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Worla i escuróos ,*f ookir^ coal;.   ..ro ¡rrnre than enough tc smelt all  the 
clRaiical iron-oro- ra-servee. 

At first ¿jght thifa statement would appear to re.move any vital necessity 

to change irorunafctai: technology to ^ radical degree but, of course, eoameroiaJ 

and local considerations must have ar»  important effect on development.    For 

IM« roÄßcm it »©eme desirable to consider tho broad pattini of availability 
of energy «oiircaa during the next naif-century. 

Primary aourûes relevwit to the manufacture of irrm ¿notale coking gradee 

of hard seal, oth&r h&M coals, fuel oil, natural gas, and nuclear energy, this 

lm% inclttüng direct use of the fanai of nuclear «Motion*   AU the foasil fuels 

tmm toa® used for the reductio.» of iron ore bat the eitustion lût hitherto been 

completely dominated by tip blast fiume« using cok» M pria« futi. 

Jteny eutimates have baan give» of r#eerv©8 ami thai? geographies! distribution, 

ma. large dUcrepanetea are to be fotmd. Despite thi8ttfee overall picture 
i» reusnebly olear and useful eonelusiane can b# drawn. 

Bird coal reservas nay be taken aa about 5 % 1012 tone, of which half ia 

la the Ü.8.3.R. and China and one.tfciitf in the U.S./».   Various projected ratea 

ef eone«§ption tend to give a lifetime in excess of 1000 year».   It la.«f «mttree. 

mote diffiealt to obtain reH AU laurea for coking eotd.if only m aoccnmt of 

the problem of aeewrately defining aolririf grada»}   differences is tèi« respect 

eroda latrai«©* * faetor ef 2.   It im probably sufficient to f^tle* Bellaee^ 

»M *« cons idei' a norW reserve figure of 1012 tona.   Ihree-^juarterB of tiüa 

tonnage liei an U.S.A.» M.S.kC tad China and large «rets of 11» vería »411 
Innre to depend en isforts. 

KB Uñates of oil reserves have varied widely and bean subject to repeated 

reappraise!.    In recent yoaro, howevar. a better appreciation of the 

enaraetwrietiue of the earth's crust has led to eatlwatee which are «ore likely 
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SOLID lUg, FDR THE BUST FMAJJ, 

Despite the extensivo rofcourot-a >>1   fiiiVH*'   *«#l*e! ***•*# #.**»t§i»»*f 
around the world, many countries !»ave ft reel rotuefti*   «•*#**§ « 
good blABt-furrwtce fuel from relatifly infect* um «M»*>*-      < 
arlaes «here coele abound oí gradas oih«r tun« '**•# Mfen»   * *  -«•"•«#     * 
great deal of research and develop»»» 1 h*e got* IPfe «t* ,-# *4i» <*•* «a* « 
it poeaiblc to maint Mn economic ap#raM w» M» tfci ÍM§ -# m fllllPJtffflf 

deganerftting «»-upply position. 

Öcpe rienee in the (felted 
MM&etttr* of eleeaietl coke in nomel-type 
of '5-251 rola tile natttr (dry baeia) iMMi 
alio »ora expenaiv* to wir and It MM t*«i umifajf t*> 

to Ito higher vclÄtile mujas with varyi»« <#|Ne* iff 
of tfca Britieh national Coal Board oleaitifioeUe**i# «^RHpflSl tl 

fro» |01 type to types $00 and 600 (»•? twm *&A* %* ÜVt* • «i MMk 
ola«aifioationí7>).   Under thete circa»» temett 1% it 
laprove»eata in physical procertiee of «eke If 
volatila addi tirée in tho oharf«. 

Detailed aocounte of work in tht* fielt km tee* flee* If WÊ 
Oait Hweirrti Association tad the Natio&al «bÜ 

Ihi* work, together with • greet d*ei «Ê 
ora» plante, showed that a ubo ten Uel ljeyroeeeenta es* lü 

of ooke Bede fron tin mora readily «Teilabia «wile» aejilejl 
i afaeap and readily available add i Uve, «ill tufiUll %ÊÊ 1 
•PPWB^Bee   e^PMej   «•••••^P'^»     ess-s^B   eeje^esss,  welieiw   Spfc     ePee»¥    •»»IP^Iinw^Pw'Sfc I|»^W(P   •«#• w-   VHfllBr   mP 

es tiie abrasion (W0) lndax and in eontaM|iaeaea asy Nest *• I» 
by oth*r «eteriela.   Low-volatile coeds of tee 
found fane rally to be beneflolal addi tire«, te» «tip 
«auelly thet of coat due to rafcionel anortes« m «• »ig» 
SatM0.K.    Smtat sjsiu, i*pror«nt* mm H^#«Milf«iai 
of eher «anufactured by partially devolaUUMf* togH«**4*%t i« *m*< 
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*. --.    ,->   4< ,*   •> r» « . ;r ..• c riçc t lauta mmh Umaajtt ha» b#«m 

<•*'"*   ».  »h    b     .i«; ,i,M     ,   •1(ni1i,-,v..-.r, t.,j :IT;îU ani «tr.«l  technology. 

?>*»«t  -*  »wHjl'.i    -,   ,f   zh'\-p*i  ,. *.-ctri»»al tn*f<0 lvon thx» iwiroe 

#«T   »f- * n>i0^mr .if  4r.*«î*»t - .n¿- H^pi-i't* hyt  in ^»rwral few technical 

t*f*>M*<ftfe Mm   im Vtwt.     <lf «t«»n «or« ir.fcar«irtt  tK»««v«r,   ie  the qttd«tlOf) 

-r ti»  mm if f»*t. j#t' Ni». «iti«£-.t th# i>»i of «fftolcMf eonseçyanb en 
ita %iwii^ »,$ «l^««rr».p,**^(. 

•Ue*.**««**'»!«« mfci^i* • iti**, in tt» ¿\K. (Dragon), In the U.a.A. 

ffevu tb»*'-^>,tf«i »,* Un» *fce>n»\ fepuMlc cf frnauy (J4Uefc)i   H IMM 

111 :t !*.u »la* »y»!» ttf dA-.-tr«»    »a »pera*« with oooltnt hait« outlet 

Mta-ratM*»« Uf ir lô-x^C.    »efon paesini t¿, «, ixm*r-ftMi*U<* «fita«, 

Ite w©*i*i?i,   »i: t* used ta |uviv.;.le h*»fc «e ?«UJJI rndoth»mic rwfomlag 

fetaeaiv* *t*tu6 mm tarot Mtrif^l ©ut œid«ir 6pon*o«hip «r Uta 

la*!*, *f tt» %rtp^.  ^ü«w4tl«d<3?»3^. a» IM* ct-opftrttm wort, 

*•**#•» «rt>«|* ^a*.U*ni Mu-Uof. pr^:*. ,-»#*• bued on «9*1 or a» refont»* 

rtftwl»* UM w* «Mú|S*-4 »i»- antral] «rievgefcios of varlou* aftti»»^*^ 

«Vejftltr rti*4t©# i«*» N»*.- carried wt er ti* !r?Uôh Sta«! Corporation in 
*i¿át»i«Uiff¡ « U. Ü* r-rnpra. pro'eet U»a* 
m tí ïn?u tu *,*-«'-,'\ 

Í?T mú by lite Japanese Im» «ad 

ti»«t -,«•«*»» i^s nw r*n» illiirrtad u> ^tarifa «ir» plants baaed on â 

rataeing #»' ,  ti» itarwr h<»at tw¿ng Ví: <J te tupply the heat of the 

«•Airi*«; rao*! j min *fei ronalfcl«» K&fct íor thé iamaaing /?**' tuai, in «aea 

<*•»•. y« «imi ra^ìr«.«»»*» üf a ly/oming proe*«».   in tita preaent 

atata ,*f t*cimoU>¿t   t*ef*r»***r« lamia i« th* WIAW SOIMNM «r« rowwiftitt 

ertile»* %m w&sh rujiar«   t**b to l» pünuwl on ru*u«. iMpranMttntt iü 

M)rfoMMM« of ts» Urini*, puttieuUrly h«At^chân«or tienen ta.   rrooMOM 

HtWi«4 i:* Siir*  l*pU> «n- t^lrally fenUogovíS to th« «xidUng epoofe f»l*fttt 

*wh «• 8-1 i^n u rif>h in tfc.-.t  i^vey i.e« ty-dropen or OC/Hg nljctUMi« nhloh 

•i* iterivi fr»* in.4»,il ru* lo.    1W.P friwnnj ä.wuid*. • eourot of hoat 

offMU».i» «i «¡ír'ft or «or..-.    H I. truo that aigh-px^eaura nydrofM 

^taa-j op, r-fc« at *uch )'*.r viu.-ratur.sa but iha t*fomlng unita daaipiad 



to convert r¿atun¿2   %,# to hydrogen ha\e  th.¿-ír.¿J deir^nffc, iu   ih* hit*her- 

temp¿ rature range.    rVireover, the primary helium cedent circuii must 

. parata at elovit*d pre-isui*  - sa/s  ho kg/r-m2 - 0:¿ BMt v» protected 

against cross-contamination with the re«.ting g».:os by secondary heat 

e*change.    Thia vmznu fhat «ateríais ziiiet be employed capable of with- 

standing preaaure differentials uf many aiM03ph»irev at a teatp« rature of 

1000 G and in presence of CO, lf>,m«d i.V..    These art formidable require- 

«elite but they will no doubt be met.    The 'association of ore reduction 

reactors with at «ale pilee als,, presents prob lew» arising tnm tha need 

to bring handling faciliti«! for oree and products into clase proximity 

to highly sophisticated ayateme involving eowplex safety devices. 

another problem is involved IR the memmtj scale of operation.   A 

roaster of 2000 M W (ther&al) ig probably the saall©8ttha*t can be con- 

templated on economie grounds and this *ould provide heat for ire» pro« 

daetlom appropriate t© an ingot capacity of §»000,000 t,p,a. together 

lAte appreciably mure electrical eoargy than the werki could weV^. 

5u(Çfeetions have been that a large reactor system be used to produce 

hydrogen which would then be transmitted through pipe-linea to the potei 

of uee.    ftie would mean that the reactor could sot supply the sensible 
ha*% required by the iron reduction proceas. 

Insofar ae sonasse currently under diacoaaion are baaed on fossil 

fula they eoal4 I»*» a beneficial effect cm the reo,uiref*nta cf the iron 

má steel indue try.    In comparison with gaseous reduction prooeaaes which 

raly m natural gas both ae chemical feedstock and source of reaction haatt 

ft combined nuclear/foseil Boheme would «ava $0$ of the hydrocarbon deaaad. 

Shi» lit itself is unlikely to influence the date of effective exhaustion 

of reserve« but it oould «aintain a favourable eeonoade baiarne« for a 

l*«fN» period.   Moreover, the conversion of ëoUd fuels to gaees, includine 

hydrogen, is likely to benefit fro« cheap nuclear energy aleo. 

On the whole it seems that the direct, effects of nuclear energy on 

iron and steal manufacture are likely to be long-tem one« and, of coursa, 

the possibilities mentioned se far imply the continued ave liability of 

fossil fuels.    For the 21st century in fact they probably require coal 

which, at least, could be used more directly via formed coke. 
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* m mèm§ MèI at reasonable coat.   Gott y Htm 
•te   ito%«fieji at areteat in thai desunta lav» 

ü tu eamaUoaóle potaibilitiaa of s tapping as 
**~*     â farther factor, which also hit long- 

«H «ttanUon which la having to be paid 

*mm •«•*• ara Utoiy to UM and thara 
t »»fleeted ia priées, in aaonriLag sufficient 

B^maion of the «aa-TaaT    *   ZT      *lttW*tAVe ***** «ft**«. "« wt raaia> 4f , *!* «dt * oat, be used In the fiiM,4„i M    A 
^»«»ce. wh#thaj> h» k«.-^* claaaical blaat 

mr ay »i^pfj^  ^ Ät- fv^^ntel techniquaa auch as the 
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manufacture of formed cuke, w'l1   k?.»- 
deve! cpments ¡r.ay be oxpi-et**!. 

»   *%»<! »       -« t •-*      -.<**?< 

The use of gaseous ami li quirt by**1* -*«!+ . *» *t   »*v   Mr 
econoadcally attractive at Uw pnu>t-r-t i'ji»  -^ \m*>* .tum* f 
their use »rill bo pressed.    In th* < —      f ****••#  «• *•• 
relatively little capital imreit*»Rt >s ifte«i*s>¡ «i «e> 
be changed In the faoe of vftr>a*g f •• . ^*r.^;*llr.    V ** 
aye UM based on reforming hydi-ujurt^r* «ill 
investment «id it would vtm tati th« 
of sliailar order to th« tin» during »^«ti •«* r*i   a*a 
face of approaching exhaustion cf r*t+rr**,    í* 
applied it nay fes doubted «totter 'NWHü*1 gewMuia* 
e^ejpej#^iei^peje»%#"ejp»ejji«jf    ewKi»>T"Swe*» ^^ejSK^wSjSse^g    ejesawjp    JSPW   ae^ew   p^^^e» •3WPW    ^ewMg?*^ 

f*tmseea may be built at UM end of UM» 

hydrocarbon injection.   Top-re« mn&mmi*Um 
progress to date my be then «et« attrae».;»« •> Uuy 

• *% i"# 

Direct-reduction 
have a limited life and te fee rMtriut^ i 
•re abnomally cheap.   Stûié fuel fianfiTH 
attractive and of course UM snet «ffeetiw 
furnace.   Hie eleotric ìcat-eheft 
the cost of electricity d- ¿Hats rei-U»* it 

In Ute longer ter« it my fee 
brought to depend increasingly >n 
employing thermal enerfy fran «toni« 

baaed o» gaseous and liquid fuel* are 
Ut« tine they could fee la * «tale to» 
natural fuels could «ell fee 
repUceaent fey tubs ti tute i 
casóle* but It is not likely that 
blast furnace. 

In the really long ter« vario« 
of the ooal «ining iad\ptry, a 
exhaustion of fossil fuel r%aouro«a 
based on reduction of Ivmi ojtíóe hy 
of nuclear power. 
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