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"Affordable and Clean Energy"

This is goal 7 of the SDGs.

There are nearly 800 million people in the world today who don't have
access to electricity.

Everyone should be able to conveniently use electricity to live healthy lives.
But we also need to prevent global warming.

What can we do?

To solve that problem, let's think about new ways and technology to
generate electrical energy, starting with hydrogen power!
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SUSTAINABLE ™ "
DEVELOPMENT ‘«.&ALS

SDGs (Sustainable Development Goals)
are global goals set up by the world
to be achieved by 2030.
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o No Poverty

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.

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.
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Good Health and Well-Being

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.

Quality Education

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.

Gender Equality

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.

Clean Water and Sanitation

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.

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.




DECENT WORK AND
ECONOMIC GROWTH

i

INDUSTRY, INNOVATION
AND INFRASTRUCTURE

1 REDUCED
INEQUALITIES

N
{=)

v

12 Sovwenon
AND PRODUCTION

O

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.

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.

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.

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.

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.
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Climate Action

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.

Life Below Water

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.

Life on Land

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.

Peace, Justice and Strong Institutions
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.

Partnerships for the Goals

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.
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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.
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(Energy Powers Our Lives

First, let's look at how energy is used in our
daily lives. We use many appliances powered by
electricity or fuel. These machines
Hair Dryer move, produce light and sound,
Electricity=> Heat & Motion (Airflow) provide heating and cooling, and
perform many other actions to
make our lives easier.

Microwave

Dishwasher

Electricity=> Motion

Electric Stove

@ mmmmmmm e m e mm e m— e —————————————————

Electricity=> Heat

Refrigerator

Electricity=> Heat (Cooling)

LED Lamp

Electricity= Light

e m e m e m e mm e m e m e m e ——— e m e ——————————————————————
[y

Electric Kettle

Electricity= Heat



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

Electricity=> Motion

Bathtub

Air Conditioner Fuel= Heat or
Electricity=> Heat & Heat (Cooling) Electricity= Heat

Lamp Music Player

Electricity= Light Electricity=> Sound

-

Gasoline Fuel=> Heat=» Mechanical Energy
=» Motion (Gasoline Car)

Hydrogen Fuel=> Electricity=> Motion (Fuel Cell Vehicle)
Electricity = Motion (Electric Car) TV

Electricity= Light & Sound
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A The Kern River Oil Field of California in the United States.
Only a certain number of countries have oil fields.
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Some countries depend on other countries for resources

F

Shunerﬁ

A 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.

We must think ahead for.when they're gone.
_,_.._-‘_:_ T e

The World’s
Energy Problems

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

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

Countries lacking in resources
must buy from countries that are
rich in resources. Because they're
dependent on other countries,
there is always a risk that the
other country will cut off their
supplies. This means the supply
of resources is unstable.
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A The number of cars and motorcycles is increasing in Kathmandu, the capital of
Nepal. The large amount of exhaust emissions is becoming a problem.
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Abnormal weather worldwide

& :
Greenhousejgases prevent heat from
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= also'connected toranlincrease in disasters
caused by/abnormal weather.

Shutterstock.com Shutterstock.com

A Some countries are losing land to A Warmer air holds more water vapor, thus causing an increase
rising sea levels. in the occurrences of cloudbursts and related damage.




Villagers in Madagascar wash their clothes in
the river and dry them on the bank because they
have no electricity to power washing machines.
Kononchuk Alla / Shutterstock.com

Electricity is a very
:'coh‘\*/"('e‘nf’i“e"nt energy source,
Ibutlitirequires power
plantsypower lines, and

@t-hf%‘eilities to be used.
PAboutlone in ten people in

Children in avillage in India attend class in a dark classroom because their sc
Travel Stock / Shutterstock.com 5%

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



(Sustainable Development Goal 7
aims to solve these issues

Affordable and Clean Energy

We have looked at some of the energy-related
problems that Sustainable Development Goal 7 What can we do to make these things happen?
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.

=3 AFFORDABLE AND
CLEAN ENERGY

How can we produce electricity How can we provide electricity
while reducing climate change? to everyone in the world?

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




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

7.5 billion tons  Uneven Distribution of Resources
(2017)

Kazakhstan 1% FOther
Poland 2%G Yy
South Africa 4% —— °\\
Russia 5%t \
Indonesia ’
Australia '4

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.

Crude Oil

93 million barrels
per day (2017)

United States
India 10%
Natural Gas

3.7 trillionm  Central & South Amer

Central & South America 5%

Africa 6%“

Europe 4

East 32

Asia & Oce (2017) Asia & Oceani
Europe, Russia, and other former Afric' )
Middle Eas Soviet Union countries 29% America 20
Russia 11
a26% ussia (Unit: million barrels/day)
From the Japanese Agency for Natural Resources and Energy reporting of the BP Statistical Review of World Energy 2018 and IEA Coal Information 2018.
700.3%
Norway [ L
Australia " fi320.0%
Canada 175.8%
United States 97.7%
United Kingdom I NI 70.4% Different Energy
France |55 1% 5 Coa gg{gg”ﬁ'c'ency
Germany L MM 57 4% ™ “ru9e O
Natural Gas
in D This graph illustrates the
0,
Spain 27.4% I Nuclear Power energy self-sufficiency
B Hydro Power rates of different countries.
16.0% e
South Korea | 2 o B Renewable energy* Jatpa_n's self-ilufflmenlcy
o ) rate is currently very low.
Japan I- 11.8% (geothermal, wind, solar, etc.) In a country like Japan that
o 2018 estimates from the IEA World Energy Balances 2019.  depends almost entirely
Luxembourg - 5:3% Japan statistics from the Japanese Agency for Natural on imported resources, a
Resources and Energy's FY 2018 General Energy Statistics. ~ comfortable lifestyle cannot

be taken for granted.

Remaining Mining Life and Reserves 139 years

115yeas - Dwindling Resources

The resource extraction yield is slowly decreasing

4 years as resources are being depleted. What will the world
ﬁs 5- be like when you're an adult?
Natural Gas Oil Uranium Coal )
(End of 2020) (End 0f2020) (January 2019)  (End of 2020) *Renewable energy is energy collected from natural sources
From Nuclear Power and Energy Charts 2019 that do not run out. It does not emit carbon dioxide.
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% . H
Varying Ratios
Japan
United States Of Power
Canada Genel‘atlon
United Kingdom
France Power generation methods
vary as they are linked with
Germany the country's resources.
Italy
Denmark
Ireland
Sweden
Portugal
Spain & Coal
China = il
South Korea Natural Gas
. & Nuclear Power
India B Natural E
atural Ene
Australia - Oth::r' ey
Chile

Brazil

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)

Average Global Temperature Change

= 5-Year Average = Trend

.2
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
From the Japan Meteorological Agency 2020 data, Learning Museum of the Forest and Forestry.

Increase in
Average Global
Temperature

This graph shows

the average annual
temperatures from 1891

t0 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.



Increase in Climate-Related Natural Disasters

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

The Number of Climate-Related Natural Disasters
[ Typhoons, storms, severe rainfall I Floods, landslides [ Drought, extreme high temperatures, wildfires
(The number of disasters)
800

700
600

500
400
300
200
100

0
1985 1990 1995 2000 2005 201
Miinchener Ruckversicherungs-Gesellschaft,NatCatSERVICE(2018)

Global Access to Electricity . .
Many People in Africa Are

Without Electricity

People With Access
to Electricity

People Without Access 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.

to Electricity 10%

People Without
Access to e '

. . _-—India 0.7%
Electricity by Bangladesh 3.6%
Region - Pakistan 5.8%

\
— Myanmar

| 3.5%

an countries

orldwide total:
About 800
million people

A A woman carrying manure. Manure and

wood are used for cooking and heating.
Charts based on the IEA's World Energy Outlook 2020. These emit health-damaging smoke.
Denis Dymov / Shutterstock.com
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How to Ensure a Stable Energy Supply
While Protecting the Environment

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 @ Green: The source of energy or fuel powering turbines and generators
turbines and generators in various ways. Let's look at the =~ @ Pink: Pros

pros and cons of each method. @ Blue: Cons
[ wind Energy | Solar Energy

( . ( .

@ Wind @ Sunlight . -

@ )
R Electric Current
Generator Wind Turbine \ ei\ = -
£ [s2 598 as
= — @ No carbon dioxide emissions.
@ No carbon dioxide emissions. @ Won't run out.
@ Won't run out. @ Inconsistent due to varying sunlight. )

L @ Inconsistent due to dependency on wind. )

Geothermal Energy

Hydro Power

Generator

[ ] Magmatic heat Generator
ine

@ Force of dam water

Magma

@ No carbon dioxide emissions. @ No carbon dioxide emissions.
@ The construction of dams requires @ Plants can only be built in certain
timber harvesting, which has a large \ locations. )

L impact on the surrounding environment. )

-
Thermal Power @ Thermal energy generated by nuclear fission

@ Natural gas, coal, biomass, etc.

Boiler Generator
{ Control Rods

Generator ~ Turbine

Nuclear
Reactor

@ Stable generation of large amount

of electricity.
@ Stable production of power. @ Zero CO; emissions during operation.
@ Can flexibly respond to changes in demand. @ Need to dispose of radioactive waste, and to
L @ Emits carbon dioxide. ) L take safety measures in case of an accident.

J

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.



working Towares 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.

Uses]thelenergyifromlwhenlwaterjisimade®

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.

12

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



Advanced lightwaterreactorgSRZ-1200%

Nuclear Power Generation

STabIe]powersource[thatlaocsInoemitlC O auring
e ) B e et Cy T CLEs

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.

SmallllightiWatedReactor




Can[recoverfmorelthani90%]Jof{carbon[dioxide?

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.

14
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How the GTCC (Gas Turbine Combined
Cycle) Works

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

Heat Recovery Water
Steam =
Fuel Generator

Air

Generator

] Generates . .
Gas Turb ioni
asTurbine  cam using significantly reduce: CO2 emissions to
Steam excess heat. improve energy efficiency until a stable
Generator —
Condenses steam renewable energy system can be

into water. established.

Seawater Seawater
Al e —
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.

15



Rainwater heated by

el Geothermal Power Generation
underground magma -

produces steam, which m renewalile @mm
rotates a turbine, W,
optmlvm eneratelelectricity)from @M ofimagma

KenGen'’s 105MW Olkaria IiGeothermalPower-Plant. Source: Kenya Electricity.Generating:Company-(KenGen) RLC

A 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.

Generate the eleeucal
V77 ower by the Chemical
G

A Solid oxide fuel cells (SOFC) provide the The system which can generate the
electricity and heat (which create steam and/ electrical power by the chemical reaction.
or hot water). The system aims to contribute Various kinds of GAS can be applied as

the zero carbon dioxide emissions by utilizin \
Y g fuel. (For ex. Hydrogen, biogas,etc)
hydrogen as fuel.
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LITTLE
BIRD'S IN

PROLOGUE

A
N

TRIVIA JAPAN'S REVISED "EFFORTS FOR ACHIEVING THE SDGS" LISTS "PLANET” AS A PRIORITY, WHICH FEATURES SDG 7 AIMS.
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<
> HYDROGEN AND
AND ALSO, HEAT. OXYGEN RE-
TAKE A CLOSER LEASE A MAS-
IT's ALL LOOK AT THE SIVE AMOUNT

FOGGED UP, HOSE.
RIGHT?

OF ENERGY
WHEN THEY'RE

IT CREATED VAPOR, JUsT NOW, THE
AND THAT FORMED ENERGY AP-
WATER DROPLETS PEARED IN THE
WHEN IT COOLED. FORM OF LIGHT

AND SOUND.

WATER IS A

LIQUID AT ROOM

TEMPERATURE, THE
BUT IT CAN BE- VAPOR 1S
COME A SOLID WATER,

IN THE FORM OF RIGHT?

ICE, OR A GAS
IN THE FORM OF
WATER VAPOR.
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OH, NOTHING.
I WAsS JusT
THINKING TO
MYSELF.

IT RUNS ON THE
INSTEAD ENERGY PRODUCED
OF GAS WHEN HYDROGEN
EMIS- AND OXYGEN ARE
SIONS, IT COMBINED.
RELEASES Air FUN NOTE,
WATER. ra THE CAR T
5 BOUGHT THIS
. VO MONTH 15 A
s o SO0 FUEL CELL
SR VEMICLE.
e B
ENVIRON-
MENTALLY Electric
FRIENDLY! Cyrent Fuel
w CeII
W
HE WAS REALLY M/S-
CHIEVOUS AS A KID. HE'S SO
HIS MOM ALWAYS HANDSOME
GOT MAD AT HIM FOR 00! T'M
DOING RECKLESS JEALOUS You "
STUFF... HAVE A cous- T&%Agé?
IN LIKE HIM, IMENT
AKARI. WAS
MR. MIYAMA'S
PRETTY COOL! T ey
THINK HE'S GOT Bl
ME HOOKED ON :
SCIENCE, NOW!

R\ "
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N
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PROLOGUE

WIHATRSNENERGAARARIE 1

IN SCIENTIFIC TERMS, MAKING SOMETHING MOVE OR PICKING SOMETHING UP IS CALLED
"WORK."” THE POWER THAT LETS SOMETHING WORK IS CALLED "ENERGY.”

Weight

Person

THE PERSON USES ENERGY TO WORK WHEN
LIFTING A WEIGHT UP. THE ENERGY THE PERSON
HAD IS TRANSFERRED TO THE WEIGHT THAT

NOW THAT THE WEIGHT HAS ENERGY, IT
WILL FALL DOWN, HITTING THE STAKE AND
PERFORMING WORK ON IT. IN THIS WAY,

WAS RAISED INTO THE AIR. ENERGY IS TRANSFERRED THROUGH WORK.

AT

HEOWRRCIEENCECERY
BECAUSE GASOLINE PERFORMS WORK WHEN IT MOVES A
VEHICLE'S ENGINE, IT IS SAID TO HAVE ENERGY. HOW-
EVER, THE FUEL THAT A FUEL CELL VEHICLE USES ISN'T
GASOLINE. IT'S HYDROGEN. A CHEMICAL REACTION USING
HYDROGEN TO MAKE WATER CREATES ELECTRICITY, WHICH
1S THEN USED AS ENERGY BY THE FUEL CELL.

Fuel Cell Truck
Image: Tokyo R&D Co.,Ltd

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

\\ I // + motor run.
1. Hydrogen is put in 4. The electrons attach to the positive
the vehicle. > - __ pole, and this is where hydrogen and
oxygen are bound together, creating
EIec_tron_s water.
oxygen
Oxygen naturally in the
"""""""""" air enters.
.|
2.The .
hyldrogen Water
releases ater is
electrons. -Pole ‘. produced.

29



@4V NO ENERGY? BIG
PROBLEM!

T

TSR 1;;.-&'.-

S EN AR AT I L

I'M HAVING
A HARD TIME
WRAPPING MY
HEAD AROUND
THE SDGS.

THE sDGS
ARE A GROUP
OF GLOBALLY

SHARED GOALS
TO BE ACHIEVED
By 2030 TO
PRESERVE THE
EARTH AND OUR
WAY OF LIFE FOR
THE FUTURE.

(




HOW ARE WE
SUPPOSED
TO KNOW BY THE
WHAT TO DO YEAR 20320,
NOW? WE WILL
BE ADULTS,
RIGHT?
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...BUT THE MY TABLET
INTERNET IS STILL HAS
our. ‘ PLENTY OF
’ BATTERY
LIFE...

WHAT ARE WE GOING
TO DO? WE CAN'T
TURN ON THE TV, SO
WE CAN'T FIND ouT
WHAT'S HAPPENED.

VIARLL
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CHAPTER 1: NO ENERGY? BIG PROBLEM!

0
.
g1
FRIDGE

I WAS JusT
ABOUT TO
START PRE-
PARING DIN-
NER, TOO...

DOESN'T

HAVE
POWER,
EITHER.

IT'S POURING
OUTSIDE! NOT TO
MENTION DARK.

ISN'T IT TOO

DANGEROUS?

23

WE CAN'T DO
HOMEWORK
LIKE THIS.
MAYBE 1
SHOULD GO
HOME.

LOOKS LIKE
THE WHOLE
NEIGH-
BORHOOD
IS ouT OF
POWER.

GUESS
WE HAVE
TO EAT IT

Now!

THAT MEANS

THE ICE
CREAM IN
THE FREEZ-
ER IS GOING
TO MELT.
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AND MORE.

I'M ABOUT TO PREPARE
DINNER, SO WHY NOT STAY?
THE POWER MAY COME ON

BY THE TIME WE FINISH

S A BIT HARD
K, S0 1S

DAR
FROZEN FOOD

TO COOK IN THE

T

24

OKAY?
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CHAPTER 1: NO ENERGY? BIG PROBLEM!

I HeARD  {Welcop,q

THAT LIGHT- | ojgs OM, YOUR
NING STRUCK | jiaeecet DAD'S
A NEARBY Y. HOME,
TELEPHONE AKARI.
Soaked i ) POLE.

SO I'M GUESSING
THE POWER OUTTAGE
WON'T BE FIXED

THE INTER-

I THINK

T'LL 6O ANYTIME SOON. NET AND
PHONES
(20O ARE OUT
TER ALL.

OH,
HIROKI'S
HERE. HL.

OKAY, THEN
T'LL WALK

You HOME.

35




...BUT WITH
THE POWER
OuT, WE CAN'T
DRAW A HOT
BATH. T'M SURE
HIS FAMLLY IS
WORRIED ABOUT
HIM, TOO.

I wouLp
OFFER FOR HI-
ROKI TO STAY

THE NIGHT

WITH Us...

I CAN

HEAR
SIRENS...

36
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/]

A

A

W

!

THE POWER

GOOD THING
FINALLY
CAME BACK

IT'S HARD
TO LIVE
WITHOUT
POWER!

EVEN

THE CONVE-
NIENCE STORE

WALKING
BLACK.

WAS PITCH

AS WE WERE
HOME,

THERE WERE
PEOPLE WHO
GOT SOAKED AND
HAD TO WAIT ouT
THE RAIN THERE
BECAUSE THEY
COULDN'T BUY
AN UMBRELLA.

TRIVIA THE PROMOTION OF THE 3R INITIATIVE WAS PRESENTED BY JAPAN AT THE G8 SEA TSLAND SUMMIT IN JUNE OF 2004, AND WAS THEN IMPLEMENTED BY OTHER COUNTRIES.

27



ISN'T THAT

I MEAN, LOOK AT UsS
WE COULDN'T READ

THE REFRIGERATOR
YESTERDAY. IT WAS
AWFLL.

OUR BOOKS, OR USE
THE AIR CONDITIONER,
THE MICROWAVE, OR

IT MUsT

HUH...EIGHT
REiELY HUNDRED MILLION
OT. THAT'
TOUGH. A

120 MILLION MORE
PEOPLE THAN THE
POPULATION OF
JAPAN.

I'M STARTING TO
UNDERSTAND WHAT
THE SUSTAINBLE
DEVELOPMENT
GOALS ARE TRYING

THAT MEANS
THEY DON'T

HAVE WASHING L
MACHINES 3

GUESS YOU'D

EITHER. THEY
HAVE TO USE

MUST WASH
e A PAPER FAN.
CLOTHES BY OR WARM UIP
USING FIRE IF

IT'S COLD.

28
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CHAPTER 1: NO ENERGY? BIG PROBLEM!

ENERGYZ PART. 2

MICROPHONES TRANSFORM SOUND ENERGY INTO ELECTRICAL ENERGY. LIGHTS
CHANGE ELECTRICAL ENERGY INTO LIGHT ENERGY. THESE ARE EXAMPLES OF HOW
ENERGY CAN CHANGE FORMS. THIS IS ESPECIALLY IMPORTANT FOR “ELECTRICAL
ENERGY” WHICH IS A CONVENIENT, EASILY CHANGED FORM OF ENERGY.

~\

I

» Sound

K

Instruments Shock-
waves

Motion and i
: Light
Potential 5‘@%‘;' electric Energy
Energy Generation
GUE owder e e
ﬁ Friction f / :\ésl‘. SIS
Steam
ngmes /Thefmal @
/ Radiation
Endothermic
Thermal Reaction ey Chemical
Energy —e-——— Energy
Fuel & Food
\_/\/\/ S
Nuclear s { S
Reactors S %
Nuclear
Energy

39



HOW 1S ELECTRICAL
ENERGY CREATED?Z

WHAT A SUR-

ERS, KENTA!

PRISE! T NEVER
IMAGINED YOU'D
END UP ONE OF
AKARI'S TEACH-

IT'S FINE.
SHE CAN
CALL ME B
WHAT SHE 12
WANTS AT
HOME.

NOW, NOW,
AKARI. \
IT'S "MR. ESPE- /
MIYAMA,” CIALLY
REMEMBER? HIS

EXPERI-
MENTS!

15 L
THAT \\
507

. )

KENTA WAS
ALWAYS LIKE
THIS BIG BRO
WHO WAS AL-
WAYS GETTING

INTO TROU-

BLE...

...BUT NOW

HE'S REALLY

POPULAR AT
SCHoOL!

I USED TO MESS
UP A TON BECAUSE
I COULDN'T TELL THE
DIFFERENCE BETWEEN
TRYING NEW THINGS
AND BEING JUST
PLAIN RECKLESS.

you
KNOW,




A

N
=
s Nk, TV | WELL, LOOK
A LONG et & || sur i you know
waY 10 vouve ge- || HOW TO coNoucT
GO. cOME, KENTA. || AN EXPERIMENT
PROPERLY,
THERE'S NO
MORE DANGER.
IT'S NOTHING
BUT FUN!

EXPER/-

KENTA'S MENTING
REALLY WITHOUT
CHANGED BEING
NOW THAT RECKLESS,
HE'S ALL HUH. ..
GROWN UP.

“d3ALSYSIa IWYNNSL ANV 3XVNOHLAYZ MIOHOL 1LOZ 3HL 40 HLYWa3L1dY 3HL NI
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77( OM, RIGHT,
: r \

%&[] 7 WONDER
KENTA. HOW &O WHAT SORT
DID YOU HANDLE e g@ OF GROWN-
THE BLACKOUT & S yon
THE OTHER BECOME?

WHAT!? » l OH. THAT?
T WAS FINE.

HOW? N
o=

4



I HAD NO PROB-
LEM BOILING
WATER OR USING
MY HOT PLATE
TO COOK MYSELF
SOME YUMMY
STIR FRY.

THAT'S  HUH.
PRETTY
IMPRES-
SIVE.

WELL, MY CAR
IS A FUEL CELL
VEHICLE. IT GEN-
ERATES ELECTRIC-
ITY THROUGH A
CHEMICAL REACTION
BETWEEN HYDROGEN
AND OXYGEN, SO
I JusT USED THE
ELECTRICITY IT GEN-
ERATED TO POWER
MY HOME.

WHEN THE
WEATHER'S
CLEAR, IT GENER-
ATES ELECTRICITY
USING SUNLIGHT.
THAT WAY, EVEN
IF THERE IS A
BLACKOUT, T
CAN STILL UsSE
MY ELECTRON-
ICS IF THEY'RE
PLUGGED INTO
AN OUTLET.

I'M ALSO
ABLE TO
STORE
ELECTRICITY.
I HAVE A sO-
LAR-POWERED
CHARGING
SYSTEM ON
MY BALCONY.

G
Uy

VIARLL
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N CHAPTER 2: HOW IS ELECTRICAL ENERGY CREATED?

"PERFECT
PREPARATIONE
PREVENTS
POOR PER-
FORMANCE,"
HUH?

VIARLL

WHEN WE DID THAT
EXPERIMENT THE
OTHER DAY, YOU

SAID THAT SOUIND,
LIGHT, AND HEAT
ARE ALL ENERGY,

RIGHT?

HEY,
KENTA?

YUP, THAT'S
RIGHT. You

HAVE A GOOD
MEMORY.

‘A9d3N3 3AVS AFHL 05 ‘LHIIT OLNI ALIJIELD313 LA3ANOD ALo3dia s81nd LHIIN 431 Lnd
‘1HII1 $31V3d9 LV3H LYHL N3HL ‘LV3H OLNI ALIDIALO313 S3INVHD 81N8 LHIIN LNFOSIANYINI NY

...DOES

7 THAT MEAN

o IN SCIENTIFIC THAT ELEC- IF ELECTRIC-
/ TERMS, WHEN TRICITY CAN ITY 15 WHAT
% %\7\ THINGS MOVE WE BECOME POWERS THE
— CALL IT "MOTION". SOUND, LIGHTS, AND
P MOTION IS ALSO LIGHT, AND MAKES THE
$ A FORM OF HEAT? TV AND AC

ENERGY. WORK...

YEAH!
ELEC-
TRICITY
IS ALSO
ENERGY!




NEXT WEEK,
WE'RE GOING
TO START
LEARNING
ABOUT ELEC-
TROMAGNETS.
HAVE You
EVER HEARD

OF THEM?

you
KNOwW
WHAT?
i I'VE GOT

ONE ON

IN BOTH CAS-
ES, ELECTRI-
CAL ENERGY

1S BEING CON-

VERTED INTO

MOTION ENER-
GY. ELECTRI-
CAL ENERGY

1S EASILY

CHANGED INTO

OTHER FORMS
OF ENERGY

MAKING IT

VERY CONVE-

NIENT.

(mw]

FOR EX-
AMPLE, IF
YOU POWER
A VACUUM
CLEANER
WITH ELEC-
TRICITY, ITS
PARTS MOVE
TO sUCK UpP

DIRT.

You MAKE
AN ELEVATOR
MOVE WITH
ELECTRIC
ENERGY
TO CARRY
PEOPLE.

Elevator

WE TAKE THIS

CONDUCTING
WIRE AND
Ol TIT TO
< ANQE%E'R\,_ Iron Bolt g\
(Iron Core) A%

” A Thick Straw
(Cardboard works, too)

THIS IS AN
IRON BOLT
WRAPPED IN
A CONDUCT-
ING WIRE TO
FORM A COIL.

44
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CHAPTER 2: HOW IS ELECTRICAL ENERGY CREATED?

AsS WE
BRING THIS
PAPERCLIP
CLOSER...

MAGNETS HAVE

A NORTH AND
SOUTH POLE. TF

AS WE WE'RE SPEAK-
BRING A ING ABOUT THIS
COMPASS HERE COIL, THEN

CLOSE
TO IT...

THIS TIP IS THE
NORTH POLE.

\ SEE
HOW THE
SOUTH
3 POLE IS
YOU'RE~—V-
e 7 NG\ | RoTATNG
CLOSER?
O

THIS MECH-
ANISM 1S
CALLED AN
ELECTRO-
MAGNET.

YES, THAT'S
CORRECT.

...ELECTRIC-
ITY FLOWS
THROUGH
THE COIL,

MAKING THE

IRON CORE A




THE
SOUTH
AND
NORTH |
POLES [F

ARE RE-
VERSED.

ALSO, IF IF WE DIs-
WE CHANGE CONNECT THE
THE DIREC- BATTERY, THEN
TION OF THE IT LOSES ITS

FLOW OF MAGNETIC
ELECTRICI-

A DEVICE MADE
TO USE THESE
PROPERTIES
IS CALLED A
MOTOR.

THAT'S
RIGHT!
YOou GET

IT! THE ELECTRICITY

CONTROLS WHICH
WAY THE MAGNET

A
Uy

VIARLL

iL3N9YW ¥ 3W0238 11IM LI ANV ‘dn 3aNI1 OL Nodl
40 3aISNI $310d HLNOS ANV HLAON 3HL 1V 139

Paperclip

THIS IS A MODEL T
CREATED IN ORDER
TO EXPLAIN HOW A

MOTOR WORKS.

Paperclip
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WHEN
You ADD
ELECTRICTY...

47

HowW
DOES

IT SPIN,
THOUGH?

THIS IS
WHAT A
MOTOR [S.

THE ELECTRICAL
ENERGY BEGINS
TO ROTATE,
TRANSFORMING
INTO MOTION
ENERGY.




THE TIP OF THIS
COIL'S MAGNET
WIRE HAS HALF
OF ITS INSULA-
TION REMOVED.

Exposed Section

Exposed Section
(Electricity can ﬂow)_l (Electricity can flow)

Insulated Section
(Electricity cannot flow)

WHEN THE
SECTION OF THE
WIRE WHERE THE
INSULATION HAS
BEEN REMOVED

TOUCHES THE
PAPERCLIP, ELEC-
TRICITY FLOWS,
MAKING THE COIL
A MAGNET.

BUT THEN THE NORTH THE PART UP

POLE WILL JUST CON- HERE 16 THE

DO MR THE il
50 IT'S PULLED

WHAT HAPPENS | | 12 GNET BELOW, S0 TOWARD THE

THE IF, RIGHT THEN, THE SPINNING WILL

ELECTRIC- THE INSULATED SOUTH POLE OF

STOP WHEN IT GETS THE MAGNET

ITY sToPS PART TOUCHES TO THE BOTTOM,

jerce: By } BELOW AND BE-

RIGHT? GINS TO SPIN.

HMM. YEAH,
I SEE.

= f\

|
Silence

VIARLL
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CHAPTER 2: HOW IS ELECTRICAL ENERGY CREATED?

cooL!

S0 THE NORTH POLE
MOVES BACK UP TO THE 50O IT JusT
TOP, THE NON-INSULAT- KEEPS MOVING
ED PART TOUCHES THE WITH THE

PAPERCLIP, AND THE  MOMENTUM IT'S
WHOLE THING REPEATS.  SAVED UP.
THE ROTATIONAL MOVE-
MENT CAUSED BY THE
CHANGE IN THE MAGNET
CREATES A KIND OF

OH, T GET IT!
THEN IT WON'T BE
PULLED TOWARD

THE MAGNET
ANYMORE.

CORRECT.
IF WE DO
THAT, IT
LOSES ITS
MAGNETIC
FORCE.

Flow
finishes
N
HAVING THREE
ColLS ALLOWS ZHEEAE
THE MOTOR TO MOTOR. SEE
ROTATE MORE HOW THERE
THE PARTS  ARE THREE
ON EITHER cos?
SIDE ARE
MAGNETS.

REALLY?

MOTORS ARE
USED FOR ALL
SORTS OF
THINGS.

49



A 19TH DRIERS,
CENTURY WHO WAS ELECTRIC
ENGLISH SMART FANS, AND

SCIENTIST. ENOUGH TO THE LIET
THAT?

Trains

2AN)

Amusement
Park Rides

Ropeways
Vacuums
MICHAEL FARADAY - a
C1791-1867) e A
"THE FATHER OF ashing /M v
ELECTROMAGNETISM” Machines @,
BY MOVING A
REALLY!? MAGNET NEAR ...6HOULDN'T AtlfvTv’:'ggé\Tl ss TNOOITT
AT MOTION ENERGY 1 -e TiE ELECTRI-
el CONVERT INTO /x| "eNERGY CON-
LY GENERATE ELECTRICAL
ELECTRICITY. ENERGY? VERTS TO MOTION

ENERGY...

A
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WATCH AND
LEARN. IF
WE MOVE IT|
LIKE THIS...

YES, IT

DOES. | i

DOES THIS
MEAN ELECTRIC-
ITY 1S FLOWING
THROUGH IT?

THE PERSON
WHO DIscov-
ERED THIS
PRINCIPLE
WAS NONE
OTHER THAN
FARADAY.

YOU CAN
MOVE A
MAGNET
LIKE WE
JusT DID,

OR YOU CAN
MOVE THE
COolLs. THIS IS
WHAT WE CALL
GENERATING " A 7
ELECTRICITY. % ,,

=]



I'M PRET-
TY SURE... WAIT, DOES
RIGHT? THAT MEAN THAT
ELECTRICITY

GENERATED BY
POWER STATIONS
1S MADE BY MOV-
ING COILS AND
MAGNETS?

THAT'S
RIGHT.

THE AMOLUINT
OF ELECTRICITY
GENERATED |S DE-
TERMINED BY HOW
MANY TIMES THE
COlL 1S WRAPPED
AS WELL AS THE
ROTATION SPEED OF
THE MAGNET.

THIS IS THE COIL
THAT GENERATES
ELECTRICITY.

THIS IS A
ROTATING
MAGNET.

4,
%

A GIANT BUT HOW o

IMPELLER DOES IT

MAKES IT SPIN?

SPIN.

52
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THIS IS
CALLED
"POTENTIAL
ENERGY."

DOWNWARDS.

THINGS IN IT'S A FORM
HIGH PLAC- OF GENERAT-
ES POSSESS | No ELec-
ENERGY. THIS IS + TRICITY THAT
BECAUSE THEY /I USES
WANT TO FALL / A DAM.

FOR EXAM-

PLE, THERE'S
HYDROELEC-
TRIC POWER.

Generator

Rotating Magnet

Water
Turbine

THE IMPEL-
LERS USED IN
HYDROELECTRIC
POWER ARE
CALLED WATER
TURBINES.

A DAM COL-

LECTS WATER
AND THEN
IT THEN SYSTEMATI-
USES THAT  CALLY MAKES
FALLING FORCE IT FALL.
TO ROTATE
THE IMPELLER.
i
@OO00SH

Thaf's
inferesfing.




DO THOSE
METHODS SPIN
MAGNETS
AROUND, TOO?

AREN'T THERE
OTHER WAYS
TO GENERATE
ELECTRICITY,
LIKE THERMAL
POWER AND
WIND POWER?

WHAT'S
THE MOST
COMMON
KIND OF
POWER IN
JAPAN?

COM-
BINED,
THEY
PRODUCE
MORE
THAN 70%
OF OUR
ELECTRIC-
ITY.

LOOKS LIKE
IT'S THERMAL
POWER MADE
BY BURNING
NATURAL
GAS,
COAL,
AND
olL.

THOUGH,
SOLAR
POWER 1S
A BIT DIF-
FERENT.

NUCLEAR
AND GEO-
THERMAL
POWER

DOESN'T “CLEAN"
MEAN THAT YOU
SHOULD AVOID RE-
LEASING CARBON
DIOXIDE AS MUCH
AS POSSIBLE?

WE'RE LEARNING
ABOUT THE SPGS IN
SCHOOL. GOAL 7 IS

"AFFORDABLE AND
CLEAN ENERGY."
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THAT MEANS THAT A5 CLIMATE CHANGE
WE NEED TO CON-  CONTINLIES, WE'RE
TINUE TO REDUCE  GOING TO FACE EVEN
CARBON DIOXIDE  BIGGER PROBLEMS
EMISSIONS. LIKE EXTREME
WEATHER AND RISING
SEA LEVELS.

CHAPTER 2: HOW IS ELECTRICAL ENERGY CREATED?

CORRECT. BURNING
EARTH'S PRECIOUS
FOSSIL FUELS,
SUCH AS OIL, COAL,
AND NATURAL GAS,

pfg‘,ﬁig“,‘g IS CONNECTED TO

CONNECTED To  GLOBAL WARMING.
RISING TEM-
PERATURES.

N

™~ ”
s O\:
aso |[/1°

THIS SAYS THAT
KENYA GENERATES
85% OF THEIR ELEC-

%LNLEEJV? TRICITY USING NATURAL
ABLE ENERGY, PARTICULARLY
ENERGY." GEOTHERMAL ENERGY.
\ THAT'S PRETTY
7 REMARKABLE.

WE ARE
TALKING
ABouTt
NATURE,

RELIABLE.

\ AFTER ALL.
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IT MEANS WAYS
OF GENERATING
ELECTRICITY THAT
USE NATURE'S
FORCES LIKE WIND,
SUNLIGHT, AND
WATER. IT DOESN'T|
USE UP NATURAL
RESOURCES AND
DOESN'T RELEASE
CARBON DIOXIDE.




DIEFERENTY
ATE ELES

JENE

-
ey

THERE ARE MANY METHODS FOR GENERATING ELECTRICITY. NUMBERS ONE THROUGH SIX
ROTATE MASSIVE COILS AND MAGNETS TO GENERATE ELECTRICITY. LET'S EXAMINE THE
CHARACTERISTICS OF EACH.

VIARLL

Method

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

2. Hydroelectric
Power

Uses the force of
water falling to rotate
turbines, which turn
the generators.

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

4. Nuclear Power
Nuclear Power
Generation makes
use of thermal energy
generated by the
nuclear fission to

turn the generator by
rotating a turbine.

5. Wind Power

Uses the power of
wind to rotate propel-
lers, which turn the
generators.

6. Wave Power

Uses the rising and
falling of waves to
cause the expansion
and contraction of air
inside containers to
rotate turbines.

7. Solar Power

Uses sunlight to make
the electrons inside
solar batteries move,
generating electricity.

Fuel & Natural Resources

Natural gas, coal,
biomass, etc.

Benefits

Can reliably generate
large amounts of elec-
tricity.

Amount of energy gener-
ated can be adjusted.

Doesn't produce carbon
dioxide.

If the dam has enough
water, it can quickly
generate electricity when
needed.

Doesn't use up natural
resources.

Doesn't produce carbon
dioxide.

Can produce electricity
around the clock and

is unaffected by the
weather.

Stable generation of large
amount of electricity with
a small amount of fuel.
Zero CO2 emissions
during operation.

Doesn't use up natural
resources.

Doesn't produce carbon
dioxide.

Doesn't use up natural
resources.

Doesn't produce carbon
dioxide.

Doesn't use up natural
resources.

Doesn't produce carbon
dioxide.

Drawbacks

Produces carbon
dioxide.

Natural resources are
finite.

Constructing dams
has a massive impact
on the surrounding
environment.

Only available in
certain areas.

Radioactive waste.
Need to take safety
measures in case of
an accident.

Amount of electricity
generated depends

on the direction and
strength of the wind.

Very difficult to con-
struct structures that
can withstand the
frequently changing
ocean environment
and severe weather
such as typhoons
and high tides.

Amount of electricity
generated depends
on the weather.
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SO THE  WOW,
REVERSE THAT'S
PROCESS REALLY

OF A cooL!

MOTOR
GENERATES
THEN THAT ELECTRICI-
MEANS IF WE
COULD JusT
MAKE HUGE
MAGNETS OR
COILS ROTATE...

...THE PEOPLE
LIVING IN THOSE
AREAS COULD
USE ELECTRICITY
AND LIVE MORE
CONVENIENT
LIVES.

YEP. WHAT'S
IMPORTANT IS
WHAT WE USE
TO MAKE THEM

GEOTHERMAL
POWER IS AN-
OTHER FORM OF
NATURAL ENERGY!

WIND POWER IS A
FORM OF NATURAL

ENERGY. BUT
WITHOUT WIND

BUT WITHOUT ANY

VOLCANOES NEAR- BLOWING, You

BY, YOU CAN'T

CAN'T GENERATE
USE THAT, EITHER.

ELECTRICITY.




BUT T HEARD
THAT WHEN IT'S
CLOUDY OR IT
RAINS, IT DOESN'T
GENERATE MUCH
ELECTRICITY.
THAT SOUNDS
UNRELIABLE.

OUR NEIGHBORS
PUT SOLAR PANELS
ON THEIR ROOF.

THE SAME IS TRUE
FOR NUCLEAR
POWER PLANTS AND
HYDROELECTRIC
POWER DAMS. YOU
CAN'T BUILD ONE 2
WITHOUT AN APPRO- .
PRIATE LOCATION. ; s

THERMAL
POWER IS
RELIABLE, BUT
IT PRODUC-
ES CARBON
DIOXIDE.
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CHAPER 3: THE SECRET WEAPON IS HYDROGEN POWER!

THE GAS
DETONATION

HOSE EX-
PERIMENT!

[

l

5

7

ENERGY...
ENERGY...
HMM?
REMEMBER
THE HOSE
EXPERIMENT
FROM THE
OTHER
DAY...7

THAT'S RIGHT! T
ALMOST FORGOT
ABOUT THAT!

Science Office

THE ONE THAT
COMBINES OXYGEN
AND HYDROGEN!
I WONDER IF WE
COULD USE THAT

ENERGY?
WE SHOULD

A‘SIKA/@:I"' OH YEAH! T
LET'S ASK WONDER WHY T
MR. MIYAMA DIDN'T REALIZE

ABOUT IT.

59

IT TILL NOW?




MR. MIYAMA, WE
WERE THINKING ABOUT
THE SDGS ASSIGNMENT

YOU GAVE US...

CAN'T WE GENERATE

ELECTRICITY WITH

HYDROGEN AND
OXYGEN?

WHILE RESEARCHING, I

WHEN YOU BURN
HYDROGEN, THE
ONLY EMISSIONS
ARE WATER. NO
CARBON DIOXIDE!

LEARNED THAT THERE'S A
COMPANY CALLED MITSUBISHI
HEAVY INDUSTRIES WHICH
IS DEVELOPING TECHNOLOGY
FOR HYDROGEN POWER!

YOU CAN! IN
FACT, I WAS
JUST RESEARCH-
ING THAT NOW!
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FOR REAL!?
THAT'S SO
cooL!

CHAPER 3: THE SECRET WEAPON IS HYDROGEN POWER!
AND WOULD You
BELIEVE IT/? A

7

TO HIGH sCHOOL
WITH WORKS AT
THIS COMPANY
ON THEIR HY-
DROGEN POWER
PROJECT!

SO THEN T TOLD
THEM T WAS
INTERESTED AND
ASKED IF THEY
COULD TELL Me
MORE, AND THEY
SAID YES!

WANT TO
GO MEET

I WONDER
WHAT HYORO-
GEN POWER
GENERATION <~



I COULD sAY
THE EXACT SAME
THING TO You.

KAZUKI ISHIPA
(EMPLOYEE AT

MITSUBISHI HEAVY
INDUSTRIES)

NEVER THOUGHT
I'D SEE A TROU-
BLEMAKER LIKE
YOU BECOME A

STANDUP GLUY.

E

Mitsubishi Heavy
Industries Office

oo

You GOT IT. FIRST,
WHAT I WANT YOUu
TO KNOW IS THAT
THERMAL POWER IS
RESPONSIBLE FOR
MOST OF THE POWER
SUPPLY IN JAPAN AND
AROUND THE WORLD.

NICE TO MEET YOU. AND YOU TWO
PLEASE TEACH US MUST BE KEN-
ALL ABOUT HYDRO- TA'S STUDENTS

GEN POWER! I'VE HEARD SO

MUCH ABOUT.
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CHAPER 3: THE SECRET WEAPON IS HYDROGEN POWER!

UNLIKE NAT-
URAL ENER-
GY, THERMAL
POWER LETS US
GENERATE JUST
THE AMOUNT OF
ELECTRICITY WE
NEED, WHEN WE
NEED IT.

: Natural "

THERMAL POWER

GENERATES ELEC-

TRICITY ACCORDING
| TO THE AMOUNT OF,

FUEL. IT'S CON-

VENIENT BECAUSE
YOU CAN VARY IT

BASED ON HOW

MUCH FUEL You

UsE.

PRODUCE
CARBON DIOX
IDE, RIGHT?

WOW, T HAD
NO IDEA!

BUT EXACTLY.
THERMAL ACTUALLY, OUR
POWER THERMAL POWER
GENERA- GENERATION
TION EMITS EQUIPMENT IS
CARBON USED IN MORE
DIOXIDE. THAN 60 COUN-
TRIES AROUND
THE WORLD.
{g-COnKWh)
"7 __ Carbon Dioxide
| Emission Rates YES, BUT THE
HOWEVER, THE TECHNOLOGY HAS MADE
FACT REMAINS GREAT ADVANCEMENTS.
THAT WE'RE [ THE NEWEST THERMAL
PRODUCING POWER STATIONS, WHICH
CARBON DIOX- I BURN NATURAL GAS,
IDE, SO WE AT PRODUCE LESS THAN
MITSUBISHI ARE i HALF OF THE CARBON
THINKING OF DIOXIDE PRODUCED BY
CONVERTING EV- | _ Coal-Fired present | BURNING COAL. YET, IT
THAT'S ERYTHING OVER Thermal Power STILL GENERATES THE
BECAUSE HY- TO HYDROGEN SAME AMOUNT OF
DROGEN POW- POWER. ELECTRICITY.
ER DOESN'T
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WELL, THE
TOPIC ITSELF
1S ABIT

Q ! COMPLICAT-

ED, BUT...
‘ S

THIS CARD SHOWS
THE COMBUSTION OF
METHANE, WHICH 1S
THE PRIMARY COM-
PONENT OF NATURAL
GAS. "COMBUSTION"
MEANS TO BURN.

Methane  Oxygen

CHa+202

\ g

CO2+2H20

Carbon Dioxide Water

VIARLL
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you'LL
LEARN
IN SIXTH "BLRN" WE
MEAN THE ACT
OF SOMETHING
COMBINING
WITH OXYGEN
VIOLENTLY.

#"ON1w DO 4SY9 WANLYN a3143nIN, d3711V2 Sl ‘(4.9°652-) 2.291- OL NMOA

THIS IS AN
AMAZING
WAY TO
GENERATE
ELECTRICI-
TY, BUT IS
IT REALLY
THAT EASY
TO SWITCH

BUT IF YOU
LOOK HERE,
WHEN WE
MAKE HYDRO-
GEN COMBUST,
IT DOESN'T
PRODUCE CAR-
BON DIOXIDE,
RIGHT?

Hydrogen Oxygen

2H2+4+02
@

YOU WILL LEARN
MORE ABOUT

T CHEMICAL EQUA-
oL TIONS IN JUNIOR

cooL! HIGH SCHOOL.




QA /N
v =

VIARLL

200 S| YINWHO4 VIIW3HD SLI "SWOLY N39AXO OML ANV WOLY NOgdVv2 aNO 40 dn 3avw Sl 3diXold Nogdvo

24N

WE CAN
CUT OUR CAR-
BON DIOXIDE

[ CHECK OUT PAGE 12
h EMISSIONS
oW JUsT BY RE-
PLACING THE
\comausmlzs.

7

=

THAT WAY WE
JusT HAVE TO
REPLACE THE
COMBUSTORS IN
THE GAS TUR-

BINES.

2
i

THAT'S WHY WE
START BY MIXING
THE FUEL SO
THAT 307% OF IT
1S HYDROGEN.

CHAPER 3: THE SECRET WEAPON IS HYDROGEN POWER!

WELL, WE
WON'T
BE ABLE
TO DO IT
IMMEDI-
ATELY.

HAVEN'T YOU AL-
READY HEARD THAT
HYDROELECTRIC
POWER USES THE
FORCE OF WATER
TO ROTATE THE
WHEELS? WELL,
THERMAL POWER
USES HOT WINDS
TO SPIN THE TUR-

OH, RIGHT.
I HAVEN'T
EXPLAINED
THOSE YET.
TURBINES ARE
GIANT FANS
THAT SPIN
GENERATORS.

I ALSO
DON'T GET
WHAT A
COMBUSTOR
15.

WAIT A
SECOND.
"TURBINE"?
WHAT'S
THAT?







CHAPER 3: THE SECRET WEAPON IS HYDROGEN POWER!

BY THE
way,

YOU'VE = WE'RE
NEVER SEEN pENIAS ALREADY
A TURBINE f WORKING

BEFORE,
RIGHT?

IT'S WRITTEN

ALL OVER
YOUR FACE.

7
SEE: I'M PRETTY SURE

IT'S NOTHING LIKE
WHAT YOU'RE
IMAGINING. T WAS
SHOCKED WHEN I
SAW MY FIRST ONE

AFTER JOINING
THIS COMPANY.

yYou TWO
HAVEN'T
EITHER, T
SUPPOSE.




WPMT'@ ;WR@@,NJ? Hydrogen only creates water when combusted.

So, what is hydrogen exactly?

The Most
Common Element
in the Universe
Iron is.the most. common

element on Earth. When we
look-at the universe, hydrogen

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

thing: Our own sun is made

up of about 85% hydrogen.

WATER 1S SOMETHING
EVERYONE'S FAMILIAR
WITH.

The Smallest Element

Everything/in our world is
made up of elements. There
are more than a hundred

different types. Oxygen, \(()

aluminum, and iron are all ‘
elements, and hydrogen @
is the smallest.

The Lightest
Material

(] Hydrogen has one fourteenth
@— the weight of air. It's the light-
est material in the universe,
and in older times, hydrogen
gaswas used to fill weather, VAETRN
Cr\:_:) balloons and airships. Further-
more, hydrogen is harmless
to the human body, colorless,

transparent, tasteless, Ampl'e inthe
and odorless. Earth's Water
f Most of the air,we breathe
Hydrogen S . Hydrogen doesn't have hydrogenin
chemical symbolis H Molecule H2 it, but there's a lot of it in
which comes from the *h" o o our.water. Water.is made
s " . ro- ro-.
in"hydrogen." Hydrogen is éen éen up of oxygen and hydro-
a gas at room temperature, Atom Atom gen atoms and is
aliquid at-253°C (-423.4°F), denoted as H20.
and a solid at-259°C Normally, when hydrogen is in
Z, o gas form, it exists as a molecule
(-434.2°F). made up of two hydrogen atoms. Oxygen
Atom
Hydro- Hydro-
gen gen
Atom Atom
. Water
Ea5||y Burned > - Molecule H20
Hydrogen is:a gas that = -
burns very easily. It also - =
burns very rapidly and Burn to
ata high temperature. A Turn into Water

characteristic of hydrogen
is that it releases a massive
amount of heat energy.
when burned.

When mixed with oxygen and

ignited, it combusts, becoming
water. Unlike other gases, this
does not create carbon dioxide.
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el A CHANGING
WORLD.

MITSUBISHI HEAVY
INDUSTRIES TAKASAGO
(GAS TURBINE ASSEMBLY FACTORY)

THIS 1S MsS.

YAMAMURA. T3
SHE WILL Yo
BE SHOWING

UsS AROUND e

THANK You
FOR HAVING
us!

SACHI YAMAMURA
(TAKASAGO FACTORY
MANAGER)




THIS IS
WHAT A
REAL GAS
TURBINE
LOOKS
LIKE!?
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CHAPTER 4: A CHANGING WORLD

THOSE ARE
CALLED

IT's
ABOUT
FIFTEEN
METERS
IN LENGTH
AND FIVE
METERS
IN DIAME-
TER.

XY e
A

{ GAS TURBINES

I DIDN'T
REALIZE THAT

WERE THIS
BIG!

OF
COURSE!

THIS WHOLE
THING
SPINS?

WHEN IT'S
GENERAT-
ING ELEC-
TRICITY,
IT SPINS
3,600
TIMES PER
MINUTE.

IT'S KINDA
PRETTY IN A
WaAY...

IT SPINS
SIXTY
TIMES PER
@l SECOND.




THE PARTS OF A GAS TURBINE

2. The air is pushed

Compressor | into a combustor,
and the impeller

raises the pressure.

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

1. The turbine
takes in air.

[ Turbine (Blades) ]

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

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

THE WHOLE
THING WEIGHS
ABOUT ONE
HUNDRED
TONS. WELL?
SURPRISED?

I MEAN,

SOMETHING
THIS MASSIVE
SPINS THAT

FAST. IT'S
REALLY

SUR-
PRISED... J:
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MILLION HOMES.

T'LL SHOW YOou A
BIT LATER, BUT THE
POWER GENERATED

BY THIS TURBINE AND

A STEAM TURBINE

WORKING TOGETHER

AS A SET IS ENOUGH

TO POWER 1.5

BECAUSE
WE WANT
TO PRODUCE
THE MOST
ELECTRIC-
ITY AT
THE MOST
EFFICIENT

WHY DOES
IT SPIN SO

IT TAKES
IN 650 KILO-
GRAMS OF AIR
IN ONE SEC-
OND. IN FORTY
MINUTES, IT
COULD sUcCK
UpP ALL OF THE
AIR INSIDE OF
TOKYO DOME.

CORRECT. THE
OPENING EFFE-

CIENTLY TAKES IN

AIR AT A SPEED
OF MACH 1.2.

DOES THAT
MEAN CAR-

BON DIOXIDE| !

EMISSIONS
GO DOWN,
TOO?

EFFICIENT GAS
TURBINES CAN
GENERATE MUCH
MORE ELECTRIC-

SAME AMOUNT

LARGE AND

ITY WITH THE
OF FUEL.

NOW THAT
I LOOK
CLOSER, |/

THEY HAVE
A FUNNY

SHAPE.

THAT
MEANS IT
TAKES IN

S0 COOL,
I CAN'T
EVEN
IMAGINE!

650 KILO-
GRAMS OF
AR IN ONE
SECOND...
WAIT, BUT
AR ISN'T
VERY HEAVY,

MACH

SPEED! IT
MOVES 1.2
TIMES THE
SPEED OF




IS THIS

THEIR DE-
SIGN HELPS THEY'RE

ADJUST THE DESIGNED
FLOW OF AIR THAT WAY TO
AND HELP REDUCE AR
THE ENGINES RESISTANCE

OPERATE EF- CREATED

i\ FECTIVELY. WHEN MOVING

THROUGH THE
AIR AT HIGH
SPEEDS.

Do You
KNOW THAT
WINGS OF
JETS AND
SUPERSONIC
AIRCRAFT
HAVE
SPECIALLY

« DESIGNED

Yop.
BUT IF IT MELTED,
IT'D BECOME —

USELESS, SO L

WE ALSO WORK
a
i

BLADES.

TEMPERA- MADE

TURES, OF A
SPECIAL
METAL.

A

L
TO COOL THE
23

7

THAT'S

HOLY

THE INSIDES
OF THE
TURBINE

BLADES ARE

HOLLOW.

0 X

COOLING THE BLADES.
EVEN THOUGH THEY'RE

STILL REACHES MORE

THE AIR FLOWS
THROUGH THEM,

COOLED, THE AIR

THAN 400°C*.

*400°C = 752°F.

IT WOULD
MELT IF IT
WAS MADE
OF NORMAL
IRON. THIS
GAS TURBINE
HITS 1680°C*
WHEN IT'S
SPINNING.

R\ "

—

Uy
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CHAPTER 4: A CHANGING WORLD

You MIGHT NOT BE
ABLE TO TELL BY LOOK-
ING AT IT, BUT THAT GAS

TURBINE IS SLIGHTLY

WARPED AT THE BOT-

TOM, RIGHT AROUND
THE CENTER.

{
2ol L

IT DOES
WEIGH A HUN-

BUT IS IT OKAY

TO USE IF IT'S
WARPED?

WE ESTIMATE
THE WEIGHT
AND PLIABILITY
OF THE METAL
SO THAT IT
FITS TOGETHER

PERFECTLY.

75




T IT'S SO BlG,
ALy ls | Y BUT IT WAS

INCREDIBLY L CREATED WITH
4 awesome. LSS Vgd S0 muck

WE'RE NOT
SPINNING

ONE AT THE THIS 1S WHERE
MOMENT, | we TesT-sPN

SO TS | THE TURBINES.
SAFE TO

TAKE A
LOOK.
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CHAPTER 4: A CHANGING WORLD

THAT'S SINCE IT

MORE SPINS
THAN SIXTY
SIX TIMES IN
TIMES ONE SEC-
FASTER OND, THAT
THAN MEANS IT
JAPAN'S MOVES AT
BULLET F A SPEED
TRAIN! E OF TWO
THOUSAND
KILOME-
TERS PER

HOUR*!

THAT'S RIGHT.
THESE TURBINES CAN

MADE WELL ENOUGH
THAT THEY WON'T
BREAK DOWN THAT

ENTIRE TIME.

GENERATOR,

THAT'S TO
HELP IT MAIN- IT'S EQUIPPED WITH
TAIN TEM- ALL SORTS OF FEA-
WHEN IT'S PERATURES. TURES LIKE A TUBE
SPINNING, WE HAVE TO FOR SUPPLYING THE
JusT MAINTAIN THAT COMBLISTOR WITH
STANDING VERY HIGH FUEL, A TUBE FOR
HERE GETS TEMPERATURE WEIGHING THE FLEL,
CLOSE TO : OR IT WILL A THERMOMETER,
3 BE LESS EFFI- THERE'S AND MORE.
SOME-
THING
WRAPPED

>2000KPH=1242.7MPH

%Zﬂ#’i@ SPIN NONSTOP FOR
T . THEY"
CONNECTED WREE YEARS. THEY'RE

REALLY
Loup,




*650°C
=1202°F.

YOU HAVE A

SHARP EYE.

THAT'S BECAUSE
STEAM TURBINES
CAN ALSO GENER-
ATE ELECTRICITY.

LOOK!
THERE'S
ANOTHER
GENERATOR
CONNECT-
ED OVER

SO WE TAKE

THE HEAT, TURN

WATER INTO
STEAM, AND

THEN USE THAT
FORCE TO RO-
TATE A STEAM IS5
TURBINE WHICH

GENERATES

ELECTRICITY.

IT'S CALLED
GTCC.

THE GAS
EMISSIONS
ARE 650°C*,
SO IT'D BE
A WASTE
TO JusT
DISCARD THAT
= HEAT, RIGHT?

THAT TALL B‘;EM‘%‘AT
CHIMNEY HAS A s
HEAT RECOVERY B

STEAM GENETRA- e
TOR LINDERNEATH T
IT. IT USES THE i

GAS EMISSIONS e e
FROM THE GAS A

TURBINE TO BOIL e
ADVANCES

IN TECH-

NOLOGY.

I SEE.
THEY
REALLY

THOUGHT
THIS
THROUGH.

Water
—>

Heat
Recovery
Steam

Genetrator

Highly
Pressurized

Cools the steam *

andturns itback  Steam Turbine (200

into water. MW)

i _”””l—_
€2 2[ - Gas at 650° C
ator_ |1 :
Gas Turbine Uses leftover heat
(400 MW) to boil water,

producing steam.

Generate 600 MW of Electricity Combined
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THIS PRO-
CESS IS
REFERRED
TO AS "COM-
BINED CYCLE
ELECTRICITY
GENERA-

TION.”

SO WE'RE
ALREADY
REDUCING
OUR €Oz
EMIS-
SIONS!

WITH A
DESIGN LIKE
THIS, WE
CAN Use
THE SAME
AMOUNT OF
FUEL AS
BEFORE BUT
GENERATE 1.5
TIMES THE
AMOUNT OF
ELECTRICITY.

AND THAT
FORCE
MAKES

THE PISTON

ROTATE?

IT'S LIKE

A STEAM

LOCOMOTIVE!

WHEN THE
WATER
CHANGES
FROM A LIQ-
ulo 10 A GAS
IN THE FORM
OF STEAM,
ITS VOLUME
INCREASES
1,700 TIMES.

79

NO €Oz
EMISSIONS!
IT WILL
ONLY MAKE
WATER!

AND THIS IS
A COMBUS-
TOR FOR THE
NEXT STAGE
WHICH 1S 1007
HYDROGEN.
WE'RE SO
CLOSE TO
FINISHING IT.

WE ARE GO-
ING TO SWAP s
THIS WITH A
COMBUSTOR
INSIDE THE
GAS TURBINE
WE SAW
EARLIER.

AND NOW
IT'S TIME FOR
WHAT WE'VE

ALL BEEN
WAITING FOR!

THIS HERE

IS A COM-
BUSTOR THAT
HAS 307% OF
ITS FUEL RE-
PLACED WITH
HYDROGEN!




IT'S AMAZING &5
HOW QUICK-
LY YOU'RE
INVENTING
THINGS LIKE
THIS.

HOLD ON A

SECOND.
THESE
,,,,, THINGS

WELL, YEAH, NOW NOW, WE MAKE SLOW DON'T GET

THAT'S MR. TSHIDA. AND STEADY INVENTED
TRUE... THIS IT'S NOT PROGRESS BY OVER-
IS MY FIRST (T3 LIKE YOU'VE | | WORKING REALLY NIGHT,

YEAR AT THE o Z. EXPERIENCED | | HARD AND FAILING you
COMPANY. : THE WORK COUNTLESS

TIMES.

ALLOW ME TO
GIVE YOU AN
EXAMPLE. IT
TOOK CLOSE TO
FIVE YEARS FOR |
Us TO ARRIVE &
AT THIS FUEL
NOZZLE DESIGN.

80
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CHAPTER 4: A CHANGING WORLD

WHEN WE MIX
AIR AND HY-
DROGEN AND
TRY TO BURN

WHILE HYDRO-
GEN IS EASILY
BURNED, THAT
ALSO MAKES
IT A DIFFICULT

| (Hydrogen

Fuel *

L

/ =

Fuel Nozzle

THEM... Fuel FUEL SOURCE TO
ue WORK WITH.
Nozzle
HOWEVER, IF WE ..IT CAN
BUT THE DOWN-  INJECT THE AIR AND EASILY
SIDE OF THAT IS HYDROGEN SEPARATE- TRIGGER
THAT IT'6 MORE LY AND, TO A CERTAIN SOMETHING
LIKELY TO RE- EXTENT, LIMIT THE CALLED A
LEASE NITROGEN  LOCATION OF IGNITION, FLASH-
OXIDE, WHICH POL-  WE CAN PREVENT BACK
LUTES THE AIR. FLASHBACKS. ‘ WHERE
‘ THE FLAME
\//\—/ b
) BACK-
Air | l WARDS UP
._\;. THE FLEL

Ignition
Position

IT WouLD
DESTROY
THE ENVI-

RONMENT.

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.

NITROGEN
OXIDE IS DENOTED
AS NOx. IT'S ONE
OF THE CAUSES OF

PHOTOCHEMICAL




A

THAT IS
WHY WE DID
K;f,?j COUNTLESS
" EXPERIMENTS
AND FINALLY

CREATED THIS
FUEL NOZZLE
THAT PRE-
VENTS BOTH
FLASHBACKS
AND NOx.

AFTER ALL, HEY, THE
YOU'RE SHAPING SAME GOES
CHILDREN'S FOR ME. T
FUTURES. T JUST WANTED
JUST WANTED TO POINT
TO MAKE SURE IT OUT.
I WASN'T BEING
MISUNDER-

STOOD.

WE ALL
STILL HAVE
...WE CAN A LOT TO
MAKE A LEARN.
BETTER THAT'S
FUTURE. WHY...

*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. 82
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CHAPTER 4: A CHANGING WORLD

FIFTY YEARS
AGO? THEN IT
ISN'T RELATED
TO THE SDGS!

WE ALSO HAVE
PLANS TO SOON
START BUILDING
POWER GENER-
ATION FACILITIES
THAT USE THIS.

THIS IS ALSO
A 100% HYDRO-
GEN-FUELED
COMBUSTOR.
IT ISN'T VERY
WELL KNOWN,
BUT IT WAS
USED TO BURN
HYDROGEN AS
FAR BACK AS
FIFTY YEARS
AGO.

WHY WE'RE
WORKING
HARD TO

HURRY AND
PREPARE

GOOD-QUAL-
ITY PROD-
UcTs THAT
HAVE BEEN

TESTED
SO THAT
THEY'RE

AVAILABLE
FOR THE
WORLD.

WE WANT
WHAT WE
MAKE TO BE
AVAILABLE
THE MOMENT
IT'S NEEDED,
AND WE WANT
IT TO BE USED
FOR A LONG,
LONG TIME.

STILL, TALK OF
USING HYDRO-
GEN AS FUEL
REALLY DIDN'T
START PICKING
UP SPEED UNTIL
2014-2015 IN
EUROPE.

WHY DON'T
WE GO
CHECK IT
ourz

THE HYDRO-
GEN FOR
THE EXPER-
IMENT HAS
ARRIVED!



——
c—
—Fuel

Ha 2,

§ e

L4
Hydrogen Gash

wme T NT R

B
A

Flammable

E 1 *,
Maintain Your Distance

WHEN YOU MAKE
HYDROGEN, TOO, You
HAVE TO MAKE SURE
YOU DON'T RELEASE

€Oz, RIGHT? WHEN
HYDROGEN POWER
TAKES OFF FOR REAL,
HOW ARE YOU GOING
TO PROCURE THE
HYDROOGEN?

THE WORLD STILL
HASN'T REACHED

LARGE AMOUNTS.

THE AGE OF HYDROGEN,
S0 IT'S NOT EASY TO
GATHER HYDROGEN IN

* START BY CRE-

DOES THAT
MEAN YOU
BURY COz
GAS IN THE
GROUND!?

BUT FIRST, WE

ATING HYDROGEN
FROM NATURAL
GAS. COz IS RE-
LEASED WHEN

THAT HAPPENS,

BUT
WE CAN
STORE IT
UNDER-

SO THAT
LONG THING
| over THERE
o 1as HyoroO-
GEN IN IT,

THROUGH NATURAL

ONE DAY, WE
WILL BE ABLE TO
CREATE HYDRO-

GEN THROUGH
ELECTROLYSIS OF

WATER, WHICH

WILL BE POWERED

ENERGY SOURCES
LIKE WIND AND
THE SUN.
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HOW cooL.
THEY'RE NOT
JUsT TRYING TO
STOP MAKING
COz, THEY'RE
EVEN PLANNING
TO USE IT.

REMEMBER THAT
WE'RE CONDUCT-
ING RESEARCH
NOW INTO HOW
WE CAN MAKE
FUEL AND
PLASTIC GOODS
FROM CARBON
DIOXIDE.

MR.
ISHIDA,
YOU LOOK
SUR-
PRISED,
TOO!

THIS IS A
HYDROGEN

MULTIDISCIPLINARY
LABORATORY

THIS IS
A PRO-
JECTION
OF THE
ULTRAVIO-
LET RAYS
RELEASED
BY A
HYDROGEN
FLAME.




PLANTS AND ANI-
BURN THINGS MALS CONTAIN CAR-
BON IN THEM, SO WOoop IS AKARI, MOST
LIVING, YOU GET THEY ALL TEND TO OBVIOUS, OF THE FIRE
ALL SORTS OF GIVE OFF THE SAME BUT 6AS WE'RE USED TO
COLORS WHEN
THEY BURN,

he

Sodium  Potassium  Calcium

BUT WHEN YOoU
THAT AREN'T

—d

AND OIL  SEEING IS MADE

USED TO BY BURNING
BE PLANTS SOMETHING
AND ANI- THAT WAS
MALS AT LIVING.

ONE POINT,
TOO.

Copper
(Blue-
Green)

IT'S ONLY BEEN
BETWEEN ABOUT

500,000 TO THINK ABOUT THE
750,000 YEARS COLORS YOU SEE
SINCE HUMANS IN FIREWORKS.

DISCOVERED AMONG THEM,

FIRE. WE'VE HYDROGEN JUST
BEEN BURNING HAPPENS TO BE
LIVING THINGS COLORLESS.

AS FUEL AND

GENERATING

€Oz THE

WHOLE TIME.

2.
W

\//
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CHAPTER 4: A CHANGING WORLD

ARE YOU

Touched CRYING,

IF THAT HAPPENS,
SINCE IT'S THE
MOST COMMON

ELEMENT IN
SPACE, USING

A HYDROGEN COULD
BECOME

THE NORM.

THAT'S
RIGHT.
THINGS
WILL BE
CHANGING
IN THE
FUTURE.

IF THAT'S THE
CASE, THEN
JUsT LIKE THE B
SUN, HUMANI-
TY MIGHT END
UpP CREAT-
ING ENERGY
THROUGH
NUCLEAR
FUSION.

BUT IT'S ALL
JUST KINDA
REALLY
INCREDIBLE...

THERE'S SO OH?
MUCH T DON'T HUH? T
UNDERSTAND, WONDER

WHY?

BY THE TIME YOU
ARE ADULTS,
HUMANS MAY BE

TRAVELING TO

THE MOON AND

I LIKE THESE
INVISIBLE

MARS LIKE IT'S
NOTHING MAJOR.



EVEN COMPLICATED
SHAPES CAN BE
AUTOMATICALLY

CREATED ACCORDING

TO SPECIFICATIONS,

WHICH SAVES TIME.

VISITING THE TOMONI HUB
(A REMOTE MONITORING CENTER)
WE'RE CON-
NECTED TO A
NETWORK OF
POWER PLANTS
AROUND THE
WORLD AND ARE
ASSISTING THEM
WITH THEIR
OPERATIONS.

USING
AND THAT f' WE DO IT y ARTIFICIAL

16 HOW THE BECAUSE | INTELLIGENCE,
THREE WERE IT'S VERY WE CAN RUN
GIVEN A TOUR IMPORTANT SIMULATIONS
OF THE THAT WE TO SEE HOW
FAC/ILITIES. UNDER- GAS MOVES.

STAND WHY

IT MOVES
THE WAY IT
DOES.
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MEETING
zoom

WHEN WE LOOK
AT SUSTAINABLE
DEVELOPMENT
GOAL 7, TWO OF
THE AIMS ARE TO
INCREASE ENER-
GY EFFICIENCY AS
WELL AS TO USE
ENVIRONMEN-
TALLY FRIENDLY
TECHNOLOGY.

I NOW UN-
DERSTAND
WHAT IT IS
THE PEOPLE
AT THIS PLANT
ARE TRYING
TO ACCOM-
PLISH.

t‘ WE'RE ALSO
k4 CREATING ARE YOU AND WHILE
G | THERMAL POW- WORKING ON NATURAL
A ERSTATIONS INITIATIVES ENERGY IS A
THAT ARE ENVI- THAT WILL WONDERFUL
RONMENTALLY ALLOW THE THING, IT ALSO
FRIENDLY AND WORLD'S HAS STABILITY
CORRESPOND COUNTRIES TO 15SUES, S0
TO EACH COUN- use ENERGY? || YOU'RE WORK-
TRY'S AVAIL- ING ON HYDRO-
ABLE NATURAL GEN POWER
RESOURCES. ADVANCEMENTS
TO HELP COM-
PENSATE FOR
OF COURSE,
WE WILL THAT.
CONTINUE
T0 TRY
TO USE
HYDROGEN.
WE'RE ALSO
WORKING
WITH KENYA |
ON THEIR
GEOTHER-
MAL POWER
INITIATIVES.

89



HOLD ON!
T KNOW
THIS!

85% OF
THEIR
ELECTRIC-
ITY COMES
FROM
NATURAL
RESOURC-
ES...

KenGen's 105MW Olkaria Il Geotherrhal Power Plant.
Source: Kenya Eléectricity Generating Company (KenGen) PLC

BY BREAKING DOWN THE
WATER USING WIND AND SOLAR
POWERED ELECTRICITY, WE
CAN MAKE HYDROGEN, AND
THEN USE THAT NEWLY MADE
100% HYDROGEN FOR
HYDROGEN POWER.

WE ALSO HAVE PLANS
TO BUILD A LARGE-SCALE
HYDROGEN POWER PLANT

IN UTAH IN THE UINITED

STATES.

OH, WOW! 50,
THEY WERE
WORKING WITH
THIS COMPANY!
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CHAPTER 4: A CHANGING WORLD

United Kingdom
AND S0, o -
THEY Curreptly bwld'lng a hydrogen power facility
Wi that aims to raise hydrogen power use from
ERE 30% to 100% hydrogen.
ALSO

Southern United St
ABLE 7O

g #+.. Construction of an electrical power plant to allow,
LEARN . for a switch over to 100% hydrt
Asour e

THEIR
EFFORTS
FOR
GLOBAL
OUr-
REACH
AS WELL.

Construction of a 30% hydrogen

power plant. - Southern Australia

Hydrogen and ammonia production via n‘a,_EuraI energy sources.




THAT ALSO
HELPS WITH
ENERGY
CONSERVA-
TION BECAUSE
I CAN USE
THE ENERGY
GENERATED

I TOLD
You THAT
I HAVE
A SOLAR
POWER
SYSTEM
AT HOME,

92
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IF You TWO TRY TO
BE MINDFUL ABOUT
USING ENERGY YOU
CAN PROUDLY SAY
YOU'RE WORKING
TOWARD THEM TOO.

' 7 >
" '/’/f“\“

THE FAC-
TORY HEAD
70LD US.

YOU'RE
TRYING TO
ACCOMPLISH
THE SPGS
ON YOUR

THIS IS AN
OLDER TUR-
BINE...

WILL CONTIN-
UE TO CHANGE IN THE FUTURE, %%75
AND EVOLVE. ALL TYPES OF ADVANCEMENT
OF ERERGY 1S AMAZING.
GENERATION...

SHE SAID THAT
/T HASN'T BEEN
EVEN A HUNDRED
YEARS SINCE
THE FIRST GAS
TURBINE WAS
INVENTED. THE
GAS TURBINE /15
YOUNGER THAN
THE AIRPLANE.




BUT START-
ING TODAY,
I'M NOW IN
CHARGE OF
TEACHING
EVERYONE
ABOUT THE
SDGS.

THIS IS
SUPPOSED TO
BE GENERAL
STUDY TIME.
TODAY WE'RE
LEARNING
ABOUT SDGS.

...AND

THEN I GOT g

ASKED TO
TEACH You
ALL ABOUT
THE SPGS
INSTEAD.

I TOLD THe
PRINCIPAL
THAT WE

SHOULD pPUT

SOLAR PAN-

ELS ON THE

ROOF OF THE

IT'S NOT
TIME FOR
SCIENCE
CLAass
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THIS BOOK'S GOAL

IT'S BEEN A WHILE SINCE SOMEONE SAID THAT CHILDREN HAVE STOPPED
READING BOOKS, BUT DESPITE THE EXISTENCE OF THAT VERY

SITUATION, I WONDERED WHY COMIC BOOKS AND MANGA REMAIN POPULAR.

I BELIEVE THAT IT IS BECAUSE MANGA AND COMIC BOOKS ARE EASY TO

READ FOR CHILDREN, AND THEY FIND THEM ENJOYABLE.

OUR COMPANY THEN DECIDED TO AIM TO TURN EDUCATIONAL MATERIALS

INTO A COMIC BOOK LIKE THIS ONE. IT NEEDED TO BE EDUCATIONAL WHILE
ALSO MAKING IT POSSIBLE FOR CHILDREN TO WANT TO CONTINUE READING
ALL THE WAY TO THE END WITHOUT RESISTANCE. THAT WAS WHAT LED TO

THE BIRTH OF THE GAKKEN: LEARNING WITH MANGA SERIES. THE STORIES
ARE COMPILED TO EXPOSE ELEMENTARY STUDENTS ENCOUNTER TO A VARIETY
OF ASPECTS OF REAL SOCIETY WHICH ARE DEEPLY CONNECTED TO THEIR LIVES
THROUGH AMPLE AND ACCURATE DATA AND FIGURES.

FURTHERMORE, THE SERIES ISN'T JUST SUITABLE AS EDUCATIONAL MATERIALS
FOR GENERAL STUDIES TIME AT SCHOOL, BUT IS ALSO VERY WELL-RECEIVED
FROM BOTH EDUCATORS AND PARENTS. 7THE GAKKEN: LEARNING WITH MANGA
SERIES HAS ALSO BEEN DONATED TO ELEMENTARY SCHOOL LIBRARIES AND
MAJOR PUBLIC LIBRARIES.

FEATURES OF THE GAKKEN: LEARNING WITH MANGA SERIES

@ IMPARTS A VAST
AMOUNT OF KNOWLEDGE

THIS BOOK ALLOWS CHIL-
DREN TO ACQUIRE VAST
AMOUNTS OF KNOWLEDGE
THROUGH THE THEMES
PRESENTED AND THEIR
ARRANGEMENT, AS WELL
AS HISTORY, WHILE PRE-
SENTING IT IN AN EASY TO
COMPREHEND FORMAT.
EACH PAGE HAS A PIECE
OF TRIVIA RELATED TO THE
INFORMATION AND KNOWL-
EDGE PRESENTED ON THE
PAGE.

@ USEFUL FOR
GENERAL STUDIES

THIS BOOK 1S USEFUL
FOR HELPING TO DRAW
OUT A CHILD'S INTEREST
AND CONCERNS DURING
CLASSES SET ASIDE FOR
GENERAL STUDIES.

@ COMIC BOOK FORMAT

THIS ALLOWS CHILDREN
WHO AREN'T THE STRON-
GEST OF READERS TO STILL
ENJOY THE STORY AS THEY
PROGRESS.

@ BURSTING WITH
INFORMATION

THIS BOOK FEATURES A
WIDE BERTH OF PICTURES
AND ILLUSTRATIONS.
THEY'RE PRESENT TO AS-
SIST WITH LNDERSTANDING
WHILE PROVIDING VALUE ON
THEIR OWN AS DOCUMENTS.

@ FEATURES THEMES
& JOBS BASED ON
MODERN SOCIETY.

THE STORIES ARE
PREPARED WITH THE
GOAL OF GETTING
CHILDREN INTERESTED
IN WORK AND MODERN
SOCIETY IN AN EASILY
UNDERSTOOD MANNER.

@ FULFILLS THEIR DESIRE
TO LEARN MORE

PRESENTS CHILDREN WITH
SPECIALIZED INFORMATION
ABOUT THE UNIQUE WORK-
INGS OF A COMPANY AND
JOBS SO THAT IT WILL
ANSWER THEIR QUESTIONS
AND CONCERNS.
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