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•¿Z.To ÌlS&àTAE SSM ±«¿8\u •<"1 <••<*»!*>• softwood.    Today »bout 0 7  tin« «*»£?!!   w 1#5,ton" * oh»rooal or 12 ¡a3 of 

Praacat TTfft ftf GhM.,,,1  1t 

u* .; ¿ W^^ä*^*^«**-« » — 
i)    The ghareoal Twp w-.t] 

"io *a, par«. i„   Th. principal data san bo «uwiartua u f.ll< 

AU »a th.ro aro Plwl0 for «ÄJOTSs^Ä1;,^^"' "~ 

»oa.^Th.Ä1^ SÄ,f ÎJÎ'ÎhT.?^1?" wd *ï* ?*» l- "f. of th. in 
un« vrtth r0.p"ot to hîrtSÎ -i.'iîï,?? ï î * fUrnMD îî rorB * *"* »««I»»* 

about USi, 20 Por ton but is  -Motod t« finÍ ¡L ««\   í !«.?** of tho •***>«>•* ü *  *  *<m ou* is «...pootoa to fall to $ 18 with Inora»«od volilo produit! 

o fitó^.?! :*ß-l*on lü v;ry pure and contain« loi» than 0.01555 aulnlm* *mi -K«.* 
0.0^ phoophoma -and pwctioally no othor traup elouonU. * **** 

«ont In tUo^apor î£t i? if Sciata     St^lÄ^^xÄ^1!?!.^^1 

aotor of 4.5 Î (15 ft)!' V 1!?'5 " (65 ft) "°m^ ••*«** and » hoaxth dia. 

11 >    3jlgQ«rln^rn atool  fln..    ìfìfìjovadn.  a^,^ 

,Hfi +Í1,    Thifl °°?W *    --^tod on tho 3r«ailiem hi-h-plaloau in 711A»» <W- 
and thgrt »re no loo.--  -oaourcue of oo!co.    It uaoa ah^Laa? füL^LiTÎÎÎ -ïïîï 

¿lantationa only .upyly it* of tho roquironan* but tho aokoÜ^o iacrTÎÎS oJ^ 



- 3 - 

yoar and is planned to havo roaohod 100 by 1963, for an iron output of 500,000 tot 
Tho total plantation area required for~this produetion voluue ia 136,000 ha yield- 
ing 2.5 million solid m3 por yoar. Replanting ia done after 22 years with intor- 
ni odi at o cloar-follinss aftor 0 and 15 years. Tho avora&o ^iold is about 20 «olid 
nr</ha, year which ie highor than the yiold fron tho natural forost. The apeoioi 
planted yiold relatively dons o v;ood. Tho charcoal fron the mixod forost io under*. 
stood to bo quite satisfactory but tho donsity and tc:;turo aro variablo and the 
plantations yiold a noro consistently high quality produot. 

12. Tho forestry operations arc less neoh&nlscd than in tho provioualy 
doscribod oporation and charcoal production hai ^o far boon in batch kilns built 
of briok. A continuous kiln is under construction ;ith n. capacity of about 60 
tons/day. Tho ooat of plantation wood at the oharooal kiln io estimated at US 
t  2.5/ton of dry wood. Tho corresponding ooat of tho oharooal Ì3 about US$ 6/ton 
wheroas oharcoal fron the nativo forost, partly purchased, ia loan expensive, 

iii) Other Countries 

13» In tho TJSSiî an unknown number of oharooal blast furnaooa are in opora- 
tion and Japan produces sono 30,000 tons of oharcoal iron annually (a, pwft>>)*~ 
In Sweden tho uso of oharooal has doclino I mini;* booauso its high coot oauood by 
oocipotition for tho ra</ material fror- the pulp and papor industrien„ but as late 
a« 1948 31/J of the pi¿'-iron production w.io made v/ith oharcoal (b, para. 4)# In 
Sweden oharcoal has boon nainly produoed fron softwoods ¿ivin^; a produot with roll 
tivoly low donsity wheroao in Japan notailur&ical oharooal in produood fron oak 
is of high donsity. 

Toohniaal ?rQaortios of Ho tal liticai Charcoal 

14. ïwo aain properties of oharooal of importaneo in blast furnaoo oporation 
arc ooiapraa3ion strength and chcnioal composition. 

15t High coiiprassion strength ia desirable in order to avoid orushing in tec 
furnace whioh reduoes tho poaaible working hoi^ht of blast furnaooa as .oil as tho 
apaoific produotion per unit of voluuo. :*ost nofcallurgioal oharooal produöod in 
tho northern homiephore has been of low donsity, produce! fror, softwoods or. fro« 
modium denaity hardwoods.  The oharooal pro faction at "undov/io has quito Ufforent 
oharaotoristios and it ia stated (-, para. 3) that with oharooal of oouparablc 
quality it is tho softoning of tho iron oro, not tho charooalk that acts tho li/"it 
of bla3t furnacü height and oapaoity. In addition the spooifio output por unit of 
furnace vcluwo ia highor than for soft oharooal. 

16. Spooial tosting methods for thj ooiciprooaion strongth (hardnooa) of 
oharooal aro used. Sono harinosa data for difforont types of oharooal ac woll a* 
other properties aro sivon in the following tabi-.>.  (c). 

(0) Forost :Jxporinont Station, lîeguro» Oharooal Sootion 
Oharooal and Charcoal 8tuAy. 19*0 
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Kind of l Wo<»d 3|)00lc<8 
Ohnrooal 

Carbonisation 
jthod 

¿Japan 
l 
Jap«! 

black j/   *icpou« 
¿ glandulifora 

U.S.A. 

îlorcico 

In.ia 

«hito 

blaok 

black 

black 

Oak 

Hickory 

Ciln aothod 

ICiln ncthod 

6^0       2       6-6       6-12   TÖ00-t6< 

Yugoslav!»   black Boooh 

5 J S-10 12-20 éÔOO-TO 

20*30 3 * «        "OÙ 

Killt* »«thod     10-30 3 6- I -        Î200 

Cavo :uotkod       20-30 5-10 € 5-15     T200 

'Clin uothod       15-20 3 T- • *         T200 

t Rnrdneos woe tooted to niura tanteas a ****•*'•* J***0?»1 

(Slortfic valuó calculated froö induttrlal *J*]£ls -*u 

Tho typo uead for wot-Mlttrsioal pureosc* in ***** 

o: 
f. 

2 17.    The ««at ran,, in hardna.. can *>•<ffi & ¡^ ¡TA* 
fi  data for oharooal fron íuropoan wood«, aro jlvon In W DUI art 

thoio oontainod in the above tallo. 
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16.    Hain factor- that influente *^g ^^^at••To4t•tîo:, 

v,ocd aprica,  ila. of tho v»od a. fodJ»  ^k«* 2¿míl~ *« therefore» tt bo 
acthod.    3WS v/ool tannali/ ¿ivaa ^J.^J^.S»^^êlAWttl.    « *•"•»• 
preferred to lljhtor wood for tho ptodu«"^f.^11^g^iJTSdttH will net 
ttat when a rdxtnro of ipocica i« uood»  the hardAOtt or ww on   j 
bc unlfona.    If tho donsity rango le ^ "/^VÄ ?o »rdncee aro Vtlf 
of low douait}' in oaeui v.hore tho rüquircuonti vita raepoo* • w• 
oxaotin¿'# 

19     ¿neng tho ohonleal pro.,ortiot of charcoal for ^f1• j^^ÎÏ îtj '*l< 

olffiSultiorivon if the «ood iß not of uniferu competition. 

20.    Tho chercoal retain, all tho -h oontont of tho vjoed £i* •%¡-£ 
acr^bly accordio to ^do..    ^\^TÍ^^^llaT¡l\ an up»ef Unit ef 
A ri,uro of 0.24 percent haa ^^^ ad ^^..^10^*^ eoStont 1. very lm9 

tue 
ral 

(d)   Food and fcrlou) turo or^.nUatlon of the United Katlent 
»^  ,M± Tix^\ ¡¡.»taUatloaa.   ^nc  1956 
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mriablo within „Id* liSta not   îi    wf   *th ru?P°°î. to sulï>h"*-    Pbo.phorua is 

Phosphoruo and aulphur content  >f Saio"? íi ¿ir n fi     k   H*    ?** for *ìt 
¿ivo« a. 0.03 poro^t and 0.015 Poïoo^ ro^octìvol^* " Udaoa° <*' pa*a' *> -• 

21.    Thorc is oonaidorabl. variation in ino aah oontont of tropical h-.rd<70od»> 
îucnïLîhi;UTlnC hifiì aì1Ì0a eoa*an*-    Tho Mh •«*«* «IH no doubt roouir« attention in any new projoct to utiltao rai:;.a tropieal wood« •lthou-rh thiï ¿ÏÎÎÏ* 
h- not boon roportod as causing difficulties in tí! ua!oTl^Ä  ¿S.^ 

fu*nJ?\n°í.2Íh0r ^J**1"1 4»u *•" noiaturo content in of importa»*© to smooth 
futnaoo operation..    Charcoal ah.uld thoroforo b, auitably pwtoîtSlîSlSt ¿¡ft* 

dovei•;„/!JÏ«««wj Initially,  looal aho*ta6û ,f wood was tho uain reason ta* 
iZl/\^t° f!î píeÍr!B P*°*»eticm.    Although th. lo^r ./ood •oSsîSôn ÎL 
»??«??»     î   ï   C * ab0Ut by t00hni«*1 i wovoraonta has hcl^d to r!dW tho wîod 
SSoÏÏrï *°l¿* ïî°n ?i0*ati'n'  *ho lW* output of uany aoS«» ïu^naooa^i 
Sî   tîî î     °î ar air#otion*    X» °^« *° obUln a picture of thTwíSitS! 
ir^aÎL«*0-**^ fÄrcd P,nd thc 0o«»flP^inÊ transport dio?,„oo YKIHL iron operation,  tho following tablo ha« boen preparod. 

(o)   Sorgati«* t.   5fliliifiJtaJàtt# Jawfcontowt, TJppsula 1947 (la 
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(2) >d ^jf:!?!" B^fr» yqawnwrt w^i r^-lron Operations ?f Various %it 
las 

:312o, 
VtB of 

-¿-iron 
jr y oar 

'•'art rmalraoir il 
L    t thousand thousand 

M tone/ »olid m3 
year     per year 

Ilold of °h»gcoal wood froc forost, z¿ por hatyoar 

•¿ nVm, 
Forost Üaximun 

arca pò- transport 
*frod, ha diatanco 

•UiJuJn 
Forost 

arca ro- 
qufrod, ha 

£2. 
Mrreinua 
transport 
distanoo 

Prilla* TT...J.-  Forost 
aroa ro- 
(jdrod, ha 

Hasitaua 
teautpuvt 
distane« 

ka* 

üak     Thd to Hastias Mwi'^lona havo boon nada. 

Charcoal coasu.jti m 0.7 ti.no/ton     charcoal yiold 335a. 

»no plant arailablo for tinbor supply 

-,*t -ilk t  '*idc/;nC9 «P plsnt BUOB has boon inoludod in the tabi t.    It is notad 

¿0,000 40 70 14,000 12 7,000 8 3,500 6 
60,000 100 170 34,000 18 17,000 13 8,500 9         t 
00,000 200 340 70,000 26 3í>>ooo 13 17>000 13 
100,000 400 700 140y 000 35 70,000 26 35,000 18 
00,000 $00 1yü00 200,000 44 100,000 31 .50,000 22         ; 
00,000 1,000 1,700 340,000 57 170,000 40 05,000 

! 

29 

i 

ecMootivoïv     ïîiîï îi «; o^ioov.ticM at 50,000 and 300,000 tons oor yoar 
-spwotivoiy.    Undor tho assunptiono ¿MUU in the tabic abovo.   a 50 000-t• ïiï«* 

Avurar , vi. Id »siJUn^ í« +i.^ «1    *• -iax...n.    ix Bùouia bo notod that tho 
*v,- jx-ici asduneu in tho piantine prosrrujuo at "onlovado is abovo 20 Q3/ha, ; year. 

o. ood in nufficiont quantity and fo? suotainod yiold opsrations should thoro- 



foro be available or possible to produco in many locations ©von fer relatively largo 
pig-iron operations. Today wood from aixod tropical forest» and from plantations 
of fast growing spocios for nona,  production arc sourcoa that uay bo most generally 
availablo for oharcoal pig-iron production. In particular, opportunities ja; bu at 
hand in sono instances for ¿ho clear-cutting cf tropical or oub-tro^ieal ..:i.;od 
foresta for r/hioh thoro is little uso at ores out c::copt for ?. few s^cioo^ öfter, re- 
presenting only a or.all fraction -Í the standing volunc.  In vio., '.u the technical 
requirements it r.ight be necessary- co reject oortain Epooios beoauco of lo-.: Unoity 
or high ash oontont. '.Clio area v:ould thon bo roplantod vith high-:'i jldir.:; rîuit'.bl* 
spcoic.3 so that cvontually tho uill ,ould switch ovor to uaing plantation wood. 
Anothor possibility is natural regeneration ?/ith auppro33ion of undesirable apocios 
but this alternativo is likely to bo lose attractive, as piantali -.ne will j-i-ld a 
nere uniform product ani offor bettor opportunities for tho neohanisation of opera- 
tions. 

26. Thoro aro also a fow casos whoro wood is available- at little or rr> sturiamo 
value, o.g. rubber and wattlo plantations. Por rubber plantetions estimâtes have 
boon ¡nado (f) about the amount of wood available on a sustained basin in Tiir.iland. 
Tho data indicato that after allowing for the need of rubber wood for Bivofcin^ tho 
rubber (1.3 nr/W» yoar) approximately 4 v?  per ha and year oould bo obtained for 
industrial purposes. In v/attlo plantations which uay yield 5 *<>  10 a^ ox wood por 
ha and yoars there is often littlo use for the wood which uay even be left behind 
after tho bark has been rorovod for tannin extraction. 

Cost of 'Tood and Jharcoal 

27. A naturel upper Huit for the 
bo sot by tho prico of Metallurgical 00k 
for oonparison, it io as3ur.od that ookc 
rospoat to tho quantity required. It is 
is oí suoh quality that its porfor-anco 
col^t. Even so a charooal oporation ..111 
production and for the duvolopuont of th 
oharooal is of lov/or quality thio ./ill h 
v;ise tho cost of the pig-iron .411 be hi 

cost of oharooal in pig-iron oporntiona v:ill 
e.  lien talcing the prico of coke as a basii 
and charcoal are appropriately equal with 
further asounod that the c'warooal produced 
in the blast furnace is sinilar to that of 
revuiiro ncr~ capital  both for oharooal 

c forest and Its exploitation.  In r.ao.. the 
avo to be compensated by low or cos..  othor- 

•hor than if coh- woro tnod. 

28. Sovoral of tho papurs presented to ¡ho Synpociur. .•: ntion tho s ocre i ty 
of coke which enters into international trad^ and is often transported ov-r long 
distancée. In (g) tho price of coke at plants on tho oaatom 30 aboard of the U.S.A. 
is givon as US$ 16 per ton. The coot of charcoal si von above for tho Lmailian 
oporation is v/cll bolov/ this ;:i¿;ur . Sven in the Australian c.:--ap] -  it in obvious 
that transport oosts .;ould bring co':c abov- tho cost of locally produce.-, charcoal. 

29. It can, however, bo ar/jued that a uas:ir.uu allowitlo cost of oharcal t/ood 
of about 5-6 US& per ton is a very low figuro. It ray bo 00. oarod with n.-pro-citaatoly 
$15 per ton of coniferous pulpwood in Europe and -bout half this cost for broad- 
loavod pulpwood in tho U.S.A. In 1953 studios ..ore oade on ou.1 poi 13 .»rojoots based 
on tropical species in A.apa in the Aivason area of ¡razil «and in Yucntp.n (h). Tho 

UH/PAO, PUIP and Panor Proapoots in Asia and tho Par ¿aat. Vol. II, 3au¿te«k 19é$ 
Brown, E.H. Substitutos for Coking Ooals ir- Iron Ore Seduction 
Ull/FAO, Pulp and Paaor ?roaooota in L-tin X orioa. He J Tork. 1955 
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oat of fuclwood mihe% to inoroaso «oaovhat with tho size of tho oporation but 
KM civon at about VU 4.7 ^nd 2.3 rcspoctivoly at 200,000 ton« por year. 

30.    it yin obviously f-.ko ofíiolont organisation and oaroful plonninr ovon 
mdor favourable pondiUono to roach tho lev: coat required but tho Australiani * 
»ample oitc* shot* that tho roquir&d ooat lavol can bo roachod cvon v;horo labour 
«osta aro high. 

Concluais. 

«i..«.?1? ^J*0*"48 of infornati on on oxparionoo rooontly ¿»ainod on tho uso of   ' 
charcoal in bl?.tt fm-naco oporation tire following oonoluaiono appear ¿uatifiod. 

*s„ -^   Piff-iron production with oh aro al in bias   fumacce roquiroo apnro.nijaatoly 
tho ac^c anount as cofco,   0.7 tona/ton.    ThU correspond, to ab•t 2 toni"of dry voT 
?« ,î      or,ipon«    I« view of tho fact that pig-iron production generally is oondual 
in comparatively lareo unita,  it folio./, that forcata optrationV to ou^ly oharcf 
ror blaat furr.aooa oust norually be of a oizo conparablo to pul? nill projoota. 

r,M ^ ^f*00»1/yf» don3c -ood. forfora, a. ./oil as calco in blast fumaoo. and 
•iaíi^un :fa/Vnita^P U aî,l0Mt 400 t/day capacity. Soft« charcoal roduooa ti 
jaxiuun aizc of a unit aj -./oil as the owelty of a furnace of a givon si•. 

iii)    It is possible,  in oortain looationai  to pro.bjoo oharooal at a ooat 
Comparablo to or lover than that of metallurgical oofco.    This raquirco a large, wh 
organised forestry oporation, meohanized according to looal conditi one as v/oll as   1 
the uso of ooatinucua charooal rotorts. 

iv)   The lar¿o voluno of -.rood ror.uiro:. on a sustained yield baa is to aorvo a 
pig-iron -^oration a. roll a. the requiroaont* v/ith roapoot to the cost of the wo©4 
and ouareoal produced and thô quality of tho product oonaidorably Unit tho muabo* 
of locations whore conditions arc doomed ¿\iv-;urr.bl o. 

v)    Such conditions could bo at hand in aroaa -./boro hi¿jh yield tree .pecios 
oan bo growi, v/hcro tho population orosauro is low and  .here transport oosts offorj 
a natural protect!  rx against coyotition fro:: oo'*o. 1 

vi; ¿ho. forestry oporation oould be doveijpod by gradually oonvortinß natia 
forests of ui;:ud apociao into plantations of uniforn oonposition. This of fors oi 

••u tho for; possibilities for tho largo-scalo utilisation of .aixod hardv:ood mooi< 
including tho very do^ise    oado. " 








