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No Poverty

Zero Hunger
About one in nine people worldwide suffers from hunger daily. In 
addition, one in four children under the age of five suffers from stunting 
due to undernourishment. Hunger is a serious problem that is expected 
to spread in the future due to continued population growth. Cooperation 
from developed countries to promote sustainable agriculture is essential.

There are two types of poverty: absolute poverty and relative poverty. The 
former is to be poor in a global sense. About 9% of the world's population 
lives on less than $1.90 (about 200 yen) a day. The latter is to be poor 
compared to others in the same country. In Japan, approximately 2.8 million 
children (one in seven) cannot receive higher education due to poverty.

SDGs (Sustainable Development Goals) 
are global goals set up by the world 

to be achieved by 2030.
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Clean Water and Sanitation

Good Health and Well-Being

Gender Equality

Affordable and Clean Energy

Quality Education

Electricity is a convenient form of energy, but approximately eight hundred 
million people worldwide do not have stable access to it. There are also health 
problems caused by burning fuels to produce energy. We must expand access 
to electricity, but also prevent climate change and protect the environment. 
This is why renewable energy and hydrogen power generation are important.

More than two million people die yearly from diarrheal diseases, and 
more than eight hundred children under the age of five pass away 
every day. The main reasons are a lack of sanitary toilets and of daily 
access to safe water. Many children cannot go to school because they 
must travel for hours to fetch water from distant water sources.

In addition to physical differences, men and women also have different norms and 
roles constructed by society. These socially-constructed differences are called 
gender. Many young girls worldwide are not allowed to attend school simply 
because they are girls. Each year, twelve million women are forced to marry before 
turning eighteen, regardless of their will. These inequalities must be reduced.

About 770 million people in the world cannot read or write. Of them, two-thirds are 
women. There are many children who cannot attend school because helping at home is 
considered more important than education. If they don't know how to read, write, or do 
arithmetic, they cannot get a well-paying job, and thus cannot escape poverty. It is 
important to raise awareness of education's benefits and help it spread more widely.

Approximately 5.3 million children worldwide under the age of 
five die each year. About half of these are infants under one 
month old. Millions, including adults, also die each year from 
various infectious diseases. This is due to poor sanitation and 
the lack of access to hospitals and vaccinations.



Responsible Consumption and Production
Every year, about a third of the world's food (about 1.3 billion tons), 
is spoiled, lost, and wasted. In Japan, each person throws away the 
equivalent of one rice ball every day. Forest resources, aquatic 
resources, and underground resources such as oil will also run out 
if no action is taken. We must all work together to eliminate waste.

Sustainable Cities and Communities
Today, nearly 3.5 billion people, about half of the world's population, 
live in cities, seeking work. However, densely populated cities have 
poor living conditions with more pollution and crime. These areas are 
also vulnerable to natural disasters. We need to create cities that are 
resilient to disasters and where a diversity of people can live safely.

Reduced Inequalities
In today's world, the richest 10% make 40% of global income, 
while the poorest people earn only a combined total of 2–7%. 
We must help the poor achieve higher, more stable income. 
Inequality and discrimination based on race, ethnicity, religion, 
disability, and gender must also be eliminated.

Industry, Innovation and Infrastructure
Infrastructure refers to the systems and services we need to live in a 
society, such as roads, railroads, electricity, gas, phones, water, and 
sewage systems. Many people in the world do not have access to 
sufficient infrastructure. For worldwide growth, we must build a 
disaster-resilient, stable infrastructure and develop new technologies.

Decent Work and Economic Growth
Approximately 150 million children in the world are forced to work 
due to poverty. In Japan, death by overwork is a persistent problem. 
Conversely, hundreds of millions of people worldwide are 
unemployed and looking for work. We must build a world where 
everyone can work in humane conditions with a sense of fulfillment.



Peace, Justice and Strong Institutions

Climate Action

Life on Land

Partnerships for the Goals

Life Below Water

Humans cannot live alone. The same is true for nations. Both 
developed and developing countries must support and cooperate 
with each other on an equal footing. The world must work together 
to achieve the SDGs. It is essential that each individual becomes 
aware of these issues and actively works to build partnerships.

Conflict and violence are difficult to eliminate from human society. About one 
in nine children worldwide live in areas of conflict. The rate of death before 
the age of five among these children is more than twice that of other regions. 
Improving the social environment through institutions such as governments 
and justice systems is considered an effective way to reduce conflicts.

The world's forests are shrinking. Logging is depleting trees in 
large amounts, destroying animal habitats. Invasive species 
introduced by humans are preying on native species. The loss 
of biodiversity and the destruction of ecosystems caused by 
humans are also beginning to seriously impact human life.

Our oceans, rich with life, are being polluted by large amounts 
of garbage and wastewater produced by humans. 
Sea creatures are being poisoned by harmful substances, which 
are then consumed by humans, endangering their health. Some 
species are in danger of extinction due to overfishing.

Climate change is caused by greenhouse gases that humans produce, such as 
carbon dioxide.  Climate change increases water vapor in the air, resulting in 
frequent abnormal weather events such as torrential rainfall, large typhoons, 
and droughts. Sea levels are rising, and land areas are being submerged. 
People around the world must work together to reduce greenhouse gases.



Dear Readers,
The Gakken: Learning with Manga series 
answers your questions and provides interesting 
information in comic book form.
•The Secrets of SDGs 7 includes many facts and 
figures to help you understand the future of 
energy.

•Trivia is included on almost every page.
•This book was made in cooperation with 
Mitsubishi Heavy Industries, 
which provided informational 
assistance and materials.

•Unlike English comics, which 
are read from left to right, 
Japanese manga are read 
from right to left.



The Secrets of 

SDGs
Affordable and 
Clean Energy
This is night in Reykjavik, the capital of 
Iceland, located in northern Europe. These 
city lights are all powered by renewable 
energy.
Sustainable Development Goal 7 was 
established to solve the world's energy 
problems. This book will help you think 
about how we can achieve that goal. 
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Energy Powers Our Lives
First, let's look at how energy is used in our First, let's look at how energy is used in our 
daily lives. We use many appliances powered by daily lives. We use many appliances powered by 

electricity or fuel. These machines electricity or fuel. These machines 
move, produce light and sound, move, produce light and sound, 
provide heating and cooling, and provide heating and cooling, and 
perform many other actions to perform many other actions to 

make our lives easier.make our lives easier.

Microwave
Electricity Heat

Hair Dryer
Electricity Heat & Motion (Airflow)

Dishwasher
Electricity Motion

Electric Stove
Electricity Heat

Refrigerator
Electricity Heat (Cooling)

LED Lamp
Electricity Light

Electric Kettle
Electricity Heat
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Bathtub
Fuel Heat or

Electricity Heat

Car
Gasoline Fuel Heat Mechanical Energy

Motion (Gasoline Car)
Hydrogen Fuel Electricity Motion (Fuel Cell Vehicle)
Electricity Motion (Electric Car)

These actions require power, which we These actions require power, which we 
call energy. Electrical energy is particularly call energy. Electrical energy is particularly 
useful because it can be easily converted useful because it can be easily converted 
into other forms of energy.into other forms of energy.
To learn more, see page 39.To learn more, see page 39.

Washing Machine
Electricity Motion

Air Conditioner
Electricity Heat & Heat (Cooling)

Lamp
Electricity Light

Music Player
Electricity Sound

TV
Electricity Light & Sound
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The World’s 
Energy Problems

A Gap in ResourcesA Gap in Resources

Limited ResourcesLimited Resources

Some countries have more resources than others

Some countries depend on other countries for resources

Resources such as oil, coal, and Resources such as oil, coal, and 
natural gas are only produced natural gas are only produced 
in certain areas. This means in certain areas. This means 
countries do not have equal countries do not have equal 
access to resources.access to resources.

▲ �The Kern River Oil Field of California in the United States. 
Only a certain number of countries have oil fields.

Countries lacking in resources Countries lacking in resources 
must buy from countries that are must buy from countries that are 
rich in resources. Because they're rich in resources. Because they're 
dependent on other countries, dependent on other countries, 
there is always a risk that the there is always a risk that the 
other country will cut off their other country will cut off their 
supplies. This means the supply supplies. This means the supply 
of resources is unstable.of resources is unstable.

▲ �Atsumi Thermal Power Station (Aichi Prefecture, Japan). Oil imported to Japan on tankers 
is carried to it through these pipelines.  Japan depends heavily on other countries for oil.

The Earth has plentiful resources, but they have a limit.The Earth has plentiful resources, but they have a limit.
We must think ahead for when they're gone.We must think ahead for when they're gone.

A large coal mine in Russia.A large coal mine in Russia.

Energy is useful, but its production 
consumes resources and emits 
greenhouse gases. Let's see what 
kinds of problems this presents.
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Abnormal weather worldwide

Greenhouse gases are increasing

Climate ChangeClimate Change

▲ �The number of cars and motorcycles is increasing in Kathmandu, the capital of 
Nepal. The large amount of exhaust emissions is becoming a problem.

▲ A collapsing glacier. It is said that the Earth is losing a trillion tons of ice each year.

▲ �Some countries are losing land to 
rising sea levels.

▲ �Warmer air holds more water vapor, thus causing an increase 
in the occurrences of cloudbursts and related damage.

Shutterstock.com

Shutterstock.com Shutterstock.com

OlegD / Shutterstock.com

When energy is produced or fuel is burned, When energy is produced or fuel is burned, 
greenhouse gases such as carbon dioxide, greenhouse gases such as carbon dioxide, 
methane, and nitrous oxide are emitted. methane, and nitrous oxide are emitted. 
These emissions contribute to climate These emissions contribute to climate 
change.change.

Greenhouse gases prevent heat from Greenhouse gases prevent heat from 
escaping the Earth, thus warming the escaping the Earth, thus warming the 
planet. This melts continental glaciers and planet. This melts continental glaciers and 
increases the amount of seawater, causing increases the amount of seawater, causing 
ocean levels to rise in many areas. It is ocean levels to rise in many areas. It is 
also connected to an increase in disasters also connected to an increase in disasters 
caused by abnormal weather.caused by abnormal weather.



A composite image of the Earth at night taken from a satellite. 
Inhabited but dark areas show places without enough electricity.

Children in a village in India attend class in a dark classroom because their school has no electricity.

Villagers in Madagascar wash their clothes in 
the river and dry them on the bank because they 
have no electricity to power washing machines. Not Accessible to AllNot Accessible to All

About eight hundred million people have no access to electricity
Kononchuk Alla / Shutterstock.com

Travel Stock / Shutterstock.com

 Shutterstock.com　©NASA

Electricity is a very Electricity is a very 
convenient energy source, convenient energy source, 
but it requires power but it requires power 
plants, power lines, and plants, power lines, and 
other facilities to be used. other facilities to be used. 
About one in ten people in About one in ten people in 
the world still live without the world still live without 
access to electricity.access to electricity.



Affordable and Clean EnergyAffordable and Clean Energy
We have looked at some of the energy-related 
problems that Sustainable Development Goal 7 
was established to solve. SDG 7 aims to ensure safe 
and reliable energy access for all while protecting 
the global environment. Let's look through some 
materials on energy and the significance of SDG 7 
and think about energy-related issues together. 

How can we ensure a stable 
supply of electrical energy?

What would you do? Let's look at more specific data.

Sustainable Development Goal 7 
aims to solve these issues

What can we do to make these things happen?

How can we provide electricity 
to everyone in the world?

How can we produce electricity 
while reducing climate change?

7



The resource extraction yield is slowly decreasing 
as resources are being depleted. What will the world 
be like when you're an adult?

Uneven Distribution of Resources

Different Energy 
Self-Sufficiency 
Rates

One-third of the world's crude oil is produced in the Middle 
East. Together with North America and Russia, they supply 
more than half of the oil in the world. Over three-quarters of 
the world's coal is produced by five countries. It is clear that 
distribution of resources is not even.

This graph illustrates the 
energy self-sufficiency 
rates of different countries. 
Japan's self-sufficiency 
rate is currently very low. 
In a country like Japan that 
depends almost entirely 
on imported resources, a 
comfortable lifestyle cannot 
be taken for granted. 

Dwindling Resources

7.5 billion tons
（2017）

3.7 trillion ㎥
（2017）

Natural Gas

Europe, Russia, and other former 
Soviet Union countries 29%North 

America 26%
Middle East 18%

Asia & Oceania 17%

Africa 6%
Central & South America 5%

Coal

Indonesia 6%
Russia 5%

South Africa 4%
Germany 3%

Poland 2%
Kazakhstan 1% Other

China 
45%

India 10%

Australia 7%
United States 9%

139 years

Coal
(End of 2020)

(Unit: million barrels/day)

Oil
(End of 2020)

54 years

1.732 
trillion 
tons

49 years

Natural Gas
(End of 2020)

188 
trillion ㎥

115 years

Uranium
(January 2019)

6.2 
million 

tons

1.741 
trillion 
tons

Understand the reality of the world's energy through data.

From Nuclear Power and Energy Charts 2019

From the Japanese Agency for Natural Resources and Energy reporting of the BP Statistical Review of World Energy 2018 and IEA Coal Information 2018.

*�Renewable energy is energy collected from natural sources 
that do not run out. It does not emit carbon dioxide.

Coal
Crude Oil
Natural Gas
Nuclear Power
Hydro Power
Renewable energy* 
(geothermal, wind, solar, etc.)

Norway

United Kingdom

Canada

Germany

Australia

France

United States

Spain

700.3％

320.0％

175.8％

97.7％

70.4％

55.1％

37.4％

27.4％

Japan

South Korea

Luxembourg

16.0％

11.8％

5.3％ 2018 estimates from the IEA World Energy Balances 2019. 
Japan statistics from the Japanese Agency for Natural 
Resources and Energy's FY 2018 General Energy Statistics.

Remaining Mining Life and Reserves

Crude Oil
93 million barrels 

per day（2017）

Middle East 32

Russia 11

Africa 8

Asia & Oceania 8
Central & South America 7

Europe 4

North America 20

Other

8



Varying Ratios 
of Power 
Generation

Increase in 
Average Global 
Temperature

Power generation methods 
vary as they are linked with 
the country's resources.

This graph shows 
the average annual 
temperatures from 1891 
to 2020. You can see the 
temperature has risen 
about 1°C (1.8°F) over 
130 years. If no action is 
taken, the temperature will 
increase by another 1°C 
between 2041 to 2060.

Average Global Temperature Change

1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

0.3

0

-0.3

-0.6

-0.9

-1.2

From the Japan Meteorological Agency 2020 data, Learning Museum of the Forest and Forestry.

5-Year Average	 Trend

Japan
United States

Canada
United Kingdom

France
Germany

Italy
Denmark

Ireland
Sweden
Portugal

Spain
China

South Korea
India

Australia
Chile
Brazil

0％ 10％ 50％20％ 60％ 90％30％ 70％ 100％40％ 80％

From the Renewable Energy Institute’s March 2022 data.
Source: IEA Monthly Electricity Statistics—data up to December 2021 (March 2022) (Downloaded March 16, 2022)

Coal
Oil
Natural Gas
Nuclear Power
Natural Energy
Other
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▲︎ �A woman carrying manure. Manure and 
wood are used for cooking and heating. 
These emit health-damaging smoke.

Increase in Climate-Related Natural Disasters

Many People in Africa Are 
Without Electricity

Floods caused by cloudbursts, typhoons, tornadoes, droughts, forest fires, and other natural disasters are 
increasing in frequency around us.

Approximately 160 million people in developing 
countries in Asia and 600 million people in sub-
Saharan Africa cannot lead healthy lives because 
they have no access to electricity.

Charts based on the IEA's World Energy Outlook 2020.

People Without 
Access to 
Electricity by 
Region

Global Access to Electricity

People Without Access 
to Electricity 10%

People With Access 
to Electricity

Sub-Saharan Africa 
75.0%

Other 
4.9%

India 0.7%
Bangladesh 3.6%

Pakistan 5.8%

Myanmar 
3.5%

Other Asian countries 
6.5%

Worldwide total:
About 800 
million people

Denis Dymov / Shutterstock.com

2018

The Number of Climate-Related Natural Disasters

Münchener Rückversicherungs-Gesellschaft,NatCatSERVICE(2018)
1985 1990 1995 2000 2005 2010 2015

Typhoons, storms, severe rainfall Floods, landslides Drought, extreme high temperatures, wildfires

800

700

600

500

400

300

200

100

0

(The number of disasters)
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Wind TurbineGenerator

Geothermal Energy
Hydro Power

Thermal Power

Solar EnergyWind Energy

Nuclear Power

Pros and Cons of Different Energy Sources
How can we produce energy so that everyone in the world can have equal access to electricity while 
protecting the global environment? Let's look at the pros and cons of each energy generation method.

Aside from solar power, electricity is produced by turning 
turbines and generators in various ways. Let's look at the 
pros and cons of each method.

● Green: The source of energy or fuel powering turbines and generators

● Pink: Pros

● Blue: Cons

How to Ensure a Stable Energy Supply 
While Protecting the Environment

In light of the situation we've just seen, some companies are 
taking action toward SDG 7. Let's take a look at their efforts.

● Magmatic heat
● Force of dam water

● Natural gas, coal, biomass, etc.

● Sunlight● Wind

● No carbon dioxide emissions.
● Plants can only be built in certain 

locations.

● No carbon dioxide emissions.
● The construction of dams requires 

timber harvesting, which has a large 
impact on the surrounding environment.

● Stable production of power.
● Can flexibly respond to changes in demand.
● Emits carbon dioxide.

● No carbon dioxide emissions.
● Won't run out.
● Inconsistent due to varying sunlight.

● No carbon dioxide emissions.
● Won't run out.
● Inconsistent due to dependency on wind.

Generator

Water Turbine

Dam

Water

Electric Current

Sun

Solar Cell

Magma

Turbine
Generator

Cooling Tower
Geothermal Aquifer

Turbine
Boiler

Generator

● Thermal energy generated by nuclear fission

● Stable generation of large amount 
of electricity.

● Zero CO2 emissions during operation.
● Need to dispose of radioactive waste, and to 

take safety measures in case of an accident.

Generator

Turbine

Steam
Nuclear 
Reactor

Control Rods



*Calculated at the power generation facility of the GTCC hydrogen power project in the U.S.

Working Towards Sustainable Development Goal 7
Steps are already being taken toward solving energy issues and achieving Goal 7 of the SDGs. Let's look 
at the efforts of Mitsubishi Heavy Industries (MHI), a company involved in power generation systems.

Because hydrogen does not emit carbon dioxide when burned, it is gaining attention as a critical 
energy resource. MHI's transition to hydrogen power production will begin in 2025, using a mix of 
30% hydrogen and 70% natural gas fuel. This will reduce carbon dioxide emissions by 4.6 million 

tons* per year. In the future, hydrogen will be increased to 100%, 
achieving zero carbon dioxide emissions.
Plans are also underway to build a large-scale hydrogen power 
plant in Utah, U.S. Electricity generated by solar and wind power 
will be used to split water, producing hydrogen, which will then be 
used to generate electricity. The hydrogen will be stored in a large 
underground salt dome. MHI is involved in this project as well.

Hydrogen Power
Hydrogen+OxygenHydrogen+Oxygen
Uses the energy from when water is made.Uses the energy from when water is made.

CG render of a hydrogen power plantCG render of a hydrogen power plant

The Great Salt Lake in the U.S.The Great Salt Lake in the U.S.
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Advanced light water reactor “SRZ-1200”Advanced light water reactor “SRZ-1200”

Small Light Water ReactorSmall Light Water Reactor

Nuclear Power Generation

Nuclear power generation makes use of energy generated by the nuclear fission.
While renewable power generation is changed by  weather conditions, nuclear power generation is a 
stable power source that does not emit CO2 during operation and is not affected by weather change. 
MHI is developing an advanced light water reactor “SRZ-1200” that will ensure the world's highest 
level of safety. Furthermore, MHI is also developing small light water reactor based on MHI's 
cultivated nuclear energy technology.

Stable power source that does not emit COStable power source that does not emit CO22 during  during 
operation and is not affected by weather change.operation and is not affected by weather change.
Stable power source that does not emit CO2 during 
operation and is not affected by weather change.
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Reducing carbon dioxide emissions to zero is essential in combating cllimate change (Goal 13 of 
the SDGs). Therefore, it is necessary to make efforts to capture carbon dioxide from the air, too. 
MHI's carbon dioxide capture technology is capable of capturing over 90% of the carbon dioxide 
contained in flue gas from power plants and other sources. Utilizing the recovered carbon dioxide 
as a resource in the future is being studied.

Carbon Dioxide Capture Plant
Can recover more than 90% of carbon dioxide.Can recover more than 90% of carbon dioxide.

A carbon dioxide capture plantA carbon dioxide capture plant

14



How the GTCC (Gas Turbine Combined 
Cycle) Works

Excess heat from the gas turbine is also used to generate 
electricity in the steam turbine. This is a state-of-the-art 
facility that can significantly reduce carbon dioxide emissions.

Fuel

Generator

Generator

Air

Gas Turbine Generates 
steam using 
excess heat.Steam

Condenses steam 
into water.

Steam 
Turbine

Seawater Seawater

WaterHeat Recovery 
Steam 
Generator

A GTCC facility. Thermal power is a power source that can A GTCC facility. Thermal power is a power source that can 
flexibly adapt to demand and supports our daily lives.flexibly adapt to demand and supports our daily lives.

Renewable energy is environment-
friendly, but because energy generation 
depends on the weather, it requires 
storage batteries and systems that 
allow entire cities to share  electricity. 
As such, MHI has plans to employ 
state-of-the-art gas turbines that 
significantly reduce CO2 emissions to 
improve energy efficiency until a stable 
renewable energy system can be 
established.

Gas-Fired Power
Reduces carbon dioxide emissions by 65% compared Reduces carbon dioxide emissions by 65% compared 
to other generation methods.	to other generation methods.	

New 
Type
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▲ Solid oxide fuel cells (SOFC) provide the 
electricity and heat (which create steam and/
or hot water). The system aims to contribute 
the zero carbon dioxide emissions by utilizing 
hydrogen as fuel.

▲ A geothermal power plant in Kenya. With the construction of these power plants, Kenya's electrification rate increased from 
32% (2014) to 75% (2018). Kenya generates more than 85% of its electricity from renewable sources.

KenGen’s 105MW Olkaria II Geothermal Power Plant. Source: Kenya Electricity Generating Company (KenGen) PLC

Rainwater heated by 
underground magma 
produces steam, which 
rotates a turbine, 
producing electricity.

Geothermal Power Generation
Uses renewable energy. Uses renewable energy. 

Generate electricity from the heat of magma. Generate electricity from the heat of magma. 

Fuel Cells
Generate the electrical Generate the electrical 
power by the chemical power by the chemical 

reaction.reaction.

The system which can generate  the 
electrical power by the chemical reaction.
Various kinds of GAS can be applied as 
fuel. (For ex. Hydrogen, biogas,etc)
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ProloguePrologue

LooksLooks 
like theylike they 
put us input us in 
the samethe same 

classclass 
again,again, 
Hiroki.Hiroki.

What?What? 
IsIs 

thatthat 
a com-a com-
plaint?plaint?

Akari MiyamaAkari Miyama
(5th Grader)(5th Grader)

Hiroki TomonoHiroki Tomono
(5th Grader)(5th Grader)

OfOf 
coursecourse 

not!not! 
That'sThat's 
not itnot it 
at all.at all.

I was just thinkingI was just thinking 
how glad I amhow glad I am 

that you can helpthat you can help 
me study again!me study again!

Hey!Hey!
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Welcome Welcome 
to our to our 
school, school, 

Mr. Kenta Mr. Kenta 
Miyama!Miyama!
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Let's Let's 
give a give a 
warm warm 

welcome welcome 
to our to our 
new new 

science science 
teacher.teacher.

Kenta MiyamaKenta Miyama
(Elementary (Elementary 
School Sci-School Sci-

ence Teacher)ence Teacher)

He He 
has the has the 
same same 
last last 
name name 

as you, as you, 
Akari.Akari.

No way! No way! 
Kenta!?Kenta!?

Hi ev-Hi ev-
eryone! eryone! 
I'll be in I'll be in 
charge of charge of 
5th and 5th and 

6th grade 6th grade 
science!science!

Nice to Nice to 
meet you meet you 

all!all!

No way! No way! 
What a What a 

coincidence!coincidence!

He's my He's my 
cousin...cousin...

For For 
real real 
!?!?
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 r
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.

When When 
I think I think 

of of 
Ken-Ken-
ta...ta...

Uh, oh!Uh, oh!

That That 
little little 

bird’s in bird’s in 
danger.danger.

Just Just 
a bit a bit 

more...more...

Oops.Oops.

Prologue
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Kenta!Kenta!

You're in You're in 
high school high school 
now! Stop now! Stop 
doing such doing such 
dangerous dangerous 
things all things all 
the time!the time!
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That's That's 
Kenta. Kenta. 

But now...But now...



Science Lab

As you can As you can 
see, water see, water 
is a type of is a type of 

matter which matter which 
many things many things 
can be dis-can be dis-
solved in.solved in.

Speaking Speaking 
of which, of which, 
do you do you 

know what know what 
water is water is 
made of?made of?

Water's 
H2O, 

right?

So...So...
hydrogen hydrogen 
and oxy-and oxy-

gen?gen?

Nice!Nice!Someone Someone 
knows knows 
their their 
stuff.stuff.

To commem-To commem-
orate our orate our 
lesson on lesson on 
aqueous aqueous 

solutions...solutions...

...we're ...we're 
going to going to 

make real make real 
water with water with 
hydrogen hydrogen 
and oxy-and oxy-

gen!gen!

Com-Com-
memo-memo-
raterate
...?...?

You just You just 
want to want to 

do an ex-do an ex-
periment.periment.

HH
22O

 is
 w

h
a
t
's

 c
a
l
l
e
d
 t

h
e
 "c

h
e
m
ic

a
l
 c

o
m
p
o
u
n
d
" f

o
r
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a
t
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r
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t
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t
a
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d
s
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o
r
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w
o
 h

y
d
r
o
g
e
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 (H

) a
t
o
m
s
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n
d
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n
e
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x
y
g
e
n
 (O

) a
t
o
m
.

O
 is

 w
h
a
t
's

 c
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e
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e
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 c
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d
" f

o
r
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r
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y
d
r
o
g
e
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 (H
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t
o
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n
d
 o

n
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x
y
g
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n
 (O

) a
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o
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.

H
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 w

h
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 c
a
l
l
e
d
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h
e
 "c

h
e
m
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a
l
 c

o
m
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o
u
n
d
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a
t
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n
 (H

) a
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n
 (O

) a
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.
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注
ちゅう

）この実
じっ

験
けん

は必
かなら

ず学
がっ

校
こう

の理
り

科
か

の先
せん

生
せい

などの指
し

導
どう

の下
もと

で行
おこな

いましょう。

H
y
d
r
o
g
e
n
 w

a
s
 d

is
c
o
v
e
r
e
d
 b

y
 t

h
e
 E

n
g
l
is

h
 p

h
y
s
ic

is
t
 H

e
n
r
y
 C

a
v
e
n
d
is

h
 in

 17
6
6
.

H
y
d
r
o
g
e
n
 w

a
s
 d

is
c
o
v
e
r
e
d
 b

y
 t

h
e
 E

n
g
l
is

h
 p

h
y
s
ic

is
t
 H

e
n
r
y
 C

a
v
e
n
d
is

h
 in

 17
6
6
.

Note: Never do this experiment on your own. Always do it under the guidance of a science teacher.Note: Never do this experiment on your own. Always do it under the guidance of a science teacher.
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Prologue

H
y
d
r
o
g
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n
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a
s
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a
s
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e
e
n
 u

s
e
d
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a
s
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a
l
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e
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8
3
.

H
y
d
r
o
g
e
n
 g

a
s
 h

a
s
 b

e
e
n
 u

s
e
d
 in

 g
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a
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o
n
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c
e
 17

8
3
.

Inside Inside 
this hose, this hose, 
there is a there is a 
2:1 mixture 2:1 mixture 
of hydro-of hydro-
gen and gen and 
oxygen.oxygen.

A gas A gas 
with this with this 
ratio is ratio is 

known as known as 
a detonat-a detonat-
ing gas.ing gas.

When ignited, When ignited, 
the gas will the gas will 
do exactly do exactly 
as its name as its name 
implies and implies and 
release a release a 
burst of burst of 

both sound both sound 
and light!and light!

I call it I call it 
the "Gas the "Gas 
Detona-Detona-

tion Hose tion Hose 
Experi-Experi-
ment"!ment"!

Three...Three...

Two...Two...

One!One!
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Hydrogen and Hydrogen and 
oxygen re-oxygen re-

lease a mas-lease a mas-
sive amount sive amount 
of energy of energy 

when they're when they're 
combined.combined.

Just now, the Just now, the 
energy ap-energy ap-

peared in the peared in the 
form of light form of light 
and sound.and sound.

And also, heat. And also, heat. 
Take a closer Take a closer 
look at the look at the 

hose.hose.
It's all It's all 

fogged up, fogged up, 
right?right?

Prologue

It created vapor, It created vapor, 
and that formed and that formed 
water droplets water droplets 
when it cooled.when it cooled.

The The 
vapor is vapor is 
water, water, 
right?right?

Yes.Yes.
Water is a Water is a 

liquid at room liquid at room 
temperature, temperature, 
but it can be-but it can be-
come a solid come a solid 

in the form of in the form of 
ice, or a gas ice, or a gas 

in the form of in the form of 
water vapor.water vapor.
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AirAir

Motor
Fuel 
Cell

Hydro-
gen
Tank

WaterWater

Hydrogen
Oxygen

Electric 
Current

HydrogenHydrogen Fun note, Fun note, 
the car I the car I 

bought this bought this 
month is a month is a 
fuel cell fuel cell 
vehicle.vehicle.

It runs on the It runs on the 
energy produced energy produced 
when hydrogen when hydrogen 
and oxygen are and oxygen are 

combined.combined.

Instead Instead 
of gas of gas 
emis-emis-

sions, it sions, it 
releases releases 
water.water.

It's It's 
environ-environ-
mentally mentally 
friendly!friendly!

Today's Today's 
exper-exper-
iment iment 
was was 

super super 
inter-inter-
esting!esting!

Mr. Miyama's Mr. Miyama's 
pretty cool! I pretty cool! I 
think he's got think he's got 
me hooked on me hooked on 
science, now!science, now!

He's so He's so 
handsome handsome 
too! I'm too! I'm 

jealous you jealous you 
have a cous-have a cous-
in like him, in like him, 

Akari.Akari.

He was really mis-He was really mis-
chievous as a kid. chievous as a kid. 
His mom always His mom always 

got mad at him for got mad at him for 
doing reckless doing reckless 

stuff...stuff...

HM?HM?
Oh, nothing. Oh, nothing. 
I was just I was just 
thinking to thinking to 

myself.myself.

2828

T
r
iv

ia
T
r
iv

ia
T
h
e
 m

o
t
o
r
s
 o

f
 f

u
e
l
 c

e
l
l
 v

e
h
ic

l
e
s
 r

u
n
 u

s
in

g
 t

h
e
 e

n
e
r
g
y
 p

r
o
d
u
c
e
d
 w

h
e
n
 h

y
d
r
o
g
e
n
 a

n
d
 o

x
y
g
e
n
 a

r
e
 c

o
m
b
in

e
d
 t

o
 m

a
k
e
 w

a
t
e
r
.

T
h
e
 m

o
t
o
r
s
 o

f
 f

u
e
l
 c

e
l
l
 v

e
h
ic

l
e
s
 r

u
n
 u

s
in

g
 t

h
e
 e

n
e
r
g
y
 p

r
o
d
u
c
e
d
 w

h
e
n
 h

y
d
r
o
g
e
n
 a

n
d
 o

x
y
g
e
n
 a

r
e
 c

o
m
b
in

e
d
 t

o
 m

a
k
e
 w

a
t
e
r
.



In scientific terms, making something move or picking something up is calledIn scientific terms, making something move or picking something up is called 
"work." The power that lets something work is called "energy.""work." The power that lets something work is called "energy."

1. Hydrogen is put in1. Hydrogen is put in 
the vehicle.the vehicle.

Person

The person uses energy to work whenThe person uses energy to work when 
lifting a weight up. The energy the personlifting a weight up. The energy the person 
had is transferred to the weight thathad is transferred to the weight that 
was raised into the air.was raised into the air.

Now that the weight has energy, it 
will fall down, hitting the stake and 
performing work on it. In this way, 
energy is transferred through work.

Because gasoline performs work when it moves aBecause gasoline performs work when it moves a 
vehicle's engine, it is said to have energy. How-vehicle's engine, it is said to have energy. How-
ever, the fuel that a fuel cell vehicle uses isn'tever, the fuel that a fuel cell vehicle uses isn't 
gasoline. It's hydrogen. A chemical reaction usinggasoline. It's hydrogen. A chemical reaction using 
hydrogen to make water creates electricity, whichhydrogen to make water creates electricity, which 
is then used as energy by the fuel cell.is then used as energy by the fuel cell.

What's Energy? PartWhat's Energy? Part

How Fuel Cell Vehicles WorkHow Fuel Cell Vehicles Work

1

Weight

Stake

2. The2. The 
hydrogen hydrogen 
releases releases 
electrons.electrons.

3. Electrons flow, generating ener-3. Electrons flow, generating ener-
gy. This electricity makes the car's gy. This electricity makes the car's 
motor run.motor run.

4. The electrons attach to the positive4. The electrons attach to the positive 
pole, and this is where hydrogen and pole, and this is where hydrogen and 
oxygen are bound together, creating oxygen are bound together, creating 
water.water.
oxygenoxygen

ElectronsElectrons

-Pole-Pole

Oxygen naturally in the Oxygen naturally in the 
air enters.air enters.

+Pole+Pole
Water is Water is 
produced.produced.

Prologue

Fuel Cell Truck
Image: Tokyo R&D Co.,Ltd
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Chapter 1 No Energy? Big No Energy? Big 

Problem!Problem!

I'm having I'm having 
a hard time a hard time 
wrapping my wrapping my 
head around head around 
the SDGs.the SDGs.

The SDGs The SDGs 
are a group are a group 
of globally of globally 

shared goals shared goals 
to be achieved to be achieved 

by 2030 to by 2030 to 
preserve the preserve the 
earth and our earth and our 
way of life for way of life for 

the future.the future.



T
h
e
 p

r
o
t
o
t
y
p
e
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o
r
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y
d
r
o
g
e
n
 f

u
e
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e
l
l
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a
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v
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n
t
e
d
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3
9
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T
h
e
 p

r
o
t
o
t
y
p
e
 f

o
r
 h

y
d
r
o
g
e
n
 f

u
e
l
 c

e
l
l
s
 w

a
s
 in

v
e
n
t
e
d
 in

 18
3
9
.

By the By the 
year 2030, year 2030, 

we will we will 
be adults, be adults, 

right?right?

How are we How are we 
supposed supposed 
to know to know 

what to do what to do 
now? now? 

A A 
black-black-
out!?out!?

Looks Looks 
like it.like it.
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R
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.

My tablet My tablet 
still has still has 
plenty of plenty of 
battery battery 
life...life...

...but the ...but the 
internet is internet is 

out.out.

Oh, Oh, 
dear…dear…

What are we going What are we going 
to do? We can't to do? We can't 

turn on the TV, so turn on the TV, so 
we can't find out we can't find out 
what's happened.what's happened.
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Chapter 1: No energy? Big problem!

W
h
e
n
 p

r
e
p
a
r
in

g
 t

o
 l

a
u
n
c
h
 a

 r
o
c
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h
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 f

u
e
l
.

Looks like Looks like 
the whole the whole 

neigh-neigh-
borhood borhood 
is out of is out of 
power.power.

I was just I was just 
about to about to 

start pre-start pre-
paring din-paring din-
ner, too...ner, too...

That means That means 
the ice the ice 

cream in cream in 
the freez-the freez-
er is going er is going 
to melt.to melt.

Guess Guess 
we have we have 
to eat it to eat it 

now!now!

We can't do We can't do 
homework homework 
like this. like this. 
Maybe I Maybe I 

should go should go 
home.home.

It's pouring It's pouring 
outside! Not to outside! Not to 
mention dark. mention dark. 
Isn't it too Isn't it too 
dangerous?dangerous?

The The 
fridge fridge 
doesn't doesn't 
have have 

power, power, 
either.either.
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I'm about to prepare I'm about to prepare 
dinner, so why not stay? dinner, so why not stay? 
The power may come on The power may come on 
by the time we finish.by the time we finish.

It's a bit hard It's a bit hard 
to cook in the to cook in the 

dark, so is dark, so is 
frozen food frozen food 

okay?okay?

Oops!Oops!

I for-I for-
got…got…

I can't I can't 
use the use the 
micro-micro-
wave...wave...

That's That's 
right!right!

I'm I'm 
home!home!

OkayOkay
......
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Chapter 1: No energy? Big problem!
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Oh, your Oh, your 
dad's dad's 
home, home, 
Akari.Akari.

I heard I heard 
that light-that light-
ning struck ning struck 

a nearby a nearby 
telephone telephone 

pole.pole.

The inter-The inter-
net and net and 
phones phones 

are out...are out...

so I'm guessing so I'm guessing 
the power outtage the power outtage 

won't be fixed won't be fixed 
anytime soon.anytime soon.

I think I think 
I'll go I'll go 

home af-home af-
ter all.ter all.

Oh, Oh, 
Hiroki's Hiroki's 
here. Hi.here. Hi.

Okay, then Okay, then 
I'll walk I'll walk 
you home.you home.
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I would I would 
offer for Hi-offer for Hi-
roki to stay roki to stay 

the night the night 
with us…with us…

…but with …but with 
the power the power 

out, we can't out, we can't 
draw a hot draw a hot 

bath. I'm sure bath. I'm sure 
his family is his family is 

worried about worried about 
him, too.him, too.

Thank Thank 
you you 
very very 
much.much.

Take Take 
care, care, 
okay?okay?

I can I can 
hear hear 

sirens...sirens...
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The The 
next next 
day...day...

Good thing Good thing 
the power the power 

finally finally 
came back!came back!

It's hard It's hard 
to live to live 
without without 
power!power!

As we were As we were 
walking walking 

home, even home, even 
the conve-the conve-

nience store nience store 
was pitch was pitch 

black.black.

There were There were 
people who people who 

got soaked and got soaked and 
had to wait out had to wait out 
the rain there the rain there 
because they because they 
couldn't buy couldn't buy 
an umbrella.an umbrella.
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Look Look 
at this, at this, 
Hiroki.Hiroki.Isn't that Isn't that 

pretty pretty 
bad?bad?

Huh...eight Huh...eight 
hundred million hundred million 
is a lot. That's is a lot. That's 
120 million more 120 million more 
people than the people than the 
population of population of 

Japan.Japan.

It must It must 
be be 

really really 
tough.tough.

I mean, look at us. I mean, look at us. 
We couldn't read We couldn't read 

our books, or use our books, or use 
the air conditioner, the air conditioner, 
the microwave, or the microwave, or 
the refrigerator the refrigerator 
yesterday. It was yesterday. It was 

awful.awful.

If it's hot, I If it's hot, I 
guess you'd guess you'd 
have to use have to use 
a paper fan. a paper fan. 
Or warm up Or warm up 
using fire if using fire if 

it's cold.it's cold.

That means That means 
they don't they don't 

have washing have washing 
machines machines 

either. They either. They 
must wash must wash 
all their all their 

clothes by clothes by 
hand.hand.

I'm starting to I'm starting to 
understand what understand what 
the Sustainble the Sustainble 
Development Development 

Goals are trying Goals are trying 
to do...to do...
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What's Energy? PartWhat's Energy? Part 2

Microphones transform sound energy into electrical energy. LightsMicrophones transform sound energy into electrical energy. Lights 
change electrical energy into light energy. These are examples of howchange electrical energy into light energy. These are examples of how 
energy can change forms. This is especially important for "electricalenergy can change forms. This is especially important for "electrical 
energy" which is a convenient, easily changed form of energy.energy" which is a convenient, easily changed form of energy.

SpeakerSpeaker

Solar CellSolar Cell

MicrophoneMicrophone

MotorsMotors
GeneratorsGenerators

Electro-Electro-
thermal thermal 

EquipmentEquipment

BatteriesBatteries

Thermo-Thermo-
electric electric 

GenerationGeneration

Gunpowder Gunpowder 
ExplosionsExplosions

LightLight

ElectrolysisElectrolysis

FireFire

Thermal Thermal 
RadiationRadiation

Endothermic Endothermic 
ReactionReaction

Fuel & FoodFuel & Food

Nuclear Nuclear 
ReactorsReactors

Steam Steam 
EnginesEngines

FrictionFriction

InstrumentsInstruments

Sound Sound 
EnergyEnergy

Electrical Electrical 
EnergyEnergy

Light Light 
EnergyEnergy

Chemical Chemical 
EnergyEnergy

Motion and Motion and 
Potential Potential 
EnergyEnergy

Thermal Thermal 
EnergyEnergy

Nuclear Nuclear 
EnergyEnergy

Photosyn-Photosyn-
thesisthesis

Shock-Shock-
waveswaves

Increased Increased 
TemperatureTemperature
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Chapter 1: No energy? Big problem!
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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
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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.

4242

T
r
iv

ia
T
r
iv

ia



4343

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.

4848

T
r
iv

ia
T
r
iv

ia



4949

Chapter 2: How is Electrical Energy Created?

W
h
e
n
 a

n
 e

l
e
c
t
r
ic

 c
u
r
r
e
n
t
 f

l
o
w

s
 t

h
r
o
u
g
h
 a

 c
o
n
d
u
c
t
in

g
 w

ir
e
, a

 m
a
g
n
e
t
ic

 f
ie

l
d
 is

 f
o
r
m
e
d
 a

r
o
u
n
d
 t

h
e
 w

ir
e
.

W
h
e
n
 a

n
 e

l
e
c
t
r
ic

 c
u
r
r
e
n
t
 f

l
o
w

s
 t

h
r
o
u
g
h
 a

 c
o
n
d
u
c
t
in

g
 w

ir
e
, a

 m
a
g
n
e
t
ic

 f
ie

l
d
 is

 f
o
r
m
e
d
 a

r
o
u
n
d
 t

h
e
 w

ir
e
.

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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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!



Chaper 3: The Secret Weapon is Hydrogen Power!

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.

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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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.
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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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Fuel 
Nozzle

Ignition 
Position

Fuel 
(Hydrogen)
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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.
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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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Multidisciplinary Multidisciplinary 
LaboratoryLaboratory
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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
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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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