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1. The formation of
oil

Many hundred million years ago, simple living crcarures
exisied in the ocean. Asye there were no lish (no ced, no
sharks), no lobsicrs, but there were one-celled planis and
animals in great numbers.

These one-ccllcd organisms cnntained fats and oils jush
as we do. Fats and oils arc made up of three kinds of
atoms: carben, hydrogen, and exygen.

A numbcr of 1hese atoms stick together 10 form a uny
structure called a “molecule’”. A moleculc of [a1 or il is
butltupoutofa chaitn ofcarbon atoms. There can be short
chains of as few as 4 carbon aiems or long chains of as
many as 24 of them. Hydrogen atoms arc attached 10 cach
carbon aom, and there are just about twice as many
hydrogen atoms as carbon atoms. :\1 onc end of the chain
\here are 2 oxygen atoms.

If one small one-cellcd organism is eaten by another,
the one that is eaten is digesied. Ils molecules arc puiled
apart, and \hc fragmems arc pui 1ogether again in a
slighuly different way. New [a1 molccules arc fermed.



Somc¢limes a onc-cclled organism dies without being
caten. but its remiains are usually caien aftcrwards by
some living \hing

For \he mes1 par, then, molcculcs arc pulled apart and
put 1ogcther agaio. Living things ¢-at or are caten; sorne
come ino ¢xiswence: some die; bul the same aloms arc
uscd over and over again.

When a ocil dies and drifis down 1o the botor of a
shallow sea, it migh1 bceome covered with sand before any
other living ¢hing can eat it and \hen it just says there. In
that case, \he molecules still fall aparc and go back
togcther again, bui tore slowly. The changes 1ake place
because of heat or pressure or chemical acvion in the sand,
bui they are not the saine changes thac would 1ake place
il living things werc involved.

One of the changes that 1akes place involves the fal
molccules. The 2 oxygen aroms at on¢ ¢nd of the molccule
chain detach \hemsclves. The carbon chain is lelt behind
with only the hydregen atems auached. The resuling
subsiances, containing molecules made up only of varbon
and hydrogen avotns, are called “hydrocarbens™.

Some of the carbon chains break up so that there are
molccules with unly 3 carbon atoms. or only 2, or even
only I. Othcr carbon chains atwach together and become
unusually long.

There are also pieces of molccules 1hat eome (rem
elsewhere. There arc rings of carboo atoms. le instance.
Occasionally, \here are atso ovher kinds ol aroms, such as
\hose of nitrogen and sulphur. For 1he mosi pan, though,
the buricd cetls change imo a very enmplicated mixture of
targe numbers of diflcremt kinds of hydrecarbon
molcculcs.

‘The preperties of 1he different hvdrocarbon molecules
depend parly on the length of the carbon chain. When a
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melecule sontainsonly 1 te ¢ carben atoms, thesubstance
they make up is a gas. If you had some of it in an open
botlle, it would logk just like air. It would driftout of the
bottle and mix with the air.

Molecules with longer carbon chains, from 5 carbon
atoms on, are liquids. Ifyou had some 1n a boule, it weuld
look like water, (@fcoursc, it weuldn’t be watern, [t would
smell diferentiy, and it would behave differently.)

Such bydrocarbon liquids vaporise easilv. That is, if
you let them stand in a dish, they would cvaporate The
liquid would wro inte a gas and would mix with the air.
If the liquid was heatcd gently aitd carchully, it would
vaperise mere quickly.

The longer the carbon chain, the more slowly the liquid
vaporises. and the more it has te be heated before rapid
vaporisation takes plaec.

ifa hvdrecarbenliquid is heated, boiling begins 1e take
placc at a certain temperature. That 1s the “‘boiling
peint’’.

‘The longer the carbon chain, the higher the boiling
point. For very short carben chaing, the beiling point is so
low that even when the temperaturce is eold cnough te
frceze water that temperature is high eneugh te boil the
liquid. That's why hydrocarbon molccules with such
short carbon chains are gases They’ve already boiled.

Hydrecarbons with rcally long carbon chains aren't
even liquid. They are selt, greasy selids, often black and
sticky. Il these soft sohds arc hcated, they can be made e
melt and besome liquid.

If they arc heated still more, you might think they
would boil and become gases Actaally, very lung carbon
chains, ifheated, tend te break up into shorterchains. The
molccules “crack".

When onc-celled living things waro into bydrocarbons
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undcr the sand and sthe r rocky material that covers them,
a complicated mixture is formed of gas and liquid and
solid.

The mixture can be buricd deeperand deeper under the
sand and grit. The sand and gritthat settlesdown is called
“sediment” from a Latin word meaning “to settle’. As
this layer of sand and other material grows thicker and
thicker, its own weight lorces the bils of matter to stick
together and ferm *‘sedimenitary rock™.

This rock fixrms under walter, usually under shallow
parts of the ocean near the shore. As many, many years
pass, these bits of ecean bottom may slowly rise higher,
and the ocean may drain away. leaving the sedimeniary
rock on dry land; but it sull eontains the hydrecarbon
mixture.

Bccause the hydroearbon mixture has an oily, greasy
feel to the touch, it is called *“0il”. There arc other oily
focling substances in plants and animals (think of olive oil
or chicken fat). Since peeple had te distinguish between
the difterent kinds of oil, the hydrocarbon mixture in the
sedimentary rock was called ‘‘rock oil". (Of course, the
rock oil was originally formed from the oil in living things,
but this wasn’t known at firse.)

Instcad of rock oil we can say “pctroleum”’, which is
lrom Laun words meaning *‘rock oil’'.

Nowadays, though. we usually just say ‘“oil”.
Petroleum has bocome so impertait to us that when we
say “oil”” we know that's what we mean. We don’t mean
olive oil or chicken lat.
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2. The early uses of
oil

The sedimenmary rock in which petroleum is found was
fermed (rom bits of sand and grit so tiny that litde air
spaccs siill existinside that rock. When the scdimentary
rock is under water, watcr fills all these liitle air
Spaecs.

Even when the sedimentary rock is on dry land, it is
often quite a way below the surface, far enough down that
it is surrounded by water. (Therc is usually water
somcwhere below the surface of the ground. Thatis why
people dig wells to get drinking water,) This means thar
cven on dry land, the tiny air spaces in sedimentary rock
can be flled with warer.

Oil also collects in the tiny air spaces. ifi1 is present. Oil
is lighter than water and floats on top of it. If more and
more water soaks into the rock, the oil is slowly forced
bigher and higher, Finally, it is possible fer thcoiltoreach
the surizce.

When the oil docs that, the gases in the bydrocarbon
mixture just drift away and mix with the air, The liquids
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vaporisc, and the vapours mix with the air, 100. Left
behind is just a sof, stecky, black solid.

Dcposits of solid, lef1-ever pewroleum arc common in
the Middle East, around the Persian Gulf. This sticky,
black solid 5 known by several difterent names,

One of them is ““asphalt”. There was so much of th's
about the shores of the [Dead Sea that the anciem Romans
called it '"Lake Asphaltitcs”, Another namc s
“bitumen"; but the most frequently used name is “pitch ™,

The ancieni peeple who lived in the Middle East feutnd
uses for pitch. It was sticky; it wouldn’t mix with water:
it wouldn't allow water © soak threugh. 1f pitch was
smeared on woodcn objects. it would make them watcr
tgh¢ fer that reason.

Pitch was therciore very impertant in ship building . 1t
weuld be placed between the planks used to build the

Baghdad wicker boats smeared with asphall to make
them watertight

ships and kecp them from Jeaking. This is mentioned in
the Bible. When Noah is instructed to build an ark, God
tells him to “pitch 1t within and without with pitch."”

Then. tee. when Moses was born, his mother had 10
hide him because Pharaoh had ordered that all the male
children of the Esraelites be killed. She therefore made a
licele boat oul of bulrushes, a kind of reexd.

She wove the rceds together. placed the child insidc,
and then Ice the small boat float down the tiver, hoping
that some Egyptian would find it and rescuc Moscs. Of
coursc, if the beat was just woven out of reeds, water
would quickly soak through and it would sink. She
“daubed it with ... pitch” 10 make it waterprool,

There were other ways of using the pitch. Ancient
people had 1@ irrigate their liclds from nearby rivers. This
kept plants growing even when it didn't rain fer a while.




"I'he warer would be led threugh ditches, but these ditches
would Beefno use ift hey a bsorbed the water. The ancient
Babylenians lincd the ditches with sand or reeds that had
been mixed with pitch. The ptich made them watecpresl:

The river banks weuld semetimcs be builtup high inte
“levees’'so thatwhen the rainy scason came and the river
level became high, the water weuld net spread eut over
the countryside. To build the levecs, sand might be piled
high; but the water might then soak threugh alter a while.
1€ pitch was added 10 the sand. i1t would not enly make the
sand stick together, it wouldn’t allow the water 1o get
threugh.

Pitch was alse used as a sticky cement 1o held bricks
tegether, to held mctal blades 10 handles, 10 held tiles te
a wall, and se on.

This type of usc for pitch weat on right into medern
times. When Eurepean navigators began 10 explere the
wertld in the 1480sand 1500s, they found pitch in several
placcs in the world.

Piich was feund in Cuba, in castern Mexice, and aleng
the westcern ceast of South America. In about 1600, Sir
Waliee Raleigh discovercd a whole lake of pitch in the
island of Trinidad just north of Seuth Amcrica. Secpages
of pitch were also faund in the lndoncsian islands and in
thc Amcrican celonics of New Yerk and Pennsylvania

All such finds were considercd of great value, ler the
cxplerecs uscd it 18 smear over the joints of thelr boats te
prevent leaks—just as Noah was teld te do 10 the ack.

Somctimes pitch was used as a mediclne. The sefltcr,
more Jiquid parts ceuld be smeared on serc places as a
liniment. [t may even have helpad a bit. At Jeast it weuld
kecp insects away.

Semctimes it was swallowed because it acted as a
laxative. Even teday this s semetimes dene, though in
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modcrn times the petreleum is carclully refined. A pure,
clear liquid 1s obtained fram petreleum thas is called
“mincral oil"”.

Hydrecarbon melccules will coambine with the oxygen
of the air. In other wards, they will bum. The hydyegen
atems in the hydrecarbon melecule will cembince with
oxvgen to letm water melccules. The carbon atems will
combine with exygen to form carben dioxide molecules.
The combination releases heat. The mixture of cembining
gascs gcets se het that it gives off light and glows. The
glowing mixture blows aboutin currenw ofairand is what
we call “fire”.

When a hydrocarbon is a gas, it mixes [reely with air
and catches fire easily. It centinuts to burn easily, tes.

Liquid hydrocarbens will burn in the same way if they
give off vapours 1e begin with. The vapours mix with the
air, and if they catch fire, they will burn. The heac of the
burning warms the liquid and makes it give off mere
vapour and burn merc rapidly. The smaller the hydrocar-
bon the mere likely it is te give oft vapours, or to be a gas
10 begin with, and so it will burn mere readily.

Indeed, hydrocarbons can bum 100 last fer cemiort.
The burning may suddenly become se fast that a great
deal of gas or vapeur will combine all at once and the
result is an “cxplosien’.

Hew did people find eut that petr¢leum would bum?

Probably, they lound out by accident. There were
places in the Middle East where petroleum leaks at the
surface gave off hydrocarbon gases. If semeone had built
a campfire near the plaoc, the explosion and flame that
shot up out of the greund weuld certainly have startled
them.

What's more, the lame would n't ge out. it would keep
en burning:
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This would surely strike everyone as very unusual.
When an ordinary fire is buiit, it must be f@d with fuel all
the time or it will go eut. Hew was it then that a flame
came eutof the ground and then kept on burning day alter
day after dav witheut the addition ef luci?

[t mus( have seemed like a mitacle Perhaps the story
of the burning bush in the Book of Exodus in the Bible
arosc Irem such a flame appearing

The ancient Persians developed a relgion in which
such “‘etcrnal lires’ played an impertantpart. Infact, the
ancient  Persians were somctimes called “fire-
worshippers™ fer that reason.

On the other hand. i is possible that some people were
(rightenod by the eternal fires and thought them 1he
product of demens. 11 may have made them think that
somcwhere under 1he earth there was a region of cternai
fire and that every once in a while a bit ofi1 leaked to the
surface. That, and the experience of volcanoes {which also
seemed to bring fire up from the depihs of the Earth), may
have convinced people of the existence of an undeigiound
Hell where the spirits of the dcad were totmented.

Sometimes enc could obtain from pitchy deposits a
clear liquid that burned easily. The Persians called it
“neft”, meaning “liquid”, and the Greeks picked up the
word and made it “'naphtha™.

They were used to liquids Lhat burned, but usually
these hiquids came from living things. Vegetable oiis couid
be burned in iamps, fer instance. A piece of thick string
calied a “wick™ was fleated on the oil; or clsc the o1l was
placed 1o a container with an upper opening te ene side
{tike a small teapot), and the wick was icd up the speut.
The oil weuld soak up through the wick. When the wick
was set on fire, the heat of the fire would cause the oil 10
vaporise. The vapour would catch firc and make a flicker
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ing flame. More oil weuld seak up the wick and vaperise,
and the flame weuld continue to burn untilall the oil was
gone,

The buming liquid from pitch, which behaved like oil
from plants or animals, must have surprised prople. (t
may have seemod as supernatural as the burning gases.
Sometimes, Lherclore, it was used 1o feed holy Bamcs—
famcs that burned to worship a god.

I'n the first chapter of the Secend Book of Maccabces,
a book written about events ameng the Jews in the second
oentury BC, there is a 1ale about the Sceond Temple being
built. A search was made there for a sacred firc that used
te burn in the original Temple of Sclemon.

The searchers “*had not found fire but thick liquid’”’.
The priests were ordered to sprinkle the liquid on the
weed’’. Later on, “‘a great fiie blazed up se thar all
marvelled.” At lhe end of this (irst chapier, the liquid ts
identified as naphtha.

The semi-solid portions of pitch sould also sometimes
be made to0 burn, theugh they did so slowly, smouldering
rather than flaming. I'his had a use, too.

Gencrally, such fires smeked and smciled a great deal
and werc choking and unplcasant. Suppese such pitch
was placed in a metal container in the middlc of a room
and allowed 10 bum.

Poople wouldn't want 1@ stay ix the house. then, so they
would leave. Howcever, any unpicasant lorms eflife that
were in the house—rats, mice, bugs—might be over-
come by the fumes. After the pitchy material stopped
burning and the roems had been aired eut, the house
would befrec of these vermin. The house would have been
“fumigated”.

Some peuple felt fumigation might even get rid of the
cvii spirits they imagined brought discase 1fsemcone was
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sick and died in a house, it might be fumigated in onc way
or anether belere other pcople feh safe about living

therc.
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3. The burning of
oil

As civilisation centinued (e spread and grow, people
needed more and morc fires. There were more and move
pceple, after all, and cities grew larger and largcr Fires
were necded 10 keep pooplc warm, to ceok food. 1o make
metals out of ore, pottery eut of clay, glass out of sand.

Most of the time wood was uscd as fucl for fires. Later
on, beginning in the 1608s, ceal was also used. (Coalis a
black soltd madc almost cntircly of carbon atoms that
were fermed from buried ferests bundreds of millions of
vears age—but that is a different story.)

Fire was alse needed for light. In the European winter,
nights can be 15 or 16 hours long, and people den’tusually
sleep that leng Sitting awake in darkness was pretty
drcary, though, so peaplc wanted light. What's more, they
wanted it where they happened to be, not just near the
fircplace.

Yeu can’t carry a benfive from placc 10 place, but you
can carnry a torch, which is a picoe of wood with one end
soaked in oil. @r yeu can use candlcs, made eut of selid
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animal (at or wax. Or yeu can usc lamps that burn
vegctable oil.

As cities osntinued to grow, merc and more lights were
nceded, especially when the only way to make citics safc
was to light up all 1he sireets—and keep them it up all
threugh the night.

Where could onc getthe fal and oil needed for all those
lamps and torches and candles?

Inthc 1600s and 1700s, large whales werehunted in the
oceans. They are warm-blooded animals and they have a
thick layer of blubber (a kind offar) under their skins that
protects them f:om the celd polar seas. Huge quantitics of
“whale 01l ¢ould be obtained (rom this blubber, and it
was used in lamps.

Hewcvcr, the whales could not last lerever. [t became
harder to find them and semc kinds were almost extinct

Staughter of a whale 300 years agu

(no longer in existence} . Whaling ships had 1o go down
10 the Antarctic to find more whalces, and it was clcar
that whale oil ceuld net be used to feed the lamps lor fong.

Whatabout coal? There seemed to be unending quan-
lities of that underground. Cual eould be heated insuch
a way that it would net burn. Instead. it would give ofl
vapours called ““coal gas' that could be madc 10 burm
The coal gas ceuld be cellected, siored, and then be led
through pipes until a small, stcady stream of gas would
ceme out of jets in places where light was desired. The gas
coming out of the jees could be set on fire, and the yellow
flame wonld then light up the surroundings. As long as
ceal gas was formed and stered, the gas jets would be
“eterpnal Nlames™.

The first 10 show that this would really work was a
Scottish inventor named William Murdeck. He had a
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factory that manufactured steam cngines, and in 1803 he
lit that factory withgas jets. [n 1887 some ).ondon strects
began 10 use gas-lighting. and throughout the 18005 the
usc spread.

Coal not only gave of f coal gas when heated in a way
that kept it from bumning. i1 also gave off a black piichy
matcrialcalled “coal tar”. When this coal tar was heated
under proper sonditions, a clear liquid was given ofl.

This liquid is a mixture of hydrocarbons. The smallet
hvdrocarkons were casily vaperised, and they were driven
off and discarded. They were not uscful in lamps. They
burncd e easily and could cxplode. Thelarger hydrocar-
bon molecules (but not 1ee laige to be hquid) were what
was wanted. They vaporiscd slowly and burncd quictlyin
lamps.

This liquid (rom ooal was called “‘osal oil’".

Something like it could also be obtained from certain
rocks called shale, which containcd hydrocarkonsin their
peres. The rock is therefere called ‘‘oil shale”. The
hydrocarbons ubtained frem thc shale were a soft solid
that felr something like wax. When it was heatedi soas 10
drive offa liquid suitable fer usc in lamps, that liquid was
called “*kerosene” ltom a Greek word for “wax’™.

{n thc 18585 the lamps of Europe and America began
1o use coal dil or kevoscne (otherwise known as “parafhn-
of").

But in 1859 a railway conductor from New York State
did something completely new.

His name was Edwin Laurentine Drake and he was 40
years old at the ume, He wondered if there might not be
a still better source of fucl lor lamps than coal or shale.
Both oceal and shale were solid materials that had to be
dug outof the ground, carried here and there, broken up
and treated in various ways to form a liquid.
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What if one ceuld make use of something that was
already a liquid? Liquids are much more casily handled
than solids, and it would probably be much cheaper to get
proper fuel out of them.

Drake even had a good idca about what that liquid
should be, for he had invested in the Pennsylvania Rock
Oil Company. This company collecied petroleum that
had secped to the ground near Titusville, Pennsylvania.
This town is in the northwestern part of the state, about
145 kilometres north of Pitsburgh.

The company uscd the oi} only lor medicine. There was
enough oil seepage for that, but there wasn't enough to
supply thelamps of the world. There might, however, be
a larger supply underground.

Pcople did somelimes dig decp undergreund. 11 was
comsnon o dig wells fer fresh water. It was sometimes
possible to dig particularly decp to get *‘brine”, or veiy
salty water, which was used to preseive (ood and fer other
purposes.

Somctimes when people dug lor brine, oil came up with
the brine Therc were reports that this happenedin China
and Burma as long as 2,800 years ago, Whcn gasesus
hydrocarbons camc up out of the brine well, the anciem
Chinesc are suppesed to bave sctit on firc. They then used
the heat 1o evaporate the water fiom the brine to produse
solid salt.

Drake kncw about this, and he studied the methods
used for drilling for brine. There werc mcthods whereby
a chisel could bc pumped up and down [kom a cable to
break the rock it struck a®ainst. Everyoncein awhile, the
chisel would be lified out of the hole, the bits of broken
rock would be removed, and the chisel wouid be put to
work again.

Drake uscd methods like this to chisel 21 metres under
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First 0il rugh, Pennsylvania. USA

the ground at J1tusville, and en 28 August 18358, he struck
oil. Large quamities of oil vould be puinped eut of the
ground; far more than could be obtained f om scepages on
the surface. Drake had drilled the lirst “oil well”.

Once Drake succeeded, ethers flocked 10 the spot and
began drilling feroil en theirown. Northwestiern Pennsyl-
vania became the first oil field in the world, and beem
towns sptang up. Drake hadn’t patenied his methods,
however, and he wasn't a clever business man, so he
didn’t become rich. He dicd in 1880 a pe®r man.

Peeple began to drill for oil elsewhere in the world. As
it turned eut, it was possible to find oil even where there
were no secpages on the greund to give its presence away.

The oil that exists decp underground and slewly seeps
upwards through the peres in sedimentaiy rock doesn’t
always reach the syrflice. Sometimes it meves up against
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the lower beundary ef a layer of rock lhau is really selid
and has no pores. Lhat stops the oil and traps it in the
porous rock beneath the layer of solid rock.

If anyenc can drill through that solid rock into the
porous rock beneath, oil can be brought up. In fact,
somectimes theoil 1n the porous rock is under considerable
pressuie (rem water still further down. When the diilling
penctrates the solid rocks, eil shoots upwards like a loun-
1ain. This was calied a “‘gusher”.

But how could anyone 1cll where there was selid rock
with oil-bearing porous rock underneath? This wasn't
easy, but there were people who carefully studied the rock
forinatiens ef the greund and tried to estimate what the
chanccs were of finding uil

The only way 10 tell for sure & 10 drill. [ there is no
oil, that 1s a “‘dry well””. If there 5 oil. that is good news
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and ether arcas nearby are drilled for additional oil.

New and better methods of drilling were worked out.
There were special metal “bits’* devised that ceuld be
turned round and round, goinding through rock The hole
that is lormed is kept full of a kind of mud that carries
away the chipped rock as it coliccts and alse kecps the oil
{rom lifiing up wildly once it is reached. (A gusher wastes
agreatdcal of oil.)

Nowadays thercare over 600,800 wells producing eil all
over the world—and it all started with Brake’s oil well
in 1859.

The oil that is obtaiined (rom oil wells has a number of
uscs. It can be “rcfined™, that iz, separated into difl erent
kinds of hydrocarkons The best way of doing that is to
“*disuill” it. to heatitin such a way as 10 boil off and eollect
first the small hy’drecarbon molecules, then larger oncs.
then still larger encs, and se on.

Thc large-molecule hydrocarbons arc seft solids that
could be uscd lor paving, Not quite such large molecules
are liquids that could be used to lubricatc machinery and
keep it working smoothly. Very small molecules of
“natural gas™ could be uscd to feed the gas jels of the
world.

The most imporiant pcirelcum product at the time of
the first oil well consisted of middle--sized molecules. This
was just like the kerosenc that was used for lamps. For a
few decades, kerosene lamps all over the United Siates,
and gradually io other parts of the world, t@o, were fed by
fuel obtained from petroleumn.

There were alse pctreleum preducts with small-sized
mdccules, motocules larger than those of natural gasand
smaller than these of kerosenc Thesc in.betwcen
melcculcs wcre easily evaperated liquids. They were 0o
easily evaperated 10 be used in kerosenc lamps. They
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Diageam showing the order of disfillation of
pefroleum products

Petrol

Kerosene

Die sel fuel

J Lubricaing
eils

Paraffin

Asphalt
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weuld produce se much vapeur that they would explode.
There was nothing te do wath such smalt-molecule parts
of perrolecum except 10 get rid of them semchew. feor
instance, by burning them.

And yer, for a time, it might have seemed that
pttreleum was going to drop out ol lashion as quickly as
it had artived. 1n 1879 an American inventor, Thomas
Alva Edison, invenied the electric light. That was only 20
vears ali.er the first oil well had been drilled.

Theeclecric light gave a much sieadier light than e ither
a gas jer ora kerosenc tamp. What's more, an clectric light
didn’t have an open flame like a gas jet or keresene lamp,
so the electric tight wasn't as likcly to start fires,

As the use of eleciricity became more common, electric
lights grew in numbcr and spread eveiywhere Gas jets
and keresene lamps went increasingly out of use.

Now what would pceple nced penoleumior? Weuld 1he
oil wells shut down?
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4. The new

importance of oil

Actoally, somcthing else was ceming along that was far
morc impsrtant thun kerosenc lamps and gas jets.

In the £700s, stcam engines had been built. In a steam
cnginc afire heats water until it boils and turs into stcam.
The steam enters an engine and its pressurc makes pistens
meve back and lrrthand whecls turn. The fire is oufside the
cngine, so it is an ‘‘cxternal-cembustion engine’'.

Suppose. thuugh, that you have a tank of inflammablc
liquid that cas:ly turns inte a vapour. A tiny bit ef the
vapour s Jed into the cnginc where it is mixed with air, A
spark causes the vapour-air mixture 1o cxplode, and the
force of this tiny cx plosion causes the pistens ts movc The
expleded vapour.air mixture is pushed out of the engine,
morc vapouris led in and mixed with air, and another tiny
explosien is produced.

An cndless secies of tiny explosiens makes the pistons
move back and firth steadily. Becauszc the fire (and an
cxplosion is just a tapid fire) takes place inside the cngine,
the result is at *“ intcrnal-cembustinn enginc”,
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The important advantage ef an internalcombustion
engine is that it should start at once. A stcam cngine wen’t
start until the wateris heated up and cemes to a boil, and
that can take quitc a timc. A vapourair mixture can ex-
plodc at once, however, as sosn as a spark is applicd.

The first practical internal-combustion enginc was
built in 1860 by a French inventor, Etienne Lenoit [n
1876 a betier version was built by a Cerman inveriter,
Nikelaus August Otto. The intcrnal-combustion cnginc
designcd by Otto {(with improvements, of csuise) is still
the kind used today.

If the internal-cembustion engine 1s hooked up 1o the
whecls of a carriage in the preper way, the mevement of
the pistens in the engine wil turn the wheells. You won't
need a horsc 10 pull the carnage. [n this way, you would
have a “‘horseless carriage”. Pretty seen such a device
came 10 be ca'led an ‘‘automobile”, from a sombination
of Greek and Latin words meaning “selfl -moving'. (In
Britain they arc morc commonly known as “‘cars™.)

The jirst practical autemob:les were built in 1885 by
twe Cermanengineers, Gottlicb ®aimler and Karl Benz.
They were very expensive el jects at the start.

An American engineer, Heniy Ford, worked out a way,
however, of building autemebiles in quaniity, using parts
that were formed se exactly that any part would At any
automobile. He then set up an “assembly line"” in which
the part-built autemobile was carried along to workers
who stayed in the same place. Each worker would do just
one job over and over as identical, partly-built auts-
mobiles passed before him or her one aller theother., As the
automobile passed along the assembly line by ene worker
aflier another, it came 10 be merc and more finished.
When i1 reached the cnd of the line, it was complete.

By 1913 Henry Ferd was making a thousand
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Model T Fords being built
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automobiles aday and eould charge very low prices.

Improvements kept making cars better and casier to
drive. At first. the engine had 10 be given its first turn by
a hand crank befere 1the exploding vapouis would take
hold. This 100k a lot of muscle and eould be dangerous if
the engine started before the cranker was ready.

Then, however, a storage battery wasadded 10the car.
It produced electricity by chemical means and stored it
until it was necded 10 start the engine. Once a car had a
“'sell-starter"”, practically anyone osuld drive it.

Automobiles grew more and more common during the
1920s. Milliens of them were sold; tens of millions. It
scemed that every American wanted a car. People in other
sountries wanted them, 100.

What fuet were they running thein on? What was the
vapour Lthat would cembine with the air and explode to
run the engine? What about the hydiocarbens ebtained
from petroleum?

The middlesized molecules of kerosene wouldn't do.
They didn’t vaporise easily eneugh. In a lamp, slow
vaperisatien was good; it prevented an explosion 1n an
internalcombustion engine, hosvever, an explosion was
exactdy what was wanted.

Smaller molecules than these 1n keresenc were neceded.
1nfact, what was necded were those same molecules that
were useless in lamps and that the oil companies had 1o
get rid of by burning Now the 01l sompanies could sell
them to automobile owners.

These small moiccules made up what came to be called
“*gasoline” because they turned into a vapeur, or gas, se
casily Semctimes gasoline was called ““gas™ fer shon,
theugh it was a liquid and not a gas. (In Britainitis called
“*petrol’’, whichisshortfor petroleum, even thuughitonly
makes up a [raction of petrolcum.)
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Avroplanes were invented by the American brothers
Wilbur and Orville Wright in 1903, and they weie
powercd by intcrnal-cembustion engines, too. They
needed morc and more gasoline (pctrol) as they became
more common,

In 1892 the German engincer RudolfDiesel. worked out
a kind ofinternal-cembustion enginc thai was simpler and
needed lcss lucl. [t could use molecules larger than those
of petrol (molecules making up “‘diesel fuef*), and it
didn’t need a spark to ignite them. 'F'he mixturc was just
compresscd and squeezed into a very smal| space, The
compression heated the gas mixture and that heat made
it explode.

A Diesel enginc was hcavier than an oidinary internal-
cembustion cngine, and it workced besi fior Jarge objects
like trucks, buscs, and ships.

e
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By the 13385, intern akcombustien engines had become
50 cemmon that petreleum was becoming more important
than ceal as a fucl. The oil companics began to reline the
petroleum in such a way as 1@ «quecze as much petrol and
diescl fuel out of it as pessible.

Evcn so. when they got all the petrol and dies<l 1uel out
of it that they could, there were large amounts of other
parts of the pctrolcum lcft over,

Some of the liquids with longer bydracarhon malecules
would burra nicely, but hardly anyone was using kerosene
(pataffin) lamps any morc Sill, these liquids could be
burned 1e give heat rather than light. Why not heat hauses
with such *“fuel oil’?

Through thc 1920s, pcople had boen using eoal in
greater and greater quantities to heat houses, but fuel oil
did have advantages over coal.

i

|

37



Coal had to be delivered and stored in the cellar, apd
thatwas a dirty job. The ceat had te be shovelled into the
furnace; the lire had 10 be started with paper and woeg;
ithad te be fiddled with while it was burning. Eventually,
ashcs had 10 be removed.

Fuel oil ceuld be stored underground. 11 ceuld be [zd ¢
a (urnace automatically and started and stopp:d
autemaltically by a the rtnestat. There were no ashes.

Many people changed Irom ceal te oil.

The ve,y small molecules of natural gas could als® he
used in cookers 1@ cook food, and in furnaces 10 heat
houses. In some ways, natural gas was cven morc c-
venienmt than liquid fucls. 1 was cleaner and simpler 4o
usc.

The lcf1-.ever hydrocarbens in petroleum were used jy
¢hemists who rearranged the atoms and added otherste
for1n plastics, synthetic fibres, medicines, dyes, and mayy
other useful products.
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5. The future of oil

There was enc imporiant qucestion. As more and more
people began 10 use all the diflerentportions of pe trelcum
for more and more purposes, how long would the oil last?

For a while in the 193®s, people thought that the eil
would seon rumn out, but the eil companies leoked
cverywhere 10 find new sources of oil. They had learned
better ways ol looking, drilling and finding

I the latc 1944s they began Le find new sources of o)
in the Middle East, where oil seepages and pitch had been
used in the days of the earlicst avvilisatiens,

All around the Persian Gull. rich supplies o(oilexisied
underground. There seemed 10 be as much oil in the
Middlc East as in all the rest of the world. All at onoc 1he
world supply of uil was doubled.

For aquarterof a century, eil was plentiful and cheap.
The United Siates had its ewn supplies, of course, but
it lelt more confident about using them when it knew' it
oould always get merc (rom abread. Europc and Japan,
which had no oil supply of their own, imperted oil and
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The world’s major oil lields
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began to make use of its cheapness and cenvenicnce.

The situation was simple at first because, immediately
afi:er 1he Sceond World War, many of the oil-producing
regions of the Middle East were under the control ef the
Eurepcan natons. It was Europeans and Americans who
drilled the oew eil wells, owned them, and ran them.

But then the nations of the Middle East became in-
dependent. They wanted 10 control their own oil wells and
scll the oil at their ewo prices. In 1960 the oil-producing
nations ef the Middlc East and elsewhere fermed a group
called 1the Ocrganisation of Petroleum Experting
Countties. or ®PEC for short. They began te censult with
each other and te decide what prices 10 charge. Ver'y seen
it began 10 appear that OPEC was extremely powetful.
"I'he industrial nations ofthe world necded oil desperately.
Their use of 0i] had increcased every year. Their industrics
ran on oil; so did their cars and trucks and buses and
ships and acroplancs. It was haid te give that up, or
cven cut it down, witheut upsciting the whele economy
of the world.

Yet it seemed the amount of oil uzed would have 1o be
cut down because, cven with the new discoveries after the
Sccond World War, the oil supply would not last long.

Semc people cstimate that the tetal amount of oil in the
oil wells of the werld amounts 10 600 thousand millien
barrels. That is a lot of @il, but the world is consuming
about 20 theus and million barrels of o1l every year, At that
rate. the @il supply will only last 30 yeats more,

@1 eourse, there is still the pessibility ef more
discoveries. A new oil field was feund in northern Alaska
in the late 1960s. Oil was discovered under the Nerth Sea
near Great Britain. Therc seems te be a great dcal of oil
io seuthern Mexice

Still, even if we count all we arc likely te discever, it
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decsn’t secm that the ail will [ast more than 50 y-eats at the
rate we’re usmg i,

What's more, the old sources are defimtely drying up.
The United States was the largest producer of oil lor over
a hundred years alter Brake drilled the tirst oil well in
Pcnnsylvania. The Pennsylvana liclds have Jong since
been used up. but new and larger fields were discevered
in Texas and clsewhere.

Now, hewever, all the American oil tields are dwind-
ling. Production 1eached a maximumin the carly 1970s,
and now it s going down year by ycar.

Even aslate as 1969, the United States produced all the
oil it necded for itsell. Then it had 10 begio importing oil
from abroad becausc 1t was producing fcss each year and
because the American peoplc were using more each year,
By 1973, 10 per cent of the oil Ameticans used came from
abroad. By 1980, 58 per oent of the oil Americans used
camec fi-om abroad.

When the supply of il trom abroad is cut, Americans
arein noublc. Theybegintelinditdifficult teget gasojine
{petrol) for their automobiles and diesel fud for the trucks
and tarm machinery. They have trouble getting fucl oil to
heat their houses in the winter.

In 1973 the middle eastern eountries stopped sending
al 10 the United States and EuroPe for a few months
bcCause of pdlitical disputes over the nation of Israel,
They werc months of confusien. Then, in 1979, there was
a revolutien in Q1'an, alargc oilpreducing nation. and its
Preduction was cut down. Again sonfision.

The OPEC natiens arguc that oil supplies can’t |ast
[erever. As long as oil is cheap and plentiful, there is no
feeling that anything else ought to be feund as a source for
cncrgy. Th e natiosns just keep burning the oil, and tn the

- end there will be disaster.
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If the priee of @il is raised and the amount produced
is limited, people will be morc carcfil abeut how they
use the oil. They will economist and use less so the oil
will last longer. Furthermore. i{oil s expensive and hard
to get, the nations will tiry harder 10 find new kinds of
cnergy.

Sincc 1973, the OPEC nations have been raising the
ptice of oil steadily, and that has caused the price of every-
thing to go up toa Now the people of the world can scc
that there is an encrgy problem and that they must begin
10 work on it.

But what can be done?

We have to give ourselves as much time as pessible te
lind new sources olenergy. That mcans we must conserve
oil as much as we can. We must cut oul waste. We must
save.

People must buy smaller cais that can go longcer dis-
ltances on cach gallon of petrol. They must share rides
They must use public transport. They must walk morc.
They must insulate their homes. They must gel used 10
less heating in the winter and less air conditioning in the
summecr. They musttravel less and 1ake helidays closcr 10
heme

A particularly importaiat way of saving is 1o control
pepulation. Every person uscs cncrgy, and the more
pecoplc there are, the more energy is demanded. Therc arc
over 4 thousand million pcople on Earth, twise as many
as there were 3@years ago, and the populationisstill going
up. There may be 6 thousand million people on Earth in
the ycar 2008 Every effert must be made 10 keep the
population from growing too rapidly.

Another importatat way of conserving encrgy is to work
for world pease. A waris incredibly expensive in terms of
energy. Even supporting an army and navy and air lorce
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without everusing them eonsumes cnerrmnous ameunts of
encrgy:

Then, 100, 0il wells arc not the only source of oil, theugh
they arc the chcapest and mest ceovenient sources. There
is the shale from which kecrosene was obtained over a
century ago. ¥e can go back 1o that

To be sure, itis troublesome to dig up the shale; i1t takes
cnergy, Lime and trouble to get the hydrocarbons out of
it. Then we have to figurce out what to de with the spent
shate that’s Icft over. Still, ifwe can solve these preblems,
the shale weuld be a large soucce of 0il. Therce arc also**tar
sands’’ in Canada that can be made te yicld oil.

Ifwe can use thesce sources, wemight have oil for about
100 ycas.

We can cven go back to coal. Coal is much more plent -
{ul than oil. and it can be used in place of oil for many
purposes. Coal can be treated chemically in such a way
that some of it can be converted into liquid {ucls Such
ligquid facls are sometimes called synthetic fue)s Coal
oeuld last fur a number of centuries.

One difficulty is that both ceal and oil, when burncd,
tend 10 pollutic the atmosphere with smoke containing
irritating and harmiul chemicals that arise from the small
amounts of impuritics present.

Eveni{such impurilies are removed, burning coal and
@il producc carbon dioxidc that accumulates in the air.
Carbondioxidein the air tends to trap sunlight and warm
the earth. Even a bitle carbon dioxide in the air might
change the planet's climate. and this ceuld crcate ener-
mous problcms.

e must therelore find enery ssurces other than coal
and oil that do not have these dangers. We eould usc the
cnergy of the wind. ef running water, of wood and vegeta-
tien, ol ides, of occan waves, of the heatinside the Earth.
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Possible allemative energy supplies
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All of 1his prekakly isn't eneugh ler our needs, but il we
learn 10 use them cfficienuy, we will help keep ourselves
going until we can lind something better sull.

We can usc aliogether new sourccs of cnergy. We have
been using nuclear encrgy [rem uranium fission, fer in-
stance wul many people (tar that this is 100 dangcrous 10
use. [1 might sprcad radioactivity over the Earth. A dif
fcrem kind ef nuclear energy is hydregen fusien, which
would supply more and chcaper cnergy \han uranium
fissien dees. It would de so, scieniists believe, more salely
The 1rouble 1s that we haven't quite figured out how to
make hydrogen fusien work in such a way as 10 yield
cncrgy.

Aneher seurce is the Sun irsell. T'here is cnough sun
light siriking the Earih and geing te waste te supply us
with all the energy we can possibly necd. We will have te
work eut ways te cellect seme ofthat sunlight and use it.

h is possible thar we might se1up collecring stariensin
spaee, orbiting about the Earth. Such siations would
becam the energy down 10 the Earth in the [orm of shen
radie waves called ‘““inicrowaves’’. The microwaves could
then be turned into cleciricity.

There are many things we could do to kecp oursclves
going as he el wells man diy. We have 10 keep our wits
aboult us, theugh. We have 10 coc¢perate the whole werld
ever and we have 10 werk hard and fast.



