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Hi there! this is Earth speaking. Will you
L339 pare a moment to listen 0 me? | have some

very important things to discuss.

= We must face up to some urgent environmental

problems! All living things depend on ity «
environment, but the way you humans are living at the
moment, | will not be able to keep looking after you.

The issues | am worried about are:
o the effects of global warming
« the health of natural environments |
o the use of non-renewable energy supglles i
« the environmental impact of unsusta.mable cities
« the build-up of toxic waste in the environment

« a reliable water supply for all.

a sustainable way of living.
d the world are doing

My global challenge to you is to find
Read on to find out what people aroun

to try to help.

J

Fast fact
Sustainable deve\opmer;tt
is a form of growth that (ei S
us meet our present needs
while leaving resoqrces

for future genergtlons
to meet their
needs t0O.

Developing r Enewape
€n

el‘g y

"I 'oday, supplies of fossil fuels such as oil, gas and coal are running low.
Fossil fuels are a non-renewable resource that will soon be used up. People
need to develop clean, renewable energy supplies that will not run out.

Fast fact

In 2007, only 0.8 per
_cent of electricity

In the Uniteg States
was generateq from
renewable soyrces.

Supplies of fossil fuels, such as coal, are declining across the world.
Coal is a non-renewable resource that is used to generate most of the
world’s electricity. Oil is another non-renewable resource, and it is
used as fuel for transport. When these fossil fuels are burnt, a type of
greenhouse gas called carbon dioxide is produced. Carbon dioxide is

adding to global warming.

As Earth’s population grows, more energy will need to be produced. Renewable
energy is energy that comes from sources that cannot be used up, such as the wind
or the Sun. Sources of renewable energy, such as wind power and solar power,
need to be developed into reliable power supplies.

es and schools.
d to generate electricity for many homes, offic
e

=

Coal is a fossil fuel us




Around the globe, issues with renewable energy supplies include:

Finlang
DEpends @

fossil fuels to Make
Its €nergy supplies

|
too little energy generated from renewable sources (see issue 1) }
the high costs of switching to renewable energy sources (see issue 2) |
difficulties with making renewable energy supplies ARCTIC OCEAN

reliable (see issue 3)

. ; : “« Ffo- :
problems with developing renewable Arctic €irclé F 7> 8 -~~~ Finland ‘};,w’" Y reliable. See bages 16-19
transport fuels (see issue 4) ; ? 3 .
making renewable energy NORTH '
sustainable (see issue 5). EUROPE
A S | A 3
AMERICA Japan N O R T H
United States N O R T H China A
PN |
| AT LANTIC A S L
. _ A S 1 R - L? 20« . ~ Tropic of Cancer

Equator
Brazil
’5 OUTH

AMERICA

ited States '
girxft:el crops, grown to replace fossil

fuels, are causing environrgenta\
problems. See pages 20-23.

China
Most energy is
9€nerated from
non-renewaple
sources. See pages

8-11.

Fast fact

Some countries are

exploring a process called

jon to
n se uestration
ot . n be made

find out if coal can 0€
into a non-polluting

source of power.

Brazi|

Land is beijn
L0 grow biofyels for

transport. See pages 24-97

Japan
Nuclear
damage to the env

See pages 12-15.

incidents have caused
ironment.
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g Most of the energy in industrial societies comes from non-renewable fossil

W fuels. Burning fossil fuels to produce energy releases harmful greenhouse gases,

Sﬂ. which contribute to global warming. Progress towards replacing fossil fuels with
clean, renewable sources of energy has been slow. Not enough support has gone

into developing alternatives.

Energy can come from renewable or non-renewable sources. Fossil fuels such

Non-renewable and renewable energy sources

Non-renewable energy sources  Renewable energy sources

as oil, coal, natural gas
and nuclear power are
non-renewable. There are

only limited amounts of these ol solar power
resources. Solar power, wind coal wind power
power and wave power are natural gas wave power

renewable. They are generated ~ nuclear power geothermal power

every time the wind blows or biofuels

the Sun shines hydroelectricity
e Sun shines.

It has been known for decades that non-renewable fossil fuels will run out and
must be replaced. However, fossil fuels are still the main sources of energy in

most countries. Although clean, alternative sources of energy are available, they
need to be developed urgently,

to minimise damage to the
environment and keep energy

supplies from running out.

Most vehicles still run on fossil fuels,
such as petrol and diesel.

CASE STUDY

bi :
China has the fastest sTowIng economy in the world. I,

2007, China overtook the

use gases.

United States as the world’s biggest producer of greenho

I ANSSI

enewable sources, and this is
2003 about two-thirds of China’s
nd almost no ener

' gy came from
2005 the National People’s Congress passed a

of renewable energy to 15 per cent by 2020.
as energy will still be produced by

Fast fact
Some coal-fired power
s_tat.lons produce Sulphur
dioxide, the chemical that
Produces acjg rain, and

the greenhouse gas

carbon dioxjde.

energy came fI‘OH] burning COH] d
b
I‘CI’ICWHbIC sources. II]

law to increase the use
However, most of Chin

burning coal.

The use of coal in Ching is growing

despite th g :
the use of renewable cenergy. Coal f  Sovernments laws to increase

is still China’s cheapest source of energy, and
¢ for energy from renewable sources, In

were built in Ching every week. Many of
mounts of pollution,
hydroelectricity

and nuclear renewables 7%
power 8% 2020 gas 7%

2003 gas 2%

hydroelectricity
and nuclear
power 8%

coal 67% oil 23%

coal 55% \RIRZESE By 2020 about 15 per cent of

China's energy supply should
come from renewable sources.
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Scientists are developing new tec
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tainable tutur
wards a S“Snew technologies

from a range
i eople to produce energy
Developing new technologies can allow peop

of renewable sources.

Types of new technologies

2

e wind-turbine farms |
e waste-to-energy power generation
 geothermal power stations

® wave power.

Combining new technologies

- bining
lace fossil fuels, but com
: f renewable energy can rep Different
No smglefsourctzghlrlolo gies to produce renewable energy fcam htelll)1 r OlseS‘
. rangelo 'newan be used in different locations, and for different purp
technologies ¢

ologies to generate solar power.
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Each Pelamis unit in Portugal’s Agucadoura wave farm is about the size of a commuter train.

CASE STUDY
Wave power in Portugal

In 2007, the world’s first commercig] Wave-power farm was established. It is
located five kilometres off the Atlantic coast of Portugal, near Agucadoura.

The Agucadoura wave farm

The Agucadoura wave farm is the world’s first mu]
first commercia] wave farm to use wave
uses a set of worm-like col]

I ANSsi

ti-unit wave farm. Tt also i the
energy converter technology. The farm
ectors called Pelamis units. Pelamis units, which were
d for sea snake, were developed in Scotland.

It has been estimated that
the wave farm will generate
cnough electricity to supply Advantages
more than 1500 Portuguese
houscholds and save more
than 6000 tonnes of carbon
emissions each year,

Advantages and disadvantages of wave power

Disadvantages

Can produce large amounts of €nergy  Produces variable amounts of energy,

depending on the strength of the waves

Does not need any fuel to run Needs to be located in areas with powerfuy|

and consistent waves

Does not produce any waste Must be able to withstand very rough
weather

Does not cost much to operate Can be noisy




M any sources of renewable energy can be expensive. They may also impact on

people and the environment.

Investing in technology to create renewable energy can be expensive. Many
countries produce little or no renewable energy because the financial costs are
too high. It is expensive to build a hydroelectric power station or a wave farm,

and even the cost of adding solar panels to people’s homes can add up.

Switching to renewable energy also has costs for people and the environment.
Most industrial societies use coal-fired power plants to generate electricity,
and oil to run cars, ships and planes. New power plants and systems need to
be built to make use of renewable energy. New engines need to be designed
for cars, ships and planes to run on fuel from renewable energy sources.
Some alternatives to fossil fuels also have the potential to cause damage to
the environment. Accidents at nuclear power plants can have devastating

consequences for natural ecosystems and human populations.

Building dams and
hydroelectricity plants
can cause damage to the
environment.

Fast fact
In the future, research
may show that there
are no completely
iclean’ ways to use

CASE STUDY

On 16 July 2007, an carthquake s

in Japan. The incident showed th
earthquake-proof,

hook the Kashiwasaki nuclear power plant

at Japan’s nuclear power plants may not be

rlihe' carthquake at Kashiwasaki m
significant amount of damg
of radioactive coolant |

casured 6.8 on the Richter Scale, and caused g

ge. Equipment caught fire, barrels fell and 13001

caked into the Sea of Japan. e

Following the Kashiwasaki incident, some

serious nuclear incide

nts could happen i '

pen if a majo i
Nuclear power plants use dangerous radioacti et i o
Japan has over 56 nucl o

prone to earthquakes.

people have been concerned that more

¢ ANssi




ast fact
In 2007, China invested

10 billion dollars on
e energy. This IS

double the amount that

the United States spent
on renewable energy

q sustainable tuture:
war Suciﬂg environmental
costs

"T'he environmental costs of renewable energy can be reduced if people choose
technologies with few environmental impacts. Many of the technologies used to

produce solar power have few environmental impacts.

Choosing the right sources

The best sources of renewable energy must:

e cause little environmental damage

e be renewable, so that they will not run out

o give a reliable supply of energy when it is needed.

Solar power technologies

Some technologies used to produce solar power have few environmental costs.

o Sunlight on mirrors: large numbers of mirrors can be placed in fields
and deserts to concentrate the Sun’s energy to generate large amounts of

electricity.
e Solar panels: panels can be placed on the roofs of homes and offices to

generate small amounts of electricity.
e Passive solar technology: heat from the Sun can be used to warm homes

and offices naturally, reducing the need for energy to power heaters.

The Blue Lagoon, a :
7 » @ popular tourist site
is heated by natural geothermal poweer. i fecland,

CASE STUDY
Geothermal

Geofherma] pOWer I'S

surface. Today, geotherma

How geothermal

Heat from mo]

power in Iceland

erated from heat in m

olt
I power is being used t en rock under the Earth

0 provide clectricity in Iceland

power works

Iceland is 5 natural hot

I '
eland’s supply of geothermal power

eothe '
rmal power provides clectricity to many

cnergy. About 85 pe
hot spring water.

renewable sources. Hydro

clectricity, and geotherma

¢ ANssi

Fast fact

Early civilisations used
COog:i(eothermal power to
, fire pottery and heat
Spas. Over 2000 Years ago
Roman vilas had ﬂoofs ’
heated by natural hot
Springs.




M any sources of renewable energy are unreliable because they depend on
changeable elements in the environment, such as water, sunlight and wind.

Wind power is an unreliable source of renewable energy, because wind
turbines only generate energy when the wind blows. If the weather is calm,
wind turbines will not turn, and no energy will be generated. If the weather

is too stormy, wind turbines may produce more energy than can be captured.
Therefore, much of the energy generated in very windy periods may be lost.
Wind power is often only used to supplement reliable forms of power, such as

nuclear energy or coal-fired power.

=
Z
=
=
=
=
=

Solar power can be another unreliable
source of renewable energy, as solar
panels only collect sunlight when the
Sun is shining. If the weather is cloudy,
solar systems may need to be boosted
by energy from other sources, or by a

backup battery.

Power stored in batteries can be used to back
up solar systems when there is no sunlight,
such as at night or on cloudy days.

Fast fact
In the past, it has proved
difficult to create large,
reliable battery systems to
store power from renewable
energy sources such as
wind power and

€ ANSSi

o L :

mlelmd brings in fossil fuels from other countries ¢
supplement i i
o ;)nhous Its energy supply. Burning fossil fuels releases

¢ gas emissions and contri
| ributes to glob
warmi in Fi o
e ng. Many people in Finland would like to see m
I
o gylcom‘e .from clean, renewable sources such as -
ydroelectricity, wind power and solar powe;

f Fast fact
y'Finland is now importing
, more natyra| gas and
€ss coal, becayse natural
gas. releases [ess carbon
€missions than coal for
€ach unit of energy
produceq.

F.inland also uses nuclear power to su
Finland currently has four nuc]
a fifth may be bujlt, Today, ther

than there once was, as the pop

pplement its energy supply.
= i)ower plants, and it has been suggested that
€ 15 less opposition to nuclear power in Finland

ulation is b ;
redu , €coming m
ce the country’s dependence on fossil fuels > Horemvare of the need to




sustainable tuture:
TOW‘“' <t ring excess enerqy

M any types of batteries and storage systems can store excess energy for later use.
This makes many sources of renewable energy more reliable.

More reliable energy supplies

Batteries and storage systems can store electricity and make electricity supplies
more reliable. Electricity demand is uneven, as more electricity is used at
certain times of the day or at different times of the year. When it is very hot
or cold, large amounts of electricity are used for heating or cooling. These
times are called peak periods. Periods when little electricity is used are
called off-peak periods. In off-peak periods, energy could be stored in order

to create a reliable supply for peak periods.

Fast fact

Geothermal power is
3 reliable source of
energy. Heat from rocks
is always available
peneath Earth's

Different types of storage

There are many different types of batteries and storage systems available. Some of

these technologies are listed in the table below.

pumped hydro-storage

huge tanks of chemicals store electricity as

flow batteries
chemical energy

coils held at very low temperatures store

magnetic energy storage
high-energy magnetic fields

water is split into hydrogen and oxygen, and the

hydrogen storage
hydrogen is burnt when electricity is needed

pumps water into hydroelectricity storage dams

Making wind €nergy reliable

At Towa Stored E

enltirlzile clectricity supply on demand.g ?}in Sre]:to'; ed to provide

i (Ilnentaﬂy friendly and cost-efficient Itph ]:Vl I be
ghed to use some of the Jategt technol - hoeen

. .
modern wind turbines
. .
air combustion turbines

[ ]
underground ajr batteries

’ Fast fact
Weren Utah, windmils
once used to pum

water from beneath tth
ground. Extra water was
st_ored to use at 5 later
time, when the wing

would not blow,

ogies, such as:

Underground aj; batteries
lowa has Many underground chy
‘compressed air. These under
underground ajr battery’ to stf

€ ANSsi
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) T'here are few reliable sources of renewable energy that can be used as transport
& fuels. Biofuels, or fuel made from plants, are one reliable alternative to fossil fuels,
Yy

but they have many negative environmental impacts. |

It is proving difficult to develop renewable fuels to power cars, aeroplanes and ships.
Many of the fuels used to power cars are not sustainable in the long term. There
are fewer alternative fuels available for acroplanes and ships than there are for cars
and trucks. Tn some places, hydrogen fuel is being trialled as an alternative fuel.

However, it is very expensive to produce.

Biofuels are renewable energy sources that are often used to replace fossil fuels.

Corn and rapeseed are used to replace or supplement oil.
Corn and sugarcane crops are used to make bio-ethanol, which can replace gasoline.

Rape seed and palm oil are turned into bio-diesel, which can be used instead of

diesel.
However, biofuels have many negative environmental impacts. Biofuel crops need
large amounts of land and water to grow, and these resources are needed to grow

food crops.

Sugarcane is used to
make bio-ethanol,

which can be used to
run cars.

Fast fact
The \ntergovernmenta\
panel on Climate Change
(IPCC) estimates that two
per cent of global carbon
emissions come from
aeroplanes.

CASE STUDY

BIO.fUGI crops in the United Stay
cnvironment.,

and supply loca

1sers used on biofuel
global warming,

communities eded to irrigate foo crops

The number of biofue]

Crops i :
there is sti] ops in the United States i

to meet demand. [, 2007
gy to reduce oj] 7
ey idea to achjevye
s been cal

I not enough
States announced 3 strat
percent by 2017, The K
the use of biofuels. It ha

corn needed to meet the United S

than the tota] amount of corn cyry

—y
A
<
m
LY

s Increasing, hut
. the United
Us€ I transport by 2()
this was to incregse
culated that the amount of
tates” biofue] targets is greater
ently grown in the country,

ONe per cent of Earth's
€10Ps were grown to pe
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sustainable tuture:

Towar Vse|OPi"9 renewable fuels
€

New sources of renewable transport fuels are being explored to find
replacements for fossil fuels. These new sources of fuel are also being used more

efficiently.
New sources of renewable fuel

New sources of renewable fuel are being developed as demand for fuels
increases and oil supplies decline. These sources of energy are being used

to power many forms of transport, including:

e hydrogen-powered trains

“Fast fact

Today, many airlines are
tria\lin(j the use of hydrogen
fuel. Hydrogen fuel may
have negative environm'enta\
impacts, such as_causmg
noise pollution.

° so]ar—POWered CEIR)

e clectric cars.

Efficient use of fuel

The consumption of non-renewable and renewable fuels is being
decreased as people use fuel more efficiently. Aeroplanes and cars with more

fuel-cfficient engines can move people greater distances while using less fuel.

are being used to run public buses in Berlin, Germany.

Hydrogen fuel cells

# MA BZ 97

CASE STUDY
H
ydrogen-powereg Irains

H)ﬁdrogen-powered trains are en
environment than djege]

hydrogen

-po
powered Passenger train ran

b crgy-efficient and better for the
some electric trains, [y 2007, the world’ fi
, rid's first

t >
hrough Japan’s Yatsugatake Mountains

¥ ANSSi

Hydrogen fye] cells

Hydrogen

Standards Board ¢]

cut greenhouse gas

used to capture energy
the energy of sunlight 4

aims that using hydroge

emissi
ssions by at least one Quarter

Fast fact
Canada plans to byijlg

a hydrogen—powered
Passenger train jn time
for the 2010 Winter

Olympics,

y-energy. The only waste
dom Rail Safety and

n instead of diese] could

from the Sunp,
s hydrogen,




Not all sources of renewable energy are sustainable. Some sources have
negative impacts on the environment, while others will become unsustainable

if they are not supplemented with other sources.

Many sources of renewable energy are not sustainable because they have
negative impacts on the environment. Biofuels take large amounts of land and
water to grow. Dams that are built to hold water for hydroelectricity may cause

damage to local fish populations.

Some sources of renewable energy will become unsustainable unless they are
supplemented with other sources. Most sources of renewable energy cannot
provide a sustainable energy supply in all locations. Biofuels can be used to
supplement other energy sources, but they will become unsustainable if they
are used as a major source of energy because they use large amounts of land

and water to grow.

Concentrated solar power
(CSP) is a more sustainable
and reliable source of
renewable energy than
many other sources.

In Brazil, large areas of land are being cleared to grow soybeans

CASE STUDY

$ ANSSI

In Brazil, large areas of |

. and have been ¢l
biofuels. As rainforest ig cared to grow soybeans for

being cleared, rainfal] ;s decreasing,

Fast fact
' When the biofue|
' bio-ethano| is burned
lt_releases acetaldehydé
which regets with sunligh't
to form ozone. Ozone js
a key ingredient jn air
pollution sych

Today about 13 per cent of the Brazilian rainforest has b
cleared, and 15 per cent of this cleared area is bein us jen
to grow soybeans. As the demand for biofuels growsgeasi
year, m(?re land is being cleared to grow soybean cro CTh
IIJnte;natloneg Institute of Environment and Developlljlsént iz
ondon predicts that more rajnfor ' '
food prices will increase as land toegfo\zsliozzCc]re(j;:fi:;riiefsumre’ "
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sustainable tuture:

0
TOW(“’dS'ng renewable _
energy sustainable

M any sources of renewable energy can be made sustainable by combining
them with other sources. Biofuels can also be made from crops that can be

grown sustainably.

Combining energy sources

Combining energy sources is the most likely way to ensure a sustainable energy
supply. Today, scientists are searching for ways to combine energy sources.

In France, the International Thermonuclear Experimental Reactor project

is exploring the use of nuclear fusion. In the United States, a range of solar
power sources are also being explored, including CSP and space-based solar
power collection. It has been estimated that 39000 square kilometres of CSP in
southwest United States could supply half of the country’s energy needs.

W
N\ . .
\ Sustainable biofuels

New forms of renewable energy, such as sustainable biofuels, are being
developed around the world. Sustainable biofuels could include:

en used in the e crops that can grow where food plants cannot
en T
CSP has be " Eidorado J§ ¢ crops that require little or no fresh water to grow

Mohave Deserts . .
Valley for 20 years. It e organic waste or water plants that produce methane or bio-gas

Fast fact

supplies e\ectriC:tV © 4§ o algac farms and other biomass projects that do not affect food supply.
35000 peopie.

Biomass projects, such
as algae farms, can
contribute to sustainable
energy supplies.

y i
n

CASE STUDY
Energy from falling rain

Researchers in Fra
, nce are explor; ,
fall . ploring the .
ng raindrops to generate electriciy possibi

the future,

lity of using the energy from

)
A
<
m
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atoms join togethey at low
t_empe_ratures, is still bejn
5 Investigated gs 4 possibleg
ource of renewable ener
Many scientists beh’evegy.
that this js hot
possible,

Developing NEw technology

Researchers are developin




\se renewable energ

[.ach person can help to reduce energy use and use more renewable

energy. If every person does this, the differences will add up.

You could investigate how to increase the use of renewable energy in your
community by:

contacting local energy providers to learn which sources of
renewable energy are available to your community

inspecting your community for evidence of renewable energy

Fast fact
' jes across
People in countries a
Eari)h turn off their ||_ghts
and appliances QUr\pg
Earth Hour, which is
held once a year.

sources, such as solar hot-water collectors or solar panels on roofs
interviewing local council members about sources of renewable
energy

researching grants for using renewable energy that your family,

school or community may be eligible for.

to a friend’s house instead of

Riding your bike y to reduce energy use.

being driven is one wa

Even if you do not use energy from renewable sources, you can still reduce the
amount of energy you consume. Each day, try to perform one action that could
reduce your energy consumption. These actions could include:
switching off electrical appliances when they are not needed
asking your family or teachers to use energy-efficient lights
opening and closing curtains and windows to control the
temperature in your home naturally
walking or riding a bike
on short trips, rather than
travelling by car
putting on more clothes
to keep warm, rather than

turning on a heater.

Using energy-efficient lights in
your home is one way to reduce
energy consumption.




place. There are: many ways
sustainable future. Imagine it... @

«  decreasing rates of global warmin, ing

protected ecosystems for all living thmgs
- renewable fuel for most forms of transpor
osustainable city J@velopment o
low risks of exposure to toxic subs
a safe and reliable water supply for all.
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acid rain
polluted rain that contains dangerous
chemicals

biofuel
fuel made from living materials, such as plants

carbon sequestration
burying carbon wastes from coal-fired power
stations deep under ground, so they do not
pollute the atmosphere

compressed air
air held under pressure

concentrated solar power
a technology that uses large mirrors to
concentrate the Sun’s rays into chambers full
of oil, where it is heated to make electricity

consumption
amount of materials used

developed country
a country with industrial development, a
strong economy and a high standard of living

fossil fuels
fuels such as oil, coal and gas, which formed
under Earth millions of years ago

generate
make or produce

geothermal
heat from inside FEarth

global warming
a rise in average temperatures on Farth

greenhouse gas
a gas that helps to trap the Sun’s heat in the
atmosphere

industrial societies
societies with large industries that use lots of
energy

molten rock
hot rock that has been changed to liquid form

non-renewable
a resource that is limited in supply and cannot
be replaced once it runs out

nuclear fusion
a chemical reaction that combines small
atoms into larger ones by releasing energy

nuclear power
a source of energy produced by nuclear fusion

photovoltaic panels
panels that convert light into electricity

piezoelectric
plastic-based materials that create electricity

radioactive material
material that gives off radiation, which can
cause sickness in living things

radioactive coolant
a substance used to cool hot radioactive
materials

renewable
a resource with a constant supply, so it cannot
run out

solar power
energy that is generated from the Sun’s rays
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