiatives initiatives 
that will that will 
allow the allow the 
world's world's 

countries to countries to 
use energy?use energy?

Yes, Yes, 
we we 
are.are.

We're also We're also 
creating creating 

thermal pow-thermal pow-
er stations er stations 

that are envi-that are envi-
ronmentally ronmentally 
friendly and friendly and 
correspond correspond 

to each coun-to each coun-
try's avail-try's avail-

able natural able natural 
resources.resources.

Of course, Of course, 
we will we will 
continuecontinue
 to try  to try 
to use to use 

hydrogen. hydrogen. 
We're also We're also 
working working 

with Kenya with Kenya 
on their on their 
geother-geother-

mal power mal power 
initiatives.initiatives.
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Hold on! Hold on! 
I know I know 
this!this!

85% of 85% of 
their their 

electric-electric-
ity comes ity comes 

from from 
natural natural 
resourc-resourc-

es...es...

Oh, wow! So, Oh, wow! So, 
they were they were 

working with working with 
this company!this company!

We also have plans We also have plans 
to build a large-scale to build a large-scale 
hydrogen power plant hydrogen power plant 
in Utah in the United in Utah in the United 

States.States.

By breaking down the By breaking down the 
water using wind and solar water using wind and solar 

powered electricity, we powered electricity, we 
can make hydrogen, and can make hydrogen, and 

then use that newly made then use that newly made 
100% hydrogen for 100% hydrogen for 
hydrogen power.hydrogen power.

KenGen's 105MW Olkaria II Geothermal Power Plant.KenGen's 105MW Olkaria II Geothermal Power Plant.
Source: Kenya Electricity Generating Company (KenGen) PLCSource: Kenya Electricity Generating Company (KenGen) PLC
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Currently building a hydrogen power facility Currently building a hydrogen power facility 
that aims to raise hydrogen power use from that aims to raise hydrogen power use from 
30% to 100% hydrogen.30% to 100% hydrogen.

Planning a 100% hydrogen power plant.Planning a 100% hydrogen power plant.

Construction of an electrical power plant to allow Construction of an electrical power plant to allow 
for a switch over to 100% hydrogen.for a switch over to 100% hydrogen.

Hydrogen production and construction of a 100% Hydrogen production and construction of a 100% 
hydrogen power plant.hydrogen power plant.

Construction of a 30% hydrogen Construction of a 30% hydrogen 
power plant.power plant.

Hydrogen and ammonia production via natural energy sources.Hydrogen and ammonia production via natural energy sources.

Chapter 4: A Changing World

And so,  And so,  
they they 
were were 
also also 

able to able to 
learn learn 
about about 
their their 

efforts  efforts  
for for 

global global 
out-out-

reach reach 
as well.as well.
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EpilogueEpilogue

I told I told 
you that you that 
I have I have 
a solar a solar 
power power 
system system 
at home, at home, 
right?right?

That also That also 
helps with helps with 

energy energy 
conserva-conserva-

tion because tion because 
I can use I can use 

the energy the energy 
generated generated 

by it.by it.

Oh, that Oh, that 
makes makes 
sense.sense.
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You're You're 
trying to trying to 

accomplish accomplish 
the SDGs the SDGs 
on your on your 
own, too.own, too.

If you two try to If you two try to 
be mindful about be mindful about 
using energy you using energy you 
can proudly say can proudly say 
you're working you're working 

toward them too. toward them too. 

This is an This is an 
older tur-older tur-

bine...bine...
The fac-The fac-

tory head tory head 
told us.told us.

She said that She said that 
it hasn't been it hasn't been 

even a hundred even a hundred 
years since years since 

the first gas the first gas 
turbine was turbine was 
invented. The invented. The 

gas turbine is gas turbine is 
younger than younger than 
the airplane.the airplane.

This type This type 
of rapid of rapid 

advancement advancement 
is amazing.is amazing.

In the future, In the future, 
all types of all types of 
of erergy of erergy 

generation...generation...

will contin-will contin-
ue to change ue to change 
and evolve.and evolve.
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Huh?Huh?
Mr. Miya-Mr. Miya-

ma...?ma...?

It's not It's not 
time for time for 
science science 
classclass

This is This is 
supposed to supposed to 
be general be general 
study time. study time. 
Today we're Today we're 

learning learning 
about SDGs.about SDGs.

Yeah, I Yeah, I 
know.know.

But start-But start-
ing today, ing today, 
I'm now in I'm now in 
charge of charge of 
teaching teaching 
everyone everyone 
about the about the 

SDGs.SDGs.

I told the I told the 
principal principal 
that we that we 

should put should put 
solar pan-solar pan-
els on the els on the 
roof of the roof of the 
school...school...

…and …and 
then I got then I got 
asked to asked to 
teach you teach you 
all about all about 
the SDGs the SDGs 
instead.instead.

SchoolSchool
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This Book's GoalThis Book's Goal
It's been a while since someone said that children have It's been a while since someone said that children have stopped stopped 

reading books, but despite the existence of that very reading books, but despite the existence of that very 

situation, I wondered why comic books and manga remain popular. situation, I wondered why comic books and manga remain popular. 

I believe that it is because manga and comic books are easy to I believe that it is because manga and comic books are easy to 

read for children, and they find them enjoyable.read for children, and they find them enjoyable.

Our company then decided to aim to turn educational materials Our company then decided to aim to turn educational materials 

into a comic book like this one. It needed to be educational while into a comic book like this one. It needed to be educational while 

also making it possible for children to want to continue reading also making it possible for children to want to continue reading 

all the way to the end without resistance. That was what led to all the way to the end without resistance. That was what led to 

the birth of the birth of the Gakken: Learning with Manga series.the Gakken: Learning with Manga series. The stories  The stories 

are compiled to expose elementary students encounter to a variety are compiled to expose elementary students encounter to a variety 

of aspects of real society which are deeply connected to their lives  of aspects of real society which are deeply connected to their lives  

through ample and accurate data and figures.through ample and accurate data and figures.

Furthermore, the series isn't just suitable as educational materials Furthermore, the series isn't just suitable as educational materials 

for general studies time at school, but is also very well-received for general studies time at school, but is also very well-received 

from both educators and parents. from both educators and parents. The Gakken: Learning with Manga The Gakken: Learning with Manga 

SeriesSeries has also been donated to elementary school libraries and  has also been donated to elementary school libraries and 

major public libraries.major public libraries.

●● Imparts a Vast  Imparts a Vast 
Amount of KnowledgeAmount of Knowledge

This book allows chil-This book allows chil-
dren to acquire vast dren to acquire vast 
amounts of knowledge amounts of knowledge 
through the themes through the themes 
presented and their presented and their 
arrangement, as well arrangement, as well 
as history, while pre-as history, while pre-
senting it in an easy to senting it in an easy to 
comprehend format. comprehend format. 
Each page has a piece Each page has a piece 
of trivia related to the of trivia related to the 
information and knowl-information and knowl-
edge presented on the edge presented on the 
page.page.

●● Useful for  Useful for 
General StudiesGeneral Studies

This book is useful This book is useful 
for helping to draw for helping to draw 
out a child's interest out a child's interest 
and concerns during and concerns during 
classes set aside for classes set aside for 
general studies.general studies.

●● Comic Book Format Comic Book Format

This allows children This allows children 
who aren't the stron-who aren't the stron-
gest of readers to still gest of readers to still 
enjoy the story as they enjoy the story as they 
progress.progress.

●● Bursting with  Bursting with 
InformationInformation

This book features a This book features a 
wide berth of pictures wide berth of pictures 
and illustrations. and illustrations. 
They're present to as-They're present to as-
sist with understanding sist with understanding 
while providing value on while providing value on 
their own as documents.their own as documents.

●● Features Themes  Features Themes 
& Jobs Based on & Jobs Based on 
Modern Society.Modern Society.

the stories are the stories are 
prepared with the prepared with the 
goal of getting goal of getting 
children interested children interested 
in work and modern in work and modern 
society in an easily society in an easily 
understood manner.understood manner.

●● Fulfills Their Desire  Fulfills Their Desire 
to Learn Moreto Learn More

Presents children with Presents children with 
specialized information specialized information 
about the unique work-about the unique work-
ings of a company and ings of a company and 
jobs so that it will jobs so that it will 
answer their questions answer their questions 
and concerns.and concerns.

Features of Features of the Gakken: Learning with Manga Series the Gakken: Learning with Manga Series 
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