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PREFACE

VYyebnoe nocobue «HayyHO-TeXHUUECKUI NIEPEBOI» MPEIHAZHAUCHO IS
CTYJICHTOB-JIMHTBUCTOB, CTYACHTOB TEXHUYECKHUX CIELUUAIBHOCTEH IIUPOKOIrO
npo¢uisi, B 0COOEHHOCTH CHELUAINCTOB-OHEPTETUKOB, U BCEX, KTO 3aHUMAETCs
IEPEBOJOM B YYEOHOH WM NMPO(PECCHOHAIBHON AESITEIbHOCTH U KTO IKEJAeT
CaMOCTOSTEIIBHO WM II0J PYKOBOJCTBOM IPENOAABATENs OBJIALETh HABBIKAMMU
YCTHOT'O ¥ IIMCBMEHHOTO NIEPEBOJA B PAMKAaX KOHTEKCTa U3Y4YEHUs dHEpreTuye-
CKHUX CHCTEM.

Creuun¢pukoil JaHHOTO MOCOOUS SIBISETCA IONBITKA OJHOBPEMEHHOTO
pelieHus 3a1a4 00y4YeHHsI TMCbMEHHOMY M YCTHOMY MEPEBOJY, a TaKXKe n3yye-
HUS DHEPIeTUYECKUX CHCTEM U AJIbTEPHATUBHBIX UCTOYHUKOB YHEPTUM HA OCHO-
BE€ pa3HOOOpA3HOTO MaTepuana.

[Ipennaraempie B mOCOOMU MaTepuaibl YACTUYHO OTOOpPAHbI U3 XPECTOMA-
TUUHBIX MMOCOOUN MO PHEPreTHKE, a B OOJIBIIMHCTBE — U3 COBPEMEHHBIX HCTOY-
HukoB CIIIA u BenukoOpuranuu, Bkiitouas MIHTEpHET, 4TO MO3BOJISIET OTPA3UTh
JEKCUKO-TPAMMATUYECKUE OCOOEHHOCTU COBPEMEHHOM AHIJIOSI3bIYHOM Hay4yHO-
TEXHUYECKOM JINTEPATyPHI.

CrpykTypa nocodust HO3BOJISIET HE TOJIBKO JIE€TaIbHO U3YUUTh Psii OCHOB-
HBIX BOIIPOCOB U MPOOJIEM COBPEMEHHON MUPOBOM SHEPreTUKHU, HO U 3aKPEIUTh
IIPU IIOMOLIY TPEHUPOBOYHBIX YNPAKHEHUHN JIEKCUYECKHE U TPAMMATHUYECKHE
BONpPOCHI IepeBoja. Bee 3amanus HampaBiieHbl HE TOJIBKO Ha (POpMHpOBaHUE
HEOOXOJUMBIX MEPEBOIYECKUX HABBIKOB, HO W Ha pACIIMPEHHUE JIEKCUYECKOTO
3amnaca u o0I11lero Kpyro3opa Io 3aTparuBaeMoi mpoOieMaTHke.

ITocoOue cOCTOMT M3 HECKOJBKHUX Pa3JelOB M OXBAaThIBAET CIIEIYIOLINE
TEMBI:

. OHeprua. OCHOBHBIE TTOJIOKECHUS.
. 'mnposnepreruka.
. ATOMHas1 SHEPTHUsl.
. ATbTEpHATUBHBIE BUJIBI YJHEPTUU:
COJIHEYHAs DHEPTUs;
JHEPIrHUs BOJIH;
BETPOBasi DHEPIHs;

e reoTepMalbHas dDHEprus;

e DHeprus Ouomacc.

Bce paznensl UMEIOT €IMHYIO CTPYKTYpPY, YTO obJierdaer paboTy ¢ Moco-
OMeM Kak npernojaBaresis, Tak U cryAeHTa. Kaxxaplil pasznen umeer cienyroliee
HaIlOJIHEHHUE:

e CIIOBapb, COCTOSIIMK M3 CIOB M CIOBOCOYETAHWW, NMPEIHA3HAYECHHBIN
JUTSL CAMOCTOSITEIbHOM pabOThI CTYIEHTOB;

e TEKCT JUIsl IEPEBOJA C JINCTA;

e TEKCT ISl IOJIHOI'O MMCbMEHHOTO NIEPEBOAA;

o W N —



e TEKCT JIsl peepaTuBHOrO MEPEBOIA;

e YOPAKHEHUS JI ayJUPOBAHMS U MPOBEACHMS MOCIEI0BATEIHHOTO
epeBoJa.

ITocoOue MOXET HMCIONb30BaTbCsl HE TOJNBKO Kak 0a30BbI y4eOHUK IO
HEPEBOY, HO U KaK JIOMOJIHUTEIbHBIM UCTOUYHUK JJISl 3aHATUN CTYJIEHTOB TEX-
HUYECKHUX CHEIUAIbHOCTEM.

INTRODUCTION

Yup. 1. llepeBenute Tepmunbl. [1oAroTOBbTECH K IUKTAHTY.

e Coal; o Heat exchanger;

e Dominant fuel; e Solar cell;

e Power plant; o Tidal barrage;

o Town-gas; o Water works;

e To be commissioned, o Solar energy;

e High voltage; o Wind energy;

e Transmission; o Biomass energy;
e Distribution; e Nuclear energy;

e Network; o Hydro energy;

e Gas-fired central heating; o Radiator heating;
e Fossil fuel; o Flat plate solar collector;
e Geothermal energy; o Steel tube;

e Greenhouse effect; e Heat transfer fluid;
o Kinetic energy; e Glass cover;

e Magnetic energy; e Air duct;

e Generator; e Depletion.

Yup. 2. IlepeBeaure ¢ JucTAa.

Understanding Energy

What is energy? Is it strength, speed, or motion? Actually, energy is the
ability to do work. Nature does not usually give us energy in a form we can use
directly. It is as if the energy were hiding — waiting for someone to find it. For
example, coal is a source of energy, but it is just a black rock. Technology
makes it possible to find and release the energy hidden in the rock, and then put
that energy to work. Technologists are always looking for new and better ways
to use nature’s energy.

Forms of Energy

As you go through an average day, you use many different forms of
energy. Electrical energy powers light bulbs. Thermal, or heat, energy from your
home’s furnace keeps you warm. Mechanical energy, used by buses or cars,
might get you to school.



All energy in nature can be grouped into these six forms:

1. Mechanical energy, or energy of motion — pedaling a bicycle.

2. Thermal, or heat.

3. Electrical energy — a bolt of lightning.

4. Chemical energy — a battery in a cell phone.

5. Nuclear energy — a submarine engine.

6. Light, or radiant, energy — solar cells.

Energy cannot be created or destroyed, but it can be changed from one
form to another. For example, to use coal to produce useful electricity, the form
of the energy must change many times before it becomes electricity.

Yup. 3. IlepeBeaure ycTHO.

Energy Resources
Let’s take a closer look at today’s sources of energy. They can be divided
into three groups: renewable, nonrenewable, and unlimited.

Renewable Sources
Renewable energy sources come from plants and animals. They can be
replaced or renewed when we need more. Two examples include food and alcohol.

Tuwa

Haie Teno Hy»xmaercst B muiiie AJig TOro, YToObI BbIpadaThIBaTh SHEPTHIO,
KOTOpasi HaM HeoOXojuMa ISl JBMIXKEHHWS, YMCTBEHHOW W JPYruX BHUJOB Jes-
TEILHOCTU. DHEPTHSI, KOTOPYIO MbI MOJYYaeM C MUILIEH, U3MEPSAETCS B KATOPUSIX.

Alcohol

Alcohol is a liquid made from crops such as corn and sugar cane. It can be
used as fuel in special automobile and truck engines. These engines can operate
with regular gasoline, an alcohol-gasoline mixture, or pure alcohol. They are
called “flexible-fuel” vehicles.

Automobiles that run on alcohol fuel produce less air pollution than those
that use gasoline. When added to gasoline, an alcohol called “ethanol” can
extend fuel supplies. A mixture of 10 percent ethanol and 90 percent gasoline is
sold at some service stations. All ordinary car engines can run on this fuel.

Heeso306nasnsaemwie pecypcol

Nonrenewable sources of energy cannot be replaced once they are gone.
Coal, oil, natural gas, and uranium are examples of these sources.

Coal, oil, and natural gas are fossil fuels, or fuels made from fossils.
A fossil is what remains from a plant or animal that lived long ago. Coal, oil,
and natural gas are formed from these once living plants and animals.



Yeone

MuUUTHOHBI JIET Ha3aJ pacTeHUs IMOTHOaau W Oomajajyd Ha 3€MIII0, I10
MPOIISCTBUYA BPEMEHHU IO/ BO3JCHCTBUEM JABJICHHS 3TH MOTHOIINE PAaCTCHUS
c(hOpMHUPOBAIHN TJIOTHBIE CIIOH, KOTOPBIE 3aT€M MPEBPATHIIUCH B YTOJbHBIC TLIa-
CTBL. DTH TUTACTHI OOBIYHO TONIUHONW HEe OoJiee TpeX (yTOB M 3aJIETAI0T MEXKITY
JIPYTUMH TOPHBIMH TIOPOJIaMHU. YTOIb HCTOIB3YEeTCS ISl IPOU3BOJICTBA JJICK-
TPUYECTBA.

Oil

You can thank animals that lived millions of years ago for the gasoline
used in today’s cars. When these animals died, their remains combined with the
remains from plants to form crude oil. The fuels for cars, trucks, locomotives,
airplanes, and ships come from oil. More of our energy comes from oil than
from any other source. Oil is also turned into products, such as plastics, paint,
and asphalt.

Yup. 4. JlaiiTe onpeaeieHNs TEPMHHAM.

Barrage

Gas

Non-renewable

Produce

Water
Wave
Fossil fuels

Power stations

Generators

Renewable

Tidal

Coal turbine

Yup. 5. BctaBbTe BMECTO NPONYCKOB ¢JI0BA U3 ynpa:xHenud 4. Ilepe-
BeJUTE TEKCT.

Most large power stations burn 1 which were formed from
the remains of plants and animals that lived on the earth millions of years ago.
The first type of fossil fuel to be used in large quantities was 2




Today, it is increasingly expansive to mine, however, many 3 still

burn it to 4 electricity. Oil and natural 5 have now largely
replaced coal. These fuels are all 6 and will eventually run out. Wood
1s used by 2 billion people in the developing world and unlike fossil fuels, it is a
7 energy source. Alternative energy sources include
8 power technology. In hydro schemes, water from a reservoir
or from a river powers 9 which drive 10 :
11 power systems use the energy from wind and

sea or take mechanical energy from wave movement. The UK offers a good
position to exploit wave energy. The movement of the sun, moon and earth
combine to produce 12 power. Electricity can be generated when
tidal water passes through turbines positioned in a 13

Yup. 6. IlepeBenure ycTHO.

Power and Work

Although the words energy and power are related to each other, the two
words have different meanings. Power is a measure of the work done over a
certain period of time. It is a way of rating how quickly the work is done. You
can cut grass more quickly by using a riding lawn mower than you can using a
push-type lawn mower. In both cases, the goal of the work is the same: cutting
the same area of grass. However, the engine in the riding mower allows you to
do it more quickly, so it is more powerful.

One common measure of power is horsepower. A three-horsepower lawn
mower engine produces as much power as three horses. If you are in very good
physical condition, you might be able to develop about 0.2 horsepower for
several minutes.

Forms of Power

What are the most common forms of power? We commonly use three
forms of power: mechanical, electrical, and fluid. The photo below illustrates
these forms of power as they are used every day.

Mechanical Power

Mechanical energy is the energy that is involved in motion. When you
pedal a bicycle, you convert mechanical energy to power. You use the up-and-
down motion of your leg muscles to provide the mechanical power that moves
the bicycle.

Electrical Power

We convert fossil fuel energy into electrical power in power plants. That
power is then used for things such as lighting our homes, operating air
conditioners, and running electric motors.



Fluid Power

When gases or fluids, such as air or water, are put under pressure, they
can control and transmit fluid power. An electric motor is often used to
pressurize the fluid. The greater the pressure they are under, the greater the force
they exert. Fluid power that is produced by using pressurized gases is called
pneumatic power. Pneumatic power operates tools in some automobile repair
shops and factories. Compressors are used to pressurize air for power tools and
paint sprayers, and to inflate tires. Putting liquids under pressure results in
hydraulic power. Hydraulic power is popular for heavy construction equipment
and factories because it provides more force than pneumatic power can produce.

Power Systems

Power systems drive and provide propulsion (motion or force) to other
technological products and systems. Power systems must have a source of
energy, a process, and a load. The energy source is part of the input in a power
system. The process converts the energy into a form that can do work. The load
is the output force. For example, your uncle might use a small pickup truck to
carry 500 pounds of mulch for a flower garden. The load is the force that the
truck must exert to carry that much mulch. Power systems have been important
to the development and growth of our culture. For example, 100 years ago, it
took months to travel around the world. Ideas, customs, and products moved
slowly to reach people. Today, thanks to machines (airplanes) that fly very fast,
almost every city on our planet is only hours away from every other city. As a
result, ideas, customs, and products spread quickly.

Yup. 7. IlepeBeaure MUCbMEHHO.

Impacts of Energy and Power Technology

The Effects of Using Energy

Besides air pollution, what other negative effects are caused by misusing
technology? The use of technology can have unintended consequences. For
example, Americans have good transportation systems, countless electrical
devices, good housing, and food. This way of life and a successful economy
have been the result in part of advancements in technology. The use of energy
has made technology possible. Unfortunately, not all results have been good.
Our energy consumption has created some serious problems. People are striving
to find ways to balance financial needs with protecting the earth’s environment.

Pollution
Pollution results when contaminants — unwanted elements — get into our
environment, whether in our air, our water, or our land.



Fossil Fuels

More than 90 percent of our energy comes from burning fossil fuels. You
may already know that burning produces a great many pollutants. Burning fills
the air with haze and sometimes makes your eyes burn. It can also be a serious
health threat. Each fuel produces many pollutants, but there is usually one
pollutant that is particularly serious in each case.

Acid Rain

All coal has a small amount of sulfur. When coal burns, it creates sulfur
dioxide (SO,). The sulfur dioxide combines with water vapor and oxygen in the
air to form a weak sulfuric acid. This acid mixes with nitric acid (NO,), another
pollutant, and falls to the earth as acid rain. It can kill fish, crops, and trees. Acid
rain also damages monuments and statues.

Carbon Monoxide

Gasoline forms carbon monoxide when it burns. Carbon monoxide is an
odorless, colorless, and poisonous gas. When you breathe it into your lungs, it
reduces the ability of your blood to carry oxygen. If a person has a lung
problem, too much carbon monoxide can make the problem worse.

Reducing Acid Rain

There is no complete solution to the problem. However, acid rain can be
reduced if power companies and industries use coal containing less sulfur. They
can also install special equipment to remove up to 90 percent of the sulfur
dioxide from their smoke. The Greenhouse Effect Burning fossil fuels also
contributes to the greenhouse effect — the heating of the earth’s atmosphere. This
occurs when too much carbon dioxide builds up in the air. The carbon dioxide
prevents heat from escaping. If we produce too much heat, and it cannot escape,
the temperature of the earth’s atmosphere may increase, creating the greenhouse
effect. Warmer temperatures might mean longer growing seasons for crops.
More food could possibly be produced for the world’s increasing population.
However, the polar ice caps would melt significantly. That melted ice would
raise the ocean level and cause flooding of some seacoast cities. The changing
climate also affects ecosystems and plant and animal life. These effects of
“global warming” have already occurred in some areas of the world.

Waste Heat

Waste heat is also a water pollutant. Heat produced by power plants is
discharged into lakes, rivers, and oceans. Water plants and animals can be
harmed. Nuclear Waste Nuclear pollution may be the most threatening pollution
of all. Nuclear, or radioactive, waste is a solid left over after nuclear fuel is used
up. The waste remains dangerous for many years and can cause serious health
problems. Proper disposal of this material is difficult and is an important social
issue. The waste is placed in special concrete containers. The area where they

10



are stored is constantly checked for radioactive leakage. Some people think that
nuclear waste should be sent into space with rockets. What do you think? Future
generations may be able to figure out how to use this waste in a positive way.

Depletion of Resources

What can we do to maintain a supply of energy for our future needs? Our
earth has a limited supply of some energy sources like fossil fuels. However,
people need more and more energy as the world’s population grows. Also, each
person uses more energy now than in the past, partly because there are so many
technological conveniences available for us to use. We have to be sure that there
1s enough energy to provide for human needs. One way to do that is to develop
alternate sources, such as solar energy. Another way is through energy
conservation. Energy conservation is the management and efficient use of
energy sources. Energy can be conserved if we recycle the materials and
products we use. To recycle means to use again. Metal, glass, paper, and some
plastics can be recycled. Reusing aluminum cans is one of the best ways to save
energy. Recycled cans require 80 percent less energy to produce than cans made
from raw materials. All glass can be recycled. Paper is usually recycled into
bags, paper towels, and packaging materials. Materials that can be recycled have
a special triangular symbol on them. Recycling reduces our use of natural
resources. It also reduces the amount of solid waste sent to landfill.

Supplementary materials

Yup. 1. IlepeBeaure ycTHO.

Unlimited Sources

Solar Energy

Solar energy comes from the sun. Unlike coal, oil, wood, or many other
sources of energy, solar energy is available all over the world. We use the
sunlight, or sun’s rays, for light, electricity, and heat. Many homes today are
practicing energy conservation by using solar heating systems. One type of
system uses large flat panels called “solar collectors,” which are mounted on a
roof. Water flows through tubes in the solar collectors and is warmed by the sun.
The heated water continues moving into the building and heats the home’s
interior. Another type of system uses only special windows and walls to take
advantage of the sun’s warming rays. Sunlight streams in and warms the
interior. Some of the warmth is absorbed by the walls. Then the walls radiate the
heat back into the room at night. Solar energy can also produce electricity. This
happens when sunlight strikes wafer-thin solar cells. These cells are also known
as photovoltaic cells, or photocells. Orbiting satellites above Earth get their
electricity from solar cells built on the satellites. Solar cells are not used as much

11



because their electricity costs much more to produce than electricity from a
power plant.

Wind

The motion of air across the earth has filled the sails of ships and turned
windmills for centuries. More recently wind has been used to turn propellers
connected to generators that produce electricity. The wind spins the bladed
rotors of large wind turbines at about 15-17 revolutions per minute. The blades
capture the energy of the wind, which is channeled to a gearbox in the “nacelle”
(the turbine housing). From there, the energy flows to a generator, where it is
converted into electricity. The wind turbine is controlled by advanced
computers. Wind farms consist of a group of many wind turbines. They exist in
many states and countries. Wind farms are located in areas known to have fairly
constant winds. Certain regions of the country provide enough wind for wind
turbines to operate regularly. Wind turbines and other necessary equipment (like
large batteries for storing electricity) can be expensive. It is not usually practical
for one house to have its own wind turbine, although in earlier days, people used
simple windmills for pumping water lowing.

Water

We use flowing water to generate hydroelectric power. Hydro means
“water.” A controlled amount of water flows through pipes in a dam and into a
turbine. A turbine resembles a pinwheel. A spinning turbine, connected to a
generator, creates electricity. About 7 percent of our electricity comes from
hydroelectric dams. The Grand Coulee Dam in Spokane, WA, is the largest
source of U.S. water power.

Geothermal Energy

Molten rock lies far beneath the earth’s crust. This is where we get
geothermal energy — heat produced under the earth. Hot water or steam is created
when underground water comes in contact with hot materials and surfaces as a
spring. The steam can be used to produce electricity. Some geothermal electric
power plants are located along the west coast of the United States.

Yup. 2. IllepeBeaute NUCHbMEHHO.

The Future of Alternative Energy

Residential energy use in the United States will increase 25 percent by the
year 2025, according to U.S. Department of Energy (DOE) forecasts. A small
but increasing share of that extra power will trickle in from renewable sources
like wind, sunlight, water, and heat in the ground.

Last year alternative energy sources provided 6 percent of the nation's
energy supply, according to the DOE.

12



"The future belongs to renewable energy," said Brad Colllins, the
executive director of the American Solar Energy Society, a Boulder, Colorado-
based nonprofit. Scientists and industry experts may disagree over how long the
world's supply of oil and natural gas will last, but it will end, Collins said.

While renewable energy is generally more expensive than conventionally
produced supplies, alternative power helps to reduce pollution and to conserve
fossil fuels.

"People sometimes get caught up in cost-effectiveness," said Paul
Torcellini, a senior engineer at the DOE's National Renewable Energy
Laboratory (NREL) in Golden, Colorado. "But it can be a question of values and
what we spend our money on."

Below, a look at some recent developments in renewable-energy
technology.

Solar Power

Photovoltaic, or solar-electric, systems capture light energy from the sun's
rays and convert it into electricity. Today these solar units power everything
from small homes to large office buildings.

Technological improvements have made solar-electric modules more cost-
effective. In the 1980s the average price of energy captured with photovoltaics
was 95 U.S. cents per kilowatt-hour. Today that price has dropped to around
20 cents per kilowatt-hour, according to Collins, of the American Solar Energy
Society.

The cheaper rate is still more expensive than the average national price of
electricity, which in 2003 was a little over 8 cents per kilowatt-hour, according
to the U.S. Department of Energy's Annual Energy Review.

Other recent advances include "thin film" photovoltaic technology, a high-
tech coating that converts any surface covered with the film into a solar-electric
power source.

Boats and RVs that use the film are now on the market. Engineers have
also developed a roofing material coated with the electricity-producing film.
"The guy who puts on the roof [on a house now] puts on the [solar] panels at the
same time," Torcellini said. The roofing material withstands inclement weather
and, on bright days, taps sunshine for electricity.

NREL researchers, meanwhile, are working to devise more efficient and
cheaper solar-electric systems. Most traditional photovoltaic solar units on the
market today convert between 11 and 13 percent of the sun's light into energy.
Engineers think they can improve on that.

Jeff Mazer, a Washington, D.C.-area photovoltaic engineer, notes that
most thin-film photovoltaic systems today have a 7 to 11 percent efficiency
rating. But he estimates that thin films could surpass that rating within three
years. He also notes that some new traditional solar modules achieve 15 percent
efficiency and believes that figure can climb to 17 percent in the near future.

13



In the last two decades solar-thermal panels (units used to warm
household hot water, pools, and spas) have become highly efficient. Energy
costs have decreased from 60 cents to 8 cents per kilowatt-hour since the 1980s,
Collins said.

Solar-powered water heaters are typically more expensive than
conventional ones, but, as with other products that harness alternative energy,
consumers benefit by knowing their energy costs up-front, Torcellini said.
"Otherwise, you're hedging your bets about the future cost of [traditional]
energy [sources] by using standard appliances," he said.

Wind Power

Compared to other renewable energy sources, wind power competes with
conventional energy at a price less than 4 cents per kilowatt-hour, Collins said.

Wind energy projects around the world now generate enough energy to
power nine million typical U.S. homes, according to the American Wind Energy
Association, a Washington, D.C.-based trade group.

One of the newest trends in wind power is the construction of offshore
wind farms, clusters of electricity-generating turbines erected in open-water
areas with strong winds.

Europe now has 17 wind farms spinning offshore. The Arklow Bank
Offshore Wind Park, 8 miles (13 kilometers) off the eastern coast of Ireland, is
one such project. Its seven turbines generate enough electricity to power
16,000 homes.

While few homes generate their own wind power in the U.S., many power
companies allow consumers to opt for power generated at a wind plant or other
renewable source.

On Tuesday, Colorado voters will consider a ballot initiative that would
require power companies to provide 10 percent of their electricity from wind
and other renewable sources by 2015.

"If that passes, power companies will offer more rebates to homeowners"
to encourage renewable energy production, said Sheila Hayter, an NREL senior
engineer.

Ground Heat

Tapping into the ground offers another option to regulate household
heating and cooling.

In most areas of the United States, the ground below the frost line
maintains an average temperature between 50 and 54 degrees Fahrenheit (10 to
12 degrees Celsius).

Ground-source heat pumps, also called geo-exchange systems, use this
relatively constant temperature to keep homes at comfortable temperatures.

The devices employ a series of underground, liquid-filled tubes or wells.
Liquid flows through the pipes into the home, where a heat exchanger either
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adds or subtracts heat from indoor air, depending on the season. In winter, that
means added warmth captured from the ground.

"If you can [do that], your furnace doesn't have to work so hard," Hayter
said.

A U.S. Environmental Protection Agency study found that geo-exchange
systems can save up to 70 percent of home-heating costs. (Cameron Walkerfor,
National Geographic News)

1. HYDRO ENERGY

Yup. 1. IllepeBeaure TepMUHBI H MOATOTOBHTECH K TUKTAHTY.

o Hydroelectric Power Plant; o Impulse-turbine;
e Power-production capacity; e Nozzle;

o Silt; o Fast-moving jet;
e Tributary; e Conventional;
o High voltage; o Intake;

e Transmission line; e Coil;

e Penstock; e Stator.

Yup. 2. IlepeBeaure ¢ JgucTAa.

Among the variety of renewable-energy resources, hydroelectric power is
the most desirable for utility systems that have successful and proven track
records. Power generated from hydroelectric plants can exceed 10 GW. On the
European continent, Norway generates 98 percent of its electrical energy from
hydroelectric power. It is estimated that at this time, only about 10 percent of the
world's hydroelectric potential has been exploited. The remaining untapped
potential is in Africa and Asia.

Presently, the world's total installed hydropower capacity is about
630,000 MW. Annual worldwide power production is estimated to be
2200 billion kWh, which means that power plants are running at 40 percent of
their rated power-production capacity.

One of the world's largest hydroelectric projects is currently under
construction in China. The project, with a capacity of 18.2 GW, has been named
the Three Gorges Dam and has entered into the second phase of the three-phase
construction. On completion of phase 3, the power station will be providing full
power generation. The estimated construction cost of the dam is projected to be
about $25 billion (US).

However, the construction of such a hydroelectric project comes with
negative side effects. Construction of the dam has created serious environmental
and social problems, including water pollution along the Yangtze River, with
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numerous pollutants from mining operations, factories, and human settlements
that have been washed out to sea by the strong currents of the river.

In coming years, silt in the river is expected to be deposited at the
upstream end of the dam, which inevitably will clog the major tributaries.
According to recent reports, an estimated 2 million people have been resettled,
and 1300 archaeological sites will be moved or flooded. Construction of the dam
also has resulted in the destruction of the natural habitats of several endangered
species and rare plants.

Yup. 3. IlepeBeaure ycTHO.

Hydroelectric Plant Equipment

Major components and machinery used in hydroelectric plants are dam
water-flow controls, reservoir controls, turbine controls, electric generator con-
trols, power-transformation equipment required for converting electricity from
low to high voltages, transmission lines required to conduct electricity from the
plant to the electric distribution system, and finally, penstock systems that carry
water to the turbines. Turbines used in hydroelectric power systems are
classified in several ways related to their method of functional operation, such as
impulse and reaction turbines. Another classification is related to the way the
turbine is constructed, such as shaft arrangement or feed-of-water arrangement.
Turbines are also designed in a manner that allows them to operate as a pump or
as a combination of mechanisms.

For example, impulse-turbine design employs a special nozzle that
converts the water under pressure into a fast-moving jet. The jet of water then is
directed at the turbine wheel, or runner, which converts the kinetic energy of the
water into shaft rotational power. Another example is a Francis turbine, which
uses the full head of water available to generate rotational power. Most
hydraulic turbines consist of a shaft-mounted water wheel or runners that are
located within a water passage that conducts water from higher elevations to
lower ones below the dam. Without exception, all hydraulic turbine generators
are designed to turn at a constant speed. Constant speed is achieved by a device
called a governor, a rotating ball mechanism that is balanced by the rotational
centrifugal force and keeps each generator operating at its proper speed through
the operation of flow-control gates in water passage.

Yup. 4. IlepeBeaure NnuCbMEHHO.

lenms THAPOTEXHUYECKUX COOPYKEHUH obOecrednBaeT HEOOXOAUMBII
HAIop BOJIbI, IOCTYMAIOIIEH Ha JOMACTU TUAPOTYPOUHBI, KOTOpast IPUBOJIUT B
NEHUCTBHE TEHEPATOPHI, BBHIPAOATHIBAIOIINE JJICKTPOIHEPrut0. HeoOxommMmbrit
HaIop BOJbI 00pa3yercsi MOCPEICTBOM CTPOUTENIbCTBA IUIOTUHBI U, KaK CIE-
CTBHE, KOHIEHTPALIMM PEKU B OIPEICICHHOM MECTE WIM AEpPUBALMEN — ecTe-
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CTBEHHBIM TOKOM BOJIbl. B HEKOTOPBIX Cilydasx AJisl MOJy4eHUsT HE0OXO0IUMOro
Haropa BOJIbl MCIOJIB3YIOT COBMECTHO W IUIOTHHY, W JiepuBanuio. B 3manumn
TUAPORIIEKTPOCTAHIIMU paclioaraerca Bc€ 3HepreTudeckoe obopynoBaHue. B
3aBUCHUMOCTH OT HAa3HAY€HUsI OHO HMEET CBOE ONpENENICHHOE JAcineHue. B
MaIIMHHOM 3aJI€ PaCIlOIOKEHBI TUAPOArPETaThl, MPeoOpasyIolIe YJHEPTUIO TOKA
BOJbl B JJIEKTPUYECKYIO SHEPruro. TakKe Tam pacroioKEHbl BCEBO3MOKHOE
JOTIOJTHUTENBHOE 000pYy/IOBaHME, YCTPOWCTBA YIPaBICHUS W KOHTPOJS HaJ
paboroit ['DC, TpanchopmaTopHasi CTaHIIUS, paclpeaeIuTeIbHbIE YCTPOMCTBA U
MHOI'0€ JIpyTO€.

Momugnocts I'DC 3aBHCUT OT Hamopa U pacxoga Bojbl, a Takxke oT KIIJ]
UCIIOIb3YEMbIX TYpOUH U TeHepaTopoB. M3-3a TOro 4To mo NpUpOIHBIM 3aKOHAM
YPOBEHb BOJIbI IOCTOSIHHO MEHSIETCSI B 3aBUCUMOCTH OT CE€30HA, a TAKXKE €IIIE 10
psiIy MPUYUH, B KQYECTBE BBIPAXKEHUSI MOIIHOCTU THUAPOIIECKTPUUECKON CTaH-
WU MPUHSITO OpaTh HUKINYHYIO MOITHOCTh. K nmpuMepy, pazanyaroT rogudHbIiH,
MECSIYHBINA, HEJEIbHBIN WM CYTOUHBIA ITUKIIBI paOOThl TUIPOIIEKTPOCTAHIINY.
B coctaB ruapodsIeKTpUUECKUX CTAaHIUM B 3aBUCUMOCTH OT HUX Ha3HAYEHUS
TaKXK€ MOTYT BXOJUTbH AOIOJHUTEIbHBIE COOPYKEHUS, TAKHE KaK IUIF03bl WU
CYJIONOIbEMHUKH, CIIOCOOCTBYIOIINE HABUTAIMU IO BOJIOEMY, PHIOOMPOIYCK-
HbI€, BO/I03a00pHBIE COOPYKEHUS, UCIOIb3yeMble JIsi UPPUTALUU, U MHOTOE
napyroe. LleHHOCTh TUIPO3JIEKTPUUECKUX CTAaHIMKA COCTOUT B TOM, YTO JUIsl MPO-
M3BOJICTBA AJIEKTPUYECKOW SHEPTMH OHU HCHOJIB3YIOT BO30OHOBIISIEMBIC MPH-
ponHbIe pecypchl. BBugy TOro 4To mOTpEeOHOCTH B JIOMOJHUTEIHLHOM TOIUIHBE
st 'OC Het, KOoHeUHast CTOMMOCTD MOJy4aeMOM 3JIEKTPOIHEPTUU 3HAUUTEIBHO
HUKE, YEM TIPU UCIIOIb30BaHUU JPYTUX BUJIOB AJIEKTPOCTAHIIUIA.

Yup. 5. IIpocaymaiite Tekcr «Hydroelectric power — how it works?»
(http://www.knastu.ru/images/stories/GF/LMK/audio lessons.rar). Ilepese-
JAUTE MOCJIe0BATEeIBHO.

Yup. 6. IlepeBenure ycTHO.

Hydropower technologies are classified into two types of operational
categories: conventional and pumped-storage types. Power plants, in turn, are
rated for power capacity. This includes large or small; low, medium, or high
head of water; type of turbine used, such as Kaplan, Francis, or Pelton; and
finally, the location and type of dam or reservoir.

Conventional hydropower systems

Conventional hydropower plants derive energy from rivers, streams, canal
systems, and reservoirs. This category of power-generating station is further
divided in two subcategories: impoundment and diversion. Impoundment-type
hydropower generating stations use dam structures to store water. Water from
reservoirs is released, and flow is controlled by vanes that maintain a constant
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water level. In diversion-type hydropower technology, a portion of a river's
water is diverted through a canal or penstock. Some installations require a dam.

FACILITY

ELECTRIC
GENERATOR

TURBINE

Pumped-storage hydropower systems

A pumped-storage hydropower plant is constructed from two reservoirs
built at different altitudes. During periods of increased electric demand, water
from the higher reservoir is released to the lower reservoir to generate
electricity. Power generation results from the release of kinetic energy, which is
created by discharge through high-pressure shafts that direct the water through
turbines connected to generator motors. On completion of the power-generation
period, which occurs during the daytime when the demand for and cost of
energy are high, water is pumped back to the upper reservoir for storage, when
the demand for and cost of energy are low. Even though pumped-storage
facilities consume more energy than they generate, they are used by power
utility companies to provide peak power production when needed. In some
installations, pumped-storage plants operate on a full-cycle basis.

Yup. 7. llepeBeaure NUCHbMEHHO.

B 3aBUCHMMOCTM OT TNpHUHIMIIA KCMOJB30BAHUS MPUPOJHBIX PECYPCOB U
oOpa3yroleics KOHUEHTPAUU BOJbI, TUAPOIIEKTPUUECKUE CTAHLIMM pa3es-
I0TCSL:

e Ha pycioBble U npuruiotuHHbie 'DC. D10 Hambosee pacmpocTpaHeH-
Hbl€ BHUIbl THAPOAIEKTPUUYECKUX cTaHIMi. Hamop Boasl B HUX co3maercs
MIOCPEACTBOM YCTAHOBKH IIJIOTHHBI, MOJHOCTBIO MEPErOPaKUBAIOIIECH PEKY WIH
MOTHUMAIOIICH YPOBEHb BOJIBI B HEM Ha HEOOXOAMMYIO OTMETKY. Takue ruapo-
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ANEKTPOCTAHLIUU CTPOSIT HA MHOTOBOJIHBIX PAaBHMHHBIX pEKax, a TakKe Ha rop-
HBIX PEKax, B MECTax, /i€ Pyciio peKku 0oJiee y3Koe, CKATOE;

e iotuHHble ['DC. Crpositcs npu Oojee BBICOKMX Hamopax Bojbl. B
ATOM CJy4ae PeKa MOJIHOCTBIO MEPErOpakMBaeTCs IJIOTUHOM, a camMoO 3/1aHHE
I'DC pacnonaraercsi 3a IJIOTUHOM, B HWKHEH €€ yacTu. Boma B ATOM ciiyyae
MOJIBOJIUTCS K TypOMHaM 4Yepe3 creluaibHble HAOPHbIE TOHHENH, a HE HEMo-
CPEACTBEHHO, Kak B pycioBbiX ['DC;

e JIEPUBALMOHHBIE THIPOIJIEKTPOCTAHIMU. TaKkue 3IEeKTPOCTaHLUUN CTPO-
AT B T€X MECTax, I/ BEJIUK YKJIOH peku. HeoOxoaumasi KOHLIEHTpalus BOAbI B
I'DC Ttakoro Ttuma cosjmaercs IMOCPEACTBOM JepuBauud. Boma orBoaures w3
pPEYHOrO0 pycna 4epes3 crenuagbHble BONOOTBOABI. [locneanue cnpsamieHsl, U Ux
YKIJIOH 3HAQYMTEIbHO MEHBIIWM, HEXKEIN CPENHUM YKIOH peku. B mrore Bona
noaBoauTcs HenocpeacTBeHHO K 3xanuto ['DC. JlepuBaumonnsie 'DC moryt
OBITH pa3HOr0 BUJA: OC3HAMOPHBIC WIM C HANOPHOU JepuBaiuen. B ciaydae ¢
HAlOpHOM JiepuBalMell BOJOBOJ MPOKIAJbIBAETCA C OOJBIIMM MPOJ0IbHBIM
YKJIOHOM. B spyrom cnydae B Hauane JepUBalMU Ha peKe CO3JaroTcst Oosee
BBICOKASI IUIOTWHA U BOJOXPAHWIIMILE — TaKasl CXeMa €Ill€ Ha3bIBAe€TCsl CMEIIaH-
HOW JepuBallMel, Tak Kak UCIOJb3yI0TCS 00a METoja Co3JaHusi HeOOXOAMMOM
KOHILICHTPAI[MU BOJbI;

e THApPOaKKyMmynupyromue saekrpocTaniuu. Takue ['ADC crnocoOHbI
aKKyMYJIMPOBaTh BbIpa0aTbIBAEMYIO 3JIEKTPOIHEPTUI0 U IyCKaTh €€ B XOJ B
MOMEHTBI MHUKOBBIX Harpy3ok. [IpuHuun paboThl TaKMX 3JIEKTPOCTAHLUH Clie-
OYIOLWA: B OMpEAeeHHbIE epruoAbl (He MUKOBOW Harpy3ku) arperatel ['ADC
paboTar0T KaK HacOChl OT BHEUTHUX UCTOYHHUKOB SHEPIUU U 3aKAYMBAIOT BOAY B
crenuanbHo 000pyaoBaHHbIE BepxHHUE OacceifHbl. Korma Bo3HHMKaeT moTpeo-
HOCTb, BOJIa M3 HUX IIOCTYIA€T B HAIOPHBIA TPyOONPOBOJ M MPUBOAUT B JEH-
CTBUE TYpOUHBI.

2. GEOTHERMAL ENERGY

Yup. 1. IllepeBeaure Tepmunbl. IloAroTOBHTECH K IUKTAHTY.

e insulation; e boiler;

e cooling water heat exchanger; o fan;

e COMPressor; e radiator;

e natural-gas or diesel engine; e sink;

e cvaporator; e liquid;

e pressure release valve; ¢ heat;

e condenser; e condensed;
e waste-gas heat exchanger; e emission;
o flow pipe; e generator;
e vent pipe; e exchangers;
e chimney; e TEServoirs.
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Yup. 2.ConoctaBbTe TEPMUHBI ¢ UX ONpeIe/IeHUSIMH

1. Energy A. the energy transferred as a result of a difference in
temperature

2. Heat B. any of the rigid layers of the earth's lithosphere of which
there are believed to be at least 15

3. Crust C. any long narrow cleft or crack, esp in a rock

4. Mantle D. anatural or artificial lake or large tank used for collecting

and storing water, esp for community water supplies

or irrigation

Plate E. the capacity of a body or system to do work

Magma F. to rotate or cause to rotate rapidly, as on an axis

7. Fissure G. the solid outer shell of the earth, forming the upper part
of the lithosphere and lying immediately above the mantle
8. Reservoir | H. energy, in the form of heat, light, radio waves, etc.,
emitted from a source

9. To spin I. to change or cause to change into vapour or into the
gaseous state

10. Emission | J. hot molten rock, usually formed in the earth's upper
mantle, some of which finds its way into the crust and onto
the earth's surface, where it solidifies to form igneous rock

)}

Q

11. To K. the part of the earth between the crust and the core, ac-

vaporize counting for more than 82 % of the earth's volume (but only
68 % of its mass) and thought to be composed largely of peri-
dotite

Yup. 3. IlepeBeaure ycTHO.

Geothermal Energy

Energy contained in intense heat that continually flows outward from
deep within Earth. This heat originates primarily in the core. Some heat is
generated in the crust, the planet’s outer layer, by the decay of radioactive
clements that are in all rocks. The crust, which is about 5 to 75 km (about 3 to
47 mi) thick, insulates the surface from the hot interior, which at the core may
reach temperatures from 4000 to 7000 °C (7200 to 12,600 °F). Where the heat is
concentrated near the surface, it can be used as a source of energy.

Geothermal geology

The distance from Earth’s surface to its center is about 6,500 km (about
4,000 mi). From Earth’s surface down through the crust, the normal temperature
gradient (the increase of temperature with increase of depth) is 10 to 30 °C per
km (29 to 87 °F per mi). Underlying the crust is the mantle, which is made of
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partially molten rock. Temperatures in the mantle may reach 3700 °C (6700 °F).
The convective (circulating) motion of this mantle rock drives plate tectonics —
the 'drift' of Earth's crustal plates that occurs at a rate of 1 to 5 cm (0.4 to 2 in)
per year. Where plates spread apart, molten rock (magma) rises up into the rift
(opening), solidifying to form new crust. Where plates collide, one plate is
generally forced (subducted) beneath the other. As the subducted plate slides
slowly downward into the mantle’s ever-increasing heat, it melts, forming new
magma. Plumes of this magma can rise and intrude into the crust, bringing vast
quantities of heat relatively close to the surface. If the magma reaches the
surface it forms volcanoes, but most of the molten rock stays underground,
creating huge subterranean regions of hot rock.

Geothermal reservoirs

In certain areas, water seeping down through cracks and fissures in the
crust comes in contact with this hot rock and is heated to high temperatures.
Some of this heated water circulates back to the surface and appears as hot
springs and geysers. However, the rising hot water may remain underground in
areas of permeable hot rock, forming geothermal reservoirs. Geothermal reser-
voirs, which may reach temperatures of more than 350 °C (700 °F), can provide
a powerful source of energy.

Yup. 4. IlepeBenure NUCbMEHHO

Geothermal power plants

Geothermal reservoirs within about 5 km (about 3 mi) of Earth’s surface
can be reached by drilling a well. The hot water or steam from wells can be used
to turn turbine generators to produce electricity. A power plant that uses this
natural source of hot water or steam is called a geothermal power plant.

At the beginning of the 21st century, there were some 380 geothermal
power plants in 22 countries around the world with a combined installed capaci-
ty of about 8,000 megawatts. Geothermal energy provided 1.6 percent of the
world’s total electricity, serving the electricity needs of about 60 million people,
mostly in developing countries. About 2.5 percent of the electricity produced in
the United States came from geothermal power plants. The electricity produced
from geothermal power in the United States represented about 37 percent of the
world’s output of electricity from geothermal power. The United States, the
Philippines, Italy, Mexico, Indonesia, Japan, New Zealand, and Iceland are the
largest producers of geothermal energy. There are three types of geothermal
power plants: flash steam plants, dry steam plants, and binary plants.

Flash Steam Plants

Most operating geothermal power plants are flash steam plants. In a flash
steam plant, hot water from wells is piped into the plant, where, released from
the high pressure of its underground location, some of the hot water boils
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(flashes) to steam. The force of the expanding steam is used to spin a turbine
generator, which produces electricity. After turning the turbine, the geothermal
water, along with the condensed steam, is piped back down into the reservoir to
be reheated so it can be used again.

Flash Steam Power Plant

Dry Steam Plants

While most geothermal reservoirs produce hot water, a small number pro-
duce mostly steam. Steam from such a reservoir is used in a dry steam plant. In
such a plant, the steam is piped directly through a turbine generator.

The first geothermal power plant, built at Larderello, Italy, in 1904, was a
dry steam plant. The Larderello steam field is still producing electricity today.
The largest producing dry steam geothermal reservoir in the world is located at
The Geysers Geothermal Field in northern California. This dry steam
geothermal reservoir, which supports 20 operating power plants, produces about
1,000 megawatts of electricity, enough to supply power to nearly 2 million
people.

Yup. 5. BcraBbTe nponyueHHbIe CJI0BA U NepPeBeIUTe TEKCT.

Geothermal, liquid, heat, condensed, electricity, emissions, binary, gener-
ator, exchangers, reservoirs.

Binary Power Plants

Inal power plant, heat from 2 water is transferred
through heat 3 to a second liquid (called a working fluid, usually
1sobutane) contained in adjacent but separate pipes. 4 transferred from
the geothermal water converts this low-boiling point working fluid into vapor,
which powers a turbine § . After turning the turbine generator, the
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working fluid is 6 back into liquid, which is repeatedly vaporized by
the geothermal heat. After heating the working 7 , the geothermal
water is piped back into the reservoir.

The binary working fluid vaporizes at temperatures lower than is neces-
sary to vaporize water. As a result, binary power plants can generate
8 using geothermal reservoirs of lower temperature, increasing
the number of geothermal 9 in the world that can potentially be used
for generating electricity. Binary power plants are generally more expensive to
build and operate than flashed steam plants. However, binary power plants use
geothermal heat and water more efficiently and have no 10

Yup. 6. IlepeBenure cxemy. [loaroroBbTe KPpaTKOE ONMUCAHUE CXEMBbI.

Binary Cycle Power Plant
Turbine Generatar
—n--l ‘:'w_i]I

I

4=

Ly

Heat exchanger
with working fluid

Praduct jan 8 Injection
wiell well

T
i : Rock Layers
!
Yup. 7. Mocaymaiite mnojmiaor (http://www.knastu.ru/images/sto-
ries/GF/LMK/audio_lessons.rar) u oTBeTbTe Ha CJeAyIOLIHAE BONPOCHI.

Which wind turbine component do the engineers discuss?
What is the big problem with offshore installations?

Which two types of construction material are being compared?
Why are coastal defences mentioned?

What point does Hanif make about, regular maintenance?
What comparison needs to be made with regard to lifespan?

SN e

Yup. 8. IlepeBeaure ¢ gucra.

Direct use of geothemal water

In addition to generating electricity, geothermal water is used directly in
spas (balneology), to heat greenhouses (agriculture), and to speed the growth of
fish and prawns. The heat from geothermal water is used for industrial processes
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and for space heating in homes and other buildings. People in over 35 countries
have developed geothermal water for such purposes.

Industrial uses of the heat from geothermal water include manufacturing
paper, pasteurizing milk, and drying timber and other agricultural products.
Geothermal waters are used in mining to speed the extraction of gold and silver
from ore, and are also piped under sidewalks and roads to keep them from icing
over in freezing weather.

Geothermal energy is a renewable resource: Earth’s heat is continuously
radiated from within, and each year rainfall supplies new water to geothermal
reservoirs. Production from individual geothermal reservoirs can be sustained
for decades and perhaps even centuries.

Compared to other types of power plants, geothermal plants have relative-
ly little effect on the environment. Geothermal power plants have been
successfully operated in farm fields, in sensitive desert environments, and in
forested recreation areas.

Hydrogen sulfide gas (H,S), which can be toxic at very high concentra-
tions, is sometimes present in geothermal reservoirs. However, this gas is
removed from geothermal water with antipollution “scrubbing” equipment.

Geothermal reservoirs contain higher concentrations of minerals and
chemicals than do aquifers used for drinking water. Therefore, wells drilled into
geothermal reservoirs have several layers of pipes, or casing, cemented into the
ground nearly the entire length of a well. The pipes and cement prevent the deep
geothermal water from mixing with freshwater aquifers.

Geothermal reservoirs contain some carbon dioxide (CO,) which is re-
leased when the hot water turns into steam. Some scientists believe that the
buildup of carbon dioxide in the atmosphere — partially the result of burning fos-
sil fuels — is contributing to what may be a gradual increase in global tempera-
tures, because carbon dioxide traps heat from the Sun that is reradiated by Earth.
The amount of carbon dioxide released from geothermal power plants, however,
ranges from zero to 4 percent of the carbon dioxide released by an equivalent
power plant fueled by coal or petroleum.

Supplementary materials

IlepeBeauTe ycTHO.

How does geothermal drilling trigger earthquakes?

Seismologist David Oppenheimer of the U.S. Geological Survey Earth-
quakes Hazards Team explains (as told to Katherine Harmon):

Traditional geothermal drilling bores into hot rock such as sandstone that
has water or steam trapped in its pore spaces and natural fractures. When a
drilled hole intersects these fractures, the water flashes into steam because of the
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sudden drop in pressure — like bubbles that come out of a soda bottle when the
cap is removed. The steam surges into the well hole, and the steam pressure at
the surface spins a turbine to generate electricity. Sometimes the plant returns
some of the water back into the reservoir to keep water levels up. The drilling
itself does not cause earthquakes, but the steam removal and water return can do
so, by producing new instability along fault or fracture lines.

At a long-term geothermal project in northern California known as the
Geysers, the USGS has been monitoring seismic activity since 1975. Even
though the area does not appear to have any large faults running through it, we
record about 4,000 quakes above magnitude 1.0 every year. We know they re-
sult from steam withdrawal or injection because when operators begin geother-
mal production in a new area, earthquakes begin and when production ends, the
earthquakes stop. Many minor tremors occur, but quakes as large as magnitude
4.5 have been recorded. Residents of nearby Anderson Springs often feel trem-
ors as small as magnitude 2.0 because the town sits only a couple of kilometers
above the rock fractures.

Geologists suspect that even larger earthquakes could occur on nearby
faults such as the Maacama, which is adjacent to the Geysers fields. The extrac-
tion of water and heat from the porous sandstone causes it to contract, much as a
sponge shrinks when it dries out. When a large earthquake does occur, the pub-
lic will ask whether the geothermal projects might have played a role in causing
the rocks to shift along other faults. And researchers will have to use geodetic
monitoring and other data to try to figure out whether it really was a factor in
changing key stress dynamics.

In addition to the traditional geothermal plants at the Geysers, a pilot pro-
ject, which was suspended last September, intended to draw steam directly from
the volcanic, nonporous rock called felsite that lies below the sandstone and is
its heat source. Because the felsite has no natural pores, it also contains no wa-
ter. To recover the heat, the project’s operators would have needed to fracture
the rock and circulate water through it.

First, in the short phase of the project, they would have drilled into the
felsite and injected water to fracture the rock, most likely generating earthquakes
in the process. Then, aided by borehole cameras revealing in which direction the
fractures formed, they would have drilled a second hole to intersect the new
fractures and would have produced steam by pumping water through the hot
fractures linking the wells. This dry-rock geothermal approach has the potential
to harness much more heat than the traditional sandstone techniques, but it can
also mean more earthquakes.

To control the earthquake risk, drillers would have tried to keep the size of
the fractures small and to maintain steady water flow rates. The threshold goal for
earthquakes 1s 2.0 or lower on the Richter scale. Such deep-drilling operations
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would not want a repeat of events in Basel, Switzerland, where a widely felt mag-
nitude 3.4 quake in 2006 ultimately stopped a similar geothermal project.

Unfortunately, areas that are less tectonically active also have less acces-
sible subterranean heat sources. California, for example, has more heat (because
of its location near tectonic plate margins) than, say, Texas. The whole country
has some geothermal potential if we wanted to draw warmth for heating. But the
resulting heat would not necessarily have the energy to spin large turbines for
electricity generation. (David Oppenheimer)

3. WIND POWER

Yup. 1. [Jaiite onpenenenue ciaenyromum nouatusam. Iloarorosbrech
K JUKTAHTY.

Windmill
Blade
Shaft

To mill

Wind power plant
(wind generator)
Truss tower

Guy wire

Rotor blades
(propeller)
To pump

To generate

Turbine

Sail

Fantail

To protrude

Propelled

Torque

Brake
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Yup. 2. IlepeBeaure ycTHO.

A windmill is a machine that
converts wind into useful energy.
Windmills consist of a horizontal wind
shaft that protrudes from the upper
portion of the mill tower. Four to eight
wind sails radiate from the wind shaft. i shart
The wood frames of the sails are either
covered with canvas or fitted with
wood shutters. The fantail automa-
tically rotates the sails into the wind.

Besides milling grain and irri-
gating farmland, windmills developed
from the 15th century to the 19th cen-
tury were adapted to a variety of tasks,
including pumping seawater from land
below sea level, sawing wood, making
paper, pressing oil from seeds, and grinding many different materials. By the
19th century the Dutch had built about 9000 windmills. Of the major improve-
ments on the windmill, the most important was the fantail, a mechanism invent-
ed in 1745 that automatically rotates the sails into the wind. In 1772 the spring
sail was developed. This type of sail consists of wood shutters, the openings of
which can be controlled either manually or automatically to maintain a constant
sail speed in winds of varying speeds. Other improvements include air brakes to
stop the sails from rotating and the use of propellerlike airfoils in place of sails,
which increases the usefulness of mills in light winds. Water-pumping wind-
mills were widely employed during the settlement of the western United States.
The use of wind turbines for generating electricity was pioneered in Denmark
late in the 1890s. Small wind turbine generators supplied electricity to many
rural communities in the United States until the 1930s, when power lines were
extended across the nation. Large wind turbines were also built during this time.
The largest was the Smith-Putnam generator, installed in 1941 at Grandpa's
Knob, near Rutland, Vermont.

Tower

Yup. 3. IlepeBeaurte TeKCT NUCHLMEHHO

Modern wind turbines

Modern wind turbines are propelled by one of two effects: drag, by which
wind pushes the blades; and lift, by which the blades are moved in the same way
an airplane's wing rises on an air current. Turbines operated by lift turn more
rapidly and are inherently more efficient. Wind turbines can be classified as
horizontal-axis machines, with their main shafts parallel to the ground, or
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vertical-axis machines, with shafts perpendicular to the ground. Horizontal-axis
turbines used to generate electricity have one to three blades; those used for
pumping may have many more. The most common vertical-axis machines,
named after their designers, are the Savonius, used primarily for pumping, and
the Darrieus, a higher-speed machine resembling an eggbeater.

Water Pumper

The water pumper is a high-torque, low-speed windmill common in rural
areas of the United States. Water pumpers are used mainly to draw water from
underground. These machines use a rotor, usually from 2 to 5 m (from 6 to 16 ft)
in diameter, with a number of oblique blades radiating from a horizontal shaft.
The rotor is mounted on a tower high enough to catch wind. A large, rudderlike
vane directs the wheel into the wind. The wheel turns gears that operate a piston
pump. When wind velocities become excessive, safety devices automatically
turn the rotor out of the wind to prevent damage to the mechanism.

Wind turbine generators consist of a variety of components. The rotor
converts the power of the wind to the rotating power of the shaft; a gearbox in-
creases speed; and a generator converts the shaft power into electrical power. In
some horizontal-axis machines, the pitch of the blades can be adjusted to regu-
late the speed during normal operation and also to shut down the machine when
wind speeds are excessive. Others use stall, an aerodynamic phenomenon that
naturally limits the power at high wind speeds. Usually, modern machines start
operating when wind speeds reach about 19 km/h (about 12 mph), achieve their
rated power at about 40 to 48 km/h (about 25 to 30 mph), and shut down in wind
speeds of about 100 km/h (about 60 mph).

Yup. 4. U3yunte cxemy. [lepeBennre TepMUHBI.

Cmpoenue eempanoii ycmanoeKu:
1. ®yHpamenr.
2. CunoBo# mkad, BKIIOYAOIINI CHIIOBbIE KOHTAKTOPHI U 1IN YIpPaB-
JICHUSL.
bamins.
JlecTHHNIIA.
IToBOpPOTHBIN MEXAHU3M.
I'onpoua.
DJIEKTPUUECKUM TeHEpaTop.
Cucrema cieKeHHs 3a HAIpPaBICHWEM M CKOPOCTBIO BeTpa (aHEMoO-

PN B W

METP).
9. Topmo3sHas cucrema.
10. Tpancmuccus.
11. JIomacrn.
12. CucteMa n3MeHEHUS yIiia aTaKu JOMAaCTH.
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13. Konmnak potopa.
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Yup. 5. O6pa3yiiTte aHTOHMMBI ¢ UCNOJIH30BAHHEM NPePUKCOB in- Or

adequate —
efficient —
appropriate —
reliable —
consistent —
sufficient —
economical —
suitable —
effective —

WX W=
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Yup. 6. 3anoHUTE MPONYCKH CJI0BAMH M3 YNPAaKHEHUsI 5 U mepese-
JAUTE TEKCT.

The fact that wind turbines consume no fuel and waste very little energy is
clearly a fundamental advantage. But just how are they?

Clearly, wind turbines need to be located on relatively windy sites in order
to function. From a meteorological standpoint, what kinds of geological location
are the most ?

Turbines are generally placed at the tops of tall towers, where wind speeds
are higher, thus making them more . What other positioning factors
influence performance? Wind turbines rarely function continuously, due to the
fact that wind speeds are .

How significant is the impact of variable weather conditions on power
generating capacity?

Transmitting electricity over long distances is inherently ,
due to power loss from overhead or underground power lines.

The generating capacity of wind turbines is generally for it
to be relied upon 100 %.

What percentage of total generating capacity can wind turbines
realistically provide? Some early wind turbines were , suffering
breakdowns caused by inaxial stresses stemming from higher wind loads on the
upper blade. However, this problem has been overcome on modern units.

Yup. 7. lIpocaymaiite Teket «UK plans huge wind farm programme)
(http://www.knastu.ru/images/stories/GF/LMK/audio lessons.rar) u nepese-
JAHUTE ero Mmocjaea0BaTeJabHO.

Yup. 8. IlepeBeaure TeKCT NMCbMEHHO.

bpumanuysl namepenvl coxpanams IHePzUI0 6empa noo 80001

OpuruHaiabHbI COCOO perieHuss mpoOieMbl HEPAaBHOMEPHOCTHU BhIpa-
00TKHU BeTpoBoO 3Heprun Hamen npodeccop Cumyc [NapBu (Seamus Garvey) u3
yHuBepcuteTa HoTTuHrema.

[To 3ambicnmy Cumyca, BETpSIKH MOPCKOro Oa3upoBaHUSI HE JOJDKHBI
OCHAIIAThCA DJIEKTPOTEHEPATOPAMU HEIMOCPEACTBEHHO. MO, Takue MOIIHbIE
MAalINHBI, JAIOUMe TOK MPU MajbiX 000pOTax Balia, CIMIIKOM TSXKEIbl U OUYEHb
JIOPOTH.

BwmecTo aToro OputaHCKuii UHXKEHEp MpejyiaraeT JAeiarh JOMacTH BETPs-
Ka TOJbIMU. BHYTpH 1n0/KeH CBOOOJHO JBHUTaThCs JOBOJBHO TSDKEIBIA TOP-
meHb. Korma nomnacte HaXOAUTCA BHU3Y, MOPILIEHb PACIIONOKEH B CaMOM €€
KOHYHMKE, KOTJ]Ja OHAa MEIJICHHO MOJHUMAETCA BBEPX, MOPIIEHb CKOJIB3UT BHU3,
cxuMasi Bo3ayx. [locnennuii moga€rcs B MENIKM W3 THOKOM CHUHTETHYECKOU
TKaHM, [J1aBaroiue Ha riryouse 500 metpos!
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OTU XpaHWIMILA, YAEp>KUBAeMbIe OT pa3pbiBa JIaBJIEHUEM BOJbI, CIY>KaT
Oydepamu, rapaHTUPYIONIUMU DJIEKTPOCTAHIIMK POBHYIO pabOTy MpU HEpaBHO-
MepHOM BeTpe. M3 moaBoaHbIX OauIOHOB BO3JyX OTHOPABUTCS MO TpyOaM K
KOMIIaKTHBIM TypOuHaMm-reHeparopam. M ero 3amaca nopKHO XBaTtarh Ha
HECKOJIBKO JTHEH IITHIIS.

Takas «WHTerpupoBaHHas BO300OHOBHMMAas JHEpPreTHYeckass CUCTEMa Ha
cxatoMm Bo3ayxe» (Integrated Compressed Air Renewable Energy Systems —
ICARES) otnuuaetcst pazmaxom. ["apBu nmocuutan: 4To0bl OPITHU paboTaiu, a
HE 3aBHCAM B KOHUYMKAX JIE3BUU HM3-3a IIEHTPOOCKHBIX CHWJI, TypOMHA JOTHKHA
JBUTAThCS MEJJICHHO M OBITh OYCHBb KpymHOU — oT 230 MeTpoB B guaMeTpe, B
uneane — Bce 500 M. UTo 10 MOABOIHBIX XPAHWIHIL — 3TO HACTOSIIKME T'PO3JIH
MEIIKOB 110 20 METPOB B IUAMETPE KAXKIbIM.

B ornuume OT pOACTBEHHBIX CHUCTEM
HAKOIUJICHUS] SHEPTUU B BUJIE 3aKaYKU BO3yXa
B IOJA3EMHBIE MOJOCTH IMOJABOAHBIA BAapUAHT
o0ecreuynBaeT HEM3MEHHOE JIaBJIEHUE KaK MpHU \
MajioM, TaK U IPHU MPEIETbHOM 3alOJIHEHUH
XPaHWINILA, YTO TapaHTUPYET ONTHUMAJIbHBIN
pexUM pabOThl TypOOT€HEPATOPOB.

Han mnpoektom T'apBu paGotaer ¢
2006 roga, a Tenmepbp YHUBEPCHUTET CO34all /
komranuto Nimrod Energy st kommepiina-
mmzaimu - texHosiornu. Cucrema ICARES
JIOJ>KHA OSIBUTHCS HA peiHKE B Mae 2011 roga. Ho nmepBonavanbHO npeaHasHa-
4aThCsl OHA OYIET IS HAKOTUICHHS YHEPTUH, BEIPAOOTAHHOW APYTMMH THIIAMHU
3NIEKTPOCTAHIUN. A MOpPCKHE TypOUHBI-TUTaHTHl 0T Nimrod, mo mporHosy yué-
HOTr0, OyAyT MOCTPOEHBI B TeueHue 15 jer.

Yup. 9. llepeBeaure ¢ aucra

New Record: World’s Largest Wind Turbine

The world’s largest wind turbine is now the Enercon E-126. This turbine
has a rotor diameter of 126 meters (413 feet). This new turbine is officially rated
at 6 megawatts, but will most likely produce 7+ megawatts (or 20 million
kilowatt hours per year). That’s enough to power about 5,000 households of four
in Europe. A quick US calculation would be 938 kwh per home per month,
12 months, that’s 11,256 kwh per year per house. That’s 1776 American homes
on one wind turbine.

The turbine being installed in Emden, Germany by Enercon. They will be
testing several types of storage systems in combination with the multi-megawatt
wind turbines.These turbines are equipped with a number of new features: an
optimized blade design with a spoiler extending down to the hub, and a pre-cast
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concrete base. Due to the elevated hub height and the new blade profile, the
performance of the E-126 is expected to by far surpass that of the E-112.

[The E-126]... has no gearbox attaching the turbine blades to the genera-
tor, in fact, the generator is housed just at the widest part of the nose cone, it
takes up the entire width of the nacelle to generate power more efficiently, and
provide longer service life with less wear.

Also like small turbines, these have inverters instead of synchronous
generators, that is to say, a separate controller that converts the wild AC
generated into something the grid can use. This means the rotor can run at more
optimum and varied speeds.

Again like small turbines, this one does not shut right off at a
predetermined speed due to gusts or just very high wind speeds. It simply
throttles down by turning the blades slightly away from the wind so as to
continue to generate power though at a lower production rate. Then the instant
the wind is more favorable, it starts back up again. Many smaller wind turbines
do something similar except have no blade pitch control, they use a technique
called something like “side furling” where the whole machine, excepting the
tail, turns “sideways” to catch less wind but continue operating.

Yup. 10. [TepeBennTe NUCHLMEHHO.

[To mporHo3am yueHbIX, MUPOBBIC 3amackl HEPTU M YIS MOTYT 3aKOH-
yuThes yxke k 2080 roay. Ho maxke ecium 3To mpou30MAET, YEI0BEUECTBO HE OCTa-
HeTcsi 0e3 AIEeKTpodHeprur. PaHo uiu mo31HO MBI BCTYNIMM B HOBYIO 3Py HE 3a-
MACEHHBIX MPUPOION, a BO3OOHOBIISIEMBIX pecypcoB. W Hapsiay ¢ BOO# U COJH-
€M PHEPTUI0 HaM OYJET J1aBaTh TAKOW HEUCCIKAIOMINI UCTOYHUK, KaK BETEP.

Kazanock Obl, 3T0 YHUCTO TexHUYECKas JieTallb. Ho oHa M3MEHUT MHOTOE B
Hallle XW3HA — BO3MOXHO, Ja)X€ TE€ONOJUTHUKY. Benb BeTep NMPUHAMICKUT
BCeM. DTO HEe()Th MPOJAIOT U MOKYIAIOT, & KOT/1a HE MOTYT KYIUTh — MBITAIOTCS
0TBOEBaTh... C BETPOM 3TOro, K CHYaCThbIO, CHIEJIaTh IMOKa Helb3s. [loka Betep
BOCIPUHUMAETCS TOJBKO KAaK aJlbTEPHATUBHBIM HMCTOYHUK SHEpruu. OpgHaKo
HEKOTOPBIE CTPAaHbI XOTAT MPEBPATUTH €r0 B OCHOBHOW. Hanpumep, B Jlanuu k
2030 romy miIaHUPYIOT MOJY4YaTh «M3 BO3/yXa» YK€ MOJOBUHY BCel A00ObIBae-
MOM AJIEKTPOIHEPTUH.

Wnes ncnonp3oBaTh BETEp Ui MOJYUYECHHUS DHEPTUM B IPSMOM CMBICIIE
cioBa ctapa kKak Mup. Camble IpEBHUE U3 U3BECTHBIX HAM BETPSHBIX COOpYXKe-
Huit oTHOCATCA K 3000 roxy mo H. 3. Kurtaiiipsl kadaiu ¢ UX MOMOIIbIO BOJY Ha
PHUCOBBIE TTOJIS.

Bo3sBpaiienne k BeTposHepreTuke B XX Beke ObUIO MPOJAMKTOBAHO HE
TOJIBKO DKOJIOTHYECKUMHU TIPOOJIeMaMH, HO W JKEJaHUEM OCBOOOJHUTHCS OT
HedTsHOM 3aBUcuMOcTU. B 1973 rony Bxoasiue B OpraHu3aiuio 3KCIOPTEPOB
He(dtu OIIEK ctpansl BBenu B oTHomeHuu CIIIA u ux coro3HHKOB 3MOapro Ha
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He(Th. IlocnenoBaBmMil 32 3TUM PHEPreTUYECKUN KPHU3UC U IKOHOMUYECKHM
cnaj noOyAwsd 3amafHble CTpaHbl OCBaWBaTh aJbTEPHATHBHBIE HCTOYHUKH
SHepruu. BCIOMHUIM O Tak Ha3bIBa€MbIX BO300HOBISIEMBIX pecypcax: BOJIE,
coJiHle, bromacce u BeTpe. Berep — camblii gemieBsiil u3 HuX. CTpOUTH BETPO-
napku nepBbiMu ctanu ['epmanus, 'omnanaus u danua. OauH U3 NepBbIX MOLI-
HBIX BETPAKOB BO3JIE IATCKOT0 TOpoKa ¥YbPOopr COOPYANIA MECTHBIE )KUTEIH.

B nocnenHue roapl BETpsiHas SHEPreTHKa pa3BUBACTCS JMHAMUYHEE BCEX
ocTajJbHBIX OTpacieil. OTYacTH 3TO CBSI3aHO C €€ JICUIeBU3HOI: ce0eCTOUMOCTh
coctaBisieT 4-5 neHToB 3a 1 kB1/4. B [lanun MHOTHE BeTpOmapKu HaxXOASTCs B
YaCTHOM HJIM KOOIIEPAaTUBHOM BJIaJieHUU. MIHOr1a MX MOKYIarT BCKIAA4MHY.

Berpsiku ocTaToyHO MpOCTHI B 3KCIUTyaTtauuu. CpokK HX CIIyKObl — B
cpenHem 25 set. 3a 3TO BpeMsl HEKOTOPBIE I€Talu, €CTECTBEHHO, U3HAIINBAOT-
csi. UToObl OCTaHOBUTH BETPSAK U IMepedpaTb MeXaHu3M, TpeOyeTcs BCEro
HECKOJIKO JHEW. balHio npu 3TOM HE TPOrarT. BeTpsaxk MOIIHOCTBIO
500-600 kBT/4 ¢ u30bITKOM NIEPEKPHIBAECT MOTPEOHOCTH JakKe OUYECHBb OOJIBIIOTO
bepmepckoro xo3sicTea. Toraa BeTpsSKH MOJKIIOYAIOT K 3JIEKTPOCETH, Biaje-
JIe1] KOTOPO# — rocy1apcTBO WJIM YaCcTHAsi KOMIAHUs — 0 (PUKCUPOBAHHOM IIEHE
npuoOperaer y pepMepa BCIO MPOU3BEACHHYIO SHEPTUIO. A TOTOM U3 3TOH XKe
ceTu ¢epmep MOKYIMAET CTOIbKO, CKOJIBKO €My HYXKHO.

Berpomapku nmopoaniii HOBYHO KOHIIEHIHMIO JIOKAJIbHBIX JJIEKTPOCETEH.
Uucno morpebuTeneii B HUX HEBEIHMKO, 3aTO yAaceTcss OOOUTHCH Oe3 IOoTeph
sHepruun. Benp snexkrpuyectBo ¢ rurantckux '9C u ADC nepenaercs noTpedu-
TEJIIO 3@ COTHU U THICSIYM KUJIOMETPOB. Y moTepu npu 3ToM HEU3OEKHBI.

IIpn Bcex OYEBHMAHBIX IUIIOCAX Y MCIIOIB30BAHUS JHEPIUM BETpPa €CTh
CBOM IIPOTHBHUKH. Yaiie BCero B Ka4eCTBE IIIaBHOIO MUHYCA BETPOIHEPTIETUKH
Ha3bIBAIOT €€ HECTAOMIBHOCTD. J[eiCTBUTENBHO, OTr0a OT HAILETO JKEeJIaHUs He
3aBucuT. CeroHs JIONMACTU UCIIPABHO BPAILAKOTCA, a 3aBTPA — IOJHBINA IITUIIb.
Ho u 31ech MOKHO HallTH BBIXOJ.

B nocnennue ronpl BETpsIHbIE CTAHIIMM HAYaJlu CBS3bIBATH B €UHYIO CETh
C COCEIHUMH BETpPOMNapKaMu U CTAHIUSAMH, pabOTAIOIIMMU Ha APYTUX UCTOYHU-
Kax PHepruu. B KOHEYHOM cueTe Kakoe-HUOY b 3B€HO TaKOW KOMOMHUPOBAHHOM
CUCTEMBbI 00s3aTeIbHO JOJKHO cpaboTtaTh. be3 cBera, Temma u yTpeHHEH
Yaleyku ropsyero kode MmoTpeduTeNns HHUKOrJa He ocTaHeTcs. Bo3moxHoO,
TaKue JIOKaJbHbIE CMEIIaHHbIe CeTH — HJleanbHas Gopma g cHaOKeHusl Hace-
JICHUSI AJIEKTPUUYECTBOM B OJIMIKaNIIINE HECKOIBKO JECATHUIICTUH.

BTopoit MuHyC — 3HEPIHIO BETpa MOKHO MCIIOIb30BaTh TAJIEKO HE BE3JE.
[ToaTOMY II1s1 KaKZIOr0 peruoHa CIEUUaJIvuCThl BHAYajIe COCTABIAIOT aTJIac BET-
poB. HanOonee nepcrneKTUBHBIMM CUMTAIOTCS NPUOpEXHbIE pailoHbl. Tam 3a
CYET pa3HMIIBl TEMIIEPATYP HAJ CYIIEM U MOPEM BETPBI AYIOT IOYTHU ITOCTOSIHHO.
XO0pouIo Tak)Xe CTaBUTh BETPSIKA HA BO3BBILIEHHOCTSIX U B CTEIIH.

MuHuManbHas CKOpOCTh BETpa, HEOOXO0IMMasl ISl BKIKOUEHUS BETpsKa, —
3-5 m/c. 3amyck MpPOMCXOAUT aBTOMAaTUYECKH — IO CUTHANIY JaTdyMKa Ha Bep-
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muHe OamHu. [Ipu CIMIIKOM BBICOKOM CKOPOCTH — OKOJIO 25 M/C — TypOUHBI
aBTOMATHUYECKU OTKIo4aloTcs. M TOnbKO BETPOTYpOMHBI HA MOpPE CHOCOOHBI
BbIICPKMBAThH IIKBaJIbHBIE BeTpa 10 30 M/c.

A HacKONBbKO BETPAKH Oe30omacHbl? 3alIUTHUKU MPUPOABI YTBEPHKIAIOT,
YTO JIOMACTH NPEACTABISAIOT ONACHOCTb JJIsl NTUL. CTOJIKHOBEHUS NEHCTBUTEIBHO
CIy4arTcs, HO B MOCIEAHUE TOAbl NIPH Pa3MELICHUH BETPONAPKOB MpO-
€KTUPOBLIMKY CTAJIM YYUTHIBATH MAPUIPYTHl MUTPALIMU NTepHATHIX. Ele onuH ap-
I'YMEHT IIPOTUBHUKOB — «IIIyMOBOE 3arpsi3HEHUE» — TAK)KE HE BBIIEP/KUBAET KpU-
TUKH: CTOSI IIPSIMO IO/ BETPSIKAMH, MOKHO pa3roBapyBaTh HE MOBBIIIAsI FOJIOCA.

Ho cambiMu akTUBHBIMH IPOTUBHUKAMHU BETPOIAPKOB OOBIYHO CTAHOBSAT-
Csl JIOJIU, )KUBYLIME 1O coceACTBY. OHU CUMTAIOT, YTO BETPOMAPKH MOPTAT MEil-
3ax. Heyxenu konrsme He00 TpyObl TEIUIOBBIX 3JIEKTPOCTAHIUN Oojee mpu-
BJICKATEIbHBI?

B onybnukoBaHHOM BceMupHOW opranuzanueil (Greenpeace AoKiajze
«Wind Force 12» ytBepxkaaercs: k 2020 roay BeTpoIHEpreTuka CMOxeT obec-
neuntsb 12 % mupoBoi morpedHOCTH B anekTpuuectBe. M 310 mpu TOM, 4TO
YeJIOBEYECTBY K TOMY BpeMeHHU OyAeT HY>KHO Ha JBE€ TpeTu OO0JIbIle JIEKTPO-
sHEpruu, yem ceityac! Ho pacTyT u MOIIHOCTH BETPOArperaToB: yKe AEUCTBYIOT
NapKh C COTHSAMH BETPSIKOB 1Mo 2 MBT Kaxkzaplii, a MOIIHOCTb OTHEIbHBIX
yCTpOUCTB gocturaer 5 MBT.

B 2003 rony npupocCT MOIIHOCTENl BETPOAIHEPIETUKH B MHPE COCTABHUII
30 %. Takux TeMIoB pa3BUTHs HE ObUIO Jake y aTOMHOM sHepreTuku. Hacty-
naer spa Berpa’?

Supplementary materials

Yup. 1. IlepeBeaure nUCbMEHHO.

Y bepezoe Yanvca noseumcea ocpomnan éemposnekmpocmanyus

Ceiluac KpyNnHEHIINII BETPOIHEPreTUUECKUN KOMILIEKC B Y3Jbce —
Rhyl Flats.

CrpouTenbcTBO caMoro 0oJIbIIOro B MUpE NPUOPEKHOTO KOMILIEKCa BET-
PSHBIX JIEKTPOCTAHUMI HAYHETCA B CIEIYIOLIEM 'Oy Y CEBEPHOIO MOOEPEXbs
VYanbca.

Hetanu npoekra noa Hazpanuem Gwynt y Mor cTOUMOCTBIO B 2,2 MIIpJ
¢byHTOB cTepauHroB (0osee 3 Mip/ J0JIapoB) ObLITM 0OHAPOIOBAHBI B MSITHUILY.

[Inan npemycmaTpuBaeT yCTaHOBKY B Mope — B 10 muisix ot Oepera —
160 TypOuUH 1 co3aHue OKOJIO THICAYU HOBBIX pabounx mect. OKuaercs, 4to B
MOJIHYIO CHJTYy KOMIUIEKC 3apaboraet B 2014 roxy.

HekoTopble MECTHBIE KUTEIU BBICTYNAKOT MPOTHUB PEATU3ALMU MPOEKTA:
BETPSAKHU, M0 UX CJIOBaM, COBEPUIEHHO HUCIIOPTAT BEJIMKOJIEMHBIN BUI Ha MOp-
CKYIO TJIaJlb, 32 KOTOPBIM, B YACTHOCTH, IIPUE3KAIOT JIKOJU B KypOPTHBIN TOpo-
nok JinannuaHo Ha ceBepHOM Oepery Yasbca.
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Kpome Toro, ckenTuku KpUTHUKYIOT OPUTAHCKOE MPABUTEIHCTBO 32 BbIJa-
4y JIMIEH3UA HAa CTPOUTENBCTBO €II€ U MOTOMY, YTO OHHU CUUTAIOT BETPSHYIO
SHEPTUI0 HeHaZe:)kHOU. B JIoH10HE, OHAKO, C 3TUM HE COTJIACHBI.

«39T0 OyIeT OauH M3 KPYMHEUIIUX MPOEKTOB MPUOPEKHON BETPOBOM
sHepreTuku B EBpome, koTopsiii OyaeT oOecreynBaTh HAC YUCTHIM, 3€JIEHBIM
AIIEKTPUUECTBOM B 00beMaxX, KOTOPHIX B SKBUBAJICHTHOM MCUMCICHUU XBaTUT Ha
oOecnieuenne xusHeneareIbHoCcTH 400 TeICcaY cemeii. MBI B Y2IIbce HAXOIUMCS
B WJICAJTbHOM TOJIOKEHHUH JIJISi TOTO, YTOOBI MOTYy4YaTh YKOHOMUYECKUE BBITOJIBI
OT 3€JICHBIX TEXHOJOTHH, — 3asBWJIa OPUTAHCKUN MUHHUCTP MO JieJaM ¥Yaibca
Uepun ['minan. — OKpyKEHHbIE BETpaMHU, BOJIHAMU U MPUIIMBHBIMU PECYypCaMH,
MBI MOKE€M H3BJI€Yb MIPEUMYIIECTBA U3 UHBECTUIIMI B 3€JIEHYI0 SKOHOMUKY U B
TO K€ BPEMsl BHECTH CYIIECCTBEHHBIN BKJIAJ] B peaau3alliio yCTpeMJeHUu [Opu-
TAHCKOTO| TMPaBUTEIIbCTBA [0 COKPAIECHUIO BBIOPOCOB YIJIEKHUCIOTHI MPHU
MOMOIIM 0€30MACHBIX, YACTHIX BO3OOHOBIISIEMBIX HCTOYHUKOB YHEPTUM.

Jt1o ToT peakuit ;s Coenunennoro KoposeBcTBa ciydail, Koraa mpoeKT
BBI3BAJI OJMHAKOBO BOOJIYLIEBICHHBIA OTKIIMK U y MPABUTENILCTBA, U Y ONIIO3U-
UK. XO0TA, ToBops 0 npoekte Gwynt y Mor, TeHeBOl MUHUCTp MO AeiaM Y ib-
ca seitbopuct [Turep XsitH HE MPEMHUHYJ TOKPUTHUKOBATH KOHCEPBATOPOB.

«JIByXMWIITMAapIHbIE NHBECTULIMM B CEBEPHBIN Y3JIbC, UEMY paHbIIIE IIPO-
TUBWICS [nIpeMbep-MUHUCTP BenumkoOpuranuu| I»Bun Komepon, ocymecTsis-
I0TCA TOJIBKO OJyarojiapsi TO HOBAaTOPCKOM paboTe, KOTOPYIO BBIMOIHWI O
Munubana, korja oH ObUT JICHOOPUCTCKUM MHHHCTPOM DSHEPIeTHKHU, — 3asBUI
XoiH. — Gwynt y Mor OyaeT kpymnHeiIieit B Yaibce BETPSIHOM 3JIEKTPOCTaHITHU-
eil, ctocOOHOM 00ecneYnTh 3HEpPreTHUecKre Hy kbl 0kosio 400 Thicsau cemel u
npeAoTBPaTUTh BbIOpOC B atMocdepy 1,7 MIH TOHH ABYOKUCH YIJIEPOJia B FOMI.

Yup. 2. IllepeBeaure yCTHO.

String of offshore turbines along East Coast could provide steady supply
of wind power

The problem with generating electricity by harnessing the wind is that it
doesn't always blow (though it may seem that way at times). And, typically,
consumers remain intolerant of power interruptions.

But there may be a way to ensure a steady supply of wind, according to a
new study in the April 5 Proceedings of the National Academy of Sciences. The
key? Sea breezes (and a lot of expensive wiring).

Willett Kempton, director of the University of Delaware's Center for Car-
bon-Free Power Integration, and his colleagues analyzed wind patterns from 11
sites on the U.S. East Coast, along the 2,500 kilometers from Maine to Florida.
By wiring together hypothetical offshore wind turbines along this coastline, the
researchers found that they could guarantee a steady supply of electricity. In
fact, according to their model, there would never be a time when the wind wasn't
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producing some electricity — and previous research by Kempton has shown that
offshore wind power alone could supply the needs of coastal states.

Of course, no offshore wind turbines exist anywhere off the U.S. East
Coast — and reactions from coastal residents have been as mercurial as the wind,
depending on whether one resides in Cape Cod or Cape Hatteras — so this exer-
cise remains entirely theoretical. As it stands, the roughly 2 gigawatts of off-
shore wind turbines proposed along the East Coast are largely planned to operate
independently. And the longest (and most expensive) high-voltage direct current
cable ever laid spans just 580 kilometers. The researchers estimate the cost of
the cable alone for this plan at $1.4 billion (though that is only 15 percent of the
cost of all the offshore wind turbine installations).

But should this abundant resource be tapped, a unified grid of offshore
turbines could help make wind power reliable. After all, as Kempton et al.
wrote: "There is almost always a pressure gradient somewhere, and cyclonic
events move along the coast." (David Biello)

4. TIDE ENERGY

Yup. 1. IllepeBeaure TepMmuHbl. BolyunTe nx.

e tidal power plant;

e reversible turbine;

e turbine inlet for water;
e heat pump system;

e source water inlet.

Yup. 2. ConocraBbTe TepMUHBI ¢ UX onpenejeHusimu. IlepeBenure.
IHoaroroBbrech K AUKTAHTY.

1. Tide A. the widening channel of a river where it nears the sea,
with a mixing of fresh water and salt (tidal) water

2. Harness B. amass of air, body of water, etc., that has a steady flow
in a particular direction

3. Estuary C. the cyclic rise and fall of sea level caused by the
gravitational pull of the sun and moon.

4. Current D. to flow back or recede

5. Gravitation | E. the total system of electrical leads for a vehicle or aircraft

6. Dam F. any process or result caused by this interaction, such as
the fall of a body to the surface of the earth

7. Gearbox G. a barrier of concrete, earth, etc., built across a river to
create a body of water for a hydroelectric power station,
domestic water supply

8. To ebb H. this metal casing and its contents, esp in a motor vehicle
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Yup. 3. IlepeBeaure ¢ gucra.

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.

Tide Energy

Tides are twice-daily rises and falls of water level relative to land. Ocean
tides can produce strong currents (a steady flow of ocean waters in a prevailing
direction) along some coastlines. Humans have sought to harness the kinetic
(motion-induced) energy of the tides for hundreds of years. Residents of coastal
England and France have used tidal energy to turn water wheels and generate
mechanical energy for grain mills since the eleventh century. In modern day,
tidal currents are used to generate electricity. Tidal energy is a non-polluting, re-
newable energy source. Modern day technologies for exploiting tidal energy are,
however, relatively expensive and are limited to a few coastlines with extremely
high and low tides. Tidal energy may, in the future, become more widely used
and economically practical.

Yup. 4. IlepeBeaure ycTHO.

The Power in tides result from the gravitational pulls of the Moon and Sun
on the surface of the spinning Earth. Gravity is the force of attraction between
all masses. The shape of the shore and adjacent seafloor affects the tidal range
(difference between high and low tides) along specific coastlines. Some places,
like the English Channel between France and England, and the Bay of Fundy in
Nova Scotia, Canada, experience very high and low tides. The tides protected
Medieval monasteries in the English Channel since the eighth century.
Mont-St.-Michel in western France and Lindisfarne (Holy Island) in northern
England are churches built on small islands surrounded by miles of tidal flats
(a broad, flat area of coastline alternately covered and exposed by the tides).
Today, they are connected to the mainland by roadways but in Medieval times,
only devout pilgrims rushed to make the hurried trip across miles (kilometers) of
shifting sand between roaring tidal pulses. For tidal energy to be a practical
source for electricity generation, the tidal range in a coastal area must be at least
16.5 feet (5 meters). The greater an area's tidal range, the more electricity will be
produced. Although tidal energy is reliable and plentiful, only a handful of suit-
able tidal power station locations have been proposed worldwide. Two large tid-
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al power plants are in operation today at La Rance in Brittany, France, and in the
Canadian town of Annapolis Royal, Nova Scotia. In the United States, tidal
energy as a power source is realistic only in Alaska and Maine.

Yup. S. IlepeBeaure nUCbLMEHHO.

How it works: Tidal Barrages

These work rather like a hydro-electric
Tide coming in scheme, except that the dam is much bigger. A
e 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
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 a wading bird 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.

The largest tidal power station in the world (and the only one in Europe)
is in the Rance estuary in northern France. It was built in 1966. A major draw-
back of tidal power stations is that they can only generate when the tide is flow-
ing 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 Down in Som-
erset to Lavernock Point in Wales. Every now and again the idea gets proposed,
but nothing has been built yet. It may have over 200 large turbines, and provide
over 8,000 Megawatts of power (that's over 12 nuclear power station's worth). It
would take 7 years to build, and could provide 7 % of the energy needs for Eng-
land and Wales. 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. Another option is to use off-
shore turbines, rather like an underwater wind farm. This has the advantage of
being much cheaper to build, and does not have the environmental problems that

Turbine &
generator

Tide going out
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a tidal barrage would bring. There are also many more suitable sites. 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.

Yup. 6. IlepeBennTe NMCbMEHHO.

B Illomaanouu 2omoeumca K ycmanoéKe npuiuénas mypouna

Kpynueiimas B mupe TypOWHA Ui MPHIMBHON THUAPOSIEKTPOCTAHIIUU
BIIEpPBBIE MpeJICTa’ia MUPY B MIOTIaHACKON OyxTe MIHBEprop1oH.

Typouna AK-1000 npousBonactBa komnanuu Atlantis Resources Oyner B
Onmxale JHU OTOYKCUpPOBaHa JJisl yCTAHOBKH HA SKCIEPUMEHTAIBHOM IOJIH-
rone EBponeickoro neHrpa MOpCKOM 3HEpreTuku y nodepexbs OpKHEHCKHX
0CTpOBOB. E€ KOHCTPYKTOpBI CUUTAIOT TypOUHY IpocToi U HajexHo. 1o cio-
BaM riaBbl komnaHuu Tuma Kopuenumyca, oHa OblLla co3laHa B pacyere Ha
TPyJHBIE YCJOBMSI SKCIUTyaTalMd B OypHBIX W XOJIOAHBIX BOJAaX CEBEPHOM
ATIIaHTHKHU.

Typbuna nocturaet B BoicoTy 22,5 meTpa ¥ BecutT 1300 TonH. OHa umeer
JIBA JIONACTHBIX y3J1a, YCTAHOBJIICHHBIX HA €IMHOM Bajly, U B COCTOSIHUM Pa3BH-
BaTh AJIEKTPUUYECKYIO0 MOITHOCTh B | MBT — 3TOro 10CTaTo4yHo Jj1si 0OecreueHus
sHeprueut 1 ThicsYu CeMENCTB.

[To nmaHHBIM KOMMAaHWM, 3Ta TypOHWHA SABISETCS KPYMHEUIIUM YCTPOW-
CTBOM TaKoOro pojaa B Mupe Ornaroaapsi JUamMeTpy CBOMX JIOINACTEH, KOTOPbIH
nocturaetr 18 metpoB. « Ml cTankuBaeMcs Ha miennbdpe OpKHEHCKIX OCTPOBOB C
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CaMbIMH K€CTKMMU MOTOJIHBIMU YCIIOBUSIMU Ha IutaHere, — cka3an Tum Kophe-
JMYyC Ha JEMOHCTpauuu TypOuHbl. — Ham npuiioch NoiuTu Ha camoe MpocCToe,
HO TIPU 3TOM U CaMO€ HaJIe)KHOE KOHCTPYKTOpCKoe peuienuey». Jlomactu typOu-
Hbl OyIyT BpallaTbCsi C OYEHb HU3KOW CKOPOCTBhIO — BcCero 6-8 o0OpoTOB B
MUHYTY, YTO UCKIIFOUUT BPEHOE BO3ACHCTBUE HA MOPCKHE OPTaHU3MBI.

[Tocne coopku Ha Bepdu B DBanToHe TypOuHa AK-1000 Onla nepesese-
Ha B coceqHuil 10k B MTuBepropaone B 3anmuBe Kpomaptu Oupr.

Komnanus Atlantis, koropast umeet ornenenus B Jlonnone u Cunramype,
peUIoKIIA MJIaH UCIOIb30BaHUS IPUIUBHOM 3HEPTUU JUIsl CHAOKEHHS dHEp-
M€l KOMIIBIOTEPHOIO LEHTpa JaHHbIX Ha ceBepe Llommanamu. DTOT LEHTP
OyAeT OKa3bIBaTh YCIYTH pALYy KOMIIAHWM M HE JOJDKEH OBITh MOJAKIIOUEH K
HAalMOHAJIBHOU dHeprocucreMe bpuranun.

ITo cnoBam Kopnenuyca, ero KoMnaHusi COOUpaeTcsl MPUHATh y4acTHE B
TEHJIEpE Ha apeHy HECKOJbKHX IJIOMA0K Ha Ienb(e OpKHEHCKUX OCTPOBOB.

Yup. 7. Ipocaymaiite Tekcr «Wave energy innovator»
(http://www.knastu.ru/images/stories/GF/LMK/audio lessons.rar). OTBeTh-
Te Ha Bonpocsl. IlepeBeaure Tekcr.

What does the company make?

How much power will the wave farm produce when finished?
What names have people given to the previous wave converters?
Why was it called Pelamis?

What are the objectives of the company?

SNh W=

5. SOLAR ENERGY

Yup. 1. IllepeBeaure Tepmunbl. IloAroToBbTECH K IUKTAHTY.

e Solar (solar-heated) house; e Frictional;

e Solar radiation (sunlight); o Potential energy;
e Collector; o Kinetic energy;
e Hot reservoir (power supply); e Bending;

e Heat pump; o Centrifugal force;
e Water outlet; o Compression;

e Air supply; o Contraction;

e Flue; e Expansion;

o Hot water supply; e Pressure;

e Motion; e Shear;

e Transient; e Tension;

e Magnesium; o Torsion/torque.
e Rotor;
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Yup. 2. IlepeBeaure TepMHHBI. 3amoJHMTE IPONMYCKH B TEKCTe.
IlepeBeanTe TEKCT.

Motion, gained, projectile, induction, heat, transient, magnesium, rotor,
frictional, potential, circuits, kinetic, interconvertible, energy.

Energy, capacity of matter to perform work as the result of its
1 or its position in relation to forces acting on it. 2
associated with motion is known as 3 energy, and energy related to
position is called 4 energy. Thus, a swinging pendulum has
maximum potential energy at the terminal points; at all intermediate positions it
has both kinetic and potential energy in varying proportions. Energy exists in
various forms, including mechanical, thermal, chemical, electrical, radiant, and
atomic. All forms of energy are 5 by appropriate processes. In
the process of transformation either kinetic or potential energy may be lost or
6 , but the sum total of the two remains always the same.

A weight suspended from a cord has potential energy due to its position,
in as much as it can perform work in the process of falling. An electric battery
has potential energy in chemical form. A piece of 7 has potential
energy stored in chemical form that is expended in the form of heat and light if
the magnesium is ignited. If a gun is fired, the potential energy of the gunpow-

der is transformed into the kinetic energy of the moving 8 . The ki-
netic mechanical energy of the moving 9 of a dynamo is changed
into kinetic electrical energy by electromagnetic 10 . All forms of
energy tend to be transformed into 11 , which is the most
12 form of energy. In mechanical devices energy not expended
in useful work is dissipated in 13 heat, and losses in electrical
14 are largely heat losses.

Yup. 3. IlepeBeaure ¢ Jaucra.

Radiation produced by nuclear fusion reactions deep in the Sun’s core The
Sun provides almost all the heat and light Earth receives and therefore sustains
every living being. Solar energy travels to Earth through space in discrete pack-
ets of energy called photons. On the side of Earth facing the Sun, a square
kilometer at the outer edge of our atmosphere receives 1,400 megawatts of solar
power every minute, which is about the capacity of the largest electric-
generating plant in Nevada. Only half of that amount, however, reaches Earth’s
surface. The atmosphere and clouds absorb or scatter, the other half of the
incoming sunlight. The amount of light that reaches any particular point on the
ground depends on the time of day, the day of the year, the amount of cloud
cover, and the latitude at that point. The solar intensity varies with the time of
day, peaking at solar noon and declining to a minimum at sunset. The total

41



radiation power (1.4 kilowatts per square meter, called the solar constant) varies
only slightly, about 0.2 percent every 30 years. Any substantial change would
alter or end life on Earth.

Yup. 4. IlepeBeaute NMCHbMEHHO.

Indirect collection of solar energy

People can make indirect use of solar energy that has been naturally col-
lected. Earth's atmosphere, oceans, and plant life, for example, collect solar
energy that people later extract to power technology. The Sun's energy, acting
on the oceans and atmosphere, produces winds that for centuries have turned
windmills and driven sailing ships. Modern windmills are strong, light, weather-
resistant, aerodynamically designed machines that produce electricity when
attached to generators. Approximately 30 percent of the solar power reaching
Earth is consumed by the continuous circulation of water, a system called the
water cycle or hydrologic cycle. The Sun’s heat evaporates water from the
oceans. Winds transport some of the water vapor from the oceans over the land
where it falls as rain. Rainwater seeps into the ground or collects into streams or
lakes and eventually returns to the ocean. Thus, radiant energy from the Sun is
transformed to potential energy of water in streams and rivers. People can tap
the power stored in the water cycle by directing these flowing waters through
modern turbines. Power produced in this way is called hydroelectric power. The
oceans also collect and store solar energy. A significant fraction of the Sun’s
radiation reflects or scatters from the water’s surface. The remaining fraction
enters the water and rapidly diminishes with depth as the energy is absorbed and
converted to heat or chemical energy. This absorption creates differences in
temperature between layers of water in the ocean called temperature gradients.
In some locations, these differences approach 20 °C (36 °F) over a depth of a
few hundred meters. These large masses of water existing at different
temperatures create a potential for generating power. Energy flows from the
high-temperature water to the low-temperature water. The flow can be
harnessed, to turn a turbine to produce electricity for example. Such systems,
called ocean thermal energy conversion (OTEC) systems, require enormous heat
exchangers and other hardware in the ocean to produce electricity in the
megawatt range. Almost all of the major United States OTEC experiments in
recent years have taken place in Hawaii. Plants, through photosynthesis, convert
solar energy to chemical energy, which fuels plant growth. People, in turn, use
this stored solar energy through fuels such as wood, alcohol, and methane that
are extracted from the plant life (biomass). Fossil fuels such as oil and coal are
derived from geologically ancient plant life.
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yIIp. 5. BcraBbTe NMpoNnymi€eHHbIC CJI0BA U IIEPEBECANTE TCKCT.

The generating capacity, horsepower, the wind turbine; capture; a huge
margin; Donkey's years, enclosure, pressure; altitude,stack effect; the airflow;
sun’s rays; renewable energy, solar chimney; expansion.

Solar towers

The need to develop 1 1s widely seen as a futuristic tech-
nological challenge. In reality, some of the most effective ways of harnessing
2 from nature are based on concepts that have existed for
3 .4 is an obvious example. Another — less well
known, but conceived almost a century ago — is the solar tower or
5 . And if the Australian company EnviroMission completes an
ambitious solar tower project in the New South Wales desert, the technology
could 6 not just the 7 but the public's imagination

worldwide. The firm is planning to construct a tower a colossal one kilometre
high. If built, it will be the world's tallest structure by 8 :

How it works? A large glass 9 is built, with a chimney at
its centre. The sun heats the enclosure, causing 10 of the air in-
side. At the top of the chimney, the lower temperature and lower
11 due to the higher 12 create a pressure differen-
tial known as 13 . This causes air to flow up the chimney.
Electricity is generated by turbines at the bottom of the chimney, which are
driven by the flow of air. The bigger the area of glass and the taller the chimney,
the greater 14 and the higher 15

Yup. 6. IlepeBenure nucbMeHHO. Bolnmuiure U3 TeKCTa HOBbIE Tep-
MHHBI.

Photovoltaics

Photovoltaic solar cells, which directly convert sunlight into electricity,
are made of semiconducting materials. The simplest photovoltaic cells power
watches and calculators and the like, while more complex systems can light
houses and provide power to the electrical grid.

Fabricating solar cells and modules

A variety of technical issues are involved in the fabrication of solar cells.
The semiconductor material is often doped with impurities such as boron or
phosphorus to tweak the frequencies of light that it responds to. Other treatments
include surface passivation of the material and application of antireflection coat-
ings. The encapsulation of the complete PV module in a protective shell is an-
other important step in the fabrication process.
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Advanced solar cells

A variety of advanced approaches to solar cells are under investigation.
Dye-sensitized solar cells use a dye-impregnated layer of titanium dioxide to
generate a voltage, rather than the semiconducting materials used in most solar
cells. Because titanium dioxide is relatively inexpensive, they offer the potential
to significantly cut the cost of solar cells. Other advanced approaches include
polymer (or plastic) solar cells (which may include large carbon molecules
called fullerenes) and photoelectrochemical cells, which produce hydrogen di-
rectly from water in the presence of sunlight.

Concentrator collectors

Concentrating photovoltaic collectors use devices such as Fresnel lenses,
mirrors, and mirrored dishes to concentrate sunlight onto a solar cell. Certain
solar cells, such as gallium arsenide cells, can efficiently convert concentrated
solar energy into electricity, allowing the use of only a small amount of
semiconducting material per square foot of solar collector. Concentrating collec-
tors are usually mounted on a two-axis tracking system to keep the collector
pointed toward the sun.

Building-integrated photovoltaics

Building-integrated photovoltaic materials are manufactured with the
double purpose of producing electricity and serving as construction materials.
They can replace traditional building components, including curtain walls, sky-
lights, atrium roofs, awnings, roof tiles and shingles, and windows.

Yop. 7. Ipocaymaiite Tekct (http://www.knastu.ru/images/stori-
es/GF/LMK/audio lessons.rar) m otrMeTbTe, Kakue (U3HYECKHE CHJIBI
rOBOPSIIIIMHA HA3LIBAET.

Yup. 8. ConocraBbTe TEPMHHBI ¢ 0003HAYECHUAMM.

Bending; centrifugal force; compression; contraction, expansion; fric-
tion; pressure, shear, tension, torsion/torque.
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Yup. 9. IlepeBeaure ycTHO.

Concentrating Solar Power

Concentrating solar power technologies use reflective materials such as
mirrors to concentrate the sun's energy. This concentrated heat energy is then
converted into electricity.

Parabolic trough systems use curved mirrors to focus sunlight on an ab-
sorber tube filled with oil or other fluid. The hot oil boils water to produce
steam, which is used to generate electricity. Since 1985, nine power plants in the
Mojave Desert called the Solar Electric Generating Systems (SEGS) that use
parabolic trough technology have been in full commercial operation.

Power tower systems use a large field of sun-tracking mirrors, called heli-
ostats, to concentrate sunlight onto a receiver on the top of a tower. The sun
heats a fluid inside the receiver. An early U.S. demonstration plant, Solar One,
used water as the fluid, generating steam in the tower to drive a turbine to gener-
ate electricity. The plant was later converted to Solar Two, which used molten
salt as the fluid. The hot salt could be stored, then used when needed to boil
water into steam to drive a turbine.

Concentrators use reflective surfaces of aluminum or silver on the front or
back surface of thin glass or plastic. Researchers are developing new reflective
materials, such as advanced polymer films, that are less expensive to produce
than glass. Stretched membranes are thin reflective membranes stretched across
a rim or hoop. Another membrane stretched on the back creates a partial
vacuum. This forces the membranes into a spherical shape, which is the ideal
concentrator shape.
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Researchers are working with utilities on experimental hybrid power
towers that run on solar energy and natural gas. A similar solar/fossil fuel hybrid
is being developed for dish/engine systems. The advantage of hybrid systems is
that they could run continuously.

Concentrating solar power is the least expensive solar electricity for large-
scale power generation, and has the potential to make solar power available at a
very competitive rate. As a result, government, industry, and utilities have
formed partnerships with the goal of reducing the manufacturing cost of
concentrating solar power technologies.

Yup. 10. IIpocaymaiite TekcT «Scientists use windows to trap solar
energy» (http://www.knastu.ru/images/stories/GF/LMK/audio_lessons.rar)
U TMepeBeInTe ero mocjae0BaTebHo.

Yup. 11. Cnenaiite pepepaTuBHBIN NEPEBO/ TEKCTA.

Auepzusa Connya cnumikom oopoza oasa Poccuu?

B Poccun yxe yepes rog MOXKET Ha4aTbCsl CTPOUTEIBCTBO IIEPBOM COJI-
HeuHOU anekTpocTaniiuu. Mectom st COC BeiOpan KucioBojck — oauH u3
CaMbIX «COJHEYHBIX» TOpoJIoB CTpaHbl. Ho B HE0OX0IMMOCTH pa3BUBATH ajlb-
TE€PHATUBHBIE HICTOUHUKU SHEPIUU YBEPEHBI HE BCE DKCIIEPTHI.

[Tpoext COC 6B pa3zpaboran emie 25 neT Haszaa, pacckasan Pycckoi
ciy»0e bu-0u-cu TIaBHBIN CIIENUATUCT MHCTUTYTa «POCTOBTEIIIOIEKTPOTIPO-
exT» Anonbd UepHsaBckuil. Bo3MOXKHOCTh OCYIIECTBUTH €0 MOSBHIACH TOJIBKO
celyac — y»e BbJICJIEHA 3eMJIs, MTOAPSAIUNK, HAWIEHBl CIOHCOPHI. FIMEeHHO OHM
MPEAOCTaBAT HA CTPOUTEIILCTBO OOJBIIYI0 YaCTh HEOOXOAUMBIX TPEX MUILIUAP-
noB pyouteii, Hegoctarommue 30 % moTpedyroTcs 3 010 KeTa.

Ot rocynapcTBa noTpedyeTcsl TaK’Ke KOMIICHCUPOBATh Pa3HUIy B KOHEU-
HOW CTOMMOCTH COJIHEYHOW U TPAAULIMOHHOM DHEPIrUH, KOTOpas, KaK U3BECTHO,
ropaszio JCIIeBIIE.

CoOTBETCTBYIOIIUIA 3aKOH O MOJJIEPKKE MPOSKTOB aIbTEPHATUBHOMN IHEP-
retuku npuHAT B 2007 roxy, HanoMumi YepHsaBckuil. OqHaKo MoKa HET Mo/13a-
KOHHOTO aKTa, 6€3 KOTOPOTro HEMOHSTHO, KAKUM CITOCOOOM M3 OFOJIKETa MOYKHO
noyyyaTb AeHbru. 1IoArOoTOBUTH €ro B MHHUCTEPCTBE SHEPrE€TUKHU JIOJKHBI
OBLIH e11le B Mae.

[Ipesuaent LlenTpa no »>hPekTHBHOMY HCIOJIB30BaHKIO dHEPTHH HMropnh
bamimMakoB cuMTaeT, 4YTO MEMJIUTEIbHOCTH YAHOBHUKOB €CTh BIIOJIHE JIOTUYHOE
oOwscuenue. [lo ero cioBam, ceiluac pecypchl MPUPOTHOTO ra3a B 3HAUNUTEIb-
HOU CTETIEHU HE 3aJICICTBOBAHBI.

«Crpoc Ha npupoHbIA ra3 B 3anaaHoil EBporne ynan, BHyTpeHHHI cipoc
U3-3a2 KpU3HCa TOXKE HECKOJIbKO yIaj, U Y Hac €CTb CBOOOJHbBIC MOIIHOCTH IO
MPUPOJTHOMY Ta3y», — OOBSICHSAET IKCIIEPT.
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Kpome Toro, cucrema 100b14U TPaAUIIMOHHBIX BUOB TOILJIMBA OTJIAKEHA,
a coJiHeuHasi »Heprusa B Poccum TONBKO Jenaer mepBbi€ IMIard. OJTH IIArd,
yTBepxkaaeT baiimakoB, 00€pHYTCs [Jisi TOCYJIapCTBa JTOMOJHUTEIBHBIMU pac-
xonamu. [loka eme B cTpane HeT cuctembl oOciyxuBanus COC, HeT ombITa
IKCILTyaTali MOJ00HBIX 0OBEKTOB, CIMIIKOM Majo crnenuaiuctoB. Ha Bce 3To
B [IEPBOE BPEMS TOKE MPUIETCS PACKOLIETUTHCS.

B To ke Bpewmsi, MOACHSET 3KCIEPT, BETpOBas dHEpreTuka B 3amajgHoil
EBpormie ceityac KOHKypeHTOCTIOCOOHA € TOIUTMBHOW. UTOOBI MOOUTHCS ATOTO,
noTpe0oBaNMCh TOABl HApaOOTOK M CyIIECTBEHHAs (DUHAHCOBASI TMOJICPIKKA
BJIACTEMN.

CtouMOoCTh MOOBIYM TPAIUIIMOHHOTO TOIUIMBA TAaK)KE HE BCETJa OYCBH/I-
Ha. Takme karacTpodsl, Kak aBapusi B MEKCHKAaHCKOM 3aJlUBE, YBEIUIUBAIOT
IIEHy TPAJAWIMOHHON YHEPTeTHKU B pasbl, a aBapuH, MOAOOHBIC TOH, YTO TPO-
u3onwia B Kys0acce, 1e/aioT ee mpocTo HeOKyImaeMoi. IKOJIOrMYeCKHUEe YIepOb
U 4YeJIOBEUECKHUE JKEPTBBI HEJIb3sl HE MPUHUMATh B pPacyeT, ToBOpsl 0 OyAylieMm
SHEPreTUKH, cunTaeT bammMakos.

Haunnate ocBoeHHe 3HeEpruu CoJiHLA U BeTpa B Poccuu HY»XHO, YUUTHI-
Bas KJIIMMaTUYECKUe 0COOEHHOCTH cTpaHbl. C 3TUM MHEHHMEM COTJIACEH DKCIEPT
1o kiauMary poccuiickoro otaenenust Greenpeace Mrops [loaropusiii. B unrep-
BbI0 bu-On-cu oH mpuBen npumep MajgoHaceleHHOTro ocTpoBa OJIbXOH Ha 03epe
baiikan, Ha KOTOpBIH HECKOJIBKO JIET Ha3aj ObLIa MPOBEICHA JAOPOTOCTOSIIAS
JIMHHUSA DJIEKTPOIIEpeaadn.

UccnenoBanus mokazanu, 4to 3¢¢ekTruBHEe ObUIO ObI B 3TOM MeCTe
MIOCTPOUTH COJTHEYHBIC W BETPOBBIC CTAHIINH, KOTOPHIE, C HEOOIBIIION CTPaXOB-
KOW JTU3ENbHBIMU CTAHIIUSMH, TOJTHOCTHIO OBl OOECTICUMSIA OCTPOB DHEPTHEH,
ormeuaet [logropusiit. JInaus snekTponepenadn oka3aiach He IPOCTO YOBITOU-
HOM, OHA pa3pylIiia YHUKAIbHBIN penbed OCTpOoBa, NOMYJSPHOTO U Y POCCUM-
CKUX, M Y MHOCTPaAHHBIX TYPUCTOB, CETYIOT B Greenpeace.

ITo cnosam Iloxaropnoro, ceituac menbuie 1 % Bcel sHeprum B Poccun
n00BIBaeTCSl U3 BO30OHOBIISIEMBbIX UCTOUHUKOB. K 2020 romy 3Ty A0Jt0 TUTaHU-
pyercs yBennuuthb 110 4,5 %. IIpu 3Tom B EBpocoro3e k 3ToMy e BpEMEHHU Ha
aJIbTEepHATHUBHBIE UCTOYHUKHU OyaeT npuxoautcs 20 % — uMeHHO Tak 0003HAYH-
Ja 3a7a4u B 9ToM chepe EBpokomuccus.

AKTUBHO COJHEYHBbIE M BETpsiHble MNpoekThl peanusytorca B CIIA u
Kurtae. ITnomans conHeunsix BojoHarpeBateneid B KHP cocrtabmser 125 muin-
JIMOHOB KBAaJpaTHBIX METPOB, UYTO SBISETCA CaMbIM OOJIBIIIMM IOKa3aTeJIeM B
mupe, a Kk 2019 roay 37ech IUIaHUPYETCS MOCTPOUTH CaMyt0 OOJBIIYIO B MUPE
COJIHEYHYIO JJIEKTPOCTAHIUIO.

I'eorpadus Poccun mo3BomisieT el Jerko BKIIOYUTHCS B OCBOCHHUE «3elie-
HOW» 3HEPTreTUKH, U cTpouTenbcTBO COC B KHUCIIOBOACKE MOXKET CTATh MEPBBHIM
marom. OHaKO YBEPEHHO CKa3aTh, YTO JaXKe TOT, MEPBbINA MOKA MPOEKT OyAeT
OCYLIECTBJIEH, MO-MIPexXHEMY Henb3sl. (Tambana OcnenHukosa)
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Supplementary materials

Yup. 1. IlepeBeaure TeKCT NMCbMEHHO.

Conneunasn nekmpocmanyusn 6yoem nocmpoena ¢ Cmagspononve

B Mockse B pamkax Il mexaynapoaHoro gopyma no HaHOTEXHOJIOTHUSIM
npaButenbcTBO CraBponosibekoro kpas u OO0 «XeBen» (COBMECTHOE Mpe/-
npusitue 'K «PenoBa» u 'K «PocHaHOTEX») moANMCaIN COTJIAIEHUE O COTPY -
HUYECTBE B peAIN3allMM MHBECTIPOEKTA MO CTpoUuTesbcTBY KucnoBoackoi co-
HEYHOW SJIEKTPOCTAHIIMU CTOMMOCTBIO 3 wmupa pyoOneit. Kak cooOmaercs, B
[IEPEMOHMH TPUHSIN ydacTue reHaupektop «PocHanorex» Anatonuii Yyobaiic,
ryoepHatop CraBpomnoiabckoro kpasi Banepuii ["aeBckuit 1 reHIupeKTOp KOMIa-
Hun «XeBem» EBrenunit 3aroponuuii. B xone uepemonnn Yybaiic oTMeTHI, 4To
WHBECTIPOEKT MPEAINOIaracT CTPOUTENbCTBO mepBoM B Poccum comHedHOM
AJIIEKTPOCTAHIIMH C ITPOMBILUICHHBIM YPOBHEM I'eHepauuu 3Heprun 12,3 MBT. B
CBOIO oyepenb riaBa CraBpomnosibckoro kpas Banepuii ['aeBckuid mogdepkHyn
3HAYMMOCTh IOJINMCAHHOrO cornamenus. «lloanuceiBaemMplii  TOKYMEHT —
OoJbIIe, YEM CTApT CTPOUTENbCTBA KHCIOBOICKOW CONHEYHON 3JE€KTPOCTaH-
UMUA. DTO NPUHLMINAIBHO HOBBIA 3Tall Pa3BUTUA POCCHICKOW YHEPreTUKU U
HayKd. MBI KOMMEpIUAIU3UPYEeM pa3pabO0TKH, peajbHO BOIUIOLIAEM HOBATOP-
CKHME€ MJIeH. DTO Jyyllee MOATBEPKIECHUE CIIOCOOHOCTH SKOHOMHUKH PErHoHa K
WHBECTULIMOHHOMY M WHHOBAalMOHHOMY pPOCTY — IIPAKTHYECKas pean3alus
kpaeBoit Crtparterun — 2020», — ormerun ['aeBckuit. [lo mapopmanuu mnpecc-
CITYOBI, IOCTPOUTD DIIEKTPOCTAHIIUIO HAMEUEHO B TpexieTHui cpok. [lox Kuc-
JIOBOJICKOM Y>K€ BBIIEJICH 3€MENIbHBIN Yy4acTOK Iuiouiaapio Oosbuie 20 ra, nuMe-
eTcst HeoOXoAMMas TPAaHCTIOPTHAs M MHXKeHepHast nHppacTpykTypa. [Ipu crpou-
TEJIbCTBE CTAaHIMU OyAYyT MCIOJIb30BaHbl TOHKOIUIEHOYHBIE (poTOnmpeodpa3oBa-
TEJNbHBIE MOAYJH, MPOW3BEIECHHBIE Ha 0a3e MHHOBALMOHHOW MHKPOMOP(HOMI
TexHosioruu mBennapckoit komnanuu Oerlikon. 3aBoj mo BeIycky 3THX (HOTO-
DJIEMEHTOB KOMITaHUA «X€Be» yKe CTpouT B HyBammu.

Yup. 2. IlepeBeaure TeKCT NMCbMEHHO.

Passive Solar Heating, Cooling and Daylighting

Buildings designed for passive solar and daylighting incorporate design
features such as large south-facing windows and building materials that absorb
and slowly release the sun's heat. No mechanical means are employed in passive
solar heating. Incorporating passive solar designs can reduce heating bills as
much as 50 percent. Passive solar designs can also include natural ventilation for
cooling. Windows are an important aspect of passive solar design — for infor-
mation on window technologies, see the Building Envelope section of the EREN
Buildings page.
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Design Principles

Proper building orientation, so the longest walls run from east to west, al-
lows solar heat to enter the home in winter, while allowing in as little sun as
possible during summer. Shading and overhangs also reduce excessive summer
heat, while still permitting winter sun. In passive solar designs, the optimal win-
dow-to-wall area ratio is 25-35 percent.

Passive Solar Heating

In cold climates, south-facing windows designed to let the sun's heat in
while insulating against the cold are ideal. In hot and moderate climates, the
strategy is to admit light while rejecting heat. Interior spaces requiring the most
light, heat, and cooling are located along the south face of the building, with less
used space to the north. Open floor plans allow more sun inside.

The simplest passive design is the direct gain system in which the sun
shines directly into a building, heating it up. The sun's heat is stored by the
building's inherent thermal mass in materials such as concrete, stone floor slabs,
or masonry partitions that hold and slowly release heat. With indirect gain sys-
tems, thermal mass is located between the sun and the living space. An isolated
gain system is one where the system is isolated from the primary living area,
such as a sunroom or solar greenhouse with convective loops into the living
space.

Passive Solar Cooling

Many passive solar designs include natural ventilation for cooling. By in-
stalling casement or other operable windows for passive solar gain and adding
vertical panels, called wing walls, perpendicular to the wall on the windward
side of the house, you can accelerate the natural breeze in the interior. Another
passive solar cooling device is the thermal chimney, which can be designed like
a smoke chimney to vent hot air from the house out through the roof.

Daylighting

Daylighting is using natural sunlight to light a building's interior. In addi-
tion to south-facing windows and skylights, clerestory windows — a row of win-
dows near the peak of the roof — can let light into north-facing rooms and upper
levels. An open floor plan allows the light to reach throughout the building.
Daylighting in businesses and commercial buildings can result in substantial
savings on electric bills, and not only provides a higher quality of light, but im-
proves productivity and health. Daylighting in schools has improved student
grades and attendance.

Technologies

Sunrooms

South-facing sunrooms are often added on as a way to retrofit a home to
take advantage of the sun's heat and light. It is also possible to use a sunroom to
help ventilate the rest of the house. Lower vents from the sunroom to the interior
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rooms draw air through the living space to be expelled out the upper vents to the
outside along the top of the sunroom.

Trombe Walls

A Trombe wall consists an 8- to 16-inch thick masonry wall coated with a
dark, heat-absorbing material and covered by a single or double layer of glass,
placed from about 3/4" to 6" away from the masonry wall. Heat from the sun is
stored in the air space between the glass and dark material, and conducted slow-
ly to the interior of the building through the masonry. Adding a Trombe wall
and south-facing windows is an easy way for a home to take advantage of solar
heat.

Solar Cookers

Passive solar is not just a design technique for using the sun to heat and
cool a home. Passive solar heating is also a common way to heat water (see the
section on Solar Hot Water), and, particularly in developing nations where the
electrical grid is undeveloped, passive solar heat is sometimes captured to cook
food. Solar cookers can cook just about any food a conventional oven can. A
basic cooker consists of an insulated box with a glass top. Heat from concentrat-
ed sunlight gets trapped in the box and can be used to heat food enclosed in the
box.

6. NUCLEAR ENERGY

Yup. 1. IlepeBeaure TepMmuHbl. BolyunTe ux.

o Fast-breeder (reactor); o Fuel storage;

e Primary circuit; e Coolant flow passage;

e Fuel rods (fuel pins); o Feedwater line;

e Primary sodium pump; e Prime steam line;

e Secondary circuit; e Manway;

e Steam line; o Turbogenerator;

o Feedwater line; o Exhaust gas stack;

e Feedpump; e Polar crane;

e Transmission line; e Cooling tower;

e Condenser; e Pressurized-water system;
e Cooling water; e Circulation pump;

e Concrete shield; e Coolant system;

e Reactor building; e Storage chamber;

o Steel containment; e Protective screen;

e Reactor pressure vessel; e Lead glass window;

e Control rods; e Drum containing radioactive waste;
e Primary coolant pump; e Charging chamber.
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Yup. 2. JaiiTe onpeaesieHre CaeAyIOIUM NOHATUSIM.
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Reactor

Enrichment

Yup. 3. IlepeBeaure TeKCT NMCbMEHHO.

Introduction to Nuclear Power

To provide the power for a dynamo-electric machine, or electric genera-
tor, nuclear power plants rely on the process of nuclear fission. In this process,
the nucleus of a heavy element, such as uranium, splits when bombarded by a
free neutron in a nuclear reactor. The fission process for uranium atoms yields
two smaller atoms, one to three free neutrons, plus an amount of energy. Be-
cause more free neutrons are released from a uranium fission event than are
required to initiate the event, the reaction can become self sustaining — a chain
reaction — under controlled conditions, thus producing a tremendous amount of
energy.

In the vast majority of the world's nuclear power plants, heat energy gen-
erated by burning uranium fuel is collected in ordinary water and is carried away
from the reactor's core either as steam in boiling water reactors or as superheated
water in pressurized-water reactors. In a pressurized-water reactor, the
superheated water in the primary cooling loop is used to transfer heat energy to a
secondary loop for the creation of steam. In either a boiling-water or pressur-
ized-water installation, steam under high pressure is the medium used to transfer
the nuclear reactor's heat energy to a turbine that mechanically turns a dynamo-
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electric machine, or electric generator. Boiling-water and pressurized-water
reactors are called light-water reactors, because they utilize ordinary water to
transfer the heat energy from reactor to turbine in the electricity generation
process. In other reactor designs, the heat energy is transferred by pressurized
heavy water, gas, or another cooling substance.

Because the water used to remove heat from the core in a light-water
reactor absorbs some of the free neutrons normally generated during operation
of the reactor, the concentration of the naturally fissionable 235U isotope in
uranium used to fuel light-water reactors must be increased above the level of
natural uranium to assist in sustaining the nuclear chain reaction in the reactor
core: the remainder of the uranium in the fuel is 238U. Increasing the
concentration of 235U in nuclear fuel uranium above the level that occurs in
natural uranium is accomplished through the process of enrichment, which is
explained below.

The fuel core for a light-water nuclear power reactor can have up to
3,000 fuel assemblies. An assembly consists of a group of sealed fuel rods, each
filled with UO, pellets, held in place by end plates and supported by metal spac-
er-grids to brace the rods and maintain the proper distances between them. The
fuel core can be thought of as a reservoir from which heat energy can be
extracted through the nuclear chain reaction process. During the operation of the
reactor, the concentration of 235U in the fuel is decreased as those atoms
undergo nuclear fission to create heat energy. Some 238U atoms are converted
to atoms of fissile 239Pu, some of which will, in turn, undergo fission and
produce energy. The products created by the nuclear fission reactions are
retained within the fuel pellets and these become neutron-absorbing products
(called "poisons") that act to slow the rate of nuclear fission and heat production.
As the reactor operation is continued, a point is reached at which the declining
concentration of fissile nuclei in the fuel and the increasing concentration of
poisons result in lower than optimal heat energy generation, and the reactor must
be shut down temporarily and refueled.

The amount of energy in the reservoir of nuclear fuel is frequently ex-
pressed in terms of "full-power days", which is the number of 24-hour periods
(days) a reactor is scheduled for operation at full power output for the generation
of heat energy. The number of full power days in a reactor's operating cycle
(between refueling outage times) is related to the amount of fissile 235U
contained in the fuel assemblies at the beginning of the cycle. A higher
percentage of 235U in the core at the beginning of a cycle will permit the reactor
to be run for a greater number of full power days.

At the end of the operating cycle, the fuel in some of the assemblies is
"spent", and it is discharged and replaced with new (fresh) fuel assemblies. The
fraction of the reactor's fuel core replaced during refueling is typically one-
fourth for a boiling-water reactor and one-third for a pressurized-water reactor.
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The amount of energy extracted from nuclear fuel is called its "burn up",
which is expressed in terms of the heat energy produced per initial unit of fuel
weight. Burn up is commonly expressed as megawatt days thermal per metric
ton of initial heavy metal.

Yup. 4. O3HakombTeCh €O cxeMO M TeKcTOM. COOTHeCcHTe JaHHbIE
cXeMbI ¢ TEKCTOM M 3amoJiHuTe nponycku. [lepeBeaure TekcT.

The Nuclear Fuel Cycle

The cycle consists of "43" steps that lead to the preparation of uranium for
use as fuel for reactor operation and "back end" steps that are necessary to safely
manage, prepare, and dispose of the highly radioactive spent nuclear fuel.
Chemical processing of the spent fuel material to recover the remaining
fractions of fissionable products, 235U and 239Pu, for use in fresh fuel
assemblies is technically feasible. Reprocessing of spent commercial-reactor
nuclear fuel is not permitted in the United States. The front end of the nuclear
fuel cycle commonly is separated into the following steps.

2. Mining

. 4. Uranium
5. Enrichment .
conversion

8.
Reprocessing

1. Exploration. A deposit of uranium, discovered by geophysical tech-
niques, is evaluated and sampled to determine the amounts of uranium materials
that are extractable at specified costs from the deposit. Uranium reserves are the
amounts of ore that are estimated to be recoverable at stated costs.

2. . Uranium ore can be extracted through conventional min-
ing in open pit and underground methods similar to those used for mining other
metals. In situ leach mining methods also are used to mine uranium in the
United States. In this technology, uranium is leached from the in-place ore
through an array of regularly spaced wells and is then recovered from the leach
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solution at a surface plant. Uranium ores in the United States typically range
from about 0.05 to 0.3 percent uranium oxide (U3Og). Some uranium deposits
developed in other countries are of higher grade and are also larger than deposits
mined in the United States. Uranium is also present in very low grade amounts
(50 to 200 parts per million) in some domestic phosphate-bearing deposits of
marine origin. Because very large quantities of phosphate-bearing rock are
mined for the production of wet-process phosphoric acid used in high analysis
fertilizers and other phosphate chemicals, at some phosphate processing plants
the uranium, although present in very low concentrations, can be economically
recovered from the process stream.

3. Milling. Mined uranium ores normally are processed by grinding the
ore materials to a uniform particle size and then treating the ore to extract the
uranium by chemical leaching. The milling process commonly yields dry
powder-form material consisting of natural uranium, "yellowcake," which is
sold on the uranium market as U;Ox.

4. Uranium . Milled uranium oxide, U;Og, must be converted
to uranium hexafluoride, UF¢, which is the form required by most commercial
uranium enrichment facilities currently in use. A solid at room temperature, UF;
can be changed to a gaseous form at moderately higher temperatures. The UFg
conversion product contains only natural, not enriched, uranium.

5. . The concentration of the fissionable isotope, 235U
(0.71 percent in natural uranium) is less than that required to sustain a nuclear
chain reaction in light water reactor cores. Natural UF¢ thus must be "enriched"
in the fissionable isotope for it to be used as nuclear fuel. The different levels of
enrichment required for a particular nuclear fuel application are specified by the
customer: light-water reactor fuel normally is enriched up to about 4 percent
235U, but uranium enriched to lower concentrations also is required. Gaseous
diffusion and gas centrifuge are the commonly used uranium enrichment
technologies. The gaseous diffusion process consists of passing the natural UFg
gas feed under high pressure through a series of diffusion barriers (semiporous
membranes) that permit passage of the lighter 235UF4 atoms at a faster rate than
the heavier 238UF¢ atoms. This differential treatment, applied across a large
number of diffusion "stages," progressively raises the product stream
concentration of 235U relative to 238U. In the gaseous diffusion technology, the
separation achieved per diffusion stage is relatively low, and a large number of
stages is required to achieve the desired level of isotope enrichment. Because
this technology requires a large capital outlay for facilities and it consumes large
amounts of electrical energy, it is relatively cost intensive. In the gas centrifuge
process, the natural UFg gas is spun at high speed in a series of cylinders. This
acts to separate the 235UF¢ and 238UF¢ atoms based on their slightly different
atomic masses. Gas centrifuge technology involves relatively high capital costs
for the specialized equipment required, but its power costs are below those for
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the gaseous diffusion technology. New enrichment technologies currently being
developed are the atomic vapor laser isotope separation (AVLIS) and the
molecular laser isotope separation (MLIS). Each laser-based enrichment process
can achieve higher initial enrichment (isotope separation) factors than the
diffusion or centrifuge processes can achieve. Both AVLIS and MLIS will be
capable of operating at high material throughput rates.

6. Fabrication. For use as nuclear fuel, enriched UF¢ is converted into
uranium dioxide (UO,) powder which is then processed into pellet form. The
pellets are then fired in a high temperature sintering furnace to create hard,
ceramic pellets of enriched uranium. The cylindrical pellets then undergo a
grinding process to achieve a uniform pellet size. The pellets are stacked,
according to each nuclear core's design specifications, into tubes of corrosion-
resistant metal alloy. The tubes are sealed to contain the fuel pellets: these tubes
are called fuel rods. The finished fuel rods are grouped in special fuel assemblies
that are then used to build up the nuclear fuel core of a power reactor.

The back end of the cycle is divided into the following steps:

7. Interim Storage. After its operating cycle, the reactor is shut down for
refueling. The fuel discharged at that time (spent fuel) is stored either at the
reactor site or, potentially, in a common facility away from reactor sites. If on-
site pool storage capacity is exceeded, it may be desirable to store aged fuel in
modular dry storage facilities known as Independent Spent Fuel Storage
Installations (ISFSI) at the reactor site or at a facility away from the site. The
spent fuel rods are usually stored in water, which provides both cooling (the
spent fuel continues to generate heat as a result of residual radioactive decay)
and shielding (to protect the environment from residual ionizing radiation).

8. . Spent fuel discharged from light-water reactors contains
appreciable quantities of fissile (U-235, Pu-239), fertile (U-238), and other radi-
oactive materials. These fissile and fertile materials can be chemically separated
and recovered from the spent fuel. The recovered uranium and plutonium can, if
economic and institutional conditions permit, be recycled for use as nuclear fuel.
Currently, plants in Europe are reprocessing spent fuel from utilities in Europe
and Japan.

9. Waste Disposal. A current concern in the nuclear power field is the safe
disposal and isolation of either spent fuel from reactors or, if the reprocessing
option is used, wastes from reprocessing plants. These materials must be
isolated from the biosphere until the radioactivity contained in them has
diminished to a safe level. Under the Nuclear Waste Policy Act of 1982, as
amended, the Department of Energy has responsibility for the development of
the waste disposal system for spent nuclear fuel and high-level radioactive
waste. Current plans call for the ultimate disposal of the wastes in solid form in
licensed deep, stable geologic structures.
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Yup. 5. Hpocaymaiite teker «Nuclear energy» (http://www.knas-
tu.ru/images/stories/GF/LMK/audio lessons.rar) u nepeseaure ero.

Yup. 6. IlepeBeaute nUCbMEHHO.

Light-water reactors and boiling-water reactors

A variety of reactor types, characterized by the type of fuel, moderator
and coolant used, have been built throughout the world for the production of
electric power. In the United States, with few exceptions, power reactors use
nuclear fuel in the form of uranium oxide isotopically enriched to about three
percent uranium-235. The moderator and coolant are highly purified ordinary
water. A reactor of this type is called a light-water reactor (LWR).

In the pressurized-water reactor (PWR), a version of the LWR system, the
water coolant operates at a pressure of about 150 atmospheres. It is pumped
through the reactor core, where it is heated to about 325 °C (about 620 °F). The
superheated water is pumped through a steam generator, where, through heat
exchangers, a secondary loop of water is heated and converted to steam. This
steam drives one or more turbine generators, is condensed, and is pumped back
to the steam generator. The secondary loop is isolated from the water in the
reactor core and, therefore, is not radioactive. A third stream of water from a
lake, river, or cooling tower is used to condense the steam. The reactor pressure
vessel is about 15 m (about 49 ft) high and 5 m (about 16.4 ft) in diameter, with
walls 25 cm (about 10 in) thick. The core houses some 82 metric tons of urani-
um oxide contained in thin corrosion-resistant tubes clustered into fuel bundles.

In the boiling-water reactor (BWR), a second type of LWR, the water
coolant is permitted to boil within the core, by operating at somewhat lower
pressure. The steam produced in the reactor pressure vessel is piped directly to
the turbine generator, is condensed, and is then pumped back to the reactor.
Although the steam is radioactive, there is no intermediate heat exchanger
between the reactor and turbine to decrease efficiency. As in the PWR, the
condenser cooling water has a separate source, such as a lake or river.

The power level of an operating reactor is monitored by a variety of ther-
mal, flow, and nuclear instruments. Power output is controlled by inserting or
removing from the core a group of neutron-absorbing control rods. The position
of these rods determines the power level at which the chain reaction is just self-
sustaining.

During operation, and even after shutdown, a large, 1,000-megawatt
(MW) power reactor contains billions of curies of radioactivity. Radiation
emitted from the reactor during operation and from the fission products after
shutdown is absorbed in thick concrete shields around the reactor and primary
coolant system. Other safety features include emergency core cooling systems to
prevent core overheating in the event of malfunction of the main coolant
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systems and, in most countries, a large steel and concrete containment building
to retain any radioactive elements that might escape in the event of a leak.

Although more than 100 nuclear power plants were operating or being
built in the United States at the beginning of the 1980s, in the aftermath of the
Three Mile Island accident in Pennsylvania in 1979 safety concerns and eco-
nomic factors combined to block any additional growth in nuclear power. No
orders for nuclear plants have been placed in the United States since 1978, and
some plants that have been completed have not been allowed to operate. In 1996
about 22 percent of the electric power generated in the United States came from
nuclear power plants. In contrast, in France almost three-quarters of the
electricity generated was from nuclear power plants.

Supplementary materials

Yup. 1. IlepeBeaure TeKCT NMCbMEHHO.

Propulsion Reactors

Nuclear power plants similar to the PWR are used for the propulsion
plants of large surface naval vessels such as the aircraft carrier USS Nimitz. The
basic technology of the PWR system was first developed in the U.S. naval reac-
tor program directed by Admiral Hyman G. Rickover. Reactors for submarine
propulsion are generally physically smaller and use more highly enriched urani-
um to permit a compact core. The United States, the United Kingdom, Russia,
and France all have nuclear-powered submarines with such power plants.

Three experimental seagoing nuclear cargo ships were operated for lim-
ited periods by the United States, Germany, and Japan. Although they were
technically successful, economic conditions and restrictive port regulations
brought an end to these projects. The Soviet government built the first success-
ful nuclear-powered icebreaker, Lenin, for use in clearing the Arctic sea-lanes.

Research Reactors

A variety of small nuclear reactors have been built in many countries for
use in education and training, research, and the production of radioactive iso-
topes. These reactors generally operate at power levels near one MW, and they
are more easily started up and shut down than larger power reactors.

A widely used type is called the swimming-pool reactor. The core is par-
tially or fully enriched uranium-235 contained in aluminum alloy plates, im-
mersed in a large pool of water that serves as both coolant and moderator. Mate-
rials may be placed directly in or near the reactor core to be irradiated with neu-
trons. Various radioactive isotopes can be produced for use in medicine, re-
search, and industry. Neutrons may also be extracted from the reactor core by
means of beam tubes to be used for experimentation.
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Yup. 2. IlepeBeaure TeKCT NMCbMEHHO.

Breeder Reactors

Uranium, the natural resource on which nuclear power is based, occurs in
scattered deposits throughout the world. Its total supply is not fully known, and
may be limited unless sources of very low concentration such as granites and
shale were to be used. Conservatively estimated U.S. resources of uranium hav-
ing an acceptable cost lie in the range of two million to five million metric tons.
The lower amount could support an LWR nuclear power system providing about
30 percent of U.S. electric power for only about 50 years. The principal reason
for this relatively brief life span of the LWR nuclear power system is its very
low efficiency in the use of uranium: only approximately one percent of the
energy content of the uranium is made available in this system.

The key feature of a breeder reactor is that it produces more fuel than it
consumes. It does this by promoting the absorption of excess neutrons in a fer-
tile material. Several breeder reactor systems are technically feasible. The
breeder system that has received the greatest worldwide attention uses uranium-
238 as the fertile material. When uranium-238 absorbs neutrons in the reactor, it
1s transmuted to a new fissionable material, plutonium, through a nuclear pro-
cess called B (beta) decay. The sequence of nuclear reactions is in beta decay a
nuclear neutron decays into a proton and a beta particle (a high-energy electron).

When plutonium-239 itself absorbs a neutron, fission can occur, and on
the average about 2.8 neutrons are released. In an operating reactor, one of these
neutrons is needed to cause the next fission and keep the chain reaction going.
On the average about 0.5 neutron is uselessly lost by absorption in the reactor
structure or coolant. The remaining 1.3 neutrons can be absorbed in uranium-
238 to produce more plutonium via the reactions in equation.

The breeder system that has had the greatest development effort is called
the liquid-metal fast breeder reactor (LMFBR). In order to maximize the produc-
tion of plutonium-239, the velocity of the neutrons causing fission must remain
fast — at or near their initial release energy. Any moderating materials, such as
water, that might slow the neutrons must be excluded from the reactor. A molten
metal, liquid sodium, is the preferred coolant liquid. Sodium has very good heat
transfer properties, melts at about 100 °C (about 212 °F), and does not boil until
about 900 °C (about 1650 °F). Its main drawbacks are its chemical reactivity
with air and water and the high level of radioactivity induced in it in the reactor.

In one design of a large LMFBR power plant, the core of the reactor con-
sists of thousands of thin stainless steel tubes containing mixed uranium and plu-
tonium oxide fuel: about 15 to 20 percent plutonium-239, the remainder urani-
um. Surrounding the core is a region called the breeder blanket, which contains
similar rods filled only with uranium oxide. The entire core and blanket assem-
bly measures about 3 m (about 10 ft) high by about 5 m (about 16.4 ft) in diame-
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ter and is supported in a large vessel containing molten sodium that leaves the
reactor at about 500 °C (about 930 °F). This vessel also contains the pumps and
heat exchangers that aid in removing heat from the core. Steam is produced in a
second sodium loop, separated from the radioactive reactor coolant loop by the
intermediate heat exchangers in the reactor vessel. The entire nuclear reactor
system is housed in a large steel and concrete containment building.

The first large-scale plant of this type for the generation of electricity,
called Super-Phénix, went into operation in France in 1984. The LMFBR produc-
es about 20 percent more fuel than it consumes. In a large power reactor enough
excess new fuel is produced over 20 years to permit the loading of another similar
reactor. In the LMFBR system about 75 percent of the energy content of natural
uranium is made available, in contrast to the one percent in the LWR.

7. ELECTRIC POWER

Yup. 1. IlepeBeaure TepMUHBI.

Strain insulator;
Transformer tank;
Primary voltage terminal;
Low-voltage terminals;
Oil-circulating pump;
Gas flue;

Boiler feed pump;
Arcing horn;

Transport lug;

Master switch;

Water preheater;
Chimney (smokestack);
Signal light;

Feeder panel;
Transformer;

Breather;

Oil gauge (am. Gage);
Yoke;

Steel tower;

Primary winding;
Core;

Star connection;
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High-pressure cylinder;
Low-pressure cylinder;
Hydrogen cooler;

Jet nozzle;

Cable box;

Boiler house;

High voltage cable;

A circuit breaker;
Compressed-air tank;
Control valve;
Interrupter;

Resistor;

Auxiliary contacts;
Turbine house;

Cooling water pipe;
Surge diverter;

Busbars;

Power transformer;

Stay poles (guy poles);
High-voltage transmission line;
High-voltage conductor;
Air-blast circuit breaker.



Yop. 2. Jlaiite ompeneseHuss ciaeayrwomuM noHatusaMm. CocraBbre
NMPEeNJIOKEHUS ¢ JAHHBIMH CJIOBAMM.

Transformers

High voltage

Insulator
Pole
Cable

Transmission line

To convert

Current

Voltage

Yup. 3. IlepeBeaure ycTHO.

Electric Power Systems

Electric Power Systems, components that transform other types of energy
into electrical energy and transmit this energy to a consumer. The production
and transmission of electricity is relatively efficient and inexpensive, although
unlike other forms of energy, electricity is not easily stored and thus must
generally be used as it is being produced.

A modern electric power system consists of six main components:
1) the power station, 2) a set of transformers to raise the generated power to the
high voltages used on the transmission lines, 3) the transmission lines,
4) the substations at which the power is stepped down to the voltage on the dis-
tribution lines, 5) the distribution lines, and 6) the transformers that lower the
distribution voltage to the level used by the consumer's equipment.

The power station of a power system consists of a prime mover, such as a
turbine driven by water, steam, or combustion gases that operate a system of
electric motors and generators. Most of the world's electric power is generated in
steam plants driven by coal, oil, nuclear energy, or gas. A smaller percentage of
the world’s electric power is generated by hydroelectric (waterpower), diesel,
and internal-combustion plants.

Yop. 4. Ilpocaymaiite pasropop (http://www.knastu.ru/ima-
ges/stories/GF/LMK/audio_lessons.rar). 3anumure 5 ¢axkTopoB, BJIHAIO-
IIUX HA MOTpedJeHne IHEPIrum.

I.
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Yup. 5. 3anosHuTe OTPBIBKH M3 Pa3roBopa rjarojaMu B HY:KHOH
(¢popme. IlepeBeaure npeaI0KeHus.

Decrease, fall, increase, rise.

1. During periods of very cold or very hot weather, demand increases.

2. The in demand is obviously due to millions of electric
radiators coming on ...

3. ... a key factor which or demand, is whether
or not it's light or dark ...

4. ... on cold, dark, winter evenings, the in demand
1s significant ...

5. Generally, demand during the week, when facto-
ries and offices are operational ...

6. So demand at the weekend.

7. There can be a sudden when people rush to switch ket-

tles on, or heat up snacks in microwaves, and then a sudden
shortly afterwards.

Yop. 6. Ilocaymaiite BTOPYH0 4YacTh TeKCTa M3 YylnpaxkHenuss 4
(http://www.knastu.ru/images/stories/GF/LMK/audio lessons.rar) wu oT-
BeThTe HA BONPOCHI.

1. Why does the company often have significant spare generating capacity?
2. What ideal situation does Helen describe?
3. Why is this ideal situation difficult to achieve?

Yup. 7. ConocraBbTe ciaoBa c¢ onpenejeHuamu. CocrtaBbTe npeasio-
JKeHHUS.

1. Continuous A. without interruption

2. Fluctuations B. amount between an upper and lower limit

3. Peaks and troughs C. a maximum power requirement at a given time
4. Peak demand D. high points and low points on a graph curve

5. Range E. regular and repetitive

6. Band of fluctuation | F. momentary rises followed by a fall

7. Blips G. changes, movements in general

8. Continual H. zone of up-and-down movement
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Yup. 8. U3yunrte cxemy. Onumure mpouecc BbIpa0OTKH HEPruv B
COOTBETCTBHH CO CXEMOIA.

Pressurized
Water
Reactor

Condenser

Hot Water
Containment Structure

Yup. 9. IlepeBenure TeKCT MMCbMEHHO.

Modern electric power systems use transformers to convert electricity into
different voltages. With transformers, each stage of the system can be operated
at an appropriate voltage. In a typical system, the generators at the power station
deliver a voltage of from 1,000 to 26,000 volts (V). Transformers step this volt-
age up to values ranging from 138,000 to 765,000 V for the long-distance pri-
mary transmission line because higher voltages can be transmitted more effi-
ciently over long distances. At the substation the voltage may be transformed
down to levels of 69,000 to 138,000 V for further transfer on the distribution
system. Another set of transformers step the voltage down again to a distribution
level such as 2,400 or 4,160 V or 15, 27, or 33 kilovolts (kV). Finally the volt-
age 1s transformed once again at the distribution transformer near the point of
use to 240 or 120.

The lines of high-voltage transmission systems are usually composed of
wires of copper, aluminum, or copper-clad or aluminum-clad steel, which are
suspended from tall latticework, towers of steel by strings of porcelain insula-
tors. By the use of clad steel wires and high towers, the distance between towers
can be increased, and the cost of the transmission line thus reduced. In modern
installations with essentially straight paths, high-voltage lines may be built with
as few as six towers to the kilometer. In some areas high-voltage lines are sus-
pended from tall wooden poles spaced more closely together.

For lower voltage distribution lines, wooden poles are generally used ra-
ther than steel towers. In cities and other areas where open lines create a safety
hazard or are considered unattractive, insulated underground cables are used for

62



distribution. Some of these cables have a hollow core through which oil circu-
lates under low pressure. The oil provides temporary protection from water
damage to the enclosed wires should the cable develop a leak. Pipe-type cables
in which three cables are enclosed in a pipe filled with oil under high pressure
(14 kg per sq cm/200 psi) are frequently used. These cables are used for trans-
mission of current at voltages as high as 345,000 V (or 345 kV).

Yup. 10. ITepeBennte ycTHO.

Any electric-distribution system involves a large amount of supplemen-
tary equipment to protect the generators, transformers, and the transmission lines
themselves. The system often includes devices designed to regulate the voltage
or other characteristics of power delivered to consumers.

To protect all elements of a power system from short circuits and over-
loads, and for normal switching operations, circuit breakers are employed. These
breakers are large switches that are activated automatically in the event of a
short circuit or other condition that produces a sudden rise of current. Because a
current forms across the terminals of the circuit breaker at the moment when the
current is interrupted, some large breakers (such as those used to protect a
generator or a section of primary transmission line) are immersed in a liquid that
1s a poor conductor of electricity, such as oil, to quench the current (see
dielectric). In large air-type circuit breakers, as well as in oil breakers, magnetic
fields are used to break up the current. Small air-circuit breakers are used for
protection in shops, factories, and in modern home installations. In residential
electric wiring, fuses were once commonly employed for the same purpose. A
fuse consists of a piece of alloy with a low melting point, inserted in the circuit,
which melts, breaking the circuit if the current rises above a certain value. Most
residences now use air-circuit breakers.

Long transmission lines have considerable inductance and capacitance.
When a current flows through the line, inductance and capacitance have the
effect of varying the voltage on the line as the current varies. Thus the supply
voltage varies with the load. Several kinds of devices are used to overcome this
undesirable variation in an operation called regulation of the voltage. The
devices include induction regulators and three-phase synchronous motors (called
synchronous condensers), both of which vary the effective amount of inductance
and capacitance in the transmission circuit.

Inductance and capacitance react with a tendency to nullify one another.
When a load circuit has more inductive than capacitive reactance, as almost
invariably occurs in large power systems, the amount of power delivered for a
given voltage and current is less than when the two are equal. The ratio of these
two amounts of power is called the power factor. Because transmission-line
losses are proportional to current, capacitance is added to the circuit when

63



possible, thus bringing the power factor as nearly as possible to 1. For this
reason, large capacitors are frequently inserted as a part of power-transmission
systems.

Much of the world’s electricity is produced from the use of nonrenewable
resources, such as natural gas, coal, oil, and uranium. Coal, oil, and natural gas
contain carbon, and burning these fossil fuels contributes to global emissions of
carbon dioxide and other pollutants. Scientists believe that carbon dioxide is the
principal gas responsible for global warming, a steady rise in Earth’s surface
temperature.

Consumers of electricity can save money and help protect the environ-
ment by eliminating unnecessary use of electricity, such as turning off lights
when leaving a room. Other conservation methods include buying and using
energy-efficient appliances and light bulbs, and using appliances, such as
washing machines and dryers, at off-peak production hours when rates are
lower. Consumers may also consider environmental measures such as
purchasing “green power” when it is offered by a local utility .“Green power” is
usually more expensive but relies on renewable and environmentally friendly
energy sources, such as wind turbines and geothermal power plants.

8. BIOMASS ENERGY

Yup. 1. IlepeBeaure TepMUHBI U BIYYHTE UX.

e Bark; o Carbohydrates;
e Manure; e Carbon;

e Lumber; e Hydrogen;

e Wood chips; o Oxygen;

e Scraps; o Terrestrial;

o Hoppers; o Switchgrass.

e Low-carbon biomass;

Yup. 2. IllepeBeaure yCTHO.

Biomass is matter usually thought of as garbage. Some of it is just stuff
lying around — dead trees, tree branches, yard clippings, left-over crops, wood
chips, and bark and sawdust from lumber mills. It can even include used tires
and livestock manure.

Trash, paper products that can't be recycled into other paper products, and
other household waste are normally sent to the dump. Your trash contains some
types of biomass that can be reused. Recycling biomass for fuel and other uses
cuts down on the need for "landfills" to hold garbage.
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This stuff nobody seems to want can be used to produce electricity, heat,
compost material or fuels. Composting material is decayed plant or food
products mixed together in a compost pile and spread to help plants grow.

How biomass works is very simple. The waste wood, tree branches and
other scraps are gathered together in big trucks. The trucks bring the waste from
factories and from farms to a biomass power plant. Here the biomass is dumped
into huge hoppers. This is then fed into a furnace where it is burned. The heat is
used to boil water in the boiler, and the energy in the steam is used to turn
turbines and generators.

Biomass can also be tapped right at the landfill with burning waster
products. When garbage decomposes, it gives off methane gas. Pipelines are put
into the landfills and the methane gas can be collected. It is then used in power
plants to make electricity. This type of biomass is called landfill gas.

A similar thing can be done at animal feed lots. In places where lots of
animals are raised, the animals — like cattle, cows and even chickens — produce
manure. When manure decomposes, it also gives off methane gas similar to
garbage. This gas can be burned right at the farm to make energy to run the farm.

Using biomass can help reduce global warming compared to a fossil fuel-
powered plant. Plants use and store carbon dioxide (CO,) when they grow. CO,
stored in the plant is released when the plant material is burned or decays. By
replanting the crops, the new plants can use the CO, produced by the burned
plants. So using biomass and replanting helps close the carbon dioxide cycle.
However, if the crops are not replanted, then biomass can emit carbon dioxide
that will contribute toward global warming.

So, the use of biomass can be environmentally friendly because the
biomass is reduced, recycled and then reused. It is also a renewable resource be-
cause plants to make biomass can be grown over and over.

Today, new ways of using biomass are still being discovered. One way is
to produce ethanol, a liquid alcohol fuel. Ethanol can be used in special types of
cars that are made for using alcohol fuel instead of gasoline. The alcohol can
also be combined with gasoline. This reduces our dependence on oil — a non-
renewable fossil fuel.

Yup. 3. IlepeBeaure ¢ Jaucra.

What Is Biogas

Biogas is generated from the anaerobic digestion of organic matter. Bio-
gas is generated in landfill sites since organic matter such as domestic food and
garden waste is buried and compressed in a dark oxygen free environment. For
decades after a landfill site is filled biogas continues to be generated and
released into the atmosphere.
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Biogas is made up primarily of Methane and Carbon Dioxide, but can also
contain small quantities of Nitrogen, Hydrogen, Hydrogen Sulphide, and even
Oxygen. With processing biogas can be cleaned up to make a substitute for
natural gas which can therefore be pumped to homes and businesses for cooking
and heating etc.

Wet wall Biogas

Electrical

Electricity
plant -

Biogas has to be collected from landfill sites by drilling gas wells.
Historically it was just flamed (i.e. burnt off) but now more and more landfills
are collecting the gas generated for power generation. Some sites have even
built dedicated Anaerobic Digesters to generate larger quantites of methane-rich
biogas more quickly and to reduce the volume of the waste to be buried.

Biogas can be used to power vehicles. There is a biogas powered train in
Sweden running between Linkoeping and Vaestervik which is powered with gas
generated from cow waste and sewage. From well to the vehicle diesel generates
20 times more carbon dioxide than biogas. Biogas also has no pariculate
emissions and generates one-fifth as much nitrous oxide emissions as diesel.

Yup. 4. IllepeBeauTe NUCHbMEHHO.

How Biomass Energy Works

Biomass (plant material and animal waste) is the oldest source of renewa-
ble energy, used since our ancestors learned the secret of fire. Until recently, bi-
omass supplied far more renewable electricity — or “biopower” — than wind and
solar power combined.

Sustainable, low-carbon biomass can provide a significant fraction of the
new renewable energy we need to reduce our emissions of heat-trapping gases
like carbon dioxide to levels that scientists say will avoid the worst impacts of
global warming. Without sustainable, low-carbon biopower, it will likely be
more expensive and take longer to transform to a clean energy economy.
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But like all our energy sources, biopower has environmental risks that
need to be mitigated. If not managed carefully, biomass for energy can be
harvested at unsustainable rates, damage ecosystems, produce harmful air
pollution, consume large amounts of water, and produce net greenhouse
emissions. However, most scientists believe there is a wide range of biomass
resources that can be produced sustainably and with minimal harm, while
reducing the overall impacts and risks of our current energy system.
Implementing proper policy is essential to securing the benefits of biomass and
avoiding its risks.

Biomass is a renewable energy source not only because the energy it
comes from the sun, but also because biomass can re-grow over a relatively
short period of time. Through the process of photosynthesis, chlorophyll in
plants captures the sun's energy by converting carbon dioxide from the air and
water from the ground into carbohydrates — complex compounds composed of
carbon, hydrogen, and oxygen.

When these carbohydrates are burned, they turn back into carbon dioxide
and water and release the energy they captured from the sun. In this way,
biomass functions as a sort of natural battery for storing solar energy. As long as
biomass is produced sustainably — meeting current needs without diminishing
resources or the land’s capacity to re-grow biomass and recapture carbon — the
battery will last indefinitely and provide sources of low-carbon energy.

Yup. 5. Cnenaiite pedpepaTuBHbIN NepeBO TEKCTA.

Types of Beneficial Biomass

Most scientists believe that a wide range of biomass resources are “bene-
ficial” because their use will clearly reduce overall carbon emissions and
provide other benefits.

Beneficial biomass use can be considered part of the terrestrial carbon cy-
cle — the balanced cycling of carbon from the atmosphere into plants and then
into soils and the atmosphere during plant decay. When biopower is developed
properly, emissions of biomass carbon are taken up or recycled by subsequent
plant growth within a relatively short time, resulting in low net carbon
emissions.

Beneficial biomass sources generally maintain or even increase the stocks
of carbon stored in soil or plants. Beneficial biomass also displaces carbon
emissions from fossil fuels, such as coal, oil or natural gas, the burning of which
adds new and additional carbon to the atmosphere and causes global warming.

Among beneficial resources, the most effective and sustainable biomass
resources will vary from region to region and also depend on the efficiency of
converting biomass to its final application, be it for biopower, biofuels,
bioproducts, or heat.
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Energy Crops

Energy crops can be grown on farms in potentially large quantities and in
ways that don’t displace or otherwise reduce food production, such as by
growing them on marginal lands or pastures or as double crops that fit into
rotations with food crops. Trees and grasses that are native to a region often
require fewer synthetic inputs and pose less risk of disruption to agro-
ecosystems.

Grasses

Thin-stemmed perennial grasses used to blanket the prairies of the United
States before the settlers replaced them with annual food crops. Switchgrass, big
bluestem, and other native varieties grow quickly in many parts of the country,
and can be harvested for up to 10 years before replanting. Thick-stemmed
perennials like sugar cane and elephant grass can be grown in hot and wet
climates like those of Florida and Hawaii.

Switchgrass is a perennial grass that grows throughout the Great Plains,
the Midwest and the South. Switchgrass is a hardy species — resistant to floods,
droughts, nutrient poor soils, and pests — and does not require much fertilizer to
produce consistent high yields. Today, switchgrass is primarily cultivated either
as feed for livestock or, due to its deep root structure, as ground cover to prevent
soil erosion. However, this prairie grass also has promise for biopower and bio-
fuel production (see profile of Show-Me Energy below). If demand for
switchgrass outstrips the capacity of marginal lands, it could, however, compete
with other crops for more productive land.

Crop Residues

Depending on soils and slope, a certain fraction of crop residues should be
left in the field to maintain cover against erosion and to recycle nutrients, but in
most cases some fraction of crop residues can be collected for renewable energy
in a sustainable manner. Food processing also produces many usable residues.

Woody biomass

Bark, sawdust and other byproducts of milling timber and making paper
are currently the largest source of biomass-based heat and renewable electricity;
commonly, lumber, pulp, and paper mills use them for both heat and power. In
addition, shavings produced during the manufacture of wood products and or-
ganic sludge (or “liquor”) from pulp and paper mills are biomass resources.
Some of these “mill residues” could be available for additional generation of
renewable electricity.

Beyond these conventional types of woody biomass, there are additional
sources of woody biomass that could be used for renewable energy. With the
proper policy (see below), these additional sources could be sustainably
harvested and make a significant contribution to renewable energy generation.
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Forest residues

It is important to leave some tree tops and branches, and even dead
standing trees, on-site after forest harvests. Coarse woody debris left on the soil
surface cycles nutrients, especially from leaves, limbs and tops, reduces erosion
and provides habitat for invertebrates.

Dead standing trees provide bird habitat. Provided that appropriate
amounts of residues are left in the forest, the remaining amounts of limbs and
tops, which are normally left behind in the forest after timber-harvesting
operations, can be sustainably collected for energy use. Often, limbs and tops
are already piled at the “landing” — where loggers haul trees to load them unto
trucks. Using these residues for biomass can be cheaper than making additional
trips into the woods and reduce impacts on forest stands, wildlife and soils.

Urban wastes

People generate biomass wastes in many forms, including "urban wood
waste" (such as tree trimmings, shipping pallets and clean, untreated leftover
construction wood), the clean, biodegradable portion of garbage (paper that
wouldn’t be recycled, food, yard waste, etc.). In addition, methane can be
captured from landfills or produced in the operation of sewage treatment plants
and used for heat and power, reducing air pollution and emissions of global
warming gases.

Converting Biomass to Biopower

From the time of Prometheus to the present, the most common way to
capture the energy from biomass was to burn it to make heat. Since the
industrial revolution this biomass fired heat has produced steam power, and
more recently this biomass fired steam power has been used to generate
electricity. Burning biomass in conventional boilers can have numerous
environmental and air-quality advantages over burning fossil fuels.

Advances in recent years have shown that there are even more efficient
and cleaner ways to use biomass. It can be converted into liquid fuels, for exam-
ple, or “cooked” in a process called "gasification" to produce combustible gases,
which reduces various kinds of emissions from biomass combustion, especially
particulates.

Direct combustion

The oldest and most common way of converting biomass to electricity is
to burn it to produce steam, which turns a turbine that produces electricity. The
problems with direct combustion of biomass are that much of the energy is
wasted and that it can cause some pollution if it is not carefully controlled.
Direct combustion can be done in a plant using solely biomass (a “dedicated
plant”) or in a plant made to burn another fuel, usually coal.
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Co-firing

An approach that may increase the use of biomass energy in the short term
1s to mix it with coal and burn it at a power plant designed for coal — a process
known as “co-firing.” Through gasification, biomass can also be co-fired at
natural gas-powered plants.

The benefits associated with biomass co-firing can include lower operat-
ing costs, reductions of harmful emissions like sulfur and mercury, greater ener-
gy security and, with the use of beneficial biomass, lower carbon emissions. Co-
firing is also one of the more economically viable ways to increase biomass
power generation today, since it can be done with modifications to existing
facilities.

Repowering

Coal plants can also be converted to run entirely on biomass, known as
“re-powering” (Similarly, natural gas plants could also be converted to run on
biogas made from biomass; see below).

Combined heat and power (CHP)

Direct combustion of biomass produces heat that can also be used to heat
buildings or for industrial processes. Because they use heat energy that would
otherwise be wasted, CHP facilities can be significantly more efficient than
direct combustion systems. However, it is not always possible or economical to
find customers in need of heat in close proximity to power plants.

Biomass gasification

By heating biomass in the presence of a carefully controlled amount of
oxygen and under pressure, it can be converted into a mixture of hydrogen and
carbon monoxide called syngas. This syngas is often refined to remove contami-
nants.

Equipment can also be added to separate and remove the carbon dioxide
in a concentrated form. The syngas can then be run directly through a gas tur-
bine or burned and run through a steam turbine to produce electricity. Biomass
gasification is generally cleaner and more efficient that direct combustion of bi-
omass. Syngas can also be further processed to make liquid biofuels or other
useful chemicals.

Anaerobic digestion

Micro-organisms break down biomass to produce methane and carbon
dioxide. This can occur in a carefully controlled way in anaerobic digesters used
to process sewage or animal manure. Related processes happen in a less-
controlled manner in landfills, as biomass in the garbage breaks down. A portion
of this methane can be captured and burned for heat and power. In addition to
generating biogas, which displaces natural gas from fossil fuel sources, such col-
lection processes keep the methane from escaping to the atmosphere, reducing
emissions of a powerful global warming gas.
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Energy density

Another important consideration with biomass energy systems is that un-
processed biomass contains less energy per pound than fossil fuels — it has less
“energy density”. Green woody biomass contains as much as 50 % water by
weight. This means that unprocessed biomass typically can't be cost-effectively
shipped more than about 50-100 miles by truck before it is converted into fuel or
energy.

It also means that biomass energy systems may be smaller scale and more
distributed than their fossil fuel counterparts, because it is hard to sustainably
gather and process more than a certain amount of in one place. This has the
advantage that local, rural communities will be able to design energy systems
that are self-sufficient, sustainable, and adapted to their own needs.

However, there are ways to increase the energy density of biomass and to
decrease its shipping costs. Drying, grinding and pressing biomass into “pellets”
increases its energy density. Compared to raw logs or wood chips, biomass
pellets can also be more efficiently handled with augers and conveyers used in
power plants. In addition, shipping biomass by water greatly reduces
transportation costs compared to hauling it by truck.

Thus, hauling pelletized biomass by water has made it economical to
transport biomass much greater distances — even thousands of miles, across the
Atlantic and Pacific, to markets in Japan and Europe. In the last few years, the
international trade in pelletized biomass has been growing rapidly, largely
serving European utilities that need to meet renewable energy requirements and
carbon-reduction mandates. Several large pellet manufacturers are locating in
the Southern US, with its prodigious forest plantation resource, to serve such
markets.

Yup. 6. IIpocaymaiite Teker «Bloom Box — Clean Energy For Our
Future» (http://www.knastu.ru/images/stories/GF/LMK/audio_lessons.rar)
U MepeBenTe ero nocjae0BaTebHo.

Yup. 7. [lepeBeaure TEKCT MUCbMEHHO.

Texnonozuu ouomonauea

Texnonoruii Mpou3BoJCTBa OMOTOMIMBA HECKOJIBbKO. OJHA U3 HUX — 3TO
nepepaboTKa CeIbCKOX03IMCTBEHHBIX OTXOO0B B TOIUIMBO. CHIPbEM JJIsi 3TOTO
poLecca MOTYT CIIY’KUTh U KYCKH JIPEBECUHBI, U COJIOMA, U HABO3.

ITocne cymku orxoabl HarpeBatoTcs 10 400-500 °C, BbIAEIUBIIMNCS Ta3
IPOXOJUT PsAJl MPEBPALICHUI B MPUCYTCTBUM KaTalU3aToOpa — M Ha BBIXOJE U3
peakTopa IMOJYy4YaeTcss AU3EIbHOE TOIUIMBO 0€3 COJAEpKaHMsl Cepbl M JIPYTUX
BpeaHbIX npumeceid. Kpome Toro, 6monusenbHoe TOMBO «CO,-HERTPATBHOY
110 OTHOLICHHUIO K OKpY>Karoulel cpelie — IpHu ero cropaHuu B atMocgepy BO3-
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BpallaeTcs Ta yrieKkucioTa, 4To Oblia MOrJIoieHa pacTeHUsIMU 1ipHu pocte. Emre
OJIUH CMOCOO MOJy4YEeHHs] OMOJIOTMYECKOrO JIU3EJIbHOrO TOIUIMBA — PAaCTUTENb-
Hoe cbipbe. OCHOBOM Jisi OMOAM3ETBLHOTO TOIUIMBA CIY’KaT pa3jiuvyHble KOMIIO-
HEHTBI, Yalle BCEro cos, panc, XJOMOK, a B MocienHee BpeMs stpoda — 3To
I0’)KHOAMEPUKAHCKOE PACTEHHE €Ill€ HA3bIBAIOT OYTHUIOYHBIM JepeBoM. TexHo-
JIOTUsl TAaKOBA: CEMEHA PACTEHUN MPOXOJAT Yepe3 MacioOoiKy, B KOTOPOM Mac-
JO OTHAENSAETCS OT LIPOTa — OTXOJOB MACIO3KCTPAKLMOHHOIO IPOU3BOACTBA.
3aTeM Maciio CMEUIMBAIOT C METAHOJIOM, MPUMEHSAS B KaueCTBE KaTallh3aTopa
MeTokcua HaTpusl. [lodydeHHy0 cMeCh OUMILAIOT — FOPIOYEE TOTOBO.

B nponecce npousBoacTBa «OnMOAM3ENA» U3 CHIPbS BBDKHUMAIOT MAaclo,
OUYHUIIAIOT OT BKpAaIUieHUH; monydadpukaT HarpeBarT, OXJIAKIAIOT U JUCTHII-
JUPYIOT. B ycTaHOBKY BXOZAT: 1 — HU3KOTEMIEPATYPHBIN Ia30BbIA ['€HEPATOD;
2 — BBICOKOTEMIIEpPATYPHBIA peakTop; 3 — mbuieBOU PuiabTp; 4 — TErmiooOMeH-
HUK; 5 — mojiaua BoJibl; 6 — cenaparop; 7 — MHOTOTPYyOOUHBIN peakTop; 8 — ra3o-
BBl KoMIipeccop; 9 — xkonaeHcop; 10 — cucrema oxnaxnaenus; 11 — HarpeBa-
TeNb, 12 — AUCTWUIALIMOHHAS €MKOCThb; 13 — Ta30BBI 3JIEKTPOreHEPATOP;
14 — pe3epByap ¢ rOTOBBIM TOIUIMBOM.

B naHHBIM MOMEHT HamOojee NPEINOYTUTENBHBIM ChIPEM Ul MPOU3-
BOJICTBA OMOAM3EINs SIBJISETCS palc, KOTOPBbIM KaK COPHSK pacTeT IJe YroiHo,
eIMHCTBEHHBIM HI0OAHC — €ro Hajao BoBpeMs cobpaTh. Ho moka ero Toibko
NO0aBJISIOT B AU3€JIbHOE TOIUIMBO, MOCKOJIBKY PariCOBOE Maciio B YUCTOM BUJE
KaK TOIUIMBO HE MCHoyb3yeTcs. M3-3a 6omee BrICOKOM Bsa3kocTH (moutu B 20 pas
BBIILIE [0 CPABHEHHUIO C JIM3EJBHBIM TOPIOYUM) Tpedyercs apyras TOIUIMBHAs
anmapaTrypa U U3MEHEHHME KaMepbl cropanusa. Macio cMENMBaT ¢ METAHOJIOM
U TIOJIy4al0T METHJIOBBIA 3(up, WHAYEe HA3bIBAEMBIH «MaCIOMETaHOJIbHAs
cMechb». 13 ToHHBI parica nosmyyaercs 350 kuimorpamMmoB Takou cmecu. i 1mo-
JdyuyeHus Ouoamusens B coiisipky no0aBistoT 30 % MacioMeTaHONbHOM CMECH.
BmecTo S10BUTOr0 METUIIOBOTO CIIMPTA PAriCOBOE MAacCiIO MOKHO CMEIIMBATH C
STUJIOBBIM (TTUIIEBBIM) CITUPTOM.
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WNHuTtepecHo, 4TO B X0J€ nepepadOTKU Maciia B OMOU3€elb MOJIyYatoT Pl
JOTIOJTHUTENbHBIX MPOAYKTOB, MOJIB3YIOIIUXCS CIPOCOM (Hampumep, TIIULEPHUH,
cyJbdat Kanus).

Tperuit Bux OMONOIMYECKOrO TOIUIMBA — CHUHTETHYECKOE ToOproyee.
CoBpeMEHHbIE TEXHOJOTUHU NepepabOTKU YIVIEBOAOPOI0OB MMO3BOJISIOT IPOU3BO-
JUTh CHHTETUYECKOE JU3EIbHOE TOIJIMBO U CUHTETUYECKUM OeH3uH. B kauecTBe
CBIPbSl HCIIOJB3YIOTCSI OTXOJBI JIepeBOOOpadATHIBAIOLICH MPOMBIIIIEHHOCTH,
CEJIBCKOTO XO3SIHCTBA M JNake ObITOBOIM Mycop. OcobeHHOCTH pa3paboTaHHBIX
TEXHOJIOTUYECKHUX IPOLECCOB 3aKIIOYAOTCS B TOM, YTO W3 OJHOIO U TOIO XK€
CBIPbs MOT'YT ITOJIy4aThCsl PA3JIMYHbIE BUbI TOIUIMBA.

IlepBoe B Mupe CHHTETHYECKOE AU3EIBbHOE TOILINBO, B 2003-M roxy, pas-
paborana kopropanus DaimlerChrysler. HoBoe TorumBo, koTopoe pazpadoTyu-
ku HazBasiu BIOTROLL, npou3BoauTcst U3 JpEeBECHBIX OTXOJ0B, a IPU €ro Cro-
paHuu B aTMoc(epy BooOle He BhIOpachlBaeTCs YIJIEKUCIbIA ra3. buoTommmso
MO>KHO CMEILIMBATHh C OOBIYHON COJISIPKOM, yyuliasi SKOJIOTHYECKUE MOKA3aTENH
JU3ENbHBIX JBUTATeNed, OJHAKO IMOKa HE MOJIyYeHbl TOYHBIE JAHHBIE O TOM,
BO3MO’KHA JIM HKCIUTyaTalUsi COBPEMEHHBIX IU3EIbHBIX JABUTATENEH TOIBKO Ha
HOBOM BHJI€ TOILIMBA 0€3 MpoBeAeHUs Kakux-110o gopadbotok. Ilepsas 3amnpas-
Ka, Ha KOTOPOM MOXHO MOMNOJIHUTH OaKX HOBBIM TOIUIMBOM, YK€ (PYHKLIMOHUPY-
et B llItyTrapre.

Yop. 8. IIpocaymaiite Ttekct (http:/www.knastu.ru/images/stori-
es/GF/LMK/audio lessons.rar) u nepeBeaure ero nocjaea0BaTejbHO.

Supplementary materials

Yup. 1. IlepeBeaure ¢ gucra.

China to Focus on Renewable Energy

China is battling air pollution and high costs for imported energy with an
aggressive focus on renewable energy. China's government says it will have
100 gigawatts of wind-power capacity by 2020 — enough to power more than
60 million homes. That figure is more than three times the target the government
laid out just 18 months ago.

Steve Lyons is the director of CWE Renewables, a wind energy company
based in Hong Kong. His company is setting up wind farms in Inner Mongolia,
funded mainly by Chinese investors. Despite the global economic crisis, the
company has seen continued interest from investors and from provinces. "There
are provinces that have good wind resources, no wind capacity, and have asked
us to help them put in place what needs to be put in place for a wind developer
to come in," he said.
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China's government has vowed to increase the use of alternatives to oil and
coal for energy, such as wind, solar and nuclear power. The goal is to reduce the
thick air pollution that blankets its cities and to reduce expensive imports of oil.

Companies from start-ups to well established businesses such as General
Electric, see China's drive to clear the air as an opportunity. They are tapping the
market hoping to capitalize on Beijing's push to for cleaner energy sources.

Adrian Ho is the director of CWE Renewables. He thinks China's use of
renewable energy will increase in coming years to play a significant role in
meeting the nation's energy needs. "There is a high chance that I believe China
will go to 25 percent some day and that 25 percent will keep expanding," he
said. Today, renewable sources produce just eight percent of China's total ener-
gy. But Beijing aims to increase that to 15 percent by 2020. In comparison, the
United States hopes to generate 10 percent of its energy from renewable sources
by 2012.

The roots of China's push for renewable energy are in a 2005 law that
gives incentives such as fixed rate tariffs and carbon credits to renewable-energy
companies. The law also makes clear that provinces are expected to meet new
clean energy guidelines.

Chris Flavin is the president of the Worldwatch Institute, a U.S. environ-
mental group. He says the law works thanks to China's entrepreneurs and a
government that is making the move to clean energy a priority.

"The Chinese government, I guess in part of the fact that it does not have
some of the kind of democratic complexities that Western countries do, is able
to do things quicker and without the kind of resistance from narrow economic
interests that might make it more difficult," said Flavin. (Kari Cameron)

Yup. 2. [lepeBeaure ¢ Jucra.

US Fighter Jet Powered by Plant Fuel

The roar of jet engines splits the air over the U.S. Navy's testing grounds
in Patuxent River, Maryland, as an F-18 fighter plane takes to the skies.
Powering this supersonic jet fighter is a fuel that is 50 percent petroleum-based
and 50 percent derived from a seed called camelina.

Amid concerns about climate change, volatile oil prices and, most
recently, a massive spill in the Gulf of Mexico, the U.S. Navy and the
commercial aviation industry are testing biofuels derived from camelina and
other sources as an alternative to crude oil.

Rick Kamin, heads of the Navy's alternative-fuel testing program, has
nothing against petroleum.

"Petroleum is great", he says. "We've developed all our systems forever to
operate on petroleum. The issue with petroleum is, importing the petroleum,
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price volatility of petroleum, and shipping a lot of our dollars to buy the
petroleum overseas."

Kamin says domestically produced biofuels could help make the Navy's
fuel supply more secure — and less dependent on imported oil — while helping
farmers and workers at home.

Massage oil to jet fuel

Powering supersonic jets is just the latest use for this ancient oilseed.

"If you were a Roman senator, after a hard day at the Forum, you may
have walked home and stopped in with your masseuse for a little relaxation and
a good massage, and he may have used camelina oil as the lubricant", says Scott
Johnson, president of the biofuel company Sustainable Oils. Johnson says in the
19th century camelina oil was a popular lamp fuel.

Today, Kamin says, it works just as well as petroleum fuel to power jet
airplanes. "Every test we've put these fuels into our systems, everything has
looked no worse than petroleum and sometimes performed even better than our
petroleum fuel," he says.

Chemically speaking, it's not surprising, says renewable fuels chief Jim
Rekoske at refinery equipment maker Honeywell UOP, because the camelina-
based fuel "is not that different from a diesel fuel or a jet fuel."

And fighter plane fuel is not that different from passenger plane fuel. Japan
Airlines was one of several that successfully flight-tested biofuels last year.

High cost of petroleum

Recent spikes in oil prices are a big factor driving the interest in biofuels.
The airlines still reeling from the 2008 spike in crude oil prices.

"I think with crude oil prices as high as they are, it incentivizes a lot of
people to look for the alternative," says John Rau, head of fuels management for
American Airlines. "When crude is at 100 dollars a barrel, it changes things
pretty dramatically."

But environmental concerns are a factor, too. Burning fuel creates carbon
dioxide, a greenhouse gas. Growing plants absorb carbon dioxide as they grow.

Rekoske says the increasing interest in biofuels has created an opportunity
to,"number one, extend our business into something that's very important for the
environment, and number two, to extend it in an impactful and meaningful way."

In the next decade, Rekoske's goal is for up to one-third of all U.S.
transportation fuels to be biofuels, including camelina oil.

Food vs. fuel

But Jim Bartis at the RAND Corporation is not convinced that growing
camelina to replace crude oil is such a good idea. According to a study he co-
authored at RAND, "Producing just one percent of the oil used in the United
States would require 10 percent of all the crop land in the United States," he
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says. "All crop land. Not just crop land devoted to seed crops. That's a huge
amount of displacement."

Displacing all that crop land would affect food production. And if camelina
displaces wheat, for example, he says, "That means somewhere else in the world,
someone's going to be clearing a forest or grassland so wheat can grow."

Clearing a forest releases large amounts of greenhouse gases that may
cancel out the benefits of replacing petroleum.

Right now, the question is moot, because very few farmers grow
camelina.

$15 per liter

And, says the Navy's Rick Kamen, "There are no full-scale production
plants to make this type of fuel. So there needs to be a commercial investment."

Kamin says commercial investment would bring down the price. The
Navy paid about $15 per liter to test camelina fuel, compared to about $1 per
liter for petroleum fuel.

Camelina is just one candidate for the biofuel of the future. Others range
from animal fats to algae. Honeywell UOP's Jim Rekoske says we'll need them all.

"Those can all provide, by themselves, only a small fraction. But in
aggregate, they can now start to make, again, an impactful difference."

A difference that may help change what powers the Navy's fighters, as
well as the American economy. (Steve Baragona, Washington, DC 07)

Yup. 3. IlepeBeaure ycTHO.

Alternative Fuel — Is Green the New Black?

Researchers in Senegal have created what is described as a clean substi-
tute for charcoal that not only helps protect the environment, but costs far less.
The alternative fuel has just gone on sale in the markets of northern Senegal.

The new environmentally friendly charcoal is made from vegetable waste
mixed with a binding substance, such as clay, to produce small balls that
resemble black charcoal, which is traditionally used for heating and cooking.
But unlike 1it's darker cousin, green charcoal is efficiently produced, burns
cleanly and is made from renewable local materials.

This innovative product was developed by the French environmental
NGO ProNatura International. It is expected to be available soon in Mali, Niger,
Madagascar, China, India and Brazil using such diverse raw materials as cotton
stems, peanut shells and coffee bean husks.

"What's really new is our technology — it's groundbreaking — because we
are the only ones having developed the technology where the machines run on a
continuous basis," said Guy Reinaud, director of ProNatura International.
"Normally when you carbonise material you use a batch process like the one used
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for producing charcoal. But if you apply that simple technology to biomass — to
reeds or rice husks — the efficiency is very low."

Now, after 14 years of research and development, green charcoal is on
sale for the first time in Senegal's northern region of St. Louis, an area where
traditional charcoal is hard to come by.

Abdoulaye Fall, manager of the green charcoal factory in Ross-Bethio,
25km from the Mauritanian border, says they make the green charcoal with rice
husks because there are many rice mills in the area that throw out the husks.
Ross-Bethio is also an area with clay soil, so that's the binding agent. Fall says
the raw materials are virtually free.

Reinaud believes the technology has a huge potential in a country where
over half the population relies on charcoal or wood for cooking and heating.
Ibrahima Niang, a renewable and sustainable energy specialist at Senegal's
Ministry of Energy, says the main problem with charcoal consumption is
deforestation. Imagine, he says, that you must cut down five kilos of wood to
produce only one kilo of charcoal. Thirty years ago charcoal came from only
70 km outside of Dakar, now you must go hundreds of kilometers to find a forest.

The U.N. food and agriculture agency says 45,000 hectares of forest dis-
appear every year in Senegal.

In Ross-Bethio there are few trees and traditional charcoal is trucked up
from southern Senegal. So green charcoal could be a welcome alternative for
many cash-strapped households. One kilo of green charcoal costs just 20 cents,
whereas a kilo of black charcoal is three times as much.

Mame Diop Mbaye runs the bustling Yayu Seex restaurant in the center of
town that serves lunch to rice factory workers. She cooks on three huge pots
boiling over charcoal stoves. Mbaye says the green charcoal works for her
because it cooks quickly and the food tastes good. It takes less than an hour to
make a meal. Sometimes, she says, she adds some black charcoal because it
makes the green charcoal last longer.

Fatou Camara cooks for her family of 10 with the green charcoal briquets.
She says the green charcoal is more economical because one kilo will cook a
whole dinner. And it is cheaper than normal charcoal. She says she used to use
butane gas, but with gas being so scarce, she switched to green charcoal.
Reinaud says using green charcoal fights climate change because it reduces
emissions and cuts back on deforestation. The project aims to prevent 1,400 tons
of carbon dioxide equivalent from spilling into the atmosphere every year. (Fid
Thompson, Dakar)

Potential power?

When talking about the UK’s renewable energy potential, the amount of
renewable energy that may be achieved by exploiting the 20,000 weirs and wa-
termill sites in the country — possibly 600-1000 MW — is often overlooked.
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The Domesday Book apparently records more than 5000 mill sites in the
10th and 11th Centuries. Many more were developed between the 12th-20th
Century. Between 1850 and 1940 numerous companies and foundries were both
manufacturing and/or importing and installing turbines in the British Isles. Local
foundries in every area were producing their own variation of Francis Turbines
for low head installations. There is historical evidence in the archives showing
manufacturers and sites where these turbines were installed.

It has been suggested that “experience is yesterday' s answer to today's
problem”. One might take this a stage further and suggest that “today's answer
has yet to be tried and proven”. Today's students seem to have little knowledge
of past technologies and what has happened to the full time five year
apprenticeship? In the not too distant past education allowed for both experience
and qualifications. Today's graduates have qualifications but the computer
screen is all too often the horizon of their experience. To understand small and
micro hydro power they might well benefit from reading technical information
from 1850-1950. By 1960 technical colleges were disposing of hydraulic turbine
test rigs — I personally bought some of these redundant units. Water companies
were also taking out energy recovery turbines and replacing them with electric
motors.

In the past 10 years or more there has been a move in the reverse
direction. Many universities are spending money on renewable energy/hydro
power. Water companies are installing energy recovery turbines. However,
graduates involved still appear to lack the historical knowledge and the practical
understanding of the subject. The priority seems to be low cost installations
rather than quality that will last a lifetime.

Today we are confronting a new, very serious, battle to save our planet.
Renewable energy is our best hope. It has to be said that hydropower of any size
has a high up front cost which may take perhaps 8-15 years to recover, but
thereafter pays excellent dividends. Large hydro provides us with the vast
majority of renewable energy currently being generated from any source but
even small or very small installations are competitive. Unfortunately there are
several examples of low cost solutions, installed by those lacking experience,
that have failed even before costs have been recovered and such botched
attempts are used to support the efforts of others who wish to deny this
significant source of renewable energy to the UK.

With the aforementioned in mind, I would like to refer you to a recent
139 page report by TV Energy, who are an independent not-for-profit energy
agency partly funded by different bodies, one of whom is the Environment
Agency (EA). The report may be downloaded on www.tvenergy.org.

Entitled “Hydropower in South East England”, the report starts by high-
lighting the fact that the south east of England is “festooned” with mill sites but
goes on to dismiss the great majority of them and downsizes the rest — in doing
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so demolishing the power potential even for these remaining sites. For instance,
the table on page 118 for Thames weirs has used minimum flows for the basis of
their calculations and has come up with power outputs very significantly smaller
than the useful potential of each weir.

The requirements of the EA handbook “Hydropower for Agency Staff”
occupies a significant number of pages (18) of the TV Energy report. The EA
has no remit to be interested in hydro power. It derives no income from hydro
power (Act of Parliament April 8 1981). They are not allowed to charge for the
water passing through small and micro hydro power schemes.

The EA claim to purchase all their electricity from renewable sources. In
the past I have queried why the EA does not use the potential 25 MW on the
above mentioned 44 Thames weirs over which it has complete control. The
Thames drops some 76 m between Lechlade and Teddington and has, for exam-
ple, flows at Sandford Weir near Oxford suitable for a turbine passing up to
30 m’/sec (dry summer flow less than 10 m’/sec, winter flows sometimes in ex-
cess of 350 m’/sec. Further downstream the flows naturally increase with an
even greater potential). The possibilities here are typical of run of river installa-
tions all over the world, particularly in France and Europe where successful
schemes are common place on heads as low as 1.4 m.

Sandford Weir had a papermill until the 1970's and two vertical shaft tur-
bines on 2.69 m head which produced two to three times the expectation of
power presented in the TVEnergy report. The report concludes that Sandford
weir has the potential for just 135 kW installed capacity — why when with mod-
ern turbines it is capable of producing upwards of four times this amount? More
than likely it is because of the fixed output of the turbine type they have selected
to recommend.

Since the south east is festooned with mill sites why did the report identify
only 1400 sites, then downsize this to 900 and then consider just 400 which it
then suggests have a total installed capacity of just 6 MW? Furthermore to dis-
miss certain types of turbine technology by saying that the Francis and Cross-
flow type turbines are inappropriate below 3 m head is also incorrect — there are
numerous examples to prove otherwise. One of the many continental manufac-
turers has a list of some 140 successful installations of crossflow turbines on
from 1.4 m to 3 m head that they have carried out in recent years on the conti-
nent and individually generating up to 100 kW+.

Our country's present aim is to achieve 10 % of our renewable energy by
2010. Exploiting run of river hydro power has the potential to make a major
contribution. Failing to identify the theoretical potential and/or downsizing this
potential without giving good reasons is misleading if not irresponsible.
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CONCLUSION

B nanHoMm ydyeHOM mocoOuHM MpeNCTaBieH IIHUPOKUN CHEKTP pa3IMYHBIX
YIPA)KHEHHUH, HAIIPaBJICHHBIX HA Pa3BUTHE HABBIKOB YCTHOI'O M ITHCBMEHHOIO
IIEPEBOJIOB, B PAMKaX KOHTEKCTA U3yYEHHUs SHEPTE€TUUECKUX CUCTEM.

JlanHoe nocodue oTInYaeT MHOTOQyHKIIMOHAIbHOCTh. [loMHMO Ti1aBHOTO
Ha3HAYEHMsI TEKCTOB — CIIOCOOCTBOBATh Pa3BUTHIO HABBIKOB IEPEBOJA — OHU
MOTYT TaK)X€ CIIy>KUTb OCHOBOM JIJIsl aKTUBHOM JTUCKYCCHUHU T10 IpolsieMe, 3aTpa-
TMBAa€MOM B KOHKPETHOM MaTepHalle.

[Ipennaraembie B TOCOOMU MaTEpHAIIBI B CBOEM OOJBIITMHCTBE OTOOPaHbBI
u3 coBpeMeHHbIX uctouHukoB CIIIA n BenukoOputanuu, 4To Mo3BOJSET OTpa-
3UTh JIEKCUKO-TPAaMMaTHYE€CKHE OCOOCHHOCTH COBPEMEHHOM aHTJIOS3BIYHOMN
HAy4YHO-TEXHUYECKOU JTUTEPATyphl. CTYJAEHTHI UMEIOT BO3MOXKHOCTh HE TOJIBKO
JETaNbHO U3YUYUTh PsJi OCHOBHBIX BOIPOCOB U MPOOJIEM COBPEMEHHONW MHPOBOM
SHEPreTUKHU, HO U 3aKPENUTh MPU MMOMOIIM TPEHUPOBOUHBIX YIPAKHEHUH JIeK-
CUYECKHUE U TPAMMaTUYECKUE BOIIPOCHI IIEPEBOIA.

B 3akmroueHun XoTenock Obl BbICKAa3aTh HAJEKIYy, UTO IPEANOIAracMoe
0COOME OKa)XETCsI CBOEBPEMEHHBIM U IOJIE3HBIM JJISl T€X, KTO 3aHUMAETCs
IIEPEBOJIOM U IPAKTUYECKUM U3YUYEHUEM SI3bIKA.
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