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CHEMISTRY, POPULATION, RESOURCES

ABSTRACT
Chemistry plays a central role in the global deve]opment not only.of the
world's human population but of the resources upon which that p0pu1ation

depends. Its effect on the growth of human populations has been exercised

- .primarily through the contribution of chemistry to our understanding'of

(1). production of food and its role in nutrition, (2) the many factors
influencing the public health, in the human environment as well as the
physical environment, and (3) the progress of our understanding of disease

and the concomitant development of medical practice and drugs.

These factors, taken together, have increased the 1ife expectancy at birth
of the-popu]étion throughout the world. For Europe and the United States

it has risen from 41 years in 1840 to over 70 years in 1960.

Similar changes have occurred in most of the countries of the world, save

certain ones in Africa, and India, Pakistan and China. Although the present

. life expectancy at birth in these countries is roughly 20 to 30 years less

.than in the western world, it has undoubtedly improved durfng the last

hundred years. While such an increased 1ife expectancy constitutes a
significant social and personal value, it has been a major contributor to

explosive growth of the world's population in the last century.

Parallel with this has been the role of chemistry in developing the materials

and the energy required by this growing population as well as their growing

expectations. The development of new matefials, primarily organic, has

placed a double strain upon the world's energy resources. We are now

feeling the shortage, particularly of fossilized photosynthetic energy,
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whose rate of discovery is falling the world over. Chemistry is clearly

the core of knowledge required to find replacements.

The mechanism by which these benefits are brought to the people is the -
chemicai-pharmaceutical industry throughout the world. .Qscasionally the .
people (or the workers in the industry) are exposed to some toxic matérial
through someone's ignorance or negligence in the practice of the most |
elementary rules of prudence and safety. These relatively rare events

héve prompted public bodies (usua!ly'legislaturgs) to enact severely
restricting regulatory acts which must be enforced upon the entire industry--
knowledgeable and careful as well as the few who might be ignorant or care-
less. This regulation has the consequence of severely limiting the intro-
duction of new materials and medicines regardless of their risk-benefit ratio.
Incongrously, these same societies afe not only condoning but supporting fhe
production and consumption of the most widely used health impairing material
in the world-—the'growing ahd smoking of tobacco. The use of tobacco is
perhaps one of thé best known and established chemical carcinogen producing
human activities we know. Thus, a great deal of effort and money is being
extended in the attempt to control (and overcontrol) the‘relétively rare
transgressions (mostly inadvertant) of the chemical-pharmaceutical industry,
while direct financial support.and encouragement is given for the wide

consumption of a well-established health hazard.

As the need for new chemical knowledge grows, the new knowledge which we
obtain in responsé to this demand increases ous fundamental understandfng

~of nature, particularly of the (chemical) molecular basis for life itself.
This new understanding opens new vistas of thoﬁght for definTng the relation-

ship of man to nature and of individual men to each other. We thus ¢an
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approach in é more realistic way.the deepest concerns of mankind and the
products of this concern will appear in a multitude of forms--art, |
literaturé and other imaginative and human acti?itieé--ultimatély con-
tributing to the devéIOpment of a more acceptablé social stfucfure

around the globe.
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INfRODUCTION

Chehistry piays a dominant role in the development of modern human societies
eQer the'entire globe. It has done 50 by virtue of the centréi position it
has occupled in improving the health and nutrltlon of people, as well as' by
improving their physical environment by provndlng the new and necessary
‘amounts of materlals for clothlng, shelter, transportation, and other such
aﬁenities of the modern organized world. Asvyou will see in a few moments,
this double role Has both its.merits and its demerits. As a resuit, at
least in part, of the contributions of chemistry to the improvement of the
‘food and nutrition of the global populatlon (l), as well as a contribution
to the improvement of the publlc health and the health of :nd|v1duals, the

pdpu]ation of the globe has been rising very rapidly, as shown in the first

slide (Figure 1).

POPULATION
The projectieﬁ here is that the popu]atien will rise to about seven billion
by the year 2000 from a present value of about 3.5 billlon. .Most'of that
'rlse in numbers will clearly take place in Asia, in Afrlca, and in.Latin

- America. Part of the reason for this differential, of course, is the fact

that the rest of the world has already reached some new equilibrium, with
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the better living conditions which chemistry has helped'tb produce,

whereas the aforementioned countries are just now reaching it.

One of'thé ways in which one can evaluate that differential is to note
what has'happened to thé ]ife exﬁectan;y‘at birfh in the Westérn ¢ohntrfes,
such as the United States and Western Europe, in the last hundred years.
This enormous increase in life expectancy frdm forty to about seventy
years in the one hundred years just past, shown in Figuré 2, appears now
to have reached some kind of new level. The life expectancy in the lessb
developed countrfes, iﬁ which the population growth is expected to take
place, fs at present some twenty to thirty years less than that shoWn for
‘the Western world; as these less developed céuntries improve fheir public
heafth, nutrition, and medical faciliffes, they too can exbect an increased
life expectancy, and therefore have a much higher impact on the pobﬁlation

of the world.

One of the factérs which has been of maj@f influence on the growth rate of
bqpulation Has been fhe increased food sﬁpply and the better nutrition

that has resulted therefrom. Chemistry has piayed an enormous'rofe in

this develobment-by helping to produce the fertilizers that were'ngcessafy
for the higher production, as well as in playing a role in the food_
processing and the preservation of food after it is grown. We can expecf
mOleculaf biqlogy, a specific branch of chemistry, to héve an even greater
impact on the quality of the crops that will be‘growﬁ in the coming years;
and therefdrg agafn wé can expectwfhat the productivit? of thé acreage

that we have available will actually increase even more,
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The contrubutlons of ohem!stry to worldwxde agruculture and to the |ncreased |
: e :
productuvuty in all parts of the world is.made clear :n Fugure 3. Here one
can see that in all of the four groups of codntrles shown, the absolute
rate of produotlon of food is lncreastng at very nearly the same rate
throughout the world. However, when_we look.at it in terms.of the_per capfta,
availability of food, we see that onty in theideveloped‘countriee such.as
the United States and Western Europe is the ‘actual amountrot food per person
increasing, whereas ih most of the other oouhtrfes the amount of food perv.
person is barely remainihg constant overbthe.last twenty five years. The
reason for this is now clear. The food productlon capablllty |s increasing
in all parts of the world at about the same rate, due to the lmproved
technologses._ However, the populatvon increase in the less developed
countries is increasingveven more rapidly, with a consequence that the per
capita food available in these placea has”remained.very.nearly the aahe for
the last twenty five years. fhus it ischear that the prohlem is not so
much fh improving‘the rate of food‘production as it is in reducing the ratex
of popu]ation'éroﬁth. This, also, is a problem to which chemiatry will help
and contrfbute. However, chemiatry cannot*solve the‘probjem by.itaelf.-b
Neverthe]esa, oneuoan expect that ohemfstry will play an,important'role in
‘Lhe]ping to provide a feasfble and useful heans'by which varfous societiesh
wn]] not only be able, but w;]]lng, to help in the control of their own
populattons, thus’allow1ng the |ncreased food productnvnty wh:ch chemlstry
‘has also provnded to lhcrease the ava:lable food per person in those
oountrles, thereby also contrlbutlng to the |ncreased ]lfe expectancy and

RN

the health and wel] belng of the people in them°
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One of the ways in which chemistry has been able to rmprove the productnv:ty
of the agrlcultural communuty has been to provnde it with the necessary
fertilizers and other energy-consuming assistants, to nmprove the yjelds{
This has led to‘a high energy consumption in those countrres in‘which

there is a high food production, and consequently a high gross na;ional‘

product, however one measures it.

ENERGY AND MATERIALS - PRESENT USE

There are various ways to examine this relat}onshio be;ween energy'con- ‘
sumption and sooia] values. One way is shoWn in Figure L, in,whichvthe
energy consumption per caprta is indioated. -Here'one sees that.the_energy
consumption per oapita is highest in those countries in which theAstendard
of living is.hijhest, such.as North America,iwestern Europe, ano'Japan,
whereas in those countries in which the standard of living (however_it.may

be measured) is low, the energy consumption is low.

Another, and perhaps even more realistic, way ofv]ooking at it fs to examine“_'
Figure 5, in which we show the relationship (at least in the United States) -
between the value of‘the gross national product prodoced by the coontry'per
million BTU's (a unit of energy) that it uses.h'lt is clear thet, in general,
the increased value produced per unit of energy used means a more efficient
orgaanationa] and structural entity, and this has been thelcase over the
last twenty five.yeérs; as is evident in this figure. In FaCt,,oart of the
reason.why rhelaoricultural productiVity in the Un}ted Stetes has beenbso.'
bounteous as to be able to be anvfmoortenr aid ro‘the rest of the world

has been because of the large inpotvof energy into our agricultural écti?ities.
This energy has had its source primarily in the form of fossil energy - nahely

coal, oil and gas. In recent years, however, it has been dominated by oil



- and gas, which are more convenient, and more environmentally acceptable
energy sources than coal. However, there is a limit to how much of this
fossilized photosynthetic carbon is available, and the Iimits'are already

visible - especially in the oil and gas areas.

The next figure (Figure 6) shows the rate of discovery of new oil in the

' Uﬁited States as a function of the ﬁumber of feet of well drilled. It is
‘evident.that there has been a sharp deérease in”the rate:of new discoveries,
eveﬁ though the drilling rate haé increased. This décreése began in about
iQSO, éﬁd it is now leading to a total decrease iﬁ the net:available oil

on tHe American mainland. It can only mean that the avai!able oil to be
found in this geographical area has now passed its peak, and that we can
only look forward to a decrease in the total amount théf we will have
available from this sdurce. In fact, we believe that the peak production
capab{lity in the éontiﬁentaf United States wés reaéhed several years ago.

It also appears to have been reached on a gldba] scale as well, as shown

in_Fighre 7.

COSTS AND AVAILABILITY
Another different way qf making an estimate of the availability of resourées
_fs to look at the history of the costs that have béen aftributed_or laid -
ddwn to a particular resource. In thisicase, we are considering now the |
. fossilized phqtésynthetic_materials: coa], ofl, and gas. ln'Figyfe 8, f“
have shown a price history of these three materials in the.Unitéd Stétés
over the last fifteen years, with a projection of what that brice mightvbe
in the next four or five years; Agvyou can see, it was fairly.constant
for_a period of about ten years, and then began to rise very sharply -

partly for political reasons, and partly for technical reasons of shortage.
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The sebarétién';}i£hese>twovfactqr§ is néf boggkble for me. In aﬁy case,
as theAprice Fises the result 6f.that'pfiée }{gé wiil be a horevlimfted
use of the materials, so that we musf find other wéyé‘of fulfilling our
needs. We can hardly expect that the prfce of oil or gaé wil]vever fall
again to anything approaching the values shown’iﬁ the first ten years of
this illustrated period. There is not much question that at least part of
the reason for this is the real and total dgpletién of the stores of such
materials that are presently in the Earth. |If we accept for the moment
the basic premise that most of this oil ana gas (if not all of it) was
once the product of a living organism, using the sunshine as a strce of
energy, we can be sure that the amount of it availab}e'to us stored fn
the ground is a limited amount by the standards fhat we are noﬁ'using for
the rate of its use. |In féct, there have been a number of historical
anélyses of other resources going through a similar use and depletion cycle,
and it has been suggested that we are already on the decaying side 6f the
oil depletion curve. Therefore, we can expect it to be truly used up

within a relatively short period of history.

The amounts of available coal, however, are globally be]ieyed to be much
higher. In Figuré, , the two resource use curves are sqpérimposed'on gach
othef, and it is cleaf'that the coal resource use curve exteﬁds far beypnd
any limits of technology which we can now perCefve. It is for this.réason'
that hany of our politi;al leaders, bbth domestically and interna;ipnally,;
_ have suppqsed that‘we.;ould go forward with a much larger expectapion for.
vcoal use than we have in the past, fhat this would carry us intd the next
Century,‘byiwh?ch time our solar and nuclear technologies wduld héve |

"developed to the point where tHéyawould fulfill our eénergy needs.



COAL CONSTRAINTS

There are, however, a number of constraints on the vastTy increased use

of coal_as a source of all our fuels. These constfaints must be ﬁonsidered
and alleviated, if we are going to do what'has just been proposed. One of
these constrafnts is the mere fact that we are extracting stored carbon
from undergfound; and by burning it in a fuel cycle of some sort, it is
‘consequently being injected into the atmosphere as carbon dioxide. That
this injeétion of fossil carbon into the atmosphere has been taking pla;e
at a rate greater than ft is being removed is evidenced fn.?igqre 10.

Here is shown the history of the carbon dioxide leve]lover the last fifteen
erars, takeﬁ at a mountaintop in the middfe of the Pacific Ocean. As you
~can see, roughly one-half of the carbon injected into the atmosPhere'each
winter is removed during the following summer, resulting in a consequent
nét rise of carbon dioxide in the atmésphere each yeaf. FUfthermore,'é
closer examination of this data indicates that the rate at whicﬁ it is
rfsing‘is a;tually accelerating somewhat over the last fifteen years.

This is indeed a global measurement, since the same kina of result has
been obtaiﬁed from stations ét the North and South.Péles. The questfon

of what the consequence of this increased carbon dioxide b}anket mighf Be
for the Earth is another matter. There is, however, one aspect Which i§
very hard to deny’- and that is that whatever the mechanisms of carbon
dioxide préduction_might add up to and Whatever the mechanisms of carbon
dioxide removairhight turn out to”bé, they are not hatched.' The rate of
pfodﬁctidn oUtétripg the rate of.rémdval.- As a consequence,'the'blanket
of carbon dioxide around the gloSe will ihcreaée iﬁ thicknesé. While the
meteofolégisfé cénnpt as yet make anyvpredictiéns in de;éi] of what the
pénsequencesvof this increased carbon dioxide blanket are likely:fo be in

‘terms of changes in the weather, there is one general conclusion which
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hardly Seems avoidable.‘ This is.that the average globa]'temperature-mUSt
rise, due to the_transparéncy of carbon dioxide to visible radiat}on and
its opaqueness to the resulting infrared, which is generafed at fhe
Earth's surface upon conversion of the visible sdhlight{ The'détails

are yet to be worked out about the weather modifications which th?s_
increased blanket is likely toiproduce. It is"a problem of some serious
magnitude, and efforts must be made to control it. Here again, chémistry

will undoubtedly play an important role.

However; fhere is still anofher and more immediate consequence of'tHe
increased use of coal, which has been prqposed.worldwidef As you all
know, coal is very poor fn hydrogen compared to-pefroleum or‘natural.gas,
and therefore much richer in aromatic components. As an examp]e,vwe know
~that when coal is burned in a boiler (or any kind-of combustion process, -
for that matter), a much larger amount of aromatic emissions fe5qlts from

such a combustion process.

Avsomewhat easier wayrof expressing tﬁe hazardé involved fn the use of
céé] is to be found in an examination of the oil which is.produced by

coal liAuiféction (a process which was first used as éarTy as World War I,
used agafn fn World War ll,vand which is now beihg_proposed for renewal).’
Figuré llvshows an exémple éf one such oT]’produced from coal, in an
experiﬁental élant iﬁ the‘pnitedHS§atés. These plants havé been designed
at é level of about 25,000 tons/déy of-co;l, and ft is madevclear.in this
figuré thét the amount of arohati;s that will be in such an oiljis very
'hiéh ihdéed. lln particulér; suéh a é]ant would produce abbu£'ten pqunds
éf benzopyrené.ﬁer day. Wﬁen we remember that benzopyrene is,one 6f the

most potent carcinogens produced in any combustion process, and that it



is effect}ve at the milligram ieve] in producing lung cancer, we can

eaéily viédalizéythé éno;mbusfpfoblehs Wﬁj;% gqcﬁ aﬁ ;hhanégd production
ofibeﬁzop;éeﬁe spread iﬁto the'afmosphére migﬁf.entail."As a comparison,
[ hévé,giVen the analysis of ordinéry petroleum; which.i; not so rich in
aromaticsﬂcdhpared with this particﬁ]ar coéiﬁoil. Yoﬁ can ﬁée fhat.theré
’fs ten to twenty times as much benzopyréne in the coal oii as thefe is.in
_ petroléum. of COdrse, the benzopyrene canlbejremOVed'From this éoalvoil,
and | daresay it will be; but the costs of doing tﬁis_will affeét th¢

uses to which that oil may be expected to be put.

These are only two of'tﬁe constraints that the environmentél pfObTem§ of
coal use will place upon us. The parficu]ate matter that issdeé froh a
coal combustion process, and the various kinds of other thic.materia]s.
which would issue in the water effluent from a céél liquifaction or

gasification p]aht, are also problems which will have to be considered.

SOLAR RESdURCES
Thus, we are left with the only other alternative whicb would neither
increa;e thé carbon dioxide level nor enhance the carcinogen.léyel.(nor
produce any other environmental hazard that we are aware of at»fhé momenf).
This alternative is the use of suﬁshfne, directly as it comeé'to us, rather
than using up thé fossilized sunshine whichlconstifufes'the.petroleum,
natural gas, and coal, and which took several hundredvmf}]ioﬁ years to
producé;‘hWé are thus, in a'éehsé;wifVin§>on ouf cabfta? aécount‘of
fossfliied sunéhine; éhd the time has now céﬁevwhen'Wé mustv}zarn'hqw to
1fve on fhelannuaf‘ihcomé of enefg; froﬁ theisun, which fs fépresented

¢

by the bhotds?ﬁfhetic process,
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As an interuction to this, | would like to have you look‘at a hap of the
world'(Figure'IZ) showing where the natural photosynthetic carbon fixation
actuélly occurs. In this figure you will see that moét of it occurs in
the humid tropic regions around the equator: in fhe Amazon Valley, the
Congo Valley, and Souﬁﬁeast Asia. Here the fixation rate ié.of the order
of one kilogram‘of carbon per sduare meter per year. Howé?er; these regions
are relatively fragile, and must be uéed for more highly important purpéses,
such as food prodUctfon. The productibn of materials, however; fanks-a
very close second to that of food. What | have contrasted here is the
vproduction of materials such as those used in the chémical industry with

those needs needs which are simply the production of enefgy.

There are othgr ways in which the energy of the sun might be captured
direct}y, bﬁt.there is none yet that can use this energy to reduce carbon
directly and thus ﬁéke it useful as a méteria1s resource, which we need
for so many other applications. Rbughly about ten percent of the fossil

hydrocarbon used today is used in the petrochemical industry as a materials

source rather than as an energy source, and it is that ten percent materials

source toward which we can hopefully look as a possible substitute in

direct photosynthetic carbon reduction.

PHOTOSYNTHES IS
We do know a good bit about how the green plant captures the quanta and

uses that energy to reduce carbon. The details of that carbon reduction

cycle are shown in Figure 13. Here it is clearly seen that the first

méjor pfoduct of all green plant photosynthesis is»essehtia]ly carbohydrate,

‘and most plants store most of the energy so captured in this form (shown in
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the upper righthand corner of the circle). In fact, there‘is a great deal
of effort going on throughout the world at this time to find ways to
convert that carbohydrate, which is the primary Storage prodp;t of all
green plants, into some form more useful than wood.v It is true that
one hundred years ago moSt of the world subsisted on'that wood as an energy
sourcef. Today, however, our systems are built on more convenient fuel
sources (as well as.more convenient materials sources), such as liquid
hydtocarbonsvand their relatives. It is this kina of conVersion that we

are now seeking to make.

Efforts to use ;arbohydrates étored by p]énts are perhaps férthest along in
the case of the directly fermentable sugars (such as'those producéd_by‘sugar
cane), in which case the sﬁgaré can immediately be convertgd into a 1idﬂid"
fuel by a fermentation step. An example of the growing of sugar.cane is
shown in Figure 14, which illustrates a cane field being prepared for harvest
by a preiiminary burn of the dried'ieaves, which will allow for'the entfy

of the haryesters'(either people or machines). - This step séems to be
'uhiversa]‘in the iafge scale harvesting of sugaf cane, and it seems to
represent a substantial loss of material. Névertheless, considerable
progressvhas been made in the developmeht of sugar cane as a source of

bath fuel alcohol and alcohol that miéhf be uged as é'starting point for

~ chemical processing.

The essential transformation is shown‘in»Figure'] , in Which it'is appqrént
that the conversion of the solid sugar td‘a liquid form involves a logs 6r
reductibﬁ of wefght by ohe—ha]f, without the cohcdmitant Iogs of‘any sub=~
stantial amébnf dF_energy. Thus, 180 grams of sugar will produce about

90 grams of alcohol, and it.will retain over 90% of the energy content of
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the sugar in the pfoééss; This alcohol can nowbe used directly, as a
fuel, in an internal combustion engine suéh as the automobile. All that
is required to make the mixtufe of 95% alcohol and 5% water be useful as
a erI is the insertion of a small heat excﬁanger between the carburetor
(which micronizes.the alcohol) and the intake manifold, using the Heat of
the cooling water from the engine block to vaporize the alcohol. Such
engines have actually been built (particularly in Brazil), and are used
both for motor cars and for harvesting machinery. {n my own eXperience,
such a motor car seems to run just as well, or perhapé even better, than
oﬁe running on gasoline. The only difference seems to be that the one

running on alcohol smells better.

ALCOHOL
A more important use for alcohol, perhaps, is as a raw material or a
beginning feedstock for the petrochemical industry. This intercalation
is shown in Figure 16, in which the present route to ethylene from naptha
is illustrated, as well as the corresponding route from sugar to ethylene,
as the crossing point or point of entry, into the petrochemical industry.
.The availability of a substantial pool of alcohol in the large sugar
growing countries of the worfd (such as Brazi], and perhapS the Philippines)
may very well induce a number of chemical companfes to bQi]d alcohol érackers
to make ethylene, in place of their naptha crackers ffom petroleum,‘

which is becoming increasingly unavailable.

Thus, we have a route from the carbohydrate (the primary storage product
of most plants) to the hydrocarbon materfal, which iis the raw material of
the petrochemical industry. However, this route is limited to those piaces

in which fermentable sugars can be readily and cheaply produced. In many
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parts of the world fhis cannot be done. Instead; the stofage producf is
‘in the form éf cellulose. This would require a preliminafy_hydrolysié of
cellujose to fermentable glucoée befére the a]coho}.férmentation could
occur. There is a great deal of work going on in the United Stafes and
‘Wéstern Eurbpe (and probably in Northern Europe, as well) toward this end;
itris very likely that.this work will meet with considerable sﬁéceSS, and
thus présenf a new resource for thg temperate regibnsvof the world in the
form 6f the ability of these regions td produce cellulosic materials, as'a
starting point for the kind of petrochemical industry to which we have |
become accustoméd. However, those plants, as a general rule, which are
very competent carbohydrate producers also fequire the kind of land that
can also be used for food production; therefore, the competition Between
food production and materials production by these routes might begin,

This seems to mé to be an undesirable competition, in view of the food
requirements of the world. Therefore, we have éet about to find other

ways than this one to fill the heed for hydrocarbon.

HYDROCARBONS
Lef me remind you'of the photosynthetic'carbon cycle, which | showed you
in Figure 13. While it is true, as shown in that figure, that most of the
- plants with which we are normally familiar store their solar energy in the .
férm of reduced carbon (carbohydrate), there do exfst a‘number of plants
whfch can store this energy, in substantial amounts, in the form Qf‘a_hore.'
ful]y reduced carbon (such as hydrqcarbdn). VThe ones that are most -
commonly known to you as a commercial crop are the rubber p]ants of fﬁe
worfd. There is one major rubber plant, and one minor 6ne, which iS'rabidly

rising in importance. The major one, of course, is Hevea brasiliensis, for

which all the plantations exist on a large scale in Southeast Asia, primarily
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in Malaysia and Indonesia. Figure 17 is a picture of a tapped rubber tree
in Bfazil, but they look very much the same all over the world. The ]atexb
that you see running out of the tap, and along the bark iﬁto the cup, is
an emulsion of hydrbcarbon in water consistihg of about one-third hydrocarbon.
The molecular weight of that hydrocarbon is very large (épproximately two
million), so when the emulsfon is coagulated and the hydrocarbon settles
out‘as a coagulum, the hydrocarbon separated from the water is an efastomgr.

That is, it is rubber.

There are many other plants belonging fo the same family (the Euphorbiaceaé
family) that Hevea belohgs to, which also produce late*. In many cases
this latex consists of an emulsion of a hydfocarbon fn water in which the
molecular weight of the hydrocarbon is much-sma]ler - of the érder of ten
to twenty thousand. In this case, when the oil and water are separéted
frﬁm the emulsion, the resultant hydrocarbon that remains is not big enough
to be a solid rubbery material, but rather is a liquid oily material con-
sisting of a very complex mixture, mainly of reduced‘carbon atoms. These
plants, howeyer, tend to grow for the most part in the humid tropics, and:
we saw many of them as we moved down the Amazon in our search for oil

producing plants.

However, there are a number of such plants, both in this famiiy and in .
vbther families, whfch grow in the arid regions of the Earth.‘ An example
of such a plant that produces a large hydrocarbon, rubberyviﬁ character,
is the well known guayule plant., Guayule is a member of the ComEosftae
fgmi]y, and grows in the deserts of Northern Mexico and the Southwestern.
United States, as is shown in Figure 18. If plants with this behavior

(that is, plants which could be grown in the arid and the semi-arid parts
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vof the world) could be found whteh produce ]ughter or lower molecular welght
hydrocarbons, then we mlght have a dlrect source of photosynthetlcally .
produced hydrocarbons Wthh would not be rn competltlon w:th the land that

may ultimately be required for food prodyctlon.l

Flgure 19 shows a map of the Iand areas of theanrth ln whlch the seml-arnd
regions and savannas are illustrated and dlstrlbuted, covering both the
Northern and Southern Hemispheres, and including the Southwestern part of
the United States, Southern Africa, Australia, ahd South America. These
lands are presently relatively unproductive, either for food or for any
other use. We hope to be able to find plants that can be adaoted-to that

kind of a growth environment, which will produce hydrocarbon directly.

In fact, an exoloration of such parts of the world has already begun. lh
Southern California we have found a number of members of the genus EuEhorbfa
which Qrow wild and which are prolific producers of latex. Similarly; alohg
the Southern Coast of Puerto Rico, we have seen another group ot plants
growing, also of the EuEhorbia_genus. Figure ZO—A shows ohe of them,

Euphorbia trigona; and when we pierced it with a knife, the flow of latex

was evident. The South Coast of Puerto Rico is a relatively arid region,
as shown in Figure 20-B, and might be considered fairly representative of
_ the larger semi-arid regions of the world shown in the previous map.

Many other plants of the same genus grow in similar circumstances.

3oL

EUphorbia tirUcafli,‘the wel1-known African’milkbush,:érows'Very well -in

Southern Ca]ifornia, and could very likely be developed as a Iatex-produoing

SVt e

tree as we]l However, being a Northern.Californian, l was seeking plants

eyt

which mlght be grown |n the somewhat harsher cllmate farther North. ln'fact,

we found a member of the genus EuEhorbua that grows very well in Northern
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California, and a picture of it is shown in Figure 21. It is known as

Euphorbia iathyrus. We have indeed begun to determine the growth rate

of this plant. The Euphorbia lathyrus can be grown annually from seed

and harvested in much the same way that sugar cane is harvested, as

opposed to the trees (Euphorbias trigona and tirucalli) discussed earlier,

in which the oil would have to be harvested by a tapping (or at the very’

least, a mowing) operation.

The growth data on the:Euphorbia lathyrus isvshown'in Figure 22, and it

indicates that we can expect to obtain with confidence not less than six
barrels of oil/acre/year. This would be about fifteen barrels/hectare/year.
This is, of course, without any agronomic care or selection of the plant

at all. It comes from a wild seed, and this is the first planting of it.

Beafing in mind that we are seeking, in fhe first instanhce, a repiacemenf
for the petrochemicél feedstocks rather than solely a fuel use, we must
now learﬁ much more about the chemica]'composition of the hydrocarbon
mixtures of these Euphorbias Ehat I have just described. We have begun to

do this, and Figure 23 shows an analysis of the sterol contents of a variety'

of Euphorbias. 1In Table 1, the relative amounts of 6pen-chain‘po]yisoprene,_
here designated as rubber, are compafed with the sterol content. The |
relative amounts of sterols are also shown in a widef_selectibn, which also
includes an analysis of guayule and Hevea. Most of these latexes also

contain a number of terpenes as well, but we have not analyzed for them.

Finally, in Figure 24, ! want to show a comparison of the molecular weights
of the rubber component of a genuine rubber plant such as Hevea. In Hevea,
the molecular weight distribution is shown to be bimodal, with a peak at

. half a million and another one at two million, as compared to a similar gel
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Preliminary results

2 Identified sterols are p-si

7/16/77 :
TABLE: 1 STEROLS AND POLYISOPRENES FROM EUPHORBIACEAE LATEX
% of Dry Latex (ww)' |, . RELATIVE AYGUNT OF STEROLS 5
SPECIES Rubber Sterol (R/S) ] A B8 C 0 E F G H -1 g
Eopnorbia aphylla - 37 10 .82 1.0 .46 '
Euphorbia arbuscula _ 1.0 .19 .
"Euphorbia balsamifera 4. 93 0.04 1.0 &
Euphorbia bupleurifolia
Euphorbia characias ' ; 13 1.6 .68 .27
Euphorbia coerulescens | .- 1 75 0.0 j1.0 .10 .20 .
Euphorbia cylindrifolia} 1.0 .25 - .50
Euphorbia globosa . ) .30 1.0 |
Euphorbia ingenc B \ 8 78 0.10 . i
Euphorbia Tathyris. 3 50 0.06 {.12 .80 .50 .30 1.0
Euphorbia marlothii : 4 A2 1.0
Euphorbia misera ' 69 .32 .66 1.0
Euphorbia obtusifolia .05 1.0 1.0 .50
-Euphorbia sp.(American) ' 1.0 .34 ) o -
Euphorbia stenoclada 1.0 .16 _ " . .29 .17
Euphorbia tirucalli B 50 0.02 {1.0 .70
Euphorbia trigona . 1.5 76 :0.02 {1.0 _ , .61
Elaeophorbia drupifera - 1.0 .16 .20
Acpras sapote i 14 - 66 . |o.2) : : 1.0 .20
Asclepias sp.(USA) 12) (72)° {o0.17 : .20
Asclepias sp.(Brazil) 3.5 3 |om : .29
Guayule ' _ 1.0 .20 .35
Hevea brasiliensis® 87 R 87.0
Synadenium grantif : : 1.0
KEY: A Euphol B Tirucalloel - C Euphorbol D Lanosterol E Lanostero] isomer F Cycloartenol
G 24-Methylene cycloartanol H A-Amyrin 1 f-Anyrin . J Other pentacyclics
1 These numbers were estimated oh the basis of NMR spectra { 60 M Hz, COCl5 ) of the benzene and
acetone extracts. o _ S ;
tosterol, fucosterol and stigmasterol ( 1.0, .50 and .25 respeciively ’.
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permeation chromatogram on the lowvmolecular weight of hydrocarbons‘ob-
tained from anothér EuEhofbia. Here you see that the peak is somewhere
in thevviciﬁity of twenty thousand, and ifs significance beyond that is
moot. The:only thing we can say with confidencé-about this curve is
that the molecular weight distrfbution }n most of the other‘EuEhdrbias
(Qf the open-chain polyisoprenes) is considerably smal]er, and»they peak

somewhere around the ten thousand molecular weight range.

Now, the question is almost certain to be in your minds as to how much,

or at what‘costs (both in money‘aﬁd in land), can we obtain this material.
Unfortunately, the experiments of plénting and measuring are still under-

way. We have planted an annual, which | have mentioned earlier (Euehorbia
Iathxrus), and this plan£ is giving us at least a clue as to the amount |
of oil we can expect from this particular EuEhorbia. We have.also put in

a planting of Euphofbia tirucalli, which will grow to be a tree, and of

Euphorbia trigona, which will also be a tree, or bush-like plant. The

barvesting time for these two is considerably longer, and therefore |
cannot really give you any substantial information yet about the yields

we may expect from these tree-like plants.

However, using what data we have on the Euphorbia lathyrus, the annual
plant, we.do come out with some yield numbers which | have already givén
you, and also with some cost numbers, which are very rough, .to be sure.
But it looks as though we could make fhis complex mixtpre of hydrocarbons

(as obtained from Euphorbia lathyrus or the other Euphorbias) at a price

of about $10.00 to $15.00 per barrel of oil in the field; and another
$10.00 per barrel would be required to take the oil from the plant and

put it in the barrel., So we are talking about a price of crude oil, a
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mixture of Hydroéarboné, 6f thévorAér.éf $20.00'per.barre]. This price
is not far from our present onetof.$l3.00 or'$lh.00, and we knowvthat
_this.present priée, Fgr cfude oil from‘the ground, will.riée. 'Thus, it
seems to me to be'eﬁtire]y possible thét we may indeed be abfe to return
'tdjaléuéfent income accodnf for our hydrocarbons needed for.méferials, as
a‘re50urce. It may even be possible in éoﬁé cases to use them’as a fuel,
as Well. And this, in turn, will Help sblve the problems we indicafed
ear}ier which are limiting our productivity, both in agricuiture (2) and

in'materials for the welfare of mankind.
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YORLD EHEDGY CYISUFPTION A PAPLLATINT BY PAJCR REGICHS, 1950, 1960, 1972

19 1560 187
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REGION ' PopuLATION  CONSUMPTION. PoPuLATION CONSUMPT ION PopuLaTIoN  (ONSUMPTION
- (micLton) 100 Bru (MILLION) 106 Bru (riLLIon) 106 By
[ORTH /WMERICA - 166.1 - 219 198.7 25,1 26,2 326.3
CANADA 13.7 1976 17.9 217.3 214 %289
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“ESTERN [-UROPE" 302.4 57.8 326.5 79.3 4 54,3
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OTHER "SIA 722.5 - 2.9 &77 .4 5.2 1127.9 S.
¢ . _ . .
MericA 217.0 60 276.0 7.5 39,5 in.5
USSR 2 Com, cAST.EUR, . 209.8 0 47.6 512.9 53.9 356,41 128.,5
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Fig. 21 Euphorbia Lathyrus, South Coast Field Station, 6/77
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Molecular weight distribution of polyisoprenes isolated -
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