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POPUIATION IN REIATION TO CREATABLE NON-BIOWGICAL RESOURCES 

Among the major industrial changes that have occurred during the course 

of this century have been the development of synthetic nitrogenous fertilisers; 

the introduction of synthetic fibres and plastics ; and the elaboration of a vast 

range of nove l chemicals . These changes are part and parcel of a new industrial 

revolution which bas also seen the emergence o¾ t he l ight metal s (aluminium, 

magnesium and titanium) and the exploitation of such new sourc~s of power ~s 

natural gas . They are all expressions of highly evolved i ndustrial societies, 

and of highly developed technical knowledge; and all have been dependent on the 

deployment of vast capital resources that had been created through the operations 

of older industry. Similarly, all have been conditioned by the balance and 

interplay of a variety of social forces - such as the conservatiom of established 

practice and the technical superiority of things new; of the tendency of long­

establ i shed enterprises to defend their independence against the inroads of new 

and large manufacturing enterprises, whose development automatical ly r evolutionize~ 

the inter-relations of different industries; and of the understandable tendency of 

investors to take a short-t erm view of what constitutes a profitable outle.y of 

capital, and the social need to l ook to the kind and scal e of demand for resources 

which the f uture will reveal. Up to now new i ndustrial deve lopnents that have 

meant the creation of new resources have seldom been inspired by an objective and 
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::.nb:::chic clcvclop:1:~nto ho.vc been Gtitaul.o.tcd by iruraedio.tc economic and 

'l'hc extent to whi ch ~o- ca lled ere tabl bi l a e non- o os1cal resources can help 

to :· •• .:ct dc:.;:-.n:1 ove r the next 25 yea.rs or so Will proba.b~ be conditioned by 

~L.llnr socio~ consideration:;. F\mclnmento.11.y our materio.l resources remain the 

~:· --~ r~~ tho::;c lll1ich were o.vo.ila.ble to the ancicnt _Greel~ . The fact is that while 

._; ... -:1 co.n trcn:;for:i cutter i nto energy, he h.o.s not yet succeeded in transforming 

cr.~!·c:,· into i::ittcr , or of creating m3.tter or energy from the void. What we can 

tlo, but nt vost cost, is rn.'.lkc new elerents, synthetic chemicals or large macro 

~~lcculcs free existing cateriols by the skilful. rearrangement of the forces 

bct::ccn nuclei, n.toi:s o.nd electrons in e. closed system. Since these new po.tterns 

cannot be detected in natural products , something nev has been created. We can 

nl..zo re -create old r::.o.terinls as , for example, when amino-acids are produced by 

co_ .~)inin,3 c.~tho.nc, ~nio. and steam in an electrical field . Moreover, we lmow 

bou to ·ceet oco.rcities of raw materio.ls by policies of conservation and econonzy-1 

o.nd by :fobrico.t,ing o.rticl.ca £rom a.l.terne.tive r aw materials . 

It is essential. to remember, however, that the "we11 happen to be those 

who posses3 the knowledge and the capital, and that the demand for new creatable 

non-biological resources of the kind simil.ar to those we already know will grow 

most quickly in those parts of the world which are a l.ready highl_y advanced, rather 

thnn in the more undeveloped areas where the greatest increases in popula.tion ·are 

likel.y to occur 1n the course or the next few generations . On the other hand, 

as population increases in these areas , and if their standard of living also rises, 

the dem.snd for rav materials 1s bound to spread and increase . Thus 1 i:f nev land 
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is brought into cultivation, and if agricultural productivity is to rise where 

it • 18 now low, tractors and other products of manufacturing industry will be 

required at a rapidly increasing rate. The poverty which exists in the world of 

to-day is as much a poverty of clothes, houses and tools as it is of food. 

Poverty is, in general, indivisable. 

The 1951 United Nations Scientific Conference on the Conservation and 

Utilization of Resources mostly used the term "creatable resources" in the 

restricted sense of substance~ that can be made out of materials that are at 

present unused (in particular agricu_l tural surpluses) ._ From the point of view 

of the present conference, it would be wiser to use the term more generally, as 

implying any new resources which have been, or can be, made available through the 

application of recent scientific knowledge; or old resources which can be elaborat­

ed through the use of new techniques . In the space of a short article it is 

impossible to deal with more than a few illustrations of creatable non-biological 

r esources . The three that have been selected are, however , among the "major" 

ones there are. 

Nitrogenous fertiliser - our major creatable resource 

Man's nurture depends essentially on the efficiency_ of _the green plant 

in utilising the energy of solar radiation to abstract the 0.03% of CO2 in the 

air , to fix the carbon, and to store the energy as carbohydrate, protein and fat. 

Our major concern should, therefore, be aimed at the elimination of the factors 

which limit the photosynthetic activity of the growing plant. The most useful 

way of doing this is to increase the use of fe_rtilisers. Even in countries with 

a highly developed agriculture, fodder crop_s ~arely _rec~iv~ sufficient fertiliser 

even in cases when cash crops _are adequately fertilized. 
+ • ., · - · · • , , • • , ' • • 

Phosphoric fertilizers do not come under the category of 
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cre~tnble =eso~r~es. Nit~ogenous fertili2er does, and in most countries the 

:-eturns expe~ted. fro~ its <ip.9l i cf!tion are much greater than those from 

phosp!:orus or po't!;.ssiurr. (en nverug .. estimate is that nitrogen would give three 

ticas the yield of an equal quantity of phosphorus or potash fertiliser). One 

ton of f:xeci r.itrogcn will, in fact, produce enough extra food to feed about 40 

people n ycur. It sec~s re~ccr.ablc, therefore, to use our supplies of fixed 

nitrogen ~o incroase the efficiency of photosynthetis, by removing the. limiting 

:c.c-::o:::- of "tho cupply of nitrogen, rather than to use nitrogen to synthetize 

pro-:c.::.r.::: b:,- ch -:::-::ice.:proceoaea which are lependent on our reserves of fuel. 

O~r reserves of fertiliser nitrogen are limited t! the supply of energy 

needed to convert at~o~pr.eric nitrogen into a form available to the plant. Where 

the energy for eyntheais is derived from fossil fuels, the balance of the car bon 

cycle depends on our agricultural efficiency. Thus, approximately five tons of 

coe.l are needed to produce one ton of fertiliser nitrogen. This in turn produce·i 

about ten tono of starch equivalent, so that the net gain in carbon fixed over 

that present in the coal is not large (coal 80% c., starch 44%c.) Nevertheless -

it is foo u. we want , and for years we shall have to depend on our supplies of coal 

in order to increase agricultural output . 

ConsiQerable capital is also needed to produce fertiliser nitrogen - as 

ffiuch as £200 and 1 ton of steel per ton/year of nitrogen. Moreover, tlie running 

costs per unit of nitrogen tend to be inversely proporti.onal to the volume of 

output so that the process favours large-scale manufacture. For that reason, 

considerable interest has recently been taken in a new deveiopment for fixing 

atmospheric nitrogen i n smaller plants. This process is based on the thermal 

conversion o: the N
2
• and o

2 
of the ail:" into nitric oxide, from whidh nitric acid 
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i c 01>t ni nctl on aolution in wo.t cr. Such a development could meet the l ocal 

11~~~d 3 of undcr-tlcvclo_pccl countries which are favoured vlth a GUpply of fuel. 

D~ Y0 lopm~nt worl( on pilot plant sea.le has taken place in the u.s ., and the 

i nf orm.:i.tion o.bout t he economics of nitrogen production by this process will be 

of c;rco.t interest. 

Snlnhttt' 
-----

Sulphur and sulphuric acid are also major factors in industrial and 

r-.c;ricultural :progress . The acid is used in literally hundreds of manufacturing 

processes ; and in agriculture it is used to convert insoluble rock sulphate into 

o. form soluble in water, so that tb.e phosphorus is iIDmediately available for plant 

Elementary sulphur is also widely used in industry, and pa.rtic~larly in 

th~ mo.nufacture of certain synthetic textiles . • The overall consumption of sulphur 

can, in fact, be treated as an index of total industrial activity. 

In recent years world consumption of sulphur has been increasing at the 

rate of 6% :per annum, and has been largely based on the exploitation, by t he 

:=a:;:usch process, of the sulphur domes of the Mexican Gulf . This source of supply 

is now showing signs of dwindling, and attention 1s being increasingly directed 

to the :production of sulphuric acid from iron pyrites, the iron oxide that is used 

in eas works to remove H~, and anhydrite . The processes ~oncerned do not 

represent ne,r developments , and most are more costly than manufacturing sulphuric 

acid, by the contact process, :from elementary sulphur. Efforts a.re o.lao beins 

w.::i.dc to discover a. convenient and economic method of extract_ing elemento.ry sulphur 

from these i:;rune raw materials ; but so far ?,O satisfactory way bas been found . 

In addition, various steps c~n be taken, as they have been in Great Britain, to 

cconomioe in the use of sulphuric acid, and. to convert rock phosphate into a 

: 1.:_-:;:,.1J1c f crtili:.cr for-..u by using methods other than conversion -with sulphuric 
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~ .. _:: t: .:.~:~ t: ~: ~:c 

:o ~- e ,::..::~,·oer thn.t ev-8::.'y me t hod that has to be adopted as an 

·. c ·.,:;:..::_.:: tti:: el e:~.entar-y sulphur t h2t comes from the sulphur domes of 

:~o~ o: :::-~co~~:es w~ich coull be p ut to othur u ses . 

':: ::.: cc:1::::-ol of tho intEe::::-r::ol e cul a r combinations of relatively simple 

0 ~·1.·, .·.,. ' __ • .• ~ .... • .• ,~ •. -. ~~~--~~ '.';. ~'.1 i. ·., .. . O"oce -,.. ot~ r e l • t· h 1 d t th d t· - - ,., _ -· - - , - ... . ,~ • - ~ .., - 1> j~n.Jru.: a ion ac e o e mass pro uc ion 

o .:' :-.:~ :·.G:o:·,::..~ :: i n c:; rc r r.~ j· of ne:: anci ve:::sa+.ilo materials , such as the synthetic 

:· ::.·::::·,~,, , r.:,· : o?: , 'I'L::::-:,·1,.., :1 ~ (o::::- da.cron) , and. ree onerated protein fibre; synthetic 

::--..:.·:1 ·: 0:- :..;; pr. e1~o l - o::: u:::-e:i..:.-formal.iohyde re s ins; methyl rr.&thaerylate resins; and 

~-.::; :-c::•.) e:: :.: ·:::..:~;:,·l pol:,~ero . ~-!a ny of these materials have been used to replace 

o-::1c•:::-!'.: tr.n.: r.o..·:e ·oocc:::e sca:::-ce, ._.,hile some ha,,e properties not found in any 

con~e~tion~l ~ u tcri&l. Polytheme, ~hich hos excellent dielectric properties 

co~':) ir.eci ·::i "::h cr.er..ico.l inertness, is a notable e.x:a.rnple ; it has even been used :tb 

r ~pl2~e l e~~ pipes :or plumbin6 . In general, however, these new materials have 

be e n usec. not as s'..l·os ti t u tes, but as raw materials additional to those already in 

une . 

? or present purposes the raw materials for plastics and synt hetic fibres 

nay be c l ~csified into those derived from fossil fuels - coal and petroleum - which 

a::-e wast:.ns assets , and those that are obtained from renew-able sources such as 

vege~a~le a~d animal products . In the first category coal i s 

treated in a variety of ways (e.g. carbonisation; hydrogenation (Fischer- Tropsch 
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Oil iG 

Jy:t~ ·t:hi:m,_:31\ :'\ nnnib(.)r o:C' cntnlytic rcfinin~ processes so as to improve the octane 

:n' .'.b2r o :E' c·acolinc, o.nc1 by o. "'l'i'tr-blc 1 t· f h ~ • ,.. se ec ion o· c are5e stock~ , substantial 

y :i.,:~ J.<.1c of benzene, toluene o.nd xylene can be obtained. In addition J.a.rge 

(ll)'i~Y!:.itiec of methane are formed which may be converted to ncctylene or bydrocyanic 

' '.".':.hl. , both of which a.re ra.,, ma.teria.ls for synthetics such a.s nylon . 

In th~ secon~ catc~ory synthetic fibres and plastics are made from the 

c c lJ.ulose provided by VC(;eta.tion of various kinds , a.nd as such compete with the 

-t:1:;,;,r.litional textile crops - cotton and flax. Cotton is the lll3.jor natural fibre 

r>.rvl co;:i.priscs 521~ of o.11 industrial fibres and 73% of apparel fib1·es . The cotton 

p1o.nt iG a sub-tropical perennio.l cultivated as on annual, and requires a fairly , 

uct c;rowing season followed by o. wa.nn and dry picking season. The conditions are 

similo.r to those which are desirable for a. number of food crops. The wo~ld acreage 

devoted to its cultivation is 81 million acres . Yields, which va:ry ·with season, 

locc.li ty, and the incidence of disease , range from a.bout ¾ to 4 cwt. per acre . 

The U .s .A., with the largest acreage ( a.bout 35% of total) has a. ·yield of 2-} cwt• 

per acre, and this is probably somewhat higher than the world average . 

On the other hand, the sustained yiel.d of timber gives 2/3rds ton of pulp 

on poor l and and over 1 ton on good la.nd. The l oss on processing is <JI,, as it 

tn.1.:es :from 1.05 to 1.10 lb. of rayon pulp to make 1 lb. of yarn. ( The losses are 

c;rcatcr in the manufacture of cotton yarn). The output of rayon textile fibres 

1 ,~r ncre of poor l and is thus a.bout five times that of cotton and on good lend 

i3bcv. t, e ic;ht tines . 

The 6 usta.ined yields of timber from the eucalyptus plantations in South 
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A:ric?. e.::.-e expacted to be ten tons per· acr,.,. a year. 
c This would give three tons of 

:·0.::on p'.ll.p per acre a year. In thi s case the output of rayon textile fibre per 

~ c::.-e is esti~~ted to be about 24 times that of cotton. 

Si!:lilar consid erations applv to flax, "'hi" ch has t b v .. o e grown on good agricul-

t;;::.•£.1 land . The world output of scu.tched flax in 1951 was 854,000 tons, produced 

:=o~ en area of 6,442,000 acres. The average yield per acre is therefore about~3/4 

C., .• 
tf .... cc~ tched flax per acre. While rnyon fibres are unlikely to be a substitute for 

~~~0~ ~ Lxcept in faar.ionable apparel of short life , the newer synthet ic fibres may 

p::::-ope::.·tior.. su.i table for ma~ of the uses to which linen ia now put. 

S;nth0t~c textiles and food re s ources 

It is not i~probable that 3ynthetic textiles will be devised which have all 

-;;!1(1 r e~,.ui::-ed p:::-ope:::-ties of textiles made from natural :fibres. But since non­

b::.o l oc;ical ra·,•; r:1r:.te:::-ials depend on a large extent on the utilization of resources 

of l ~ni and energy, it is essential that waste in their production and use should 

b e a,o::.ded so far as possible. Wherever possible, the creation of non-biological 

-:e.w :-::a. ~e:ria:S r..ust be associated with measures to r e duce the damage and loss in 

a ~ricultural and forestry crops due to pests, weeds and disease. An important 

point, too, is that the competition is not only between the growth of natural 

fibre s enu the cultivation of cellulose for the production of synthetic textiles. 

La~i that is used to provide cellulose can often (even if not always) be used to 

p r o i uce food, and in the future, food is like l? to be in greater demand than 

t extiles . In the light of existing knowledge, the only firm basis for assessing 

future world suppl ies of food is the traditional use of land for the production 

of cc~ventional crops. The cultivation of unicellular organisms, such as 

Chlore l la, on an industrial scale , and the conversion of the product to a 
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utilizable focd or feedingstuff, is an i dea whose economic practicality has still to 

be proved. Furthermore, until the mechanism of photosynthesis is not only understood, 

but also reproduced in the w·orkshop , we cannot look to the chemical industry for any 

significant addition to our s upplies of food. Even if we could, we need to note 

that the starting mater ial f or synthetic food production would have to contain carbon, 

and that consequentl y our supplies of coal and petrol eum oil would not only have to 

provide the raw material , but also the energy to effect the transformation into 

foodstuffs . If we could synthetize food in bulk from coal or petroleum products , we 

woul d , therefore, be doing so from a wasting asset . In the field of food , therefore, 

our efforts in synthetic chemistry should be restricted to the manufacture of vital 

products which are obtained at small cost in energy and materials. Thus, if the new 

science of nutrition is able to define quantitatively anu qualitatively the needs of 

man ' s diet, then the operations of agriculture should be directed to obtaining those 

crops which utilize solar radiation most efficiently, and therefore produce the 

maximum amowit of edible calories per acre. High yielding crops , such as sugar cane , 

potatoes , wheat and maize , are wholly or partially deficient in some esse~tial 

constituent . Thus wheat lacks vitemin D, maize is poor in B12 and tryptophane , 

while both lack ascorbic acid. The companion science of horticulture is largely 

directed to obtaining crops complementary dietetically to the major crops of 

agricul tu.re, and in so doing a great deal of good quality land is used which , in 

terms of edible calories, is of low yield. The function of the chemical i nauat ry 

• t has vitamins , certain should be to synthesize those essential food nutr1.en s sue_ 

specific amino- a.cine and other trace element s, and thus release the le.lltl for th8 

production of high yielding crops. 

Conclusion 

Other sp~akers will have dealt with the possibJ.li ties of creating new 

-9-



'l'l'..:! picture tho.t h:::\s been <lro.wn in thin 

our need~ for other mo.in rnw materials 

t':, n:,:.:unv..:nti<.' :~:~l 1::~tho~1::; of proiuction i:, not nn optimir.;tic one - at any rate 

:;o r: .-:.· c::; th-.: 1:•.:::t t·.:cn;.:r - f 1vc yc,~rc o.re conccrr1ed . T11 · 1 J o c J?:i:'J.nc Il .c res urces 

·,:::.:..c!i h , ·,,~ to U•'. c :'.l).1c <.i. it: l;o play - l;nowlcclGe, pou~r ::md CO.J)ito.l - ure the very 

o:: ~:; tint ~,!·c 1 ,~:-.:;t ~~-,~~i1-.1>1c where t.hc need, a::; opposed to the effective demand, 

::!.:; r.::~~tl::;t . l 'ii1i::; l:; o. hi0hly i mporto.nt con:,idero.tion, since the more 

c r.1:·;r:ntio::·~1 the 1>::.·o,1u~t, o.n<l the more it represents the appJ.icntion of advanced 

'l'..:c:mol0:;ic-:-.l l:n,:r.rl,~uc:c , the crcn.ter the capital outlay thnt is demanded. Moreover, 

1:·.'J:; t co -co.llcd creo.to.blc nntcrinl:, imply o. competitive use of resources (e . g . coal, 

oil, lr.i.n,1) which could be put to alternative uses. In terms of the population 

probkn, o.ni in pnrticular of rei;ionn.l populnticn probl.ems, it is, therefore, 

difficult to cec that the creation of new non-biologicnl resources is likely to 

play n very much greater part in the providing for man's needs over the next 

t.rcnty-five yen.rs than it has in the past quarter-century, except in the one 

1.mportnnt fiel.d of nitrOGen production. Things like synthetic detergents and 

synthetic textiles mny well reduce the demand for agricul.tural J.and, and so 

rclcnGe naturnl fats and food crops, but in general it is difficult to see that 

they a.re :Ukel.y to play as big a. pa.rt in man's social history over the next 

qu.,".l.rtcr-ccntury as will increases in agricultural productivity due to the 

npJ?lication of modern techniques, in which fertiliser usage will probably pl.a.y 

the ma.jor po.rt . 
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