G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

Bt
5 EREES

Tra W e 8 shaaptst i W PO WPe ege of Mo guiiege
Bl B e ceSelee b8 Fea C e igws e Ve . ot of SIm. ’

' e R
' ot Bgh SOER FapPel St g . o5 intpd S8, S,

L TR BT P2







el BB

Tt paptt 2108 ¥ P 4 Bw ey of Lhe present ard jutupe supply
P @ Pur c®jne con. B MR Toial len e owersl! tevources of fosail
iweil med sthes wastgy ceevors.  Thap ¢ owr ‘hat optirum techaology
Fuf staemal g 810 obioges conpidefobly neriag the neat half-century.

Tr #obatin Lo ita meor 14t e, eors deration 18 given t0 tech-
Bigens f oo Gk - Wl wi e The objects of mainelning
L) o \anniin whi kot amag the in gu 90 wable soals. Clase
Sl PPive euslne comian wr e reglsued or wwpplemented bWy inferior
Ealed ¥itE b sl ullios o sepmisticoated techhiquas of blandiag,
R e glal. b ol periaweice wan Pe japroved ly charge preheating.
Bere Wt selasbons Luviien e manefaciere of artificial or foreed

P mediate Tlar., e Rjcetion of gaseous and liqusd
RS 558 e Lingtel Wrace wWyeres onr b counosionlly sdvane
By 8 Wilder pBih iitiog are opeined wp W the injectiom of
:'iimwﬁﬁﬁﬁr%

; Lj"jmmﬁ%amsfmm mx,mm
sy dnEidnrata v La 21 & the peobles of Lron-oside reduo~
%mm%ufﬁ; fal i fenle.




worla rescnrees of coking cenls are more than enough t¢ smelt all the
clasaleal iron-orc raservee,

At first sight ting statemert wouid appear to remove any vital necessity
to change irommaking teetnclogy to & radieal degrue but, of course, commercial
and local eonsideration: nust have an impartent effecl on development, For
thie reacon it seems desirable to consider the brosd pattern of availubllity
of eiergy sourcss during the next half-century.

Primary sources relevant to the manufacture of iron inelude coking grades
of hard conl, other hard coals, fuel oil, notural gas, and nuclear energy, this
last including dirsct we of the heat of nuclear resction. Al the fossil fuels
have been used for the reduction of iron ore but the situstion has hitherto besn
wlﬁely daminated Ly the blast furnsee using coke as prime fuel.

Tousil Mol Raservor

Many estimates have baen given of m’“ffi and thelr geographical distribution,
and largs ciscrepancies are to be fo'mrs. Despite this, the overall picture
is reasonably cleuar and useful conoclusions can be drewn.

Hard coa) recerves may be taken as about 5 x 10'2 tons,of which half s
in the U.8.8.R. and China and onc.third in the U.S.A. Variocus projected retes
of consumption %end to give a lifetime in excess of 1000 years. It in, af moures,
more ciffioult to obtain rel!.ll. [igures for coking cosl,if anly on sccouwnt of
the problem of accurately defining aoking grades; differences in this respect
oould introduce a factor of 2, It is probably sufficient to fallow Beilame®h)
and *o consider a world reserve z‘igum of 102 tons., Three-quartere of this
tonnage lies in U.8,A,, U,8.8.KR. and China and large aress of the world will
have Lo depend on imports.

Estimates of oili reserves have varied widely and been subject to repeated
reeppreisal. In reccnt jyoars, however. a batter appreciation of the
characterietics of the earth's crust has led to esimates which are more likely
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coking copl these == & W s e pvad meet all possidle
Tequirements - wuw jous 2 = se iedefin te period: estimates of
irou-ore rwesrves vy o B "' s Mghent suggested being just over
0.5 x 10'? tome, S W o @e st sabe la any particular looation

o, E e A e lallowing factorsse

B < o BARTg U coal.

,[ % % Begeld or gaseous hydroocarbons «
= s with time, Currently replace-
B “um emmtlomn, 3§ state of affairs pot
ﬁi W preseat century,

% “g /) sourves other than fossi]
b & sably favomeble at any time after

The 37 8 U R LA




SCLID FUEL FOR THE bLIAST ¢JHNACE

Despite the extensive rowource:s of Fiivt cles: snbimg st S roslnee
around the world, many countried hAve & real renemis  ategest i Geediee el
good dlast-furnuce fuel from relatively inferisr oo WnteF. o W e
arises where coals abound of grades cthes tus ‘Moes e ¥ @ ~dbhiag §
great deal of research and develcpment has gote iMle Whe pedien o W D
it possiblc to meinttin economic operation in the fuwe £ & ontianl P
degenerating ~upply position,

Beoding

Byperience in the lhited Kingdom has besn scnsermadt angeily wiD U
mpufecture of classioal coke in normal-tgpe ccke cvems. Mol witing ssals
of 15-25% volatile matter (dry basis) heve beceme imevensingly swess 40
also more expensive to win and it has besn nessersry So Susart ANIG N GO
to the higher volatile ranges with varying degrovs of wmabing pune. I WD
of the British Nationsl Conl Board clasnificetien, this evrpuupuit % § GO
from 301 type to types 500 and 600 (say frem WN/X% w @AWW & @ LS.
cmmottim“)). Under these circumstences it i peosthss = offoet
improvements in physical properties of ecke iy insetpeseting wtaw WO
volatile additives in the charge.

Detailed accounts of work in this field have been given Wy Ve NOND
Goke Messarch Aseociaticn and the National Cos: Mears.'Wo¥)

This work, together with a grest deal of swiseguant duvelauunt ot Sl
oven plants, showed that substantisl inprovemats e be sals 0 W GG
of coke made from the more readily available mediwn enbing osnls. e
& chesp and readily aveilable sdditive, will insrense the 16 or *QEDEDIY
isdex and raise the asan sise of the produecy but it tae on Glverse offess
on the stirasion (M0) index and in consequencs mag aed te be SQgpiameted
by other materials. lLow-volatile coals of ke swnli-antheusi®e PP e
foud generally to be beneficial additives, the cnly dteniventagy Seing
wully that of cost due W regional shortage or ‘o high Srampart GNgN
in the U.X. Somewhat sinilar improvesmsats can b dbrought shank W W OB
of char manufactured by partially devolatilising Ngh-wnlatiie sulie.
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. ar reduction resciless, '

S b divel v T C oo e ey tlants much thought hus been
Firor B the oo St PlitieR 0 mEhiicatt o Lo 11N and steel technology .

Mopotentiot avalieby,, 'y o cheeper (VYeetrical energy from this suurece
F W & niaber of ARt Ted iRy prospects but in general few technioal

weblone ke 0V lved., Of muon sore inwereel, however, ig the qmtim

« L we of nuciear hent withol! the 188 of efficiency comsequent on

i cevergion to elestristiy,

High tumrare lure retavers oxiet in the K, (Lregon), in the U.3.A,
(Poarh Hottom), ord o Ui Wederml Mpublic of Cermany (J8ich); it seens
Hily hal 'his tym of device  wn apera‘e with coolant belium outlet
b retures ap te 100°C.  Peforc passing o e nower-generetion sputen,
We cotlart e be used S prvvide heat ‘o rustaln endothsmmic reforaing

aRineion of the Burpess iw;i%ﬁ“}é’;}}. In this co-operative work,
Wriow growps cxanined veduction procecses beased o coal or ob reforwmed
rofueing gas std analys-d the averall enegetios of warious mm(’h‘”)
¥ailar stuties heve besn carried out oy the Britioh Steel Corporetiion in
Ssoseiation tz’f:i??;? Traper pro ey m{g?) ad by the éw Iren and
Mool Mmetitute

fomt attenlion hus baen directad to sponpaeirem plants based on o
reducing ga, the resclor hosl heing wcd to supply the hest of the
rodurtion reactions apl renzible hest for the incoming sar and, in some
casen, Ue thormal recuircssnts of » eofoming process, In the present
#aw of tachuology, temperature levels in e variows schemes are somewhat
eriticsl anet much mlisnec hes to be plumowd on uture improvements in
verfamance of naterials, petticulsrly heat.cxchanger siements. Processes
atulied Ln some depth are baslcally snalogous to the exiating sponge plants
Such we Belrom ur FIOR In that Lhey uss hydrogen or CO/H, mixturer which
are derived from fousil fuels, This Renerally demands s source of heat
offegtively at S00° or mora, Tt 18 true that aigh-pressure hydrogen
syelens op-rate atl muck Jowar ‘cmperatures but the reforming unite designed
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to convert raturil pas to hydrogen have thewnal derands 1o the highere
temperature rarge. Mare over,Y.he primiry helium ccclant. eircaly must
‘perate at elovated pressure - say, L0 kg/,m - a3 most Le protected
ugainst cruss.contamination with the rewriing #eive by secondary heat
exchange. This means that muierials imust be employed capable of with-
stending preasure differen’ials of many aumodpheres at a temperature of
1000°C and in presence of 3¢, Wr,a:d . These ere formidable require-
monts btut they will rno doubt be met. Ths ussocialion of ore reduction
reactors with atomic pilee ule. presents proviems arising from the need
to bring handling facilities for ores and products into cluse proximity
to highly sophisticated systeme involving complex safety devices.

Another problem 1s involved in the necessery scale of operation. A
reactor of 2000 M W (Thermal) is probakly the smallest that can be cone
whtoé on economic grounds and this would provide heat for irom pro-
duction appropriate %o an ingot capacity ¢f 5,000,000 t.p.a. together
with appreciably move electrical energy than the worke could mﬂ?)
Suggeations heve been that a larpe reactor system be used to produce
hydrogen which would then be irfansmitted through pipe-iines to the point
of use. This would mean that the reactor could not supply the semsidle
heat required by the iron reduction process,

Insofar as echemes currently under discussion ere based on fossil
fuels they could have s baneficial sffect on the requiremcnts ¢f the irom
and steel industry. In comparison with gascous reduction prooesses which
rely oh maturel gas both as chemical feedstcok and source of reaction heat,

-8 combined nuclear/foseil scheme would eave 50% of the hydrocarbon demand.

This 4in iteelf is unlikely to influence the date of effective exhsustion
of reserves but it could maintain a favourable economic balance for &
longer period, Moreover,the conversion of solid fuels to gases, including
hydrogen, is likely to benefit from cheap nuclear energy also.

n the whole it scems that the diract effects of nuclear energy on
iron and steel manufucture are likely to be long-temm cnes and, of eourse,

" the poesibilities mentioned sc fur imply the continued availability of

foesil fusls. FPor the 218t century in fact they probably require coal
which, at least, could be used more directiy via formed coke.




It ie perbmge rprs oodme fewmirw %0 consider ‘he prospects for
ironmaking wher sai. - * 5 o . UMger availatle,  Such a state of
affairs is 15keiy ® b L epate +xhaustion of reserves op one
of the following grewwe - . e by LubLYiLy of per waling anyone to
mine the conl, (b) & gremel FERIBLLICL of dirty! operations associated
with coal mining and pr a@Bing o l¢) conoern with the rising level ‘of
COz in the atmosphere reewlt fe fron combustion of fossil fuels.

This essentially leuwpee byrager. a8 reducing agent and water as the

of obtaining hydrogen
ned by process. heat(!) and these,

or other techniques .f - P¥ting weter inte hydrogen may in the very long
Uern provide the has!s el the maafaciure of iroy and steel.

tern Laplications, 18 g Smere

The position e 1y s rortinue that cosl will be svailable in any
ANLity required fur EilPuEing ver the next half.century at least bmt
&% prices which wilj WA W tiw e of altemative energy supplies.
Extension of the rang- of -l whioh can be used in the classical blast
furnace, whether W Sismglhog ¢ cors fundamental techniques such as the
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manufacture of formed coke, WIll 'w.wo % vara Y 2t s T o o B e

develcpments may Lo axpecled,

The use of gageous ant liquid hyd cart e 'p *Ac kY ogt fagroa s
economically at;.ractive @t the presert Liae od Wwewv. sms T o0 i’ ap
their use will be pregmed, Tn the roec f v tmali v «F St coputls
reiatively llttle capital irvesiment 18 inveive! sl Y sewtide «ob folmin
be changed in the face of vary g § 0 «v dilabilitg. M s s siohpmie
systems based on reforming hydrovurtons will wdowbilonly el te Sualidedhe
lnvestient and it would sees. that the WUl requiret W g aﬁg*w B
Maiﬁhro&arwwwwmu&i&hﬁ#ﬁsﬁ;&*mﬁﬁ
face of sppromhing axhaueticn cf reserves. il seh ABiguUn we swlaefal iy
upplied it may be doubted whether 'Mm mﬁlﬂgﬁ
soonomically advantagecus and it is possibhie Gt ulidefy ,
ﬁmsmhbmtut%ﬁd‘*mmmmii
hydrocarbon injection. Top-gee recirevialic: seheies wiidh Wove OBl Sitaie
progress to date may be then more attractive se WYy owderve Pusail Pund.
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