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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
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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)

16



The Secrets of 

SDGs
Affordable and Affordable and 
Clean EnergyClean Energy

Supervision by Norichika Kanie 
(Keio University Graduate School of 
Media and Governance)

Manga by MAKO.
Composition by Noriyuki Irisawa

Mitsubishi Heavy Industries’ Efforts



Prologue……………………………………………………………………… 19

Article   What's Energy? Part 1 : How Fuel Cell Vehicles Work…………29

Chapter 1Chapter 1    No Energy? Big Problem!…………………………………… 30

Article   What's Energy? Part 2…………………………………………… 39

Chapter 2Chapter 2    How is Electrical Energy Created?………………… 40

Article   All Kinds of Ways to Generate Electricity………………………56

Chapter 3Chapter 3    The Secret Weapon is Hydrogen Power!… ………57

Article   What's Hydrogen?………………………………………………… 68

Chapter 4Chapter 4   A Changing World……………………………………………………69

Epilogue…………………………………………………………………………92

 About SDG 7 … …………………… 1
Table of

Contents



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!

S
u
s
t
a
in

a
b
l
e
 D

e
v
e
l
o
p
m
e
n
t
 G

o
a
l
 7

 is
 a

 p
l
e
d
g
e
 t

o
 "e

n
s
u
r
e
 a

c
c
e
s
s
 t

o
 a

f
f
o
r
d
a
b
l
e
, r

e
l
ia

b
l
e
, a

n
d
 s

u
s
t
a
in

a
b
l
e
 m

o
d
e
r
n
 e

n
e
r
g
y
 f

o
r
 a

l
l
."

S
u
s
t
a
in

a
b
l
e
 D

e
v
e
l
o
p
m
e
n
t
 G

o
a
l
 7

 is
 a

 p
l
e
d
g
e
 t

o
 "e

n
s
u
r
e
 a

c
c
e
s
s
 t

o
 a

f
f
o
r
d
a
b
l
e
, r

e
l
ia

b
l
e
, a

n
d
 s

u
s
t
a
in

a
b
l
e
 m

o
d
e
r
n
 e

n
e
r
g
y
 f

o
r
 a

l
l
."

Welcome Back Students

T
r
iv

ia
T
r
iv

ia



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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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!

2222

T
r
iv

ia
T
r
iv

ia

......

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
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 c
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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
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6
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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
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t
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e
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v
e
n
d
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h
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 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
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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.
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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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