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ENERGIE ET AUTRES RESSOURCES MINERALES 

1. Dans le domaine de l'euergie et des ressources minerales un nouvel 

ordre international ef:t vivement souhaite par le Tiers Monde (il ne pourra 

question ici que des mesures pra gmatiques a 

inscrire clans le cadre d'ensemble du rapport general). Depuis le debut de 

l'annee 74 s'en sont s&i sies plusieurs sessions de 1'ONU ou de l a CNUCED. 

La reunion de l'ONUDI a LIMA en mars 75 ya ete consacree. Le 

memoire en 105 points intitule "le petrole, les matieres de base et le 

developpement" presente par l'ALGERIE en avril de la 

session extraordinaire de l'Assemblee Generale des Nations Unies nous pa-

rait l'expression la plus documentee de toute cette action. Il nous permet 

d'exposer les principaux problemes, a partir des positions du Tiers Honde, 

ce qui nous parait: preferabie. Nous retiendrons d'abord deux affirmations 

significatives : 

"L'emploi des matieres premieres riches des Pays en voie de deve-

loppement engendre une rente qui est inherente aces Les Pays 

developpes se sont appropries cette rente. Le pays en voie de developpement 

doivent le recuperer" (point 80). 

"Au-dela de la recuperation de la rente, les pays en voie de deve-

loppement doivent utiliser leurs de base pour lancer un processus 

de developl?~ment economique. 

Ils disposent de peu de temps pour celan (point 82). 

Appropriation de la rente avec affirmations renouve le2s 

passionnees de la souverainete nationale pleine et enti e r e , liaison etroite 

et directe avec le financement du developpement tout cela ne l eur parai t 

possible qu'avec un nouvel ordre econouique int ernationa l. 
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Hais ces concepts sont incompatibles avec celui de "patrimoine 

commun de des 1970 par l'ONU (resolution 2749 XXV) a 
propos de l'utilisation des fonds marins dont l'exploitation devrai t profiter 

a l'ensemble de l'humanite, producteurs, consommateurs et autres. Or, n'est 

ce pas la seule solution finale du probl eme pose par l'infgale repartition 

geographique des ressources? Devons-nous renoncer a une humanite pleinement 

solidaire ou les differents peuples seront traites comme aujourd'hui les 

habitants P.., 

2. II est evident que le Tiers n'est pa s 

qui pour lui est une matieres premieres fournis par les Pays du 

Tiers Monde ont une importance peu,,ent, a l'instar clu petrole, 

servir de support a une action collective en vue de recuperer la rente. 

(point 50). 

11 a des economiques que l'on ne peut rejeter facilement 

en voici deux l` L'optirr.um collectif, au niveau du monde, appelle l'utilisation 

des matieres premieres les moii:.s couteuses, ce sont les pays en voie de deve-

loppement qui paient les frais de cet optimum" (point 78). 

Ou encore "Le petrole n'est pas une super-richesse. S'il ya une ligne 

de partage entre les differentes richesses, c'est bien celle qui separe les 

richesses epuisables de celles qui constituent un potentiel economique in~-

puisable. Les gi.sements petroliers et miniers sont epuisables et risquent 

d'etre obsolescents... (point 72). 

11 par-ait difficile de nier que le Tiers Nonde doive conserver pour 

le moment son arme, car les pays developpes contrblent la quasi-tote.l ite des 

marches de consommation, ils ont pratiquement le monopole de la fabrication 

des biens d'equipement et des produits manufactures comme celui des compe-

tences technologiques. Ils ava ient jusqu'en 1973, cel'Ji d es capitaux. La dis-

proportion des forces reste flagrante et ceci expligue J.'echec ac-

tuel des init iatives en vue de resoud~e le probleme capical d,, developpement. 

Hais, (ceci complique considerablcment l es actions a court terme), des pays 

dev e loppes con1mes l es ETATS UNIS, le: CANADA, ont acquis 

une nouvelle vigueur economique avec la hausse des mati e res premieres intervenut:, 

depuis 1973, ils sont en fait dans les d eux camps, d'ou d'innurub-c2bles amb i-

~:Uit~R. 
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Une phrase tr es dense du me.moire algerien d ef init la philosophie 

de leur action future "Dans un monde desequilibre.... chaque combat engage par 

les plus pauvres a l'echelle nationale n'aboutit a la plenitude de son effica-

cite qu'au moraent ou il parvient a s'inserer dans le cadre d'un mouvement uni-

versel dont il constitue a la fois une1 Cf?:nr,osante et _une. 

auquel il apporte sa dynamique propre t out en s 'y nourrissant en forces sans cesse 
1/ 

renouvelees ~- (Point 16) Ceci est pour eux la raison du succes de-; mouvements de libe-

ration et de ceux qui ont pour le petrole la recuperation de la rente. 

3. Nous devons done accepter comme un fait cette position. Mais nous(.royons 

trop dans le de 1' humani t{; pour terme au concept 

" de "Patrimoine commun de l'huma[1ite". 

Le principe mt:me du projet F,i'.O est de presenter des horizons diffe-

rents. Nous avons pense done opportun de dfduire nos propositions a cou:::-t 

des consequences de notre positj_on a longr:::~rme. Comme on le verra dans 1'2.nnexe 

A, le concept de 1'h:J :::anite" l'introduction d'une 

fiscalite mondiale sur le profit ou le chif f re d'affaire e.ppliquee aux productions 

rninieres de les pays du tr.OD.de, les fo:".-:ls recueil 1 is et ant red pays 

en voie de developpernent. Il aussl de stabiliser les cours et decreer 

des instances internationales char gees d1appliquer la politique ainsi definie, 

autorite mondiale jouant le role d1un parl (;-:J',ent national et agence mondiale des 
. matieres premieres minerales comme organe <!'execution. 

L'equilibre actuel des forces politiques ne permet pas la mise en 

d'une autorite mondiale ni 11:: recouvrement des taxes mondiales, mais 

un large commencement d'executionpeut ~trE: initie avec mondiale des 

matieres premieres a caracter e con s ult a. tif r;harge en particulier de proposer des 

mecanismes de stabilisation. L'accord <le 75) sur des garanties de 

recettes d'exportation entre la Communau t12 f~uropeenne et un nombre trc: s impor-

tant de producteur s du Tier s genera li se . Pour l e moment 

en miner ale il ne s I appl ique qu 1 au :: : nerai de fe r. 
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Nous aussi une proposition franc;aise pres de la 

CNUCED en 1974 comb inant en c a s de hais •s e des taxe a l'importation 

et un reversement au pays en voie de deyeloppement du produit de ces taxes. 

L'instauration d'un reseau serre d'accord de produits devra ~tre examine 

ainsi qu'une indexation eventuelle de certaines matieres. 

Les discussions un p eu v ain e s s u ,. d'eventuelles penuries 

pourraient ~tre ainsi reglees au sein d'une telle agence, tous devant y 

~tre representes de fac;on equitable. Les <le gaspil 1 age d'energie 

(economies et recyclage) devraient aussi en rel.ever. 

4. Ayant ainsi traite des ressources minerales fa~ergetiques et des 

minerais nous devons maintenant nous tourner vers les probl emes e ner getiques 

proprement dits. lei, une remarque preliminaire : trois points dominent 

aujourd'hui le sujet et cependant aucun d'epux ne semble preoccuper le 

Tiers Honde. 

a) D'une part il parait ignorer les batailles dans les pays developpes au-

tour desdif £erents taux de croissance et les recherches passionnees d'un nou-

veau type de societe differente de 1'actuelle societe de consommntion. 

Cependant les unes et les autres auront ur.e incidenc~ tr e s nette 

titre que les decisions des producteurs sur l'epuisement des res s ources 

energetiques et en premier lieu du petrole. Toutes les echelles de temps du 

developpement du Tiers Monde y son t accrochees. De plus, la '.'declaration 

de LU!Ademande au point 28 que la part de la production industrielle totale 

mondiale pour les pays en cours de developpement au moins 25 pour cent 

pour l'annee ·2000. Or le Tiers Monde pense a une production industrielle 

biens de consommation du type Occidental actuel et les Pays develop-

pes en seront ·tort loin demain. Les technologies vont changer. Att en tion...... 

b) En s uite le Tiers Honde s emb le p e u sensible aux probli"., r,1es d 1 environ-

nement (le mot pollution est cite une fois clans le memoire de l' Al ger ie en 

105 Points) Or pour ne prenclre qu 1un exemple le petrole soit cor.u~1e 

combustible avec son soufre soi t c om;r1e carburant avec les oxydes d'azote e t 

ses effet:s cancerige:nes est l e premier polluant a comLa t t r e . 
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c) Enfin la controverse sur l'energie nucleaire de fission qui fait 

rage dans les pays occidentaux ne l'interesse pas, or ceux-ci 

peuf a peu vers u ne de cette energie " pour une periode 

provisoire relativement court e durant laquelle les problemes specifiques du 

nucleaire fissile, c'est -a-dire la suret e des react eurs, lar adioactivite, 

l'elimination des dechets restent dans des limit.es raisonnables, taut quan-

titativement que qua li t ativement (decl a ration de N. SPA.A.K directeur general 

de la communaute Europeenne a la Conferen ce Nuc l eaire Europeenne des 

21 au 25.04.75). 

La consequence ineluctable d e cette acceptation provisoire sera de 

lancer les pays developp e s dans une rech erche presque 

de sources nouvelles . Or celles que l'on entrevoit aujourd'hui essentiellement 

geothermique, s ol ei l, fu sion nucleaire ne demandent plus de matieres ener ge -

tiques mineraleset e:nousseront done "l'arme" du Tiers de. 

5) Sous estimer ces trois points serai t une err:eur grave; car dans le 

monde occidental aujour d'hui le s opposant s a la societ e actuelle de consommation 

les de fenseur s de l'envir onnernent et les adversairesde l' energie nuclcaire de 

fission beneficient clans l'ensemble de la popula t ion du rnE:me soutien dialec-

tique que celui dont ont bene f icie hier dans le Tiers Monde les mouve'.Tlents 

de liberation et les e ffort s de recuperation de la rente. (relire le point l G 

du memoire algerien cire ci-dessus). 

Cela est capital car sens cela le desir d'autarcie et d'independance 

vis a vis du p etrole des Gouvernements des pays developpes et de leurs ex-

perts ne serait pas suf f isant pour lancer reellement la course aux sources 

nouvelles d'energie. La resonance de l'idee d'e.utarcie dans les masses est 

pratiquement nulle. Les trois points cifdessus sont par centre d e terminants et 

un retour en arriere parait exclu. 

s 
6) Pour no tre par t, a dver~aire resolu de la proliferat ion de 

nucleaire de fission pour d e s r a isons non seuler.:en t: techn iques, mais s ocia-

l es et politiques et done independamment de tcut p rob l erne pose pa.r l e pe tro12 , 

parti s an convaincu de r echerches des energies nouvel les nou s proposons cl ans 

l'annex e B consacree i'-1 cette question d'e tabl ir une agence mondiale d 2s 

cner5 i e s nou~l_l~ dont l e f ina n cement serait a ssure par u nc taxe sur chaot,e 
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kilowatt-heure cl'en?.r gie nu c leaire. re c~tte fac;:on, lient vj_ ( e 2,s e d'if,tf-

gration du possible de recherches, nous resoudrons le 

p:robleme d'autant plus vite que la proliferation viendra plus rapidement. 

A rares P.xceptions cette taxe ne frappera pas les pays 

du Tiers Monde, cependant, il conviendra qu'il ait des representants 

a 1'Agence Mondi ale correspondan te pour y definir ses besoins et ses 

possi bil i tes. 

7. La recherche des sources d'energie nouvelle est loin d'etre con-

traire aux inte.rets du Tiers }ionde a moyen et lon terme.. Ainni nous crayons 

profondement a de l'energie solaire industrielle sous reserve 

de faire les efforts enormes necessaires et nou.s voyons dans celle-ci le 

relais du petrole aussi bien pour leur propre developpement que pour l'ex-

portation. ·11arrivee de la civilisation de sera pour eux un 

facteur de f!Xtraor<linaire, car les pays du Tiers Honde sent 

large:nent favorises clans I'utilisation de cette energic par la quHlite de 

leur ensoleillement et surtout par leurs enormes surfaces disponibles pour 

le captage. 

L'annexe C tra it e ra de tout cela ainsi que de::; energies geothermi-

ques etc... 

L'annexe D evoquera les conditions d'arrivee de l'hydrogene. 

8. Pe.r contre, l'utilisation de la fusion thermonucleaire, grand espoir 
U e-

pour l'energie du XXIe matiere premiere le de}'itiriurn (toute eau en 

contient 0,2 pour mille) necessite probablernent d'enormes conc entrations 

de puissance (plusieurs millions de kilowatts electriques par reacteur) et 

ne pourront pour raison etre introduits que tardivement dans les pays 

en cours de developpement. Ceci peut, peut-etre, justifier de laisser pour 

le moment les recherches correspondantes entre les mains des pays developpes. 

L'annexe E essaiera de definir les chances d'aboutissement de cet 

espoir, deux voies independantes l'une de 1'autre s'offrent maintenant. 

Nous examinerons si dans ces conditions, les surregenerateurs restent in-

dispensables? 

../.. 
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CONCLUSION 

Nous crayons profondemer.t a des problemes precedents pour 

la mise en place d'un nouvel ordre international. Hais son but reste le 

developpement des nations pauvres, aussi la question fondamentale ne doit 

pas ~tre ecartee. Une grande partle de ceux qui reflechissent dans les pays 

riches au probleme de la croissance dans les pays pauvressont persuades 

que la crois s ance n'est pas un bien materiel que l 'on puisse ache ter par 

de l'argent ou forcer a vendre par des moyens p ol i tiques. De no:ubreux 

leaders du Tiers Monde sont assures aussi qu'il es t parfo:ls facile d'acheter 

une centrale mais qu 'il est beauco~p plus difficile 

ter, pour son _fonctionnement et surtout pour son entretien, les innom:)rables 

services qui demandent l'appt.:i de tout un peuple. 

Le President BOU}fEDIENNE dans son discours en avril 74 devant 1'Assemblee 

generale des Nations Unies a montre qu'i.l etait bien conscient de cela. 

Aussi preconise-t-il pour les pays en voie de developpement une veritable 

revolution industrielle "chaque pays s'il veut ve:;:-itablement a ssurer son 

destin, doit prendre en che.rge lui-meme son developpement, c'est-a-dire 

mobiliser en premier liet: toutes les ressources humaines et materielles 

qui lui soat propres". C'est ce qu'a fait autrefoi s le JAPON et il a su 

i mporter la croissance tout en respectant les regles du jeu des pays 

industriels. 

Puisqu'il s'agit de modifier ces regles en creant un nouvel ordre international , 

il faudra po~ir que la croissance ns I exporte" qu'il se cree dans les pays 

planifiee OU non, une 1es Irasses 

de solidarite avec les pays en voie de developpement. En paradoxant pour 

un peu importe la structure des institutions du nouvel ordre inter-

national si elles sont bi.en des lieux de rencontre ;1 partir desquels se dif-

fuseront les idees nouve llcs jusqu'au plus profond des peuples. Le moment est 

venu pour le tenter, mais pour reussir il faut d12.bord corn.me le de(;lar a it 

le Secretaire d'Etat Fr ani;;a is aux Affa:i.res Etrangeres 11 se departir <l8 

l' a ttitude de mefiance et cl ebarasser les <le qui 

n'est pas objectif et positif11. 
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(translation from 
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APPENDIX 10: IS RECOURSE TO NUCLEAR ENERGY INEVITABLE? 
by R. Gibrat 

We include in our considerations the period between the 
t; and the year 2000 f' o r 1~rom \lOW on: 

• On the one hand, success or L1ilure o :f the only two major 
teclu1ical adventures in th.e course in the 
i 'ield of ener~,y , namely breeder r e actors and high 
temperature reactors will largely inf'luence the con-
sumption of 

• On the other hand, unless a superhuman ef·fort is made, 
no new sources of energ~y whether it be solar, nuclear, 
or any other form of'e.nergy will be produced on an 
industrial scale by that 

One could and should be concerned with developing those 
sources o :f energy already known to be technically f'easible, 
such as geothermal and tidal energy ; these sources had b e en 
relegated to second place fry cheap petrol prices; y e t, in 
view of what is at stake, they can only exert a limited 
influence. The same will apply to various fo r ms of energy 
derived from the sea : the rn1ic, tidal, as well as aeolian 
energy . 
At the same time, countries with rich coal deposits such as 
the and others, will develop coal distillation 
and other processes within the limits imposed by environmental 
considerations . However, all th.isis even on a 

scale, let alone on a European one , unless nuclear 
power is developed immediately whatever the possibl e brake 
that might be put upon the growth rates of'de veloped countries , 
consideration must, however, be given to the prodigious 
industrialization growth rate considered necessary for 
developing countries: these should attain 25 p.c. of total 
world industrial production by the year 

Moreover, all government policies in industrialized countries 
do not aim at present at restraining the sc:ope of nuclear 
energy" development programmes.Hathe r,they are extending it to 
the maximum by accelerating research into nuclear 
industry or into the use of hydrogen as a vehicle . 
categorical.fact . 

to thequesti on wh e ther rocourse to nuc1 ear 
is inevitable is there:fore"YES". More a 
quali.fied : "un·fortuna tely , yes 11. 

Why? 

Leaving aside the problems posed by c limat e , f 'or they are common 
to all so11rcos oj: energy , or almost so (with the sole exception 
of tidal do not ref'er to the problem of'radioactive 
gaseous or e.ff'lue nts: they arc not conside:r' ed to be 
s e rious nowadays... 

Nor do we allude to the consequences of a nuclear accident which , 
after <111 , is always possible and whose c ons e quences might be 
very s er ·i ( ) U~;: J1owever, ever t3ince ma n I s appearance on earth , 
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he has lived in danger and this particular danger is perhaps 
less likely to arise than that of of God"•••• 

We do, however, to the dangerous consequences o :f 
proliferation. The unlimited of'nuclear fission will 
not be followed by a simple multiplication of risks each of 
which h.as a ve.ry low degree o.fprobability, but by the appearance 
of a new risk deriving f'rom the innermost nature of man, carrying 
a high degree of probability indeed: plutonium theft. 
The handling of highly radioactive waste with an enormously long 
life will form a constant temptation for the agressive and 
violent traits in man. To go entirely nuclear calls for civilized, 
disciplined human beings who are:fully content with their fate.oo•• 

An important work by M. Willrich and T. Taylor) 
"Nuclear Theft: Risks and Safeguards" (197lJ), embodying re search 
carried out on behalf of the Ford has c:tnalysed the 
risks arising -f'.L' Oii1 the thet' t of fissile ma teria 1 for violent 
ends or private banditry, or terrorism). 
At the end of 252 pages the conclusion is clear: The terrorists' 
bomb does not have to give a high performance, nor is it 
necessary to reliably predict its behaviour as long as it can 
be transported by car and furnish the equivalent, say, of 100 
tons of explosives. The report is quite categorical on this point: 
it is possible, within the span of a few months, to transform 
plutonium oxide into plutonium proper in a clandestine laboratory; 
the material might be stolen in small quantities so as to escape 
discovery by any stock accounting system. The equipment can be 
commercially purchased at the cost of several thousands of dollars 
or even less. 

Lastly, some people (or even a single individual) with elementary 
scientific training in possession of 10 kg plutonium and a fair 
amount of conventional chemical explosive will be capable of 
designing and constructing a rough fission bomb within a f'ew weeks 
and can do so without any specialized knowledge and with equipment 
that can be purchased from any supplier of laboratories for 
teaching 

It is evident that if nuclear installations proliferate in a given 
country beyond a certain limit, security will call for policing 
or other measures which would prove more and more unacceptable. 

Hence, it is necessary, losing any further time, to set 
into motion a gigantic effort so as to stimulate the emergence 
of new sources of'energy in time. Today these are 
ridiculously inadequate as regards the quantities and the slowness 
with which they can be come available do not leave any chances to 
e.g. solar or even fusion energy . The problem ought to be tackled 
at international level for in individual countries finance will 
always be for long term projects. 

Hence our proposal to set up a wo.rld agency, properly financed, 
e.g . by a tax on nuclear energy in order to establish the 
necessary link between the expansion of the latter and the volume 
of research into new energy sources. 
An effort idcmt:1 r:'.'.'..~ n1c:tae 1·or the Manhattan project or that 
of'sendin{_>; a man to the moon should he envisaged (cf'. appendices 
I i & 12). 
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APPENDIX 11: ENli:HG Y RESOUHCES 

I. TJ1e Nature l C Pr o b J cII I 5 

FIRST DRAFT 
(translation J:'rom 
French) 

Energy which maintain our social , economic and technological 
systems on this planet consists of the processes on discovery 
of energy resources, acquisition, transportation, conversion 
and consumption as well as and environment 
aspects. All of the se procedures are closely concerned with the 
politics and diplomatic problems. For the purpose of reduction 
i11 energy cost, efforts in expansion of scale in respective 
stages, simplification in and concentration of 

density been pursued by mankind, while 
discrepansies as in the following articles have been recognized 
iudepend e ntly: 

- Distribution of is rather localized on this 

- Energy conversion system of large scale will fac e the limit 
oi'the carrying capacity of environment . 

- R & D on energv ro: ^ '1,-,ocz in future, 
however, is r P.•.ther difficult to get into 
che public acceptance. 

Form the end of the World War II, many national governments 
have kept under their control by varied reasons 
such as individual economic background, defensive and others. 
In order to avoid the future tragedy by ignorance for human 
being, the world energy policy should be established as fast as 
possible under the international consensus among developed and 
developing countries both with and without 

Fossile fuels which might be expected to rema:t.n on this planet 
17 in the o.L 'd~r of 200 Q (Q equals to 2.52 x 1011 Kcal or 

2.9J x 1014 KWI-I) are not sufficient enough to promise the 
future prosperity for mankind after the year 2000. The nuclear 
fission and fusion energies as well as solar, geothermal , and 
aeolian are considered as most promising as alter-
native sources of future, diversifying their 
quality and quantity on supply and demand f'or respective coun-
tries or local area. The following paragraphs will describe the 
respective characteristics and their problems on these 
resources. 

On the carrying capacity of'our environment , the limitation to 
dissipate thermal the terrestrial surface might exist. 
In order to keep our troposphere in its equilibrium in developing 
a large scale energy production a nd conversion on this planet, 
the net amount of in the thermal pollution should 
be suppressed within intensity of incoming solar 
radiation (max. 1 an intensity sola:r, 
radiation) as an overall average on the global surface, although 
an acceptable value at a local area may exceed this value some-
times when the dissipated heat is easily removed from the c losed 
system by wind etc. 
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,) Solar 

The incominr,- solar radiation on this planet will be described 
as 5JOO Q/ycar above the stratosphere , J600 Q/year on the earth 
surface and 690 Q on the total land area. As compared with 
fossile fuel resources, these figures might be quite reliable 
as an alternative source of'energy. Al though solar energy is 
said to be free, abundant and c an be used with far Jess 
pollution on the terrestrial sur:face, the disadvantages are 
still found on the f'ollowing points , as high investment cost , 
and energy source is intermittent and localized in the globa l 
sense. 

Further, the utilization of solar energy in large scale mi ght 
induce the possibility to liave un impact on microclimate in a 
localized area . Generation, conversion and consumption of' 
energy or any type in large scale, such as nuclear, geothermal , 
ocean and any other energy sources might carefully be assessed 
as in the case of 

J _ :: J J_ 2·L _ 22L 2 L _ L, 2 L L L L _ L\; : 2 L 2L) C 
ar1 '.:i Dev e loping ------------
In the application of solar e dergy, one might see of 
wide varieties as in solar thernial processes , photovoltaic and 
photogalvanic processes. 

The solar thermal systems include solar thermal power generation , 
space heating, cooling and hot water supply by solar water 
heater, solar distillation, solar re.frigeration , ice rnaking , 
solar :furnace for high temperature processing, solar cooker, 
heating of swimming pool , multipurpose uses in agricultural 
technology such as greenhouses , mulching, snow melting 
Doth photovaltaic and photogalva nic processes are f'or power 
and hydrogen production. 

Among the solar thermal syste ms , solar space heating, cooling 
and hot water supply, and solar thermal power generation are 
two of the most signif'icant technology in the R & D of'solar 
energy science and engineering . Desalination and agricultural 
application might be considered very important t·rom the view 
point of food production. 

The cost of solar energy might be stil l several times higher 
than that of fossil fuel in this decade and it i s probable that 
the cross section of cost r e ductl.on in so1ar energy and increa se 
of fossil fuel cost might be expected in s o 111 e time in the next 
decade. The concept of· solar sha.re will also be important from 
the view point o.f enerc;y 

In the earlier stage of R & Din solar energy technology, close 
international cooperation plays th e signi :ficant role on standar -
diza tion and measurement o :C insola tion , testing method :for solar 
devices such as so l ar coll e ctors and solar cells , while g overn-
ment incentives and stimulation will be very e:ffective in heating 
and cooling o.fschool building in addition to the educational 
merit to younger and solar refrigeration 
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might follow in an arid zone and e ·-,pecially in developing coun-
tries in the tropical zone . 

R & Don industrial heat source by the use of'a solar concen-
trator and heat storage system will be the possible next step. 

2. 2 Perspectives and Prosp ectives on So1ar Energy ________ ::,. _______________________________________ _ 
Until the exhaustion of fossil fuels on this planet, human 
being will and must be wise enough to find the solution in 
problems on an alternative s ourc e of energy. However, it shot1i.ld 
be pointed out that develop e d countries may have enough time 
and f1unds to develop al terna ti ve sources of the 
exhaustion of fossil fuels, while many developing countries 
have to face the difficulties in H & D of new sources of energy 
and in finding the solution in prior to an e xpected energy 
crisis on the earth. And this problem is not specifically 
concerned with only the solar enert:,'Y but the development of 
nuclear and other energy sources will be faced with the similar 

The solution in the above problem might not easily be derived 
by the efforts with individual countries and establishment of 
international institution which will act both with political 
and economic legislation is strongly recommended. 
It is needless to say that technical cooperation and education 
in international scale are also the important factors. 

Up to the year 2000 it is very probable that more than about 
JO to 50 % of total energy for space heating , cooling and hot 
water supply of the present day might be replaced with solar 
energy. Solar thermal and photovoltaic power generation will 
be coupled with other power generation systems such as nuclear, 
SNG, hydrogen, aeolian and other energy 

Rapidly expanding demand for water supply in.future might also 
be met by the application of solar energy from the view point 
of ecological and energy conservation. 

The international cooperation on exchange, 
edu.:c.a Llon as well as construction a nd operation of a large 
scale test facilities will be most important in developing 
solar energy technology, while the role of national governments 
in dissemination and inc e ntives in the fi e ld of solar energy 
should be directed to consider on tax problems, insurance and 
other legislation and r egulations. 



Appendix 
Table 1: R & Don Solar EnertsY Application in Various Countries 

Solar Photo Space Solar Solar Agri-
thermal heating, water distilla- culture 
power cooling heater tion 

AUSTRALIA X X X x X X 

BERGIUM X 

BRAZIL X 

BURMA X X x 
CANADA X X X X X 

CHILE X X X 

EGYPT X 

FRANCE X x X X 

GERMANY FR X X X 

GREECE x X 

GUYANA X 

INDIA X x X X x X 

IRAN X X 

ISRAEL X X X X X X 

I TALY X X 

Solar Solar 
furnace cooker 

X 

X 

X 

X 

X X 

X 

X 



JAPAN X X X X X X X 

NEW ZEALAND X X X 

NIGER X X X 

NIGERIA X X 

PAKISTAN X X X 

SAUDI ARABIA X 

SENEGAL X 

SRI LANKA X x 

THAILAND x X 

TRINIDAD X X X 

TU:RKEY x X X 

USSR X X X X X X x x 

UNITED KINGDOM X X X 

gSA X X X X X X X 

* Radiation not included in this table. 

# Solar refrigeration is under study in Canada, France, Guyana, Pakistan, Sri Lanka, USSR 
and USA. 

# Wind power is also being studied in Canada, Germany FR, Netherland, USA and others. 

# Agricultural studies include greenhouses, mulching, snow melting, crop and timber drying etc. 
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Appendix 

Cost oi'Solar Enerfil:._ 

The cost of solar energy has been referred in page J, 
specifically related to that of a solar collector for spa-ce 
heating, cooling and hot water supply. On the other hand, 
when the cost of silicon solar cell will be reduced down to 
about 1/100 as of 1975, solar cell will be competitive to 
conventional :t:_ossil fuels for domestic purposes. 

This target might be attained within several years,however, 
the present state of arts regarding the silicon solar cell 
indicates that the terrestrial use of solar cell such as for 
power supply to an unattended navigative lighthouse, robbot 
rain gage or snow ga.ge, microwave relay station well 
as to residential lighting in remote area without electricity 
supply as in a desert is still competitive in a 

The cost of solar thermal power is still in the s .tage of 
feasibility study, and it is probable that the cost of solar 
energy might be less than t-wo times of those of nuclear, 
hydraulic and conventional fossil f'uels. 
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2· Geotherma1 Energy 

Most of the geothermal energy on the earth can be extracted 
at an upheaved basin formed in the Cenozoic era, in the form 
of steam vapor, hot water o.rtheir mixture. Though the net 
amount of geothermal energy is f'ar less than that of solar 
energy (0.1 Q), this energy reserved in the earth crust 
might be available in the magnitude of less than 300° C with 
several kilometers in depth. 

The total output of geothermal power plants constructed as of 
1973 was about 950 MW and that o:funder construction was 720 
MW through the world, mainly in Italy, New Zealand, USA, Japan 
and others as shown in Appendix. From the view point of nature 
of energy sources in the long term, geothermal the 
similar characteristics to that of solar energy and further 
can be extracted successively without any intermittence. 

y-g-e-n-E-l-a-Ill-e-h-t-o-e-G-- f-O-- e-l-o-R-e-h-T-- .- 3-

Geothermal has been used almost for power production for 
mankind up to present, and application of geothermal and 
volcanic expend in wide varieties depending on the 
temperature level of hot water and steam derived as follows, 
although the distribution of available energy sources is rather 
limited. 

Various Uses of Geothermal 

Temperature level 

200° C 

180 C 

1b0 C 

140° C 

120° C 

100° C 

80° C 

60° C 

4o° C 

Application 

Refrigeration {NHJ - H20) 

?uj_p industries 

D,, production 2 

Drying of agricultural 
product 

Desalination 

Power 
generation 

20 C 

Snow smelting, drying of crops, grass, 
cooking 

Space heating 

Heating for stockbreeding and 
greenhouses 

Agricultural cultivation, domestic hot 
water supply 

Heating of'soil, swimming pool, pisci-
culture, disposal of waste water 

J.2 Problems in Geothermal JE:r:i~~~l ;;. _______________________________ _ 
Since the birth of geother1na 1 energy te the boric 
acid industry at La~derello, Italy, almost J/l.i o.fa century 
has elapsed already and we have the evidence that this 
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technology has c;rown enough to be competitive to the fossile 
fuels at the local and limited area in the world. 

In the R & Don r;eothermal problems should 
be taken into account: 

- R & Don investigation of geothermal energy sources as well 
as deep excavation throughout the world 

- R & Don investigation on volcanic energy and energy extrac-
tion from high temperature rock bodies 

- Comprehensive survey on utilization of geothermal energy 

- Technology assessment on ecological and environmental effects 
of geothermal energy 

- Government incentives and leglisation on ::!.evelc:pment of 
geothermal r;lant as well as environmental integrity. 

In addition to the above problems, energy 
o:f the important problems in the case of 

geothermal energy. Transportation ol'thermal energy for long 
distance is not feasible as compared with that of power trans-
mission. Therei~ore, the practical application of geotherma 1 
energy might be directed to the ge othermal power production 
among various uses indicated in the first page. 

The leglislation by local government on geothermal is 
still young and the international cooperation on this point 
is also urgent. 
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App endix 
Geothermal Power Plant in the wo r ld 

Present · (MW) Under construction (M\v) 

Italy 390.6 25 

New Zealand 202.0 120 

U.S.A. 303.0 220 

Japan 33.0 l 3 C 

Iceland 17.0 3 

Mexico 3.5 75 

U.S.S.R. 3.0 26 

Chile 20 

West Indies 30 

Turkey 30 

Phillipine 10 

Taiwan 10 

El Salvador 20 

Torr AL 952.1 719 

As of 1973 
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4. Hydrogen Energy 

As one of the alternative sources of energy after the year 
2000, hydrogen f'uel is considered to be promising. Hydrog·en 
gas which does not exist in situ on the ear-!:;:!_,_ surf'ace may be 
produced throe ;;~ ::-l1e c:i-1em1ca :L reaction. 

10 

In the concept of hydrogen fuel that advantages in 
comparison with other energy sources, the production of low 
cost hydrogen is the first and most important step among other 
factors such as transportation, storage, conversion etc. 
Hydrogen production might largely depend on thermal processes 
by nuclear and/or solar energy, while photogalvanic process may 
play the role of hydrogen in future. 

The advantages of hydrogen fuel will be described as: 

- The source of hydrogen depends on water which has been the 
most abundant molecular species on the earth, and is low 
cost as well as easy to obtain. 

- No disturbance in expectnd in the ecoloi;ical cycle, without 
dissipatinc; carbon mon oxide or sulphur dioxide gasses and 
less nitrogen oxide gas than the case in fossil fuels. 
Combustion product of hydrogen fuel is water which might 
easily be assimilated with the natural environment. 

- Hydrogen fuel transportation through pipe lines is much more 
economical and than the power transmission. 

- Hydrogen fuel itself is a component in energy storage system 
in such a way that the use of'surplus power may be utilized 
for hydrogen production by electrolysis and be coupled with 
an intermittent energy source such as solar 

- Applications in wide will be expected as for heat 
source ranging f'rom 200° to 2200° C. 

4. 1 Production of Hydrog e n 

Decomposition of water might be realized by the following 
processes: 

- Thermochemical processes with the combination of multistep 
reactions (+ LJH and - AG) 

- Thermal decomposition of water uures 

- Electrolysis 

- Radiation chemistry process. 

Production cost be the prime determinant in the development 
of hydrogen economy as mentioned f'uel can be 
stored as a gas, liquid, or metal hydride; while pipe lines in 
natural gas transportation system may be substituted for those 
of hydrogen cost ol'hydrogen transportation might 
be in between that of natural gas and ele c tricity in 
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4.2 on Hydrogen Fuel.s 
----- --------------- -- 

In the development of hydro ge n :fuel as an energy source, the 
active H & Don every step in product ion, transportat ion, 
storage and further sa:fety and maintenance problems should 
be .taken into consideration. 

1 1 

From the ecological view point, the total system is recommend e d 
to combine the hydrogen system with other alternative sources 
oi~ energy in the developme nt of hydrogen fuel. Even in the 
gasif'ication of liquid hydrogen in large scale may have the 
impact to the environment as a minus thermal pollution. 
The problem on hydrogen environment embr:Lttlement must also be 
investigated further. 

Safety factor is a high priority item among production, trans-
storage and usage. Although being as a inf'lammable 

substance, hydrogen has a high di:ffusion rate leaving the scene 
of a leak much faster. 

Impact evaluation o:f hydroe·cn as we ll ".ls hydrogen e nergy sys tem 
and economics should be subjected to an international 

work in much more wider scope. 
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APPEND.IX 1 2: TIIE HYDROGEN CIVJLTZ/\TION 
by R. Gibrat 

One can envisage that will be two structures of'equal 
at the beginning o :f the twenty-f•i .rst century: 

e l ecLric:ity , and hydrogen; th:is latter produ c t would be cheap , 
available in large since it would be derived_from 
nuclear reactions ( fission or fusion) or solar energy . 
It might progressively , f'or the presently 
transport, storage, and distribution f'acilities as 
:from now 10 to 1 _5 p. c. hydrogen without having to unde rgo any 
modifications. Its transport :in bulk would resemble the prPsPnt:-

transport o:f natural c;ns and wott:lrl !: , :t: gi v2 :~•:L::3e to any 
p.:rob1 ems ; in tLC He public there is alre a dy 
a nPtwi.:: :::·k of'JOO km length. A network o:f this kind would 
to ten times less costly than that electricity grid. 
Storage in underg.l,'ound reservoirs thousand million 
c1..1 . metres could be achieved l,y using locations_from which gas 
had been previously extracted and are now cmpLy . 

The diversity of uses to which hydrogen can be put is e x tra-
ordinary. There is hardly any instan<" ,.- whero it could not be 

uses . as a reducing gas in the steel- or chemical in-
dustries are well present 20 tons are used 
throughout the world. 

Its protag-onists see no problem in its use as a f 'uel f'or motor-
cars instead oj'petrol. Certain problems of· storage still exist 
but to the optimists hydrides will shortly provide a good solution. 
H.egarding its use on they maintain the same con-fide nce 
since liquid hydrogen is two-and-a-half lighter than 
kerosene, yielding equal power although it requires three times 
as much space. 

In the domestic sector its properties a.re equally surprising. 
A group of gas c ompani es in the United States has financed the 
study of hydrogen" house. Lighting will be _produced by 
small quantities of issuing bright lnminiscence at low 
temperatures without H e ating will be achieved by 

of hydrogen through pane ls gna t e d w:i th 
an approp .. catalyst. Cooking rinc;s :for the kitchen, without 
f'lames, will be rna<;le o1~ porous metals of ceramics . Ele c tricity 
required f'or domestic equipment will be obtai11Gd h y drogen 
in f'uel batteries or_from central stations op e rating gas turbines .. 
Such seems like a dream. 

What is it then that prevents this paradise :from becoming a 
reality? Simply, the produ c tion hydrogen :Crom water. 
The entire question lies the re. At present, tc) lectrolysis is the 
simplest means but it is too costly ,since yields are sti1. ·1 very 
low. Exp e riments are going on at the moment with various processes 
and there is well-founded hope tha t results rrnv be ach..i.~vu d wi tnJ.n 
the next ten year"". 

ThP n:o.-__,:_; .Lmportant resear c h carried out in the world nowadys is 
concentrating on the ot· water by means o :f a chain 

a clos e d circuit betwe e n the substanc es 
producing oxygt)n at high teniperature s whi c h then oxidise ut 
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lower temperatures producing hydrogen whereby the cycle repeats 
itself indefinitely. A very large number is under 
study at present. 

Twenty-six of these have been propos""c. s ,, f ar (s:lxteen by 
Euratom at Julich, the nine othe:r`s by dif'ferent 
laboratories in the United States) ; they di :f'fer by the number 
of reactions per cycle (f'rom two to six), by the number of 
elements (up to six), their maximum temperatures (ranging from 
l+oo to 1000 deg. C), a.s.o. 

Seventeen be sic elements, apart f'rom hydrogen and oxygen, are of 
interest. 

An international conference took place at Miami from 18th to 
20th March 197l+ on this future "hydrogen civilization". 
One hundred presentations, in eighteen sessions examined, in 
the presence of 700 participants, the various aspects of this 
subject - a subject which f'ascinates all those concerned with 
problems of'energy. 

One presentation demonstrat e d that by investigating all possible 
permutations - even if one limits oneself to the f'ield covered 
by the twenty-six cycles known at present- one could expect a 
:frightening number of cycles exceeding by far one thousa11d million. 

It would therefore appear necessary to refine ow- knowledge of 
thermodynamics to a extent in order to obtain 
supplementary us enumerate some of them: slow 
separation ot· the constituent elements, utilisation of'liberated 
heat, weak possible variations or negative variations or 1·ree 
energy beyond the theoretical dissociation energ<.7. 

Other authors have studied the output of known cycles. 
The best is obtained at a temperature of'700 deg. C achieving 
45 hence equivalent to what one hopes to obtain 
f'rom electrolysis. The temperature will have 
to be greatly exceeded if one wishes to improve on the.r·esul ts 

However, this prospect should not discourage us: on the contrary, 
the very multiplicity of'the cycles gives us the assurance that 
we are not limited by present outputs; there is certainly a 
treasure hidden in this haystack and thermodynamics should help 
us discover it. Mr. Gregory of the Institute of Gae; Technology 
(U.S.A.), a high 1 thinks of a period of 
twenty years before this process can be operated on 
scale . 
There are great hopes for developing countries and the utilisation 
of'their possibilities in the matter of solar energy. 
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ANNEXE D 

LA. CIVILISATION DE L'HYDROGENE 

par R. _ . 

·on peut imaginer pour le d~but du XXI0 siecle deux 

strtictures·· d'occueil : l'electri.cite et l'hydrogene, ceder-

nier produit a bon marche en grande rnasse grace a la chaleur nucleaire 

(fission ou fusion) ou 1'energie solaire. Son · introduction pourrait 

rtre progrr~ssiye cnr les installations actuelles de transport de stoc-

kage, de distribution peuvent utili.ser des aujourd1hui sans aucune 
modification, 10 a Son transport mz.ssif ressemblernit 

au transport actuel du gaz ri'aturel et ne poserait aucun probleme; il y 2 

deja en ALLEMAGNE de de longueur. Il serai t de 

cinq a dix fois mains cher que celui de l'electricite. Le stockage par 

reservoirs souterrains de plusieurs milliards de cubes se 

cxemplc en utili.sant des gisem2nts de gaz naturel e.ctuellcment fpui.sf::.s. 

La diversite des usages de l'hydrogene est extraorciir.airc. 

Rien ou presque ne lui ~chappe. Ses usages comme reC::ucteur en siderurgi_e 

ou en chimie sont bien connus. Des aujourd'hui, 20 millions de tonnes sont 

clans le monde. 

Ses partisans ne vcient aucun probleme clans son utilisntit,n 

pour l'autqrnobile en place du p~trole. Certaincs questions pour le 1;t0ckage 

sub,:d.stcnt, mai.s pour les optimistes les hydrurcs ·offriront vi~e une bonnc 

solution. Sur les avions, rnt:me confiance car 11 hydrogc'ne 1 est 2,5 

plus legcr que le keros,~ne a egalite de puissancc, s'il tient trois fois 

plus de plncc. 

foi s 

` 
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Dans le secteur domestique, scs propri{:tes apparaisscnt 

aussi etonnantes. Un groupe de societes gazieres aux U.S.A. a finance l'e.tu<le 

d'une mni1-;0n "tout hy<lrogene". L'ecla.irage sera realise par l'action de petites 

quantites d'hydrogene d'ou une vive luminescence a basse temperature sans 

flammes. Le chauffagc sera obtenu par diffusion d'hydrogene a travers des 

panneaux decoratifs de plastique poreux impregnes d'un catalyse.ur approprie. 

Des plaques de chauffage sans flamme, pour lo cuisine, seront faites de 

inl:taux OU de ceramiques poreuses. L'e~ectricite necessaire des nppareils 

menabers s'obtiendra a partir de dans des piles comb•.,s ti b] es 

ou dans l~s grands centres a partir de turbines a gaz. On croit r~ver dcvant 

ure tel le perfection. 

Que nwnque-·t-il done pour que ce paradis devienr:e realite ? 

Simplement une production d'hydr:..ogene ?i bon marchea partir de l'eau. Toute 

la question est la. L'electrolyse est nujourd'hui le rnoyen le plus simple, 

mais il est trop couteux, les rer:derr::2nts etant encore On expe-

rim2nte en ce moment plusieurs procede.s pour obtenir micux, et il ya de 

solides espoirs pour aboutir d'ici dix annees. 

Les reci1erches les plus importantes faites aujourd'hui d&.n:; 

le monde se portent sur la dissociation de l'eau a travers une chaine de 

r~a,::tions formant cycle ferme entre des corps produisant de l'oxyr,ene a 

?aute temperature, puis s'oxytlant a une temperature plus basse en produisa.nt de· 

l'hydroscne, le cycle se repetnnt in<lefiniment. Un tres grand nombre de ces 

reactions est actuellcment ctudie. ' 
Vingt six ont ete proposes jusqu'ici (seize pnr l'Eurlltom a 

Ispra. nn par J\llich, lcs neuf autres par divers lnborntoires des U.S.A.). 

Us se differcncient pnr le nombre de reactions par cycle (<le deux a six), 

le nombre de composants (jusqu'a six), lcurs tcmp6rnturcs maxima (de liOO" ii 

l000°C) etc. 

Dix f;Cpt: (.lfments simples en dchors de H et O paraisse12.r i,nt{:res -
snnts. 

` 
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Une conference internationnle a eu lieu a MIAMI du 18 au 20 mars 74 

sur cctte future "civilisation de l'hydrogene" ; cent communications presentees 

cans dix-huit sessions ont e:xamine devant sept cents congressistes,.. les. divers 

• aspect de ce ' problcme qui passionne aujourd'hui _le monde . energctiquc tout en tier. 

llne communication a montr/; qu'en recherchant toutes les combinaisons 

possibles, en se limitant au clomaine couvert par les vingt-six cycles ac-

tuellernent connus, on pouvait compter sur un nombre de cycles effarant depassant 

largement le milliard. 

11 apparait done necessaire d'affiner beaucoup nos connaissances 

thermodynamiques, afin d'obtenir c!es conditions supplementaires. N0us citerons 

par exemple :faible travail de separation des constit-:.iants, utilisation des cha-

leurs degagf.es, · faibles variations possibles ou variations negatives de 1'energie 

libre au-dessus de c_~lle . theorique· de disso_ciation. 

D'autres auteurs ont etudie les rendements des C?1cle~ connu;; . _Le 
(`.,., . ̀ '· ̀  ·. -· C· C. ^ · · ` C L . meilleur avec 700° de temperature maximum atteint 45%, done 1lecj~fvai.ence a;,:e·c;l~-s ` ̀ i e'spoirs-' -de'11 ~lectrolyse. Il foudra done de.passer largement cette temperature pour 

surcJ.asser cette derniere. 

Ceci ne doit pas nous decourager ; au contrairc, la multiplicite 

des cycles nous assure que nous ne sommes pas limites par les rer.deme,its accuels 

une se cache ccrtainement dans les bottes de fo~.n et la thermodynamique 

doit aider a la tro1.1vcr. M. GREGORY, de 1'institute of Gas Technology (ll. S. A) 

pense a un delai de vingt · ans avant la roise au point 

industrielle. 11 y a de grands pour les pays en voie de developµemcnt 

et l'utilisation de leurs possibilites en matiere d'encrgie solaire. 

` 
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FIRST DRAFT 
( translation f'r o m 
French) 

APPENDIX 1 J : NUCLEAR FUSION - IS TI-IE REACTOR INDIS PENSABL E? 
by R . Gibrat 

the phenomena aro very di.f.fcrent f'rom those occurring 
The reactor under study , called DT for short , is 

built on the principle o:f the :fusion hydrogen isotopes: 
deuterium and tritium ; this corresponds to a loss of'mass and 

accordance with Eis tein I s law, to a generation o :f 
energy . The yields o ir;ht times as much energy per 
mass unit as fission but the reaction can take placo only if 
these elements are imparted very high accelerations to make them 
collide . The required temperature is one hundred million degrees . 
How can such a temperature be Generated and with.out 
the mixture thus heated coming into contact with the reactor 
walls? Research begun more than twenty yuars ago uses the 
principle of magnetic constraint whereby ma g netic fields force 
the DT mixture to rema i n in the centre o:ftl1.e torus ; however , 
these fields have proved hig-hly and only today , ai'ter 
many does one b egi n to see a ray of'hope . 

The first objective is to obtain a DT reaction which generates 
as much energy as that used for the process of heating up . 
The required conditions been known for a long time : 
certainly a temperat;ure of ·100 million degrees mentioned above 
is required but in addition a sufficiently large product is 
needed composed of particle density multiplied by the 
in the t ;orus under constraint ul. L.LO1 ce . 
This product o;:'density , measured in c u , by dwell 
ti mo me ci.sured in seconds must reach 1 O 1 [ . . 

Today , with a studied in the Uc.S . S . R . and in France 
which goes by the name of T o k omak , it;_is possible to obtain 20 
millio~ deg .. - and a product of 5 x · ·1012 ; the there -

t i mes weaker and the product twenty times weaker . 
'I'his explains why prior to going further in studying problems 
01'production on an industrial · scale , one thought it advisable 
to attain the desired magnitudes figures . 

Euratom will al most certainly decide to canst.l~uct a large Tokoma k 
JET (,Taint European Torus ) by 1980 , furnishing by 1982 , 

if all goes well , proof oi'f'oasibili ty but no more than that . 
In particular the structure of'the equipment wi l l not yet be 
capable of resisti n g the highly destructive neutrons produced by 
the reactions and no attempts will be made at recovering- the 
r;enerated heat . 

A second phase towards 1985 will b e designed te resist the force 
o f the neutrons but will not yet r,•e cover the generated heat wllich 
constitutes a di:fficult problem , nor will endeavoui·s be made to 
re generate the tritium . A third and last ma c hine will then try 
and solve this last problem and to prepare also the ·first 
industrial prototype . With scrne this mi ght enable 
scientists to submit the production by 
the year 2000 . 
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2. Some two or three years ago it w.. :i.s learned in Canada from 
a revelation made by Teller, the father of'the hydrogen bomb, 
that a second possibility was being studied secretly by the 
military , riamely, that of the 
Gradually the United States of America. , the and France 
have been publishing their own results. An American industrialist, 
Siege.l , d e cided at once to spend a considerab l e part of his 
fortune on research on this matter and at a given moment 
appeared even to be ahead of'the Atomic Energy Commission. 
Uni'ortunately, he died recently and thus this unique adventure 
in nuclear history has now come to an end. However, one has 
learned a great deal. The c onditions under which fusion takes 
place are the same as those of the thermonuclear bomb, the 
energy generated corresponding to the disappearance of one 
millic;ram of'the deuterium-tritium mixture is that of 80 kg TNT; 
therefore, by submitting much smaller quantities to the process 
one could hope to constrain the micro-explosion in an adequate 
vessel and by repeating it re c;ularly to c;enerate energy 
practically continuously in the same manner as in an internal 
combustion 

In order to enab l e the reader to evaluate the chances of such 
a method, we deem it necessary to furnish some technical 
explanations . Only in understanding these will one realize the 
difficulties that have to be overcome and the time required. 

Evidently, first the substance will have to be triggered off 
by the DT reaction at a given point whereupon the reaction will 
have to propagate itself like a detonation. The starting energy 
is supplied by one or several laser beams. Two essential points 
concern the efficacy of the transf'er of laser 
substance and the a de qua t;P transferred energy f'or 
compression and heating the DT parti c les. 

a. Energy trasf'er is normally achieved by collision between ions 
and electrons oscillating under the laser f'ield which transforms 
the coherent energy of the e1ectrons into thermic 
Since the laser waves cannot penetrate into the interior of the 
matter this action t akes place at the periphery, creating a 
plasma halo. However, with the resulting increase in temperature 
the bond between ions and electrons becomes less ef'fective; 
fortunately , by an " anomalous " bond between the 
ions and the plasma waves excited by the laser in an unstable 
manner. Nothing definitive is kown as yet about the magnitude 
and the exact mechanism of this action and here we have arrived 

very questions one might raise on the validity of this 
method as such. 

b . The heat of the plasma thus generated propagates itself toward 
the interior of'matter whereas this latter tends to vaporise at 
a velocity that may amount to several hundreds of miles per second 
on account of pressure gradients. The problem is analogous to that 
of a rocket where a certain distribution of energy takes place 
between the ejected gases and the remaining matter. One of the 
mathematical models has shown here 8 p.c. yield for use in 
compression and heating whereas 92 p.c. is disspiated with the 
ejected matter. 



3. 

Let HS as s111nc now that at a gi. ven point the temperature would 
be suf:ficient, as a result of the compression of matter, to 
trigeer 0:f:fthe DT reaction where the deuterium-tritium impact 
creates neutrons and alpha rays. The reaction will propagate 
itself'like a detonation (explosives theory) i:fthe heat 
supply compensates the enormous losses of'pro pae2. 

The neutrons produced (80 p.c. o:f the reaction not 
add to the matter (the spectrum being too large) one can 
therefore only count on the alpha rays (20 p.c. of the reaction 

free passage at 20 KEV/100 million deg. centigr. 
through matter o:fnormal density is 1 cm; there would therefore 
not be any transf'er of energy in the DT particle whose density 
is several tenths o:fa mm. However, i:fthe density is 1000 times 
greater because of the preceding processes, the:froe passage 
would be ten microns and the particle diameter would be reduced 
to 100 microns can theref'ore hope for a good propa-
gation of the triggering action: the probability o:fcollision 
of the alpha particle is in fact proportional to the square of 
the density and can thus be multiplied by 20,000. 

Computations give rise to the hope that a combustion output of 
50 a multiplication :factor of the triggering-o:fi1 
energy by 1500 can be achieved. However, the computation also 
shows that for all this one has only one nanosecond available . 

The recoverable energy f'or the generation of energy is 
essentially that of the neutrons; this will be the role of the 
liquid lithium envelope which, however, has not yet been 
implemented. 

In the United States it is considered that for triggering of:f 
it is necessary to project upon the target an energy o:f20 to 
JO g . TNT in a nanosecond in order to set off a very small 
reaction, it is true, but one that is sui'f'icient for veri:fying 
the numerical computations. Today one can only produce in this 
space of time one hundred times less energy but progress on 
lasers is such that one can hope to achieve this within two or 
three years and then to begin on the long sequence of prototypes 
to find, eventually , at the beginning of the next century, the 
beginnings of'industrial production. 

is preferable a priori to :fission at the ecological 
level since it does not produce any radioactive waste and in 
particular no transuranic elements with a very long 
Lastly , the quantities in the reactor are 
very small (a maximum of 1 kg for 1,000 MWE). However, the 
ve ry µotent neutrons arising from the reaction will activate , 
unless one is very care:ful , the structural nuterials at least 
as much as in fission reactors. Seen by and l ::.irge, however, 
one cannot deny that there is a very clear advantage in fusion, 
particularly in comparison with plutonium breeder reactors; 
hence the o:ften raised question: "are breeder reactors indispen-
sable between thermic reactors and fusion"? 
Could one not, by stopping their :further development, save 
thousands oi'dollars which they will still call for 
bef'ore tJ1eir lndustrial production stage'? 

The above clearly demonstrates that it is too soon to give a 
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reply to this question despite its of the 
two paths towa.rd fusion has as yet achieved the basic reaction 
needed and the fact that it may be achieved will not in itself 
guarantee industrial production. Therefore, to our great 
regret, we think that one cannot raise the problem of abandoning 
breeder reactors before the pot e ntial of the two methods, and 
not only one, have been clearly sha 11 therefore 
have to wait for several years before such potential has been 
demonstrated. The development of the breeder reactor would 
appear ineluctable and thus with it all the problems raised by 
the generation and possible the:ft of plutonium. 
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CLUB de ROME - Annexe F 

~ofondes des oceans 

Dans le corps du rapport, nous avons insiste sur le role de la 
source froide. Dans une centrale nucleaire du type actuel, la chaleur reje 
tee est plus de deux fois celle transforn1ee en ene·rgie electrique. Or la 
source froide aujourd'hui est uniquement l'atmosphere et depuis quelques 
annees on se preoccupe beaucoup des consequences climatol-ogiques de ces 
rejets. 

Car les phenomenes n1.eteorologiques sont probablement souvent 
instables : on cite toujours deux exemples ou l'equilibre naturel est, dans 
un cas stable, clans 1'autre non. 

• on rejette de la chaleur sous un ciel nuageux, on augmente l'evapora-
tion, done le volume des nuages, do.nc l'albedo (coefficient de reflexion 
de la radiation solaire) on refroidit l'atmosphere, d'ou stabilite, 

• on rejette de la chaleur sur un sol enneige, la surface neigeuse decroit, 
I'albedo aus si et on rechauffe I'atmosphere, d'ou fusion e, 
i1 y a instabilite. 

I. - On a coutume de rappeler que la production de chaleur par l'homme 
est aujourd'hui tre s faible par rapport aux echanges globe terre stre/ 
atmosphere, mais on . oublie que cette quantite supplementaire de 
chaleur aura d'abord a modifier la circulation generale de l'atmos-

avant qu'elle pui sse s'evacuer vers l I espace interplanetaire et 
ainsi permettre un nouvel equilibre. Quel sera ce nouveau type de 
circulation ? Le changement des temperatures.sera-t-il proportionne 
aux quantites de chaleur en jeu ou une instabilite apportera-t-elle 
des modifications disproportionnees ? 

Tout recemment, on ne rencontrait que des raisonnements . 
generaux utilisant surtout le bon sens et fixant en ge; !ral a un pour 
cent le pourcentage de production artificielle de chaleur pouvant 

. entrainer une modification perceptible du climat a l'echelle rr10ndiale 
ceci avec les taux de croissance economique actuels nous donnait 
cinquante ou peut-etre cent ans de tranquilite. 

Des etudes recentes de l'I. I.A. S.A. (Institut Inte~national 
d'Analyse des Systemes Avances) ont app9rte du nouveau assez inquiE 
tant. L'Institut admet le bien connu de Weinberg : quinze 
millions d'habitants et vingt kilowatts chacun. Il utilise le grand 
modele rriathematique de la circulation genera.le de Boulder City 
(USA) en injectant dans les calculs la chaJ.eur rejetee correspo:ndant 
au scenario et obtient des variations de temperature locales attei-
gnant 12 °C pour une variation rnoyen:ne de ·1.,.uelques diziemes, ce qui 
suffirait sans des bouleversements absolument inaccep 
tables. 

I . .. 
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Encore plus etonnant est le resultat donne par le en 
injectant dans une deuxieme experience aux differents points de la 
maille mathematique, des quantites de chaleur ou positives ou nega-
tives determinees au hasard _: on retrouve le modele precedent de 
modification de temperature; Ceci que les climats 
possible s ne sont pas une suite continue d'etats d'equilibre mais 
quelques climats separe s que l'on obtient sous 1'action de variations 
de chaleur de nature et d'intensite differentes. Les equations de la 
circulation generale de I'atmosphere ne sont pas lineaires, le resul-
tat n I est done pas extravagant. 

Deu.x experiences analogues faites avec un meteorologiqu1 
anglais ont donne le meme genre de re sultats, bien qu'il ne couvre 
que nord. 

Certes ces resultats sont provisoires et devront etre confirmes 
par des etudes beaucoup plus que 11IIA.SA a entreprises. 
Mais on ne doit plus se satisfaire des conclusions rassurantes admis 
jusqu'ici. 

II. - Le rayonnement solaire clans nos regions avec ciel couvert en ete OU 

clair en hiver sur 100 km2 a un effet moyen equivalent au rejet de 
chaleur d'une tranche nucleaire de 1 G We (un million de kilowatts). 
La centaine de tranches prevues pour la France equivaut done a 
10 000 km2, soit 2 % du territoire, d'ou, sous les re serves prece-
dentes, une certaine tranquilite pour le climat general franc;.ais. Mai 1 
la centrale d'avenir sera de 5 G We, done correspondra a un rayonne-
n1ent'solaire moyen sur 500 km.2 et il est necessaire de reflechir 
aux influences sur le micro--climat. 

Il peut y avoir des consequences favorables par exemple dans 1 
cas de centrales situees sur la Manche ou la Mer du Nord, par la 
suppression des brouillards dits "d'advection"(arrivee d'une masse 
d'air chaud et humide sur une surface plus froide). 

On peut avoir des indications sur la probabilit'e d'accidents 
meteorologiques tels que tornades, trombes, etc. par la comparaison 
avec des incendies provoques de forets (Australie ou U.S.A.) qui 
correspondent a des effets thermiques de meme ordre. Ils apparai'-
tront probablement pour des concentrations de puissance que l'on 
-envisage parfois (50 GWe) climat deteriore dans une zone de la 
centrale entourant la centrale et pouvant couvrir jusqu'a 1 000 km2 
en fonction de la topographie correspondante. Mais pour le cas de 
demain (5 G We) cela impossible. En tout cas, il y a 
d'immenses progre s a faire en meteorologie avant de pouvoir repon d1 
a toutes ces questions avec precision. 

11 semblerait done que la vraie lin1.ite a la croissance economi-
que soit, non dans un epuisement des matie res premieres OU dans 

s sement de l'hun1anite sous la pollution, mais dans le s 
reactions de aux rejets thermiques. Pour la 
foi s, l'homme rencontre un obstacle dont il ne sait pas s'il pou.rra 
le contourner ou 

/... 
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U ne lueur d'e spoir cependant dan s l'utilisation des eaux profonde s 
oceaniques. La masse des oceans est deux cent cinquante fois celle 
de l'atmosphere, la chaleur specifique. de l'eau quatre foi s celle de 
l'air. La capacite calorifique de toute !'atmosphere equivaut a seule-
ment 2, 5 metres d'eau, et c'est la seule que nous utilisons en fait. 

majorite des oceanographes, deux tiers au n,oin 
du total des eaux oceaniques, plus d'un milliard de kilometres cubes 
ont des proprietes communes en temperature et salinite, done en den-
site dues a des phenomenes de prenant place en des lieux de 
dimensions (quelques pour cent de la surface des oceans 
et de moi s par an. 

Les oceans sont naturellement stables suivant la verticale 
eaux froides au fond, eaux plus chaudes en surface, et cette stabilite 
n'est troublee qu'en quelques rares endroits par des variations en 
surface du budget des echanges calorifiques avec ou de 
la salinite par glaciation des eaux de surface. la consequence etant 
des variations de densite dans la colonne des mou-
vements verticaux a des vitesses de quelques dixiemes de millinietre 
par seconde, mais correspondant a des debits de plusieurs millions 
de n1.3 par seconde. 

Trois surfaces oceaniques seulement sont des sources d'ea1 
profonde, la principale etant la mer de Weddell dans l'Antartique, 
ensuite celle.s de Labrador et de 

Les conditions exactes favorables a la formation des eaux 
profondes sont encore tres mal connues, hiver a la mer de 
Weddell par exemple etant presque impossible. On les etudie actuelle-
ment avec beaucoup de serieux dans la Mediterranee ou un tel pheno-

existe a echelle reduite a 100 km au sud de Marseille. Des 
variations de densite de un pour 10 000 sont · significatives. 

Les remontees ont lieu dans l'Atlantique Nord aux lieux 
des pecheries apres un long parcours en profondeur de plusieurs 
dizaines de milliers d'annees peut-etre (vitesse de remontee extreme-
ment lente, quelques diziemes de par heure). 

On comparera la mas se de ces eaux profondes a 1,0 5 de 
temperature moyenne (un milliard de kilometres cubes) avec la. con-
sommation par an d'une tranche nucleaire (un kilometre cube et de1ni) 
ainsi que le debit mer de Weddell (plusieurs millions de cubes 
par seconde) a celui d'une tranche nucleaire (50 m3/ sec). 11 y a la 
des possibilites extraordinaires de source froide d'autant plus qu'il 
faudra des millenaire s pour qu'une modification en surface depui G la 
descente se fasse sentir en surface a la remontee. Mais comment 
le s utili ser ? 

Cela ne paraft pas facile, car en supposant resolus ies 
problemes d'installation des centrales aux air es de descente et d 1utili-
sation de quelques mois par an., le rejet thennique a l1effet inverse 

/... 
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APPENDIX 14: THERMIC WASTE AND DEEP OCEAN WATERS 

by H. Gibrat 

In the main body of the report we stressed the role o:f cold 
sources: 

a nuclear power station or the current type the waste heat 
is twice that produced as elect:r·ic energy. Now, at the 
only cold source is the atmosphere and f'or some years past, 
concern has been envinced about the climatological ei'f'ects of 
this waste. 

For metereological phenomena are probably often unstable: two 
examples are always quoted whe:r·e in one case, the natural 
equilibrium is stable, and unstable in another. 

- Heat is :.,,:;:....;. LLHlier a cloudecl sky, evaporation is 
inr,:,,:>,:J.sed, hence also the volume of the clouds, hence also 
the albedos (ref'lection coef:Cic.len t of solar radiation), 
thus the atmosphere is cooled and stability achieved. 

- Or, on the other hand, heat is evacuated on to soil 
in snow: the snow cover decreases in volume, so does the 
albedo, the atmosphere is heated, hence there is additional 
fusion and there is instability. 

is habitually the heat produced by man is little 
compared to the heat exchanged bet\veen the land surface oi, the 
earth and the atmosphere; however, one f'orgets that this 
addi ·t;ional amount of heat to 1,irs t of all, the 
general of the atmosphere evacuate 

into interplanetary space and thus allow a new 
to become established. W11.at will this new type of circulation be? 
Will the change in temperature be proportional to the quantities 
of heat in question or will instability cau::3e 
modii,ications? 

Until very recently, only v ery general arguments were heard, 
based on common sense; they fixed, generally speaking, 
the percentage of'arti.ricial heat production which might cause 
a noticeable modification of'the climate at world-wide level 
at one per cent; this, at present economic growth rates would 
give us fifty or perhaps one hund.t·ed years o:f respite. 

Recent studies carried out by Institute 
) 

( 
of Advanc ed Systems Analysis) have rather 
disquieting f'acts. The Institute accept:::,the well-known We.l.nberg 
theory: i.-,ifteen thousand mi.11 ion inhabi twenty 
kilowatts each. It uses the J :i re;e model oi'the 
traffic in injecting into the calculation 
the waste 11eat to t h e theory and obtain s local 
temperature f'luctuations to ·12 deg.c. for a mean 
of some tenths of a degree; this would ffuf' :fice to c:r·ea Le 
absolutely unacceptable upheavals. 

Even more surprisinr: -i ':: +E ^ 'Y, 2 e l .t l(:Ubv tne mode1 when, 
in a second expe riment, random val1.H) S ot.'positive or negative 

ot'heat are ins erted at tbe points o-f the 
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mathematical network: the result is the preceding temperature 
modification model. Th.is would appear to indicate that all 
possible climates are not a continuous sequence of'states of 
equilibri um but some separate climates obtained:f.rom the effect 
oi, heat f'luctuations of'varying nature and intensities. 
Since the equations of general atmospheric movements are not 
linear, the result does not appear to be exaggerated. 

Two analogous experiments out with an English aLmos-
pheric model have yielded the::,ame type of'result al though the 
model covers the northern hemisphere only. 

True, these results are provisional and must be confirmed by 
much more complete studies which I.A.S.A..has undertaken. 
However, one must no long·er acquiesce to the reassuring 
conclusions accepted hitherto. 

2. Solar radiation in our regions with the sky covered in 
summer or clear sky in winter over an area of 100 sq. km has a 
mean e:ff'ect equivalent to waste heat emitted by a nuclear unit 
of 1 G We (one kilowatt). 
The one hundred units planned for France therefore equal 10,000 

or 2 p.c. of the country's territory; hence, with the 
reservc1t:ions above , a certain tranquillity can be 
assumed :for the general climate in France. 
However, future power stations will have an output of 5 G We 
which will corre~pond to a mean solar radiation~ over 500 sq. km 
and one has therefore to cons ider its ini'luence upon the m.icro-
climate. 

There may be favourable power station 
is located shores o :f the Channel or the North Sea through 
elimi.:1.C;,Lion of advection fog (arrival of a mass of hot and humid 
air over a colder surface. 

One may obtain indications on the probabil.ity of meterological 
catastrophes such as tornadoes, cloudbursts, windhoses a.s.o. 
by comparison of'forest f'ires (Australia or the United States) 
with corresponding thermic effects of the same order of magnitude. 
They will in all likelihood their appearance in power 
concentrations sometimes envisaged (50 G W e ) when the climate 
deteriorates in a zone round the power station that may extend 
to 1,000 sq. km all depending on the 
However, where the irnmedia te (5 G We) this 
would appear hardly possible. In any event, a great deal of 
progress will have to be made in meteorology before precise 
answers to all these questions can be furnished. 

J~t would theref'ore appear that tho true limitation to economic 
growth would in raw nnterials be c oming exhausted, nor in 
manking being buried by pollution, but in the reaction of the 
atmosphere to thermic 
For the first time man has encountered an obstacle which he does 
not know how to circumvent or conquer. 
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:1. However, there is a spark oJ'hope in making use of'deep 
ocean water. The mass 01· the hundred 
times larger than that of the atmosphere, the speci:fic heat 
of that The calori:fi.c capacity of' 
the entire atmosphere equals only 2.5 metres in depth of water 
which is, in fact the only one we a.re using .. 

According to the majority al least two thirds 
of'all the ocean water, over one thousand rn.i.11.ion cu. km., show 
common properties of temperature and sal:Lni ty, i.e. o :f dcnsi ty 
which properties derive :from ~r:..~ phenomena taking place 
within very limited locations~mensions (a few per cent 
of t~1e ocean surface and dartng a of'the 
only). 

The oceans naturally stable ,:followinc; a vertical line: 
cold waler at the bottom, warmer water on the surface: this 
stability is disturbed in a very few rare places only by 
f'luc tua ti ons in tht) housoho ld o.f exchanges with the 
atmosphere or in the salinity because of glaciation of surface 
waters, the consequence being f'lu.ctuations in the density o:f the 
vertical column causing vertical movements at speeds of some 
tenths of'a millimetre per second but corresponding to a:f.Low 
of several million cu. m. pe:c second. 

Only three ocean expanses are sources of deep water, the chief 
one being the Weddell Antarctic, followed by the 
Labrador and Norwegian oceans. 

The exact conditions the rormation o:f deep waters are 
stil l very little known as access to e .g. the Weddell Sea in 
winter is virtually impossible. These conditions are at present 
being studied very thoroughly in the Mediterranean where this 
type o:fphenomenon exists on a small scale at a distance of 
100 km south of Marseilles. Density:fluctuations o:fone per 
·t O, 000 are significant. 

Upward motion 0f tL<:::: wc:1.te.r· takes place in tho North Atlantic 
fishing grounds after having travelled at great depth for 
1)robably several tens of thousands or years ( speed 
movement being extremely slow - some tenths of a millimetre 
per hour). 

One can compare the mass of these deep waters at a mean 
temperature o:f1. 5 thousand million cu. km) 
with the annual consumption of a nuclear unit 
cu . km) and the.flow of'the Weddell Sea (sev~ ral rnilli_on ~u. m 
per se~ond) to that of'a nuclear power ur~it (50 cu. m/sec). 
Here there are extraordinary po s si bili ties of'using a cold 
source, all the more since it will re quire milleniums be f'ore 
a sur:face modification caused by the downwa:t'd movement of water 
will make itselt't'elt again at the surface in the re:flux. 
But how can we use these possibilities? 

This docs not appear to be easy,:for assuming that the problem 
oi'installing power statio:ns at the where these 
downward movements take place has been solved, as well as the 
pro bl ems i nl1nren t in during just a :few months per 
year, thc waste has an inverse ef'f'ect on density, 
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heating the water, thus reducing density. One might consider 
adding sea salt to the wat,te water to compensate the effect of 
temperature on density but the idea appears to be puerile. 

The immense i.nterest attaching to thi.s and costly 
oceanographic research caru1.ot be contested for the stakes 
justify the eff'orts made . 
Man has hitherto found his limits in the calorific capacity 
of the atmosphere; he can increase them by at least a. hundred-
fold by using deep ocean water. 

Oceanography and meteorology are thus vjtal <iisciplines 
in the study gTowth . 
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March 29, 1975 

For the report to be made by Professor 
TINDERGEN at the request. of the Club of 
Rome on the "New i•lorld Economic Order11 

Energy Resources 

The nature of energy problems 

Energy which our social, economic and technologic&l 
systems on this planet consists of the processes on discovery of 
energy resources, acc~uisi tion, transportation, conver siun and 
consumption as well as safety factor ancl environme21t aspects. 
All cf these procedures are closely cci:cerned with the polit~cs 

For the purPose of rcduction in 
cost, efforts in expansion of respective 
simplification in technologies, and concentration of ene:::-gy density 
etc. have been pursued hy rnankiYid, wh:.le discrepancies as in the 

ari.:icles have been recognized independently: 

1. Distribution of energy resources is rather localized on 
this 

2. Energy conversion system of large scale face the 
limit of the cc1rrying capacity of environment. 

3. R & Don energy resources might be accelerated in future, 
however, energy conservati0n is rather difficult 
into the public acceptance. 

From the end of the \vorld'C·Jar II, rnc1ny n<.1tionc1l governments 
have kept energy policy under their control by reosons 
such as individuu.l economic background, and olhers. 
In order to avoid the future trugcc1y by ignorc:mcc for human 
bc.in~J, the world energy policy should be established as fast as 
possible tmdcr the intcrnationa.l conscn~;u,; r1rnon~J developed and 
developing countries both with.::rnd.without c11<,~rgy :resources. 
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Fossi1e fue1s which might be expected to l.^cmain19n this 
p1aneL in of 2OO Q (Q equa1s to 2. 52 x 10 Kca1 

2.93 x 10-'-'K'i1H) are not sufficient enough to promise 
the future prosperity for mankind after the year 2000. The 
nuclear fission and fusion energies as well as solar, geothermal, 
and aeolian energies are_ considered as most promising as 
alternative source~; of energy in future, diversifying their 

·quality and on supply and demand for respective 
countries or local following paragraphs will 
describe the respective characteristics and their problems 
on these energy resources _. 

On the carrying capacity of our environment, the limitation 
to dissipate thermal energy on the terrestrial surface 
exist. In order to keep our troposphere in its equilibrium 
in developing a large scale energy produc:=ion and con-,1e rsion 
on this planet, the net amount of energy included in the 

·thermal pollution should be suppres s ed within about 10 % of 
2 intensity of incoming solar radiation (max. 1 KW/mL as an 

intensity of direct solar radiation) as an overall average 
on the global surface, althou9h an acceptc1ble value at a local 
area may exceed this value sometimes when the dissipat e d he3.t 
is easily removed from the closed sys tom by ;..;ind etc. 

., , 



'rhe incoming solar radiation on this planet will be 
described as 5300 Q/ycar above the stratosphere, 3600 Q/year 
on the earth surface and 690 Q on the total land area. As 

_compared with fossilc fuel resources, these figures might be 
quite reliable as an alternative source of energy. Although 
solar energy is said to be free, abundant and can be used with 
far less pollution on the terrestrial surface, the disadvantages 
are still found on the following points, as high 
cost,.and energy source is intermittent and localized in the 
global sense. 

Furthei, the utilization of solar energy in large scale 
might · ir:duce the possibility to have an irapact on :-11icroclimatc 
in a localized area. Generation, conversion and ce>nsumption 
of energy of any type in large scale, such as nuclear, geothermal, 
ocean and any other energy sources might carefully be assessed 
as in the case of solar energy. 

The Field of Solar Energy Application in both Developed and 
DeveJ.opin9: Countries 

In the application of solar energy, one might see the fields 
of wide varieties as in solar thcrmc1l processes, photovoltaic 
and photogalvanic processes. 

The. solar ther:nal _ ~ystems ~1:clude _ s?lar thermal P<:)\•Je~ 
generat1On, SPace heati ng, coo1ing and hoL water 
solar water heater, solar distillation, solar refrigeration, 
ice making, solar furnace for high temperature processing, 
solar cooker, heating of swimming pool , uses in 
agricultural technology such as gre2nhous2s, mulching, snm-i 
melting etc. processes 
are for power and hydrogen production. 

Among the ·solar thermal syste111s, solar space he a ting, cooling 
and hot water supply, and solar power gensration are 
two of the most significant techrology in thc R & D of solar 
energy science and en9incering. Desalinaticin and c1gricult.ural 
application considered very important from the viE::w 
poin't of food production. 

'rhe cost of so1ar energyIIight bo sti11 severa1 times hi ghe L^ 
than that of fossil fuel in'this decade and it is 
the cross section of co s t reduction in so1ar energ\, and increa se 
of fossil fuel cost might be expected in sometime in the next 

concept of so lar share wiJ.l also be important from 
the view point of energy conso.rvatj_on. 

the earlier stugc of R & Din sol.c1r energy technology, 
close international cooperation plc1ys the roll on 

- 3 -



standardization and mecisurement of insol.ation, testing method 
for solar devices such as solar collectors and solar cells, 
while government incentives and stimulation will be very 
effective in heating and cooling of school building in addition 
to the educational merit to younger_generation. Desalination 
and solar refrigeration might follow in an arid zone and 
especially . in developing countries in the tropical zone. 

R & Don industrial heat source by the use ~fa solar 
concentrator and heat storage system will be the possible 
next step. 

Persp_e~ti ves and Prospccti ves on S_olar _Er1ergy 

Until the exhaustion of fossil fuels on this planet, 
human being will and must be wise enough to find the solution 
in problems on an alternative source of energy. However, it 
should be pointed out that ·developed countries may have enough 
time and funds to develop alternative sources of energy until 
the exhaustion of fossil fuels, while many developing countries 
have to face the difficulties . in R & D of new sources of 
energy and in finding the solution in an expected 
energy crisis on the earth. And this problem is 
concerned with only the solar energy but the development of 
n1:1clear and other energy sour~es will be f~ced with the similar 
situation. 

l po1itica1 and economic 1egis1at.ion is strong1y recommended. 
·J.t is needless to say that technical cooperation and education 

\ in internationa+ scale are also the important factors. 

Up to the year ?OCO it is very more than about 
30 to so ·% of total energy for space heating, cooling 3.nd hot 
water 8upply of the present day might · be replaced \•!i th solar 
energy. Solar thermal and photovoltaic power generation Kill 
be coupled with other power generation systems such as nucloa!:", 
SNG, hydrogen, aeolian and other energy sources. 

expanding demand for water ·supply in future might 
also be met by the application of solar energy from the view 
point of ecological and ener~y conservation. 

cooperat~on on_informa~ion :xch~nge, 
education as well as construction and opcrc1tion of a large scale 
test facilities will be most developing solar 
enei·gy technology, while the roll of nation.:11 govcrnr.1cnts in 
dissemination and incentives in the field of solur energy should 
be directed to consider on tax problem~;, insurance and other 

and regulations. 
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Appendix· 

·Table 1. R & D on Solar Energy in Various Countries • * 

Solar Photo Space Solar· Solar Agri- . Solar Sola r 
thermal voltaic heatincr wate-::: distilla- culture furnace cooker 
p£ ower cooling heater tion 

AUSTRALIA X X X X X X X 

X 

BRi.\ZIL x X 

BU.? XA X X X X 

CANADA X X X X X X 

CHILE X X X X .. • X 

:C.:G.:!PT X. 

FRANCZ x X X x x 
FR x X X 

X X 

GUYANA X 

I NDIA X X X x X X 

IZAN X ·X 

X X x x X X X 

ITALY X X 



I 

5APAN X x X X ·x x x 
xz;, x X x . 
NIGER X X X 

.:· 
NIGERIA X X 

PAK'.IS7AN X x X 

SAUDI AR.7\BIA X 

S:SNEGAL X 
`.. . 

S~I LANKA X X 

.THAILAND X X 

TRINIDAD X X X 

TU. RKEY X X ·. ' ` X 

USSR X X X X x X X X 

UNZTZD XIXGDOX X X X 

USA X X x X X X x 

* Radiation not included in this table. 

is under in Canada, France, Guyana/ Pakista·n, Sri Lanka, USSR . 
and USA. 

# i:hnd power is also being studied in Canada, Germany F R, Netherland, USA and 

# Agricultural studies include grel=nhouses, mulching, snow melting, crop and timber drying etc. 



Appendix 

Cost of solar encrg_y_ 

The cost of solar energy gas been referred in page 3, 
specifically related to a solar collector for space 
heating, cooling and hot water supply. On the other ahand, 

-when the cost of silicon solar cell will be reduced down to 
about 1/100 as of 1975, solar cell will be -competitive to 
conventional fossil fuels for domestic purposes. 

This target might be attained within several years, 
however, the present state of arts regarding the silicon 
solar cell indicates that the terrestrial use of solar cell 
~uch as f?~ _pow<:r supply to an unatten?ed navigat~ve 
house, robbot rain gage or snow gage, microwave relay station 
etc. as well as to residential lighting in remot::.e area without 

· electricity supply as in a desert is still in a 
sense. 

·. The cost of solar thermal power is still stage of 
feasibility study, and it is probable that the costo.f solur 
energy might be less than two times of those of nuclear, 
hydraulic and conventior!al fossil fuels. 

A . 
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GEOTIIERMAL ENERGY 
~. 

Most of the geothermal _energy on the earth can be extracted 
at an upheaved basin formed in the Cenozoic era, in the form of 
steam vapor, or their mixture. Though the net amount 
geothermal energy is fo.r less than that of solar energy (0.1 Q), 
this energy reserved in the earth crust might be available in 
the magnitude of less than 30_0 °C with,several !'-ilometers in depth. 

of 

The total output of geothermal power plants constructed as 
of 1973 was about 950 M1v and that of under construction was 720 
MW through the world, mainly in Italy, Ne w Zealand, USA, Japan 
and others as shown in Appendix. From the view point of nature 
of ene rgy sources in the long term, geothermal energy has the 
similar characte ristics to th2.t of solar energy and further can 
be extracted successively without any intermittence. 

The Roll of Geothermal Energy 

Geothermal energy has been used almost for power production 
for mankind U:i:, to present, and application of geothermal and 
vo1canic energy in wide varieties 2epending on 
the temperature l e vel of hot water and ste a.m derived as follows, 
although the distribution of avilable ene rgy sources is rather 
limite d. 

Various Uses Geothermal 

Temperature 

200°c 

l80"C 

160°C 

140°c 

120°c 

level 

of 

D 2 

Application 

Refrigeratior. O) 
Pulp industries 3 2 

'CCCCC 
000O0 000OO 08642 1 

production 

Dr.ying of 
product 
Desalination 
Snow melting, 
cooking 
Space heating 
Heating 

agricultural 

for 

Drying of crops, 

stockbreeding 
cultivation, 

Power 
generation 

and 

grass, 

greenhouses 
Agricultural 
waler supply 
Heating of soil, swimming pool, pisci-
culture, Dispo s al of waste water 

Domestic hot 

r
,':
;r

-`
,';,
i
`~

,'',l'
,b'
J,'t̀
,

u·,'1J1I
','jt·,;

til

r't'k

'1,',

.tr
t
'I'i
·i
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Problems in~ 

Since.the birth of geothermal energy technology from 
the boric acid industry at Larderello, Italy, almost 3/4 
of a century has elapsed already and we have the evidence 
that this technology has grown enough to be competitive 
to the fossile fuels at the local and limited area in the 
world. 

•. In the ·R & Don geothermal energy, following problems 
should be taken into account: 

1. R & Don investigation of geothermal energy sources 
a.s well as deep excavation throughout the world 

2. R, & D on on volcanic energy and 
energy extraction from high temperature rock bodies 

survey on ~tilization of geothermal 
energy 

4. · Technology assessment on ecological and environ-
mental effects of geothermal energy 

5. Government incentives and legislation on development 
of geothermal plant as well as environmental 
integrity. 

In addition to the above mentioned five problems, 
energ21 transportc1.tion is one of the important problems in the 
case of geothermal energy. Transportation of thermal energy 
for long distanc2 is not feasible as compared with tha i.: of 
power transmission. Therefore, the practical application of 
geothermal energy might be directed to the geothermal power 
production among various uses indicated in the first page. 

The legislation by local go\'ernrnent energy 
is still young and the international cooperation on this point 
is also urgent. 

... 2. 
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Appendix 

. GEO'l'IIERMl\L POWER PLANT IN THE WORLD 

Present (MW) Under construction {l-Hv) 

Italy 390.6 25 

New Zealand 202.0 120 

U.S.A. 303.0 220 

Japan 33.0 130 

Iceland 17.0 

.. ̀ Mexico 3.5 

U.S~S.R. 3.0 

35 

7 

26 

Chile 20 

`,]est Indies 30 

Turrey 30 

Phillipine 10 

. Ta1W3n 10 

El Salvador 20 

'1'01lAI, '.952.1 719 

As of 1973 
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Jdroqen Enerqy 

'1s one of the alternative sources of energy after the year 
2000, hydrogen fuel is to be promising. Hydrogen 
gas which does not situ on the earth surface may be 
produced through the chemical reaction. 

In the hydrogen fuel that has many advantages 
·in comparison with other energy sources, the of . low 
cost is the first and most important step among other 
factors such as transportation, storage, conversion etc. 
Hydrogen production might largely depends on thermal processes 
by nuclear and/or solar energy, while photogal v,:mic process may 
play the role of hydrogen production in 

The advantages'of hydrogen fuel will be described as: 

1.,lhe source of hydrogen depends on water which has been 
the most abundant molecular species on the earth, and 
is low cost as well as easy to obtain. 

2.- No disturbn.nce is expected in the ecological cycle, 
without dissipating carbon monoxide or sulphur 
dioxide gases and less nitrogen oxide gas than the case in 
fossil fuels. Combustion product of-hydrogen fuel is 
water which might easiiy be assimilated with t:he natural 
environment. 

3. Hydrogen fuel transportation through pipe lines is 
r:1uch more economical a1~d effective than the power 
transmission 

4. Hydrogen.fuel itself is a component in enerqy storage 
systc!n in such a way that the use of surplus pcwer r:1ay 
be utilized for hydrogen production by electrolysis and 
be coupled with an intermittent energy sourcs su~h 
as solar er!rg-y. 

5. Applicc:.tions in wide va.d.eties will be expected as for 
hec1t sc,urce ranging from 200° to 2200°C. 

Production of h~,1drogen 

Decomposition of _water might be realized by the following 
processes; 

1. rrhcrmochcmical processes with the combination of rnul ti-
step reactions (+ Lill c1nd -.4G) 

2. Thermal decomposition of water at high temperatures 

3. Electrolysis 

4. Radiation chemistry process-

c` 
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Production cost may be the prime determinant in the develop-

ment of hydrogen economy as mentioned before. Hydrogen fuel 
can be stored as a gas, liquid, or metal hydride; while pipe 
lines in natural gas transportation system may be 
for those of hydrogen system. The cost of hydrogen transportation 
might be in between that of natural gas and electricity in 
future. 

Problems on fuels 

In the development of hydrogen fuel as an energy source, 
the active R & Don every step in production, transportation, 
storage and further safety and maintenance problems should be 
taken into consideration. 

From the ecological view point, the total system is 
recommended to combine the hydrogen system with other alternative 
sources of energy in the development of hydrogen fuel. Even 
in the gasification of liquid hydrogen in large scale may have 
the impact to the environment as a minus thermal pollution. 
The problem on hydrogen environment embrittlement must also be 
investigated fur:ther. 

Safety f~ctor is a high priority item among production, 
transportation, storage and usage. Although being as a 
inflartnnabJ.e substance, hydrogen has a high diffusion rate 
leaving the scene of a leak much faster. 

Impact evaluation of hydrogen as well as hydrogen energy 
system and economics should be s1=1bjected to an international 

_coope~ative work in much more wider scope. 

`, ,· 
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