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t. The formation of 
oil 

MaO)' hundred million years ago, simple living crcarnres 
existed in the ocearl. As yet there were no fish (nc) cod, no 
sharks), no lobsters, but there were ooe-,celled plants and 
animals in greal numbers. 

These one�ccllcd organisms contained fats and oils just 
a.s we do. fat.s and oils are made up of three kinds of 
atoms: carbon> hydrogen, and OX)'geo. 

A number of these atoms stick together to form a tiny 
structure called a "molec;ule". A molecule or fat or oil Ls 
built up out of a chai1l of carbon atoms. There can be short 
chains of as few a.s 4 carbon alOms or long chains of as 
many as24 of them. Hydrogen atoms are attached to each 
carbon alOm, and there are just about twice as many 
hydrogen atoms as carbon atoms. At one end of the chain 
there art 2 oxygen atoms. 

If one small one•cellcd organism is eaten by another, 
lhe one that is eaten is digested. hs molc::coles arc pt11lcd 
apart, and the fragments arc put together again in a 
slightly different way. New fat molecules arc formed. 

7 



Somelimes a one-celled organism dies withoul being 
eaten, but its remains art usually calen aflcrwards by 
some living thing. 

For the most pan, 1hen1 moJcculcs arc pulled apan and 
put together agaio. Living 1hings cal or are eaten; sorne 
corne into existence; some die; but the same aloms are 
used over and over again. 

When a cell dies and drifls down lO the bouorn of a 
shallow st..a, it might become covered with sand before any 
other living thing can eat it and lhcn i1just stays there. In 

that case, the molecules still fall apart alld go back 
together again, but ,nore slowly. The changes take place 
because of hea1 or pressure or chemical actic)n in I he sand, 
but they are not the same changes that would take place 
i f  living 1hings were involved. 

One of the changes 1ha1 takes place involves the fat 
molecules. The 2 oxygen atoms at one end of the molecule 
chain detach themselves. The carbon chain is left behind 
with only the h)1drogeo atoms attached. The resulting 
substances, coniaining molecules made up only of carbon 
and hydrogen atorns, are called "hydrocarbons·•. 

Some or1hc carbon chains b�ak up so 1hat there are 
molecules with <ml>· 3 carbon :;atoms, or only 2, or even 
only I. Other carbon chains auach together and become 
unusually long. 

There arc also pieces of molecules tha1 come from 
elsewhere. There arc rings of  carboo atoms, for instance::. 
Occasionally, there are also other kinds of atoms, such as 
those of nil rogcn and sulphur. For the most part, though, 
the buri ed cells change imo a very complica1c::d mixture of 
large !lumbers of di(forent kinds of hydrocarbon 
molecules. 

The propel'lies of the different hydrocarbon molecules 
depend paril)' <>n ihc length of the carbon cha.in. \\rhcn a 
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molecule cont.a.ins only 1 to 4 carbon atoms, the substance 
they make up is a gas. If you had some of it in an open 
hon.le, it would look just like air. h would drift out of the 
bouJe and mix with the air. 

i\1folecules with longer carbon chains, from 5 carbon 
atoms on, are liquids. If you had so:me in a bottle, il ,\lould 
look like water. (Of course, it wouldn11 be water. h would 
smell differently, at1d il would behave differently.) 

Such hydrocarbon liquids vaporise easily . That is, if 
you let them stand in a dish, they would evaporate. The 
liquid would turn in10 a gas and would mix with the air. 
If the liquid was heated gently a01d carefully, it would 
vaporise more quickJy. 

The longer the carbon chain, the more slowly the liquid 
vaporises, and the more it has 10 be heated before rapid 
vaporisation takes place. 

[fa hydrocarbon liquid is heated, boiling begins 10 take 
place at a certain temperature. That is the "boiling 
point". 

The longer lhe carbon chain, the higher the boiling 
point. For very shon carbon chains., the boiling point is so 
low that even when the temperature is oold enough 10 
frce,zc water that temperature is high enough to boil the 
liquid. That's why hydrocarbon molecules with such 
short carbon chains are gases. They've already boiled. 

Hydrocarbons wilh really long carbon chains aren't 
even liquid. They are soft, greasy solids, often black and 
sticky. If these soft solids arc heated, they can be made to 
melt and become liquid. 

If they are heated still more, )'OU might think they 
wouJd boil and become gases. Actually, very long carbon 
chains, if heated, tend to break up into shorter chains. The 
molcculel:i "crack". 

\¥hen one-celled living 1hings turn into hydrocarbons 
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under the sand and 01 he r  rocky material that covers them, 
a oomplicaled mixture is formed of gas and liquid and 
solid. 

The mixture can be buried deeper and deep er under the 

sand and grit. The sand and grit tha1 settles down is called 
"sedimenl" from a Latin word meaning "to seuJe'=. As 
this layer of sand and othel' material grows thicker and 
thicker1 its owo weight forces the bilS of matter to stick 
together and form "sedimentarr rock". 

This rock f orms under water, usuall)' under shallow 
parts of the ocean near the shore. As many, maoy rears 
pass, these bits of ocean bouom may dowly rise higher, 
and the ocean may d rain away, leaving the sedimentary 
rock on dry land; but it still contains the hrdrocarbon 
mixlUrc. 

Because the h)'dtoearbon mixture has an oil)', greasy 
feel to the touch1 it is called "oil". There arc other oily 
feeling substances in plants and animals (think of olive oil 
or chicken fat). Since people had 10 distinguish between 
the different kinds of oil, the hydrocarbon mixture in the 
sedimentary rock was called hrock oil''. (Of course, 1he 

roc;.k oil was origi11ally formed from the oil in living things, 
but this wasn't known at first.) 

In.stead of rock oiJ \'lie can say "petroleum". which is 

from Latin words meaning "rod. oil". 
Nowadays, Lhough, we usually just say "oil". 

Petroleum has become so importa1u to us that when we 
say «oil'' we koow that's whal we mean. We don'l mean 

olive oil or chicken fa1. 
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2. The early uses of 

oil 

1"he sedimental)' rock in which petroleum is found was 
formed from bits of sand and grit so tiny that li11Je air 

spaces still exist inside that rock. 'When the sedimentary 
rock is under water, ""'atcr fills aU those li11Je air 

spaces. 
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 wa1er. (There is usually water 
somewhere below the surface of the ground. That is why 
people dig wells to get drinking water.) This means that 
even on dry land, the tiny air spaces in sedimentar)' roc,k 
can be filled with water. 

Oil a.I so collec1s in the tiny air spaces, ifit is present. Oil 
is lighter than water and floats on top of it. Jr more and 
more water soaks inlO the rock, 1he oil is slowly forced 
higher and hjgher .  Finally, it is possible for the oil to reach 
the surface. 

When t.he oil docs that, the gases in the hydrocarbon 
mixture just drift away and mix with the air. The liquids 
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vaporise, and the vapours mix with the air. too. Len 
behind is just a soft, sticky, black solid. 

Deposits of solid, left-over �troleum arc commoo irl 
the Middle East, around the Persian Gulf. This stiC:ky, 
black solid is known b)' several dilTerent names. 

One of them is "asphalt". There was so much of this 

about the shores of the Dead Sea that the anc.iem Romans 
called it "Lake Asphahitcs". Another name is 
"bitumeo"; bllt the most frcqucnlly used name is "pitch''. 

The ancient people who lived in the Middle East found 
uses for pitch. h w� sticky; it "'ouJdn•t mix with water� 
it ,,.rouldn't aJlow "'ater to soak through. Ir pitch was 
sme.ared on wooden objects, it would make them wa1cr­
tigh, for 1hat reason. 

Pitch was therefore very important in ship building . It 
would be placed between the planks used to build the 

. .. _':'_�_,.. ..... . . ... ·-
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ships and keep them from leaking. This i:; mentioned in 
the Bible. When Noah is instructed to build an ark, God 
tells him to "pitch it within and without with pitch." 

Theo, 100, \-.,hen Moses was born, hi:; mother had to 
hide him because Pharaoh had ordered that all the maJe 
children of lhe Israelites be killed. She therefore made a 
liule boat out of bulrushes, a kind of rec:.-d. 

She wove the reeds together, placed the child inside, 
and Lhen lei 1he small boat float down the river, hoping 
that some Egyptiao would find it and rescue Moses. Of 
course, if the boat was just woven out of reeds, water 
would quickly s.oak through and it would sink. She 
adaubed it with . . .  pitch" to make it waterproof. 

There were other ways of using the pitch. Ancient 
people had 10 irrigate their fields from nearby rivers. This 

kept plants growing even when it didn't rain for a while . 
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The water would be led through ditches, bul lhose ditches 

would be o f  no use if they a bsorbed the water. The an dent 
Babylonians lined the ditches with sand or reeds that had 
been mixed with pitch. The pitch made them waterpro of. 

The river ban ks would somelimes be built up high into 

"levees" so 1ha 1 when lhe rainy se.aS-On came and the river 
)evel became high: the water would not spread out over 
the countryside. To build the levees, sand mighl be piled 
high; but the water might then soak through after a while. 
If pitch was added to 1he sand, it would not only make the 
sand stick together, it wouldn•t allow the water to get 
Lhrough. 

Pitch was also used as a sticky cement to hold bricks 

together, to hold metal blades to handles: to hold tiles to 
a wall, and so on. 

This type of use for pitch we1\t on right into modern 
times. When European navigators began to explore the 
world in the 14-00s and 1500s. the·y found pitch in several 
places in the world. 

Pitch was found in Cuba, in eastem Mexico, and along 
the "'estern coast o f Sou th America. In abo\lt 1600, Sir 
\>\'alter Raleigh discovered 3 whole lake of pitch in the 
island ofTrinidadjt1st north ofSouLh America. Seepages 
of pitch were also found in the ln,donesian islands and in 

the American colonies of New York and Pennsylvania. 
AH such finds wel'e considered of great value, for the 

explorers used it to smear over thejoims of their boats to 

prevent leaks-jusl as Noah was told to do to the ark. 
Sometimes pitch was used as a medicine. The softer, 

more liquid parts could be smeared on sore places as a 
1inime1n. It may evell have helped a bit. At leasl it would 
keep insects away. 

Sometimes it was S\.\1 a1lowed because it acted as a 

laxa tive. Even today thi.s is sometimes done, though in 
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modern times the petroleum is carefuUy refioed. A pure, 
clear liquid is obtained from petroleum that is called 
"mineral oil", 

Hydrocarbon molecules wilJ combine with the oxygen 
of the air. In other wo rds, they will bum. The hydr ogen 

atoms in Lhe hydrocarbon molecule will combine with 
oxygen to form water molecules. The carbon atoms will 
combine wit.h oxygen to form carbon dioxide molecules. 
The combination releases heat. ·the mixture of eombinir�g 
g�es gets so hot that it gives off light and glows. The 
glowing mixture blows about in currents of air and is wha1 
we call "fire". 

\Vhen a hydrocarbon is a gas, it mixes freely with air 

and catches fire easily. It continues to burn easily, too. 
Liquid hydrocarbons will burn i11 1he same way if they 

give off vapours to begin wit.h. The vapours mix with the 
air, and if they catch fire, they wi)J burn. The heat of the 
burning warms the liquid and makes it give off mo re 
vapour and bum more rapidly. The smaller the hydrocar ­
bon the more Jikely i1 is to give off vapours, or to be a gai 
to begin with, and so it will burn more readily. 

Indeed, hydrocarbons can bum too fast for comfort. 
The burnin.g may suddenly become so fast that a great 
deal of gas or vapour will combine all at once and the 

result is an «explosion". 
How did people find out that petroleum would bum? 
Probably, they found out by accident. There were 

places in the Middle East where pe1rolcum leaks at the 

surface gave off hydrocarbon gases. If someone had built 
a campfire near the place, the explosion and flame that 
shot up out of  the ground would certainly have startled 
them. 

\>\'hat's more, the flame would n't go out, it would keep 
on burning .  
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This would surely strike everyone as very unw;ual. 
When an ordinary fire is built, it musl be fed with fuel all 
the time or it will go  oul. How was it then that a flame 
came oul of the ground and then kept on burning day after 

day after day without the addition of fuel? 
It musL have seemed like a miracle. Perhaps the story 

of the burning bush in the Book of Exodus in the Bible 
arose from such a flame appearing. 

The a11ciem Persians developed a religion in which 
such «eternal fires" played a11 important part. In fact, lhe 
ancient Persians were sometimes called "fire­
worshippers" for that reason. 

On the other hand, it is possible that some people were 
frightened by the e1eroa] fires and thought them the 
product of demons. It may have made them think that 
somewhere under the earth there was a region of ete rnal 
tire and that every once in a while a bit ofit leaked to the 
surface. That, a.nd the experience of volcanoes (which also 
see.med to bring fire up from che depths of the Earth), may 
have convinced people of the existence of an underground 
He.II where the spirits of the dead were tormented. 

Sometimes one could obtain from pitchy deposits a 
dear liquid thal burned easily. The Persians called it 
"neft", meaning "liquid". and the Greeks picked up the 
word and made il "naphtha''. 

TI,ey were used to liquids that burned, but usually 
these liquids came from living things. Vegetable oils could 
be burned in lamps, for instance. A piece of thick string 
called a "wick" was floa1ed on the oil; or else the oil w� 
placed in a container with an upper opening to one side 
(like a smaU teapot), and the wick was led up the spout. 
The oil would soak up through the wfok. \r\'hen the wick 
was set on fire, the heat of the fire would cause the oil to 
vaporise. The vapour would catch fire and make a flicker-
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ing flame. !\•fore oil would soak up the wick and vaporise. 
and the flame would continue to bum until aU the oil was 
gone. 

The burning liquid from pitch, which behaved like oil 
from plants or animals, must have surprised people. h 
may have seemed as supernatural as 1he burning gases. 
Sometimes, therefore, it was used to feed holy Aamc:s­
flamcs that burned 10 worship a god. 

In the first chapter of the Second Book of Maccabees ,  
a book written about events among theJews in the second 
century 8C1 there is a tale about the Second Temple being 
buih. A search was made there for a sacred fire that used 
to bum in the original Temple: of Solomon. 

The searchers "had not found tire but thick liquid,,. 
The priests were ordered to sprinkle the liquid on the: 

wood ... Later on, "a great fire blazed up so that a11 
marvelled." Al lhc end of this first chapter, the liquid is 
identified as naphtha. 

The semi-solid portions of pitch could also sometimes 

be made to burn, though they did so slowly, smouldering 
rather than flaming. "l"his had a use, 100. 

Ccncrally, such fires smoked and smelled a great deal 
and were choking and unpleasant. Suppose such pitch 
was placed in a metal container in the middle of a room 

and all o"..-ed to bum. 
People wouldn't want to stay ill Lhe house, then, so they 

would leave. However, any unpleasant forms oflife that 
were in the house-rats, mice, bugs-might be over­
come by the fumes. Afler the pitchy material stopped 
burning and the tooms had been aired out, the house 
would be free of these vermin. The house would have been 
"fumigated". 

Some people feh fumigation might even gel rid of the 

evil spirits they imagined brought disease. If someone was 
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sick and died in a house, it might be fumigated in one way 
or another before other people feh safe about living 
there. 
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3. The burning of 
oil 

As civilisa1ion continued lO spread and gn:,w, people 

needed more and more fires. There were more and more 
people, after all, and cities grew larger and larger. F'ires 
were needed to keep people warm, to cook food, to make 
metals out of Ol'e, pouery out of clay, glass out of sand. 

Most of the time ,,.rood was used as fuel for fires. Later 
on, beginning in the 1600s, ooal was also used. (Coal is a 
black solid made almost entirely of carbon atoms that 
were formed from buried forests hundreds of millions of 
years ag�but that is a different story.) 

Fire was aJso needed for light. In the European winter, 
nights can be 15 or I 6 hours long, and people don11 usually 
sleep that long. Sitting awake in darkness was pretty 
dreary, though, so people wanted light. \r\'hat's more, they 
wanted it where 1hey happened to be, not just near the 

fireplace. 
You can't c-arry a bonfire from place to place, bu1 you 

can carry a torch, which is a piece of wood with one end 
soaked in oil. Or you ca.n use candles, made out of M)lid 
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animal fat or wax. Or you can use lamps that burn 
vegetable oiJ. 

As cities continued lO grow, more and more lights were 
needed) especially when the only way to make cities safe 
was to ligh1 up all the sLree1s-and keep them lit up all 
,hrough the night. 

\\ihere co\1ld one get Lhe fat and oil needed for 3JI those 

lamps and torches and candles? 
In the L600s 3nd 1700s, large whales \Vere hunted in the 

oceans. They are warm-blooded animals and they have a 

thick layer of blubber (a kind offat) under their skins thal 
protects them from the cold polar seas. Huge quantities of 
"whale oil" could be obtained from this blubber, and it 
was used in lamps. 

However, the whales could not last forever. It became 
harder to find them and some kinds were almos, extinct 

Slaughter of a whale 300 year1 ago 
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(no longer in existence). \,\fhaling ships had to go down 
to the Antarctic to find more whales, aod it was clear 
that _whale oil could not be used to feed the lamps for long. 

\>\•hat abou, coal? There seemed to be unending quan· 
Li ties of that underground. Coal could be heated in such 
a way that it would not burn. Instead, it would give off 
vapours called "coal ga.s" that co\lld be made to bunL 
The coal gas could be coll ected, swred, and then be led 
1hrough pipes until a smaH, steady s1ream of gas would 
come out of jets in places where light was desired. The gas 
coming out of the jets could be set on fire, and the yellow 
Oame , .. · ould then light up the surroundings. As long as 
coal gas was formed and stored, the gas jets would be 
'

1c1ernal flames11
• 

The first to show that this would really work was a 
Scottish inventor named WiJliam Murdock. He had a 
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factory that manufactured steam engines, and in 1803 he 
lit that factory with gas jets. In 1807 some London streets 
began to use gas-lighting, and throughout the 1800s the 
use spread. 

Coa.l not ooJy gave off coal gas when heated in a way 
that kept it from burning, it also gave off a black pitchy 
materia l calle d '1coaJ tar''. When ,his coal lar was heated 
under proper conditions, a clear liquid was given off. 

This liquid is a mixture of hydrocarbons. The smaller 
hydrocarbons were eas ily vaporised, and they were driven 

off and discarded. They were not useful in lamps. They 
burned Loo easily and could explode. The larger hydrocar-­
bon molecules {but nol too large to be liquid) were what 
was wanted. They vaporised slowly and burned quietJy in 
lamps. 

This liquid from coal was ca.lied "coal oiP'. 
Something like it could also be obtained from certain 

rocks called shale, which contained hydrocarbons in their 
pores. The rock is therefore called "oiJ shale0

• The 
h)•drocarbons obtained from the shale were a soft solid 
that felt something like wax. \Vhen it was heated so as to 
drive off a liquid suilable for use in lamps, that liquid was 

called ''kerosene'' from a Greek word for "wax". 
In the ) 850s the lamps of Europe and America began 

to use coal oil or kerosene (othc:rwise known as "paraffin­
oil"). 

But in 1859 a raHwa)' conductor from New York State 
did something completely new. 

His name was Edwin Laurentine Drake a nd he was 40 
years old at the time. He: wondered if there might not be 
a stiU better source of fuel for lamps than coal or shale. 
Both coal and shale wc:re solid materials thal had lO be 
dug out of the ground, carried here and there, broken up 
and treated in various ways to form a liquid. 
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'What if one could make use of something that was 
already a liquid? Liquids are much more easily handled 
than solids, and it would probably be much cheaper to get 
ptoper fuel out of them. 

Drake even had a good idea about what that liquid 
should be, for he had invested in the Pennsylvania Roc.k 
Oil Company. This company collected petroleum that 
had seeped to the ground near Titusville. Pennsylvania. 
This town is in the northwestern part of Lhe state, about 
145 kilometres north of Pittsburgh. 

The company used the oil only for medicine. There was 
e nough oil seepage for that, but there wasn' t  enough to 
supply the lamps of the world. There might, however, be 
a larger supply underground. 

People did somet..imes dig deep underground. It was 

common to dig wells for fresh waler. It was sometimes 
possible lO dig particularly deep to get "brine", or very 
salty water, which was used to preserve food and for other 
purposes. 

Sometimes when peop�e dug for brine, oil came up with 
the brine. There were reports that this happened in China 
and Burma as long as 2,000 years ago. 'When gaseous 
hydrocarbons c;.ame up out of the brine well, the ancient 
Chinese are supposed lO have set it on fire. They then used 
lhe heat t<) evaporate the water from the brine to produce 
solid salt. 

Drake knew about this, and he studied the methods 
used for driJling for brine. The.re were methods whereby 
a chisel could be pumped up and down from a cable to 
break the rock it struck again.st. Every once in a while, the 
chisel would be lifted outt of the hole, the bits of broken 

rock would be removed, and the chisel would be pul to 
work again. 

Drake used methods like this lO chisel 21 metres under 
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First oil rush, Pennsylvania, USA 

the ground at Titusville, and on 28 August 1859, he struck 
oil. Large quamities of oil could be puinped om of the 
ground; far more 1han could be obtained from seepages or1 
the surface. Drake had drilled the first ''oil well''. 

Once Drake succeeded, others Hocked to t.he spot and 
began drilling for oiJ on their own. Northwestern Pennsyl· 
vania became the first oil field in the world, and boom 

towns sprang up. Drake hadn't patented his methods, 
however, and he wasn't a clever business man, so he 
didn't become rich. He died in 1880 a poor man. 

People began to drill for oil elsewhere in the world. As 
it turned out, it was possible to find oil ever1 where there 
were no s«pages on the ground to give its presence away. 

The oil that exists deep lmderground a11d slowly seeps 
upwards 1hrough the pores in sedimen1.ary rock doesn•t 
always reach Lhc sorface. Sometimes il moves up against 
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the lower boundary of a layer of rock lhat is reaJly solid 
and has no pores. That stops the oil and traps it in the 

porous rock beoeath Lhe layer of solid rock. 
If anyone can drill through that solid rock into 1he 

porous rock beneath, oil can be brought up. lo fact, 
sometimes the oiJ in the porous rock is under considerable 
pressure from water still further down. When the drilling 
penetrates the solid rocks, oil shoot.s upwards like a foun­
tajn. This was ca.lied a '1 gusher". 

But how could an)•one tell where there was solid rock 
wilh oil-bearing porous rock underne.ath? This wasn't 
easy, but there were people who carefully studied the rock 
formations of 1he ground and tried to esLimate what the 
chances were of finding oil. 

The only way to lelJ for sure is to drill. If there is no 
oil, that is a "dry well". If there is oil, Lhat is good news 
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and oLher areas nearby are drilled for additional oil. 
New and better meLhods of drilling were worked out. 

There were special metal "bits" devised that could be 
turned round and round, grinding through rock. The hole 
Lhat is formed is kept full of a kiod of mud thal carries 

away the chipped rock as it collects and also keeps the oil 
from lifting up wildly once it is reac;hed. (A gusher wastes 

a great deal of oil.) 
Nowadays there arc over 600,000 wells producing oil all 

over the world-and it all started with Drake's oil well 
in 1859. 

The oil that is obtai11ed from oil wells has a number of 
uses. It can be "refined", that is, separated into differen1 
kinds of hydrocarbons. The best way of doing that is to 

"disljlJ" it, to heat it in such a way as to boil 00' and collect 
first the small h)1drocarbon molecules, then larger ones, 
then still larger ones, and so on. 

The large .. molecule hydrocarbons are soft solids thal 
could be used for paving. Not quite such large molecules 
are liquids that could be used to lubricate machinery and 
keep it working smoothly. Very $mall molecules of 
"natural gas" could be used to feed the gas jels of the 

world. 
The m05t important petroleum producL at the 1ime of 

the first oil well consisted of middle-sized molecules. This 
wasjusl like the kerosene that was used for lamps. J-"'or a 
few decades, kerosene lamps all over the United States, 
and graduaJJy in other parts of the wor-ld, too, were fed by 
fuel obtained from petroleum. 

There were also petroleum products with small-siz,ed 
molecules, molecules larger than those of natural gas and 
smaJler than those of kerosene. These in-between 
molecules were easily evaporated liquids. They were too 
easily evaporated to be used in kerosene lamps. They 
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An oil well gusher 
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Diagram showing the order of distillation of 
petroleum products 

Soli ds 
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would produce so much vapour thal they would explode. 
There was nothing to do with such small-molecule parts 
of petroleum except to get rid of thern somehow, for 
instance, by burning them. 

And yet, for a time, it might have seemed that 
petroleum was going to drop out of fashion as quickly as 
il had arrived. In 1879 an Americao i,wentor, Thomas 

Alva Edison, invented the electric lighl, That was onl)' 20 
years afler the first oil well had been drilled. 

The electric light gave a much steadier light than e.ither 
a gas jet or a kerosene lamp. What's more, an electric light 
didn't have an open flame like a gas jel or kerosene lamp, 
so the electric light wasn't as likely to start fires. 

As the use of electricity became more common, electric 
lights grew in nombcr and spread everywhere. Gas jelS 
and keroseoe lamps went increasingly ou1 of use. 

Now wha1 would people need petroleum for? \\'ould the 
oil wells shu1 down? 
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4. The new 

importance of oil 

Actually, something else was coming along that was far 

more impor1a1H than kerosene lamps and gas jets. 
In the t 700s, steam engines had been built. In a sleam 

engine a fire heats water untiJ it boils and lunu into steam. 
The sieam enters an engine and its press ore makes pislOns 
move back and forth and wheels turn. The fire is outside the 
engine, so it is an -=exteroaJ---combustion engine" . 

Suppose, though, that you have a tailk of inflammable 
liquid that easily turns into a vapour. A tiny bil oft.he 

vapour is led into the engine where it is mixed wi1h air. A 
spark c;auses the vapour•air mixture to explode, and the 
forceofthi1 tiny explosion causes the pistons to move. The 
exploded vapour-air mixtu re is poshed out of the e11gine, 
more vapour is led in and mixed wilh air, and another tiny 
explosion is  produced. 

An endless series of tiny explosions makes Lhe pistons 
move back and forth steadily. Because the fire (and an 

explosion is just a rapid fire) takes place in.ride the engine, 
Lhe res uh Ls  a1) "internal-combustion engine". 
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The important advantage or an internal-combustion 
engine is that it should start at once. A steam engine won't 
start until the water is heated up and comes to a boil, and 
Lhat can take quite a time. A vapour-air mixture can ex• 
plode at once, however, as soon as a spark is applied. 

The first practical internal-combustion engine was 
built in 1860 by a French inventor, Etienne Lenoir. In 

1876 a better version was bu ill by a German inveruor, 
Nikolaus August Otto. The internal-combustion engine 
designed by Otto (with improvements, or course) is still 
the kind used today. 

Ir the internal-combustion engine is hooked up to the 
wheels of a carriage in the proper way, the movement of 
the pistons in the engine wiJI turn the wheels. You won't 
need a horse to pull the carriage. In this way, you would 
have a "horseless carriage". Pretty soon such a device 
came to be called an "automobile' \  from a combination 

of Gr«k and Latin words meaning 0self-moving0
• (In 

Brit.aln they are more commonly known as "ca.rs".) 
The first practicaJ automobiles were built in 1885 by 

two German engineers, Gottlieb Daimler and Karl Benz. 
They were very expensive objects at the start. 

An American engineer, Henry Ford, worked out a way, 
however, of building automobiles in quantity, using parts 
that were formed so exactly that any part would fit any 
automobile. He then set up an ''assembly line" in which 
the part-buill au tomobile 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 auto. 
mobiles passed before him or her one afier the other .  As the 

automobile passed along the assembly line by one worker 
after another, it came to be more and more finished. 
When it reached the end of the line, it was complet e .  

By 1913 Henry Ford was making a thousand 
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Model T Fords being built 
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autornobiles a·day and could charge ver)' low prices. 
Improvements kept making cars beuer and easier to 

drive. Al first, the engine had to be giw;n its first turn by 
a hand crank before the exploding vapours would take 
hold. This took a lot of muscle and oould be dangerous if 
the engine started before the cranker was ready. 

Then, however, a storage battery was added to the car.  
h produced electricity by chemical means and stored it 
until it was needed to start the engine. Once a car had a 
''self-starter", practicalJy anyone could drive iL 

Automobiles grew more and more common during the 
1920s. i\1il1ions of them were sold; tens of millions. IL 
seemed that every Americatl wanted a car. People in other 
countries wanted them, too. 

\Vhat fuel were they running Lhern on? \Vhat was the 
vapour LhaL would combine with the air and explode to 
run the engine? What abouL Lhe hydrocarbons obtained 
from petroleum? 

The middle-sized molecules of kerosene wouldn't do. 
They didn' t  vaporise e.asily enough. In a lamp, slow 
vaporisation was good; it prevented a1\ explosion. In an 
internal-combustion engine, ho\vevcr, an explosion was 
exaclly what was wanted. 

Smaller molecules than Lhose in kerosene were needed. 
In fact, what was needed were those same molecules Lhat 
were useles.s in lamps and that the oil companies had to 
get rid of by burning. Now the oil companies could sell 
Lhem to automobile owners. 

These smaU mokcules made up what came to be called 
"gasoline" because they turned into a vapour, or gas, so 
easily. Sometimes gasoline was called "gas" for short, 
though ii was a liquid and not a gas. (In Britain it is called 
"petrol", which is short for petroleum, even though it only 
makes up a fraction of petroleum.) 
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Aeroplanes were invented by the American brothers 
Wilbur and Orville \i\!'right in 1903, and they were 
powered by intemaJ-combusdon engine$, too. They 
needed more and more gasoline (petrol) as  they became 

more common. 
In 1892 the German engineer Rudol f Diesel worked out 

a kind ofintemal-combustion engine that was simpler and 
needed less fuel. It could use molecules larger than those 
of petrol (molecules making up "diesel fuelu), and ii 
didn't need a spark to ignite them. �rhe mixture was just 
compres.scd and squeezed imo a very small space. The 
tQmpression hcatoo the gas mixiurc and that heat made 
it explode. 

A Diesel engine was heavier than an ordinary  irllernal­
combustion engine, and it worked best f or large objects 
like trucks, buses, and ships. 

The Wright Brothers at Killy Hawk, North Carolina, 1903 
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By the 1930s, i11terna l -combustion eogines had become 
.so common chat petroleum was becoming more important 
than coal as a fuel. The oil companies began to refine 1.hc 
petroleum in such a way as 10 squee-.Le as much petrol and 
diesel fuel out of it as  possible. 

Even .so, when 1hey got all the petrol and diesel fuel out 
of ii that they could, there wete la1·ge amounts or other 
parts of lhe pelroleum left over. 

Some of 1he liquids with longer hydrocarbon molecules 
would bur,1. nicely, but hardly anyone was using kerosene 
(paraffin) lamps any more. Still, these liquids could be 

bu med to give heat rather than light. Why 1101 heat houses 
with such '"fuel oil"? 

Through lhe 1920s, people had been using ooal in 

greater a1)d greater quantities to heat houses, but fuel oil 
did have :.ldvanlages over coal. 
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Coal had to be delivered and stored in the cell ar, and 
t.hat was a dirty job. The coal had LO be shoveUed into lhe 
furnace; the fire had to be started with paper and wOOd; 
it had 10 be fiddled wi1h while it was burning. EventuaJly, 
ashes had to be removed. 

Fud oil could be stored underground. It could be fed to 
a furnace automatically and started and stopped 
automatically by a the,nnostat. There were no ashes. 

Many people changed from coal 10 oil. 
The very small molecules of natural gas could al$-O be 

used i n  cookers to cook food, and in furoaces to heat 
houses. In some ways, natural gas was even more CCil· 
venient than liqujd fuels. It was cleaner and simpler to 
use. 

The left·over hydrocarbons in petroleum were used by 
chemists who re.arranged the atoms and added others 10 
fonn plastics, synthetic fibres, medicines, dyes, and man.y 
other useful products. 
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5. The future of oil 

There was one impc>rtam question. As more and more 
people began to use all the different portions of petroleum 
for more and more purposes, how long \,;ould the oil las1? 

For a while in the 19SOs, people thought that the oil 
would soon run out, but the oil companies looked 
everywhere to find new sources of oil. They had learned 
better ways o f  looking, drilling and finding.  

111 Lhe late 1940s they began LO find new sources of oil 
in the Middle East1 where oil seepages and pitch had bee11 
used in the days of the earliest civilisations. 

All around the Persian Gulf. rich supplies o f  oil existed 
underground. There seemed to be as much oil in the 
�liddle East 'as in all Lhe rest of the world. All at once the 
world supply of oil was doubled. 

For a qua.rter of a centuf')', oil was plentiful and cheap. 
The U nitcd Stales had it?> own supplies, of course, but 
il felt more confident about using them whe11 il knew it 
could always get more from abroad. Europe and Japan, 
which had no oil supply of their own, imported oil and 
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The world's major oil fields 
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began to make use of its cheapness a1td convenience. 
T he situation was simple a1 first beca.use1 immediately 

after the Second \Vorld \Var, many of the oil-producing 
regions of the Middle East were under the control of the 
Europe.an nations. It was Europeans and Americans who 
drilJed the new oil wells, owned 1hem, and ran them ,  

But then the nations of the Middle East became in­
dependent. They wanted to oomrol their own oil wells and 
sell the oil at their own prices. In 1960 the oil-producing 
nations of 1..he .Middle East and elsewhere formed a group 
called the Organisat.ion of Petroleum Exporting 
Countries, or OPEC for short. They began to consult with 
each other and to decide what prices to charge. Very soon 

it began to appear that OPEC was extremely powerful. 
'the industrial nations of the world needed oil desperately. 
Their use of oil had increased every year. Their industries 

ran on oil; so did their cars: and trucks and buses and 
ships and aeroplanes. It was hard 10 give that up, or 

even cut it down, wit.hout up.setting the whole economy 
of the world. 

Yet it seemed the amount of oil used would have: to be 
cut down because, even with the new discoveries after the 

Second \Vorld \\'ar, the oil supply would not last long. 
Some people estimate that the total amount of oil in the 

oil wc11s of the world amounts to 600 thousand million 

barreJs. That is a lot of oil, but the world is consuming 
about 20 thousand million barreJs of oil every year. Al 1ha1 
rate1 t.he oil supply will only last '.30 years more. 

or course, there is stiU the possibility of more 
discoveries. A new oil field was found in northern Alaska 

in the late J 960s. Oil was discovered under the North Sea 
near Great Britain . There seems to be a great deaJ of oil 
in sou1hern ?l.•lexico. 

Still, even if we count all we arc like))' 10 discover, it 
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doesn't seem that the oil will last more than 50 >•ears at the ' . . 
rate we re usmg H. 

\¥hat's more1 the old sources are definitely drying up. 
The United States was the largest producer of oil for over 
a hundred years after Drake drilled the firs l  oil well in 

Pennsylvania. The Pennsylvani a  fields have long since 
been used up, but new and larger fields were discovered 
in Texas and elsewhere. 

Now, however, all the American oil fields are dwind­
ling. Production reached a maximum in 1he earl)• 1970s, 
and now it is going down year by year. 

Even as late as 1969, the United Slates produced aJI Lhe 

oil it needed for itself. Then it had to begin importing oil 
from abroad because it was produtlng less each year and 
bttaus.c 1he American people were using more each year. 
By 1973, JO per cent of the oil Americans used came from 
abroad. By 1980, 50 per cent of the oil Americans used 
came from abroad. 

When the supply of oil from abroad is cu 1 ,  Americans 
arc in trouble. T hey begin LO f ind ii difficult LO get gasoline 
(petrol) for their automobiles and diesel fuel for the trucks 
and farm machinery, They have trouble getting fuel oil to 
heat lhe.ir houses in Lhe wime1 ·. 

In 1973 the middle. eastern countries stopped sending 
oiJ to Lhe United States an d Europe for a few months 
because of political disputes over the nation of Israel. 
They were months of confusion. Then, in 1979, there was 
a revolution in Iran, a l arge o i l -producing nation1 aod its 
production was cut down. Again confusion. 

The OPEC na1ions argue that oil supplies can't last 
forever .  As loog as oil is cheap and plentiful, there is no 
feeling that anything else ough1 to be found as a source for 
energy. The nations just keep burning the oil, and in 1hc 

end there will be disaster. 
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If the price of oil is raised and Lhe amount produced 
is limi1ed. people will be more careful aboul how they 
use the oil. They will economise and use less so the oil 
will last longer. Furthermore� if oil is expensive and hard 
to get, Lhe nations will try harder to find new kinds of 
energy. 

Since 1973, the OPEC nations have been raising the 
price or oil steadily, and that has caused the price of every· 
ching to go up too. Now the people of the world can see 
that there is an energy problem and that they must begin 

to work on it. 
Bui what can be done? 

\r\fe have to give ourselves as much time as possible 10 

find new source s  of energy.  That means we must conserve 
oil as much as we can. \Ve must cut out waste. Vle must 
save. 

People must buy smaJler cars that can go longer dis· 
tances on each gaUon of petrol. They must share rides. 
They must use public transpor1. They must walk more. 
They must insulate their homes. They must get used to 
less healing in the winter and less air conditioning in Lhe 
summer. They must travel less and take holidays closer to 
home. 

A particularly impo1·1an.1 way of saving is to control 
population. Every person uses cncrgy1 and Lhe more 
people Lhere are, the more energy is demanded. There arc 
over 4 thousand million people on Earth, twice as ma11y 
as there were 50 years ago, and t.he population is still going 
up. There may be 6 thousand million people on Earth in 

1 he year 2000. Every eJTort mwn be made to keep the 
population from growing too rapidly. 

Another importa11.t way or con$erving energy is to work 
for world peace. A war is incredibly expens ive in tenns of 
energy. Even supporting an army and navy and air force 

without eve r  using them consumes enorrnous amounts of 
energy .  

Then, too, oil wells are not 1he only source of oil, though 
they arc the cheapest and most coovenicnt sources. There 

is the shale from which kerosene was obtained over a 
century ago. \Ve can go back to that. 

To be sure, it is troublesome to dig up the shale; it takes 

energy, Lime and trouble to get the hydrocarbons out of 
iL Then we have to figure out ,.,.ha1 to do wi1h Lhe spent 
shale that's left over. Still, ifwc can solve these problems, 
the shale would be a large source of oil. There arc also ''1ar 
sands" in Canada that can be made LO yie ld oil. 

lfwe can use these  sources, we might have oil for about 
JOO years. 

\r\fe c::an even go back to coal. Coal is much more plent i ·  
ful Lhan oil, aod it can be used in  place of oil for many 
purposes. Coal can be treated chemically in such a way 
1hat some or it c::an be converted into liquid fuels. Such 
liquid fuels are sometimes called syn1hetic:: fueJ s .  Coal 
could last for a number of centuries. 

One difficulty is that both co.al and oil1 whe n  burned, 
tend to pollotc the atmosphere with smoke containing 
irritating and hannful chemicals that arise from the small 
amounts of impmit:ics present. 

Even if such impurities are removed, burning coal and 
oil produce carbon dioxide that accumulates in the air. 
Carbon dioxide in the air teods to trap sunlight and warm 
the earth. Even a litt-le carbon dioxide in the air might 
change the planet's climate, and this could create enor• 
mous problems. 

\Ve mu$t therefore find energy sources 01her than coal 
and oil that do not have these dangers. \>Ve could use the 
energy of the wind, of running water, of wood and vegeta� 
tion1 of tides, of ocean waves, of the heat inside the Earth. 
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Possible alternative energy supplies 
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All of this probably isn't enough for our needs, but if we 
Jean) to use them efficienLly, '"' e will help keep oursdve.1; 
going until we can find something beuer sti ll .  

\Ve can t• se altogether new sources of energy. \'\'e have 
been using nuclear energy from uranium fission, for in­
stance, but many people fear that this is too dangerous to 
use. It might spread radioactivity over the Earth. A dif­
ferent kind of nuclear energy is. hydrogen fusion, which 
would s·upp1y more and cheaper energy than uranium 
fi.ssio1\ does .  It would do so, scientists believe, more safely. 
The trouble is that we haven't quite figured out how to 
make h)·drogen fusion work in such a way as to yield 
energy. 

Another source is the Sun itself. There is enough sun ­
light striking the Earth aod going to waste to supply us 
with all llhe energy we can possibly need. We will have to 
work out ways to collect some oftha1 suoliglu and use iL 

It is pQSsible I hat we might set up collecting stations in 
space, orbiting about the Earth. Such stations would 
beam the energy down to the Earth in the form of short 
radio waves called 1'1nicrowaves•=. The microwaves could 
then be turned into clcc1ricity. 

There are man y 1hiogs we could do to k�p ourselves 
going as the oil welJs run dry. We have to keep our wits 
abou1 us, though. We have to cooperate the whole world 
over and we have to work hard and fast .  
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