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THE US.. OF CUARCOAL I7 3LASY T TRIACH OPGRATION
by

Tha Pood ond Agriculturce Or anization of “he Unitel Wotions,
Porostry and Pforest °ro et Divielon

[ oy
SupEary

1. The poaper brings out the faot that althouch charcoxl has lost imch of its
jrportance in pig=1iron production thero arc cager. where ehnrcoal is proferrod to
coze bhocause of its lover cost., TLaoroveuents in blest furnace oporations and in
charonal produotion methods have shar?ly peduced ke saeunt. of. wood required por. .
anit weizht of pig=ircn. This has Liprovel ih. oconoly of charcoal use 2nl helped
in ..aking possibvle austained yicld fopest onerations wven {or relatively lar:e blast
furnaces.

2, A favcurablo charactaristic of charceal i3 its chouiical »urity: in vartie
culer its low sulphur oontent. Another irmportent property is coipredsion strength
~hich rust de sufficiontly high to rosist erushing in the furnece. Charcoal irom
dense wools is generally sutisfactory in this respect. “hers oconornic conditions
are favourable net:1lur;ical charcenl ~roduction should thercfore be considercu AB
» possiblo use fop viood fron nixsl tropical forcate fron which the denso wooud apcclof

are generally the loast souzht after. Cloar felling of asuch Fforeats can be followed
by roplanting with suitablo species of volatively fani srovthe

Intreductden

3, Tor 2 long pariad in tho history of iron production oharcoal was the only
usad el and relucing a_ent. Soarcity of ‘ool in souc countries gaused tuo lcvalor
nent of ooko a8 an al tornative fuel ~ni tolay coi? doriinotes oven in most counirier
with large forost rasources, Joke has heoone sororally thought of & aasocintod with
the largo, highly produetive blast furnaces of todny ~nd it 1s then casy to. think of
oharcor.]l =8 load efficient, 4l though tho general trend has been AWy fron clharooal,
charaoal blast furnaces ara in operation in sevaral countirics ~nd there Ar® even
planc lor axpanding sone of thcse onorations. “eonunic con.itlons vary both botwoen
+mere ohiwrconl 13 proferead in orlar to doternine the rclovant scononic =~na toohni=-
“oal faotors. Unfortunatoly, 4% nas not been prasible %o unte a couprehensive
atudy of the asubject but cortain data have hicone svadlablo which iniicrtc that
tochnical progress in fopestry, oharsonl sroduction and hlast [ .rnace npernilondc
have boen of croat s8i.-~nificanca, ™ hia »nper Conotantine (a) atuven tuet "under
nodern conuitions charoonl can ba 25 ceon siic end efiiciont 23 oo'ze Ton anelting
jron ore in a standard Hlast furnace gubicct only %o tho provisions of adecqunte
supply of ravw ~atorials™, At the 82.°C tine, several of the opers subnitiad to tho
prosont Symposium point out tho aoarcity and “ich pricc of potallucgical coke,
whioch of ton has tu be trenavorted over arent AlotancSe

4. About 200 yorrs 20 ono ton of pis-ivon spoduesd in Swolon (b) required
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over two tons of charcoal, i.e. brobably about 18 m3 of s0lid wood (lofiwbgd).

100 yoors a o the roquircnoents wore less than 1.5 tons of gharcoal or 12 12 of
softwwod. Today about 0.7 tons of oharcoal (aqual to eoke) are normally required
sorresponding to only 5 m° of softwood dug te hirher Yiclds of ocharecoal. If
harlvoods zre usea this nmay dro» to 3.5 m° or evon loss in the o0as¢ of very dens:
wood, Vorylsubstantial cconcmies havo oloarly beon achieved in ths usc of wood
ana charcoal.

.
Wummgm

5. In aseessing tho value of ohorcoal in pig-iren production lot us fires
look at sono of tho oporations that arc usinz chareo=l today.

i) T 3

6. This is an intograted sawull, charcoal and iron industry deseridbod in
dotail by Constoniine (a, para. 3)¢ The principal data can bo sumuarised as folle

T. The forest ia of very uniform conposition and prastically only one ousal)
8pooies is usocd. The forest rosidues and savmill rcaiduos -amount %o 79 perceat ol
$ho growing stock. Thc Torost 13 manazed on a sustained yield basis vith a eyoclo
of 100 years. "ithin a radius of about 40 xm (25 uiles) thore is sufficient wood
for 170,000 tons of ig=imon Jor car and Athin 65 m (40 milos), whioh is oonaid
¢d tho axinuw: econonic transport distanoe, there is enough for 400,000 tons of
Pig=iron. Thu vrojcct has hcoen devolopod in twn stops. A pilot plant of 10, 000
tone of Pic=iron initiatod operation in 1948 and was soonomically solf=supporting
in 1953, Tho operation was oxpandsd to 50,000 tons in 1958, is econonically sucos
ful and thero arc planc for the sxpansion to 250,000 tons por yoar.

8: Chareoal is producod in continuous :ilns and the yiold is 31% of the dry
wood. The kilns -re intogratol uith tho blast furnaes to form a vory offieiont
undt with rospoet to heat 2l ulectrie »ower cconony. All oper-tiems aro M hly
neshanized, ineluding tho forcatry oporations and the cest of wood orcpared fop
oharsing to tho rotorts is lass than "S$ 4 dor ton, Tho oost of tLo eharcoal is
adout US: 20 por ton but is o:pootod to fall to 8 13 with increasod volumo produes:

9o Tho >iz=-iron 1o v purc and contains loss than 0.0153 sulvhur =nd adeut
, ry
0.03% phoaphorus ~nd aractically no other tranp elciiongs,

10. The wood usod i3 »f yory hizh density and gives hard chareoal with a .
bulk dansity of about 300 %g/md.  This and other factors are the basis for tho stai
mont in tho papor that it is debatablo ~Mhother shor. is any liadt to the sise of
chareoal furnacss. Tho sxpansion slans call for the building of units of o oape=
odiy of 400 tons of iron/day with e 19,5 n (65 £t) worizin; height and a hearth lia.
motor of 4.5 = (15 ),

11)

1. This company * :-natag on tho 3razilian hizh=plateosu in ldnas Corees
end thore are nc loo” .gsourcus of cele, It usos charcoal fren 2nde)rd
nixcl tropieal foros. np? fron plantations of ouocalyptus spooies. At present the
blantations only supply 10 of the roquironents but the porcontazo increases ovemy
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Joar and is planned to havo reachod 100 by 1963, for an iron output of 500,000 ton
Tho. total plantation airga raruired Ifor -this -preduetion voluuw is 136,000 ha yield-
ing 2.5 million solid m3 por yoar. Replanting is donc after 22 yoars with intor="
msdiato clear=follings aftor §, and 15 years, Tho avorazo riold is about 20 seclid
m /ha, yoar whioh ie highor than the yiocld from tho natural forest. Thc snecios
plantod yiold rclativoly densc woods Tho chzrcoal from the mixzod forost is underw.
stood to bo quite satisfactory but the donsity and tc::ture arc variable and the
plantations yiold a norc consiatently high ocuszlity product,

12, The forestry oper~tions arc lcss nechenireld than in tho proviously
doscriboi oporation and charcoal production sy 3o far bocn in bateh kilns buils
of briok. A continuous Xkiln is under coastruction vith o capneity of about 60
tons/day., Tho oost of plantation wood at tiie charconl kiln is estiuatod at US
$ 2.5/ton of dry woods Tho ocorresponding cost of tho charcoal i3 about US$ 8/ton
wheroas charcoal from the native forost, partly Hurchasod, is loss expencive,

111) Osher Countries

1}¢ In tho USSR an unknowm numbor oi charecoal blasi furnacos =re in opora=
tion and Jipan prolucce sonc 30,000 tons of chareoal iron annually (~, pave 3)e - -~
In Swcdon the uso of chareeal has doelinel nainly; beoausc its high cosi causod by
conpotition for tho ras material {ron the pulp and japor industries, bHut as lato
as 1748 3155 of tho »ig=iron production wis nado with oharcoal (b, para. 4)., In
Swedon charcoal has boon mainly produccd Lrom seftwoods giving a produet with rol
tivoly low lonsity vhorcas in Jopan notallurgical charcoal is producod fron oak o
is of high donsity.

rai ] Che,

14, 'iwo isin proportics of eharcoal of iizportaneo in blast furmacc oporatien
arc oouprsssion strongth and chonieal corposition.

15. High couaprossion strongth is dosicablc in ordur to avold orushing in the
furnacc whioch raducss the noeasible wort:iing hoizht of blast furnacos az =sll as the
apaoific production per unit of volwio. ‘ost nmotallurgieal charoonl prolusod in
the northorn hemicohorc hes been of low lunsity, orodicci fron softwecds or from
modiun lensity hardwoods, The charcoal Hroluction at “undowi. has quite lifforent
charaoctoristios =nd it is stzated (-, oara, 3) that with charceal of coiparable
quality it is the soitoning of tho iron oro, not iho chareuval, that acis tho 1144
of blast “urnaco height and eapaoity. Tn addition thc spuoifioc output vor unit of
fupnace vclwao is hichur than for soft charcoal.

16. Spooial tosting nicthods for th. couprosslion strongth (harineas ) of
oharcoal are uscl. 8omc harinuas Jata for difforont typuz of charooal as woll as
othor propertics arc ziven in the follewiny tabl: (¢)e

r
(o) Forost Ixperinent Statiom, leguro, Charooa) 3ootion Outling ol JANNAMAS
Sharecal ond chazeeal Skudy, 1960
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6= 8 6=12 7000=76

_Japan black 3/ Qucrous 41n nmothod 6=20
Fy glandulifora
lJapm whito Oalk %iln ncthed ) k] 8=10 12=20 6800=T0
U, 5. A black Hickory - 2030 ) ¢ 1 1500
oxico Hlack - Hiller meihod 10=30 3 6= 8 - 7200
Inia black - Cavo 10thod 20=30 5=10 ¢ 5=15 7200
Yu;oslavia Dblaock Raooh 74ln uothod 15=20 ) 7- 8 1 1200
s : s -~ - D
)
o Hordnoss vna tostud l{ Miure hardncsa tester fer eharcoal
t Oalorific vaivo ealeulated fron industrial amalysis NEY 7
e The typo usod for mot~llurcical purposcn in Japan
D
¢
4 7. The great rang: in hardnoss oan b3 so.n frcn she 4abloe Send hardness
fu dats for oharcoel from Juropean wooda arc givon in (4) bt are not eor:>arablo Vo
thoso oontainod in the above iablo.
L 13, 1'ain faotors that influoneo the dcnsity and hardness of oharcoal arol
w wocd spicica, siz. of tho vood a8 £54 to +he kiln, and the sharaoal produetion.
go and hard chareoal an. is shorcforo %o bo
I¢ follews

v mothode Donac wool goncrally sivas aen
5d for tho proiuetion of notallurgical ehareeal.
a088 of the ond produet will not

ol preferrcd to lichtor ve
al thet whon a rdxturc of spooics i@ usod, the hand:
“wo uniform. If tho donsity range ia wido, it Lay bo 1.0008BATY 1o sort out spoeics
ts wvith rospoct o hardness aro very

of low lonsity in oascs vhore tho roquirciion
0.  oxnotinge
slg=tron proiuction Whe voll
In nodorn reterss the
showl@ not present

19, 4Anmong tho chonieal pro iopiics of oherecal for

WM tile eontont and vho ash contant arc the moat iuporsant,
m  chrbon and volatilo contont can de sutiafotorily contiolled and
et ifficultios oven iFf ‘the wood is nod of uniforw composition.

o
Mo ochepoonl rotains all tho ash contont of tho weod which varies ounsi-
n oontcnt should bo as low oo posaidlo.

ey 20,
Gor=bly accorling to spcotos, Tho total as
jrldcatod a8 oxeollont anl an upoor l1indd of

A i urc of 0,24 percont hes boen
1.5 peroecnt hias hoen  ivon (4, para. 17 )o A% Twndowdo tho ash oontcnt is very low,
0e2) porcant, Apart (rm total ash, tho anowntis of shosphorus i sulphur are

ar
nd :
on of tho Unhited Natioms: Shazeaal Sran Rorial

n (4) Tood and Agrioulturo Oorgnnizatd
Y4ing : v s e 1956
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major intorest. Tho eontont of sulphur is gonerally very low makin: chapeoal IR |
for thoe »roduetin of iron of hipgh surity vith rospoot to sulphur. Phosphorus is
variablo vithin vido limiss not only betvioon speoios wut also within & troo and vt
th: s0il ocomposition, Swodish hardwoods wopo found to contain four tincs as mueh
Dhoaphorus as tho softwoods;  bdark oontains much noru than vood and splintwood ;
than hoart.ood.. Howvovor, ovon in hardvoods the content of shosphorus is gonorally
loy cnouzh for the roduction of pig-iron of high burity, Typical dota for the
phcsphorue ocontont of Swoldsh charcosl aro a-out 0.0t porcomt for softwood ocharcoal
and about 0.04 for hardvood charosal (birch, aldor, aspon), (c)e Data for th
vhosphorus and sulhur oontont uf charcoal pimir-n fron "viadovde (s, para. 3) aro
tdven es 0,03 porcont and 0.015 poroont, ruspactively, , .

21, Thorc is consilorabl. varinti . in the 28h contsnt of tropical h~rd-oods,
8onc »f $hos: having high silien contont, Tho ash content vill no doubt roguirc
aticntion in any now projoct to utilize micod tropleal tvoods although this aspoos
has no$ boon roverted as cwsing diffioultios in the uss of 3razilian 7o0ds,

22, Of othor analytical data the noisturo ountint is of tuporsanes to 800tk
furnaco oncrations, Charcoal should thorcforo b. avitably protootod against moistud

AGAIARIAAY of iaad

23. As mentsionod initdally, looal shortagc f '100d was the unin reuson fop
dovcloping eoke for Pig=iron production. Al shough the lowicr r9nd eonsunption pep
ton of iron vrought about by scohnieal i1provomonts has helved $o rodvec tho wood
roquircionts for an iron oporation, tho largor output of uany modern furnaecs hae
workod in theo oshor direetion, In ordar to obtain a pieturoe of sho wood consuap=
tion, tho forost mrca requircd ~nd the corrgsponding tranipors distaneo for n pig=
iron eperation, tho following tablc has boon preparad, x

o) Borgetrom M. Zoladac 4 ug, Jomkontores, Uppeals 1947 (ia Swedisn) .
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arcza ro-Nranasort
gired, ha {distanco quirad, ha

aroa ro- | transpart
distanco | adrod, ha| distance

‘ e kn, kn.
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20, 000 40 70 14,000 12 7,000 8 3,500 ¢
#o,ooo 100 170 32,000 18 17,000 13 8,500 g
0,000 200 340 70,000 25 35,000 18 17,000 13
00, 000 400 700 140, 000 35 70, 000 26 35,000 - 18 ,
00,000 600 1,000 200,600 44 100,000 39 50,000 2
00,000 1,000 1,700 340,000 57 170,000 40 85, 000 29 ;
e et e — - j

Ngtg Tho followiag assuivtions have bcen nade.

Chargoal cousu_tiom 0.7 tong/ton  charcosl yiold 35%:
wood lonsity 0.6 g/m®. ouc thir. of tho lanl aroa around
the plent sveilablo for tiubor supply

24 A e rengo of p)ant sizos has boon included in thc table. Tt is notasd
snat ith reapoot to woed roquirumcent pig=iron and chonieal pulp production are
7oty sindler vith a consunption of clos. to I tons por ton of cna arolucte I'ron a
Jorcatoy stondpoint elroady the 300,0.0 4on »rojeot 1s a vory lang: one, thcru are
19 any puly mills with s lergor wood inta:e, Tho coonside 8iz0 of >ig=iron oporation
411 bu lsoussod durin; tho prosont synposiw:. The data prosonted for undowis Gy praned
wwntdion tho ceononic results and oxpoet ticiia at 50,000 and 300,000 tons por yoar
cospootivoly, Uader the assunptions ae.ic in the tablc abovo, & 50,000=ton nlant
uld noed an .porating rodius of obout 10 wmoat }ho lowost of the yiolds assunod.
At 300,000 tens por year e uinirmm 10ld of 6-7 wmd per he, yoar would bo rogquirod to
23ep vithin thoe preesont operating distance contemplated at undyiio, 4.0, 40 'm. A
ylel @ of this nagnitudo should norna) 1y bo nosalbls o reach in louvations with sube
tronical or tropieal cliiatc and adoqurte radnfall, It ohould bo notod that tho
avoras. yicld assuned in tho planting progrnirio ot [mlovado is abovo 20 m3/ha, yoar,

29e  0od in aufficiont cuantity ~nd for sustainod yiola operations should thoroe




forc be availabloc or possible to produco in many locations ovon for rulativoly large
pig-iron oporations, Today wood from .iizod tronical ‘orcsts and from plantations

of fast groving spocios for wocd sroduction are sources that nay bo most gencrally
available for ohercoal sige-iron priducticn. In particular, osportunitios .auy ho at
hand in eomo instancca for tho clecarecutting cf tronicnl or subeiropieal iinud
forosts lor which thoro is littlo usc at »rescut cecopt for o Lo shLcioes, clften roe=
prosonting only & annll fraction L the stanciag volunce In viow of the tachniezl
recquironenta it :ight be nocossary o rojcet cortain epceics boemuse of lur linsity
or high ash contont. Tho area would thon bo roplantod with Lizherd lling valtdle
spcoica sc that cventually tho will ould suiteh over o using plantatinn weed,
another possibility is naturcl rogonoration with supprossion of vndosirsble spocios
but this altornativo ia 1izoly o bo losc attr-ctive, as dlantaii noe will rilli a
nore uniform product and offor Hettor opportunitioe for tho nechanizntica +f olerne
tions,

26, Thoro aro also a fou cascs ~shor: wood 18 availabl: at littlc or ro stuidage
valuo, o.g. rubbcr end imattlo planta.icna. Mor rubbuer plant~tions cstinatos have
boon mado (£) about the amount of viocd available on a susteincd bnsis in Thadland,
Tho d2ta indigato that aftor allowing for tho nocl of rudbbur wood for suekin. the
rubbor (1.3 m /ha, yoar, approxinatcly 4 n3 por ha and yoar oould bo @btaincw for
industrial purposos. In wcitlo plantations hich aay yicld 5 to 10 a? of ool por
ha and yoar, therc is olfton littlo uso for the woud which i:ay oven be 1a£t bohind
aftor the bark has boon rorovel for iannin cxiracti.n.

Cost of ’ood and Jharcoal

27+ A naturcl upper liudt for the ocost »f charcoal in nipg=iron oporntions will
be 8ot by tho prico of netallurgioal cokce “hun taking tho pricc of cokc ns a basis
for conparison, it is asau:od th~t coltc il charcoal aro apvro:imtcly cqual with
rospeat to tho quantity roouvirod. It is furthor assumod that the clareoal produced
is of such quality thet its porforicnco in the blast furnacc 48 siidlar to that of
coke, Evon so o charcoal oporation :/ill reruire nere ennital  both for charcoal
production and for thco dovolopuont of thc forcst and ita cuploitetion. In enu. tho
charcozl is of lowor quality this wAll have to bo coipunsatod by lovur ¢nsl othore
-1i8c tho cost of the pis=iron A1l bc hishor than i colic ero usud,

28, Sovoral of tho papurs »rescnted o the Symposiwi t.iition tho seoercity
of cokc —hich cnteors into intoretional trade nad is olton tr~aspurt.l ov.r long
distancos. In (z) tho price of exko at plants on ths ocastern scaboar of iho U,S.A.
is givon 28 US$ 16 por ton. The ooot of charcoal siven abov: for tho Irezilian
oporetion is wcll bolow this Jisur o Jvon in the dustralian ciupl. it ic obvious
that transport costs -r-uld bring co'tc abov. the enst of loerlly producct charcoal.

29, It can, howovor, bo arpguod thot o wasicun allownble cost «f charcral wo0d
of sbout 5=6 US§ por ton is a vory low {ijurc. It may b. oo prrud ith o proximat.ly
$ 15 por ton of oconifcrous pulninocd in HDurope and sout half this onot for droade
loavod pulpwood in tho U.S.A. In 1953 siudios wore mads om pulpuill or-joote basud
on trovieal spccies in Acapa in the Adiazon arca of Srezil and ia Yuentan (h)e The

[
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ont of fuclwood was shovm to inoroaso somevhat vith tho siz¢ of thoe oporation but
18 civen es abcut USS 4.7 -nd 2.) respootivoly ot 200,000 tons por yoar,

30, 1I% 41l obviously %o cfiiciont organization and carcful »lanning ovom
tndor faveurablc corditions to roich tho low cost roquirod but tho Australian '
3zunple oitcd shoms that tho roquirsd ccot ‘levol can bo reachod cvom whors labour
so8ts arc high, .

Cenclusiong - )

31. On the bdamis of infermati-n on oxparicnoo rocontly sainoed on tho uso of
charceal in blast fumaec -noratiion the following conolusions appuar justificidl,

1) Pig=iron production wiih eharcral in blas. furnaccs roquiros approximatoly |
tho sz ancunt as coko, 0.7 tonn/ton. This corrusponds to about 2 tons of dry = ol
Pir ton or irone In view of the fact ihat pig-iron productiop gonorally is condue
in co.pareiively large units, it follo.s that forcatr onerctinns to suphly charoos
for tlast furneccs must nemally bo of a size eomparable to puln mill projoots,

i1) Charcoal from dcnse -oods sorforms ne woll as osko in blast furnncos nnd ;
e bo used in units up to at least 400 t/cay oapecity. Softor chareoal roducos the
nexinun size of & undt ~: w01l as the onprcity of & furnnoc of o givon sinc,

111) It is Poa3idble, in ocortnin loostiona, to prolucc chareoal At a cost ;
Corparable o or lower than that of aetallurgical ookce This requircvs a large, el
or;nnized forostiry oporation, muchanized ~ocoriing to looal conditione as wcll as
the uso of coatinucus charcoal rotorts, ‘

iv) e largo volwio of -wood roquire. on a susteincd yi:ld basis %o servo s F
Pig=iron sporation as woll as the requircaonts wiith rospcot tu the cost of tho woody
anl ciiarocal producol and tho quality of tho procuct oonsidorably limit tho nwabop
of looations vhore conditicns nrc docnod Javaurebl o, :

v) Such oonditions esuld bo at hend in aroas wiors high yiold troc specios |
oen bo grovn, hirc the ponulation nrossurc is low enl here transport costs offop.,
a ratural protocti-n against coanotition Lfrulr eoc, 1

vi) Tho. foruatry oporati.n could te dlovelipod by gredunlly convorting naturef
foroste of Lixul spoeioes into vlantations of uniforn conposition. Thias offors ong
of tho fou possibilitios for tho largoescals utilization of aixod harduood 52004 oM
including tho very douss -ocioe g

?
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