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RENEWABLE ENERGY RESOURCES



RENEWABLE ENERGY

UNIT 1. What is renewable energy?

The United States currently relies heavily on coal, oil, and natural gas for its energy. Fossil
fuels are nonrenewable, that is, they draw on finite resources that will eventually dwindle,
becoming too expensive or too environmentally damaging to retrieve. In contrast,
renewable energy resources—such as wind and solar energy—are constantly replenished
and will never run out.

Most renewable energy comes either directly or indirectly from the sun. Sunlight, or solar
energy, can be used directly for heating and lighting homes and other buildings, for
generating electricity, and for hot water heating, solar cooling, and a variety of commercial
and industrial uses.

The sun's heat also drives the winds, whose energy is captured with wind turbines. Then,
the winds and the sun's heat cause water to evaporate. When this water vapor turns into
rain or snow and flows downhill into rivers or streams, its energy can be captured using
hydroelectric power.

Along with the rain and snow, sunlight causes plants to grow. The organic matter that
makes up those plants is known as biomass. Biomass can be used to produce electricity,
transportation fuels, or chemicals. The use of biomass for any of these purposes is called
biomass energy.

Hydrogen also can be found in many organic compounds, as well as water. It's the most
abundant element on the Earth. But it doesn't occur naturally as a gas. It's always
combined with other elements, such as with oxygen to make water. Once separated from
another element, hydrogen can be burned as a fuel or converted into electricity.

Not all renewable energy resources come from the sun. Geothermal energy taps the Earth's
internal heat for a variety of uses, including electric power production, and the heating and
cooling of buildings. And the energy of the ocean's tides comes from the gravitational pull of
the moon and the sun upon the Earth.

In fact, ocean energy comes from a number of sources. In addition to tidal energy, there's
the energy of the ocean's waves, which are driven by both the tides and the winds. The sun
also warms the surface of the ocean more than the ocean depths, creating a temperature
difference that can be used as an energy source. All these forms of ocean energy can be
used to produce electricity.

Check: Fill in the gaps
Most of the Earth's energy comes from the [?]. Most power stations burn [?] fuels,
releasing [?] energy that was stored long ago.

A [?] energy resource is one that won't run out.



BASICS OF RENEWABLE ENERGY

When you plug an electric appliance into the wall socket? Do you know where your
electricity comes from?

Probably the local public utility company. But how does the utility company generate the
electricity you use at home? If it is like most power companies, it produces electrical power
by burning fossil fuels - coal, natural gas, oil - to make steam, which turns turbines to
generate electricity at the power plant.

Fossil fuels are non-renewable fuels , originating from organic matter of the late Paleozoic
Era and estimated by most scientists to run out during this century of the new millennium.
When coal, natural gas and oil are depleted, how will people see to read at night? What will
power their cars, airplanes, buses, and trains? What will provide electricity for their
computers and factories? Fortunately, there are renewable, alternative sources of energy for
electricity and transportation that have well-developed technology.

Some renewable energy sources are well known and already in wide use. For example,
hydroelectric power is generated by water in dams. Other alternative sources of energy are
not well known to the public and are still in the developmental stages. The World Energy
Council has identified six sources of energy to pursue as alternatives to non-renewable fossil
fuels:

Solar (energy from the sun’s rays)

Wind (energy from moving air)

Geothermal (energy from heat inside the earth)

Modern biomass (energy from plant and animal residue)

Ocean (energy from seawater movement and temperature changes)

Small hydroelectric (energy from small dams, such as those filled by melting snow)

It is worth pointing out why large hydroelectric(large dams that block rivers) and traditional
biomass(firewood and charcoal) were excluded from the council’s focus.

These two renewable sources of energy often cause environmental problems and other
adverse effects. Large hydroelectric projects usually require long planning and construction,
which delays their benefit, and sometimes results in social problems, such as displacement
of people near rivers that are damned. Traditional biomass (burning trees) results in air
pollution and deforestation. A combination of these six other alternative sources of energy
may prove to be our best hope to fill the energy void created as supplies of fossil fuels
gradually diminish.

RECENT DEVELOPMENTS

The future is bright if new technologies in alternative fuels are exploited wisely around the
world. Every country can meet the challenging energy demands of the future if national and
local governments dedicate themselves to building power plants that use these renewable
resources. Recent increase in oil prices is likely to turn government leaders more friendly
to alternative energy development policies. Moreover, concerns about pollution and global
warming have given proponents of alternative energy development added public support.

BENEFITS OF RENEWABLE ENERGY

Social and economic development:

Production of renewable energy, particularly biomass, can provide economic development
and employment opportunities, especially in rural areas, which tend to have limited
opportunities for economic growth. Renewable energy can thus help reduce poverty in rural
areas and reduce pressures for urban migration.



Land restoration

Growing biomass for energy on degraded lands can provide the incentives and financing
needed to restore lands rendered nearly useless by previous agricultural or forestry
practices. Although lands farmed for energy would not be restored to their original
condition, the recovery of these lands for biomass plantations would support rural
development, prevent erosion, and provide a better habitat for wildlife than at present.

Reduced air pollution

Renewable energy technologies, such as methanol or hydrogen foe fuel-cell vehicles,
produce virtually none of the emissions associated with urban air pollution and acid
deposition, without the need for costly additional controls.

Abatement of global warming

Renewable energy use doesn’t produce carbon dioxide and other greenhouse emissions that
contribute to global warming. Even the use of biomass fuels will not contribute to global
warming: the carbon dioxide released when biomass is burned equals the amount absorbed
from the atmosphere by plants as they are grown for biomass fuel.

Fuel supply diversity

There would be substantial interregional energy trade in a renewable-intensive energy
future, involving a diversity of energy carriers and suppliers. Energy importers would be
able to choose from among more producers and fuel types than they do today and thus
would be less vulnerable to monopoly price manipulation or unexpected disruptions of
supplies. Such competition would make wide swings in energy prices less likely, leading
eventually to stabilization of the world oil price. The growth in world energy trade would
also provide new opportunities for energy suppliers. Especially promising are the prospects
fro trade in alcohol fuels such as methanol derived from biomass, natural gas (not a
renewable fuel but an important complement to renewables) and in the future, hydrogen.

Why is renewable energy important?
Renewable energy is important because of the benefits it provides.

The key benefits are:

Environmental benefits
Renewable energy technologies are clean sources of energy that have a much lower
environmental impact than conventional energy technologies.

Energy for our children's children's children
Renewable energy will not run out. Ever. Other sources of energy are finite and will some
day be depleted.

Jobs and the economy
Most renewable energy investments are spent on materials and workmanship to build and
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maintain the facilities, rather than on costly energy imports. Renewable energy investments
are usually spent within the United States, frequently in the same state, and often in the
same town. This means your energy dollars stay home to create jobs and fuel local
economies, rather than going overseas.

Meanwhile, renewable energy technologies developed and built in the United States are
being sold overseas, providing a boost to the U.S. trade deficit.

Energy security

After the oil supply disruptions of the early 1970s, our nation has increased its dependence
on foreign oil supplies instead of decreasing it. This increased dependence impacts more
than just our national energy policy.

VOCABULARY

Tap for
dwindle

Fossil
Generate electricity
abundant
convert
Evaporate
Retrieve
replenish

Run out
Deforestation
Deplete
Adverse effects
void

diminish

derive

utility company
incentive
charcoal
abatement
contribute to

QUESTIONS
1. How can every country meet the challenging energy demands?
2. What are the major concerns of alternative energy proponents?
3. What social and economic benefits can alternative energy provide (in the city and in

the country)?

How does biomass help to restore land?

What elements are used in fuel-cell vehicles?

Why does production of biomass NOT contribute to the global warming?
What are the most promising fuels of the future?

How can oil prices be controlled?

Key benefits of alternative energy?

OONO LR



Unit 2. Fossil Fuels

Coal, oil and gas are called "fossil fuels" because they
have been formed from the organic remains of prehistoric plants and animals.

Find out more about how they formed at
@ www.energyquest.ca.gov/story/chapter08.html

At the time this page was written, fossil fuels provided around 66% of the world's electrical
power, and 95% of the world's total energy demands (including heating, transport,
electricity generation and other uses).

OHow it works:

Coal is crushed to a fine dust and burnt.

Oil and gas can be burnt directly.

Burn Heat water Steam turns Turbines turn _ Electrical
Fuel *®to make steam™ turbines “= generators “% nower

The steam that has passed through the power station's turbines has to be cooled, to
condense it back into water before it can be pumped round again. This is what happens in
the huge "cooling towers" seen at power stations.

@Find out about Drax Coal-fired power station in Selby, UK

Some power stations are built on the coast, so they can use
sea water to cool the steam instead. However, this warms
the sea and can affect the environment, although the fish
seem to like it.

0More:

Coal provides around 28% of our energy, and oil provides 40%. Mind you, this figure is
bound to have changed since this page was written, so check the figures if you want to
quote them.

Burning coal produces sulphur dioxide, an acidic gas that contributes to the formation of
acid rain. This can be largely avoided using "flue gas desulphurisation" to clean up the
gases before they are released into the atmosphere. This method uses limestone, and
produces gypsum for the building industry as a by-product. However, it uses a lot of
limestone.


http://www.energyquest.ca.gov/story/chapter08.html
javascript:MM_openBrWindow('turbines.htm','turbines','width=620,height=400,menubar=yes,toolbar=no,status=no,scrollbars=yes,resizable=no')
http://www.draxpower.com/

@ More details on 'clean coal technology' from BBC News web site...

Crude oil (called "petroleum") is easier to get out of the ground than coal, as it can flow
along pipes. This also makes it cheaper to transport.

I ought to point out that some scientists are claiming that oil is not a 'fossil' fuel - that it is
not the remains of prehistoric organisms after all. They claim it was made by some other,
non-biological process. Currently this is not accepted by the majority of scientists, but you
can find out more about the idea at space.com

Natural gas provides around 20% of the world's consumption of energy, and as well as
being burnt in power stations, is used by many people to heat their homes.

It is easy to transport along pipes, and gas power stations produce comparatively little
pollution.

Other fossil fuels are being investigated, such as bituminous sands and oil shale. The
difficulty is that they need expensive processing before we can use them; however Canada
has large reserves of 'tar sands' , which makes it economic for them to produce a great deal
of energy this way. As far as we know, there is still a lot of oil in the ground. But although
oil wells are easy to tap when they're almost full, it's much more difficult to get the oil up
later on when there's less oil down there. That's one reason why we're increasingly looking
at these other fossil fuels.

@Find out more at www.eia.doe.gov/emeu/cabs/canada.html

eAdvantages

e Very large amounts of electricity can be generated in one place using coal, fairly
cheaply.

e Transporting oil and gas to the power stations is easy.
e Gas-fired power stations are very efficient.

A fossil-fuelled power station can be built almost anywhere, so long as you can get large
quantities of fuel to it. Didcot power station, in Oxfordshire, has a dedicated rail link to
supply the coal.

e Disadvantages

e Basically, the main drawback of fossil fuels is pollution.
Burning any fossil fuel produces carbon dioxide, which contributes to the
"greenhouse effect", warming the Earth.

e Burning coal produces more carbon dioxide than burning oil or gas.
It also produces sulphur dioxide, a gas that contributes to acid rain. We can reduce
this before releasing the waste gases into the atmosphere.
@ More details on 'clean coal technology' from BBC News web site...

e Mining coal can be difficult and dangerous. Strip mining destroys large areas of the
landscape.


http://news.bbc.co.uk/1/hi/sci/tech/4468076.stm
http://www.space.com/scienceastronomy/planetearth/asteroid_oil_991213.html
http://www.eia.doe.gov/emeu/cabs/canada.html
http://news.bbc.co.uk/1/hi/sci/tech/4468076.stm
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e Coal-fired power stations need huge amounts of fuel, which means train-loads of
coal almost constantly. In order to cope with changing demands for power, the
station needs reserves.

This means covering a large area of countryside next to the power station with piles
of coal.

O Is it renewable?

Fossil fuels are not a renewable energy resource.

Once we've burned them all, there isn't any more, and our consumption of fossil fuels has nearly doubled
every 20 years since 1900.

This is a particular problem for oil, because we also use it to make plastics and many other products.

Ok, you could argue that fossil fuels are renewable because more coal seams and oil fields
will be formed if we wait long enough. However that means waiting for many millions of
years. That's a long time - we'd have to wait around for longer than the time that humans
have existed so far! As far as we today are concerned, we're using it up very fast and it
hardly gets replaced at all - so by any sensible human definition fossil fuels are not
renewable.

Check: Fill in the gaps

Coal, [?] and natural gas (chemical name: [?]) are called fossil fuels because they were
formed from the remains of plants or [?] long ago.

We [?] the fuels in power stations, releasing the stored chemical [?].

The heat turns water into [?], which drives [?], they drive the [?].

Are fossil fuels renewable? (yes/no) [?] Do they cause pollution? (yes/no) [?]

Match the words to form the idiomatic word combinations:

Prehistoric effect
Greenhouse rain
Carbon gases
Waste mining
Acid dioxide
Strip shale
Power animals
Bituminous station
Oil sands

About biomass energy

We have used biomass energy or bioenergy— the energy from organic matter— for
thousands of years, ever since people started burning wood to cook food or to keep warm.
And today, wood is still our largest biomass energy resource. But many other sources of
biomass can now be used, including plants, residues from agriculture or forestry, and the


javascript:MM_openBrWindow('renewable.htm','renewable','width=620,height=400,menubar=yes,toolbar=no,status=no,scrollbars=yes,resizable=yes')
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organic component of municipal and industrial wastes. Even the fumes from landfills can be
used as a biomass energy source.

The use of biomass energy has the potential to greatly reduce our greenhouse gas
emissions. Biomass generates about the same amount of carbon dioxide as fossil fuels, but
every time a new plant grows, carbon dioxide is actually removed from the atmosphere. The
net emission of carbon dioxide will be zero as long as plants continue to be replenished for
biomass energy purposes. These energy crops, such as fast-growing trees and grasses, are
called biomass feedstocks. The use of biomass feedstocks can also help increase profits for
the agricultural industry.

NREL performs research to develop and advance technologies for the following biomass
energy applications:

Biofuels
Converting biomass into liquid fuels for transportation.

Biopower
Burning biomass directly, or converting it into a gaseous fuel or oil, to generate electricity.

Bioproducts
Converting biomass into chemicals for making products that typically are made from
petroleum.

Biomass

Biomass power, derived from the burning of plant matter, raises more serious environmental
issues than any other renewable resource except hydropower. Combustion of biomass and
biomass-derived fuels produces air pollution; beyond this, there are concerns about the
impacts of using land to grow energy crops. How serious these impacts are will depend on how
carefully the resource is managed. The picture is further complicated because there is no
single biomass technology, but rather a wide variety of production and conversion methods,
each with different environmental impacts.

Air Pollution

Inevitably, the combustion of biomass produces air pollutants, including carbon monoxide,
nitrogen oxides, and particulates such as soot and ash. The amount of pollution emitted per
unit of energy generated varies widely by technology, with wood-burning stoves and fireplaces
generally the worst offenders. Modern, enclosed fireplaces and wood stoves pollute much less
than traditional, open fireplaces for the simple reason that they are more efficient. Specialized
pollution control devices such as electrostatic precipitators (to remove particulates) are
available, but without specific regulation to enforce their use it is doubtful they will catch on.
Emissions from conventional biomass-fueled power plants are generally similar to emissions
from coal-fired power plants, with the notable difference that biomass facilities produce very
little sulfur dioxide or toxic metals (cadmium, mercury, and others). The most serious problem
is their particulate emissions, which must be controlled with special devices. More advanced
technologies, such as the whole-tree burner (which has three successive combustion stages)
and the gasifier/combustion turbine combination, should generate much lower emissions,
perhaps comparable to those of power plants fueled by natural gas.

Facilities that burn raw municipal waste present a unique pollution-control problem. This waste
often contains toxic metals, chlorinated compounds, and plastics, which generate harmful
emissions. Since this problem is much less severe in facilities burning refuse-derived fuel
(RDF)-pelletized or shredded paper and other waste with most inorganic material removed-
most waste-to-energy plants built in the future are likely to use this fuel. Co-firing RDF in coal-
fired power plants may provide an inexpensive way to reduce coal emissions without having to
build new power plants.

Using biomass-derived methanol and ethanol as vehicle fuels, instead of conventional gasoline,
could substantially reduce some types of pollution from automobiles. Both methanol and
ethanol evaporate more slowly than gasoline, thus helping to reduce evaporative emissions of


http://www.nrel.gov/clean_energy/biofuels.html
http://www.nrel.gov/clean_energy/biopower.html
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volatile organic compounds (VOCs), which react with heat and sunlight to generate ground-
level ozone (a component of smog). According to Environmental Protection Agency estimates,
in cars specifically designed to burn pure methanol or ethanol, VOC emissions from the tailpipe
could be reduced 85 to 95 percent, while carbon monoxide emissions could be reduced 30 to
90 percent. However, emissions of nitrogen oxides, a source of acid precipitation, would not
change significantly compared to gasoline-powered vehicles.

Some studies have indicated that the use of fuel alcohol increases emissions of formaldehyde
and other aldehydes, compounds identified as potential carcinogens. Others counter that these
results consider only tailpipe emissions, whereas VOCs, another significant pathway of
aldehyde formation, are much lower in alcohol-burning vehicles. On balance, methanol vehicles
would therefore decrease ozone levels. Overall, however, alcohol-fueled cars will not solve air
pollution problems in dense urban areas, where electric cars or fuel cells represent better
solutions.

Greenhouse Gases

A major benefit of substituting biomass for fossil fuels is that, if done in a sustainable fashion,
it would greatly reduce emissions of greenhouses gases. The amount of carbon dioxide
released when biomass is burned is very nearly the same as the amount required to replenish
the plants grown to produce the biomass. Thus, in a sustainable fuel cycle, there would be no
net emissions of carbon dioxide, although some fossil-fuel inputs may be required for planting,
harvesting, transporting, and processing biomass. Yet, if efficient cultivation and conversion
processes are used, the resulting emissions should be small (around 20 percent of the
emissions created by fossil fuels alone). And if the energy needed to produce and process
biomass came from renewable sources in the first place, the net contribution to global warming
would be zero.

Similarly, if biomass wastes such as crop residues or municipal solid wastes are used for
energy, there should be few or no net greenhouse gas emissions. There would even be a slight
greenhouse benefit in some cases, since, when landfill wastes are not burned, the potent
greenhouse gas methane may be released by anaerobic decay.

Implications for Agriculture and Forestry

One surprising side effect of growing trees and other plants for energy is that it could benefit
soil quality and farm economies. Energy crops could provide a steady supplemental income for
farmers in off-seasons or allow them to work unused land without requiring much additional
equipment. Moreover, energy crops could be used to stabilize cropland or rangeland prone to
erosion and flooding. Trees would be grown for several years before being harvested, and their
roots and leaf litter could help stabilize the soil. The planting of coppicing, or self-regenerating,
varieties would minimize the need for disruptive tilling and planting. Perennial grasses
harvested like hay could play a similar role; soil losses with a crop such as switchgrass, for
example, would be negligible compared to annual crops such as corn.

If improperly managed, however, energy farming could have harmful environmental impacts.
Although energy crops could be grown with less pesticide and fertilizer than conventional food
crops, large-scale energy farming could nevertheless lead to increases in chemical use simply
because more land would be under cultivation. It could also affect biodiversity through the
destruction of species habitats, especially if forests are more intensively managed. If
agricultural or forestry wastes and residues were used for fuel, then soils could be depleted of
organic content and nutrients unless care was taken to leave enough wastes behind. These
concerns point up the need for regulation and monitoring of energy crop development and
waste use.

Energy farms may present a perfect opportunity to promote low-impact sustainable
agriculture, or, as it is sometimes called, organic farming. A relatively new federal effort for
food crops emphasizes crop rotation, integrated pest management, and sound soil husbandry
to increase profits and improve long-term productivity. These methods could be adapted to
energy farming. Nitrogen-fixing crops could be used to provide natural fertilizer, while crop
diversity and use of pest parasites and predators could reduce pesticide use. Though such
practices may not produce as high a yield as more intensive methods, this penalty could be
offset by reduced energy and chemical costs.

Increasing the amount of forest wood harvested for energy could have both positive and
negative effects. On one hand, it could provide an incentive for the forest-products industry to
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manage its resources more efficiently, and thus improve forest health. But it could also provide
an excuse, under the "green" mantle, to exploit forests in an unsustainable fashion.
Unfortunately, commercial forests have not always been soundly managed, and many people
view with alarm the prospect of increased wood cutting. Their concerns can be met by tighter
government controls on forestry practices and by following the principles of "excellent"
forestry. If such principles are applied, it should be possible to extract energy from forests
indefinitely.

Check: Try to fill in the gaps with the given words:

animal carbon dioxide renewable sugar vehicles wood
Biomass means burning [?] waste or plant materials such as [?] , or [?] cane. We can also
make biofuels for [?].It's a [?] energy resource. It does cause pollution by releasing [?]
[?] when the fuel is burned.
VOCABULARY

Feedstock
Fume
Combustion
Landfill
Soot

Ash
Municipal solid waste
Switchgrass
Habitat
Species
Husbandry
methanol
Mercury
Husk
Methane
Volatile
Sustainable
Pollutant
Pesticide
Fertilizer
Anaerobic decay

QUESTIONS

1. What is our largest biomass resource?

2. How long have we used biomass energy?

3. What are other sources of biomass?

4. What is the positive effect of bioenergy?

5. What is the result of biomass combustion?

6. Is there a single biomass technology?

7. What chemical elements pollute the air?

8. What does air pollution depend on?

9. What devices can measure the air pollution?

10. What is the difference between biomass and fossil fuels emission?
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Wood was once our main fuel. We burned it to
heat our homes and cook our food.
Wood still provides a small percentage of the
energy we use, but its importance as an energy
source is dwindling.

Sugar cane is grown in some areas, and can be
fermented to make alcohol, which can be
burned to generate power in the same way as
coal.

Alternatively, the cane can be crushed and the
pulp (called "bagasse") can be burned, to make
steam to drive turbines.

Other solid wastes, can be burned to provide
heat, or used to make steam for a power
station.

"Bioconversion" uses plant and animal wastes
to produce fuels such as methanol, natural gas,
and oil.
We can use rubbish, animal manure,
woodchips, seaweed, corn stalks and other
wastes.

heat water . electrical power
Burn
= to make = steam turns__ turbines turn

Fuel turbines =3 sent around
steam generators country

The fuel is burned, which heats water into steam, which turns turbines, which in turn drive
generators, just like in a fossil-fuel power station.

Sugar cane is harvested and taken to a mill, where it is crushed to extract the juice. The
juice is used to make sugar, whilst the left-over pulp, called "bagasse" can be burned in a
power station.

The station usually provides power for the sugar mill, as well as selling electricity to the
surrounding area.

e It makes sense to use waste materials where we ‘ \
can. ‘ »
e The fuel tends to be cheap. \

e Less demand on the Earth's resources. h‘
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e Collecting the waste in sufficient quantities can be difficult.
e We burn the fuel, so it makes greenhouse gases.

e Some waste materials are not available all year round.

Biomass is renewable, as we're going to <carry on making waste products.
We can always plant & grow more sugar cane and more trees, so those are renewable too.

QUESTIONS

What does the municipal waste contain?

What fuels can be used instead of conventional gasoline?

What are their advantages?

How is ground-level ozone generated?

What is RDF, VOC ?

What is the major benefit of substituting biomass for fossil fuels?
What are the unexpected side-effects of growing trees or plants for energy?
What are the harmful environmental effects of energy farming?

. What is organic farming?

10.What did we use wood for?

11.What is bioconversion?

12.What kinds of waste can be used for energy generation?

CONOUNREWNE

Introduction to geothermal electricity production

Most power plants need steam to generate electricity. The steam rotates a turbine that
activates a generator, which produces electricity. Many power plants still use fossil fuels to
boil water for steam. Geothermal power plants, however, use steam produced from
reservoirs of hot water found a couple of miles or more below the Earth's surface. There are
three types of geothermal power plants: dry steam, flash steam, and binary cycle.

Dry steam power plants draw from underground resources of steam. The steam is piped
directly from underground wells to the power plant, where it is directed into a
turbine/generator unit. There are only two known underground resources of steam in the
United States: The Geysers in northern California and Yellowstone National Park in
Wyoming, where there's a well-known geyser called Old Faithful. Since Yellowstone is
protected from development, the only dry steam plants in the country are at The Geysers.

Flash steam power plants are the most common. They use geothermal reservoirs of water
with temperatures greater than 360°F (182°C). This very hot water flows up through wells
in the ground under its own pressure. As it flows upward, the pressure decreases and some
of the hot water boils into steam. The steam is then separated from the water and used to
power a turbine/generator. Any leftover water and condensed steam are injected back into
the reservoir, making this a sustainable resource.


javascript:MM_openBrWindow('renewable.htm','renewable','width=620,height=400,menubar=yes,toolbar=no,status=no,scrollbars=yes,resizable=yes')
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Binary cycle power plants operate on water at lower temperatures of about 225°-360°F
(107°-182°C). These plants use the heat from the hot water to boil a working fluid, usually
an organic compound with a low boiling point. The working fluid is vaporized in a heat
exchanger and used to turn a turbine. The water is then injected back into the ground to be
reheated. The water and the working fluid are kept separated during the whole process, so
there are little or no air emissions.

Small-scale geothermal power plants (under 5 megawatts) have the potential for
widespread application in rural areas, possibly even as distributed energy resources.
Distributed energy resources refer to a variety of small, modular power-generating
technologies that can be combined to improve the operation of the electricity delivery
system.

In the United States, most geothermal reservoirs are located in the western states, Alaska,
and Hawaii.

The centre of the Earth is around 6000 degrees Celsius -
hot enough to melt rock. Even a few kilometres down,
the temperature can be over 250 degrees Celsius.

In general, the temperature rises one degree Celsius for
every 36 metres you go down.

In volcanic areas, molten rock can be very close to the
surface.

Geothermal energy has been used for thousands of
years in some countries for cooking and heating.

The name "geothermal" comes from two Greek words:
"geo" means "Earth" and "thermal" means "heat".

Check: Fill in the gaps with the given words:

depth drill electricity energy gases hot pump renewable
rock sites steam water

Geothermal power means getting [?] from [?] rocks underground. This is [?] so long as we
don't take too much energy out and cool the rocks too much.

Hot [?] comes up out of the hole we've drilled and usually "flashes" into [?]. This can drive
turbines and generators, to make [?].At some sites we have to [?] water down, at others
hot water comes up anyway. Sometimes poisonous [?] come up too.

Geothermal power can occasionally be unreliable, and there are not many suitable[ ?]
because there needs to be the right type of [?] at a [?] we can reach, underneath rock

which isn't too hard to [?] through.
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VOCABULARY

Dry steam

Reservoir

Flash steam

Binary cycle

Fluid

Liquid

Condense
Sustainable resource
Heat exchanger

Boiling point
Delivery system
Molten rock
Drill
Poisonous
Hazardous
Assess
Subsidence
Siting
Brine
Scenic
Disposal
QUESTIONS
1. What do we mean under small-scale geothermal power plant?
2. Where are most geothermal reservoirs in the US located?
3. What kind of steam do geothermal power plants use?
4. What are the three types of geothermal power plants?
5. What are the two known underground resources of steam in the US?
6. What is the temperature in the center of the Earth?
7. What for has geothermal energy been used for centuries?
8. What are 3 sources of geothermal energy?
9. What are the environmental concerns of geothermal energy development?

10.What is better for environment: closed-loop or open-loop system? Why?
11.What are the negative impacts of the open-loop system?

12. What gases does geothermal steam contain?

13.What technology produces more CO2: geothermal or fossil?

14.What does sludge contain?

15.How can the toxic waste be disposed of (2ways)?

16.What is another advantage of back injection?

17.Why is there a water problem in geothermal energy development?
18.How can the issues of natural beauty preservation be solved?

Geothermal Energy

Geothermal energy is heat contained below the earth's surface. The only type of geothermal
energy that has been widely developed is hydrothermal energy, which consists of trapped hot
water or steam. However, new technologies are being developed to exploit hot dry rock
(accessed by drilling deep into rock), geopressured resources (pressurized brine mixed with
methane), and magma.

The various geothermal resource types differ in many respects, but they raise a common set of
environmental issues. Air and water pollution are two leading concerns, along with the safe
disposal of hazardous waste, siting, and land subsidence. Since these resources would be
exploited in a highly centralized fashion, reducing their environmental impacts to an acceptable
level should be relatively easy. But it will always be difficult to site plants in scenic or otherwise
environmentally sensitive areas.
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The method used to convert geothermal steam or hot water to electricity directly affects the
amount of waste generated. Closed-loop systems are almost totally benign, since gases or
fluids removed from the well are not exposed to the atmosphere and are usually injected back
into the ground after giving up their heat. Although this technology is more expensive than
conventional open-loop systems, in some cases it may reduce scrubber and solid waste
disposal costs enough to provide a significant economic advantage.

Open-loop systems, on the other hand, can generate large amounts of solid wastes as well as
noxious fumes. Metals, minerals, and gases leach out into the geothermal steam or hot water
as it passes through the rocks. The large amounts of chemicals released when geothermal
fields are tapped for commercial production can be hazardous or objectionable to people living
and working nearby.

At The Geysers, the largest geothermal development, steam vented at the surface contains
hydrogen sulfide (H2S)-accounting for the area's "rotten egg" smell-as well as ammonia,
methane, and carbon dioxide. At hydrothermal plants carbon dioxide is expected to make up
about 10 percent of the gases trapped in geopressured brines. For each kilowatt-hour of
electricity generated, however, the amount of carbon dioxide emitted is still only about 5
percent of the amount emitted by a coal- or oil-fired power plant.

Scrubbers reduce air emissions but produce a watery sludge high in sulfur and vanadium, a
heavy metal that can be toxic in high concentrations. Additional sludge is generated when
hydrothermal steam is condensed, causing the dissolved solids to precipitate out. This sludge
is generally high in silica compounds, chlorides, arsenic, mercury, nickel, and other toxic heavy
metals. One costly method of waste disposal involves drying it as thoroughly as possible and
shipping it to licensed hazardous waste sites. Research under way at Brookhaven National
Laboratory in New York points to the possibility of treating these wastes with microbes
designed to recover commercially valuable metals while rendering the waste non-toxic.

Usually the best disposal method is to inject liquid wastes or redissolved solids back into a
porous stratum of a geothermal well. This technique is especially important at geopressured
power plants because of the sheer volume of wastes they produce each day. Wastes must be
injected well below fresh water aquifers to make certain that there is no communication
between the usable water and waste-water strata. Leaks in the well casing at shallow depths
must also be prevented.

In addition to providing safe waste disposal, injection may also help prevent land subsidence.
At Wairakei, New Zealand, where wastes and condensates were not injected for many years,
one area has sunk 7.5 meters since 1958. Land subsidence has not been detected at other
hydrothermal plants in long-term operation. Since geopressured brines primarily are found
along the Gulf of Mexico coast, where natural land subsidence is already a problem, even slight
settling could have major implications for flood control and hurricane damage. So far,
however, no settling has been detected at any of the three experimental wells under study.
Most geothermal power plants will require a large amount of water for cooling or other
purposes. In places where water is in short supply, this need could raise conflicts with other
users for water resources.

The development of hydrothermal energy faces a special problem. Many hydrothermal
reservoirs are located in or near wilderness areas of great natural beauty such as Yellowstone
National Park and the Cascade Mountains. Proposed developments in such areas have aroused
intense opposition. If hydrothermal-electric development is to expand much further in the
United States, reasonable compromises will have to be reached between environmental groups
and industry.
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Power station

Hot rocks underground heat water to produce
steam.

We drill holes down to the hot region, steam
comes up, is purified and used to drive turbines,
which drive electric generators.

There may be natural "groundwater" in the hot
rocks anyway, or we may need to drill more holes
and pump water down to them.

The first geothermal power station was built at
Landrello, in Italy, and the second was at Wairekei
in New Zealand. Others are in Iceland, Japan, the
Philippines and the United States. In Iceland,
geothermal heat is used to heat houses as well as
for generating electricity.

If the rocks aren't hot enough to produce steam
we can sometimes still use the energy - the Town
Hall in Southampton, England, is partly heated this
way.

Geothermal energy is an important resource in volcanically active places such as Iceland
and New Zealand. How useful it is depends on how hot the water gets. This depends on how
hot the rocks were to start with, and how much water we pump down to them.

Water is pumped down an "injection well", filters through the cracks in the rocks in the hot
region, and comes back up the "recovery well" under pressure. It "flashes" into steam when
it reaches the surface. The steam may be used to drive a turbogenerator, or passed through
a heat exchanger to heat water to warm houses. A town in Iceland is heated this way.

The steam must be purified before it is used to drive a turbine, or the turbine blades will get
"furred up" like your kettle and be ruined.

Find out more from Mighty River Power, New Zealand

A geothermal project in Hawaii http://www.geothermalhawaii.com/

A diagram showing a geothermal project
http://www.geothermal.marin.org/GEOpresentation/sld037.htm



http://www.mightyriverpower.co.nz/lakes_power_stations/power_stations/geothermal/
http://www.mightyriverpower.co.nz/lakes_power_stations/power_stations/geothermal/
http://www.geothermalhawaii.com/
http://www.geothermal.marin.org/GEOpresentation/sld037.htm
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Geothermal energy does not produce any pollution, and does not contribute to the
greenhouse effect.

The power stations do not take up much room, so there is not much impact on the
environment.

No fuel is needed.

Once you've built a geothermal power station, the energy is almost free.
It may need a little energy to run a pump, but this can be taken from the energy
being generated.

The big problem is that there are not many places where you can build a geothermal
power station.
You need hot rocks of a suitable type, at a depth where we can drill down to them.
The type of rock above is also important, it must be of a type that we can easily drill
through.

Sometimes a geothermal site may "run out of steam", perhaps for decades.

Hazardous gases and minerals may come up from underground, and can be difficult

to safely dispose of.

Geothermal energy is renewable.
The energy keeps on coming, as long as we don't pump too much cold water down and cool

the rocks too much.

Compare biomass and geothermal power generation; name three similarities and

three differences

Environmental effect

qualities

sources

technologies

VOCABULARY

Expose

Inject

Benign
Conventional scrubber
Noxious

Leach out/ Leak
Objectionable
Vent steam
Ammonia
Precipitate
Porous stratum
Aquifers

Shallow depth
Casing
Wilderness areas
Arouse opposition
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Introduction to wind energy

We have been harnessing the wind's energy for hundreds of years. From old Holland to
farms in the United States, windmills have been used for pumping water or grinding grain.
Today, the windmill's modern equivalent— a wind turbine— can use the wind's energy to
generate electricity.

Wind turbines, like windmills, are mounted on a tower to capture the most energy. At 100
feet (30 meters) or more above ground, they can take advantage of the faster and less
turbulent wind. Turbines catch the wind's energy with their propeller-like blades. Usually,
two or three blades are mounted on a shaft to form a rotor.

A blade acts much like an airplane wing. When the wind blows, a pocket of low-pressure air
forms on the downwind side of the blade. The low-pressure air pocket then pulls the blade
toward it, causing the rotor to turn. This is called /ift. The force of the lift is actually much
stronger than the wind's force against the front side of the blade, which is called drag. The
combination of lift and drag causes the rotor to spin like a propeller, and the turning shaft
spins a generator to make electricity.

Wind turbines can be used as stand-alone applications, or they can be connected to a utility
power grid or even combined with a photovoltaic (solar cell) system. For utility-scale
sources of wind energy, a large number of wind turbines are usually built close together to
form a wind plant. Several electricity providers today use wind plants to supply power to
their customers.

Stand-alone wind turbines are typically used for water pumping or communications.
However, homeowners, farmers, and ranchers in windy areas can also use wind turbines as
a way to cut their electric bills.

Small wind systems also have potential as distributed energy resources. Distributed energy
resources refer to a variety of small, modular power-generating technologies that can be
combined to improve the operation of the electricity delivery system.

Wind Energy

It is hard to imagine an energy source more benign to the environment than wind power; it
produces no air or water pollution, involves no toxic or hazardous substances (other than those
commonly found in large machines), and poses no threat to public safety. And yet a serious
obstacle facing the wind industry is public opposition reflecting concern over the visibility and
noise of wind turbines, and their impacts on wilderness areas.

One of the most misunderstood aspects of wind power is its use of land. Most studies assume
that wind turbines will be spaced a certain distance apart and that all of the land in between
should be regarded as occupied. This leads to some quite disturbing estimates of the land area
required to produce substantial quantities of wind power. According to one widely circulated
report from the 1970s, generating 20 percent of US electricity from windy areas in 1975 would
have required siting turbines on 18,000 square miles, or an area about 7 percent the size of
Texas.

In reality, however, the wind turbines themselves occupy only a small fraction of this land
area, and the rest can be used for other purposes or left in its natural state. For this reason,
wind power development is ideally suited to farming areas. In Europe, farmers plant right up
to the base of turbine towers, while in California cows can be seen peacefully grazing in their
shadow. The leasing of land for wind turbines, far from interfering with farm operations, can
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bring substantial benefits to landowners in the form of increased income and land values.
Perhaps the greatest potential for wind power development is consequently in the Great Plains,
where wind is plentiful and vast stretches of farmland could support hundreds of thousands of
wind turbines.

In other settings, however, wind power development can create serious land-use conflicts. In
forested areas it may mean clearing trees and cutting roads, a prospect that is sure to
generate controversy, except possibly in areas where heavy logging has already occurred. And
near populated areas, wind projects often run into stiff opposition from people who regard
them as unsightly and noisy, or who fear their presence may reduce property values.

In California, bird deaths from electrocution or collisions with spinning rotors have emerged as
a problem at the Altamont Pass wind "farm," where more than 30 threatened golden eagles
and 75 other raptors such as red-tailed hawks died or were injured during a three-year period.
Studies under way to determine the cause of these deaths and find preventive measures may
have an important impact on the public image and rate of growth of the wind industry. In
appropriate areas, and with imagination, careful planning, and early contacts between the wind
industry, environmental groups, and affected communities, siting and environmental problems
should not be insurmountable.

Check: Fill in the gaps with the given words:

Cornwall fuel generators noisy pollution reliable renewable
strong Wales

Wind power is [?], does not need any [?] and does not produce any [?].

However, you need a lot of [?] to make a large amount of power, and you must put them
where the winds are [?] and [?].

Wind farms can be [?] if you live close. Most wind farms in the UK are in [?] and [?].

QUESTIONS
1. What for have windmills been used earlier in Holland and the US? And today?
2. How high are they? Why?
3. What do turbines catch wind with?
4. How does a blade act?
5. What is lift? Drag?
6. What are the two ways of using wind turbines?
7. What are the stand alone turbines used for?
8. Why is wind energy benign?
9. What are the three reasons for public opposition?

10.What is the most common misunderstanding about wind power?
11.What are the benefits of landleasing for farmers?
12.What kind of land use conflicts may happen because of wind power?

We've used the wind as an energy
source for a long time. The
Babylonians and Chinese were using
wind power to pump water for
irrigating crops 4,000 years ago,
and sailing boats were around long
before that.

Wind power was used in the Middle
Ages, in Europe, to grind corn,
which is where the term "windmill"
comes from.
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How it works

The Sun heats our |ﬂ|
atmosphere unevenly, so _/F"ropellor blades
some patches become .

warmer than others. __e~Oearbox & generatorin
Wind CH: =~ | housing which can be
These warm patches of air rotated to face the wind

rise, other air blows in to
replace them - and we ——
feel a wind blowing. tower

We can use the energy in
the wind by building a tall
tower, with a large
propellor on the top.

The wind blows the propellor round, which turns a
generator to produce electricity. We tend to build
many of these towers together, to make a "wind
farm" and produce more electricity.

The more towers, the more wind, and the larger
, the propellors, the more electricity we can make.

It's only worth building wind farms in places that
have strong, steady winds, although boats and
caravans increasingly have small wind generators
to help keep their batteries charged.

More details

The best places for wind farms are in
coastal areas, at the tops of rounded
hills, open plains and gaps in
mountains - places where the wind is
strong and reliable. To be worthwhile,
you need an average wind speed of
around 25 km/h. Most wind farms in
the UK are in Cornwall or Wales.

Isolated places such as farms may have their own wind generators. In California, several
"wind farms" supply electricity to homes around Los Angeles.

The propellers are large, to extract energy from the largest possible volume of air. The
blades can be angled to "fine" or "coarse" pitch, to cope with varying wind speeds, and the
generator and propeller can turn to face the wind wherever it comes from.
Some designs use vertical turbines, which don't need to be turned to face the wind.

The towers are tall, to get the propellers as high as possible, up to where the wind is
stronger. This means that the land beneath can still be used for farming.

See Also:

News, views and analyses from the world's leading independent
wind energy magazine, Windpower Monthly, at
http://www.windpower-monthly.com



http://www.windpower-monthly.com/
http://www.windpower-monthly.com/
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WIND ENERGY

e The British Wind Energy Association at http://www.bwea.com/

e Wind is free, wind farms need no fuel.

e Produces no waste or greenhouse gases.

e The land beneath can usually still be used for farming.
e Wind farms can be tourist attractions.

e A good method of supplying energy to remote areas.

e The wind is not always predictable - some days have no wind.

e Suitable areas for wind farms are often near the coast, where land is expensive.
e Some people feel that covering the landscape with these towers is unsightly.

e Can kill birds - migrating flocks tend to like strong winds. Splat!

e Can affect television reception if you live nearby.

e Noisy. A wind generator makes a constant, low, "swooshing" noise day and night,
which can drive you nuts. An entire wind farm makes quite a racket!
Then again, the small modern wind generators used on boats and caravans make

hardly any noise.

Wind power is renewable. Winds will keep on blowing, it makes sense to use them.

TEXT FOR TRANSLATION

BiTpoenekTpoCTaHUii, BOHW > BiTporeHepaTopu - uUe crneuianbHi NPUCTPOI, LWO
rnepeTBOPIOOTL EHEPrito BITPY Ha eNeKTPUYHY eHeprito.
BiTpoenekTpocTaHLuii OCTaHHIM 4yacoM cTatoTb Aegani nonynspHiwuMmu. Lle nos'asaHo, B
rnepLwy yepry, 3 TMM, WO BOHM BUMKOPMUCTOBYIOTb BiAHOBJOBAHI NpUPOAHI AXepena eHeprii, i
AoAaTkoBoro nanmea Aans ix pobotn He noTpibHo. BEC, B AaHun 4ac, € Hanbinbw NpocTuMmn
Ta 3py4YHUMU $GK anbTepHATUBHI AXepena enekTpoeHeprii, WO BWKOPUCTOBYIOTbLCS B
MpMBaTHUX LiNax.

CborogHi cBiToBa eHepreTuka Bce 6binbwe CcxunseTbca A0 36inblIeHHS  4YacTku
anbTepHaTUBHMX cnocobiB BMpobHMLUTBaA enekTpoeHeprii. MNMoka3oBo, WO WoMicaus, y CBITi
BCTQHOBJIIOETLCS BITPOEEKTPOCTAHLIiM, CyMAapHOK MOTYXHicTio noHaa 200 MBT, Wwo MOXHa
MOpiBHATU 3 BUcokonoTyxHoto NEC. I ue nuwe no4vyaTok. 3aBASAKU PO3BUTKY AOCHIAXEHb Y
rasysi KOMNO3UTHMX MaTepianiB, yAOCKOHasieHHi TypbiH Ta reHepaTopiB, O BCTAaHOBOTLCS
Ha BEC, noTyXHiCTb «BiTpsKiB» 3a ocTaHHi 10 pokiB 36inbwwnnaca 6inbw Hix y 50 pasis.
Hanpuknag, skwo we 10 pokiB ToMy, BiTpoenekTpocTaHuia, wo Bupobnse 100 kBT,
BBa)kaslacs Hambinbll MOTYXHOKW, TO CbOroAHI MNOTYXHICTb BiTPpOreHepaTopiB 3Ha4HO
nepesunwmnia 1 MBT, a B OCTaHHiIX Mogensx gocsarna 5 MBT.


http://www.bwea.com/
http://www.bwea.com/
javascript:MM_openBrWindow('renewable.htm','renewable','width=620,height=400,menubar=yes,toolbar=no,status=no,scrollbars=yes,resizable=yes')
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BiTpoenekTpocTaHLUii MaloTb pag nepesar, cepel AKX MOXHa BUAINUTU TakKi AK:

— BEC € NoBHICTIO HE3aNeXHWMM BiJ 30BHILLHIX A)Xepen enekTpoeHeprii.

- eHeprito, Ky BMpObLMSOTbL BiTpOreHepaTopun, MOXHa BMKOPWUCTOBYBATWM CMIJIBHO 3 iHLWWMMK
axepenamum, TakKMMKW $IK, Hanpukiag, Au3enb-enekTpocTaHuii, abo iHWWMK, y TOMYy 4uchi
aNbTEPHAaTUBHUMM - HANpPUKa4, COHAYHUMK BaTapesmu;

- BEC MOXxyTb 6yTn cTauioHapHWUMK, Pi3HOI MOTYXHOCTI. A MOXYTb 6yTu i nepecyBHUMHU, | B
UbOMY BWMNAAKy, HanMpuknag, MNpuM BUKOPUCTAHHI B NOAOPOXaX, BOHWU MOXYyTb OyTu
He3aMiHHUMU QKepenamun AeleBol efleKTpoeHepril.

- B paHun 4yac, BUNYCKAETbCHA BefMYe3Ha KiNbKiCTb MoAenen BiTporeHepaTopiB, Pi3HOI
MOTYXHOCTi, 3aBASIKM YOMY MOXHA Nerko nigibpatyv Hanbinbw onTUManbHUA BapiaHT Ans
KOXXHOI0 KOHKPETHOro BUNnaaKy.

BiTpoenekTpocTaHLuii, Sk npaBuio, cCKNaaatoTbCAd 3 YOTUPbOX OCHOBHUX BYy3MiB. Hanbinblu
TEXHOJIOMNYHUM i3 HUX, 6€3 CyMHIBY, € NBUHT, WO obepTaeTbCs Nig BNAMBOM Ccuau BiTpy. dani
0o cknagy BEC BxoasTb nNpucTpih ana KpinneHHsa rBuHTa (BNacHe Kopnyc BiTpsKa),
reHepaTtop i akyMynartop.

BiTpoenekTpocTaHLUii NoainaTbCcsa Ha cTauioHapHi Ta MObiNbHi.

MoTy>Hi, cTauioHapHi BEC BCTaHOBAOOTLCA NUWe Nicns npoBeAeHHS HU3KKM A0CNiAXeHb, a
TakKoX NigrotoBumx OyaiBenbHUX Ta OCTATOYHMX MOHTaXHUX pobiT. Taki enekTpocTaHuii
30aTHi MOBHICTIO 3abe3neunTn enekTponocTadvaHHs, Hanpuknag, Xutnosumn 6yamHok, abo
HeBenuke BMpobHUUTBO. KpiM TOro, BOHM 34aTHI HaKONMYyBaTW B aKyMynATOpHUX 6aTapesx
AOCTaTHIO KiJIbKiCTb eHeprii, iIKka BUKOPUCTOBYETbCSH Y 6€3BiTpsHY noroay.

Mob6inbHi enekTpocTaHuii 6inbw HeBmbarnuei, NpocTi B 06cnyroByBaHHi Ta BCTAHOBJ/IEHHI.
BOHM BWKOPUCTOBYKOTbBCS B OCHOBHOMY B MNOAOPOXax, a TaKoX AN KUBNEHHS
efieKTpornpunaais.

OCHOBHI XapaKTepuCTUKK BITPOENEeKTPOCTaHLIN.

1. HoMiHanbHa noTyxHicTb (BT) abo BuxigHuin ctpym (A). LIS XxapakTepucTuKa 3anexuTb Big
Tuny BEC | BWM3HA4Ya€TbCs MNOTYXHICTIO, Ky MOXe BUpPO6NSATM reHepaTop Npu MNEBHIN
LWBWAKOCTI BITPY. AK npaBuao, Len NoKasHMK HOPMYETbCS, NPU CepeaHin WBUAKOCTI BiTpy 12
M/ceK.

2. HoMiHanbHa Hanpyra (B) - Hanpyra cTpyMy, Wo BUpobnseTbcsa reHepatopom (12, 24, 220
B)iT.A.

3. EnekTpuyHa NOTYXHIiCTb reHepaTtopa, sika 3aJieXuTb BiA MNOTYXHOCTIi Typb6iHM. Yunm
6inbwnin piametp Typ6iHM, TMUM BOHa NOTYXHiwa. Llein nokasHWK nNpsMO BMMBAE Ha
KOHCTPYKLiO LWOrnun, WO BUKOPUCTOBYETLCA NiA4 Yac BCTAHOBJIEHHS BiTporeHepaTopa.

Takox HeobxigHO BpaxoByBaTW AesKi XapaKTepUCTUKN BITPOBOI YCTAHOBKMU:

- KinbkicTb nonaten;

— yacTtoTa obepTaHHs «BiTpsika» 06/XB;

- NYCKOBa LWBWAKICTb BITPY — Le Ta MiHiManbHa WBWAKICTb BITPY (M/cek), konu BiH TypbiHa
rnoyHe obepratucs;

— MaKcMMasibHa WBUAKICTb BiTPY — WBWUAKICTb, 3@ sKOi TypbiHa npautoe 6e3 ylKoaXKEHb;

— MNPOAYKTMBHICTb — KiNIbKICTb efeKTpoeHeprii, Wwo BUpobnaeTbcs Ha pik (KBT roa), npu
cepeaHbOpiYHIl WBUAKOCTI BiTPY, Ta iHLWI.

EkoHOMIiCTM nigpaxyBanu, WO BCi BKAAAEHHA, WO BUTPayaloTbCsad Ha MOYaTKOBOMY eTani
po3pobKM Ta YCTAHOBKW BIiTPOENEKTPOCTaHLUIl, AyXe WBUAKO OKYNatloTbCs, i HA CbOrOAHILLHIN
MOMEHT, BUIOAM Bif TaKOro poay BKJaZeHb NepeBepLllyoTh BCi iHWI eHepreTUyHi NpoeKTH.
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Unit 6. Tidal power -
energy from the sea

0 Introduction

The tide moves a huge amount of water twice each day, and harnessing it could provide a
great deal of energy - around 20% of Britain's needs. Although the energy supply is reliable
and plentiful, converting it into useful electrical power is not easy.

There are eight main sites around Britain where tidal power stations could usefully be built,
including the Severn, Dee, Solway and Humber estuaries. Only around 20 sites in the world
have been identified as possible tidal power stations. A few years ago, "tidal power" meant
"tidal barrage". But these days there are other options as well.

0 How it works: Tidal Barrages

These work rather like a hydro-electric scheme, : g
except that the dam is much bigger. Tide coming in

A huge dam (called a "barrage") is built across a
river estuary. When the tide goes in and out, the
water flows through tunnels in the dam.

The ebb and flow of the tides can be used to turn
a turbine, or it can be used to push air through a
pipe, which then turns a turbine. Large lock gates,
like the ones used on canals, allow ships to pass.

If one was built across the Severn Estuary, the
tides at Weston-super-Mare would not go out
nearly as far - there'd be water to play in for most
of the time. But the Severn Estuary carries
sewage and other wastes from many places (e.g.
Bristol & Gloucester) out to sea. A tidal barrage |
would mean that this stuff would hang around
Weston-super-Mare an awful lot longer!

Also, if you're one of the 80,000+ birds that feeds
on the exposed mud flats when the tide goes out,
then you have a problem, because the tide won't

be going out properly any more.

0 More:

The largest tidal power station in the world (and the only one in Europe) is in the Rance
estuary in northern France, near St. Malo. It was built in 1966.

A major drawback of tidal power stations is that they can only generate when the tide is
flowing in or out - in other words, only for 10 hours each day. However, tides are totally
predictable, so we can plan to have other power stations generating at those times when
the tidal station is out of action. There have been plans for a "Severn Barrage" from Brean


http://www.darvill.clara.net/altenerg/hydro.htm
javascript:MM_openBrWindow('turbines.htm','turbines','width=620,height=400,menubar=yes,toolbar=no,status=no,scrollbars=yes,resizable=yes')
javascript:MM_openBrWindow('turbines.htm','turbines','width=620,height=400,menubar=yes,toolbar=no,status=no,scrollbars=yes,resizable=yes')

27

Down in Somerset to Lavernock Point in Wales. Every now and again the idea gets
proposed, but nothing has been built yet.

It would cost at least £15 billion to build, but other figures about the project seem to vary
depending on where you look. For example, one source says the Severn Barrage would
provide over 8,000 Megawatts of power (that's over 12 nuclear power station's worth),
another says it would be equivalent to 3 nuclear power stations. The variation in the
numbers is because there are several different Severn Barrage projects being proposed, so
be careful about which numbers you quote if you're a student researching this topic.

There would be a number of benefits, including protecting a large stretch of coastline
against damage from high storm tides, and providing a ready-made road bridge. However,
the drastic changes to the currents in the estuary could have huge effects on the
ecosystem, and huge numbers of birds that feed on the mud flats in the estuary when the
tide goes out would have nowhere to feed.

@Find out more at:www.bbc.co.uk/insideout/ ; en.wikipedia.org/wiki/Severn Barrage

Another option is to use

an underwater wind farm.

This has the advantage of
being much cheaper to build,
and does not have the
environmental problems that a
tidal barrage would bring.

There are also many more
suitable sites.

@Find out more at
www.marineturbines.com

(CIMCT Ltd 2003

The University of Wales Swansea and partners are
also researching techniques to extract electrical
energy from flowing water.

The "Swanturbines" design is different to other
devices in a number of ways. The most significant is
that it is direct drive, where the blades are
connected directly to the electrical generator
without a gearbox between. This is more efficient
and there is no gearbox to go wrong. Another
difference is that it uses a "gravity base", a large
concrete block to hold it to the seabed, rather than
drilling into the seabed. Finally, the blades are fixed
pitch, rather than actively controlled, this is again to
design out components that could be unreliable.

@Find out more at www.swanturbines.co.uk



http://www.bbc.co.uk/insideout/content/articles/2008/03/18/west_severn_barrage_s13_w4_feature.shtml
http://en.wikipedia.org/wiki/Severn_Barrage
http://www.marineturbines.com/21/technology/
http://www.marineturbines.com/technical.htm
http://www.swanturbines.co.uk/
http://www.swanturbines.co.uk/
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December 2008: A "Tidal Reef" across the Severn Estuary is being proposed.

At first glance this looks like
a tidal barrage, but this
design does not block the
water movement as much,
so it wouldn't affect the
tides as severely and the
environmental
consequences would be
much less. It could be built
in sections, so power could
start being generated
sooner.

Migratory fish could get
through, mud flats could still
be exposed at low tide, and
it would be able to generate
power for more hours in the
tidal cycle. Sections of it
would open to allow
shipping through, and it
could be used to control
tidal levels further
upstream, for example
preventing storm surges
from flooding low-lying land.
Tidal barrages have been
built before, whereas this
idea is untested - so it'll be
interesting to see if it gets
approve.

vertical-axis turbines:

@Find out more from the
Canadian company Blue
Energy at
www.bluenergy.com

0Advantages
e Once you've built it, tidal power is free.

e It produces no greenhouse gases or other waste.
e It needs no fuel.

e It produces electricity reliably.

e Not expensive to maintain.

e Tides are totally predictable.

e Offshore turbines and vertical-axis turbines are not ruinously expensive to build and
do not have a large environmental impact.


http://www.severntidal.com/
http://www.bluenergy.com/
http://www.bluenergy.com/tidal.html

29

O Disadvantages

e A barrage across an estuary is very expensive to build, and affects a very wide area
- the environment is changed for many miles upstream and downstream. Many birds
rely on the tide uncovering the mud flats so that they can feed. There are few
suitable sites for tidal barrages.

e Only provides power for around 10 hours each day, when the tide is actually moving
in or out.

OIs it renewable?

Tidal energy is renewable. The tides will continue to ebb and flow, and the energy is there
for the taking.

Check: Fill in the gaps with the given words:

barrage estuary expensive France fuel in large out
pollution renewable Severn turbines

There is a great deal of energy in tides. To use it, we can build a large dam, called a tidal
[?], across an [?] where the tides are strong. There are proposals to build one across the
river [?] in the UK. Tidal energy is [?], needs no [?] and produces no [?]. However, such a
huge dam is very [?] to build and will affect the environment over a [?] area. The largest
one in the world so far is in the Rance estuary, in [?].
An alternative is 'offshore [?]', like an underwater wind farm. This will not have such a
dramatic effect on the surrounding area. It will only generate power when the tide is going
[?] or [?], but we know when this will be so we can easily plan for it.

QUESTIONS:

1. How many sites in the world have been identified as possible tidal power
stations?

What is a barrage?

If you were a bird, what problem/s would you have with tidal power stations?
What is the major drawback of a tidal power station?

What are the benefits of the tidal power generation?

What is the advantage of the offshore turbines?

How is the Swansea design different from other devices?

What is the gravity base?

What could be the effects of the tidal reef?

CONOUNRAWN

About solar energy

[

Solar Energy
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Ultimately, almost all energy comes from the sun. the energy stored in coal, oil, and natural
gas is the result of photosynthesis carried out by plants that lived hundreds of millions of
years ago. Wind energy is actually the movement of the atmosphere driven by the heat
from the sun. Currently solar energy is used two ways: for heat (thermal) and to generate
electricity (photovoltaic). Solar rays can be directly thermal in two ways: actively as can be
seen in the thousands of rooftop water heaters throughout Europe, and passively with
proper design of homes and buildings. Improvements in photovoltaic (or solar electric)
panels continue to make this technology more applicable, especially for developing countries
without widely established power grids that transport electricity generated at large public
utilities. Increased efficiency of converting sunlight into electricity, using thin film silicon
panels or copper indium thin film, has been an ongoing goal of several manufacturers of
solar energy technology.

As technology has improved, the cost of using solar energy has dropped. However, one

concern about widespread use of solar panels to generate the large amount of electricity
needed for industries and cities is the environmental impact - they take up a lot of space
and are highly visible. But this is an acceptable trade-off because solar energy is totally
clean and panels have a long life span. Panels are also easy to maintain for there are no
moving parts, only moving electrons!
A more serious concern for widespread use is that solar energy is an intermittent energy
source as are wind and tides. Therefore, storage of excess energy or backup sources of
energy are needed for times when there is not adequate sunshine for the panels to function
efficiently. Improved battery technology has made use of photovoltaic panels easier for
users in remote areas who live “off the grid” of the public utility company and need to store
excess power. In some areas, users of solar panels who are connected to the grid may sell
back any surplus power to the public utility company. Development of thin film technology
has made solar power viable for use in some forms of transportation. For all its advantages,
however solar power remains the least used of the main alternative energy sources.

There are a variety of technologies that have been developed to take advantage of solar
energy. NREL performs research to develop and advance all of these technologies. These
include:

Photovoltaic (solar cell) systems- Producing electricity directly from sunlight.

Concentrating solar systems- Using the sun's heat to produce electricity.

Passive solar heating and daylighting- Using solar energy to heat and light buildings.

Solar hot water- Heating water with solar energy.

Solar process heat and space heating and cooling- Industrial and commercial uses of the
sun's heat.

We've used the Sun for drying clothes and food for
thousands of years, but only recently have we been able
to use it for generating power.

The Sun is 150 million kilometres away, and amazingly
powerful.

Just the tiny fraction of the Sun's energy that hits the
Earth (around a hundredth of a millionth of a percent) is
enough to meet all our power needs many times over.

In fact, every minute, enough energy arrives at the Earth
to meet our demands for a whole year - if only we could


http://www.nrel.gov/clean_energy/photovoltaic.html
http://www.nrel.gov/clean_energy/concentratingsolar.html
http://www.nrel.gov/clean_energy/passivesolar.html
http://www.nrel.gov/clean_energy/solarhotwater.html
http://www.nrel.gov/clean_energy/solarprocessheat.html
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harness it properly.

How it works

There are three main ways that we use the Sun's energy:-

1. Solar Cells (really called "photovoltaic" or "photoelectric" cells) that convert
light directly into electricity.

In a sunny climate, you can get enough power to run a 100W light bulb from just one
square metre of solar panel.

This was originally developed in order to provide electricity for
satellites, but these days many of us own calculators powered by

solar cells.

Glass To water
Solar cover tank .
Eneray \ .

Black

surface Shiny

surface From water
tank

S

2 Solar water heating, where heat from the Sun is used to heat water in glass

panels on your roof.
This means you don't need to use so much gas or electricity to heat your water at home.

QUESTIONS

1. What are the ways to use solar energy?
2. What are the two ways to use solar rays?
3. What is the goal of solar energy manufacturers?
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4. What is the man concern about solar panels?
5. Why are the panels easy to maintain?
6. What does it mean that solar energy is intermittent?

Water is pumped through pipes in the panel.
The pipes are painted black, so they get hot when the
Sun shines on them.

This helps out your central heating system, and cuts
your fuel bills. However, in the UK you must remember
to drain the water out to stop the panels freezing in the
winter.

Solar heating is worthwhile in places like California and
Australia, where you get lots of sunshine.

Solar Furnaces
use a huge array of mirrors to
concentrate the Sun's energy
into a small space and produce
very high temperatures.

There's one at Odellio, in
France, used for scientific
experiments.

It can achieve temperatures
up to 33,000 degrees Celsius.

Solar cells provide the energy to run satellites that orbit the Earth. These
give us satellite TV, telephones, navigation, weather forecasting, the
internet and all manner of other facilities.

In California, the Solar One power station uses the Sun's heat to make
steam, and drive a generator to make electricity. The station looks a little like the Odellio
solar furnace (see picture above), except that the mirrors are arranged in semi-circles
around the "power tower".
As the Sun moves across the sky, the mirrors turn to keep the rays focused on the tower,
where oil is heated to 3,000 degrees Celsius. The heat from the oil is used to generate
steam, which then drives a turbine, which in turn drives a generator capable of providing
10kW of electrical power.

Solar One was very expensive to build, but as fossil fuels run out and become more
expensive, solar power stations may become a better option.
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One idea that is being considered is to build solar towers.

The idea is very simple - you build a big greenhouse, which is
warmed by the Sun. In the middle of the greenhouse you put a
very tall tower. The hot air from the greenhouse will rise up this =
tower, fast - and can drive turbines along the way. this could ..

generate significant amounts of power.

See www.enviromission.com.au/intro.htm to find out more.

Advantages

e Solar energy is free - it needs no fuel
and produces no waste or pollution.

e In sunny countries, solar power can be
used where there is no easy way to get
electricity to a remote place.

e Handy for low-power uses such as solar
powered garden lights and battery
chargers

Disadvantages

e Doesn't work at night.

e \Very expensive to build solar power stations.
Solar cells cost a great deal compared to the amount of electricity they'll produce in
their lifetime.

e Can be unreliable unless you're in a very sunny climate. In the United Kingdom, solar
power isn't much use except for low-power applications, as you need a very large
area of solar panels to get a decent amount of power.

Is it renewable?
Solar power is renewable. The Sun will keep on shining anyway, so it makes sense to use it.

TRANSLATION TEST

1. B paHuMii 4ac IiCHYeE Tpu CXeMM BUPOBHMLUTBA eNnekTpoeHeprii 3 BUKOPUCTAHHAM
rigpoTepMasnibHUX pecypciB: NpsMa 3 BUKOPUCTAHHAM CYXOi napwu, HenpsiMa 3 BUKOPUCTaHHAM
BOASIHOT Napwu Ta 3MilaHa cxeMa BMpobHuuTea (6iHapHWMiA unkn).

2. MapoBi enekTpoCcTaHLUii NpauoloTb NMepeBa)kHO Ha rigpoTepMasnbHin napi. MNMapa HagxoanTb
6esnocepeaHbo B TypbiHY, siKa XMBWUTb TreHepaTop, WO BMPOONSE eneKTpoeHeprito.
BuKopucTaHHA napu [A03BOMSE BIAMOBUTUCA BiA CnasatoBaHHS BWKOMHOrO nanmea (TakoX
Bignaga€e HeobXxigHICTb y TpaHCNopTyBaHHI Ta 36epiraHHi nanuea)


http://www.enviromission.com.au/intro.htm
http://www.enviromission.com.au/intro.htm
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3. BinbwicTb reotepMasibHUX panoHIB MICTATb BoAY MOMipHMX TeMmnepaTyp (Huxuye 3a 200
0C). Ha enekTpocTaHuiax i3 6iHapHUM LMKNOM BMPOBHMUTBA LS BOAA BUKOPUCTOBYETLCA ANSA
OTPpUMaHHSA eHeprii. [apsaya reoTepMmasibHa BoJa Ta Apyra, AOAATKOBA piAMHA 3 HWXYOIO
TOYKOK KWMiHHS, HiXX Y BOAW, NPONYCKaKTbCA Yyepe3 Teno006MiHHMK. Tenno reotepManbHOi
BOAM BUMNAPIE APYry pianHy, nNapu aKkoi nNpuBoaaTb Yy Aito TypbiHM. Tak K uUe 3aMKHyTa
cucTema, BUKMAM B aTMocdepy Mamxe BigCYTHI.

4. "DIZELEK" nponoHye BepTUKasbHi BiTporeHepaTtopn - 6e3WyMHi, iHepLiiHi, BepTuKanbHO-
opieHTOBaHi. Ha cborogHiWHiIW p[eHb JaHa MoAenb BiTporeHepaTtopa € OfHiew 3
HanedeKTUBHILWMNX.

5. BuMKOpWUCTaHHS BigHOBMOBaAHUX AXepen efiekTponocTtadaHHs nepeabadvae o060B'A3KOBUIA
AeTanbHUM 06nik reorpadiyHoro po3TawyBaHHS KoMnekcy. [lonepeaHe o6cTeXeHHs
MangaHymka daxiBusMM Ta aHani3a yMmMoB ekcnnyartauii (Bucotu ob6'ekta, BigganeHocTi Bia
TepMiHany ynpasniHHA, Aiana3oHy TeMrnepaTyp HaBKOJIMWHBLOMO MOBITPS, CepefHbOopPiYHOI Ta
cepeiHbOMICAYHOI WBWAKOCTI BIiTPY, IHTEHCUMBHOCTI HAAXOAXEHHS COHAYHOI eHeprii Ta
noTeHuUiany BoagHUX pecypciB ans MiHi-F'EC) no3BonsaTb ChopMyitoBaTM ONTUMasbHE TEXHIYHE
3aBAaHHS Ha KOHQirypauito KoMnnekcy

6. COHSAYHI enekTpoCTaHUii 3 aKyMynaTopaMu igeanbHO MiaxoAsTb AN BUpPOBHMUTBaA Ta
36epiraHHa enekTpoeHeprii y Micuax 3 BIACYTHICTIO eHepronocTtadaHHs. 34aTHICTb
BMpPO6GNATK, HakonuuyyBaTM Ta 3b6epiratm enekTpoeHeprilo pobuTb Taki  COHAYHI
€/IeKTPOCTaHUil HadiMHUM [XepenoMm eHeprii y 6yab-KMW 4yac, He3anexHo Big NoroaHmx
yMOB Ta u4acy p[obu. CoHAYHI eneKTpoCTaHuii 3 aKyMynaTopaMum MpOEeKTYTbCAa AN
MocTayaHHS eNeKTPUKU AK NOCTIMHOro, Tak i 3MiHHOro CTpPyMiB.

7. TMpununeHa enekTpocTtaHuia (MEM) - ocobnuBun BUA TigpoenekTpocTaHuii, LWo
BUKOPUCTOBYE €Heprito npunameiB, a @aKTUYHO KIiHETUYHY eHeprito obepTaHHA 3emni.
MpunuBHi enekTpocTaHuii 6yaytoTb Ha 6eperax MopiB, Ae rpasiTauiriHi cunm Micaua Ta CoHus
ABidvi Ha noby 3MiHIIOTL piBeHb BoaW. KonuBaHHSA piBHA Boan 6ina 6epera MoxyTb caratn 13
MeTpiB.

8. [ns oTpuMaHHS eHeprii 3aTtoky abo rmMpno piyku nepekpuBatoTb rpebnew, B SKin
BCTAHOBJIEHI rigpoarperaTtn, AKi MOXYTb NpauloBaTU K B PEXUMI reHepaTopa, TakK i B pexuMi
Hacoca (ANnsa nepekadyyBaHHA BOAM Yy BOAOCXOBULLE AN noganbwoi pob6otu 6e3 npunaveis Ta
BioMBIB)

9. TlepeBaramm T[1EM € eKOMOrivyHiCTb Ta Hu3bKa cobiBapTicTb BUpObHUUTBA eHepril.
Heponikamm — Bucoka BapTicTb 6yAiBHMUTBA i MOTYXHICTb, WO 3MIHIOETLCS NMPOTAromMm aobu,
yepe3 wo [EM MoXe npautoBaTM TiNbKW B CKMadi €HeprocucteMu, WO MAE AOCTaTHIO
MOTY>XHICTb €N1eKTPOCTAHLIN iHWKX TUNIB.

10. Yci nwoan 3a BIiAHOBNOBAHI AXepena eHeprii, ane pgesdki nwoAuM  BigYanaywHo
BUCNOB/IOOTb HEBAOBOMIEHHS, KONW 6yAiBHMUTBO BiTpoBUX TypbiH nepenbavacrbcs y iXHbOMY
panoHi. O4eBUAHO, BCi XOUYTb MOXMHATWU NAOAU eHeprii BiTPY, ane HiXTO He Xoye AMBUTUCA
Ha BiTpPOTYp6iHN.

11. BepTukanbHi BiTporeHepaTopy HWHI MalTb HWU3KY ICTOTHMUX MNepesar i Kinbka Henonikie
MpoOTW rOpU30OHTaNIbHUMU BiTporeHepaTopaMu. Nepesarn BepTuKaaibHUX BiTPOreHepaTopiB:

e [eHepaTop MoXe 6yTu pO3MillleHU Ha 3eMJli, Wo pobuTb NPOCTilLE PEMOHT.

¢ Kopobka nepenay moxe 6yTn po3sTalloBaHa Ha 3eMni, Wo pobuUTb NMpoCTille PEMOHT.

e BcecnpsiMOBaHiCTb (He NOTpibHI MexaHi3MM AN KOHTPOJIKO HanpsiMy BiTPYy Ta NOBOPOTY)

[ ]

e OagHMM i3 HenonikiB BepTUKaNbHUX BITPOreHepaTopiB € Te, WO BOHM (9K nNpaswio)
BCTaHOB/OOTLCA 6ing 3emni (WO O3Ha4ya€, WO BOHW He MOXYTb CKOPUCTaTUCH nepeBaramu
BMCOKOi LUBUAKOCTI BiTPY Ha BUCOTax HaA piBHEM 3eMJli).
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Hydropower

The development of hydropower has become increasingly problematic in the United States.
The construction of large dams has virtually ceased because most suitable undeveloped sites
are under federal environmental protection. To some extent, the slack has been taken up by a
revival of small-scale development. But small-scale hydro development has not met early
expectations. As of 1988, small hydropower plants made up only one-tenth of total
hydropower capacity.

Declining fossil-fuel prices and reductions in renewable energy tax credits are only partly
responsible for the slowdown in hydropower development. Just as significant have been public
opposition to new development and environmental regulations.

Environmental regulations affect existing projects as well as new ones. For example, a series
of large facilities on the Columbia River in Washington will probably be forced to reduce their
peak output by 1,000 MW to save an endangered species of salmon. Salmon numbers have
declined rapidly because the young are forced to make a long and arduous trip downstream
through several power plants, risking death from turbine blades at each stage. To ease this
trip, hydropower plants may be required to divert water around their turbines at those times of
the year when the fish attempt the trip. And in New England and the Northwest, there is a
growing popular movement to dismantle small hydropower plants in an attempt to restore
native trout and salmon populations.

That environmental concerns would constrain hydropower development in the United States is
perhaps ironic, since these plants produce no air pollution or greenhouse gases. Yet, as the
salmon example makes clear, they affect the environment. The impact of very large dams is so
great that there is almost no chance that any more will be built in the United States, although
large projects continue to be pursued in Canada (the largest at James Bay in Quebec) and in
many developing countries. The reservoirs created by such projects frequently inundate large
areas of forest, farmland, wildlife habitats, scenic areas, and even towns. In addition, the dams
can cause radical changes in river ecosystems both upstream and downstream.

Small hydropower plants using reservoirs can cause similar types of damage, though obviously
on a smaller scale. Some of the impacts on fish can be mitigated by installing "ladders" or
other devices to allow fish to migrate over dams, and by maintaining minimum river-flow
rates; screens can also be installed to keep fish away from turbine blades. In one case,
flashing underwater lights placed in the Susquehanna River in Pennsylvania direct night-
migrating American shad around turbines at a hydroelectric station. As environmental
regulations have become more stringent, developing cost-effective mitigation measures such
as these is essential.

Despite these efforts, however, hydropower is almost certainly approaching the limit of its
potential in the United States. Although existing hydro facilities can be upgraded with more
efficient turbines, other plants can be refurbished, and some new small plants can be added,
the total capacity and annual generation from hydro will probably not increase by more than
10 to 20 percent and may decline over the long term because of increased demand on water
resources for agriculture and drinking water, declining rainfall (perhaps caused by global
warming), and efforts to protect or restore endangered fish and wildlife.

QUESTIONS

What is the present situation with hydropower in the US?

Why has the construction of dams ceased?

What are the two reasons for the slowdown in hydropower development?
Why have salmon numbers decreased?

What can hydropower plants do to help?

What is the environmental impact of large dams?

What devices allow fish to migrate over dams?

NoUuhwNE=



We have used running water as an energy source for

thousands of years, mainly to grind corn.

The first use of water to generate electricity was in 1882 on
the Fox river, in the USA, which produced enough power to

light two paper mills and a house.

Nowadays there are many hydro-electric power stations,
providing around 20% of the world's electricity. The name

comes from "hydro", the Greek word for water.

A dam is built to trap water, usually in

a valley where there is an existing lake. dam
Water is allowed to flow through reservoir turbine
tunnels in the dam, to turn turbines anarator

and thus drive generators.

Notice that the dam is much thicker at
the bottom than at the top, because

the pressure of the water increases

with depth.

The Sun evaporates water from the sea and lakes,
which forms clouds and falls as rain in the mountains,

keeping the dam supplied with water.

Hydro-electric power stations can produce a
great deal of power very cheaply. The huge
"Hoover Dam", on the Colorado river, supplies
much of the electricity for the city of Las Vegas.

There's a good explanation of how hydro power
works at http://www.fwee.org/Tours.html.

Although there are many suitable sites around
the world, hydro-electric dams are very

expensive to build.

However, once the station is built, the water
comes free of charge, and there is no waste or
pollution.
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More details

Gravitational potential energy is stored in the
water above the dam. Because of the great
height of the water, it will arrive at the turbines
at high pressure, which means that we can
extract a great deal of energy from it. The
water then flows away downriver as normal. In
mountainous countries such as Switzerland and
New Zealand, hydro-electric power provides
more than half of the country's energy needs.

An alternative is to build the station next to a
fast-flowing river. However with this
arrangement the flow of the water cannot be
controlled, and water cannot be stored for later
use.

Advantages

e Once the dam is built, the energy is
virtually free.

e No waste or pollution produced.

e Much more reliable than wind, solar or
wave power.

e Water can be stored above the dam
ready to cope with peaks in demand.

e Hydro-electric power stations can
increase to full power very quickly, unlike
other power stations.

Electricity can be generated constantly.

Disadvantages

e The dams are very expensive to build.
However, many dams are also used for
flood control or irrigation, so building
costs can be shared.

e Building a large dam will flood a very .- v
large area upstream, causing problems :
for animals that used to live there.

e Finding a suitable site can be difficult -
the impact on residents and the
environment may be unacceptable.

e Water quality and quantity downstream
can be affected, which can have an
impact on plant life.
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Is it renewable?

Hydro-electric power is renewable. The Sun provides the water by evaporation from the
sea, and will keep on doing so. !

Unit 9. Wave Power

Introduction

Ocean waves are caused by the wind as it blows across
the sea. Waves are a powerful source of energy.

The problem is that it's not easy to harness this energy and convert it into electricity in
large amounts. Thus, wave power stations are rare.

O How it works

There are several methods of
getting energy from waves. One of Air is forced back &

them works like a swimming pool forth through turbine
wave machine in reverse.

At a swimming pool, air is blown in
and out of a chamber beside the
pool, which makes the water outside
bob up and down, causing waves.

Incoming waves
—_—_——

Turbinel&
generato;

At a wave power station, the waves
arriving cause the water in the
chamber to rise and fall, which
means that air is forced in and out of
the hole in the top of the chamber.

We place a turbine in this hole, which is turned by the air rushing in and out. The turbine
turns a generator. A problem with this design is that the rushing air can be very noisy,
unless a silencer is fitted to the turbine. The noise is not a huge problem anyway, as the
waves make quite a bit of noise themselves.

Example:

A company called Wavegen operate a
commercial wave power station called
"Limpet" on the Scottish island of Islay.
@Find out more at
www.wavegen.co.uk...

@view an animation
about how "Limpet"
works from the
Greenpeace website.



javascript:MM_openBrWindow('renewable.htm','renewable','width=620,height=400,menubar=yes,toolbar=no,status=no,scrollbars=yes,resizable=yes')
javascript:MM_openBrWindow('turbines.htm','turbines','width=620,height=400,menubar=yes,toolbar=no,status=no,scrollbars=yes,resizable=yes')
javascript:MM_openBrWindow('turbines.htm','turbines','width=620,height=400,menubar=yes,toolbar=no,status=no,scrollbars=yes,resizable=yes')
http://www.wavegen.co.uk/what_we_offer_limpet.htm
http://www.greenpeace.org.uk/files/swfs/migrated/MultimediaFiles/Live/Video/5352.swf
http://www.greenpeace.org.uk/files/swfs/migrated/MultimediaFiles/Live/Video/5352.swf
http://www.greenpeace.org.uk/files/swfs/migrated/MultimediaFiles/Live/Video/5352.swf

39

Example:

A company called Ocean Power Delivery are developing
a method of offshore wave energy collection, using a
floating tube called "Pelamis".

This long, hinged tube (about the size of 5 railway
carriages) bobs up and down in the waves, as the
hinges bend they pump hydraulic fluid which drives
generators.

@Find out more, including an interactive model, videos
and technical details at www.oceanpd.com

Example: Another company is called Renewable Energy Holdings. Their idea for
generating wave power (called "CETO") uses underwater equipment on the sea bed near
the coast. Waves passing across the top of the unit make a plston move, which pumps
seawater to drive generators on land. i

They're also involved with wind power and biofuel.

0 More

More ideas about how to extract energy from waves are being proposed all the time. This
page only shows three examples.Once you've built a wave power station, the energy is free,
needs no fuel and produces no waste or pollution.

One big problem is that of building and anchoring something that can withstand the
roughest conditions at sea, yet can generate a reasonable amount of power from small
waves. It's not much use if it only works during storms!

0Advantages
e The energy is free - no fuel needed, no waste produced.

e Not expensive to operate and maintain.

e Can produce a great deal of energy.

0 Disadvantages

e Depends on the waves - sometimes you'll get loads of energy, sometimes almost
nothing.

e Needs a suitable site, where waves are consistently strong.

e Some designs are noisy. But then again, so are waves, so any noise is unlikely to be
a problem.

Must be able to withstand very rough weather.

0Is it renewable? Wave power is renewable.
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javascript:MM_openBrWindow('renewable.htm','renewable','width=620,height=400,menubar=yes,toolbar=no,status=no,scrollbars=yes,resizable=yes')

40

Check: Fill in the gaps with the given words:

air calm fuel movement reliable renewable storms strong
turbine water waves

Wave power is a [?] energy resource, needs no [?] and produces no pollution. There are

several ways to get energy from waves. One is to use the waves to make [?] bob up and
down in a chamber, allowing [?] to be blown in and out of the top which can drive a [?]
and a generator. Another is to tether objects where the [?] can move them up and down or
back and forth, and use this [?] to drive generators. A wave power station must be built
where waves are [?] and [?], must be able to generate during [?] weather and yet

withstand violent [?].

Unit 10. Nuclear Power -
energy from splitting Uranium atoms

0 Introduction

Nuclear power is generated using Uranium,
which is a metal mined in various parts of
the world.

The first large-scale nuclear power station
opened at Calder Hall in Cumbria, England,
in 1956.

Some military ships and submarines have
nuclear power plants for engines.

Nuclear power produces around 11% of the
world's energy needs, and produces huge
amounts of energy from small amounts of
fuel, without the pollution that you'd get
from burning fossil fuels.

0 How it works:
The main bit to remember:

Nuclear Heat water Steam turns Turbines turn  Electrical
fission to make steam—> turbines > generators ““% oower

Nuclear power stations work in pretty much the same way as fossil fuel-burning stations,
except that a "chain reaction" inside a nuclear reactor makes the heat instead.

The reactor uses Uranium rods as fuel, and the heat is generated by nuclear fission:
neutrons smash into the nucleus of the uranium atoms, which split roughly in half and
release energy in the form of heat.
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Carbon dioxide gas or water is pumped through the reactor to take the heat away, this then
heats water to make steam.

The steam drives turbines which drive generators.

Modern nuclear power stations use the same type of turbines and generators as
conventional power stations.

In Britain, nuclear power stations are often built on the coast, and use sea water for cooling
the steam ready to be pumped round again. This means that they don't have the huge
"cooling towers" seen at other power stations.

The reactor is controlled with "control rods", made of boron, which absorb neutrons. When
the rods are lowered into the reactor, they absorb more neutrons and the fission process
slows down. To generate more power, the rods are raised and more neutrons can crash into
uranium atoms.

O More:

Natural uranium is only 0.7% "uranium-235", which is the type of uranium that undergoes
fission in this type of reactor.

The rest is U-238, which just sits there getting in the way. Modern reactors use "enriched"
uranium fuel, which has a higher proportion of U-235.

The fuel arrives encased in metal tubes, which are lowered into the reactor whilst it's
running, using a special crane sealed onto the top of the reactor.

With an AGR or Magnox station, carbon dioxide gas is blown through the reactor to carry
the heat away. Carbon dioxide is chosen because it is a very good coolant, able to carry a
great deal of heat energy. It also helps to reduce any fire risk in the reactor (it's around 600
degrees Celsius in there) and it doesn't turn into anything nasty (well, nothing long-lived
and nasty) when it's bombarded with neutrons.

You have to be very careful about the materials you
use to build reactors - some materials will turn into
horrible things in that environment. If a piece of metal
in the reactor pressure vessel turns brittle and snaps,
you're probably in trouble - once the reactor has been
built and started you can't go in there to fix anything..

Uranium itself isn't particularly radioactive, so when
the fuel rods arrive at the power station they can be
handled using thin plastic gloves. A rod can last for
several years before it needs replacing.

It's when the "spent" fuel rods are taken out of the
reactor that you need the full remote-control robot
arms and Homer Simpson equipment.

Should I worry about nuclear power?

Nuclear power stations are not atomic bombs waiting to go off, and are not prone to
"meltdowns".

There is a lot of U-238 in there slowing things down - you need a high concentration of U-
235 to make a bomb.

If the reactor gets too hot, the control rods are lowered in and it cools down.
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If that doesn't work, there are sets of emergency control rods that automatically drop in and
shut the reactor down completely.

With reactors in the UK, the computers will shut the reactor down automatically if things get
out of hand (unless engineers intervene within a set time). At Chernobyl, in Ukraine, they
did not have such a sophisticated system, indeed they over-rode the automatic systems
they did have. When they got it wrong, the reactor overheated, melted and the excessive
pressure blew out the containment system before they could stop it. Then, with the coolant
gone, there was a serious fire. Many people lost their lives trying to sort out the mess. A
quick web search will tell you more about this, including companies who operate tours of
the site.

If something does go wrong in a really big way, much
of the world could be affected - some radioactive dust
(called "fallout") from the Chernobyl accident landed in
the UK. That's travelled a long way. With AGR reactors
(the most common type in Britain) there are additional
safety systems, such as flooding the reactor with
nitrogen and/or water to absorb all the neutrons -
although the water option means that reactor can
never be restarted.

So should I worry? I think the answer is "so long as
things are being done properly, I don't need to worry
too much. The bit that does worry me is the small
amount of high-level nuclear waste from power
stations. Although there's not much of it, it's very, very
dangerous and we have no way to deal with it apart
from bury it and wait for a few thousand years...

There are many different opinions about nuclear power, and it strikes me that most of the
people who protest about it don't have any idea what they're talking about. But please
make up your own mind, find out as much as you can, and if someone tries to get you to
believe their opinion ask yourself "what's in it for them?"

O Advantages

e Nuclear power costs about the same as coal, so it's not expensive to make.

e Does not produce smoke or carbon dioxide, so it does not contribute to the
greenhouse effect.

e Produces huge amounts of energy from small amounts of fuel.

e Produces small amounts of waste.

Nuclear power is reliable.

O Disadvantages

e Although not much waste is produced, it is very, very dangerous.
It must be sealed up and buried for many thousands of years to allow the
radioactivity to die away. For all that time it must be kept safe from earthquakes,
flooding, terrorists and everything else. This is difficult.

e Nuclear power is reliable, but a lot of money has to be spent on safety - if it does go
wrong, a nuclear accident can be a major disaster.
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People are increasingly concerned about this - in the 1990's nuclear power was the
fastest-growing source of power in much of the world. In 2005 it was the second
slowest-growing.

OIs it renewable?

Nuclear energy from Uranium  Actually, it's not that simple - we can use "fast breeder”
is not renewable. Once we've reactors to convert uranium into other nuclear fuels whilst
dug up all the Earth's uranium also getting the energy from it. There are two types of
and used it, there isn't any breeder reactors - ones that make weapons-grade

more. plutonium and ones that are for energy production.

Check: Fill in the gaps with the given words:

burn chain dangerous electricity energy no Nuclear reactor
robot rods shielding uranium waste water

Is nuclear power renewable? (yes/no) [?] Nuclear power stations use [?] as fuel. The need
very little fuel compared to a fossil-fuel power station, because there is much more [?] in
nuclear fuel.The [?] reaction inside the [?] vessel creates heat, which turns [?] into steam
to drive turbines, which drive generators to make [?].The fuel [?] are safe to handle before
they go into the reactor, it's only when they come out that you need [?] arms and heavy
[?]. [?] power stations do not create atmospheric pollution because they do not [?]

anything. However, the small amount of [?] they do produce is very [?].

Unit 11. Low-Impact, Renewable Energy

One way that electricity companies can reduce their greenhouse gas (GHG) emissions is to
incorporate low-impact, renewable energy in their systems, while encouraging its use by
their customers. Renewable energy provides heat and electricity from natural resources that
are not depleted over time. Canada has extensive renewable energy resources, which
include wind, solar radiation, water power, earth energy, and biomass. These resources can
be used without an impact on climate. By contrast, non-renewable, fossil fuel energy

sources, such as coal, oil and natural gas, are the key contributors to global climate change.

However, not all uses of renewable energy make sense for the climate, the environment or
a sustainable society. For example, water reservoirs penned up behind dams can have
negative environmental impacts on rivers, fish, and surrounding land. They can also
produce GHG emissions. As well, using energy from trees or other biomass sources that are
being harvested too quickly without allowing enough time for regeneration does not help
solve the climate change issue. Without sustainable harvesting practices GHG emissions

produced when the wood or biomass is burned are not adequately offset by new growth.
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As a result, we need to significantly increase our use of "low-impact, renewable energy"
both to protect the climate and move to a more sustainable energy system. Unfortunately,
Canada is rapidly falling behind other countries in the deployment of such technologies.
Some examples of low-impact renewable energy technologies for electricity generation
include:

= Wind power;
= Photovoltaic solar energy;

= Run-of-river hydroelectricity;

= Co-generation of heat and power from geothermal steam;

= Sustainable use of wood or other biomass, for example fire-killed timber, waste

wood from forestry operations, or agricultural wastes; and

= Water velocity turbines - used in rivers or to capture the tidal power of the oceans.

Using renewable energy indirectly reduces GHG emissions of an electricity company by
reducing their need to generate power from fossil fuels or other GHG-emitting sources.
Electric utilities can also use renewable energy for a variety of applications in their day-to-
day operations, and build new generating capacity from renewable sources. Finally,
electricity companies can play a significant role in encouraging their customers to use
renewable energy. In fact, without the support of their energy company, it is very difficult
for individuals and families to adopt low-impact, renewable energy into their lives.
Electricity companies can undertake several kinds of measures to support low-impact

renewable energy:

= Installing renewable energy technologies for use in their own operations - such as
buildings, transformer stations or remote applications. For example, one electricity
company installed photovoltaic solar panels to power utility buildings.

= Investing in cost-effective renewable energy applications to provide power to the
grid or remote applications - this is often possible in remote jurisdictions where
electricity is normally supplied by diesel generators, and where renewable energy
resources are abundant.

= Purchasing some power from renewable energy sources, while sharing the costs
among all customers, and/or the company’s shareholder(s).

= Establishing a green power marketing program that offers customers an opportunity
to purchase low-impact, renewable energy. Such programs can take the place of the
company’s regular power, and individual customers can be charged for any
differential in price. Governments at all levels, and indeed, organizations in any
sector can support green power marketing by purchasing green power and
establishing green power procurement policies. li>Establishing a net metering

program to allow customers to generate their own power from low impact, renewable
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energy sources. Customers typically receive credit for any excess power they
produce that is fed into the grid.
= Helping energy users purchase cost-effective, renewable energy technologies that

provide heating and cooling can also have the effect of reducing electricity use.

Conclusion

So, no single solution can meet our society's future energy needs. The solution instead will come
from the family of diverse energy technologies that do not deplete our natural resources or destroy
our environment. That’s the final decision that the nature imposes. Today mankind’s survival directly
depends upon how quickly we can renew the polluting fuel an energy complex we have now with
sound and environmentally friendly technologies.

Certainly, alternative sources of energy have their own drawbacks, just like everything in the world,
but, in fact, they seem minor in comparison with the hazards posed by conventional sources.
Moreover, if talking about the dangers posed by new energy technologies, there is a trend of
localization. Really, these have almost no negative global effect, such as air pollution.

Moreover, even the minor effects posed by geothermal plants or solar cells can be overseen and
prevented if the appropriate measures are taken. So, when using alternatives, we operate a
universal tool that can be tuned to suit every purpose. They reduce the terrible impact the human
being has had on the environment for the years of his existense, thus drawing nature and technology
closer than ever before for the last 2 centuries.

Final check

1. Choose the correct variant:

1. Hydroelectric power is

A. ? non-renewable

B. ? renewable

2. Biomass and biofuels are

A. ? renewable

B. ? non-renewable

3. Tidal power is

A. ? non-renewable




B. ? renewable
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4. Wave power is

A. ? non-renewable

B. ? renewable

5. Nuclear power is

A. ? non-renewable

B. ? renewable

6. Geothermal power is

A. ? renewable

B. ? non-renewable

7. Solar power is

A. ? renewable

B. ? non-renewable

8. Wind power is

A. ? renewable

B. ? non-renewable

9. Fossil fuels are

A. ? non-renewable

B. ? renewable

2. Find the matching part of the sentence




1.

Powered by movements of water in an estuary
Coal, oil and natural gas are called...

The chemical name for natural gas

Powered by hot rocks underground

Convert the Sun's energy directly into electricity
Energy from waste plant or animal material
Uranium is the fuel

Where the Earth gets most of its energy from
Formed from ancient dead plants

Powered by natural air movements

Formed from ancient dead animals

II.

Oil

Nuclear power
Tidal power
Methane

Coal

Fossil fuels

Wind power
Biomass
Geothermal power
Photovoltaic cells
Sun

3. Choose the correct variant:
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1. Wind power

A. ? does not depend on the Sun at all
B. ? depends indirectly on the Sun

C. ? depends directly on the Sun

2. Hydroelectric power

A. ? depends indirectly on the Sun
B. ? does not depend on the Sun at all

C. ? depends directly on the Sun

3. Wave power

A. ? depends directly on the Sun




B. ? does not depend on the Sun at all

C. ? depends indirectly on the Sun
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4. Geothermal power

A. ? depends directly on the Sun
B. ? depends indirectly on the Sun

C. ? does not depend on the Sun at all

5. Solar power

A. ? depends indirectly on the Sun
B. ? depends directly on the Sun

C. ? does not depend on the Sun at all

6. Nuclear power

A. ? depends indirectly on the Sun
B. ? does not depend on the Sun at all

C. ? depends directly on the Sun

7. Fossil fuels

A. ? do not depend on the Sun at all
B. ? depend directly on the Sun

C. ? depend indirectly on the Sun

8. Biomass

A. ? depends directly on the Sun
B. ? depends indirectly on the Sun

C. ? does not depend on the Sun at all
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Exam questions

Name 2 fossil fuels

? ? (2 marks)

Name a non-renewable energy resource that is not a fossil fuel

? (1 mark)

Describe how a gas-fired power station works

(3 marks)

Name two advantages of generating electricity using nuclear power

?

.

marks)

Which uranium isotope is only 0.7% of natural uranium, and is the “fissile” part?

(Hint: the answer is a number, “Uranium-23something”) ? @
mark)

Describe two methods for getting energy from sunlight

1. ?
2. ? (2
marks)

Describe three disadvantages of wind power

1, ?
2. ?
3 ?2 @3

marks)



8. What is a Tidal Barrage? Describe where one could be built.
Name one advantage and one disadvantage of this method of generating power.

(4
marks)
9. Why does New Zealand make more use of hydroelectric power than the UK?
(1
mark)
10. Why does Switzerland not use tidal barrages?
(1
mark)
11. What is a Pumped Storage Reservoir and why do we need them?
3
marks)
12. Name the energy resource that involves extracting heat from rocks
@
mark)
13. Name two materials that we can burn in order to get energy from “Biomass”
2

marks)



(Total 26 marks)
Name

Date /

o1

How it works; advantages/disadvantages

Your
Quiz

score (%)

Fossil Fuels
(Coal, OIll, Gas)

Solar Power
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Wind Power

Tidal Power

Hydro-electric
Power
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Wave Power

Geothermal
Power

Biomass
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TEXTS FOR LISTENING

1. Progress. It is said to be that marches on but in our quest to

and . this hasn’t always followed the most

conscious path. Today awareness guides us to

rather than plunder, considering the of along with our

We're a dependent on I : experts calculate that by

global oil will peak and and irreversibly making the need

to an fuel source even more : make up of the

world’s and they about of the world’s . At
their current rate we will be of fossil fuels by the year . Because

we are our at such a brisk rate, are looking at

sources of such as . renewable matter. Biomass

IS stored energy which can be to or heat. There is about

a min. dry of crop residue a to be used as and these
will not be depleted and will be for a long . Because

isa resource, have to incorporate

it as a for current . For instance, with Bixby

Systems have been at a revolutionary biomass system. This
hi-tech IS designed to be a burner in an effort to
economically and -friendly

Biomass is a very material to : is a 100% why

anything burns, but only of the air we .Soitis to develop

a of burning that would us to the of the burner.

provides a combustion ratio which you to get the

amount of out of the which we are using. The

difference Bixby’s and other fuel Is addition

to dry-shelled and pellets. Specially fuel pellets

from waste can also be used to the patented
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Biomass  are made from __ thousands of _ Kinds of and
are in a recipe into a form that _ for easy
These biomass pelletscan ~~ morec_ energyupto  moreperl$
than propane or fuel, . Energy ___ have long felt the industry
would  an advantage with because of its _ to produce
methods of e delivery. But at Bixby have _ to level
that plain _ aswell. We havea  system that allows usto __ the
truckstothe blowit intothe _ ,usinga __ , intoa system,
whereby the can drove off that fuel.
My  and I boughtthis  unitabouta  agoand it had donealot
than some of the other _ that we’d _ had. Itisalot __ and we got a lot
more ____ out of it than of the oneswe had . We heatour ____ house with it

of just a basement.

Our _ resourceswillnotbe  foreverandan  practical _ toour
energy ____ may be worth further exploration.

Somegreat and . Weare  youcan ____ ushereonthe
Series. Besureto _ usagain ___ timefor _ storiesof . Lou Gossett
Junior.

2.WHAT IS BIOMASS?

Hi! What is ? Biomass refers to and recently dead
that can be used as fuel for . Most

commonly biomass refers to matter grown for use as It

also includes plant or matter used for of fibers,

or heat. Biomass can also include biodegradeable that can be burnt as

. ltexcludes _ material which is being transformed by

processes into such as coal or . Biomass is grown for

and production from several _including myscanthus, switch grass,

hemp, corn, poplar, willow, sugar cane and oil palm. The particular ___ used is

usually not very to the end but it does affect the processing of the
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raw . Production of biomass is a industry, as ___in sustainable
fuel _ is growing. Although have their origin in ancient :
they are not considered to be biomass by the accepted because
they contain that has beenoutof _ cycle foravery long
Their ___ disturbs the content in the . Its intensive use

is thought to be causing the effect which in turn is causing

change and . Demand for biomass for refining as

or as for power end is growing and will to do so. One big
concernisthatthis __ in demand will actually compete with producing .
This will be very unfortunate if it does, as it will _ the cost of food for the
______ofthe . There are many ways, nevertheless, that  can actually
be harvestedand  biomass _ can be utilized. In 2004, 11 % of all the
maize in the US was converted to supplying 1.7% of their fuel

. The US target for _ isto satisfy % of its _ need via
biomass route. However, even if all the maize in the US was to be
_ ,itwould meet only __ of the target. Other __ of biomass will be

needed to safeguard fuel : Is in the similar and in the

UK the target under renewable fuels obligation is to replace % of road
fuels with fuelsby . Aswe have described earlier, there are many
sources of biomass. And these will need to be to

meet targets without jeopardizing @~ production. We won’t stop using
existing of biomass and and wood industry have always been
an ___ source. There are new ___ of using wood. There is much more scope
touse  wood which would otherwise go to and this scope is to
use a lot more chipped made from poor _ wood. And, indeed, when
down _ quality wood, additional _ —twigs and branches — can
actually be and the biomass used after _ the materials, for example.
| hope you now a lot more _ is biomass. Biomass will need to be
used a lot more than it is at . This is because of the _ cost of

and in time scarcity of fossil fuels. What we don’t is
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the extentto which __ can ever replace . We have a long to
travel before that could ever be a case. Do visitour _ to find out more about
how biomass can be used asa __ source of energy. If you have |, we’d
love to hear them. Join our _ , tell us all about you. Make sure you visit

www.anaerobic — digestion.com.

3. FOSSIL FUEL POWER STATION. HOW IT  WORKS
(https://www.youtube.com/watch?v=bEeUla9EeBw)

The huge you see behind me is one of Ontario power generation

generating stations. This one uses

Other fossil fuel generating stations use oil and natural gas to make

In essence, it is a factory that converts the of the burning coal into a

flow of or what is commonly called electricity, the electricity that
powers the province. Coal is shipped to the by freighter or train,
and then transferred to the coal yard. There large called tractor-

scrapers arrange the coal into the storage piles. A series of conveyors

the coal into the plant where it passes through enormous

powderizers that grind coal into a fine powder prior to . The
powderized coal is fed into a large furnace that is surrounded by
boiler tubes filled with . The intense heat from the burning coal heats the
water in the boiler tubes and turns it into . The steam is transferred under

at high speed through large pipes to like these. Then this
pressurized flow the blades of the turbine causing it to spin. The
turbine is connected to a that contains a rotor. Large electromagnets are

attached to the rotor that is located within coils of copper wire called the
. As the generator rotor spins, a flow of electrons is created in the stator.
This produces that could be stepped up in voltage through the station

and sent from the station across transmission lines. The steam from

the turbine is condensed back to using cooling water from the lake and

comes back to the where it is reheated to continue the process.


http://www.anaerobic/
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4. GEOTHERMAL ENERGY
Geothermal gives us a steady of electrical
with minimal Impact. Here is the basic . Water in

reservoirs is heated to high by magma. well is drilled

up to ft below the earth tapped into its hot fluid. Under
its own , the fluid s through the wells towards the . As
it travels, the lessens, causing a __ amount to become

Together thehot  and _ move through a pipeline to the well
head where the is reduced. Any | not flashed into
______,movestoa pressure to produce pressured

steam. is then flashed at a pressure to low steam. All

steem  atthe  issenttoa _ onsite. The  ofthe  spins
the turbine’s _ which turn a shaft _ to an electrical . An
charge is and directed to a where the IS

and sent down the lines. Any fluids not _ into steam,

return to the reservoir where in __ they will be and

. Geothermal , a simple and __ energy

5. HYDROELECTRIC POWER. HOW IT WORKS
(https://www.youtube.com/watch?v=0C8Lbyeyh-E)

................... of water flow past here every.........at almost...........hour. That is
enough water to fill abouta .......... Olympic swimming .............. every day. Standing
here, you can actually feel the ..... of the water. Harnessing that power is what
......................... power stations have been .......... to do for over a
................... years in Ontario. In essence, they are .............that convert the
............ of the falling ...... into the flow of ..........or what is commonly
called................ , electricity that powers the province. Most hydroelectric stations use
either ......... diverted around the .................. drop of the .............. such as
........................ or rapids or a dam is built across a ......................to raise the

water level and provide the ........... needed to create a driving........ Water at the higher



............ is collected in the forebay. It flows through the plant’s intake into the .........
called the pinstock which carries it ....... to a ...... water wheel at a lower ....
............... the water pressure .................as it flows down the .............. It is this
pressurized flow that drives the .......... That is connected to the .................. In side
the ...l 1s the .......... That is spun by the ............... Large
................. are attached to the..........located within coils of carbon wire called the
..................... As the generator................ Spins the ...................., a flow of
electrons is created in the coils of the .................. This produces electricity that can be
stepped up in ..., through the station .............................. and set
across tranSmission .................. The falling water, having served this purpose, exits
the............... to the tailrace or it rejoins the mainstream of the .................. to

continue the ........... of creating clean ............. energy for Ontario.

6. Supercar, supercar. With ....... and ...... ,as ........ as can be, watch it ........
through the air. It travels in ........ or under the .... and it can journey ...... Most of
us have given up on the ...... of getting our fine car .......... What will the .........
of the ......... look like? Will they be ......... cars, .......... cars? Will they steer
............ , will they look like this, or this, or this? Or maybe like this? This is the
Chevy Volt. Probably the most ...... and ....... car design since the Model
T.Its ........ Oof ......... may well show us whether the US ..... will flourish or

...... .It’s a hybrid ..... , part of a new ........ called Series Hybrids. The

takes over to ....... the battery, giving it a ........ range of more than ......
miles.The battery can then be ........ overnight by plugging it into an ..... . If you
are like most ...... who commute .... miles or less a day, you’ll be able to .....
gas free for most of your daily driving. Ironically, .... years ago, General Motors
was on the ...... of electric car technology with the EVI. But GM cancelled that

and gave up ...... in this key technology. Now the world has got up. Look
out! GM has ..... . Nissan has set on belts a new all-electric ....... next year, while
Honda will rule out gas-electric ....... .Perhaps the most critical .......... has been

in the world’s ......... auto market. As seen at a recent Shan Hai ........ , every
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major ......... car company seems to have one. Geely’s EK2, Cherry’s Rich M1,
LYD — E6. Models of ....... cars are claiming to be ......... , safer, better in
competition.Behind in the race to build a .......... petrol car vehicles, Chinese
.......... are trying to get a ......... on the future. As oil ........ climb, and concern
about ........... increases, the coming decades will almost certainly be ........... by
electric vehicles. But some .............. ask: in going this realm, are we ............
one form of pollution for another? Are we merely ............ the tailpipe for the
smoke stack? Will we have to build a new generation of ............... power plants
to power our electric cars?This is where the story gets really ............. If you are
an electric ........... , this is your problem to solve each day. This is a 24-hour graph
of electrical ............. Typically they show low demand in early ............. hours
and high peaks in the late ............. and evening. Each of these periods is a
significant ................ for the power system. In the early morning, .............. is
low but the giant power ............. used to provide base load power, usually coal-
fired and ........... , cannot be shut down to economize on a daily basis. They
continue to be run , burning fuel or .............. atoms even though demand is low.
It’s called “spinning reserve” and it’s a ................ cost to e-payers. In the
afternoon peaks, many utilities find it ................ to meet demand with only their
base load units, so they relyona ........... of smaller power plants, many of which
are only in use for a few hours each day and ............... only a few days out of
every year during the very hottest ........... and months. It’s an extremely
................. way to produce .......... and e-payers again take ahead. What will
.............. on this curve be if millions of new electric cars begin to take the road?
Will our existing fleet of .............. be able to meet demand? Experts tell us that
since most cars will be ............... at night the spinning reserve from ...........
power plants will be more than enough to meet demand. In fact, the study from the
US Department of Energy has shown that for the United States as a whole,
........ % of US cars, pickup trucks and SUVs could be supported by the existing
.................. For utilities this means they can sell more .................. without

building expensive new power plants. For e-payers this means they can run cars on
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cheap electricity instead of ............... gas or allowing electric rates to be stable

or actually drop, but that’s only one part of the story. What about addressing these

eXpensive .............. peaks?There is another emerging piece of the ............. I
could while away the time with... Electrical grids all over the ............. are being
rebuilt to carry vastly more .................... and behave more like the

................ or make the way we distribute electricity more efficiently simply by
making it more ............. A key piece of the new grid will be the smart Internet-
.............. electric meter in homes and businesses. So, my summer pay .........
are talking to my house, are talking to my car, are talking to my house... The way
this will work on that hot summer .................... when demand peaks, is that a
.................. in the grid will talk to your electric meter and say: I see you have

an electric car ............... in your system and it looks all ........................ up.

authorized to ............. some electrons with you. And .................. from
millions of powerful car ............... the electrical grid will share at the top of the
power peak without turning on more expensive ................. power plants. This
system has a number of advantages. Most cars are parked and could be available
.......... out of 24 hours. A fleet of electric cars would be equal to .......... to
........ times US electric grid capacity. And the service car owners provide is so
valuable you may have your electric bill credited ..... to .... thousand dollars a year
just to have your car plugged in when you are not using it. The details of how this
will eventually work are not yet .......... It may be that most cars will rely on
charging stations at home or at work, or one .............. is that car owners will not
own the car batteries. Instead of gas stations we may build a network of ...........

replacement stations where used batteries are quickly swapped out for fresh ones.

This model has already been demonstrated in .............. and .......... Another
advantage of smart grids is the ability to ......... existing sources of energy as well
as integrate and even store new ........... sources like wind and solar. Danes are

today the world leaders on the wind side.
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7. CRUDE OIL

Crude oil is a found in the Earth crust. It’s a
of  different ,  molecules made of
and . Some of in the mixture
are very small — just a few joined together. Others are far more
with many forming long chain . But
as a mixture it’s . The different need :
The technique used is . This simple Issetupina
fume cupboard. wool stops the spitting when it’s
: Is dropped into the of the tube. A
collecting Is put in place. And the leveled with the
side arm temperature. The step is to gently heat the
by immersing the into a hot bath. The
with a lower point begin to
immediately. They’re . So it’s safer not to with a naked
. As the vapor , It enters the side arm where it and
. This happens at about . The which boil at
this drip the side arm and form our first :
It’s a colorless . The stays at around ____ until all
the with this point . The hydrocarbons
left aren’t enough to . Their point must be
. Once the first has been , it’s safe to heating
with a Bunsen. As the rises, other begin to
boil. A new Is collected at about Celsius. It’s slightly
in color. And so the continues. By carefully the oil and
collecting the which at a number of different ,
the many hydrocarbons in can be
This is known as distillation. On a larger scale, a
column is used. The oil is with an heater for
. The vapor is by a Liebig and is in a
conical flask. Hot rises up the column. It’s a long
to , and the from the source, the it gets. Most
of the vapor on the glass inside the and drips
back into the . Only the which are still at
the very of the enter the side arm and to liquid.
uses the same but on a mammoth scale in
fractional columns. The hot enters near the at a
330 Celsius. The column becomes towards the top.
which remain as at 85 Celsius go to the top and
are piped . Different condense at different
running off at levels. Those with boiling points are
at the . Those with boiling run off near the
. The the molecules the the boiling
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distillation crude oil into fractions each
containing of similar size.

8. GEOTHERMAL POWER. IT’S HOT
(https://www.youtube.com/watch?v=A_NBMSoLyvo)
Not far below the Earth’s there is a great boiler. The boiler

or is the planet, the heat source is the , and the fuel is

in the sand-stone layer that the magma changes from into superheated dry
______. Dry steam in the subterranean cauldron is collected in _ todrive
to create . This clean free energy __in the form of steam comes up
tosteam _ and passes through ducts to asteam _ designed to handle gas
at _ degrees Fahrenheit at _ pounds per square inch . The steam
turbine powers electrical . Spent steam passes through a where

non-condensable like sulfide, arrive at a few scrubbers and are

. The surface condenser also cools the steam and turns it into water.

The water then goesto _ tower where about % is evaporated as part of
process and % is injected back into the steam . Other

gases that are not condensable are , hitrogen __ monoxide, carbon
,ammonia, ____, arsenic and radon. Theses gases are sent to and
cleaned to the point when they canbe _ reinjected into the Earth. The mercury
is taken to a hazardous waste _ facility and the ____is collected and
sold foruseand making _ forsoil __ andtofight moldon __ leaves.
In the future, _ may be stored for use in __ cells. Geothermal power
_ _arehighly  andcanoperate __ hours a day more than % of the
time.  energy offers a large source of secure energy. In :

sales of geothermal enhance US trade and the environment.

Some materials for the manual were cited from https://www.renewableenergyworld.com/types-

of-renewable-energy/#gref and English Teaching Forum. 2003 Volume 41. # 1



https://www.renewableenergyworld.com/types-of-renewable-energy/#gref
https://www.renewableenergyworld.com/types-of-renewable-energy/#gref
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