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. Introduction 

The object of this meeting was to assist in providing _background 

for subseq.uent meetings by considering the non-biological materials 

and the energy on which man depends for his livelihood. With such a 

huge a.nd highl7 ., te .. chnical topic, broad perspective is all that could 

be hoped for. For each of the major types of resources there was_ an 

attempt to indicate the regional distribution in the world in relation 

to: (1) existing levels of utilization by the population and (2) the 

possibilities of, and obstacles to, expanding the utilization of 

resources to meet the need -for improved liying conditions of growing 

-·. populations in the near futurf!3. 

··•. ·: 
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A realistic cons ideration of the possibilities for incroased 

utilizo.tion of energy and non-biological r:w.t crials depends heavily 

on deve lopments in agriculture, which Tias tho topic of meeting no. 22, 

a.nd in tho .:: conomic field of capital c1ccumulation, inves tment and 

ccployment, which ~as the topic of meeting no. 24, Participants in thi s 

meeting (no. 20) wer~ therefbrc asked ~o limi t themselves to the 

ba r es t essentials in thos J fields. Tv-ro economic topics not adequately 

treat ed elsewhere in the-· Conference we re - ino-luded in this moGting 

because they -,,e re considered to be indispensable to a consideration of 

problems of resource utiliza tion . . One vras the relation of industrial 

demand for r a\7 materials to the opportunities for development of 

under-de ve loped countries . The other Tias the use and limitations of 

international trade in ove rcoming inequalitie s in the world distribution 

of popu_la tion and resources. 

The background ._ papers available for this meeting are mentioned 

elsewhere in this report. 

The meetin g_ itself took the form of a pane 1 discussion . vd th the 

follovrin g program; 
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D. General summary 

A. Energy 

There is very little relation between the size of population and 

the amount of economic output in the world's regions. On the other · 

hand, energy consumption and economic output are very closely correlated. 

For example,· Guyol 1s background paper shows that at one extreme Asia, 

with 53% .of the world's population, uses only 14% of the world's 

inanimate energy and produces only 13% of the world's economic output. 

At the other extreme, North America, with only 7% of the world's popu­

lation, uses 41% of the world's inanimate energy and produces 40'% of the 

world's economic output. 

All improvements in the level of living involve a staggering 

demand for inc:reased energy supplies far beyond anything indicated by a 

mere projection of past trends. The conventional world energy sources 

of today cannot possibly meet these demands of the future. Efforts 

need to be directed toward the development of new and non-conventional 

.sources of low-cost energy. 

So far as global energy resources are concerned, non~ of . the . 

authors of background papers fores ees major difficulties in the years 

up to 1980. The two authors who treated the subject, Guyol and 

Schurn..9.cher, utilize somewhat different assumptions both as to population 

growth and as to the per capita increase in energy use. For illustrative 

purposes Schumacher suggests a doubling of annual energy inputs between 

' now and 1980, and Guyol uses a multiplier of 2.9 times the 1950 figure 

WPC/118 



- 4 -

to reach 1980. Evon such largo multipliers do not conte~plato any 

spectacular ioprovaoent in living conditions. Schunacher allows for. 

~ 2;s and Guyol for~ 2.5% annual increase in per capita energy use. 

But, as Sch~~acher points out, SOQO appreciable increase in per capita 

use Wo'!..lld b0 necessary just to prevent a cleteriora tion of living 

conditions in a {;I'm·ring population. Hm·revor, neith0r author foresees 

najor obstacles in clobal terms to providing modest increases in energy 

inputs por capita for a gro\'ling population up to 1980. 

Looking beyond 1980, Schumacher foresees difficulty i,~fore the end 

of the present century if there is continued growth of population and 

expansion of energy utilization along past lines. He holds " ... that 

11.r/estern' industrialization, as it has grovm up over the last 50:-100 

years, does not at present possess a permanent energy basis". 

On the othe r hand. h 0 does not expect this prospect . to become an 

"active force for change" in the next 25 years because oil .and gas, in 

spite of their relative ly short life expectancy, will be able for another 

25 years or so to compete successfully with coal and to determine, on the 

basis of their ovm production costs, the general level of fuel prices. 

Continued expansion beyond 1980, on the other hand, would undoubtedly 

encounter severe obstacles. 

Turning from the global to the regional situation so far as coal 

is concerned, Schums,cher points out that regions outside North · America, 

Europe and the U.S.S.R. and China contain almost half of the world's 

population but -only 4% of the w6rld 1 s coal reserves. 

'.'Ti;' C 111 ° ·'- I o 

These figures mak:3 
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it clear that coal can never in. these "other regions" become the energy 

basis for an ·economy developed on the pattern of Western industrialism. 

Even in India and Japan any large-scale industrializ~tion based on 

indigenous coal could only be short lived. Moreover, all agree that 

any substantial mitigation of regional inequalities in the distribution 

of coal by means of interregional trade would encounter insuperable 

obstacles of cost, · There are, Schumacher recognize·s , possibilities 

"that something might turn up. This expectation, supported by entirely 

prematur·e hopes fastened on atomic energy, is likely to stand in the way 

of a realistic appr0ciation of the energy problems to be faced by 

industrialization on the 1Wettern pattern 1 ,
11 

·· ·In a background paper on oil and gas, Thom, vrithout presenting 

estimates of either needs or nesources, takes a much more optimistic 

view than Schumacher. He believes that world oil and gas production 

may ",,.reasonably be expected in adequate volume for many many years 

to come, which is to say, beyond the time when intra-atomic energies 

will have begun to replace oil, gas, and coal as the major source of 

energy for world purposes." It is also Thom's belief that it is 

entirely feasible technologically to supply natural gas to every large 

city and region of Europe, North Africa and Southwest Asia, 

So far as fossil fuels are concerned, therefore, there seews to be 

general agreement that the v,orld supplies are reasonably adequate until 

1980. Thereafter, opinions range from the anticipation of rather 

difficult shortages of the most mobile fuels to high optimism based on 
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wide known occurrence , new economics in transportation, and the past 

:1.chicv0::,;_; nt in discov0ry <'-nd production in lforth America. 

Curr(;ntly !he fossil fu0ls ::tr,:; supplying botvrnen 75% and 8~ of 

1'h8 sc n.ro capital fuels, stored through 

the ai:;.::s, ·.-:hich ci\nnot be roJpl ~c8d once they are exhausted. The 

·::orld, ho·.:c ·1.:; r, r.:;c-Jiv0s fror.1 tho sun e3.ch day vastly more energy 

than ~~n consunos. Indeed, Daniels points out in his background paper 

that th:: sol:..r ;.3no r c.:,• fE?.lling on an c1cre of land greatly exceeds the 

heat r e quire~onts for one p8rson. The difficulty is that it is not 

possible ~t pres e nt to convert this energy into usoful form except 

through ~gricultur0 and to a minor extent through ~ater power. 

onorg; today consti tues some 20% to 251o of the vrorld' s total. 

Income 

Fuel 

·,;1ood a nd other non-comr.1o rcia l fuels will doubtless continue to b e 

iwportant in isolated a r eas , but the ir continue d use represents a failure 

to solve, rathe r than a solution to, the e ne rgy problem. 

0utsido agricul turc , i:1an 1 s commercia l use of income energy takes 

the forn of -.-.r:1.tor po·.•.'8r which currently represents l e ss than 6% of the 

v10rld I s e ne rgy but, as Aubert points out, is much more important than 

the figure s on ene rgy production vrould sugges t because of its comple­

mentary products of flood control, irriga tion, and navigation. 

The re is pe rhaps no b e tt e r exanplo than the case of v,rater power 

of the ne ed for detailed consideration of all the physical, e conomic, 

social, and der:10graphic o l emon ts of the situation in initiating plans 

for developme nt. '7i thout tho ne cessary population, skills, r aw materials, 

and e ffective org~nization the devo lopment of water power ca n be a 
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costly failur~. ·rn the appropriate setting, and with wise choice _ among 

the alternati;e uses for water, its development can be much more 

important than figures on power alone would suggest. 
~ , . ' 

At ~resent, aside from agriculture, there is little practical 
c. 

use for solar energy ~ecause of the lpw efficie~cy and high capital 

costs of converting it into useable form. Where fuel is very expensive 

solar heat can now be used_for small home cookers, and there are 

reasonable prospects, acc9rding to Daniels, that within a few decades 
.. , . ( - ~ ' :.' . . .. . . , ' 

solar energy vrill be used for at least partial heating and _partial 

cooling of homes -- agai~. at high installation but.low ope:rating costs. 

There are theoretical P?ssibilities in the direct p~oduction of 

electricity, in photosynthesis, and the freshening of salt water, but 

Daniels thinks that nothing on a substantial commercial scale is in sight, 

and there is every prospect that initial applications will require high 

capitalization and be costly. Meanwhile, :i. t is important in viev, of 

the heavy drafts being made on capital fuels to promote research on 

the application of solar energy. 

Overshadowing all questions concerning the availability of energy 

from conventional sources is the prospect of energy from fissionable 

materials. Should this form of energy become relatively cheap, most 

of the problems would be solved, because the supply of potential fuel 

from this source is virtually unlimited and its transportation is almost 

costless. Nevertheless, Isard and Whitney do not expeot atomic energy 

to fill an appreciable proportion of the vrorld' s requirements by 1980. 
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:,~'lny tochnic::i.l problcr.:is of usinG atomic on2rgy on a scale tha t vrnuld 

signific :J.r.tly J.fL, ct the rrorld si tu ::1tion r emain to bo solved. Even 

~hon they a r o solvod, th8 prosont prospects arc that capital invost-

::...:rnts Nquirod for its utilizc.tion uill bo extre1:1Gly high. So far as 

is }.-:no·:m nc·,7, the wain prospects for the industrial us o of atomic 

cn~rrsy i·:ill n.ris0 in si tun. tions in ·,rhich conventional fue 1 is expensive, 

capitc.l abundant, c.nd -~hero is a r eady mar~ot for products of fission 

other thnn heat. In short, a tomic ene rgy is, on prosont information, 

~.1Uch noro likoly to provide a long-rt'.;.-1 solution to the fuel problm:i 

of tho highly developed and heavily capitalized nations of tho world 

than it is to contribute in tho for oseeab l e future to poor, energy­

starved , a nd under-deve loped regions of tho world. 
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In tho noa.r future, and perhaps in tho indofinito future ~ivon 
, 0 

hopod-for dovolopmonts in tho atomic field, tho world as a whole will 

not face major problems of socuring, adoquato onergy. This conclusion 

howovor, loses much of its significanco by virtue of tho costs of transport­

ation of most fuols. Ono of tho most important distribution probloms is 

that of moving adoquato onorgy supplies from surplus areas to tho groat 

onergy-doficiont crescent of tho Eurasian continent. Unless now energy 

sources aro discovorod to take tho place of oil and gas boforo they aro 

exhausted, many parts of tho world will be in serious trouble - among thorn 

some of the most rlonsoly populated. Europa is alroady fooling tho pinch 

on coal, and can only expand its onorgy use rapidly by incr0asing its 

consumption of oil and gas. Aroas'with vastrosourcos include tho U,S.S.R. 

and China, tho Middlo East and North America. Most of tho rest of tho 

world, including something botwoon a third and half of tho earth's 

population, has wholly inadequate supplies to provide roasonablo levels of 

living for tho prosont population, and rathor poor prospects for obtaining 

them on a sustainod basis in tho forose oablo futuro . Tho solutions can 

now bo imagined, but at present thoy cannot be realistically for osoon. 

In tho discussion following tho summary of tho background papers, 

Ackerman drow attontion to a numbor of problems concerning tho relation 

botwoon population and energy rosourcos which have yot to be adoquatoly 
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for c:-::::. ::ipl c) t:1 ,: r,cssi bili ty that L1crcascd av:.!.ilabili ty of liquid i'ucJ. fl 

2ni lo~-co c t ~l~ctricity in rural areas, by improving tho quality . of lifu 

i~ th~s~ ~rc ~s unJ ~hus r0~arding tho growth of cities, miGht result in 

~n increase in the birth rate. 

Znor 6y rcsourcos r. e: ;;d also to b e studi e d in comiJinc1,tion vri th other 

Yl:J.~,1r:1l :::- c ::.:ourc0s to und:)rs ·~and how thoy togoth'-'r ::-cl c:. t o to popul ation . 

.. n t~is r::.: sp-ct 1 Acke rman pointed out tha ~ tho use of e nergy is importan~ 

to :_~ssist in the improvcr.:icnt of pr o s 0n-~ low-~gJ~acl ,; primc.ry r o sou.:-c c s .in 

ord ~r to i~crcnso their producti~:ty an~ to promote tho use of the earth ' ~ 

;:wrc ,-.bunda nt r.12.t c :•: ials a s a :::mbstitut c for the l oss ahtmd.a.nt. Fo:· 

cxo.:r.plc 1 ir:1provci,1Cnt in land productivity ma:'r b 0 brougLt c1.oout i::J1roug1. t!1 c, 

u:, o of lo·:1-cost f ertilizers 1 r .:,frigoration and aj_:r- conditionir.g , but -';l'l o 

1-:::cy to e.11 thc s c is low-cost .:.norgy resource a. 

!:.tt e;nti cn ·.-::1 s c a ll od to tbo implica·~ions fo;:- public policy of 

prospocti v0 :'.:utur0 c nori;y s hortago s a nd to the :possi bl c do s ir2-bili ·~y- cf 

dive: rti:1._:; s om:; 00:-isu~,,ptiori ol liquid fuc ls away fron purpos e s oi loY; socic<1• 

v a lue . 

Otnor • d 'h spcakc~~ oxprcsso ~ c vio,.cr that tho background pcipor s too:: 

too futur ,- t •· ch"'.i· c a l i mprovomonts a nc. tb.at possiDistic a vi □~ o? possible - - •• 

:- -:; s earch clGvot od to j_nnovations on a ;.1ational ancl. 

a d t,0 bo undortalcon to .Px·o·ritlo a r ol a ti v oly ch0ap int ~Tn~tional scal e noo o 

~orrn of ener gy supply. 
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13. lfon-fuol minerals and croatablo resources 

Iron, coppor, load, zinc, allli~inum and sulpher constitute tho 

principal non-fuol minerals which aro indispensable to modern economic 
. _ \, .. 

dovolopmont. Whilo tho production of thoso minorals has kopt paco with 

tho riso in population in rocont docados, tho stago will eventually bo 

roached whon now rosourcos will havo to be discovorod or bettor methods 

of utilizing inferior ores evolvod to moot tho demands of future P?Pulation 

growth. Good deposits of iron oro aro found in every continent and in 

nearly ovary country. Deposits of somo of tho other important motals arc 

loss plentiful and it has boon ostimatod, in tho background paper by 

Krishnan and Jacob, that at tho prosont rate of exploitation tho known 
· • : : 

resourcos of copper might ho 0xhausted in from 30-100 years and thos~ of 

load and zinc in about 30 years. Supplies of bauzite occur in many 

countries and will probably enable tho world to moot tho domand for 

aluminum for many decades to come, particularly in view of expected 

technological improvomonts. 

practically in0xhaustible. 

Sulphur resources may bo considorod 

Technical d ovolopmont within the no:itt 20 9r ',le years and economic 

progross in tho under-developed countrios may bring an oven faster 

oxhaustion of certain of those minerals. Howovor, as pointed out by 

Fricdonsburg in tho discussion, tho dofinito limit of supply may novor bo 

rca.ched, o~ring to tho progross of techniques and tho utilization of now 

deposits of ores previously regarded as u:nminablo. 

A number of factors may tond to increase the cost of mineral production 

in tho futur§. Those citod by Fri vdonsburg include tho greater depth of 

,~ mining as tho inoro easily roa~hablo • doposi ts ·bocome oxhaustod 1 increasing 



distanc..; bct·::c cn the mine and consun~r, a. nd the d ..;mancl for ri s ing v,,agc s 

on tho part cf the miners . 

:.~incr :11 r 0sourc c s a rc not uniformly distribut ed by r ogions in r el a tion 

to popuL·.tion. ~o r covcr, the production of mct ~ls and usabl e products 

from thcs .:: n incr al s docs not follo ·:1 the samo patt ern from country to 

cot:ntry c'. G th:.,, distribution of rosourc es 1 for tho hi ghly industrialized 

countri.::s utiliz0 not only their ovm r osourc 0s but also import cons idorabl o 

c;_u2.nti ti c s from th ;:, l oss-developed countrios. Thus, tho smelting and 

~anufacturing f acilities in th~ diff er ent countri e s are not commensura t e 

-...-i th th ~ masni tude of the r esources tho countri e s posse ss . Tho 

industri alized countries; because of their advanced t echnique s a r o also 

bett e r abl e to utiliz e ores of a lorrc r gr ade and to r ecover most of th ~ 

useful ingredient s as by-products. Pur c apita consumption of wot als and 

~incr ~l s b ears a closc rel a tionship to tho stago of dovolopmont of 

diff er ent countri es . The countrius ,-,~1ich shov, a high consumption arc 

.:1 a inly thos o of North Ar.:icrica 9 Y/'-- s t crn Europe and Ocoani a 9 vvhil o those of 

Asia ( except I ::i raol 2,nd J apan), South Arnorica and Africa a r o much llilWOr 

on tho sca l o . 

In r ec ent years ther e ha s bc~n an increas ing r oaliza tion of tho no0 d 

f or economic planning and industrializa tion a s a moans of raising living 

standards of the population , llin~ral r os6urcos play a~ important part 

• h b a r cnt that loca l in incroa s i :i.g tho nationa l wealth and it as ocomo a pp • 

r esourc e s sh ould be used not mcr 0ly f or export but should b o dovclopod to 

the full est ext ent possiblo for internal us o . Shorta gos of t ochnolog-

ically trained per s onnel a nd of tho r oc_uirod ·capita l for tho ostablishmont 

,, .. ,y, ;-. 1 " 
, /.:. V I i..J 
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of m0tallurgical and chemical industrios arc obstacles to increased 

production and consumption of minerals in many countri ~s. However, thoro 

are indications that the rat "'. of consumption is rising and that under­

dovoloped countries arc learning to consume more and more mineral products. 

Whilo it may take a long time for those countries to achi0v0 a levol of 

consumption oqu~l to that of Western Europe, tho general trend is 

unmistakable, Messrs. M.S.Krishnan and K. Jacob conclude in their 

background paper on non-fuel mineral rosources. 

Recent decades :q.avo .also seen a rising international intordopcndonco 

in tho world market of mineral raw mato~ials. Thero is a growing 

tendency toward concentration of production of minerals in a relatively 

f ow placos of mining , to a largo extont in tho so-cailod undor-devolopod 

countries. As the contribution of tho non-industrialized countries to 

tho world supply of minerals is indispensabl e to ocon~mic progress, 

Friodonsburg believes consideration ~hould bo given to tho possibility 

of declaring mineral wc~lth an international assot not subjoct to tho 

disp_osi tion of chang-ing govornmonts .of a single country. • It was pc.intod 

out, howevor, in tho discmision that tho loss dovolopod countries might 

look with somo roluctanco on giving up their main assots to international 

control and that it was desirable that those countriosbo permitted to 

USO thoir resources · first of all for their ovvn bonofi ts . •• 'b'no speaker 

hold that tho law of tho market .which rules world oconomy should be 

modified so as ,to promote c.onsurnption of matoria.ls in urido;-dovolopod 

countries at th.o O?(pqnse of somo unessential consumption in industrialized 

countries. 
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Iu addition -r.o th-.: possibiliti"'s of crv2..tine n;.,;'✓ oourccs of 

cn,:.,rgy and non-fuel ~in ;., r ~ls, incrcn~in~ ntt(.;ntion has b00n given to 

the pro3p~cts for ~c;_,~ing so~;, of th~ vorld 1 s nc ~ds for othe r raw 

::12.t.:..;·: ::?. ls through uncomrontional m0thods of production. Th o outlook 

for r (.; volutionary ~ro5r~3s in this direction docs not appear very 

opti~istic 1 how~vcr, at lc ~st for th,:, next 25 years, accordins to 

Zuc;:crnan. 'i'h::: dovolopncnt of n cv: non-bioloi:;ica l r r~·sourccs require s 

tGr:hnical }:nowlcdgo, po·:;or, and capital, and therefore tho offccti vo 

dcr.nnd is likely to grow most quickly in tho alroady advaricod countri es, 

'.-r!lilo the nc;:,d is grca tost in tho loss dcvclopod countries v1hcro 

po:pulation growth is likely to b-::most rapid. 

Tho d0vclopmont of synthotic nitrogen for us e in agriculturo may 

pl~y a bigger ,art than any other single factor in increasing food 

supplies in the next decade Th,:, supp1y of •nitrogenous fortilizdr is 

a li~iting f2..ctor to tho amount of vogotablo growth obtained from solar 

radiation , but unliko phosphoric and potash fertilizers , it can be chcm­

·ically ,roducod, ·Atmospheric nitrogen can bo convortcid into f0rtilizor 

nitrogon for utilization· by plants 1 but the _process require s tho us e of 

fuol 
1 

a wasting assot and considc·rablo :ca.pi tal, As tho cost por unit 

of nitrogtn production t ends to be iriv0rsoly proportioned to tho volume 

of output 
1
la.rgg-scalo manufacture is favoured, • This work·s a hardship 

d t · •,·,hr.re tho nc·od for increases in food on tho undcr-dcvolopc coun ri cs~ -

supply is most intonso. ·some promise is offorod: by rocont dovolopmonts 

i··'n smallo· r plants which could mo ot tho in fixing atmospheric nitrogen 

noods of undcr-dovolopGd countrios Y!i th a supply of fuel• 
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Aside from nitrogenou_s fertiliser, tho ;najor croacao].o resources arc 

sulphur and high polymers. Sulphur and sulphuric acid play such an inportant 

role in industrial p1·og1·ess tha t· over-all consumpiion of su:.9hur can .bo i-;akon 

as an index of total :tndustr:.al activity in a ccnmt:i:-y. I::1:agricultu:co, 

sulphuric acid is used to convert insoJ.1.1.blo ::-ock phospha-l;o into a fonn 

soluble in water, so that ·foe ~hosphor~is is immodia"i;ely c:.vailablc for 

plant growth. Tho -prinuipal sulph1:.r· domes h,wo boc:1 heavily exploited, 

and attention is now being turned. to tho p:-odnctio:1 of sulphuric acid 

from iron pyrites and aloo t:i'fva,:r:-cl di rJcovcring a EHi t.ablo 1710-~hod of 

extrac·ang elementary sv.lphur from these sal",.., raw mate:::-ials. 

The control of tho intox-moJ.eo -.J.::1-a_r c:ombinationE of rolativoly-sinp~_c 

organic molecules in tho proc~~G of po1y,norif:ation .has loc. -to tho .mass 

production of nan;i' -ne•.'f and v orc_atil0 materials; i!:cli.:d.ing s;y:1thctic fibres 

such as nylon and dacro:n, synbhe~ic ru1.:>bors, :resins, c:id s-t:;:,-rene and vinyl 

po ly,nors. ~he J:aw mat orials for these produc i, z arc o bt2.inod either 

througl1 _wa sting asse·:;s, such ac coal and pet:rolc1:1I1, or f:co,n renewable 

assets, such a s cellulose and p:rotei:rcs. .P.s tho cellulose is provided by 

vegetation of various kincls, \ho amount of la:1d it requires as compared 

with that req_uirod for tho .production of nature,l fi D:t'G3 a.ss1.1..'T!os impo:i:ta!lCO. 
' . . - ' .. ..- · 

Thero is also compoti tio1: '.:iotweon -!:he u~9 of l r.nd to :9roduco cellulose ,or 

food and in the future, I'ood · is lil:oly to bo i:"l grodo~c- clomand than 

textiles. 

Tho economic practicability of ob·~aini::ig food su:pp:i.ies from un1collular 

organisms has yot to ro proved. Ever.. if ·me cmmical i:-1.duGtry could bo oxpoc·t·od 

to add significantly to th-:J food supply, a nd was ting assots of coa l and 

potrol cum would have to b El used in vho proce ss , It would be pr8f erablo for 

Wl'C/1113 
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s:,rnth t- tic chcr:;is try to devote: its efforts to th0 raanufacture; of (.;Ss.:;ntial 

food ~utricnt i: such as vitamins, certain spGCific amino-acids and other 

tr~c~ 01:~.:;nts, ~hich ar~ ob~ain0d at small cost in ~norgy and material, 

and rcl.:;~s~ tho lan~ for th0 production of high yielding crops. 

c. Probl~~s of utilization and trade. 

In his ·o::::.ckground papor on industrial ra·ir matorials Stacoy Ifay 

support ~d th~ following s cvon conclusions~ 

1. In 1950, 11 ·:1orld 1
' (:.xcluding U.S.S.R., ;-:1ainland China, Hongolia, lJorth 

Kor~a, East Gcr~any, E~st Central Europ0 1 Albania, Bulgaria and Rou.~ania) 

:;::roduction of industrial r c.•.7 ma t.:;rials amo,mt.:;d to about $46 billion, of 

which well over t -:-;o-thirds v:e;rc producc.:d and ov0r 90% consu.--:iod in 

countries •:,i. th rola ti voly advanced industrial (;Conomios containing li ttlo 

ov0r one-third of tho world's population. 

2. Al though thG undor-dovolopod or "primary··product producing" 

countri e s producod less than a third of all industrial raw mat orials 7 they 

supplied ~bout half of all imports of such materials that the major 

industrialized aroas rccoived through int ,:; rnational trade, This ca t Ggory 

of exports provided moro than half of the total foreign oxchango earnings 

of the undor-dGv olop~d areas from tradG with industrialized countri os. 

). Contrary to widaly h c.: ld prGconccptions, tho iong-torm rac~rd do cs 

not rcvoal any ~arkcd d0gr00 of price or demand instability in thG markets 

for ind.us-trial ravr materials or for primary products as a whole as comparod 

v;ii;h manufacturC;d goods. In fact, s inco 1940 the terms of trade have 

· d t to a marko·d dogroo and the evidenc e suggests favor ~d ~ost primary pro uc s 

for ~om" ti·mo to come. This suggoats 
that this trond is likely to continua - -

f tho undor-dovolopod areas of making 
tho wisdom of a policy on the part o 

Pro-s o'.,n~ shar0 of tho raw materials 
a stronuous effort to incr8aso their ~ 

scgr.1-::nt of ·,70 rld export tra da and it rais es sharply the queS t ion of whe
th

ur 
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urgent proposals for international cont'rols that would froozo tho rolation­

ship' botV.:oon:- primary an:d manufa~t~rod product p~icos would not- servo tho 

interests of indus'trializod ~athor th~n undor-d.o;olopod nations. 

4. Tho 1980 11world11 -consumption of indust;ial raw materials is 

projected at about $80 billion (in 1950 prices) o.f which about' $5·0 billion 

might ·enter into international trade, as ag~inst $46 billion of consumption 

and $27 billion of trade in 1950. Such an incroaso in consumption should 

afford tho presently undor-devolopcd areas an opportunity to increase their 

proiuciion of i~dustrial raw materials from tho $14.5 billion l~vol of 1950 

• to something like $31. 5 billion in 1980, and ·their ox.ports from $13. 5 to 

$28 ~ 5 • ·ovo~ tho i san10' period, 
', .. 

Increases of this magnitude, approximately 
; . 

dciublo their oxpocted population increase, should ex.o rt a marked:).y sti□u-

lating offoct.upon tho economics of tho under-developed aroas. 

5. Tho above projections a:te ·contingent upon a growth in tho per 

capita demand for industrial raw matGrials in otho'r parts of the 11world11 

c·~mparablo to that which is projoctod for tho ·united States . as a continua­

tion of its trerid over tho past 50 years. 

6. Tho :potential oxpansfon of industrial raw material production and 
. . 

tra·do is dopondcint 1.ipon a sufficfont supply of investment capi taL Tho 

capital cost of -·raising tho output· of . industrial r avi materials by as much 

as $17 billion .- intli~ under:__dovolopod aroas may be ~f the order of $25 to 

$34 billion~ or $800 to $'.i.,100 million por year ov;~ tho thirty year pcrfod. 

Such a sum should not bo boyond tho moans ·of oven· tho ~~pital-poor ~roasi 

own invo~tmorit . ~otontial, altho~gh there should bo ~ very strong inoontivo 

for tho -industrializo-d. nations to :provid~ this capital whorovor reasonably 

w:ec/118 
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hospit nbl o opportunity is ;:,.fford cd. This Ylould fr co tho dora-:: stic invest-

::1cnt r osourc os of t h e- uncl cr-ci0v clop cd countries for car.uni tr,~ont to ma.nu-

f acturing dov ~lopncnts or othe r constructivo int ernal purpos es. 

7. Fin ally, on th 0 basis of this analysis it app ears tha t much of t ho 

li t or a turo dealing ·::i th r 2.....: nat -:.: ri ,'.).ls in r ol o. tion to tho undc r-dov elopod 

~r ~as r ~quiros rci~ritir.g . In most studios of tho dovelopmont proc ess, r aw 

r.:~t e: ri a l h c1 s bcC;n :.1<:..do th o vill1tin of tho pioco. Tho ovidonce assorablod 

h er~ succosts th~t it should be ma.do tho ·horo -·- not as a substitute for 

:~n.nufa.cturing and a gonora+lY broadonod ba so of economic activities, but 

::i. s th o singl o b ost opportunity in si ght for providing the meanfl for aohi cv­

ing industri al progress. The undor-dovolopod a r eas should take vigorous 

~dvantage of the opportunities for increas ed production and trade offer ed 

by .. a v 0ry f avorable dGnand and pric o outlook. They should us e to tho limit 

th0ir spccia i advantages deriving from tho poss ession of tho most oconoo ic 

s tores of pot ential supply to .inaugurate procossing at tho source r a ther 

than a t t ho tor□inus of export. They should omply tho nood of manufacturing 

nations for r aw wa t orials a s a lover to pry from them tho funds for t ho 

capital inv o st□ent upon which increas ed output depends. They should employ 

tho foreign exchange earned from incroas od r aw mat erials ·export to buy tho 

oquipraont' n codod t o found a domestic industry. In short, by adopting a 
. . . 

':1iso stra t egy in ·this fi eld, th o. pres ently under-dev eloped area~ can r.iak o 

d ~. ovo st oadi'ly toward tho achiev ement of that designation inapplic able , an ,., . 

• Yroll r ounded · industrial oconor.1ios. 

th o Presentation of May's conclusions, In the discussion following 

Ack cman called ·att ention to tho f act tha t ~vhile ~d.er-dev olopod countri e s 

•;;pc /11 8 
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with a · 1ow popula tion-resourc e ratio ~ight profit from th o opportuniti e s for 

incr(,)8.S Od prodti6tion and trade of raw materials offor .od by tho favorabio 

d emand and· pric 'o outlook, thos e ~o~di tions would not bo so likely to . provo 

adv~ntage6~s . to tho--d~nsely populat~d -undc~-dov olopoc{countrio s, . ~uch ~s 

. 
Another sp eak er 

urged tha t tho under~devolopod countrie s not b o looked upon sol ely a s 
. . 

pot ential sources of raw □at oriais, but tha t th ey should be given an 

opt,ortuni ty to' b en ofi t from · oconomic dev elopment a s th o pr os Emt indus trial­

iz ed countrie s did in tho pa st. 

Tho question was also r a ised by other speakers a s to whe ther May's 

conclusions vvould in · all ca s e ~ h~vo boon tho s ame if his analysis had boon 

broken down to deal with moro of the particula rs invo·lvod. 

In commenting further on his pap er, May -pointe d out tha t .tho fuel 

segment r eprosorit od o~ly 2 1/2 per c ent of total industri a l output which 

would indica t e tha t ev en a consid er able increase in cost of ene rgy would 

not be ·ari insuperable hind.r an~ o to a ;g;bvd.ng industrial output. 

In. his :background paper, Hilgerdt cit ed tho history of tho l a st c ontury 

as suggo~ti:hg a r ofut a tion o/· tho proposition tha t tho movocnnt of f actors of 
. . 

production and trad e in goods a r e 11 ••• alt ernative methods for offsetting 

itioq_ualiti•~s :i..11 t he di~tribution ~f r esourc es." Instead, ho s ays " ..• tho 

movement of labor and capital ha s pav od tho way for • trade . 11 Trade , ho holds, 

r osu'.lts . from di s crepancios . iri t ho g eog r aphic distribution of th e factors of 

production, but' 'it do e s r{ci t t end to equa liz e t he supply of ·such f 3.ctors. 

Inde-::d , by ·opohing ~r~fit~ble channels 'of 'productio~~ it ni~y r os~lt in a 

furth er incroa:s c of th o original discropancios. It is froq_ucntly h old t hat 

WPC/1'1 8 
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if goods moved without hindrance, th J un ov on distribution of r e sourc e s 

...,.ould b o of littl0 conc orn~ and th0r o would bo no such thing as ovor­

populn.tion in o.ny given ;:1. r oa. Hilg0rdt thinks, however, that too much 

inport :>..nc .., c e.n b o a ttach od to tho n a tura l and institutiona l barri ers to 

tr ::i.do. E-., un ·,ii th,out such barri e rs in undcr-dov oloped countri cs, wage s 

·,..-ould not ris e to tho s a::10 l 0vol a s in industri a l countrie s. In thi~ 

situ~tion, the pric u of a t l east one f a ctor of production, nam ely l abor, 

h :::. rdly t ends to b e: equaliz ed through trade. In other words, a reduction 

in t h~ di s crop ancios of na tiona l p ric os of goods and production f a ctors 

t:i c!.t·is b::-ought about b,y tr J.d o , doc s not imp1y t h2- t th o inequa litie s in 

-'.; he distribution of popula tion and r e sourc e s h a ve b oon ovGrcomo to a 

corrooponding extant. 

'I'h o koy to tho issue , Hilgordt b oliove s, li os in tho abs ence of c apital 

~ccur:iul::1tion and inve stment which "do cs not oasily occur in socictios tha t 

hav e n o-t _a cc ept ed mode rn vmys of life. 11 War do cs h o t h ink that it is by 

=:my ne:ans c a rt e.in tha t " ... th o future economic life of tho so countrie s will 

b -: wov en on tho .pattorn of · tho We st om world. Tho p3opl o ·may b o qui t o 

unnilling to .b 0havo in a ccordanc_c- vri th We s t orn notions of • 1 e conomic man 1 
0 

'I·hus, ob s t acles to ccononic dev olopr:io.nt :1r o not only t echnologica l and 

fin an_c_i al, but r e sult from v u._lua ti on s which c an only b e g r a dua lly' changed." 

On c. o f tho :9ossio.le vmys out -of t ho· dilemma· would be 1 he thinks, to 

utiliz e modern t e chnology i _n -a m:annor pe rmitting organic e conomic growth 
. . ,. 

without tho disturbanc e of villag0 lifo , family tics, and highly r egarded 

social v a luos gon c r ally_. : Si;1all~sca le disp ers ed industria l production of 

ii,any t y p e s of tools a nd b a s o9- l a r gely on loc a lly produc ed mat ., :..~~a ls mi ght b u 
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economical and pGrmi-t a gradual change in mind and outlook. However, ob 

one point such change is, ho . thinks, imp erative~ "without a now attitude with 

regard to family size and bi~th control little ~cortomlc progress can bo 

achieved .in over-populated countries. Tho development of local markets 

not closely tied to those of the nation would not require h,Gavy initial 

outlays, nor be -mainly. depondent _on international markets which tlio 

the industrially advanced nations. ti 

D. General summary 

In the briefest possible terms, tho results of tho session may be 

summarized as follows: 

1. Participants from the Communist countries expressed considerable 
. , 

optimism as to tho future production of energy andmatorials to moot tho 

n eeds of growing populations, citing as ·evidence the past experience of tho 

industrializ~d countries,· their own recent experience, and tho possibili ti::s 
.. 

of future t echnological and scientific progress. 

2. Nono of th0 participants foresaw immediate difficulties in expanding 
. -
tho production of either raw materials or onorgy vory substantially during 

th0 next q_uarter of a century. 

3. Howovor, many of tho participants pointed out that the difficult 

problems were r egional ·rather than global in nature, and that, if tho object 

was to improve tho q_uaiity as well as the q_uantity of life, the domands ' for 

both materials and energy would be almost insatiable. 

4. Moreover, tho needs for increased production were particularly 

WPC/11[3 
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acuto in tho dQ_nsoly settled regions with lo.v levels of living, and in many 

such regions the prospects for mooting those needs from conventional 

sourc.::is ·,•rnrc not very bright. 

5. It seemed to be rather generally agreed that both in thG field of 

croat~blc resources and in that of non-conventional sources of energy prosont 

indic~tions ware that technological innovations arc lDcely to be most 

si91ifi-=-~=--.~ for -t:-.o in:lus~::-i::i.lly :.::.-.-::.~cod and heavily ca.pi tolizcd nations 

of the world. 

6. Thcro arc considerable possibilities of mitigating these difficul­

ties through the further development of international trade, but such 

dcvclopr.icnts alono soon unlikely to salvo some of tho most pressing regional 

problcns. 

7. Thero is general recognition of the need for intensifying tho 

scarch, at both national and international levels, for cheap energy 

rcsourcos and cheap materials, without which rapid rises in living lovols 

arc not likely to cone to many of tho world's poorest and most densely 

sottlod rGgions. 

Tho mooting had available background papers by tho following individu.9,lsi 

Joan Aubert, Farrington Daniels, Nathanial B. Guyol, Folke Hilgerdt 1 Walter 

Isard and Vincont Whitney, M.S. Krishnan and K. Jacob, Stacy May, E.F. 

Schumachor, Taylor Thom, and s·. Zuckerman. The following additional persons 

participatod in thG discussion following the summarization of tho contriou1;uJ. 

reports: Edward A~ Ackerman, Angelos Angolopoulos, A. Arca Parr6, Josif 

Bogdan, Mordecai Ezekiel, J. Fourastie, Ferdinand Friodonsburg, Ivan 

Kouzninov, Henri Laugier, Evgeny Matoef, Clement R. Mortons, Timon 
Rjabouchkin and Alfred Sauvy. 




