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Lecture 1. Clean Coal Technology
l. Text

Although coal is a fossil fuel, it has little in common with oil. Oil is extremely
scarce, but coal is relatively plentiful. Some experts predict that global coal
reserves could last up to 119 years compared with only 46.2 and 56.8 years for oil
and gas reserves. While oil is mostly found in unstable parts of the world, coal
stocks are widely distributed on every continent.

Over 75 percent of global coal reserves are located in the United States,
China, and India. Some scientists say that the United States has enough coal
deposits last for 249 years, others think that reserves may only last for 119 years.

There is no coal shortage, but even coal, like other fuel resources, is
unsustainable at current consumption levels.

Coal has long been an important element of the global energy mix, but there
has been a great debate about its future role because the nations of the world try to
reduce their harmful emissions. One coal-fired electricity plant, for example,
provides enough power for 500,000 homes but also releases as much pollution as
750,000 cars.

The USA introduces the “clean coal” technologies to extract the resource in
an environmentally sustainable way.

Clean coal technology is a term used to describe a series of processes that
remove most of the pollutants when coal is burned, making it a more
environmentally friendly energy source. There are three main processes: the
integrated gasification combined cycle (IGCC), carbon capture, and carbon
sequestration.

During the IGCC, coal is crushed and mixed with steam to produce a fluid
that is clean of many pollutants such as sulfur and mercury. When this fluid is used
to make electricity, which it does more efficiently than traditional coal-fired
turbines, carbon dioxide is released as a byproduct and filtered out for later

disposal.



An alternative to IGCC is carbon capture, a method by which normal coal-
fired plants are equipped with special absorbers that soak up carbon dioxide for
storage. Various capture techniques can also be used when oil or natural gas is
extracted from the ground. At that stage, huge amounts of carbon dioxide are
released into the atmosphere. The extraction process is one of the major sources of
greenhouse gas emissions.

Once carbon dioxide has been isolated, it is then converted into a “highly

(4

concentrated stream” or “‘supercritical’ state between a liquid and a gas” and
stored deep underground. Typically, these streams are pumped into the ocean floor
or into old oil or gas reservoirs. Sites for storing carbon dioxide in this form must
be “deep and covered by a layer of rock to prevent leakage.”
There is some fear that earthquakes could destabilize the storage areas.
However, many supporters of renewable energy sources argue that clean coal
and carbon sequestration technologies are untested and have limited potential in

the near future.

I1. Vocabulary

Word Transcription Translation

absorber [0b'z0:b(3)] abcopOep

amount [o'maunt] KOJIMYECTBO

byproduct ['bar prodakt] OOOYHBIN MPOTYKT
carbon capture ['keeptfa] 3axBaT KapOoHa
coal-fired electricity plant | [koul] TETUIOBAS JICKTPOCTAHIINS
consumption [kan'sam(p)J(a)n] norpebieHue

to convert into [kon'vs:t] npeoOpa3oBHIBATH
deposit, reserve, stock [di'pozit] [r1'z3:v] [Stok] | 3amac, pe3eps, ckian
disposal [dis'pauz(a)l] YTUIM3ALMsI, yCTPAHEHUE
to distribute [dr'stribju:t] pacrpenensTh
earthquake ['3:0kwerk] 3eMJICTPSICCHUE

energy source ['enadsi] [so:s] UCTOYHUK SHEPTHH




environmentally friendly

[1n varor(a)n'ment(a)li]
['frendlr]

HE 3arpsI3HAIOLINAN

OKPY>KaIOIIYIO CpeIy

to equip with

[1'kwip]

o0opy10BaTh, OCHAIIATh

to extract

[1k'straekt]

,ZIO6I)IB8,TI>, HN3BJICKAThb

extraction process

[1k'straek[(a)N] ['prouses]

mporiec 100bIIu

fluid, liquid

['flu:d] ['likwid]

KHNIKOCTDH

fossil fuel

['fos(a)l fju:al]

HCKOITaCMOC TOIIIINBO

greenhouse gas

['gri:nhaus] [ges]

ITAPHUKOBBIM Ia3

harmful emissions

['ha:mf(a)l ] [I'm1f(o)n]

BpEJIHbIE BHIOPOCHI

integrated gasification

[‘tntigrertid]

KOMOMHHUPOBAHHBIHN ITUKII

combined cycle [ gaesifi'kerf(a)n] UHTCTPUPOBAHHOM
[kam'baind] ['saikl] ra3uuKanuu

to isolate ['arsolert] W30JIMPOBATh

leakage ['li:k1d3] yTeuKa

mercury ['m3:kjort] PTYTh

percent [pa'sent] MIPOIIEHT

plentiful ['plentif(o)l] OOWJTBHBIHN, H300MITYIOITHH

pollution [pa'lu:f(a)n] 3arpsi3HCHUE

to pump into [pamp] 3aKa4nBaTh

to reduce [ri'dju:s] YMCHBIIIATh

to release carbon dioxide | [r1'li:s] ['ka:b(o)n] BBIOpAChIBATh YIIICKUCITBIN
[dar'oksaid] ras

to remove pollutants [r'mu:v] YIAIATh 3arPs3HAIONIHIC

BEIIECTBA

renewable energy [ri'nju:abl] BO300HOBIIsIEMAst SHEPTHSI

reservoir ['rezavwa:] pesepByap

rock [rok] opoJia, cKaja

scarce [skeas] HEJ0CTATOYHBIN, CKYTHBIH

sequestration

[ si:kwes'trerf(a)n]

M30JIUPOBAHKE




shortage ['fo:t1d3] HEXBaTKa, HeJJOCTATOK

to soak up [sauk] BIIMTHIBATH, IIOTJIOIIATh

steam [stim] nap

to store [sto:] AKKyMYJIMPOBAaTh, XPAHUTH

storage ['sto:rids] HAKOIUICHUE, XPaHCHHE

stream [stri:m] MOTOK

sulfur ['salfs] cepa

sustainable [so'steinabl] (9KOJIOTHIECKH )
YCTONYUBBIN

technology [tek'nolodz1] TEXHOJIOT U

term [t3:m] TEPMHH

turbine ['t3:bain] TypOuHa

I11. Lexical Tasks

1. Add the missing letters and pronounce the words correctly.

ST R G_
RE._RV__R
EAR__Q AK_
SUT N __LE
C__SUM___ON
PL_TIL L
TEC____OGY
_OLLU_ T
EL____ICITY
CPT__E

2. Using a dictionary provide all the synonyms of the following words:

e.g. deposits — reserves, stock
fluid —

to emit —

shortage —

sequestration —




area —

reservoir —

3. Find 6 words across and 6 words down in the table:

RIE|S|E|R|V|E|G|E |S
FIA|T |X|F |P|L|A|N|T
T/B|/O|Z | L|O|I |L|E|O
P|S|R|S|U|L |F |U|R|C
Uul/oE|F |I INJU|S |G |K
MIR|I [A|D|K|N/JL |Y|I

P|/B L |I |[Q|U|I |[D|C]|J

D|I |[S|T|R|I |B|U|T]|E

4. Match notions with their definitions.

Word

Definition

1.

Carbon

a) a glass building in which plants that need protection

from cold weather are grown

Coal

b) substances that pollute the environment, especially
gases from vehicles and poisonous chemicals

produced as waste by industrial processes

Greenhouse

¢) a machine for producing continuous power in which
a wheel or rotor, typically fitted with vanes, is made
to revolve by a fast-moving flow of water, steam,

gas, air, or other fluid

Leakage

d) (especially of food, money, or some other resource)
insufficient for the demand; occurring in small

numbers or quantities; rare

Pollutants

e) a combustible black or dark brown rock consisting
chiefly of carbonized plant matter, found mainly in

underground seams and used as fuel

Renewable

f) a state or situation in which something needed




resources

cannot be obtained in sufficient amounts

7. Scarce

9)

able to be maintained at a certain rate or level

sustainable economic growth; (especially of
development, exploitation, or agriculture) conserving
an ecological balance by avoiding depletion of

natural resources

8. Shortage

h)

the accidental admission or escape of liquid or gas

through a hole or crack

9. Sustainable

the chemical element of atomic number 6, a non-
metal which has two main forms (diamond and
graphite) and which also occurs in impure form in

charcoal, soot, and coal

10.Turbine

)

natural resources such as wind, water, and sunlight,

which are always available

5. What are nouns of the following verbs?

Verb Noun Verb Noun
to store to pollute

to extract to consume

to absorb to sustain

to leak to produce

6. Match parts of word combinations and use them in the sentences of your

own:
1) fossil a) dioxide
2) coal b) from the ground

3) greenhouse
4) coal-fired
5) to release
6) to extract

7) carbon

c) effect

d) gas

e) fuel

f) deposits

g) into the atmosphere
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8) natural h) plant

IV. Grammatical Tasks
1. Consider the following sentence:

e.g._One coal-fired electricity plant, for example, provides enough power for

500,000 homes but also releases as much pollution as 750,000 cars.

What tense form is used and what action does it denote?
Find other examples of the Present Simple Tense in the text and put them into the
interrogative form.
e.g. How much energy DOES one coal-fired electricity plant PROVIDE?

2. Find English equivalents of the following word combinations and use them

in the sentences of your own in the Present Simple Tense.

HMETh YTO-TO OOIIee, IrII00aIbLHBIN SHEPreTUYECKUI MHUKC, UCKOMIA€MOE TOIUIUBO,
ro0anbHbIE 3amachl YIiisi, yYpOBEHb NOTPEOJNEHMs, YAANATh 3arps3HAOIINE
BCIICCTBA, o0ecIieunBaTh A0CTATOYHO OHCPIHUH, HN30JIMPOBAHHC Kap60Ha,
CMEIIMBAaTh C MapoM, APOOUTH Yrojib, OCHAIllaTh CHENHAIbHBIMU abcopOepamu,
MOTJIONIATh JUOKCHJ KapOoHa JJig HaKoIIeHus, (UIbTpoBaTh KapOOH s
YTHWIX3allu1, 3aKa4YuBaTh B JTHO OKCaHA, IIOKPBIBATH I1JIACTOM ITIOPOJHLI.

3. Put the verbs in the correct forms.

Coal (to be) the most important fuel producing electricity around the world,
but it (to be) also the most controversial. As the greatest source of carbon
dioxide of all fuels, environmentalists (to say) it is critical to reduce the

world's dependence on it in order to stem global warming.
Coal is primarily used as a fuel source for power; power plants (to burn) coal
to make steam, which then (to turn) turbines. It is also used for metallurgical

applications. The high temperatures created by the use of baked coal, known as

coke, (to give) steel its strength and flexibility. The paper and concrete
industries also (to use) coal in manufacturing. In a few places, particularly
South Africa, gasification of coal (to produce) synthetic fuels.

4. Translate the following sentences:

11




3amacel yriisi B MUPE JIOCTATOYHO OOWMJIBHBI, a 3aJIeKH He(PTH HAXOIATCS B
MOJUTUYECKU-HECTAOMIIBHBIX pallOHaX.

YuéHble MPOTHO3UPYIOT, UTO YIJIs XBATUT enlé Ha 119 ner.

MHorue cTpanbl cTpeMaTcs yMeHbIIUTh BeIOpockl CO2 B atmMocdepy.
TexHONorus YUCTOro VYIis BKIIOYAET IMPOILECChl, KOTOPBIE YAAISIOT
OOJBIIMHCTBO 3arpsI3HAIONINX areHTOB, KOT/Ia YroJib CKUTaeTCs, MpeBparias
€ro B UICTOUYHMK SHEPTHH, HE 3arPSA3HSIONINN OKPYKAIOIIYIO CPEIy.

Opna TeroBas anekTpoctaniusa oodecnednBaer 500 000 momoB, oHAKO XKe
Y IPOU3BOJIUT CTOJIBKO BBIOPOCOB, CKOJIbKO 750 000 mMamuH.
N30nupoBaHHBIN YIJIIEKUCIBIA Ta3 3aKadYWBalOT B JHO OKEaHA WA B

pe3epByapsl 1 HeTH U rasa.

V. Discussion

1.

Continue the sentence:

Although coal is a fossil fuel ...

While oil is mostly found in unstable parts of the world, coal stocks ...

The largest reserves of coal are in...

There is no coal shortage, but ...

Clean coal technology is a term used to describe...

Typically, these CO2 streams are pumped into ...

Sites for storing carbon dioxide in this form must be ...

In what reference are these figures used in the text: 46.2 and 56.8, 75, 249,
119, 500,000, 750,000.

Say if the statements are TRUE or FALSE and correct the FALSE ones:

Oil is plentiful and can be found on every continent.

Coal reserves are enough for 3000 years.

Oil is plentiful in unstable parts of the world.

Over 90 percent of global coal reserves are located in Russia, Ukraine and
Poland.

The nations of the world try to reduce their harmful emissions.

12
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Coal-fired plants release no harmful emissions.

During the IGCC, coal is crushed and mixed with steam to produce a fluid
that is clean of many pollutants such as sulfur and mercury.

At the stage of extraction, huge amounts of carbon dioxide are released into
the atmosphere. The extraction process is one of the major sources of
greenhouse gas emissions.

Sites for storing carbon dioxide in this form must be “on the surface.”
Earthquakes secure the storage areas.

Answer the following questions:

How is oil and coal distributed on the planet?

What are scientists’ predictions as for the coal reserves?

What are the coal richest countries?

What does clean coal technology include?

What happens during the integrated gasification combined cycle?

What is a carbon capture method?

Where is carbon dioxide stored after capturing?

What do you think about clean coal technology? Can it be used in domestic
coal-fired plants?

Look at the pictures below and discuss them with your partner.

HOW COAL WAS FORMED

SWAMP WATER
300 million years ago 100 million years ago
o o Rocks & Dirt

Dead Plants Coal
Before the dinosaurs, many Over millions of years, the plants Heat and pressure turned
giant plants died in swamps. were buried under water and dirt. the dead plants into coal.

Fig.1. Coal Formation.
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CO, source _ ;

{eg. pawer plant)

Fig.2. Clean Coal Technology.
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Lecture 2. Solar Power
l. Text

Every hour the sun beams onto Earth more than enough energy to satisfy
global energy needs for an entire year. Solar energy is the technology used to
harness the sun's energy and make it useable. Solar power has experienced a boom
since 2002. Energy from the sun’s rays can be manipulated in many ways in order
to perform a variety of functions. The most common means of capturing solar
energy is the photovoltaic (PV) cell. These cells are made of silicon
semiconductors that absorb sunlight and channel it, exciting the electrons
contained in the chips to rapid motion and generating electricity.

When a collection of photovoltaic cells is encased in glass and installed, it is
known as a solar panel. These panels can be connected to a battery for local usage
and storage or to a larger electricity grid for distribution elsewhere. The world’s
leaders of grid-connected PV power are Germany, Spain, Japan, the United States,
and Italy.

Efficiency and Storage Technology

There are two main problems of solar energy development: efficiency and
storage technology. For all of solar energy’s benefits, current methods of capturing
sunlight are only between 14 percent and 20 percent efficient. New materials for
making more efficient semiconductors are under development, but it remains
unclear when or whether they will become commercially available.

Partially because of the poor efficiency, partially because of the
unpredictability of weather conditions (clouds, storms, etc.), and partially because
of the absence of sunlight at night, storage is a particularly important element of
solar energy production. Battery technology must also continue to improve. There
have been recent breakthroughs in which some solar cells reached a 40 percent
conversion efficiency rate. Japanese and European companies are planning to
achieve an efficiency rate of 45 percent. The problem now is the ability to
efficiently store this energy.

Scalable Energy for Development
15



One of the unique benefits of solar energy is its scalability. Solar panels can
be installed on a house-by-house basis and do not require the same level of capital
investment as some other renewable technologies such as wind power.

This is an expensive proposition for any homeowner, but solar panels hold
great potential for communities that are remotely located and widely dispersed.
More than 2 million villages worldwide are without electric power for water
supply, refrigeration, lighting and other basic needs. In developing nations, where
kerosene is expensive and there is no national electricity grid, those who are self-
installing solar panels in their houses and communities are saving much needed
resources and money.

Despite the drawbacks, solar energy use has surged at about 20 percent a year
over the past 15 years, thanks to rapidly falling prices and gains in efficiency. Solar

electricity can pay for itself in five to ten years.

I1. Vocabulary

Word Transcription Translation

battery ['baetori] Oarapesi, aKKyMyJIsITOP

to beam [bi:m] U3IIy4aTh, UCITYCKATh (JTy4H)
breakthrough ['breikOru:] MPOPBIB, JOCTHKCHHE

to channel ['ffeen(a)l] IIPOBOJIMTH, HAIPABIIATH
commercially available | [a'verlabl] KOMMEPUYECKH JOCTYITHBIN
conversion [kan'vs:[(a)n] MpeBpalicHue, N3MECHEHUE
current method of ['kar(o)nt] ['meBad] COBPEMEHHBIH METO]T

to disperse [di'sps:s] paccemBaTh, pacCpeAOTOUYNBATD
efficiency [‘'ff(a)n(t)s1] 3¢ (HEeKTHBHOCTH

efficiency rate [rert] ko3 unmeHT 3phekTuBHOCTH
electricity grid [grid] SHEPreTUYECKasi CHCTEMa

to encase in glass [1n'kers] IIOMEIIATh B CTEKIIO

to excite the electrons | [ik'sart ] [r'lektron] BO30YKIIaTh 3JICKTPOHBI

to experience a boom [1k'sprarian(t)s] NePEKUBATH TIOBEM
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to generate electricity

['dzen(a)rert]

IreHCPHUPOBATDL JJICKTPHUICCTBO

to harness energy ['ha:nis] IIPHUCITOCa0INBATH,
UCIIOJIb30BATh YHEPTHIO

to improve [1m'pru:v] yIIy4IlIaTh

to install [in'sto:1] yCTaHABJINBAThH

kerosene ['kerasi:n] KEpPOCHH

lighting ['lartiy] OCBEILICHHUE

to perform a variety of | [pa'fo:m] [va'raiati] BBITIOJTHATH PA3HOOOpa3HbIC

functions ['fankf(o)n] byHKIHN

photovoltaic (PV) cell | [ foutovvol'tenk] [sel] | doToransBannyeckuii seMeHT

rapid motion ['moauf(a)n] OBICTPOC JIBHIKCHUE

ray [re1] ay4

refrigeration [r1 fridz(a)'rerf(o)n] OXJTKICHHE

to satisfy energy needs

['saetisfar] [ni:dz]

YAOBIICTBOPATDb HOTp€6HOCTI/I B

SHEPruu

to save resources

[serv] [r1'zo:s]

COXPaHSTh PECYPChI

scalability

[skeilobiloti]

MacITabupyeMOCTh

silicon semiconductor

['stlikan]

[ semikon'dakts]

KPEMHUEBBIN MOTYNPOBOIHUK

solar panel

['saula] ['paen(a)l]

coJIHEeUHasi OaTapes, aHeb

water supply

['wo:ta] [sa'plar]

BOJIOCHAOKeHME

I11. Lexical Tasks

1. Find the synonyms of the following words.

a beam —

to capture —
to absorb —
to channel —

to install —




to fall —

2. Do the crossword puzzle.

1 |P

2 H

3 @)

4 T

S) @)

6 \Y

7 @)

8 L

9 T

10 A
11 I

12| C

13]S

1) a typically rectangular piece of wood or glass forming or set into the surface
of a door, wall, or ceiling;

2) atiny wafer of semiconducting material used to make an integrated circuit;

3) a material or device that conducts or transmits heat or electricity, especially
when regarded in terms of its capacity to do this;

4) place or fix (equipment or machinery) in position ready for use;

5) a country's collective means of supporting itself or becoming wealthier, as
represented by its reserves of minerals, land, and other natural assets;

6) the process of changing or causing something to change from one form to
another;

7) the chemical element of atomic number 14, a non-metal with
semiconducting properties, used in making electronic circuits. It exists in a

shiny dark grey crystalline form and as an amorphous powder;

18



8) a stable subatomic particle with a charge of negative electricity, found in all
atoms and acting as the primary carrier of electricity in solids;

9) a container consisting of one or more cells, in which chemical energy is
converted into electricity and used as a source of power;

10) produce (energy, especially electricity);

11) power system of the country;

12) a unit in a device for converting chemical or solar energy into
electricity;

13) a stock or amount of something supplied or available for use.

3. Build words with the same root:

Verb

Noun

Adjective

to power

power

powerful

to conduct

to absorb

to store

to produce

to improve

to scale

to collect

to generate

to convert

to renew

to encase

to develop

4. Match parts of word combinations and use them in the sentences of your

own.
1. solar a) power
2. sun’s b) electrons
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3. afast-growing c) cell

4. to require d) solar energy

5. silicon e) grid

6. to install f) market

7. electricity g) rays

8. to excite h) investment

9. to capture 1) on houses
10.photovoltaic J) semiconductors

5. Fill the gaps with appropriate prepositions.
1. Solar power has experienced a boom 2002. 2. The most common means

capturing solar energy is the photovoltaic (PV) cell. 3. These cells are

made silicon semiconductors that absorb sunlight and channel it. 4. These
panels can be connected a battery local usage and storage. 5.
Partially because the poor efficiency, partially because the

unpredictability  weather conditions storage is a particularly important element
of solar energy production. 6. Battery technology must also continue
improve.

6. Fill the gaps with appropriate words.

atoms semiconductor photovoltaic generate spacecraft electrons

Many people are familiar with so-called cells, or solar panels, found
on things like , rooftops, and handheld calculators. The cells are made
of materials like those found in computer chips. When sunlight hits
the cells, it knocks loose from their . As the electrons flow
through the cell, they electricity.
steam nuclear plants coal concentrate

Solar power use various techniques to the sun's energy as
a heat source. The heat is then used to boil water to drive a turbine
that generates electricity in much the same fashion as and

power plants.

storage inexhaustible collect expensive
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Solar energy is an fuel source that is pollution and often noise free.
But solar energy doesn't work at night without a device such as a
battery, and cloudy weather can make the technology unreliable during the day.
Solar technologies are also very and require a lot of land area to
the sun's energy at rates useful to lots of people.
IVV. Grammatical Tasks
1. The text contains several examples of the Present Perfect Tense:
e.g. Solar power has experienced a boom since 2002.
Find the other examples and make the sentences negative and interrogative.
2. Open the brackets putting the verbs in the Present Perfect Tense.
e [ don’t know what a solar panel is. I never (read) about it before.
e Where is that chip? — She just (take) it.
e |s he a good engineer? — Oh, yes! He (help) me a lot with the installation of
PV cells.
e | know the storage technology perfectly well. I (write) a doctoral thesis
about it.
e You (hear) of solar energy scalability? — | recently (study) this point.
e Mr Simons (not install) a solar panel on the rooftop yet.
e The sunlight already (excite) the electrons contained in the chips to rapid
motion.
e Germany (become) a world leader in grid-connected PV power.
e There always (be) two main problems of solar energy development:
efficiency and storage technology.
e This remotely located community (save) much needed resources and money
after the installation of solar panels.
3. Make questions in the Present Perfect Tense.
to install/ solar panels
to be/ problem/ efficiency

to generate/ electricity
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be under development/ semiconductors

to excite electrons/ sunlight

to encase/ in glass

to make efficient/ new materials

to harness/ sun's energy

to reach/ solar cells/ 40 percent/ efficiency rate

to connect/ a battery/ panels

4.
1.

9.

Translate the following sentences using the Present Perfect Tense:

C 2002 roma comHe4HAs SJHEPTETHKA MTEPSKUBACT PACIIBET.

. OTa cTpaHa y»X€ JaBHO HCIIOJIb3YET SHEPIHIO COJHIA IS pPa3HOOOpa3HBIX

LETIEH.

@DoTOorajibBAHUYECKUN BJIEMEHT YK€ JaBHO CTajl OOBIYHBIM CIOCOOOM
YTUJIA3ALUU COJTHEYHOM SHEPTHUH.

ConHeuHbI CBET TpUBEI DJIEKTPOHBI B JIBIDKEHHE, U  Oarapes
CT€HEPUPOBAJIA DIIEKTPUIECTBO.

Wuxenepsl yxe MOAKIIOYNIN COTHEUHbIE TTaHEeIn K 0atapee it MECTHOTO
WCMOJIb30BaHWs U HAKOTJICHUS.

OHU TOJBKO YTO MOAKIIOYMIM COJIHEUHBIC TTaHETU K OOJIbIIEeH CHUCTEME IS
paccpenoTOYCHUS AIIEKTPUYECTBA B IPYTUE MECTA.

HenaBHO mpoM301UIM MHHOBAIMOHHBIE MPOPBIBBI, B KOTOPBIX HEKOTOPHIC
CoOJIHEYHBIE A1eMeHThI focTturanu 40% sddexTuBHOCTH.

I'epmanus, Ucnanus, Anonus, CIIA u Utanus ctanu MUPOBBIMU JIUAECPAMU
B COJIHEYHOM DHEPIETHKE.

3a mocnexnue 15 net moTpebieHne CoTHEYHON YHEPTUU BhIpociio Ha 20%.

V. Discussion

1. Answer the following questions.

When did solar energy become popular?

What is a photovoltaic cell? What is its construction?

What is a solar panel?

Which countries are leaders in photovoltaic power?
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What are the two main problems of solar energy?
What are benefits and drawbacks of solar energy technology?

2. Comment on the organization of PV cells.
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Lecture 3. Wind Power
l. Text

Wind has been harnessed to produce energy for hundreds of years. Windmills
were used to catch air currents and translate that force into mechanical energy
centuries ago. Today wind power is the second fastest growing energy source in
the world. In 2011, 50 countries installed wind power capacity. The top five global
producers of wind energy in 2011 were China, the United States, Germany,
Spain, and India.

These days, wind power is used to produce electricity using turbines. Most of
these turbines are oriented on a horizontal axis (HAWT) that have the main rotor
shaft and electrical generator at the top of a tower, and must be pointed into the
wind. Small turbines are pointed by a simple wind vane, while large turbines
generally use a wind sensor coupled with a servo motor. Most have a gearbox,
which turns the slow rotation of the blades into a quicker rotation that is more
suitable to drive an electrical generator.

Turbines used in wind farms for commercial production of electric power are
usually three-bladed and pointed into the wind by computer-controlled motors.
These have high tip speeds of over 320 km/h, high efficiency, and low torque
ripple, which contribute to good reliability. The blades range in length from 20 to
40 metres or more. The blades rotate at 10 to 22 revolutions per minute.

Wind turbines built around a vertical axis (VAWT) have the main rotor shaft
arranged vertically. With a vertical axis, the generator and gearbox can be placed
near the ground, using a direct drive from the rotor assembly to the ground-based
gearbox, hence improving accessibility for maintenance. When a turbine is
mounted on a rooftop, the building generally redirects wind over the roof and this
can double the wind speed at the turbine.

Key advantages of this arrangement are that the turbine does not need to be
pointed into the wind to be effective. The key disadvantages include the low
rotational speed with the higher torque and higher cost of the drive train, the lower

power coefficient, the highly dynamic loading on the blade, etc.
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Wind power generation facilities are generally land-based, though the number
of offshore facilities has been rising in recent years, especially in Europe. Locating
wind turbines offshore is more expensive, but it also allows for the construction of
larger facilities and increases their capacity to generate power. Moreover, many of
the best land locations are already occupied.

Despite its benefits, expanding wind power also has costs. The industrial
materials and processes needed to build wind farms require a lot of conventional
energy. However production costs for a turbine are recovered within six months of
the start of operations.

There is also the problem of intermittency and storage. Wind energy is only as
reliable as the wind itself. Wind farms require sophisticated methods of managing
and storing energy.

More serious concerns about wind power center on its aesthetics and
environmental/ecological impact. Some people consider wind turbines to be a form
of “visual pollution”.

Wind farms require far more territory than conventional power plants to
produce the same amount of energy. Especially in more remote areas, this footprint
can interfere with the local ecology, disrupting the habitats of both plants and
animals.

In addition, the action of the blades on a turbine poses serious safety risks to

birds, especially during the night.

I1. Vocabulary

Word Transcription Translation

accessibility [ok sesr'biloti] JTOCTYITHOCTh

to arrange [o'reinds] yCTpauBaTh, pacrojiarathb
arrangement [o'reindzmont] paccTaHOBKa, PACIIOIOKECHHE
assembly [o'sembl1] MOHTaX, cOOpKa

axis, pl. axes ['eeksis] [ horr'zont(o)l] | ochk (ropuzonTanbHasl,
(horizontal, vertical) | ['v3:tik(9)l] BEPTUKAJIbHAS)
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blade [bleid] JIOTIaCTh

capacity [ko'paesati] MOIIHOCTh, HATPy3Ka

to catch air currents | ['kar(a)nt] JIOBHTH ITOTOKH BO3yXa

conventional energy | [kan'ven(t)[(a)n(o)1] TpaaUIIHOHHAS SHEPTHUS

to couple with ['kapl] COEIMHATh, CLICILIATD, CBI3bIBAThH

direct drive [dr'rekt] npsiMas repeaada

to disrupt the [dis'rapt] ['hacbiteet] HapyIIaTh apeal

habitat

to double ['dabl] yJIBauBaTh(Cs)

to drive an electrical | [drarv] [1'lektrik(o)l] MIPUBOJISTH TEHEPATOP B JCHCTBHUE

generator ['dzen(a)rerto]

drive train [draiv] [trein] IIeMb TTPUBO/IA, KHHEMaTHIeCKast
1eTb

efficiency [1'fy(a)n(t)s1] 3¢ (HEKTUBHOCTH

environmental/

[1n varar(a)n'ment(ao)l]

AKOJIOTUYECKOE BO3JICHCTBHE,

ecological impact [ 1:ka'lodzik(a)1] BITUSTHUC
['tmpaekt]
to expand [1k'speend] pacuIMpsTh, YBEINIUBATS,

pa3BUBATH

facility (land-based;
offshore)

[fo'stlati] [laend] [berst]
[ of'[o:]

CpelcTBa 00CITyKUBaHUS,

o0opymoBaHuE, IPUCTIOCOOICHHUSI,

armaparypa

footprint ['futprint] clie]l, OTIEYaTOK

gearbox ['g1aboks] pPEIYyKTOD

to interfere with [ inta'fia] BMEIITUBATKLCS, MEIIATh,
IPEMATCTBOBATh

intermittency [ inta'mirtan(t)si] nepeMeKaeMoCTh

loading ['loudin] Harpyska

maintenance ['memnt(a)nan(t)s] TEXHUYECKOE 00CITY)KUBAHHE
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mechanical energy | [mi'kaenik(o)l] ['enads1] | Mexanuueckas sHeprus

to mount [maunt] yCTaHaBJIMBATh, MOHTHPOBATH
to point into [pornt] HAIPAaBJIATh, HABOJIUTh

power coefficient ['paua] [ kour'fif(a)nt] | ko3¢ duIMEeHT MOIITHOCTH

to range from...to | [reinds] K0JIe0aThCH C ... J10

to recover costs [ri'kava] MOKPBIBATH PACXOIbI, H3ICPKKH

to redirect [ ri:dr'rekt] IIepPEHAIPaBIIATh,
IICPEOPUCHTUPOBATH

reliability [r1 lata'bilati] HaJIEKHOCTD

reliable [rr'larabl] HaAEKHBIHI

remote area

[ri'mout] [‘eario]

OTHAJIEHHASI MECTHOCTDH

revolution [ rev(a)'Tu:f(a)n] 000poT

ripple ['ripl] MyJIbCAITNH, KOJICOaHUs
(HEOOIBIION aAMITITUTY/IbI)

to rotate [rau'tert] BpallaTbecs

rotation [ra'terf(a)n] BpalleHue

rotational speed

[ra'terf(a)n(o)1] [spi:d]

CKOPOCTb BpalllICHUA

sensor ['sensa(r)] CCHCOP, aTYUK

servo motor ['s3:vau] ['mauts] CCPBOITPHBO/T

shaft [fa:ft] BaJl

tip speed [tip] [spi:d] OKpY>KHasi CKOPOCTb

to translate... into [treenz'lett] npeoOpa3oBbIBAThH

to turn ...into [t3:n] peBpamaTh

torque [to:k] Bpallalonuii MOMCHT
tower ['taus] BBIIIIKA

turbine ['t3:bain] TypOWHa

vane [vern] JIOMACTh, KPBLJIO, JIOMAaTKa
visual pollution ['vizual] [pa'Tu:f(o)n] BU3YaJIbHOE 3arpsS3HCHUC
wind farm ['win(d)fa:m] BETPOBAs AJICKTPOCTAHIINS
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windmill

['win(d)mil] BETPSIK, BETPOYCTAaHOBKA

I11. Lexical Tasks

1. Find 8 words across and 9 words down in the table.

RIO[T[A[T I [O[N]P [M
| IT|O[R|Q|UJE [C A
PIGIM|[O[UIN]|T [A|L]I
PIEIA|[T|T|A|KI|P L[N
LIAX|o[s I [D[AJU]T
E[R|I |[R|X|[R|[O[C|T|E
VIB[S[HIAF [T |1 [I [N
AlO|[s|[P|E|E [D|T|OA
N|[X[B|L|A[D|E]|[Y[N]|N
E[LIO|/A|D]|I [N|[G]|F]C
W/l [N|[D[M[I [L|L |K]E

2. Match notions with their definitions.

axis, blade, coefficient, torque, rotor, wind farm, speed, gearbox

? the flat, wide section of an implement or device such as an
oar or a propeller

? a force that tends to cause rotation

? a place where windmills are used to convert the power of the
wind into electricity.

? the armature of an electric motor

? a set of gears with its casing, especially in a motor vehicle;
the transmission

? the rate at which someone or something moves or operates or
is able to move or operate

? an imaginary line about which a body rotates

2

a multiplier or factor that measures a particular property
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3. Match parts of word combinations:

1. energy a) arooftop

2. conventional b) turbines

3. torequire ¢) a horizontal axis

4. ecological d) loading

5. visual e) sophisticated methods

6. wind f) source

7. to orient on g) impact

8. torangein h) length

9. to mount on 1) pollution

10.power j) energy

11.dynamic K) coefficient

4. Put in appropriate prepositions.

e Windmills are used to catch air currents and translate that force
_____mechanical energy.

e Most of these turbines are oriented __a horizontal axis.

e Horizontal turbines must be pointed _ the wind.

e Large turbines generally use a wind sensor coupled __ a servo motor.

e The blades rotate 10 to 22 revolutions per minute.

e Thebladesrange _ length 20 40 metres.

e When a turbine is mounted__ a rooftop, the building generally redirects
wind over the roof and this can double the wind speed at the turbine.

e Locating wind turbines offshore allows __ the construction of larger
facilities. Production costs for a turbine are recovered __ six months of
the start of operations.

e Seriousconcerns ___ wind power center ____its environmental impact.

5. Fill the gaps with appropriate words.

kinetic machinery device pumping charger electricity
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A wind turbine is a that converts energy from the wind into
mechanical energy. If the mechanical energy is used to produce , the
device may be called a wind turbine or wind power plant. If the mechanical energy

Is used to drive , such as for grinding grain or water, the

device is called a windmill or wind pump. Similarly, it may be referred to as a
wind when used for charging batteries.

vertical shaft propellers electricity turbines blades
Most wind energy comes from that can be as tall as a 20-story building
and have three 200-foot-long (60-meter-long) . These contraptions look
like giant airplane on a stick. The wind spins the blades, which turn a

connected to a generator that produces . Other turbines work

the same way, but the turbine is on a axis and the blades look like a
giant egg beater.

development free pollution operational renewable
Wind is a clean source of energy that produces no air or water

And since the wind is : costs are nearly zero once a turbine

Is erected. Mass production and technology advances are making turbines cheaper,

and many governments spur wind-energy

6. Using a dictionary find synonyms of the following words.
to harness —
to produce —
to translate —
to install —
shaft —
motor —
rotation —
speed —
blade —
to drive —

7. Join words in one sentence.
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windmills technological wind turbines to install
mechanical energy | innovation energy capacity global producers
costs of

constructing

a vertical axis offshore facilities | land-based rotor shaft
to harvest winds expensive locations a turbine

to recover costs

IV. Grammatical Tasks
1. The text abounds in the passive voice forms. Find all the forms and comment
on their tense: Wind has been harnessed to produce energy for hundreds of
years. (Present Perfect)
2. Open the brackets using the Passive Voice forms.

Wind turbines (design) to exploit the wind energy that exists at a location.
Aerodynamic modelling (use) to determine the optimum tower height, control
systems, number of blades and blade shape. Conventional horizontal axis turbines
(can divide) into three components: the rotor component; the generator component;
the structural support component.

The rotor (design) aerodynamically to capture the maximum surface area of
wind in order to spin ergonomically. The gear box (situate) directly between the
rotor and the generator. A rotor rotates the generator (which (protect) by a nacelle),
as directed by the tailvane.

Vertical-axis wind turbines are a type of wind turbine where the main rotor
shaft (set) vertically and the main components (locate) at the base of the turbine.
Among the advantages of this arrangement are that generators and gearboxes (can
place) close to the ground, VAWTSs (can install) on roofs, along highways, in
parking lots and (can scale) more easily — from milliwatts to megawatts.

3. Change the following sentences from Active — Passive.

e.g. Wind turbines convert the kinetic energy in the wind into mechanical power.

— The kinetic energy in the wind is converted into mechanical power.
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1. People can use mechanical power for specific tasks.

2. Since recorded history people have used wind power to move ships, grind

grain and pump water.

3. The United States erected millions of windmills as the American West was

developed during the late 19" century.

4. And while today, one associates windmills with the Netherlands where
people use them for pumping water, it is in Denmark that wind is an

effective source of energy.

5. In Chennai at the Centre for Wind Energy Technology, scientists do the

research to check out various wind sites where they can tap wind energy.

6. The engineers also check wind turbines of various sizes.

7. The government says they will build windmills along the coast over the next

two years.

8. As wind power becomes more popular, they will cover hills in Spain with

windmills.

9. There are places in the world where wind power provides nearly all of the

electric power used.

10.Sometimes a wind turbine will make no power at all.

4. Translate the following sentences into English paying attention to the

Passive Voice forms.
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3Heprm{ BC€Tpa HCIHOJB3YCTCA YCIOBCUCCTBOM C JIaBHHX II0P. BeTpHHBIe
MEJIBHULBI Ui NepepadOTKU 3epHa ObUIM pa3paboTaHbl €nl€é B CPEIHEBEKOBBE.
C‘II/ITaGTC}I, 4TO IICPBBIC BCTPAHBIC MCIIBHHUIIBI ObLIN IMTOCTPOCHEI B CI/ICTaHe, race-Tto
MCKAY COBPCMCHHBIM I/IpaHOM nu A(l)raHI/ICTaHOM, MCIKAY IACBATHIM U CCIAbMBIM
CTOJIETUAMU 0 H.D. U HCIHOJbB30BAJUCH KaK MCIJIIBHUIBI U HACOCHI JIA BOJBI. B
MMOCJICAHUC TOJAbl OJHCPIusA BCTPaA BCcE mupe HOPUMCHACTCA I IIOJIYUYCHHUA
anexkTpodHeprun.  Co3maroTcs  BETPSKM € BBICOKOW — MOIIHOCTBIO U
YCTAHABJIUBAIOTCA HAa MCCTHOCTH, I'’IC AYIOT 9YaCThIC U CUJIbHBIC BCTPaA.

B VYkpaune, Hanpumep, AEHUCTBYIOT CE€Mb BETPOBBIX 3JIEKTPOCTAHIIUMH,
OCHAIIEHHBIX COOCTBEHHBIMU BeTpoycTaHOBKamH. Cpeaum  pa3HOOOpa3HbIX
YCTAaHOBOK, KOTOPEIC Hp606paSOBI>IBaIOT OHCPIrUuro BC€Tpa B MCXaHUYCCKYIO pa60Ty,
B OOJIBIIIMHCTBE ClIydacB HPUMCHAIOTCA JIOIIACTHBIC MAIMHBI C TOPHU30HTAJIbHBIM
BaJIOM, YCTAHOBJICHHBIM IIO HAIIPABJICHHUIO BCTpA. Hamuoro PECIKC HCIIOJIB3VIOTCA
YCTAaHOBKH B BCPTHUKAJIIbHBIM BaJIOM.

Berporeneratopel MOXHO YCJIOBHO pAa3leUTh Ha JBE KaTECrOpHM:
IIPOMBINIJICHHBIC U OOMAIIITHUC (I[.]'IH HaCTHOTI'O I/ICHOJIB30B3HH$I). HpOMI)IIHJ'IeHHI)Ie
YyCTAHABJIMBAIOTCA rocyaiapCTBCHHBIMHA OopraHaMu nim OOJIBIIINMHU
OQHCPICTHYCCKUMHN KOMIIaHUAMH. Kaxk IIpaBHIIO, UX 06LGZ!I/IH$IIOT B CCTh.

V. Discussion.

1. Say if the statement is TRUE or FALSE and correct the FALSE ones.

e The windmills catch air currents and translate that force into chemical
energy.

e Today wind power is the slowest growing energy source in the world.

e The top five global producers of wind energy in 2010 were China, the
United States, Germany, Spain, and India.

e Wind power generation facilities are generally offshore.

e Many of the best land locations are already occupied.

e Wind energy is the most reliable energy source.

2. Summarize each paragraph with one sentence and retell the text according

to your summary.
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3. Skip through the text and fill in the chart. Suggest your own ideas as for the

solution of the emerging problems in the sphere of wind power.

Wind power

Advantages: Drawbacks: Solutions:

4. Comment on the construction of horizontal and vertical axis wind turbines

and on the mechanism of energy conversion.

How Wind Power Works Vertical-axis Turbine

Upper hub

Rotar Blade

Lower hiub

Genarator

Gearbox
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How Wind Power Works Horizi|ntal-axis Turbine

Rotor Blade

Tower

Macelle
N

Hub

Low-speed High-speed
Shaft Shaft

Raotor Hub Gearbox

| R |
Jg Transformer

Brake Brake  Generator

N

Fotor
Ciarreter

Horizontal Axis _ Vertical Axis
Wind Turbine Configurations



Lecture 4. Hydropower
l. Text

Hydropower (from hydro, meaning water) is energy that comes from the force
of moving water. The fall and movement of water is part of a continuous natural
cycle called the water cycle. Energy from the sun evaporates water in the Earth’s
oceans and rivers and draws it upward as water vapor. When the water vapor
reaches the cooler air in the atmosphere, it condenses and forms clouds. The
moisture eventually falls to the Earth as rain or snow, replenishing the water in the
oceans and rivers. Gravity drives the water, moving it from high ground to low
ground. The force of moving water can be extremely powerful.

A typical hydro plant is a system with three parts: an electric plant where the
electricity is produced; a dam that can be opened or closed to control water flow;
and a reservoir where water can be stored. The water behind the dam flows through
an intake and pushes against blades in a turbine, causing them to turn. The turbine
spins a generator to produce electricity.

The amount of electricity that can be generated is determined by two factors:
head (the distance from the highest level of the dammed water to the point where it
goes through the power-producing turbine) and flow (how much water moves
through the system). Generally, a high-head plant needs less water flow than a low-
head plant to produce the same amount of electricity which is then transported over
long-distance electric lines to homes, factories, and businesses.

Hydroelectric power stations from over a few hundred megawatts to more
than 10 GW are generally considered large hydroelectric facilities e.g. Three
Gorges Dam in China. Small hydro is the development of hydroelectric power on a
scale serving a small community or industrial plant with a generating capacity of
up to 10 megawatts (MW). Micro hydro is a term used for hydroelectric power
installations that typically produce up to 100 KW of power. These installations can
provide power to an isolated home or small community, or are sometimes

connected to electric power networks. Pico hydro is a term used for hydroelectric
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power generation of under 5 KW to power, for example, one or two fluorescent
light bulbs and a TV or radio for a few homes.

Hydropower is the cheapest way to generate electricity today. No other
energy source, renewable or nonrenewable, can match it. Once a dam has been
built and the equipment installed, the energy source—flowing water—is free.
Hydro plants are about 90 percent efficient at converting the kinetic energy of the
moving water into electricity. It's a clean fuel source that is renewable yearly by
snow and rainfall. Furthermore, hydro plants do not emit pollutants into the air
because they burn no fuel. Hydropower is also readily available; engineers can
control the flow of water through the turbines to produce electricity on demand. In
addition, reservoirs may offer recreational opportunities, such as swimming and
boating.

But damming rivers may destroy or disrupt wildlife and other natural
resources. This may permanently alter river systems and wildlife habitats. Fish
may be prevented from swimming upstream. Hydro plant operations may also
affect water quality by churning up dissolved metals that may have been deposited
by industry long ago. Hydropower operations may increase silting, change water

temperatures, and lower the levels of dissolved oxygen.

I1. Vocabulary

Word Transcription Translation

to affect water quality [o'fekt] ['wo:ta] BJIMSTH Ha KA4ECTBO BOJIBI
['kwolati]

to alter river systems ['a:1ta] ['riva] ['siStomz] | u3MeHATh CUCTEMBI peK

available [o'verlabl] JTOCTYITHBIN

to burn fuel [b3:n] [fju:al] COKUTATh TOILJIMBO

capacity [ka'paesati] MOIIHOCTb

to churn [t3:n] NEPEMEIINBATD, BCTPAXUBATH

to condense [kan'den(t)s] KOHICHCHPOBATh

to connect to electric [ka'nekt] ['netws k] MOJIKJTFOYATh K
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power network

SHCKTqueCKOﬁ CE€TH

dam [deem] Jamoba

demand [di'ma:nd] TpeOOBaHUE, CIIPOC

to destroy, disrupt [di'stro1] [dis'rapt] paspyliaTh, HapylaTh JUKYIO
wildlife ['warldlarf] IPUPOAY

to determine [di't3:min] 00yCIIaBIMBaTh, OIPEACIIAThH
to dissolve metals, [di'zolv] ['met(a)lZ] pacTBOPSATH METAJLIbI,

oxygen ['oksidzon] KHCIIOPOJT

distance ['dist(a)n(t)s] paccTosiHue

to emit pollutants

[1'mit] [pa'Tu:t(a)nt]

BBIACIIATD 3aIpA3HATONINC

arC¢HTbI

to evaporate

[1'vaep(a)rert]

ucrnapsaTh(cs)

fluorescent light bulb

[flo:'res(o)nt] [lart]
[balb]

(baroopeciieHTHAs JanMa

gravity ['greeviti] CHUJIa TSHKECTH, TATOTCHUE
head [hed] HaITop, BBICOTA HaIopa
high-head (low-head) [har] [lau] [hed] BBICOKOHATIOpHAS

plant [pla:nt] (HM3KOHAIOPHAs) CTAHITUS

hydropower

['hardrau] ['paus]

TUAPOIHEPTUS

to increase silting

[n'kri:s] [siltig]

YCUJIMBATDH 3aUJINBAHNC

to install equipment [1n'sto:1] [I'kwipmont] | ycranaBiauBaTh
obopymoBaHue

installation [ nsta'lerf(o)n] YCTaHOBKA, YCTPOMCTBO

intake ['inteik] BITYCKHOE YCTPOHCTBO

Kinetic energy

[kr'netik] ['enadsi]

KHHCTHUYCCKAA SHCPI'UA

to lower ['lous] TIOHUXKATh
moisture ['moistfs] BJIara

natural cycle ['nae(a)r(a)1] ['saikl] TPUPOAHBIN UK
(non) renewable [ri'nju:abl] BO300HOBJISICMBIH
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to replenish [ri'pleni(] HIOTIOJTHATh
reservoir ['rezovwa:] pe3epByap
scale [skeil] IIKaJIa

to serve a community

[s3:v] [ke'mju:nati]

00CITy>KUBaTh COOOIIECTBO,

ITOCCICHUC

to spin

[spin]

Bpamath(csi), KPYTUTH(CS)

to transport over electric

lines

[treen'spo:t] ['auva]
[r'lektrik] [lainz]

nepcaaBarTs 110 JIMHUAM

QJICKTpoOIcpcaad

to turn blades

[t3:n] [bleidz]

BpaliaThb JOIIaCTH

vapour ['verps] nap, uCriapeHus

water cycle ['sarkl] KPYTOBOPOT BOJIBI
water flow [flau] ITOTOK BOJIBI

wildlife habitat ['heebrtaet] JUKas cpeqia OOUTaHUs

I11. Lexical Tasks

1. Noughts and Crosses. Students are divided into two teams that take turns

giving the definitions to the words in a 3 %3 grid. The team who succeeds in

defining three respective notions in a horizontal, vertical, or diagonal row

wins the game.

EVAPORATE | ELECTRIC | CONDENSE
LINE
INTAKE DAM TURBINE
BLADE RESERVOIR | GRAVITY

2. Find the odd one out and explain your choice, providing its definition.
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e.g. to spin; to stop; to turn; to rotate. Stop is an odd word since it denotes to break
an action while the rest of the verbs mean to move in a circle round an axis or
centre.

a) to extract; to renew; to replenish; to restore

b) wildlife; nature; habitat; power plant

c) energy; power; dam; force

d) to affect; to dissolve; to influence; to impact

e) flow; stream; torrent; vapor

f) to absorb; to emit; to give off; to release

g) to alter; to change; to stabilize; to reform

h) to remove; to equip; to mount; to install

1) to lower; to decrease; to reduce; to rise

J) to serve; to demand; to provide; to supply

3. Match prefixes and suffixes with the roots to build words.

-ion (2); -ing; -able; -ful; -ment; re-; -ous; in-;-ure

move; continue; moist; power; take; generate; new; operate; silt

4. The text includes words which can be united into several groups. Distribute

the words under the following headings.

General scientific Energy Water
vocabulary
cycle, system... hydropower, energy... water; ocean...

5. Complete the sentences with the correct options a-c.
1. Hydropower is the most widely used form of energy.
a) chemical; b) renewable; c) conventional

2. Hydropower accounts for 16 percent of global electricity

a) generation b) consumption c) usage
3. Hydro is also a flexible source of electricity since plants can be ramped up

and down very quickly to adapt to changing energy

a) supplies b) dependency c) demands
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4. Once a hydroelectric complex is constructed, the project produces no
direct

a) garbage b) waste c) litter

5. Hydropower plant has a considerably lower output level of the
gas carbon dioxide (CO,) than fossil fuel powered energy plants.

a) greenhouse b) stove c) polluting

6. created by hydroelectric schemes often provide facilities for

water sports, and become tourist attractions themselves.
a) reservoirs b) places c) views
7. The dam places an artificial obstruction in a flowing waterway to create the

pressure that turns a

a) valve b) engine c¢) turbine
8. Today there are 556 hydropower plants in Switzerland that each have

a of at least 300 kilowatts.

a) frequency b) capacity c) voltage

9. Turbines and generators the energy into electricity, which is

then fed into the electrical grid to be used in homes, businesses, and by
industry.
a) reorganize b) adapt c) convert

6. Put in appropriate prepositions and use these phrases in the sentences of

your own.

the force _ moving water

tofall ___ the Earth as rain or snow

to move water _ high ground ___ low ground

to be determined __ two factors

to transport _ long-distance electric lines

____ascale

a generating capacity of 10 megawatts (MW)

to be efficient __ converting the kinetic energy of the moving water
electricity
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to emit pollutants ___ the air
to produce electricity _ demand
7. Translate into English.

['maposniekTpocTaHss —  JJEKTPOCTAHLUS, KOTOpas NOpU  HOMOIIU
TUAPOTYPOUHBI  MPEeoOpPa3OBBIBAET  KUHETHUECKYI0  JHEPTHI0  BOJBI B
AIEKTPOIHEPTHUIO.

[Tpunuun pabdorsl I'DC pocratouHo mnpocT. Llenmb THAPOTEXHUYECKHX
YCTAaHOBOK 0O€CIeYynBaeT HEOOXOAMMBIM HAMOp BOJAbI, KOTOPBIM MOCTyHaeT Ha
JIOMacTU TUAPOTYPOMHBI, KOTOpasi MTPUBOAUT B JICUCTBUE TE€HEPATOPHI,
BbIPA0ATHIBAIOIIHNE DJICKTPOIHEPTHUIO.

['DC penstcs B 3aBUCUMOCTH OT MOIIIHOCTH HA:

MOIIHBIE — BbIpabaThiBatoT oT 25 MBT 1o 250 MBT u BhIIIIE;

cpennue - 10 25 MBT;

MaJIble TUIPOAJIEKTPOCTAHIUH - 10 5 MBT.

Momnocts ['C 3aBucut oT Hanopa Bojbl, a Takxke ot KII/[ ncrnone3zyemoro
reHeparopa. M3-3a TOro, 4ro mo 3akoHam IPUPOABI YPOBEHb BOJbI MOCTOSHHO
M3MEHSETCS, B 3aBUCMMOCTH OT CE€30HA W M3-3a PAlla IPYTUX NPUYUH, B KAUECTBE
BbIpakeHust MoitHOCTH ['DC puHITO OpaTh MUKINYECKYHO MOIIIHOCTb.

['DC Takxke nensiTcs B 3aBUCUMOCTH OT MAaKCHMAJIbHOTO HCIHOJIb30BAHUS
HAropa BOJbI:

BBICOKOHAIMOPHBIE - CBbIIIE 60 M;

CpPEOHEHANOPHBIE - OT 25 M;

HU3KOHAIIOPHBIE - OT 3 10 25 M.

[Hennocts I'DC cocTOHUT B TOM, UTO ISl BRIPAOOTKH DJIEKTPUUECKOU IHEPTUHU
OHM MCIOJIB3YIOT BO30OHOBIISIEMbIE HCTOYHUKH YHEPTUH.

IV. Grammatical Tasks
1. The text abounds in the examples of participial usage: both single
participles and participial phrases. Fill the following table with the

examples from the text.
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Participle I (Present)/ phrase Participle Il (Past)/ phrase

hydro, meaning water (phr.) cycle, called the water cycle (phr.)...
moving water

the moisture falls to the Earth,

replenishing the water in the oceans and
rivers (phr.)...

2. Choose the correct form of the participle and translate the text.

Hydropower is considered/ considering the “granddaddy of green energy”

because of its long and distinguishing/ distinguished history. Hydropower’s most

common incarnation is the dam, which places an artificial obstruction in a flowing/
flowed waterway to create the pressure that turns a turbine.

The first dam designed/ designing to produce electricity was built in Cragside,

England in 1878. The United States soon followed suit, eventually experienced/

experiencing a boom in dam construction in the 1930s and 1940s that produced the

famous Hoover and Grand Coulee dams.
The Three Gorges Dam in China will be the largest dam in the world, about
five times the size of the Hoover Dam. However, protesters object to the fact that

more than one million people in the surrounding/ surrounded environs have been

displacing/ displaced and many more adversely affecting/ affected by flooding

further up the Yangtze River directly caused/ causing by the changing water flows.

3. Translate the following sentences paying special attention to the use of
participles and participial phrases.

1. T'unposnerpetuka (OT THAPO, YTO 3HAYUT «BOAA») — OTO HHEPIruf,
IMpoucxoaiaiaasa OT CHUJIbI I[BH)KyIHefICH BOAHbI.

2. Bopna 3a mam0oii ABMKETCS Yepe3 BITYCKHOE OTBEPCTHE U TOJKAET JIOMACTU
TypOUWHBI, MPUBOJS €€ B ABUKEHUE.

3. Mukporuipo — TEpPMHUH, HCIOJB3YIOIINICS I THUAPOIICKTPHUUESCKUX
coopy>keHui, 00br4Ho reHepupyroniux 10 100 KB suepruu.

4. KonnuecTBO TreHEepUpyeMOil SHepruu omnpenensercss IByMs (aKTopaMu:

HaIlOpOM H IIOTOKOM.
43




5. I'maponnekTpocTanumn cpeaHen MOIIHOCTHU 00ecrneurBaoT
AIEKTPOIHEPTHUEH M30JMPOBAHHbBIC 37aHUS WIM MaJEHbKHE COOOIIecTBa U
MOI'yT OBITH HO,ZIKJ'IIOLIéHHBIMI/I K JIMHUAM JJICKTpOIICpcaay.

6. BBIHaI[eHI/Ie U JIBHMIKXCHHUC BO/Jbl C€CTh 4YaCTbKO IMOCTOAHHOI'O IIPUPOAHOTO
OHuKIJIa, KOTOpI:IfI Ha3bIBACTCA KPYT'OBOPOTOM BOIBI.

7. Bnara BBIIIAJAaCT HA 3CMJIIO B BHUAC CHCTA HIIM OOXKIA, IIOIIOJHAA BOAY B
OKCaHax M PCKax.

4. Complete the text about Pumped-storage Hydropower Stations with
Participle | or Participle II.

Pumped-storage hydroelectricity (PSH) is a type of hydroelectric power
generation (use) by some power plants for load balancing. The method stores
energy in the form of potential energy of water, (pump) from a lower elevation
reservoir to a higher elevation. During periods of high electrical demand, the
(store) water is released through turbines to produce electric power.

At times of low electrical demand, excess generation capacity is used to pump
water into the higher reservoir. When there is higher demand, water is released
back into the lower reservoir through a turbine, (generate) electricity.

(Take) into account evaporation losses from the (expose) water surface and
conversion losses, approximately 70% to 85% of the electrical energy (use) to
pump the water into the (elevate) reservoir can be regained. The technique is
currently the most cost-effective means of storing large amounts of electrical
energy on an (operate) basis, but capital costs and the presence of appropriate
geography are critical decision factors.

The relatively low energy density of pumped storage systems requires either a
very large body of water or a large variation in height. The only way to store a
significant amount of energy is by having a large body of water (locate) on a hill
relatively near, but as high as possible above, a second body of water. In some
places this occurs naturally, in others one or both bodies of water have been man-
(make).

V. Discussion
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1. Consider the following subheadings and match them to the corresponding

paragraphs.
- advantages of hydropower stations;
- generating capacity;
- natural water cycle; 1
- drawbacks of damming rivers;

- hydro installations;

- factors determining electricity generation;

2. Using the pictures below comment on the following aspects of hydropower:

1) The water cycle

2) Hydropower plant operation
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3. Students are divided into two groups and act out a discussion. The first

group concentrates on the advantages of hydropower; the second one

focuses on its drawbacks.
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Lecture 5. Biofuel and Ethanol
l. Text

Biofuels come from recently living organisms as opposed to fossil fuels that
are made from decomposed plants and animals that have been buried in the ground
for millions of years. Biofuels can be manufactured from animals or their
byproducts, but are usually made from plant matter. The highest profile biofuel in
discussions about both globalization and the environment is ethanol.

Ethanol is another name for ethyl alcohol, a chemical compound produced
from a wide variety of feedstocks including corn, sugar, and cellulosic materials
such as switchgrass, straw, and plant waste. To produce ethanol, enzymes are first
added to the feedstock to isolate the valuable sugars. This mixture is then
combined with yeast, which causes the sugars to ferment and create a substance
containing alcohol. This substance is distilled to raise the alcohol content to the 85-
95 percent range.

Ethanol is by no means a recent discovery. At the start of the 20th century,
Henry Ford planned to fuel his Model Ts with ethanol, and early diesel engines
were shown to run on peanut oil. He also predicted that ‘ethyl alcohol is the fuel of
the future.” Rarely used on its own, ethanol typically serves as a fuel additive to
gasoline. Combining ethanol with traditional fuels optimizes engine performance
and enables fuel to burn cleaner, thus decreasing emissions of carbon monoxide
and ozone. Ethanol can be mixed with gasoline to any percentage. Most existing
car petrol engines can run on blends of up to 15% bioethanol with
petroleum/gasoline. Ethanol has a smaller energy density than that of gasoline; this
means it takes more fuel (volume and mass) to produce the same amount of work.
An advantage of ethanol (CH3CH,OH) is that it has a higher octane rating than
ethanol-free gasoline available at roadside gas stations, which allows an increase of
an engine's compression ratio for increased thermal efficiency.

Countries around the world are using various kinds of biofuels. For decades,

Brazil has turned sugarcane into ethanol, and some cars there can run on pure
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ethanol rather than as additive to fossil fuels. And biodiesel—a diesel-like fuel
commonly made from palm oil—is generally available in Europe.

On the face of it, biofuels look like a great solution. Cars are a major source of
atmospheric carbon dioxide, the main greenhouse gas that causes global warming.
But since plants absorb carbon dioxide as they grow, crops grown for biofuels
should suck up about as much carbon dioxide as comes out of the tailpipes of cars
that burn these fuels. And unlike underground oil reserves, biofuels are a
renewable resource since we can always grow more crops to turn into fuel.

However, there are several factors that make ethanol’s continued expansion
problematic. The process of growing the crops, making fertilizers and pesticides,
and processing the plants into fuel consumes a lot of energy. Also, because much
of the energy used in production comes from coal and natural gas, biofuels don't
replace as much oil as they use. Globally, powering all the world’s vehicles with
biofuels would mean doubling the amount of land devoted to farming. Another
problem is high transportation cost. Ethanol corrodes the pipelines used to carry it
and is therefore often diluted by water when traveling long distances. While it can
be hauled by trucks, trains, or barges, cost dictates that it is mostly refined and
consumed close to the main feedstock suppliers.

For the future, many think a better way of making biofuels will be from grasses
and saplings, which contain more cellulose. Cellulose is the tough material that
makes up plants' cell walls, and most of the weight of a plant is cellulose. If
cellulose can be turned into biofuel, it could be more efficient than current

biofuels, and emit less carbon dioxide.

I1. Vocabulary
Word Transcription Translation
additive ['eedativ] no0OaBiieHHE, J0OaBKa

alcohol content ['eelkahol] ['kontent] | comeprkanue ankoross

biofuel [ barou'fju:al] OMOTOILIMBO

blend [blend] CMECh
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to bury ['ber1] 3aKarnblBaTh, XOPOHUTh, 3aPbIBAThH
cell [sel] KJIeTka (O1oJL.)
cellulose ['seljulous] LEJUTI0I03a, KiIeTYaTKa
chemical ['kemik(a)l] XHUMHUYECKOE COCAMHECHHE
compound ['kompaund]
to combine [kam'bain] 00BbEIUHATH, KOMIIOHOBATH, COEUHSTE
compression ratio | [kam'pref(a)n] KOA(hPUIIUEHT CIKATHUS
['rerftou]
to consume [kon'sju:m] noTpeOIATh, pacX010BaTh
to contain [kan'tein] COJIEPKaTh, BMEIIATh
corn [ko:n] 3€pHO, MIIICHUIIA
to corrode [ka'roud] pKaBeTh, KOPPOIUPOBATH
crops [krops] TIOCEBBI

to decompose

[ di:kam'pauz]

pas3iararbCia, THUTb

to decrease [dr'kri:s] YMEHBIIIATh

diesel engine ['di:z(o)l] ['endsin] | Au3enbHBIN ABUTATEb

to dilute [dar'Tu:t] pa3XKIKarTh, pa30aBIsATh
discovery [di'skav(a)ri] OTKPBITHE

to distill [dr'stil] JTUCTHIINPOBATh, OYHIIATh
energy density ['enadsi] ['den(t)siti] | mioTHOCTH SHEpTHM
enzyme [‘enzaim] 9H3UM, PEPMEHT

ethanol, ethyl | ['eBanol] ['e01l] | aTanON, STHIIOBHIT CIUPT
alcohol ['eelkahol]

feedstock [“fi:dstok] CBIPBE

to ferment [fa'ment] BBI3bIBaTh OpOXKEHHE, OPOAUTD
fertilizer ['f3:trlarza] ynoOpeHue

to fuel [fju:al] 3aIpSBISATH TOIUTHBOM
gasoline ['gaes(o)lin] ra30JiuH, OCH3UH

grass [gra:s] TpaBa
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to include [in'klu:d] BKJIIOYATh B ce0s1, COJIEPIKATh
to isolate [‘arsalert] U30JIMPOBATh

to manufacture [maenju'faekts] MIPOU3BOJIUTH, U3TOTOBJISITh
matter ['maeto] BEIIECTBO, MaTEpUal
mixture ['miksys] CMECh, CMEIIMBAHUE
monoxide [ma'noksaid] OJTHOOKHCH

octane rating

['okten] ['rertin]

OKTaHOBOC YHCJIO

oil reserves [o1l] [r1'Z3:vZ] 3arachl, pe3epBbl HEPTH

to optimize ['optimaiz] ONTHMHU3HPOBATh

ozone ['auzaun] 030H

palm oil [pa:m] [o1l] MaJTbMOBOE MacCJIo

peanut oil ['pi:nat] [o1l] apaxucoBOE Maclio

performance [pa'fo:man(t)s] UCIIOJTHEHHE, BBITIOJTHEHHE, paboTa,
(bYHKIIMOHHPOBAHUE

pesticide ['pestisaid] MECTUIIU

petrol ['petr(a)l] OCH3MH, ra30JIMH, MOTOPHOE TOTUTHBO

pipeline ['parplain] TPYOOIIPOBO/T

plant waste [pla:nt] [werst] pacTUTEIbHBIC OTXOIbI

to power with

['paus]

MIPUBOJUTH B ICMCTBUE, JIBUKEHNUE;

smth IUTaTh

to process ['prauses] o0OpabaThIBaTh

pure [pjus] YHCTHIN, Oe3 mpuMecei

to refine [ri'fain] OYUIIATH, papUHUPOBATH

to replace [rr'plers] 3aMEHSTh, 3aMeIIaTh

to run on [ran] paboTtath Ha (TOTUIHBE)

sapling ['seepli] mo0Oer, 0OTBOJIOK

solution [sa'Tu:f(a)n] peleHue, paspeiieHue (mpooaeMb)
straw [stro:] cojiomMa

substance ['sabst(a)n(t)s] BEIIICCTBO
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sugar ['fugs] caxap

sugarcane ['fugs ken] caxapHbI TPOCTHHUK

supplier [sa'plaia] MOCTAaBIIHK

switchgrass ['switf gras] IPOCO

tailpipe ['terlparp] BcachIBaromias Tpyoa (Hacoca),
BBIXJIOITHASI TPyOa

thermal ['03:m(a)l] termnoBoi KIT/1

efficiency [1'fy(o)n(t)s1]

to turn smth into | [t3:n] npeBpalaTh B

smth

vehicle ['viakl] TPAHCIIOPTHOE CPEJICTBO

volume ['Volju:m] 00BEM

yeast [Ji:st] JIPOXIKH

I11. Lexical Tasks

1. Choose the correct meaning of the following verbs.

e to decompose

make a choice from a number of alternatives

arrive at a specified place

make or become rotten; decay

e to bury

have or include (something) as a necessary or integral part or result

put or hide underground

control or maintain the rate or speed of (a machine or process) so that it operates

properly
e toisolate

obtain or extract (a compound, micro-organism, etc.) in a pure form

become or make greater in size, amount, or degree

cause to cover a wider area; make larger

e to ferment
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be in or assume a horizontal or resting position on a supporting surface
(of a substance) undergo fermentation
take (a liquid) into the mouth and swallow
e todistill
inform someone in advance of a possible danger, problem, or other unpleasant
situation
make or manufacture from components or raw materials
purify (a liquid) by vaporizing it, then condensing it by cooling the vapor, and
collecting the resulting liquid
e todiscover
(of a living thing) undergo natural development by increasing in size and changing
physically
find unexpectedly or during a search
behave so as to make it appear that something is the case when in fact it is not
e to optimize
lower the character or quality of
make the best or most effective use of (a situation or resource)
design or make a plan of (something to be made or built)
e toemit
produce and discharge (something, especially gas or radiation)
make (something) on a large scale using machinery
function in a specified manner
2. Make up compound nouns and using a dictionary comment on each
component.
_ fuel
__ stock
___ grass
___nut
____oxide

side
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cane
house

_____ pipe
line

What does the root bio mean? Find 3 words from the text containing it.

3. Add the missing letters.
ET_ANOL
ETH_L
STR_ W
GA OLINE
RENE_ABLE
VE_ICLE
PESTI_IDE
DI_SEL
DEN_ITY
COR_ODE
P_PELINE

4. Match sentence halves and translate the sentences.

1. A biofuel is a fuel...

2. Biofuels can be made

from...

3. Biofuels can be used

in vehicles...

4. Biofuels done well
make a  positive

contribution ...

a) to energy security, greenhouse gas (GHG)

emissions and rural development.
b) the use of alternative feedstocks
such as cellulosic feedstocks, including

fast-growing, high-yielding energy grasses.

c) that are on the road today, without engine

modifications.

d) made from biomass — organic material with
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stored chemical energy.

5. Conventional
biofuels are usually e) fuel in small proportions (5-10%),
blended into... providing useful, but limited, reductions

in net greenhouse gas emissions.

6. Advanced biofuel

conversion f) plant materials such as sugarcane, corn,
technology will vegetable oils, agricultural residues, grasses,
enable... wood and algae.

5. Put in the missing preposition and use the phrases in the sentences of your
own.
e to manufacture _ animals or their byproducts
e toadd  the feedstock
e tocombine  yeast
e to fuel the Model Ts _ ethanol
e torun___ peanut oil
e toserve  afuel additive
e emissions carbon monoxide
e toturnsugarcane __ ethanol
e  theface it
e todilute water
6. Translate the following sentences into English.
buoromimmBo — 310 TOILNIMBO, KOTOPOC IMOJJYYAar0T M3 6I/IOJ'IOFI/I‘-IGCKOFO ChIPbiA
(caxapHbIil TPOCTHHUK WJIH CEMEHAa KYKypy3bl, COM). MOTYT TaKkKe UCIOIb30BATHCS
HCJUI0JI03a U pa3HbIC THUIIBI OPraHUYCCKUX OTXOI0B.
burosTanos — 3T0 0OBIYHBIN ATAHOJ, KOTOPBINA MOTYUYaIOT MYyTEM NIEpepadOTKH
PACTUTENIBHOTO ChIPbSI M HCHOJB3YIOT Kak OwuortoruBo. CyliecTByeT JBa

OCHOBHBIX criocoba MMOJIYUCHUA 9TaHOJIa — MHKpO6HOHOFH‘-I€CKHfI u
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CUHTEeTUYEeCKUH. Pe3ynapTaTtoM OpoKeHUs SIBISAETCA PACTBOP, KOTOPBIA COACPKHUT
He Oonee 15% »sraHona, MOCKOJIBKY B 0Oo0Jiee KOHIIEHTPHUPOBAHHBIX pPacTBOpax
JIPOXOKH OObIYHO TorubOaror. IlomydeHHBIM TakuM oO0pa3oM 3TaHOJ Tpeldyer
OUYUIICHUS W  KOHIIGHTPUPOBAHHS, OOBIYHO MmyTEM  AWCTWUIALMUA. B
IIPOMBIIIJIICHHBIX MacIITadax >ATHIIOBBIN CIIMPT IIOJIYHAKOT U3 CBIPbA, KOTOPOC
CONIEPKUT  LeJuTtoo3y (apeBecuHa, cmona). Cmech, 00pa3oBaBIIylOCS B
pe3yabpTare, MOABEPraloT CIUPTOBOMY OpOKEHUIO. ODTaHOJ IO CPAaBHEHHUIO C
O€H3UHOM SBIISIETCSI MEHEE QHCProHaACBIMCHHBIM» NCTOYHHUKOM SHCPIHUU.
IVV. Grammatical Tasks
1. The text contains sentences with modal verbs CAN/ COULD and SHOULD.
Find all the forms of modal verbs and distribute them into the following

columns.

CAN/ COULD SHOULD

2. Change the following sentences into the negative and interrogative ones.

e Sugar cane should be used immediately once juiced.

e After the initial inoculation of yeast, fermentation should occur completely
within 48 hours.

e The fermented liquid, called “beer,” contains a low percentage of alcohol by
volume, and must go through a distillation process to increase the percentage
needed to produce a high-proof ethanol.

e Sugars for ethanol fermentation can be obtained from cellulose.

e Studies have estimated that ethanol and other biofuels could replace 30% or
more of U.S. gasoline demand by 2030.

e In the US flex-fuel vehicles can run on 0% to 85% ethanol (15% gasoline)
since higher ethanol blends are not yet allowed or efficient.

3. Complete the following sentences with modal verbs CAN, MAY, MUST in
the appropriate form and learn more about feedstock for biofuel.

One of the wonderful things about biofuel is that you (moxete cnenars) it

yourself. Alcohol fuel (moxet BeipabateiBaThCs) ON a very small scale.
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With today’s technology and the rising cost of agricultural products and
energy, the traditional models of ethanol production, i.e., using corn-derived starch
as a feedstock and natural gas as boiler fuel, (mokHBI OBITH TIEpeoIIcHEHBI) With a
critical eye.

In theory at least, most plants and agricultural products (Moryr ObITH
ucnojbr3oBanbl) as a feedstock. Some crops readily yield the simple sugars needed
to make alcohol; others are starches and (momxub! ObITH pa3buts) from their
complex form to produce those sugars. Certain crops have a high yield per acre but
(moryT TpeboBath) special harvesting equipment. Usable crops suitable for forage
(MmoxxHO BBIpacTHTh) ON marginal land, and still others are suitable for ethanol
production.

Sugar beets tolerate a wide range of soil and climatic conditions and are
widely cultivated. They are especially suited to cooler climates where other crops
(He MOTYT MpOLIBETATH).

Sugarcane (He MokeT mpomBerarh) at temperatures below 45°F, so its
potential as a small-scale ethanol crop in most of the US and Canada is limited.

Fruit crops (momxusl onenuBatbes) on an individual basis because of their
potential market value for products other than alcohol.

Like sugar cane, the residual matter from sweet sorghum [copro] (MoxHO
ckuraTh) as a heat source for ethanol processing.

4. Translate the following sentences paying special attention to the use of

modal verbs.
a) DTaHOJ MOXXHO MPOU3BOJHUTH U3 PA3IMYHOIO CHIPhS: caxap, PacTUTEILHBIC
O0TXOJbI, COJIOMA, IIPOCO.

b) Jlist Toro, 94TOOBI MPOU3BECTH 3TAHOJ, (PEPMEHTHI HEOOXOAUMO T00ABUTH K
PaCTUTEIBHOMY CBHIPBIO, YTOOBI M30JIMPOBATH PACTUTEIIBHBIN caxap.

C) DTO BeIIecTBO HEOOXOAUMO AMCTUILIUPOBATH, YTOOBI TOAHSITH COJACPKAHUE
aJkoroJist 1o 85-95%.

d) I'enupu Popa mpeaBuies, YTO STHIOBBIA CIHUPT MOXET OBITH TOIIHBOM

Oyymiero.
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e)

f)

9)

h)

[TockonpKy pacTeHus npu pocte abCOpOUPYIOT YIIEKUCIBINA a3, KyJIbTypHl,
KOTOPBIE BBIPAIIUBAIOTCS JJIsl OMOTOTUIMBA, TODKHBI BIIUTHIBATH CTOJBKO KE
VIJEKHUCIIOTO Ta3a, CKOJIBKO BBIACIISIOT BBIXJIONHBIC TpPYyOBI MAIIIHH,
paboTarmux Ha OMOTOTUIHBE.

bpaswims mepepabarbiBaeT caxapHBIH TPOCTHHK B 3TAaHOJ], U HEKOTOPHIC
MaIlliHBl TaM YK€ YMEIT paboTaTh Ha YKHCTOM OJTaHOJE, a HE Ha
100aBJICHUH €T0 K ICKOTIaeMOMY TOTLUIHBY.

BHOTOTIIMBO MOXET Ka3aThCsd XOPOIIUM PEIICHHEM, ITOCKOJIbKY 3TO
BO30OHOBIISIEMBIA MCTOYHWUK DHEPTUUM W MBI BCETJIa MOXEM BBIPACTHUTH
OOJBITIE KYJIBTYP JJIS €70 TOTYICHHUS.

Ecnu niemono3y MoxkHO ObUTO ObI TIepepabaThiBaTh B OMOTOIIMBO, OHO OBI

obU10 O0Jee 3(HPEKTUBHBIM, YEM MHOT'HE COBPEMEHHBIE BU/Ibl OMOTOTIUBA.

V. DISCUSSION

1. Put 10 questions based on the content of the text and retell it.

2.

that is
reabsorbed
by the
original crops.

Analyze the scheme below showing the carbon cycle.

THE CARBON CYCLE

Crops like corn are finely ground and separated into
their component sugars.

T D_NL:"'J ﬁ

which releases which can be used as  The sugars are distilled
carbon dioxide an alternative fuel to make ethanol,

3. Comment on the advantages, drawbacks and perspectives of biofuels in detail.

What is your opinion about the further development of biofuels?
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Lecture VI. Hydrogen Power and Fuel Cells
l. Text

The potential of hydrogen as an alternative fuel source has been well-known
for many years. Hydrogen is a naturally-occurring element that is found in
abundance in many common chemicals, such as water. An atom of hydrogen
consists of only one proton and one electron. Hydrogen is also found in many
organic compounds, notably the hydrocarbons that make up many of our fuels,
such as gasoline, natural gas, methanol, and propane. But hydrogen is difficult to
obtain on its own. It must first be isolated using various processes. This is
frequently done by passing an electrical current through water using a technique
known as “reverse electrolysis” or by applying steam to natural gas using a process
known as “reforming.” The main benefits of hydrogen energy are that, when used
as a fuel, it greatly simplifies the process of combustion and gives off completely
clean emissions.

The great hope for hydrogen is that it could eventually supplant gasoline as a
means of powering automobiles. In order to do so, hydrogen-based fuel would
need to be stored in a fuel cell that would be incorporated into the car’s engine
design. A fuel cell combines hydrogen and oxygen to produce electricity, heat, and
water. Fuel cells are often compared to batteries. Both convert the energy produced
by a chemical reaction into usable electric power. However, the fuel cell will
produce electricity as long as fuel (hydrogen) is supplied, never losing its charge.

There are several different types of fuel cell but they are all based around a
central design. A fuel cell unit consists of a stack, which is composed of a number
of individual cells. Each cell within the stack has two electrodes, called the cathode
and the anode. The reactions that produce electricity take place at the electrodes.
Every fuel cell also has either a solid or a liquid electrolyte, which carries ions
from one electrode to the other, and a catalyst, which accelerates the reactions at
the electrodes. The electrolyte plays a key role - it must permit only the appropriate

ions to pass between the electrodes. If free electrons or other substances travel
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through the electrolyte, they disrupt the chemical reaction and lower the efficiency
of the cell.

The fundamental advantages common to all fuel cell systems include the
following: 1. A potential for a relatively high operating efficiency, scalable to all
size power plants. 2. If hydrogen is used as fuel, greenhouse gas emissions are
strictly a result of the production process of the fuel stock used. 3. No moving
parts, with the significant exception of pumps, compressors, and blowers to drive
fuel and oxidizer. 4. Multiple choices of potential fuel feedstocks, from existing
petroleum, natural gas, or coal reserves to renewable ethanol or biomass hydrogen
production. 5. A nearly instantaneous and remote recharge capability compared to
batteries.

Potential applications of fuel cells can be grouped into four main categories:
transportation, portable power, stationary power, and niche applications. Perhaps
where fuel cells show the most promise for near-term implementation is in portable
power applications, such as cell phones and laptop computers.

There are three major concerns about the current emphasis on hydrogen as a
potential replacement fuel capable of meeting the world’s transportation needs.
First are cost and technological uncertainty. Although automotive fuel-cell
applications have a great potential, they are also probably the least likely to be
implemented on a large scale in the near future. The existing combustion engine
technology has a comparatively low cost, high durability, high power density,
suitability for rapid cold start, and high existing degree of optimization. The
second major concern involves net energy gains since significant amounts of
energy must be expended to transform hydrogen in a state in which it is
consumable as fuel. Finally, and perhaps most important on a practical level, is the
problem of delivery infrastructure. Existing pipelines could not be used because
hydrogen is highly corrosive. Special modes of transmission and new fueling
stations would have to be built.

I1. Vocabulary
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Word

Transcription

Translation

abundance

[2'bandan(t)s]

n300uImne, N30BITOK

to accelerate

[ok'selarert]

YCKOPSTh

to apply smth to smith;

[o'pla1] [ aplr'kerf(a)n]

IMPpUMCHATD, IPUMCHCHHC

application

anode ['eenoud] AHOJ

atom ['eetom] aToM
blower ['blous] BEHTHJISITOP

capability, capable of

[ kerpa'bilati] ['kerpabl]

CIIOCOOHOCTB, CIIOCOOHBIN

to carry ions

['keeri] [‘aronz]

IICPCHOCUTDH NOHLI

catalyst ['kaet(a)l1st] KaTajau3aTop

cathode ['kaeOoud] KaToJI

charge [tfa:ds] 3apsi

chemicals ['kemik(a)lz] XUMHYECKUN PEAKTHB,

IIPOIYKT, XUMHUKAT

chemical reaction

[kemik(o)1] [r'ek/(o)n]

XUMHYCCKasd pCaKnuAa

cold start

[kauld] [sta:t]

XOJIOAHBIN 3aIMyCK

JIBUTATEIS

combustion engine

[kam'bast(a)n] ['endzin]

ABHUI'aTCJIb BHYTPCHHETO

CropaHus
to compose [kam'pauz] COCTaBJIATh
compressor [kam'presa] KOMIIpeccop

degree of optimization

[dr'gri:] [ optimar'ze1f(a)n]

CTCIICHb OIITUMH3alluH

durability

[ djuara'bilati]

MPOJAOJKUTENBHOCTD,
JINTEIILHOCTD,

U3HOCOCTOUKOCTD

electrical current

['lektrik(a)I] [kar(a)nt]

BJIEKTPUYECKUN TOK

electrode

[r'lektraud]

BIIEKTPOJT

electrolysis

[ elik'trolasis]

AIEKTPOJIU3
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electrolyte [r'lektralart] DIIEKTPOJIAT

electron [1'lektron] AIIEKTPOH

fuel cell [fju:al] [sel] TOTUIMBHBIHN 3JICMEHT

fueling station [fju:alm] ['sterf(o)n] aBTO3aIpaBOYHAs
CTaHIUS

hydrocarbon [ hardrau'ka:b(o)n] YIJICBOIOPO/

hydrogen [‘hardradszon] BOJIOPOJ

to implement, ['tmpliment] BBITIOJTHATD,

implementation [ x1mplimen'terf(o)n] OCYIIIECTBJIATH,
peanu3arus

to incorporate

[1n'ko:p(a)rert]

3aKJIK049aTb, COACPKATH B

cede

instantaneous recharge

[, in(t)ston'ternias]

MI'HOBCHHAA IICPC3apsaaKa

[ ri'fa:ds]
a means of smth [mi:nz] croco0
methanol ['me6anol] METaHOJI

mode of transmission

[moud] [treenz'mif(a)n]

METO/I, CrIoco0 nepenavu

niche [n1f] HUIIIA

oxidizer ['oksidaiza] OKHCIISTFOIIUN KOMIIOHECHT
portable ['po:tabl] MOPTATHBHBIN

propane ['praupein] poraH

proton ['proauton] IPOTOH

pump [pamp] HACOC, IMOMIIa

reforming [ri'formip] pubOPMUHT

replacement

[ri'plersmant]

3aM€CHa, 3aMCILICHHUC

reverse [ri'v3:s] oOpaTHBIH,
MIPOTUBOIIOJIOKHBIN

to simplify ['stmplifar] yIPOIIATh

solid ['solid] TBEPIbII
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stack [staek] CTOIIKA, ITa0eb

stationary ['sterf(o)n(a)r1] CTaIllMOHAPHBIN

suitability [ s(j)u:ta’bilatr] IIPUTOIHOCTD,
PUEMIIEMOCTb,
JOIyCTUMOCTD

to supplant [so'pla:nt] BBITCCHSTh

technique [tek'ni:k] TEXHHUKA, TCXHUYECKUI
npUEM, METOI, CIIOCO0

I11. Lexical Tasks

1. Match notions with their definitions.

anode

blower

combustion a

electrolysis

fuel cell

ion

propane

pump

a. the process of burning something;

b. an atom or molecule with a net electric charge due to the loss or gain of one
or more electrons;

c. the positive electrode of a device;

d. an electrochemical device that continuously converts chemical energy into
electric energy (and heat) for as long as fuel and oxidant are supplied;

e. a mechanical device using suction or pressure to raise or move liquids,
compress gases, or force air into inflatable objects such as tyres;

f. aflammable hydrocarbon gas of the alkane series, present in natural gas and

used as bottled fuel;
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g. a mechanical device for creating a current of air used to dry or heat

something;

h. chemical decomposition produced by passing an electric current through a

liquid or solution containing ions;

2. Using the following key words give the definitions of the notions below.

Battery: a container, one or more cells, chemical energy, convert, electricity, a

source of power.

Catalyst: substance, increases, chemical reaction, any permanent chemical change.

Electrical current: flow, electricity, ordered directional movement, charged

particles.

Electrolyte: liquid, gel, to contain ions, to be decomposed, electrolysis.

To oxidize: to combine, oxygen.

3. Build nouns of the following verbs.

Verb Noun Verb Noun
to abound to combust
to isolate to emit

to apply to store

to reform to combine
to simplify to accelerate
to oxidize to compress
to transport to blow

to implement to replace
to optimize to deliver

to consume to suit

4. Find antonyms of the following words.

alternative
abundance
reverse

to simplify

to produce
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different
solid
to accelerate
remote
portable
5. Translate the text below into English.

TONNMMBHBIA  JJIEMEHT — JJIEKTPOXUMHUYECKUH TEHEPATOp, KOTOPBIU
oOecrieynBaeT npsMoe MpeoOpa3oBaHUEe XUMHUUYECKOW SHEPIHH B AJIEKTPUUECKYIO.
B ormuune OT TpaAWMIMOHHBIX JIEKTPUYECKUX AKKYMYJSITOPOB, B KOTOPBIX
MPOUCXOAT aHAJTIOTMYHBIE MPEOOPa30BaHMS, TOIUIMBHBIC SJEMEHTHI UMEIOT JIBE
Ba)XHBIC 0COOCHHOCTH: 1) OHM (PYHKIMOHHUPYIOT O TEX IOp, MOKa TOIUIMBO H
OKHCIIUTENIb ITOCTYNAIOT W3 BHENIHEr0 HWCTOYHHKA, 2) XUMHUYECKHH COCTaB
AJIEKTPOJIUTA B TIpoliecce pabOThl HE U3MEHSIETCS, TO €CTh TOIUIMBHBIN JIEMEHT HE
HYKHO IIepe3apsKaTh.

Bo03MOHBI pa3Hble BapUaHThl KOMOMHAUMN TOIUIMBA M OKHUCIHTENA. Tak,
BOJIOPOAHBIN TOIUIMBHBIA 3JIEMEHT HCHOJIB3YET BOAOPOJ B KA4E€CTBE TOIUIMBA U
KUCJIOpO (0OBIYHO M3 BO3/IyXa) B KAUE€CTBE OKUCIUTEIIS.

B TommmBHBIX 37eMeHTaxX UIET Mpolecc, 0OpaTHBIN daeKTpoiau3y. Ilpu sTom
BOJIOPOJ Y KUCIIOPOJ COCIUHSIOTCA XUMUUECKUM ITYTEM C BBIACICHUEM YHEPTUU U
00pa3oBaHUEM BOJIBI.

B EBpone m SnoHuM npoxomAT UCHBITAHUS TOIUIMBHBIE JJIEMEHTHI Ta
TBEPJIOM OKCHJIE Ha aBTOMOOMIIsIX MotHOCThIO 100 kBT.

6. Learn more about types of fuel cells filling the blanks with the suitable

words.
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ALKALINE FUEL CELL

Electrical Current

Hydrogen In & 5 Crygen In
Hy mep $ .| <o, applications, hydrogen, fuel, power
- [
L e
41| o E::j:
Hol © | ot | -
2 alkaline fuel cell (AFC) A cell
.
e ane ‘l' - a that uses fuel and can generate
eat E:'L . = _
4= N less than 5 kW of power. Because of its
{ | *
Anod Cathed . .
"% Becroyte relatively low output, the AFC is
used in  niche military and
space
PEM FUEL CELL
Electrical Current
Excess e €| wwater and
Fuel Heat Out . .
o = electrolyte, solid, plastic
- of 0 % el
-' H"'| H50
Ha| | wit|
H*| proton exchange membrane fuel cell
(PEMFC) a fuel cell that uses a
Fuel In = || Tmirin membrane as its
i %
Anod Cathed
"% Eeciolyte Also called polymer fuel
cell (SPFC).
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Excess E- @ E‘| Water and
Heat Qut

Fugl

PAFC FUEL CELL

Electrical Current

e

H+|
Hal | el
e

=1
Fuel In f 3 AirIn
£ I
Anode Cathode

Elecirolyte

generate, acid, automotive, fuel

phosphoric acid fuel cell (PAFC) a
fuel cell that uses hydrogen as
and  phosphoric as an
electrolyte. It can 5 to 250kwW
of power, and hence can be used in

applications.

MOLTEN CARBONATE FUEL CELL

Electrical Current

. B
Hydrogen In “ Craygen In
HE _ 2= _] 02
E..
ol
3 | <oy
—
*CC'
E.. 2
Water and Carbon
Heat Out . Diaxide In
= e | = CO,dm

i :
.ﬂ-.rmu::léIF | \Gathnde
Elecirolyte t
e COp i =l

potassium, used, various

molten carbonate fuel cell (MCFC) a
fuel cell that uses
hydrocarbons as fuel, and lithium and
carbonate as an electrolyte. It
can generate>200kWof power, and
hence can be  in power

generation.
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SOFC FUEL CELL
Electrical Current
Fuel In & Air In
e oo oxide, hydrocarbons, electrolytes
— s Vo
t o=|®
D_
HZ | {,.":lD
0= 2 solid oxide fuel cell(SOFC) a fuel cell
Excess Unused )
Fueland Gases that uses various as fuel, and
4= |, | = solid . It can generate
»’&nu::u::li.e"'r 1%{Zathc:nc:ha:
Electrolyte >200 kW of power, and hence can be

used in power generation.

1VV. Grammatical Tasks

1. Group the subordinate clauses of the complex sentences from the text into

the following types. Some of the types may not have examples from the text.

Using the corresponding conjunction provide your own examples.

Type of a

subordinate clause

Conjunction or conjunctive

word

Example

subject that, if, whether, who, what,
which, when, why, how

predicative that, if, whether, who, what,
which, when, why, how

attributive that, who(m), which, whose,
as, when, where

object that, who(m), which, whose,

as, when, where

adverbial clause of

time

when, while, as, until, till,

before, after, since, as soon as,
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as long as

adverbial clause of if, in case, unless

condition

adverbial clause of though, although, even if,

concession even though

adverbial clause of because, as, since

cause

adverbial clause of where

place and direction

adverbial clause of so that, that, in order that, lest

purpose

adverbial clause of that, so ... that, such ... that

consequence (result)

adverbial clause of than, as, as...as, not so

comparison (as)...as, as if and as though

adverbial clause of as, the way

manner

2. Specify the types of complex sentences.

e Fuel reformation technology must be advanced if a hydrocarbon fuel is to be
used for hydrogen production.

e The cost of the catalyst no longer dominates the price of most fuel-cell
systems, although it is still significant.

e A single cell can be made to achieve whatever current and power are
required simply by increasing the size of the active electrode area and
reactant flow rates.

e The current operating temperature of most SOFC systems is around 800—
1000 _C, although new technology has demonstrated 600 C operation,

where vastly simplified system sealing and materials solutions are feasible.
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High electrolyte temperature is required to guarantee adequate ionic
conductivity (of O2) in the solid-phase ceramic electrolyte and reduces
activation polarization so much that cell losses are typically dominated by
internal cell ohmic resistance through the electrolyte.

If grid electricity is used, the hydrogen has a carbon footprint associated
with it due to the coal or gas that must be burnt to produce the necessary
electricity.

However, if the electricity is obtained from renewable energy such as wind
or solar power, the hydrogen can be produced in a completely carbon-free
way.

A major advantage of the MCFC compared to the PAFC is the lack of
precious-metal catalysts, which greatly reduces the system raw material
costs.

Grove conducted a series of experiments with what he termed a gas voltaic
battery, which proved that electric current could be produced from an
electrochemical reaction between hydrogen and oxygen over a platinum
catalyst.

Portable fuel cells saw the most rapid rate of growth over the period since
2009 as increasing numbers of fuel cell educational kits were sold to
consumers.

. Match the subordinate clauses of a complex sentence and specify their types.

. The term fuel cell was first used a. when they are getting refueled.
in 1889 by Charles Langer and

Ludwig Mond,

. Low temperature fuel cells
(PEMFC, DMFC) have low heat

transmission

b. then using fuel cells eliminates

greenhouse gases over the whole

cycle.

. Unlike batteries, fuel cells have

no "memory effect"

c. since there are few moving parts

in the system.
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. The maintenance of fuel cells is d. where there is water and a source
simple of power, generation of fuel can
be distributed and does not have

to be grid-dependent.

If the hydrogen comes from the e. who researched fuel cells using
electrolysis of water driven by coal gas as a fuel.

renewable energy,

. Since hydrogen can be produced f. which makes them ideal for

anywhere military applications.

. Translate the following into English.

. braromapst BOIOpoIHOM SHEPTETUKE HOBBIA BHU]I TOIUIMBA MPUIET HA CMEHY
HMCKOMAEMOMY TOIUIMBY, KOMOpoe CHXWUTaeTCAd B IBUTATEIISIX BHYTPEHHETO
CropaHusi ¥ TypOMHaxX B KayeCTBE OCHOBHOIO MeToAa MpeoOpazoBaHUs
XUMHUYECKOW YHEPTUH B KHHETUYECKYIO WJIN BJICKTPUYECKYIO SHEPTHUIO.

. BomoponHoe TOMIMBO, Komopoe WCHOJb3YyETCsl Cceldac B TOIUIMBHBIX
AJIEMEHTax, OOBIYHO IMOJYy4YaeTcsl U3 MapoBOro puopMHUHTra MeTaHa, Xoms
MOJIXO/I MOXKET OBITh U 0OJiee «3eJIEHBIMY, HAIIPUMEDP, DJIEKTPOJIU3 BOJIBI C
HCMOJIb30BAaHUEM COJTHEYHOM SHEPTHUH.

. Echiu  ToTuMBHBIE D3JIEMEHTHI OyAyT HMETh KOHKYPEHTHYIO IIEHY IIO
CPaBHEHUIO C JBUTATEJISIMU BHYTPEHHETO CTOpaHUs U TypOUHAMH, OOJIbIINE
T'a30BbBIC BHGKTpOCTaHHI/II/I MOFYT BHCI[pI/ITB 3Ty TEXHOJIOTHUIO.

. HeoOxomumo pasnuyaTh Tak HA3bIBAEMBIM BOJOPOJ «TEXHHYECKOTO
KJIACCa», KOmMOpwvll TOAXOAUT I UCTIOJIb30BAHUS B TOIJIMBHBIX JJIEMEHTAX,
U BOJOPOJl «IPOMBIIUICHHOTO KJIACCa», KOMOpbll COACPKUT CEPHBIC
MIPUMECH, HO MOKET U3TOTaBIMBATHCS 00JIee ACIIECBBIM CITOCOOOM.

. s nuTaHus TOIUIMBHBIX DJIEMEHTOB HEOOXOJMM BOJIOPOJI BBICOKOM
YHCTOTHI, maK Kaxk IIpuUMECH 6LICTpO BBIBGI[}IT Cro U3 CTPO-.

. Ecnru Oyaer BHeNpEH NPaKTUYECKUH METOJI HAKOIUICHUS BOJOPOJaa, a
CTOUMOCTH TOIIJINBHBIX 3JICMCHTOB CHU3UTCA, OHU MOFYT CTaThb

9KOHOMHWYCCKN KOHKYPCHTHBIMH II0 CpPaBHCHHUIO C aBTOMOOMJISIMH Ha
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THOPUTHBIX TOTUITMBHBIX dJIEMEHTaX/0arapesx Win Ha OOBIYHBIX JBUTATEIISIX.

V. Discussion

1. Comment on the following points.

a. Hydrogen as a fuel source. Its chemical composition.

b. Fuel cells vs. batteries.

c. Fuel cell design.

d. Electricity production within a fuel cell.

e. Advantages of fuel cells.

f. Main spheres of fuel cells application.

g. Major concerns of hydrogen fuel.

2. Analyze the process of electricity generation within different types of fuel
cells using the pictures from ex.6 and compare these types according to the
chart below.

Comparison of Fuel Cell Technologies
Fuel Efficie | Applications | Advantages Disadvantages
Cell ncy
Type
Polymer | 60% Backup power | Solid electrolyte | Expensive catalysts;
Electrol | transpor | Portable power | reduces  corrosion | Sensitive to  fuel
yte tation; | Distributed and electrolyte | impurities;
Membra | 35% generation management Low temperature
ne stationa | Transportation | problems; waste heat
ry Specialty Low temperature;
vehicles Quick start-up
Alkaline | 60% Military Cathode  reaction | Sensitive to CO2 in
Space faster in alkaline | fuel and air;
electrolyte, leads to | Electrolyte
high performance; management
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Low cost
components
Phospho | 40% Distributed Increased tolerance | Long start up time;
ric Acid generation to fuel impurities Low current and
power
Molten | 45-50% | Electric utility | High efficiency; High  temperature
Carbona Distributed Fuel flexibility; corrosion and
te generation Can use a variety of | breakdown of cell
catalysts components;
Long start up time;
Low power density
Solid 60% Auxiliary High efficiency; High  temperature
Oxide power Fuel flexibility; corrosion and
Electric utility | Can use a variety of | breakdown of cell
Distributed catalysts; components;
generation Solid electrolyte; High temperature
Hybrid cycle operation  requires

long start up time

and limits
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Additional Texts for Home Reading

Text 1 (Lecture 1). Coal

Coal is a dark brown to black sedimentary rock derived primarily from the
unoxidized remains of carbon-bearing plant tissues. It is a complex, combustible
mixture of organic, chemical, and mineral materials found in strata, or ‘‘seams,’’ in
the earth, consisting of a wide variety of physical and chemical properties.

The principal types of coal, in order of metamorphic development, are lignite,
subbituminous, bituminous, and anthracite. While not generally considered a coal,
peat is the first development stage in the ‘‘coalification’” process, in which there is
a gradual increase in the carbon content of the fossil organic material, and a
concomitant reduction in oxygen.

Coal substance is composed primarily of carbon, hydrogen, and oxygen, with
minor amounts of nitrogen and sulfur, and varying amounts of moisture and
mineral impurities.

Partial removal of impurities in coal such as ash and pyritic sulfur has been
conducted since before 1900, although application and development has intensified
during recent years owing to a number of factors, including the tightening of
emissions standards, increasing use of lower quality seams, and increasing use of
continuous mining machinery. Blending of two or more fuels to meet tight
emissions standards, or other reasons, often requires that each of the fuels is of a
consistent grade, which in turn may indicate some degree of coal cleaning.

Coal cleaning may be accomplished by physical or chemical means, although
physical coal cleaning is by far the most predominant.

Primarily, physical processes rely on differences between the specific gravity
of the coal and its impurities. Ash, clay, and pyritic sulfur have a higher specific
gravity than that of coal.

The predominant commercial methods of coal cleaning use gravity separation
by static and/or dynamic means. The extent and cost of cleaning naturally depends

on the degree of end product quality desired, the controlling factors of which are
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primarily sulfur, heating value, and ash content. Although dry means may be used
for gravity separation, wet means are by far the more accepted and used
techniques.

The first step in designing a preparation plant involves a careful study of the
washability of the coal. ‘‘Float and sink’’ tests are run in a laboratory to provide
data to be used for judging application and performance of cleaning equipment. In
these tests the weight percentages and composition of materials are determined

after subjecting the test coal to liquid baths of different specific gravities.

Text 2 (Lecture 2). What is Photovoltaics

Photovoltaics is the technology that generates direct current (DC) electrical
power measured in Watts (W) or kiloWatts (kW) from semiconductors when they
are illuminated by photons. As long as light is shining on the solar cell (the name
for the individual PV element), it generates electrical power. When the light stops,
the electricity stops.

Solar cells never need recharging like a battery. Some have been in
continuous outdoor operation on Earth or in space for over 30 years.

What is the physical basis of PV operation? Solar cells are made of materials
called semiconductors, which have weakly bonded electrons occupying a band of
energy called the valence band. When the solar cell is exposed to sunlight, photons
hit valence electrons, breaking the bonds and pumping them to the conduction
band. There, a specially made selective contact that collects conduction-band
electrons drives such electrons to the external circuit. The electrons lose their
energy by doing work in the external circuit such as pumping water, spinning a
fan, powering a sewing machine motor, a light bulb, or a computer. They are
restored to the solar cell by the return loop of the circuit via a second selective
contact, which returns them to the valence band with the same energy that they
started with. The movement of these electrons in the external circuit and contacts is

called the electric current.
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Silicon (Si), one of the most abundant materials in the Earth’s crust, is the

semiconductor used in crystalline form (c-Si) for 90% of the PV applications

today. Surprisingly, other semiconductors are better suited to absorb the solar

energy spectrum. These other materials are in development today. Solar cells may

operate under concentrated sunlight using lenses or mirrors as concentrators

allowing a small solar cell area to be illuminated with the light from larger area.

This saves the expensive semiconductor but adds complexity to the system.

Advantages and disadvantages of photovoltaics

Advantages of photovoltaics

Disadvantages of photovoltaics

Fuel source is vast and essentially
infinite
No

radioactive fuel for

emissions, no combustion or
disposal (does not contribute perceptibly
to global

climate change or pollution)

Low operating costs (no fuel)

No moving parts (no wear)

Ambient temperature operation (no high
temperature

corrosion or safety issues)

High reliability in modules (>20 years)
Modular (small or large increments)
Quick installation

Can be integrated into new or existing
building structures

Can be installed at nearly any point-of-

Use

Fuel source is diffuse (sunlight is a

relatively low-density energy)

High installation costs

Poorer reliability of auxiliary (balance

of system) elements including storage

Lack of

available

widespread commercially

system integration and

installation so far
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Daily output peak may match local | Lack of economical efficient energy
demand storage
High public acceptance

Excellent safety record

Text 3 (Lecture 3). Wind Power

The first use of wind power was to sail ships in the Nile some 5000 years ago.
The Europeans used it to grind grains and pump water in the 1700s and 1800s. The
first windmill to generate electricity in the rural U.S.A. was installed in 1890.
Today, large wind-power plants are competing with electric utilities in supplying
economical clean power in many parts of the world.

The average turbine size of the wind installations has been 300 kW until the
recent past. The newer machines of 500 to 1,000 kW capacity have been developed
and are being installed. Prototypes of a few MW wind turbines are under test
operations in several countries, including the U.S.A.

Major factors that have accelerated the wind-power technology development
are as follows:

« high-strength fiber composites for constructing large low-cost blades.

« falling prices of the power electronics.

» variable-speed operation of electrical generators to capture maximum energy.
 improved plant operation, pushing the availability up to 95 percent.

» economy of scale, as the turbines and plants are getting larger in size.
 accumulated field experience (the learning curve effect) improving the capacity
factor.

The wind turbine captures the wind’s kinetic energy in a rotor consisting of
two or more blades mechanically coupled to an electrical generator. The turbine is
mounted on a tall tower to enhance the energy capture. Numerous wind turbines
are installed at one site to build a wind farm of the desired power production
capacity. Obviously, sites with steady high wind produce more energy over the

year.
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Two distinctly different configurations are available for the turbine design,
the horizontal axis configuration and the vertical axis configuration. The vertical
axis machine has the shape of an egg beater, and is often called the Darrieus rotor
after its inventor. It has been used in the past because of specific structural
advantage. However, most modern wind turbines use horizontal-axis design.
Except for the rotor, all other components are the same in both designs, with some
difference in their placement.

The wind energy stands out to be one of the most promising new sources of
electrical power in the near term. Many countries promote the wind-power
technology by national programs and market incentives. The International Energy
Agency (IEA), with funding from 14 countries, supports joint research projects and

information exchange on wind-power development.

Text 4 (Lecture 4). Pumped Storage. Variable Solutions

Pumped storage projects are often the most efficient way of storing large
amounts of electrical energy at acceptable costs.

In conventional pumped storage power stations, a salient pole synchronous
motor-generator is coupled either to a separate pump and turbine or to a reversible
pump turbine. The arrangement can be horizontal or vertical. Because the
rotational direction of a separate pump and turbine arrangement is the same in both
operation modes, this setup allows for a more rapid change from turbine to motor
operation mode or vice versa. It is however more complex and leads to longer shaft
arrangements resulting in higher costs, especially if the power station is located in
a cavern.

In variable speed power stations static frequency converters are used to vary
the speed of the electrical machine. For installations with a power lower than
approximately 50MW, this can be realized using conventional synchronous
generators linked to the grid by a static frequency converter. For larger units, this

solution would be more difficult to justify economically. For units larger than
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50MW, double fed induction machines with a static frequency converter feeding
the rotor are the preferred solution.

The basic principle of the double fed induction machine consists in the
creation of a rotating field on the rotor allowing the machine to be operated within
a certain speed range around the synchronous speed. The relative difference in
speed is called slip.

Usually, the slip range is within +- 10%. In first realizations of variable speed
pumped storage projects, Cyclo converters were used to create the rotating field on
the rotor. Cyclo converters are direct converters and, consequently, absorb reactive
power. This power needs to be compensated by condensers or provided by the
generator. Furthermore, the frequency range of such converters is limited. They
cannot be used to start the unit in pump mode, which means an additional static
frequency converter needs to be used to start the unit. Cyclo converters using
Thyristors are a robust technology proven for many years. More recently,
improvements in the power ratings of IGBTs and IGCTs allow for the construction
of large voltage source inverters. This kind of static frequency converter is used in
other applications like steel lamination production and can now be used instead of
Cyclo converters. These converters do not absorb reactive power. Furthermore,
they can be used to start the motor in pump mode. For this purpose the stator is
short-circuited and a rotating field of increasing frequency is injected into the rotor.

The main advantage of variable speed is that the power absorbed in pumping
mode can be varied over a certain range. Depending on the given head, the power
absorbed from the network can be varied by approximately 30%. This gives the
operator of the power station the possibility to contribute to the grid frequency
regulation even in pump mode. In conventional pumped storage plants frequency
regulation is only possible in turbine mode, which is economically interesting if
the power demand is high. If power demand and prices are low, however, it is
preferable to deliver the same service (frequency regulation) in pump mode to the

grid operator while filling the upper reservoir.
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Text 5 (Lecture 5). Ethanol Fuel
Cold-Weather Starting

Probably the single biggest issue facing ethanol fuel users is that engines have
difficulty starting in temperatures below about 35°F to 50°F. The causes are
related to ethanol’s flash point and latent heat of vaporization. Both are
significantly higher for ethanol than they are for gasoline, so in effect alcohol fuel
is less volatile, which can induce starting difficulties in cold conditions.

Even gasoline itself isn’t immune to this phenomenon, and in fact pump gas is
“blended” for winter use by adding more volatile substances such as methyl butane
in cold climates.

The common resolution to this problem is to start the vehicle on something
other than ethanol—usually gasoline, though other, more aromatic fuels such as
ether and propane can also be used. The booster fuel doesn’t need to stay in the
system long, just enough to kick the engine over. Once the engine is running,
there’s enough heat generated to vaporize ethanol sufficiently until it reaches
operating temperatures, at which point the vehicle runs normally.

Slightly more sophisticated is a system in which the ethanol is preheated at
the carburetor or manifold by an electric element, which eliminates the need for a
separate starting fuel.

Before moving on, it’s worth mentioning that the E-85 ethanol fuel blend sold
at service station pumps — 85 percent gasoline and 15 percent ethanol — has
enough gasoline in it to start an engine in cold weather without the help of cold-
starting aids. Manufacturer-built Flex Fuel vehicles (FFVs, for which the fuel was
developed) and converted vehicles alike can use E-85 without using cold-starting
systems.

Corrosion and Degradation

Certainly, the ability of ethanol to corrode metal parts and degrade soft
components such as fuel lines, seals, diaphragms and so forth is a legitimate
concern. Fortunately, the corrosive effects of ethanol are related to its water

content.
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There are two important points to keep in mind. First, low-proof ethanol is the
real culprit when it comes to corrosion. Though it’s true that many engines—
particularly carbureted types — will run on 160-proof ethanol, their components
are still prone to deterioration over time. The movement of ions in the water carries
a current that’s capable of slowly dissolving metals such as aluminum alloys or
zinc. These problems effectively go away when the water content in ethanol falls
below 5 percent, the equivalent of 190-proof. Secondly, much of the reputation for
corrosion that alcohol has gained over the years is erroneously attributed to ethanol
when it is methanol, the toxic race fuel and octane-enhancer that is notoriously

corrosive.

Text 6 (Lecture 6). Life Cycle Assessment of Hydrogen Fuel Cell and
Gasoline Vehicles

The transportation sector is a significant contributor to major environmental
concerns such as global warming, greenhouse gas (GHG) emissions, and climate
change. The technology which provides a potential solution to major
environmental concerns arising from the transportation sector is often referred to as
polymer electrolyte membrane (PEM) fuel cell. However, to validly assess an
emerging technology like PEM fuel cell-powered vehicle, the methodology must
consider the total system over its entire life cycle. The LCA [life cycle assessment]
of a vehicle technology can be classified into two major cycles, referred to as the
“fuel cycle” and the “vehicle cycle”.

The “fuel cycle” involves the following stages:
» Feedstock production: Energy consumption and GHG emissions during the
production of primary energy sources (natural gas and crude oil) are quantified in
this stage.
* Feedstock transport: The primary energy sources for hydrogen and gasoline have
to be transported to the refineries and reforming plants. Energy consumption and
GHG emissions during the transport of primary energy sources are counted in this

stage.
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* Fuel production: Energy consumption and GHG emissions during processing of
primary energy sources (refining crude oil for gasoline and reforming natural gas
for hydrogen) are quantified in this stage.
* Fuel distribution: Energy consumption and GHG emissions during distribution of
hydrogen and gasoline to the tanks of the vehicles are counted in this stage.
Typically, distribution of gasoline follows a supply chain: from refineries to
terminals by ship or pipeline, transfer to road tankers, to service stations, and
finally to vehicle tank. Similarly, natural gas is transported through pipeline or
road tankers to decentralized refueling stations, where hydrogen is produced
through steam reforming.

On the other hand, the “vehicle cycle” consists of the following stages:
* Vehicle material production: Energy use and GHG emissions from vehicle
materials production are counted in this stage. Typically, vehicle incorporates
nearly 890 kg of ferrous metals, 100 kg of different types of plastics, roughly 80 kg
of aluminum, and about 200 kg of other materials. And for PEM fuel cell-powered
automobile, we need the materials for fuel cell components such as polymer
membrane, platinum as catalyst, graphite, etc.
» Vehicle assembly: The energy required and GHG emissions for transport of
vehicles during assembly are quantified here. Because of the complex supply chain
in the automobile industry and the associated difficulty in estimating vehicle
assembly energy requirements, assembly energy is typically estimated as a linear
function of vehicle mass.
* Vehicle distribution: The energy needed and GHG emissions during the transport
of a vehicle from the assembly line to the dealership are counted in this stage.
* Vehicle use: It coincides with the fuel use stage of the “fuel cycle.” It includes
energy consumption and GHG emissions during maintenance and repair over the
lifetime, which is typically assumed to be 300,000 km.
» Vehicle disposal: After a vehicle’s life, the vehicle is shredded. The disposal
energy is the sum of energy needed to move the bulk from the dismantler to a

shredder and the shredding energy.
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The analyses of different stages of both cycles (fuel and vehicle) are combined to

obtain the total life cycle energy consumption and GHG emissions of a vehicle.

Energy Quiz
1. Stored energy is correctly termed
A radiant energy B potential energy C kinetic energy
2. Moving energy is correctly termed
A Kinetic energy B thermal energy C potential energy
3. The energy of a ball flying through the air is
A only Kinetic energy B both kinetic and C mostly sound and heat
potential energy energy

4. My chemical name is Methane.
I'm colorless and odorless.

I'm the cleanest burning fossil fuel.

A natural gas B solar energy C biomass

5. Ethanol can be made from me and used as a transportation fuel.
Photosynthesis stores radiant energy in me.
Burning me to produce electricity can produce air pollution.

| get my energy from wood, garbage, and agricultural waste.

A nuclear power B solar energy C biomass

6. My energy comes from the Earth's core.
| get my energy as a result of radioactive decay.

| can be used for home heating.

A geothermal B propane C uranium

7. 1 convert my mechanical energy directly into electrical energy with no cost for
the fuel.

I'm caused by uneven heating of the Earth's surface.

| produce noise pollution, but no air pollution.

A solar energy B petroleum C wind

8. I'm not available at all hours of the day.
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| can be converted directly into electricity using photovoltaic cells.
My energy is stored in fossil fuels.

I'm great for water and home heating.

A biomass B solar energy C propane

9. Solar cells are simple photovoltaic devices that convert solar energy directly into
electricity and are manufactured from the second-most abundant element in the

earth’s crust. Name it.

A silicon B bauxite C calcium

10. Wind energy is the kinetic energy associated with atmospheric air. It has been

used for centuries for the following operation.

A running cars B generating electricity C grinding grain

11. This energy is the heat generated by natural process within the earth. The main
energy sources are the hot rocks, magma, geysers, and hot-springs. This form of

energy is known as

A solar energy B geothermal energy C ocean thermal

12. The ultimate energy source for the Earth is

A the sun B electricity C natural gas

13. A non-renewable energy resource

A can be used over again | B can be plugged inand | C will eventually run out

recharged

14. Which of these is not a non-renewable energy resource?

A coal B oil C wind

15. The remains of dead sea creatures have made

A oil B coal C salt

16. At the moment renewable energy resources generate

A more energy than fossil | B less energy than fossil | C the same amount of

fuels fuels energy as fossil fuels

17. Which of these statements can be used to describe renewable energy?

A most renewable energy | B they pollute the C they will run out

82




resources do not need

burning

environment

18. Some people object to wind turbines because

A they do not like

B they get in the way of

C they are often built in

windmills photographs areas of natural beauty
19. Energy is measured in
A newtons B joules C pascals

20. There are many places where wave energy can be produced. The best place to

generate energy from waves is

A sea B lake C a big river
21. People object to the burning of fossil fuels because
A they produce a lot of B they release polluting C they are cheap

energy

gases

22. Within which country a

re the largest proven reserves of crude oil located?

A Saudi Arabia

B Iraq

C Iran

23. Within which country a

re the largest proven reserves of natural gas located?

A lrag

B Saudi Arabia

C former USSR

24. Use of which energy source currently generates the largest amount of CO2

emissions in the world?

A crude oil

B coal

C nuclear energy

25. Which of the following

describes the process of clean coal?

A several types of
processes can remove
pollutants when coal is

burned.

B Coal from underwater
reserves produces fewer

pollutants when burned.

C Electricity produced
from coal plants is more
efficient when used than
electricity from

hydropower generation.

26. In which region is wind

power usage most prevalent?

A China

B United States

C Europe
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