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INTRODUCTION

The world total production of pulp in 1978 was almost
125 million tonnes of which ¢/ (118 million tonnes) was
wood pulp (FAO, 1980)., In 1977, it was predicted that the
demand for papermaking grades of pulp would be 136.2 million
tonnes in 1980 and 198.1 million tonnes in 1390, To
meet this demand, it was estimated that 504.4 million cubic
metres of wood be required in 1980 and 760.4 million cubic
metres in 1990, compared with an average consumption in
1973/75 of 429.0 cubic metres. It was estimated that in
1990 a further 206 million cubic metres of wood would be
needed for desolving pulps, fibreboard and particle board
(FAO, 1977..

The great difficulties of estimating future demand at
a time of recession was recognised, and these predictions
represent a time lag of some 5 years on the predictions made
by Sundelin in 1971, However, pulp production of 123.3
million tonnes in 1978 and 128.9 million tonnes in 1979
ndicate that the estimate for 1980, at least, will not be
far out (Anon 1980).

These statistics indicate that compared with 1973/5 an
extra 75 million cubic metres of wond will be needed in
1980 and an extra 287 million cubic metres in 1990 for paper-
making pulp alone. Whilst papermaking pulp is an important
and large user of wood, it must be recalled that in 1973/5
the average consumption of wood for paper pulp (429 million
cubic metres) was only about a sixth of the total consumption
of wood. Since other demands on the wood resources are also
increasing and there is pressure on the forest area for other
uses (particularly agriculture), the pulp incdustry is liooking
to an increased wood supply in an increasingly competitive
situation,

At present the production of wood pulp is concentrated
in the more developed countries, but thase countries not
only have a small percentage of the world's forest resources,

kthey are using a very high proportion nf their resources.
This is illustrated in Tables 1 and 2. It is, therefore,
apparent that if the additional wood required for pulp is
to be produced, much of it will have to come from less
developed countries. It is necessary therefore to consider
the best way to produce the quantities of wood required.
Alternative strategies are (1) tc use the existing natural
forest and allow natural regeneration of these forests, or
(2) to replace them with man-macde forests of celected species.
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THE HETEROGENEITY OF MIXED TORESTS

Cne oroblem in making industrial use of the mixed forest
is the fact that forests are comoosed of a large number of
species with often wildely Aiffering characteristics. ot the
same time is is the heterogeneity that mrovides one argument
for some infustrizl use. In one forest area which I visite?d,
I was to12 that fewer than 8 trees per hectarc were desirable
and valuable timber species. If some use were foun? for the
trees that are at nresent laft standing., it wouldl be easier
and cheaper to extract the Jdesirable timber species anl the
profitability 2f the whole project woulld be immroved by the
value of the otherwise unused timber.

The number 2£ species occurring in any given =2rea varies
but it is always large. Recently at the Tropical Products
Institute an examination 2f hardiwcods £rom a South American
country was undertaken., The 20 soecies occurring mestiy
amounted to 17% of the volume of timber, - The remaining
30% of the volume included more than 15 species. A& survey
for an African country include? 2 table listing the commoner
trees and it included 217 spercies. Mustralian wcrk in Panua
Mew Guinea found between 100 and 200 species that are likely
tc be considere? for commercial utilization in any oSne area
altnough in general 30 species would comrise 75% ~f the t~=tal
merchantable v2olume (Hizgins, 2t 21, 1973).

In the examination of South American timbers referred Lo
above, only the 3 species which represented about 4%2% of the
standing volume 2f trees were exzmine?, but since some 10~12%
2£ the standing volume =2re valuable tirber frzes the € species
exxamine? ranresente? 2 little mcre than half the mixture that
wnuld be available f£-r pulning. Axzmination 2f these § spe-
cies showel 2 great variatinn in »ulsing proderties, Pulping
each species senarately, using constant “digestizn cnnditions
inten”ed tc nroduce 2 bleachable Huln vieliel unbleached Hulps
with yieldls between £2% 2and +4.8% with kapna numbers f£rom 16 to
35, The variation in puld strength wzaz also lzrge: tensile
inZex in the range 50-92: burst in”dax, 3.5~5.0:; 2n4d tear
index, 7.5=12.4%: =211 measure? at 300 Canadian Standard Freeness,
Consequently, it is <cbvious that the requireld <igestion con-
Ations and the quality of puln o»taine will vary with the com-~
position of the mixture of wood species Dut intc the digester,
Examinations in other parts 2f the world have remorted equally
variable results when examining bardwoosds. Twenty-four species
from 1 2rea in Papua Mew Guinea, nulped by the sulphate process
in Australia, had pulp yields between 42,5% z2nd 52,2% with
ka»p2 numbers between 18 and <4 (Higgins, et_al, 1973).
iAn examinatinon of 13C hardwood species from South America,
using constant sulphate 2igestiosn conditions 2and 211 Hulps
evaluated at 25 3chopoer Riegler, were £sund to have burst
factors from 20-65 and tear factors from 21-153 (Navarro,
1976).

The »rosnects of “roducing 2 unifsrm nulp seem to Aepend
cn attempting tn select wonod in such 2 way as t» ensure rea-
sonably uaniform wood sunnly. There zre technical nroblems in
making such z selerti-n an2 it might be a cnstly process.

An alternative aop»oroach waul? e to replace the existing
heterng2nous £-rest with a unif-rm man-made £orest >f 1 faw
selected snhecies,
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ARFA OF FCRZIST REQUIRED FORX 3 FULP NMILL

erznce ~f areas ~f
oply the puln mill
<~ musi bhe made, How-

It is 4ifficult =~ illustrate the di
natural forest and man-made forest o sun
hecause <f the numbnes »i assurm»ticns thz
ever, some effort must be rmaie,

'U Fh
= h

Standing volume 2f wos3 in tronical forests has been
2stimated to be between 10 cudic metres Der hectare an? 200
cubic metres ner hectare depending on conditinns, but as is
shown by the figures repnorted, in Table Z2,arsund 109 cubic
retreas ner hectare is 2 reason ach average. Many harcdwnn2
species in natural forest have higher wond density -han those
in nlantations, but experience at TPI in evaluating m
hardwoods is that it is unusual tc obtain oulp vields greater
than £5%. <Consecuently, in crder Lo estimate the are=z
raquired to supply 2 pulp mill which is -roducing 165,000
tennes of pulp »er year, it was assumed that the wood density
was 500 kg/m-, the pulp yield <5% and the siocking density
100 cubic metres per hectzre., Under these circumstances it
would be necessary to clear fell a2n area »f about 5,000 hec-
tares each vear. The are woull be changed by variation in
wodd density, by oHuls yielis, and by the ;r:vﬂfbiﬁ 2£ wood
eliminzated as unsuitable: however, the range is s> wide and
3c many varizbles are invslved that it is not oossible +2 give
a ocrecise figure.

T estimate the total area recuired further assumptions
must . made. Some authorities have stated that the total
volure of standing timber is s great that thers is no nezd
t2 make any Drovision f£or regeneraticn of the fnsrest. How-
ever, if this is carried ints practice the Zdistances nver

which timber will be transpcrted will be constantly increasinjg.

It is better to assume that the forest will be 2liowed to re-
generate by leaving seci trees standing. Information supnlied
t“ T2I has suggested that in some tronical countries it woulild
take 30 years after clear £2lling before the stocking 2ensity
of the regenerated forest would reizch 12C cubic metres -er
hectare. This would mean that the t72tcal arez needed to sumnly
the nulp mill would be a-Hroximatelv 250,000 hectares. How-
ever, even this slow rate 2f growth may be 2stimistic because
other information has suzgesteld that the growth increment
of regenerated forest is as low as 0.5 cubic metres ner hec-
tare per annum and this would give 2 s+ocking density of
only 20 cubic metres ner hectare after 10 vears (Ganguly,
1971).

An alterrative form »f natural regeneration wculd bhe
to encourage the growth <f the "weed" snecies that are
usually the first to grow afier clear felling., This vmuld
increase considerably the volume »f wood wrnduced in the
early years after clearing and would justify cutting over the
same 2area again in a much shortcr -Heriod, but most »f the wood
would be of low density (200-309 k3. Der cukic metre) =a2nd
would be 3o different from the ~riginzl harvest that some
difference in pulzing tachnigue and the quality »~f resulting
wood puld would be inevitable,

Man-made forests show very much greater rates of growth,
Species examined at TPI have included Gmelina arbhorea with
growth rates ~ver 30 cubic mctres ter hectare ner annum
with wned density z2r-un? N0 %7 ser cubic metrc and yielding
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over 50% of unbleached -ulp: sammles of Eucalyntus species

with growthrates in excess nf 20 cubic metres w»er hectare

per annum, wood density over 500 kg per cubic metre and

oulp yields in excess of 50%: and 2inus species with growth

rates of arcund 25 cubic metres per hectare jJer annum, wood '
density arouné 400 kg ger cubic metre and pulo yields =2f I5-
50%. In Table 3 some of these alternatives are set dut

< indicate that total areas in the region of 20,000 ko
3C,209 hectares of which scme 4-5,0C00 hectares would be
harvested each year, would be zble to sudply a pulp mill

of this size., It is possible that even lower areas would he
required if it were =»ractical to nlant smecies such as
Leucaenza leucocenhala which are reported to yield 24-300
cubic metres mer hectare Her annum 2f wool with 2 density of
over 500 kg Der cubic metre.

The fact that man-made forest would require very much
smaller areas tharn natural forest "2s 3 number of other
effects, 7“he transport distances will always De shorter:
since the same areas will be lngged ~ver more frequently

it will be cossible +: estavlish Pstter r2273 and in the
long-tzrm this must reduce 1c3ging <osts. -~gainst this must
he set the cost of astanhlishing the Zorest, but aspecially
with hardweods which will onlv need tz be rezlanted ~nce in
every 5 5 or § cutting cycles, this will ke a relatively small

cost.

YARVEST AND TRAMSPORT OF "JOCD

The harvesting of slantation fimber is nnrmally easier
than that for natural forest because 2I the more uniform
size of trees and Yecause the access £5 the Hlantations has
already been established., However, for land transport the
naturzl fcrest has the advantage 3£ nigher density »f logs.
wvhich means “hat a greater weight of weood can be carried at
a single load:; a maximum 1load 2f truck ~f logs is more of:ten
determined by volume than by weight. However, excessively

irregularly-shane? lous coulld nullifly this 2advantage.

HANDLIMG A0 PROCESSING Or 00D

The removal] nf bark from wood £rom  naturzl £orests is
often more Aifficult than £from -olantation wmnd because the
irrem:lar shane »f 1og3 makes cleaniny nore 2ifificult and the
higher density makes an 2xtra lcad Zor the bdarking drums,
This i3 a 3erious 2isz”vantage orly where blcached oul-s
of high brightness are required, “ecauce scme har? wands have
relatively thin bark and this can often e nulned, "nnds
from —slantations 2re not invariakly csaszily barke?, some
eucalymts arce very Rifficialt wo 2zbark esnecially 1£f the
wood a3 started o “ry.

Zhiozing of wond £rom natural forest can cause Aiffi-
culties Becausz 2f 1t5 hardness, higher “ensitv and the
arzsence in scme sammles <f high contents »f 2brasive mate-
rialas such as silica, leadsts higher nower consumsticsn and
qgreater wear -n chipner knives, In ad-<ition, irregular
size and snape I wond Erom natural forest make it nore likely
tnat this material would need some ore-trzatment, such as
aplitting, vefnre chizning: by contrast, the more unifoHrm
nlantatisn matcrial wsuld @e grown on » rotati-sn and 2li-
mirate this requirement,
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COMPARISON OF WQOD FOR MIXED FOREST AND PLANTATIONS

The most cbviocus difference between wood from natural hardwood forests
and from plantations is the density. As might be expected from a forest con-
taining well over 100 species, the prospects are that the wood density will
vary widely and values from under 200 kg per cubic metre %o over 1,000 kg per
cubic metre have been quoted. 1In our experience at TPI, the wood available
for exploitation tends towards the upper end of the range, because the low
density trees are usually the first to be re~established when a forest area
is cleared but they are short-lived and easily suppressed when the more robust
and more dense itrees become established.

Thus the mean deasity of a sample of wood from South America was T35 kg
per cubic metre with values in the range of 423-920 kg per cubic metre. This
is one respect in which mixed forests from differing parts of the world differ;
mixed samples from various localities in Papua New Guinea had densities of
between 431 and 498 kg per cubic metre (Higgins, et al, 1973). By contrast
with this variation in the natural forest, it is possible to select species to
grow in plantations with fairly uniform densities in the range of 400-550 kg
per cubic metre.

The main difference in chemical composition between woods from naturzl
forest and plantations is that the former tend to have higher ash content and
the ash contains more silica.

The mixed hardwoods also tend to be harder. At TPI we have not been able
to quantify this factor, but we did have much more difficulty in sawing and
chipping samples from natural forest in South America than in any plarntation
species we have examined. These factors are important not only in chipping
as mentioned above but a2lso in digestion because the higner ash content, and
again the high silica content, make the efficient operation of the recovery
system more difficult.

COMPARISON OF PULPS FROM M. T "iFPWOODS AND OTHER PJLP WOODS

Ease of Digestion

In work at TPI a mixture was prepé-ed from 6 species of wood in the pro-
portion they were found in the forest. This mixture was pulped by the
sulphate process, and the digestion conditions and pulps obtained were com—
pared with those of 2 hardwoods often used for pulping and for some hardwood
species grown in plantations in the trorics. The results shown in Table 4,
indicate thav a mixed hardwoods reeded more severe digestion conditions in
terms of chemical change and digestion time. The mixed tropical hardwood
needel longer digestion time principal.iy because it was more difficult for the
covking liquor to penetrate the samples; when the temperature was raised
rapidly to that required for digestion, there wac an excessive amount of
screening rejects {Palmer and Gibbs, 1978).

Investigations were made in Brazil to compare mixed bardwoods from the
Amazon area with plantation grown eucalypts, and also in Australia, where
hardwoods from Papua New Guinea were compared with eucalypts used commercially
in Australia, They also reported that the mixed hardwoods needed more severe
pulping conditione (Correa, et al, 1974; Higgins et al, 1973).

Yield of Pulp

Investigations at TPI have shown that at constant kapa number the yield of
pulp from mixed tropical hardwoods was lower than that from temperate hardwoocds
and from most hardwoods grown in plantations in the tropics. The difference
can be as much as 5 or 5% (dry pulp on dry wood). Again these findings agree
with those of investigations in Brazil and Australia,




Cualicy of Puln

In crder to ccoamoare +he qualizy ~f »nulss from mixed
trozical hardwends wl*h that from t‘““**’t” srown hardwnnods
and from hardwccd specizs grown in alantations in the tranics
Table % gives some strengtn characteristics compared ~n the
hasis of pul> from United States Southern pines as 10C. The
»ulos from mixed trowical hardwoois were more difficult o
beat, whilst those from plantations were the same or easier,
The tensile and nursting strength of the Dulps from mixed
tromical hardwnods were lower, whilst those of the pulps from
nlantation-grown species wers egual or higher. The tearing
strength of pulps from both tronical and United States mixed
hardwoolds were equal, whilst the pulos from the Hlantation-
grovm species had a3 lower tesring strength.

These results indicate thz

+ the -nlv technical advantace
os from mixed hardwoni snmecies

Duls have 2ver »ulnd from nariwssis
grawn 1n plantatizns in the trooics ars higher tearing sirengii
and higher bulk »of -uls zheet. Agaln these rasulis are in
senerz2l agrement with those rsoorited in 2r=zil 2nd hustralisz,

Zast nf Yocd

an argument made fragquently for the use ot mixed barest
i1s the importance of utilizing 211 this "free" csllulose.
Howevzar, this is a dcubtful zrgument. In its favour is the
£act that to est2klish plantations, land must e acquired,
cleared and planted., All ~f this invelves cazital c2st and

inter=ast charges with no return until the first rotation
is Zzlled. Alz=, with aztural rsgensratinsn there ars o

rezlanting <csts.

Against this argurent ars several ~ase studies carried
sut for FAO in Africa which indica+te that the cost 2f zulp
wond grown in Dlantations (measursd by volume) Zelivered
3t 3 pulo mill will e lzss than that of mixed hardwoods:
the cost »f the mors difficult harvest-dg, together with
the need tn exnloit a2 larger area, more than compensated
for the const of estahblishing plantations (Strayfiert, 1968),
In the case o harcdwood -Hlantations, the cost <f the second
and subscquent crons is reduced By tas f£act that regrowth
(2t least for z2 number of species) is hv coanoice grﬁwth
not renlanting. It would be necessary to study smecific
Pronnsals to establish that the cost »f —mlantation wend
delivered to the mill is less than that »f natural forest
wnod, However, the number of studies showing that 35-377% »f
the cost of wond Adeliversd to the mill is the cnst »f hor-
vesuing 2nd transport, makes it likely that the conclusinns
reached in Africsn case stulies h-ld wiilely in =ropical
countries.




CTONTTUOSTCNS

This comparisen »f the relative merits of using wosd
from naturzl fsrest arn?d man-m2de forest 2s a raw material in
the manufacture of puls and pzoer showrs that the balance 28 the
ccst an? techiiical =22vantages lies vith the man-made forest.
In order to rioise some HI the capital for
nlantatisns it will be necessary to use the mixed forest.
It is oossiwnle to zroduce puln from this, but this pulr will
be of lower quxzlity and probakly higher cost, though this may
be rejzrdes as an =accedtzble short-term comercial risk,
Other uses that 3o ..ot invoivs *he high capital investment of
a pulp mill might D2 considered; unfortunately it is difficult
to think of zivernciive uses that would consume the large
quantityv of w2od reguirer £-r a2 oulp mill without high capitzl
cost.
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TA3LT L

REGICNS PRODUCING WOCDPTULE COM2IRZD "TITH TOREST AREA

Sropaorticon of Prooortion 2ronortion
~aln manufactured <I total <f accessible
£-orest arez forest ara2
c/ (<74 e/
,2 = )
Morth Imerics 5z.3 1i¢ 20
U3= 35.C
Canada 13,3
Europe (exclucing
UssR) 27,2 3 7
. 7 . 3
5.1
Asia 0.2 14 17
Janar. 7.5
USSK 2.0 ie z
Latin americs 3.2 22 17
SraTil X0
Jceaniz 1.4 2 1
Yew Lo2-
1an? .S
Africa 1.7 21 15
Soutn
Africz 2.7
A1l Develoringy Councriec 6.0
TLABLE 2
2XTLOITED FORESTS
fronortion oL Growing stock
accessible forests in exploited
exnlored % forests m3/ha
North America 77 83
Europe (excluding USS3K) 95 76
Agia 74 102
USSR | 83 94
Latin america 25 103
Dceania 25 59

Africy 32 7
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TABLE 3
AREA OF PLANTATION TO SUPFLY A 165,000 TONNE/ANNUM PULP MILL
{
RATE OF GROWTH, m° /ha/ann 7 15 30 100 .
o H
WOCD DENSITY, k‘g;/xx;3 400 500 400 5C0 400 500 4C0 5C0
PULP YIFLD,
WT. CF OVENDHY PULF -
A 0 A
WT - OF OVENDEE WoOD 45 50 45 350 45 50 45 50 45 50 45 50 45 50 45 50
ROTATION YEARS 10 % 0 w0 7 7 7 7 717 7 71T 7T 3 3 3 3
PLANTATION AREA REQUIRED
HA x 100 131 118 105 94 61 56 49 44 31 28 25 22 9 8 7 7
TABLE 2
SOMPARTSON CF DIGESTICH ~OMDITICNS AND ZULP STomNeTHS (USA MIZED TATDUCODS = 1CC)
ALL COQKS: 25% SULFEIDITY, 17070 ASTMIT TE® KATURE ATD 5:1 LIGUCR TC HCOD ZATTO
Tropical Mixed Bucolyo- Eucalyo— Gmelina
Digestion conditions mixed nard 7JSA Sescnn  Ius <us arborea
woods nard- Saligna Camaldu~ Hizhest Lowest
woods lensis rield rield
Active alkali as :Iaz
on ovendry wood % 17.5 20 15 15 15 15 15 15
Time to reach maximum
temperature, nours 2 2 1 1 1 1 1 1
Time at maximum tem-
perature, hours 2 2 2 2 2 2 2 2
YIELD CF PULP
Cven dry dugested
pulp, per cent oven
dry wood 46,7 45.4 49.4 49.8 51.7 46.6 31.9 6.4
Qven dry screened
pulp, per cent oven
dry wood 46.0 45.2 47.3 45.2 51,0 4547 51.5 46.0
Oven dry screenings,
our cent oven dry
wood 0.7 0.2 1.6 4.5 0.7 0.9 0.4 0ol
Xappa Number 28.4 24.6 2T7.6 23.2 23.7 28.3 25.5 .7
FULP STRENGTH AT
300 CIF
3eating Time in
P.f.1. mill 127 130 100 113 102 67 96 1C4
Tensile Strength 21 7% 1C0 30 109 99 110 108
Surating Strengh 638 52 100 37 104 92 111 104
Tearing Strength 99 103 100 79 39 37 ' 90 100







