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I 8 I SO 
~EVIE\l AND ASSESSMENT: 

TECHNOLOGIES FOR R~IDUES UTILIZATION IN DEVELOPING CO~-rRIES 

INTRODUCTIC'N 

USDA, Forest Service, Forest Products Laboratory 
Madison, Yisconsin, USA 

As noted in the title, this paper is to be cirected ?rimarily at the 
technologies for using wood residues in developing countries. T.~e s~~ject 

cannot be well addressed without first look:ng at the type of residues and t~e 
quantities available. ~bile this paper generally aricresses the ~roblem of 
residue use in all developing countries, the greates: imF=ct is going to be :~ 
the tropical countries, for that :s where t~e greatest vclu::ie of ~ooc use is 
occurring. Although specific fi~res ca~not be citec for the amount of resicue 
in each country (Liversidge 1973), estimates can be =ade for reg:ons, and 
developing and developed country status based on figures from FAQ (1~89) {Table 
1). A definitive text has just been released on this subject (Hakkila 1989). 
hopefully we will add new information not in his rext. 

Basically there are two broad categories of residues: (:) loggi~5 • 

(2) milling. 

Logging Residues 

Logging residues are created, for the most part, in :he =orest. These consist 
of unused materials from harvested trees, and from trees damaged or killed 
during the logging operation. It is generally conceded =hat abo~t half the 
above-ground biomass of each harvested tree is left in the fores:, alchough 
King and Smith (1974,1975) state that in England the figure is 40\. Logging 
residues are largely tops, including unused stem anc bra~ches; rotte~. crooked 
or other logs, or portions thereof deemed unusable; and stumps, ~ut ~ay include 
roots. Hardwood residues from logging are usually consicerably :ore than those 
from softwoods, and offer more opportunities. In so~e cases the res:dues ma~ 
be as much as two thirds of the volume of the standing tree. 

Craft (1976) in a study of Appalachian hard~oods in the ~.S. fou~d. =hat on a 
w2ight basis. 1.8 times as much useable material was removed as ~esLcue as vas 
harvested as primary logs. A sizeable portion of th~ sa~able residue was in 
small diameter, ~hart-length logs in the tops of felled trees, a~d ir. residual 
trees. The average size of the sawable material was 18 cm in diameter and 
1.8 m in length. Of the tops and residual trees, about 37' was :n chippable 
material, and about 63\ in sawable residue. 

Hartin (1976) provides estimates of the residue left in hardwooc logging based 
on stand ab~• stand basal area, and type of logging. Ge~erally ~e shows tha: 
older, and denser stand~. and stands cut taking all sawlogs. but only sawlogs, 
produced the largest amount of residue. 
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Milling Residues 

~illing residues are t~e unused parts of lo~s milled for lumber or veneer in 
primary and secondary ?rocessing operations. While most mill operators will 
claim less than SO\ residues (that is, more than 50\ recovery in product) the 
true figures a~e ofter. far less (Lunstrum 1982). In 1969 figures from the 
western U.S. showed a'- average softwood residue percen=age of 56.4, varying 
from 52 to 61 percent (Gedney and Henley 1971). 3y 1979, with major changes in 
sawmill efficiency, t~e softwood residues from study mills were reduced to 
about 49\ (Anon. 1981. Luns:rum 1982). For hard-oods, Clark (1976) showed the 
following percentages Jf residue and lumber for yello•-poplar (Liriodendron 
tulipifera} in Easte~ U.S.; 18\ chippable, 15\ bark, 13\ sawdust, and 54\ 
lillllber. However, this was a laboratory study concucted under con~rolled 
conditions, and only ~artially reflects the expec:ed results in an operating 
sawmiil. In Australia. Iro~side (1973) estimates harc•ood residue volume at 
61% of gross volume. :he resicues we~e 21\ bark, 28\ ~et defect, lC,% sawdust, 
a~d 35\ slabs and edg:~gs. ~any tropical mills -:11 recover as little as 30\ 
p~oouct from the log :~put, leaving /0% residue (Iyama~o Ofr 1990). Hamit, 
~ee, and Lai (1985) i'- a survey of 43 mill~ in Sa~awak, Halay3ia during 1983 
showed a residue accu::-Jlation of 42~ .. 649 c and a procuct to waste ratio of 
0.75. They further cc::!Illented that the disposal of the residues was leading to 
e~vironmen:al decline. 

Residue Reduction 

\lhile we need to disc~ss the technologies that can be applied for use of 
residues, the best th:.r.g that can be done is to reduce the amount of residue 
being generated. The ~educ:ion of residues relates directly to the number of 
trees neeced for a qua~tity of product. Higher efficiency means fewer trees 
needing to be harves~ed (Anon. 1981, Lunstrum 1982), a key factor in th~ 
perpetuation of the -crld's forests. 

Briefly le: us look a: some of the activities that can be used to reduce waste 
i~ logging and millin~. In an effort to reduce logging and mill waste and to 
i~prove efficiency, t~e U.S. Forest Products Laboratory has developed a plan 
called IMPROVE, which ~s a series of eight progra:ns for logging and mill 
i~provement. The ser:es includes guides to improvement of log processing, 
lumber mar.ufacture, v~~eer ~anufacture, lumber ar.d veneer drying, plywood 
'anufac:ure, dry end ;~actices, and dry storage (Anon. ND) 

Logging ir.efficiencie: are :he source of most residues in the forest. Some of 
these are: 

* High stumps 
Reduce sture? height or remove stumps for products 

* Merchantable l~mits too high (t~p diameter limits too large) 
Reduce top ciameter limits and use whole tree logging to accumulate 
residues fo: better use 

* Felling damage to the trees cut and to other trees 
Use more ca~tion in felling operations, including training of 
cutters. 

* Skidding damag: to the log or tree being skidded and to other trees 
Train skidc:r operators to avoid residual tree damage. Lay out 
cutting ope:ations so damag~ will be minimized . 
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* Improper bucking of logs 
Train buckers to cut more accurately, and evaluate logs for best 
yield. 

* Unused lesser known species 
£valuate lesser kuown species for appli~able use and develo? mar~ets 
for these species. 

* Jiameter breast height limits too high for some species 
Some species never grow to large diameters, maturing at dia:Ieters 
under the legal limit for harvest. These species should be 
identified and separate diameter-cut limits be applied. 

~illing inefficiencies also generate much residue. Some of these are 

for sa...,;ing: 
* Improper log storage 

Keep logs in ponds or under S?ray :f not immediately used. 
* :mproper log bucking 

(Lunstrum 1982) (Sim 1980) 
Train buckers to accurately buck for length and quality. 

* ~xcessive sa~ kerf 
(a) use band saws. (b) maintain the mill and saws better. 

* ~xcessive debarking 
~aintain control on debarker to reQove just bark and not wood 

* ~xcessive slabs and edgings 
(Lunstrum 1982, Arima and others i98S) 
Train sawyer to recover as much product as possible, use st.adow or 
laser cutting guides. 

* Improper mill design 
Have consultant advise. 

* Improper mill maintenance 
Establish regular and rigor»us maintenance program for all ;>arts of 
mill. Have printed checklist for each machine. 

* Improper drying of lumber 
Train drying people in proper methods and in quality control. 

for veneering: 
* Improper log storage 

Keep logs in ponds or under spray if not imMediately used. 
* Improper log bucking 

Train buckers to accurately buck for length and quality. 
* Improper log centering 

Obtain plexiglass, light, or laser centering.device. 
* Improper lathe or slicer setup 

Train operator to properly set up machines, provide checklist for 
setup procedure. 

* Improper veneer clipping 
Establish quality control guidelines and train operators to follow 
them. 

* Improper veneer drying 
Establish quality control guidelines and train operators to follow 
them. 

* Improper mill maintenance 
Establish regular and rigorous maintenance program for all parts of 
mill. Have printed ~hecklist for each machine. 
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Unavoidable Residues 

There are unavoidable residues generated in both the forest and mill. These 
are che residues that must be considered even after improving the effici~ncy of 
logging and m:lling. 

Ir. :r.e :orest these resicues consist of tops and bark. Some would also suggest 
using stumps and roots, but there are arguments against such use, especially in 
the ?Oor soils o: many tropical locations, where depletion of nt..:~rients is 
criti~al. 

In the mill t~ere will al~ays be resicues from processing. 
sa•ct..:st, slabs and edgings, planer shavings, veneer roundup 
waste, sanding dt..:st, and venee= cores. 

Econc:nics 

These include bark, 
wasce, clipping 

O~e :ur:her c:sc~ssion t~at is necessary, before getting to tech~ologies of 
resicue use, :s :hat of =esidue accuc~lation and econom~cs. Un~ess the 
resicues canoe economically accu~ula:ed and transported to a point of use, the 
whole discussion makes little sense (Adams 1976). For nearly tla"o decades this 
disct..:ssion has p=oceeded in the U.S. Much of the forest residue is still left 
in t~e forest because it is no: econo~ical to accumulate for processing, or 
there is no ~arket available. In recote areas, in rough terrain, where 
transport is ~ot sufficient, o= where markets don't exist, it makes little 
sense to conside= large scale residue recovery from the forest. In such cases, 
the highest use is as a soil a::iencmer.:, or in local cottage industry. 
Technologies such as chunlcwood chippe?:"s (Karsky 1989, Da.1ielsson 1988) may make 
resicue extraction more :easible. 

I~ mills the ?ro~lem is ~inimized anc there is less economic deterrent to the 
accu::mlation and use of =esidues, than in the forest. However, if the mill is 
s~al: there cay ~ot be enough oaterial to economically make a product. The 
residue must :hen be accumulated over time and shipped to anottLer location for 
use, if there is a marke:. This is o:ten the reason for residue use as fuel 
rather than as a physical procuct. ;.s with soil amendment for forest residue, 
the highest ~se :or mill resicue oay oe as fuel. 

POTE~;TIAL PRCJuc:s FRO~ :lES IDES 

Though energy will not be discussed :echnically, it should be mentioned again. 
The use of mill residues for energy cay be the highest use, through manufacture 
of charcoal, or direct burning to recover heat, steam or electricity. Energy 
recovery froc wood is economical at all scales. It is an especially 
appropriate ~se ~here pe:ro fuels are in short supply and the cost is very 
high. Socially, where domestic and m~nicipal power is generated from wood 
waste, or in situations where firewood is the principal cooking and heating 
fuel. energy use for resi~ues may fa~ outweigh any product use . 
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Activated Carbon 

Charcoal is often used as a cooking fuel in developing countries, but it can 
also have broader uses. One of these is as activated carbon, for fil~ration 
~nd clarification applications worldvide. There are about 50-75 manu=acturers 
of activated charcoal throughout the world. Properties needed depend on 
pa~ticular uses such as for the sugar industry, air purification, and water 
purification. For water purification, different properties are ~ceded for 
different contaminants. 

Activated carbon is usually made by the carbonization and activation of wood or 
coal, but other materials of vegetable origin may also be used. Carbonization 
C!ay be accomplished with devices ranging from the ubiquitous and historical 
earth kiln to more advanced masonry and steel kilns, and higher technologically 
advanced retorts and f~!"llaces. 

A carbon with a large adsorption capacity can be produced only by act~vating 
carbonized materials (Smisek, 1970). In one method, an activation agent 
(steam, carbon dioxide, etc.) reacts with the carbon. In anothe~ met~od, 
~aterial is carbonized after the addition of substances such as zinc chloride 
~hich restr'~t the formation of tar. The latter method is commonly used with 
wood. The most w~dely used activation agents are zinc chloride, potassium 
sulphide, potassium thiocyanate, phosphoric acid, and sulphuric acid. 
So~etimes hydroxides of the alkali ~etals, magnesiw:i chloride, and calcium 
chloride are used. 

Chemical Extractives and Byprod~cts 

Nuoerous chemical extractives are derived from woods. These inclcde dyestuffs, 
resins, oils, naval stores, etc. Most of the time these products are from 
dedicated extractions using logged roundwood as the raw material. However, it 
~ay be feasible to use residues of selected species for extractive purposes. 

So~e of the extractive constituents of wood, although usually present in small 
proportions, sometimes have economic value. Their utilization can conceivably 
contribute to more effective reduction of forest and mill residues as part of 
complete residue utilization schemes. 

Bark Extractives 

Bark is generally richer in both quantity and complexity of extractives than 
the corresponding wood. If debarking is done at the mill site, accumulation of 
materials is expedited. Extractives of some barks can comptise 50\ cf total 
composition. A large number of organic chemicals are extractable from bark; 
carbohydrates, f!avonoids, terpenoids, esters, steroids, complex phen~ls, etc. 
Combined crude chemical fractions, rather th~n pure compounds, are easier to 
preparJ and have greater potential for larger volume markets. Crude fraction 
extractives with most promise are the tannins which are generally condensed 
polyphenols Bark tannins from some species (ie. chestnut, wattle, quebracho) 
have proven useful for le?.ther tannin6. Their potential for capturing local 
markets for le~ther tanning depends on thP.ir av~ilability in adequate· 
quantities at low prices (Hergert 1989}. 
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Tannir.s may also be potentially useful as adhesives in indigenous wood products 
industries. In these instances, bark tannins can partially replace 
resorcinol-formaldehyde adhesives. Tannins extracted from quebracho, for 
~xample, have a proven history as a co3ponen: of phenolic resin in the plywood 
industry (Suomi 1983). Research has shovn that spruce tannins can be used at 
levels up to 20\ in phenolic resins without adversely affecting the quality of 
gluing (Liiri 1982). Research has also de~onstrated that, under appropriate 
processing procedures, where phenolic resin is com:letely replaced with bark 
tannin extract, particleboards can be ?repared to ~eet specification~ of 
phenolic bonded boarcs. This research demonstrated that phenol and 
phenol-resorcinol modified resins can he replaced by bark tannins, providing an 
outlet for bark residues in particleboard ar.d other forest products indust~ies. 

As a result of the world-wide energy crisis of the 1970's, efforts were made to 
replace synthetic adhesives with bark ?roduc:s. South Africa, Australia and 
Brazil have been most successful in th:s fie~d. The only tannins in world 
trade currently being commercially used in •ood adhesive application are those 
obtained from extraction of Acacia mearnsii 3ark (•attle tannin). In 1980 the 
provence of Natal. South Africa ?roduced abo~t 100,000 tons o[ wattle tannin, 
approximately 10\ of which was used i' adhes:ve ap?lications (Pizzi 1983). 
~bile its usage is no: large, wa:tle :annin can be economically used for wood 
adhesives, replacing high cost phenol and resorcinol. In developing nations, 
:his can lead to less dependence of lc~~1 wood industries on petroleum based 
adhesives. 

Although condensed tannins from Acacia mearnsii (black wattle) have had 
commercial success in wood adhesives a?plica:ions, attempts to use tannins fro~ 
other sources, like conifer barks, have not ~een commercially successful 
(Porter and Hemingway 1989). fundame~tal cifferences in the properties of 
wattle and conifer tannins account fo~ this: diffe~ences in their reactivity, 
stability, purity, etc. Altho~gh the~e are several r~ported technical 
successes in wr.od adhesive applicatio~s usir.g conifer tannins, no reports of 
their sustained commercial success ex:st (He~gert 1989). Arlditional research 
is needed to bring the potential of o:her bark tan~ins to the level of 
commercial acceptance that has been achievec by wa:tle bark adhesives. 

Development of a bark tannin ex:ractic~ operacion utilizing forest residue 
requires significant capital expendi.t~res for extraction equipment, and skilled 
personnel of technical competence. A feasibility study of the economic 
pr~spects for bark extracts has been ;reparcd (Hemingway & Lloyd 1983 unpub.). 
One of the processes they consicered :~volveri the sulfite extraction of pine 
bark (350 tons/day dry bark equivalen:) in ~onjunction.wirh a large scale kraft 
pulpin~ operation. They estimated a :otal capital investment of almost 
$12xl0 (1983 prices) for the extract:on process, including purchased 
equipment; refiner, extraction tanks, screw ?ress, centrifuge, heat exchange 
tank. evaporator, spray drier a~d p~l:etizec bagger. Although this study is 
not directed specifically to residue ~tilization, it provides initial 
guidelines concerning conversion opera:ions. investment, labor requirements and 
operating costs. 

Naval Stores 

"Naval stores" is the traditional na~e give~ ro products obtained from 
oleoresin of pine trees; rosin, turpe~:ine, car, pitch, pine oil and terpene~. 
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Naval stores are generally divided into three categories that indicate their 
source; gum naval stores, wood naval stores and sulfate (or tall oil) naval 
s:ores. Gum naval stores are those products obtained from the exudates of 
livir.g trees by tree tapping operations. Wood naval stores are obtained from 
resir.-loaded pine stumps long after the felling of the trees; the stumps are 
remo~ed, chipped and the oleoresin prod~cts obtained by an extraction process. 
Sulfa=e naval stores (or tall-oil resins) are obtained as by-products of modern 
~raf= pulping operations of softwood pines. 

~~va: stores production is only feasible in those regi~ns of the world with 
na:ural or plantation pine forest resources. Suitable pine species for naval 
s:ores production are largely limited to Central America, Cl-;.ina, Greece, 
Ir.dia. ~orth America, Pakistan, New Zealand, Soviet Union, and Western Europe 
(~ra'-ce. Italy, Portugal and S~ain) (Stauffer, 1989). Not only do native pine 
fores:s have a limited distribution, but useful production of gum resin is 
furtter limited to those seasons in which the gum oleoresin can flow. Gum 
nava~ stores production is labor intensive, and no gum oleoresin treating plant 
has been constructed in recent years in the U.S. or western Europe. 

~ood naval stores production mi6ht be appropriately considered a wood residue 
industry, since it involves utilization o! otherwise unused stumps. Wood naval 
s:oras production process has oeen recently reviewed, and equipment needs and 
p~ocassing operations s~arized (Garcner, 1989). Wood naval stores production 
is severely restricted :o those few regions of the world with adequately large 
trac=s of accessible old pine stumps. Stumps of immature trees (less than 10 -
25 years) typically con:ain uneconomically low levels of extractables. The 
only current producers of wooc oaval stores are the United States, Soviet Union 
and China. Earlier producers of wood naval stores included Mexico and 
Honduras, and, until 1980, Nicaragua. Tne Tropical Products Institute reported 
in lg82 that it was highly unlikely that any new wood rosin plants would be 
cons=ructed (except perhaps in the USSR), partly because of the lack of 
suitable stumps, and par=ly because of the capital investment required 
(Greenhalgh, 1982). Such a plant would require the investment of over US$ 20 
million to process 100,000 tons per a~num of stump wood. With the naval stores 
production of China anrl the Soviet Union dedicated to internal consumption, the 
C.S. remains the only producer of wood naval stores for the world market. 
Changing political and economic condi:ions in Nicaragua may enable it to 
re-enter world trade in wood naval stores, presuming that its idle plant can be 
~ade operational again. 

Hercules, Inc. has developed a process for increasing the oleoresin content of 
the stu.~ps of newly felled trees (Fajans, 1980). In this root collar 
crea:ment, the herbicide Paraquat is injected near the base of the tree, and 
after t-wo growing seasons the tree is harvested in the usual manner for pulp or 
timber, leaving the stump for harvesting and extraction. These stumps, made up 
of the portion from about 6 inches above the ground to about 18 inches below 
ground are harvested, extracted and processed as are old stumps in a wood navPl 
s:ores plant. Such roo~ collar treated stumps (even of im11ature trees) are 
repo~ted to have commercially significant resin contents (Hays and Cottle, 
1989). Although this process for making "old stumps out of new stumps" has 
sho~-n some prom; ~. there are serious environmental problems remaining and 
ques:ions about its coll!lllercial potential. Commercial treatment seems. 
prac:icable only if adopted on a large scale by a major pulp company that is 
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harvesting plantation pines and is a:ready involved in sulfate naval stores 
prodt:ction. 

Dave:opment of wood nava: stores is 
t=enc towards sulfate naval stores. 
s:::or~s are the by-produc:::s of kraft 
:::~e scope of this report. 

A:'1ima: Feed/fodder 

considered as unlikely considering the 
3ut as mentioned above, sulfate naval 

;ulping of conifer trees. and are outside 

:~ ma:'1y areas of the deve:oping wor-=. fodcer derived froc tree foliage is 
c=i::::.cal to ::he growing c: cattle. :'..•e foliage can be a source of protein ar.c 
·::.:::a=:.:'1s. i::ere ::ay -el: be opport:.:7'.:.ties :::o also use wood res:.dues, f:-:om so=e 
S?ec:.es. for producing feeder. Fode:= can be mace from wooc by thermal and 
c~ec:.cal processes tha::: =ake the woe~ carbohydra:::e available :::o the digestive 
s·:sc:=..- of n;."l?inan::: anii::a:.s. The p:-::.:esses nt:eded are so:::e,.·::at depende:'1t on 
:::~e •ood species. For each species. :he ~ood has to be trea:::ed and the 
c:.ge:::::ibility de:::erminec °Jy ar:::ific::.: r-...u::en tes:::s anri chen comfirmed by ani~c.l 
feed:ng trials to also ce:::er!lline ef::..:acy cf the treated ~ooc and any animal 
~eal::~ problems related :o feecing :::~e treated -ood. 

Comp~site Products 

Some of the colllD!or. uses cf logging a~d m~:~ resicues around :he world are for 
fibe=board, and particle~oard furnis~. It is logical to consider using wood 
:-:esic~es for coll!J>osite panel produc:::: in o:::her countries where they are not ~ow 
1.:sec. The d:scussion in ::his paper ·•ill be concerned 1o0ith I:?in~ral/wood 
composite boards, fiberboards and pa=:::icle~oards. 

Composice Eoard Processi~g 

.ne ::.-rn;s fiberboard anc ?articleboa=d app:y to a category o: sheet products 
:~at a~e par:: of a large= family of •ood comp~si:::ion boards. Composition 
boarcs are d:stinc::: fro~ solid wood :.n tha::: they are composec of. wood elemencs 
cf v:.=ying s:.zes held :::o~ether by a~ adhes:.ve bo:'ld. 

:her-: are t,.o basic steps in the ma~·;factu=e of :::hese ?roduc:s; the geP-eratio:'l 
c: e~er-ents o• ~ar:::icles. and :he re:ombi~ation of these ele~en:s in sheet 
:ort:l. 

:ibe=boards use a •urnis~ consisting of elements wich dimens:ons of the same 
orde= of mag~itude as those of the •Jod cells. l~ this discussion the term 
:ibe= applies to any ele~ent of tha: size and shape regardless of its or~gin. 
:here are five different types fibe=~oard :ypes, two are mace by dry processes, 
and =hree are made by we: processes similar to paper. ~et processes require 
lar~e quanti:ies o: wate=. up to 10~ toP.s/:on of board produced (Anon. 1976). 

:ibe=boards are also classified by ~ensity. Ins~lation board (thickness, 3/6 
:o 3/4 in; density. 10 to 31 lb/cu.::.) re?resen:::s =he lowest density class. It 
:s made only by the wet ?rocess. Mc~ium-censity fiberboards (MDF) are made 
eith~r wet or dry in a rlensity range of about 40 to 50 lb/cu.ft. HOF-wee 
(thi=kness range 1/4 to :;2 in) is g~nerally used as siding material. ¥.DF-dry 
{:::hi::kness, 3/8 to l in) competes 1>'..:h par:icleboard as core mat£rial for 
:urn::ure. ~igh-density fiberboarc densi:y 55 :::o 70 lb/cu.ft.) is called 
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~arc~oard. There are significant differences between wet and dry formed 
harc~oard, but they compete in the same market. Hardboard thickness ranges 
:roc 1/10 to 5/16 in. (Suchsland 1986). 

?ar:icle board is defined as any wood based panel product which is made from 
p:eces of wood smaller than veneer sheers, but larger than wood fiber. In 
genaral the name particle board issued as a generic term for all particle panel 
?roc~c:s. T.•e raw material for these products comes from a variety of sources 
:nc:uding planer shavings, plywood mill waste, roundwood, sawdust, and pJlp 
:ype chips. The residues of planir.; operations is the source material for a 
:arfe segmer.: o: the market for uses such as flooring underlayment, furniture 
=oras:ock, a~d ~olded items. Rece~tly several types of particle boards termed 
::a~:~oards. have been used as shea:hing or single layer floor panels. 
:epe~c:ng O'- the particle or flake size and the panel construction flakeboards 
=ay ~e furt~er classified as waferboard or oriented strand board (OSB). 
?ar::cle boards are all dry formed. a~d range in density from 30 to 
;J :~/cu.ft. 

-~e censity or unit -eight of a wood species depends more on the number of 
:ibers with:n a given unit of space rather than on the density of the 
:~d:v:dual cell~lose fibers. As a result, the -eight or density to panel 
;ro~er:y re:ationship of a fiberboard product is less dependent on the density 
o: =~e orig:nal -ood species than on the particleboard itself. In ~ther words, 
:: :s difficult and impractical to make a particleboa_d with a specific gravity 
of C.72 fro= species having 0.5 to 0.6 specific gravity. However, if heavy or 
cense ~oods are properly fiberized the resulting products will have excellent 
?ro~erties and ~oderate specific gravities. 

~ special ty;ie of fiber and particle boards that should be mentioned are the 
~ooc-cineral boards. These boards ~se inorganic binders such as portland 
cement or g:.-;isu:n. The -ood cement composites are strong, stiff, and resistant 
:o =oisture. fire. fungi. and insects. It is possible to prorluce a variety of 
str~ctural and nonstructural products with the same basic manufacturing 
concept. In October of 1988, an in:ernational conference on Fiber a~d Particie 
3oards Bonded •ith Inorganic Binders was held at the University of Idaho. The 
?roceedings of that conference are an excellen: source of information on all 
aspec:s of :his topic (~oslemi 198~). 

Sol:d ~ood ?.esidue 

~it~ totally efficient logging and milling operations, very little recoverable 
sol:d ~ood residue should exist. In the interim, however, much solid wood 
~aterial wi:l be available. Some of this material will be large enough to put 
:o use in t~e furniture and casegoods industry. Many of the parts for 
:ur~i:ure a'-d casegoods are relatively small and could be made from residues. 
The ~se of solid ~ood residues for boxes, crates, and pallets is also a good 
?Ossibility. especially for longer pieces with wane. For small solid wood 
res:due, the possibilities of use as raw material for toys, carvings, and art 
objects is ?Ossible. Another use :or solid wood residue is blockboard panel 
~anufacture. The potential for using edge and end gluing to make a wide 
var:e:y of ?anel and moulding products is very good. Blockboard panels are 
~os= often usec with veneer faces for cabinetry and paneling, while 
in =he United Sta:es, glued-up sta~dardized panels (Araman 1983) are being 
~anufacturec and sold at premium prices for do-it-youself customers or to 
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furn:~ure and casegoods manufacturers. Araman (1979) has suggested 
standard-sized panels be made with :ropical hardwoods. 

AVAILABLE TECHNOLOGIES 

Ir. the following section we will discuss details of the technologies av~ilable 
for use of residues. These will be discussed, using a standard format, by 
processing disciplines, as follows. 

Hardware {machinery neeoed) 
Software (literature, mar.~als, standards a~d codes) 
Skills (those needed for =~e p~ocess discLssed) 
Conversion operations ( i, .. _ cstl!!ent, labor ~equirements, O?erating 
costs}. 

Activated Carbon 

Hardware: The manufacture of activated carbon is very proprietary in 
nature and operations arc usually se= up by the equipmer.= producers. 
The basic steps of prod~c=ion involve crushers, grir.ders, extruders, 
driers, classifiers, and activators. The following lis= note~ 
manufacturers of such eq~:pment, of ~hich ~e are aware: 

Aeroglyce Corporatic~ 
Raleigh, North Caro::na 2i611 
U.S.A. 

Dervados Forestales SA 
Po San Juan 
Barcelona 
Spain 

Auson Ab 
Barlastgatan 2 
S-414 63 Goteborg 
Sweden 

Software: Smisek, M.; Ce:-:iy, S. 1970. Act:ve Carbon, ma~ufacture, 
properties and applicati~~s. Elsevier Pub:ishing Compan~. 479p. 
Amsterdam, London, New Ycrk. 

Skills: a wide mix of sk:lls ~ould be needed depending on the 
equipment being operated or the process being monitored. 

Conversion operations: 

Investment: 
Labor requirements: 

Chemical Ext•actives and Byproducts 

Bark extraction: Develo?ment of a bark tannin extraction operation 
utilizing forest residue requires significant capital expenditures 
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for extract:on equipment, and skilled personnel o: technical 
competence. A feasibility study of the economic ==vspects for bark 
extracts has been prepared (Hemingw~y & Lloyd l9b; unpub.). One of 
the process:s they considered involved the sulfit: extraction of pine 
bark (350 tens/day dry bark equivalent) in conjur.::ion •ith a la~ge 
scale kraft pulping operatign. They estimated a :otal capital 
investment c: almost $12xl0 (1983 prices) for tt: extraction 
process, including purchased eq·.Jipment; refiner. extrac: ion tanks, 
screw press. centrifuge, heat exchange tank, evap==ator. spra} drie~ 
and pelleti:ed bagger. Although this stJdy is nc: Jirec:ed 
specificall·: to res!.due ut:ilization, it provides '..::.itia:. guidelines 
concerning :onversio::. operations, invest~ent, la~:: re~~irements and 
operating c:sts. 

Hardware: ::finer, ex:raction tanks, screw press. cent~ifuge, heat 
exchange ta~~. evapor~tor, ~?ray drier, and pelle:'..zec ~agger. 

Software: 
Hemingway,~.~.; Conne:. A.r.., eds. Adhesives fr~~ rene~able 
Resources. ~SS Sy::iposium Series 385. washington, :.C. 1~89. American 
Chemical Society. SlO p. 

Hemingway, ~.Y.; ~loyd. R.C. 1983. Econo~ic prosFects for conifer 
bark extrac:s. US)A, Forest Service, Final Report: FS-SC-320~-47. 

Southern Fo:est Experir-ent S:ation. New Orleans, ~;. US~. 

Skills: Hig~ly technical. 

Conversion operations 
Invest=ent: $US 13 million 
Labor :equirements: Not known 
Operat:ng costs: ~ot known 

Naval Stores: Th: following reference is a definitive cocume~t on naval 
stores. 

Zinkel, D.F.; Russell, J_ 1989. Naval stores, procuctio~. chemistry, 
utilizatio~. Pulp Chemicals Association, New York. 1060?. 

Other Chemical P:oducts: The diversity of this industry is so varied that 
the processes ra~ge from simple extractions with mini~al equipment to 
multi-million do:lar, and very technical operations. 

Animal Feed/Fedder 

The ruminant digestib~liy of the wood and bark of most species in only slightly 
digestible by ruminar.:s but the wood and bark of Populus ~??· is JO to 50 
percent digestible. ~any schemes have been proposed to inc~ease :he 
digestibility and at :his ~ime only thermal treatments usir.g stea:: are in use. 
The process consists ~f cooking wood chips for several minutes at 10 to 15 
atmosphere pressure a~d then rapidly relieving the pressure. After this 
treatment the wood of most hardwood species is over SO percent digestible by 
ruminants. The wood of softwcod species does not respond as well to this 



.. 

treatme:1t. lbe most critical ~quipment in r.his process is the 
high-pressnre-stearu continuous diges:or that is equipped with wood chip feeding 
valve. To produce steam :reated wooc for fodder. the :ollowing ma:erials, 
informa:ion, and skills a=e needed. 

Harcware: 
log handli:1g equipmer.: 
chipper 
conveyers 
special high pressure digester 
s:ear:: gene=ator 
s:orage bi.:ts 

~anu:ac:urers of ste~ processing equip~ent i:1clude: 

Sof;:w(.C_-e: 

S:.::.ke Technology Inc. 
20S ~yecroft Roa~. 
Oakvi!.le. Ontari.: L6K 3T8 
..::A..-;A::;:,. 

!-""r:-i ;:z: i.:e:ner 
I~cus:rie-Ausrus~ngen GmbH 
D-6222 Geisenhei~ 
wES T GER.~.\;."-Y 

Ex~=p1es of :he li:erature available i:1clude: 

Ano:1ymous. ND. Pro-Cell the al~ernative for :he 80's. lSpp. Stake 
Tec~nology Inc., 20 Enterp=ise Ave., O:tawa, Canada K2G 0A6. 

Anc:1ymous. ND. Analysing-p:anning-implementi:1g: Steaming ex:raction 
process. 3pp. Fritz Werner. Industrie-Ausrus:ungen GmbH. D-6222 
Geisenhei~. i:es: Germany. 

Sat::ienko, Z.~.: Lainskaya, S.!. 1987. ?roduc:ion o: fodcer :ro: 
cellulose-containing raw n.aterials anc esti~ating :he ef:icier.cy of 
:he~r uti!.iza:ion. Dhimiya Drevesiny ~•o.3:3-9,120. Brya:isk Te:hnol. 
!ns:., Bryansk. USSR. 

Srei:h, J.~. 19SO. wood anc bark wastes as feedstuf: and fer:ilizers. 
In: Bewic~. ~-~.M. (Ed.) Eandbook of organic waste conversion. Ne• 
York, USA. Van Nostrand Reinhold Co. P? 209-226. 

Utilization of Residual Fcrest Biomass. Pen:ti Hakkila. 1989. 
Springer-Verlag Berlin. p. 450-9. 

"lJood and Wood-based Resic·.ies in Animal Feecs". Baker, A.J., ~.A. 
!'1illett:, and L.D. Satter. !.975. In: Cellulose Tech:1ology Research. 
A.F. Turbak, ec. ACS Synri:~sium Series 10, p. 75-105. 

Sk:.lls: 
The process requires one C?erator per shift •.iith k:iowlecge of ·.:sing 
high pressure sceaJD. 

-12-



Conversion operations: 
Join: venc~re ~ich prc~uct price at $50-75 per ton 
Two cpera:ors 
Proc~ctio~: 40,000 tc~s per year 

Composite Produces 

\ 

Hardware: The cons:ructior. of a composite board plant is a large and 
cot::?lex projec:. The cho:~e of priuary and supporcing equipment will 
vary wi:~ the product, pl'-.'t capaciLj, and locacion. The costs of 
cor.struc:ion a~d O?eratio~ will also depend on oar.y variables. For 
decailec. current informa::on on these subjects ic would be advisable 
to go di=ectly :o a consu::ant or a manufacturer. A list of 
cor.sul:a~ts is presented :~ Wood Based Panels International 
(19S9). 

Sof:wa=e: T:'e follo•ing a=e so~e of the publications available on 
coJ:?os::: proc~cts: 

Anon. 1957. ~ood-based pa~:ls: Proceedings of the expert 
consulca:ion. ?ood and Agr:culture Organization of The United 
~a:ions, Ro~e :taly, 24Sp. 

Anon. 1950. ~ood-Based Pa'-:ls in the 1980s. In: Proceedings of the 
syi:posi~ orga~ized by the Timber Committee of the United Nations 
Economic Con:::!ission for E~rope. ~elsinki, Finland. May 1980. 27lp. 

Anon. 19~8. St:uctursl Fla~eboard from Forest Residues. USDA, Fores: 
Service, General Technical Report W0-5, Forest Service, Washington 
D.C. 241?. 

Anon. 1976. we: Process F:~erboard Plant, case study prepared for the 
FAO Por:folio of Small scale wood based panel plants. DEFIBRATOR 
FIBERBOA?.D A3, Stockholm S•eden. 30p. 

Carll, C.G.; Dickerhoof, r..E.; Youngquist, J.A. 1982. U.S. Wood-Based 
Panel lr.dustry: 
Part 1 P=oduct:on trends and changing carkets. For. Prod. J. 
32(6):14-23. 
Par: 2 S:a~carcs for pane: products. For. Prod. J. 32(7):12-15. 
Part 3 Researc~ and technclogical innovations .. For. Prod. J. 
32(8):14-24. 
Part 4 Energy environmental protection, and occupational safety and 
health For. Prod. J. 32(9::14-22. 

Maloney, T.M. 1977. ~oden: particleboard and dry process fiberboard 
manufact~ring. Miller Free~an Publications, Inc. San Francisco CA, 
USA. 672p. 

Moslerei, A.A., Ed. Fiber and Par:icleboards Bonded With Inorganic 
Binders. Proceedings of l~:ernational Conference on Fiber and 
Pa~ticle~oards Bonded witt Inorganic Binders. For. Prod. Res. Soc. 
Madison, WI, USA. 
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Hoslemi, A.A. 1974. P~rticleboard , Vol. 1, Materials, Sout~ern 
Illinois University Pcess. 244p. 

Hoslemi, A.A., 1974. Part:cleboard, Vol 2, Techno:ogy. Sout~ern 
Illinois University Press. 245p. 

Panel Yorld Mag. 31(1): :an. 1990. pp 60. 

Suchsland, O.; Woodson, G. 19S6. Fiberboard ma...~u:acturing ?racticc5 
in the United States. US[~. Forest Service. Agri. ~dbk. ~o. 640. 
263p. 

Vajda, Peter. 1975. A corr;arative evaluation of t~a eco~omics of ~cod 
based panel i~dustries. :~od and Agriculture Orga~:zation o: the 
United Nation5, ~orld Co~Eultation of Wood 3ased ?anels. Ne• Delhi. 
India. Feb. 1~75. Slp. 

Skills: Moder:-. co~petiti•: coc:posite board plar.ts are h~ghiy 
mechanized, cc~pu=er con:~olled facilities, anc relatively :e~ 
employees are req~ired tc operate thee. All skil: leve:s a~e 
required, but the majori~• of the positions re~~i~e tra:nir.g and ar. 
understanding of the equi?ment. 

Conversion op:rations 

Yet forre:d harcboarc: (no r.ew plants since 1~71) 
Investme~t: 4-31 Hi::ion $(S. 

Labor re~uired: 102. 1/3 at each skill le~el. i.e. skilled, 
semiskil:ed, and uns~illed. 

Operatin~ costs: 12:-150 $(S/ton 

Dry formed ha~dboard 
Investme~t: 26 Milli~n $CS 

Labor re~uired. ? 

Operating coses: 13C-155 $CS/ton 

Medium densit~ fiberboarc 
Investme~t: 14-28 Million $US 

Labor re~uired: 72-:~l 

Operating costs: 17;-240 $CS/ton 

Partici~boarrl 

Investme~c: 13·22 Million SUS 

Labor required: 65-:34 

Operatir.g costs:l33-308 StS/ton 
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Waferboard 
Investment: 12-60 Million $US 

Labor required:l00-160 

Opera:ing cos~: X.A. 

Strandboard (OSB) 
Inveswnent: 30-85 Hill:on $US 

Labor required: 26-250 

Opera:ing cost: 109-1~~ $US/thousand ft2 (1/2 in. basis) 

Solid Wood Residue 

Drying Solid Wood Residue :or P~oduc:s 

One of the keys to using solid ~ood residues is :he drying of the material, 
especially if it is to be used for fu~iture or casegoods. Several different 
options are available, fro~ the least sophisticated solar kilns or hot box 
driers to the most sophisticatec stec;:i, dehumidification, or vacuum kilns. 

The major problem confronting the use~ relative to drying the residues is 
irregularity and small size of :he pieces. Hancling costs and physical 
considerations in the drying unit make the drying difficult at best. Small 
pieces also dry more quickly and are ~ore subject to checking (cracking, 
splitting) and warping. 

Solar kilns: 

Hardware: Solar kilns canoe relatively simple and easily built, 
thus avoiding manufac:urers' costs, while still providing 
controllable drying condit:ons and even a modest degree of automatic 
operations. For lowest cos:, they should be built using as much 
locally available building ~aterials and components as possible. 
Supplemental energy f~om b~~ning wood can be incorporated for night 
time and cloudy-day d~ying. A list of the most important materials 
and control ite~s follows: 

Major building materials: 
Concrete block 
Loose insulation 
Treated lureber ar.d timbers 
~indo~ glass or sheet plastic 
Sheet metal or tr~ated plywood for duct-work and baffles 
Solar collector 

Corrugated sheet metal and flat black paint 
Charcoa~. 

Electical wire, s~itches, etc. 
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Cont:rol items 
Fa:ls 
Blower (for ex:ernal collector type) 
Motors 
Thermostats, h\:!Didistats, and relays if automatic cont:rol 
is used 

Manufac:ure~s of solar kilns: 

Cambricge Glasshouse Company Limited 
Comberton 
Cambricge C33 7BY 
United !<ingcio::? 

~ood-~:zer ?roducts. Inc. 
Depan:;:ant CSS 
8180 ~- 10~~ Street 
lndiana?ol:s. IN 4E214 
United States 

Software: i~e following are some of the current publications in 
solar drying: 

Chen, F.Y.S. 
kiln. Fore:st 

1981. Design and test: of a 500 board foot solar 
Products Journal 31(3):33-38. 

Chen, P.Y.S.; Helme~. W.A.; Rosen, H.N.; Barton, D.J. 1982. 
Expericent:al solar-cehumidified kiln for drying lumber. Forest 
Products Journal 32~9):35-41. 

Gough, D.K. 1977. The design and operation of a solar t:imber 
kiln. Fijf timbers and their uses. Number 67. 

Hall, G.S.; Hooks; ~.A.; Plumridge,P..J. 1981. The art: of 
timber dry:ng with solar kilns. UNIDO Report IDj\.'G.338/1. 

Harpole, G.B. 1988. lnvest:ment opportunity:The FPL lo~-cost 
solar cry kiln. USJA-Forest Service-Forest Products 
Labora:ory-General :echnical Report FPL-GTR-58. 

Plumpt~e. R.A. 19i~. 
developing countries. 

Solar kilns: thejr suitability for 
UNIDO Report: ID/WG.151/4. 

Plumptre, R.A. 1985. Solar drying kiln for sawnwood. 
Commonwealth Forest::y Bureau, Forest Products Abstracts, Review 
Article. 8(2):33-45. 

Prins, A.f. 1981. Oxford solar kiln research:l978-79. 
Commonwealth Forest::y Review 60(3):187-196. 

Read, ~.R.; Choda, A.; Cooper, P.I. 1974. A solar timber 
kiln. Solar Energy 15:309-336. 
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Shanaa, S.N.; Nath, P.; Bali, B.I. 1972. A solar timber 
seasoni~g kiln. Jo~r. of the Timber Development Assoc. of India 
18(2):1:-26. 

Simpsor.. W.T.; Tschernitz, J.L. 1989. Per:ormance of a 
solar/w~od energy k:ln in tropical la:itudes. Forest Products 
Jcurna: 39(1):23-30. 

S:ein=a~n. ).E.; Ve:-::aaas, H.F.; Forre=. J.B. 198C. Solar 
::mber =?:"Ying kilns: Part I: Review o: prev:ous systems and 
contro: ~easures anc descripcio~ of a~ au:ocated solar k:ln. 
Jour. c: the Instit~:e of Wood Science 8(6):254-257. 

S:eir..!:!a~~. ).E.; Ve:-.:naas, H.F.; Forrer, J.B. 198:. Sclar 
::mber =?:"Ying kilns: Part II: ~:croprocessor cont=ol of a solar 
k:ln. :our. of :he !nscicute o: Wooc Science 9(1~:27-3!. 

Tscher::::z, J.L. 1~86. Solar energy for wood crying using 
c:rec: == i~cirec: =ollec:ion .:th S~?ple~e~:al heating: A 
cc~pu:c= analysis. USDA-Fores: Serv:ce-Forest Products 
i..cbora::?:'Y ~esearch ?aper FPL-R?-477. 

Tscher.:::z, J.L.; S::npson, W.T. 197;. Solar kil~s: Feasibility 
o: uci::zing solar energy for C?:"Ying lumber in developing 
councr::s. FPL-AID-PASA TA (AG} 02-75. US Fores: Products 
Labora::?:'Y. 

Tscher.:::z, J.L.; S:.tnpson, W.T. 1985. FPL desi~ for lumber 
d?:"Y ki!~ using sola=/wood energy in :ropica! lati:udes. 
[SDA-Fc=esc Service-Forest Proc~cts !..aboratory Ge~eral Technical 
Rcpor: ?PL-44. 

~enger:. E.~. 1980. Solar hea:ed li.::iber d=yer for the small 
b~siness. Virginia Cooperative Exter.sion Service. MT No. 20 C 
[:iliza:ion and Mar~eting. 

Skills: Opc=ators of so:ar kilns should know the basics of lumber 
=L:·Lng. have an understa~ding of the func:ion of a dry kiln and what 
:t is expec~:d to do, ar.c have basic skills in electrical eq~ipment. 
~igh-:ech sk:lls are no: :equired. 

:nves:~ent: This can be kept quite low with local bui!ding caterials 
~nd si~ple c:ntrol equip~ent. 

:..abor requirements: The operator should possess the skills listed 
above, superrise the loacing and unloading of the kiln, and be 
available o~ a part-time basis to ensure the kiln is operating 
:orrec:ly a~1 to check t...~e progress of drying. Labor is required to 
:oad and un:oad the kiln. 

Jpera:ing ccsts: Electr:cicy for fansjblo~ers, labor, stickers, and 
~ain:enance are common costs. Insurance, taxes, land, and inventory 
~osts ~ay a;?lY also. 
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Conventional Kiln Drying: 

Harc!ware: Kiln drying of lumber or wood is usually done as a batch 
process in a chamber or compart:ment where heat is added and some 
control over temperature, humidity, and air circulation is 
exercised. In 'conventional' kiln drying, heat is supplied by steam 
circulating in coils, or by hot gases of combustion going directly 
in:o the chamber. Control of conditio~s in the chc:nber is important 
anc can vary from p~.~onal monitoring a~d totally canual control of 
hea:. humidity, and ~ir circulation, to semi-automatic control by a 
recorcer/controlle~ to sophisticated computer control, depending on 
needs and investment capital available. Co1111<>n construction 
ma:erials for the kiln include concrete block, brick, or 
prefabricated aluminua panels hung on steel or alu:::inum support 
me=hers. Wooden structures are acceptable when te::peratures are not 
ex~:cted to exceed about 130-140 F. 

Control items: 
Fans 
Electric Motors (to power fans) 
Some form of recorder/controller and appropriate sensors 
Air compressor 
Air motors (to control automatic venting) 
Boiler '' steam kilns) 
Steam Tra~~ 

Source of information on kiln manufacturers a~d kiln equipment: 

~orld Wood. 1989. 1990 World Wood Buyer's Guide. World Wood 
30(6):23-57. 

Software: The following are some of t~e current O?erational manuals 
fo~ l!.:Illber dry kilns. 

Bachrich, J.L. 1980. Dry Kiln Hancbook. Vancouver, BC: H.A. 
Simons (International) Ltd. 374p. 

Boone, R.S., Kozlik, C.J., Bois, ?.J., Wenger:, E.H. 1988. Dry 
Kiln Schedules for Commercial Uoods-Temperate and Tropical. Gen. 
Tech. Rep. FPL-GTR-57. Madison, ~!. U.S. Dept. of Agric, Forest 
Service, Forest Products Laboratory, 158p. 

Cech, M.Y., Phaff, F. 1977. Kiln Operator's ~.anual for Eastern 
Canada. Rep. OPX 192E. Ottawa, OK: Canadian Forestry Service, 
Eastern Forest Products Lab. 189p. 

Hildebrand R. 1970. Kiln Drying of Sawn Timber. Nuertingen, 
Germany: Maschinenbau GmbH. 198p. 

~ackay, J.F.C., Oliveria, L.C. 1989. Kiln Operator's Handbook 
for Western Canada. Special Pub. SP-31. Forin:ek Canada Corp. 
Vancouver, BC. 53 p. 
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McHi!ler.. J.M., Ver.gert, E.M. 1978. Drying ~stern HarOlood 
Lumber. Agric. Hane~. 528. Vashington,DC: (.S. Dept. of Agric., 
Forest Service. lOL?-

Pratt, C.H., 1986. 7imber Drying Manual. Lo~don, UK: Princes 
Risboro~gh Laboratc=Y, Building Research Es:ablishment. l22p. 

Simpson, w.T., Ed. :990. nry Ki!n Operator's Mcnual. Agric. 
Handb. !!8. Yashing:on, DC: ~.S. Dept. o: ~~ric .. Fores: 
Service. 

Skills: Operators should knc• the bas:cs of lu=ber c:-yin~. have an 
understanding of :~e functio~ of a cry ki:n anc wha: :c is exoec:ed :o 
do. If boilers ar~ used, so:: knowledge of boilers a~d steam in needec. 

Investment: If bo::er used, rro~al1ly most expensive :ethod of dr;.·ing 
except vacuW!! dry:~g. Kilns =an be purchased as turc.-key operat:ons, or 
can construct own structure ~d purchase harc•are a~c controls. ~lten 

considering build:~g own stn:=ture, bes: :o cor.:ac: ~ard~are sup~tLer 
beforehand and bu::d to needs of equip~en: and ?rocuc: to be dried. 

labor requirements: The operator should ?OSsess tte skills listed above, 
supervise the loac:ng and un:~ading of the kil~. a~c ~e available on ao. 
as-needed basis tc ensure the kiln is O?erating correctly and to check :he 
progress of drying. Labor may be required to load and unload the kiln if 
fork lifts or trac~ kilns ace not used. labor requ:red to stack :he lw::.~er 

if mechanical stac~ing equip~~nt not available. 

Dehumidification Kiln Drying: 

Hardware: Drying lumber in a dehumidification kiln is much like 
drying in steam heated er direct fired kilns in :hat the lu::~er is 
stacked in a chamber where there is control o: :empera:ure, humid::y, 
and air circ~~ation and :s a batch process. :be major difference is 
the method by which water is removec froe the k:~n air. The majority 
of the water :s condensed on the coils of the ciehumidifier and 
removed as l:quid, rather than being vented to :he ou:side atmosp~ere 
as is done i~ conventio~al steam or direct firec kilns. 
Dehumidifi~a:£on kilns are generally considered quite effic:ent ir. 
their use of energy. T~e energy cor.tainec in cr.e wa~ mois: air :s 
not lost. \lt:en the mois:ure in the air condenses on the co!d coils 
of the dehum:difier, the heat of vaporiza~ion is recovered. This 
recovered ene~gy is reused in drying the lumber. Though they conserve 
energy, dehw:dification syste~s operate on elec:rical energy and in 
soce locatio~s this for.I of energy ~ay be expensive. As max:mum 
tempera~ures are usually in the range of 120-16C F, the cha::ber may 
be consLructed of plyw~cd or prefab aluminum panels. but should b., 
well insulated and have very good vapor barriers. 

Control items: 
Fans 
Electric Motors (for circulating fans) 
Dehumidification U~it (included compressor, condensor & 
evapora:or coils, and recorder/controller) 
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Snurce of dehumidification kilr. manufacturers: 

World Wood. 1989. 1990 World Wood Buver's Guide. World Wood 
30(6):23-57. 

Software: 111~ following are some o: the current operational manuals 
or lumber dry kilns. 

Simpson, W.T., Ed. 1990. Dry K:~n OI=erator's Manual. Agric. 
Handb. 188. Washington, DC: U.5. DeF=· of Agric., Forest 
Service. 

~ackay, J.F.G., Oliveria, L.C. :989. Kiln Operator's Handbook 
for Western Canada. Special P.•:i. SP-31. Forintek Canada Corp. 
Vancouver, BC. 53 p. 

Pratt, G.H., 1986. Timber Dryi~g Mar.~al. London, UK: Princes 
Risborough Laboratory, Buildin~ Resccrch Establishment. 122p. 

Boone, R.S., Kozlik, C.J., Bois. P . .: .. Wengert:, E.M. 1988. Dry 
Kiln Schedules for Commercial ~oods-:emperate and Tropical. Gen. 
Tech. Rep. FPL-GTR-57. Madison. WI. ~.S. Dept. of Agric, Fores: 
Service, Forest Products Labor~:ory, 158p. 

Skills: Op~rators should know the ~asics of lumber drying, have an 
understanding of the func:ion of a cry k:.ln ana ,.,(,.,.t it is expected 
to do. Knowledge of heating/air co~ditio~ing equipment (heat pump) 
is useful. 

Investment: Purchase of commercial units usually recommended rather 
than 'putting somer.hing together' o~ your own, unless very 
knowledgeable about heating/air concitior.ing systems. Can build own 
chamber, but best to contact equipD?ent st...7plier beforehand and buik 
to needs of equipment and proauct tc be cried. 

Labor requirements: The operator s~ould possess the skiils listed 
above, supervise the loading and un:oadi~g of the kiln, and be 
available on an as-needed basis to ensure the kiln is operating 
correctly and to check the progress of d~ing. Labor may be required 
to load and unload the kiln if mech~nizec equipment is not 
available. Labor required to stack :he ~umber if mechanical stacki~g 
equipment is not available. 

Vacuum kilns: 

Hardware: The advantage of vacuum ~dlns is that they can reduce 
drying time dramatically without increasing the drying defects that 
normally occur when drying is acceleratec at acmospheric pressure. 
They become more advantageous as lu:Jber thickness and density 
increase. \lhile they are not particularly complex, it is not likely 
that most forest products plants co~ld builrl their own vacuum dryer. 
Vacuum kilns are generally cylinders or othe1 metal structures 
reinforced to withstand the pressure dif:e~ential. They also incluce 
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a vacuWI pump for removing va:er. Vacuua kilns d~ffer in how energy 
is delivered to the lumber, a~d Ca:l be categorized as follows: 

Contact heating by either electically or steam heated platens. Both 
faces of every board are in contac= with the energy source. This 
type of vacuum dryer would ir.clude a dehumidifier for condens:ng 
water for recoval. 

Dielectric heating. This is a tec~nically complex and expens:ve 
energy source. 

Alternate steam heating (at~csphe~~c pressure) anri dryir.g (~acuum) 
cycles. 

Controls are typically cicro~~ocessor based. 

Manufacturers of vacuWl! kilns: 

Haspel! 
Strada Ponte Romano, l 
17010 Rocchetta di Caire 
Savona, Italy 

Wood-Mizer Produc:s, Inc. 
Dept. CS8 
8180 W. 10th Stree: 
Indianapolis, IN 46214 
United States 

Perifra 
49, Rue D'Hauteville 
75010 Paris, France 

Hildebrand 
Holztechnik G~bh 
Postfach 1860 
D-7440 ~uer:ingen 
Federal Republic of Ger::any 

Software: The following are some references on vacuum drying: 

Pagnozzi, E.G. 1980. ~ethoc for drying lu~bP.r. Unitec States 
Patent No. 4,223,451. (~asis for Haspell vacuum kiln, l:aly} 

Harris, R.A.; Taras, H.~.; Schroeder, J.G. 1984. Comparison of 
moisture content distri:ution, stress distribution, and 
shrinkage of red oak lu::ber cried by a radiofrequency/vacuum 
process and a conventio~al kfln. Forest Products Journal 
34(1):44-54. 

Trebula, P. 1984. Vac~um-dt")'ing hornbeam wood. 
Holztechnologie 1:20-22. 



Simpson, V.t. 1937. Vacuum uLying northern red oak. Forest 
Produc:s Journal ;7(i):35-38. 

Vard, J.C.; Si~pson, J.C 1967. Comparison of four methods for 
drying bacterial:: infected and normal thick red oak. Forest 
Produc:s Jo~rnal ;7(11/12):15-22. 

Hamano, Y.; ~ish:o, S. 1988. Vacuum drying of wood with 
micro•ave hcati.~g. ~ok-uzai Gakk.aishi 34(6):46:-490. 

Zhao, S. l ~88. .. new approach :o eli~inate c::.ecking in 
hardwood dr:ec ~· a vac~um d:-ying method. Hol~ als Roh-ur.= 
Yerkstoff 4~(9~:;;1-JJL. 

Skills: Operato=s of 7acuuc kilns should know the ~asics of l~ber 
drying, as ·.;ell c.s ::'.'!.e mecha:lics cf vacuum systems. Since many of 
the vacuum ~ilns inco~orate elec:ron:cs anrl microprocessors, access 
to these sk:lls i.s '-ec:ssarv to e~sure operation. 

Investment: Vac~um ~::ns us:ng d:electric energy a?pec.r to be :oo 
costly in ~any a?pli.ca:ions. exce?t perhaps for extremely high value 
species anc proc~cts. Other types of vacuw:: kilns are less cos:ly, 
but are ger-erall:.· co::s:derec ecor.o:nical only for s!.cw and diff:cul: 
to dry speci.es. 

Labor requiremer.:s: S~illed operator is necessary. Vacuum kil:l 
requires more a::en:ic:l thar. conventional kilns because of shor: 
drying cycles. 

Operating Losts: May ~e high if elec:rical energy :s required for 
the dielectric ::.rpe or the :ype •:th ?latens heated by electrical 
resistance. 

Edge- and End-Gluing ?anels 

Both logging and mill resi.cues could be used to manufac:~re edge- ar-d 
end-glued panels, anc bo:h lower and h:gher valued prod~cts can be ~ade 
from these residues. Large branches a:id s:::naller or "resi.dual logs", and 
slabs and edgings car. provi.de furnish for glued products. Lower valued 
products would ::lcluce bloc~ board panels and hidden structural fur~iture 
parts, while hig~ value ?a~els would i:lclude exterior f~rni:ure and 
cabinetry parts. 

Hardware: Eardware needs are very broad, from sawmi.lling equip~ent to 
gluing clai:ps. Davis (1964) provides a general lis: of woodworking 
machines that would a?ply to residue utilization. ~is 

recommenda:ions plus others are listed below. Sources for the 
purchase o: such equi?ment are listec in different #orld trade 
publications, b~c are conso~idated in Wood and Wooc Products Red Book 
(Vance Publishing Co?"?. 1989), and 1990 Equipment Catalog and 3uyer's 
Guide (Miller Freeman Publishing Corp. 1989). 
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* Small portable or fixed sawmills to process short and smali 
diameter logs. 
* Kilns (see section on drying) 
* Cut-up saws 

Rip and crosscut 
* Jointing and planing eq•1ipment to dress and pr~pare gluing 
surfaces. 
* Finger jointers. 
* Glue spreaders. 
* Gluing clan:ps. 
*Glue drying ovens. 

Software: There ~re scores of pub:ications on pr~cessing, cc,ering 
all aspects of sa~ing, lumber cut-up, jointing. ~luin5. and ?laning. 
Sources of literature are: 
* Sawing 

FAO Rome, Italy 
Sawlog breakdown anc cutting patterns 

Machine alinement 
Machine per:or=ance 
Portable sa•-milling: improve efficienc~ thro~gh training 
sa~-mill imp~overoent and modernization 
Socrces of information 
Proceedings - •orkshops on sawmill productivity i=?rovecent 

Miller Freeman Publications :nc. San Francisco, CA, US~ 

Sa~"Tllill Clinic Library-~odern sawmilling tec~niques 
Sa•mill techniques for Southeast Asia 
Many other publications 

University of California, Forest Products Lab. Richmonc, CA, 
USA. 

Wood Machining Seminar Proceedin~s 1967-1989 
United States Department of Agriculture, Forest Service 

Small sa'Nlllill operator's manual. Agric. Hndbk. ~o. 27. 
Forest Products Laboratory, Madison. ~I. CS~. 

* Jointing/Planing (machining) 
United States Department of Agriculture, Fcrest Service 

Machining characteristics of United States ~cods. Technical 
Bulletin No. 1267. Forest Products ~a=oratory, ~acison, wI, 
USA. 

* Gluing 

Shaping and planing characteristics o: plantatior.·grown 
mahogany and teak. Research Paper IT?-7. Institute of 
Tropical Forestry, Rio ?iedras, PR. USA. 

United States Department of Agriculture, Forest Service 
Adhesive bonding of wood. Technical Bclle:in No. :512. 
Forest Products Laboratory, Madison, ~I. USA. 

Skills: Skill levels necessary are dependent on the le~el o~ the 
operation. 
Sawmill: Sawmill operation with a small ~orta.>le mill may require 
minimal training, but a high-speed electr,nic~l:y controllec sawm:ll 
will require a technical skill level. 
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Cut-up saws: Totally mechanical cut-up saws, either cross-cu: or rip, 
require a minimum of operating skill but a greater amount of 
deductive reasoning to ca?t:ure the highest yield possible from the 
lower grade residues. A higher skill level is necessary for 
e:ectronically controlled cut-up saws and conversely less need for 
deductive reasoning to ge: the yield. 
P:aning: Planer operation does not re~uire a high skill leve:. 
G:ue spreacer: Minimal sk:ll necessary. 
G:ue clamping: Hinioal sk:ll necessary. 
O:erating glue drving ove'-s: ~i~imal s~ill necessary. 
~=.:ntenance of equi:>men:: .\ higl': leve: of skill :s required ::o 
p=~pe~ly maintain a~y of :~e eq~ipmen: for the jobs describec above. 
~~~h of the ~aste i~ de~e:oping count:-y mills, a'-d marginal =ills 
=~=0~5hout :he worlc, i- cue t:o ?Oor =aintenance of equip=e~:. 

Cc~version operations: If :he ccnvers:on begins in the fores:, there 
c~st be harvest of the Da:erial from :he tree tops and resicual 
t::.:es, extraction to the sawmil~. and lumb"'r procuction a-;: t:'.":e mill. 
C:~version beyond lumber ?roduc::ion ~:11 include drying; cut-up of 
pa::ts (roug~ r-ill O?eration); joi~ting of edges to be glued: glue 
s;::earling, clamping. and crying: and :inal planing. 

!:-:vestment (all figures s'.":own a::e FOB 'J. S., US$ X 10
3

) 
* sa~-:ni!.l: 

Small por:able circc:ar sa•-mill 
Small portable band~:ll 
!'tedi~ circula:: 
!'tedi~ bandmill 

* Cut-up saws: 
Cross-cu: 
Ripsa~ 

* Jointer/Planer: 
Jointer (si~ple) 
Jointer (auto~atec) 
Planer (simple) 
Plane:: (state of ar:) 

* Gll!ing: 
Glue spreader 
Glue cla=ps (canual) 
Glue cla.~ps (cechanical) 
Glue ~rying ovens 

3 - 40 
4 - 40 

10 -100+ 
15 -150+ 

0.5- 10 
1 - 10 

0.2- 2 
5 20 
l 5 

1 -_, ·150 

1 5 
0.2- 1 
l - 25 
5 - 40 

Labor req1iireC?ents: :Jepenrling on where the processing starts, 
the size, and sophis:ication of the operation, the labor 
requirements can vary exte~sively. 

A small sawmill operation •ill ganerally require from ~ co 10 
persons. A larger m:ll may require 10 to 20 per~ons. ~inimal 
labor for a sawmill •ill i~clude a sawyer and an offbea::er. 
Further ~eeds will :~elude more offbearers, debarker o~erator, 
millwrighc, lumber s=ackers, truck drivers, etc. 

Cuc-up o?erations w:ll re~uire o~e operator for each cross-cut 
or rip saw. !n a very small operation one person coulc operate 
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both machines on an al:ernacing basis. In a larger operation 
either offbearers, rol:er cases, or conveyors are needed to move 
parts from one operaticn to the next. Also needed 's a sawfiler 
to maintain the saws a~d machines. 

Gluing operations will require a spreader or spreader operator, 
a clamp setter (whethe= mant:al or machine), and a drier 
operator. A maintenance pe~son is needed for any mechanical 
operation. 

Operating costs· The ccsts cf operation is so dependen: on the 
si~e of the ventcre, t~at i: is difficul: to state witt surety. 
An operation based on ~awmi:l residue might be done wi:h a 
single saw, a jointer, ~and gluing, and a planer, all C?erated 
by one or two persons. Sue~ an operation might function for a 
few thousand USS per y:ar i~ a developing country. A 
sophisticated anc intefrate endeavor, from forest to :inal 
product, could be a mc::i million US-dollar per year venture. 
All scenarios in betwe:n ar~ possible. 

SUM.~RY A..~D CONCLUSIO~S 

In this paper we have discussed the ~:nera:ion of logging and milling residues, 
the quantities estimated to exist, wh:re r~duction might occur, and hew to use 
the resicues that are generated. 

The question might be asked, "~1\ere a=e the opportunities in residue use?n 

The best opportunities are in the rec~ctio~ of residues, both in the :crest and 
in the mills. Improved logging practices (including felling, skiddin~ and 
bucking), altered diameter cutting li:Jits :or select species, use of lesser 
known species, and using more o: the :ree ~ill all reduce what is lef: in the 
forest. In the mill, quality control in debarking, sa~ing, veneering and 
drying practices, better mill design, and ~etter maintenance of equip=ent will 
reduce what is left in the mill. 

From an industrial and an environmen::l view, the reduction of residu:s is 
necessary and the best decision. Ho•:ver, total reduc:ion is not possible, and 
some recovery of residues is needed. In t~ese cases residue use i~ necessary. 

Depending on the type and location of the ~esidue, variouf solutions are 
possible. If the location is remote, in rough terrain, where transpo=tation is 
poor, or where markets are too far a•ay, soil amendments and energy may be the 
best uses. But, if these are not bar=iers. then product options shou:d be 
considered. Some of these options ar:: 

Activated charcoal. A high vale: product, with a small but demanding 
market. The capital investment ~s fairly large, the product fairly 
specific as to applic~tion, and :he market limited but growing. 

Che~icals and Chemical Derivativ:s. Again, the product may be o; 
substantial value. The technolc~ is sophisticated and the capi:al 
investment generally high. Higt skill levels are generally neces$ary. 
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The product market is variable depending on the extractable substances, 
with considerable variance in value. 

Animal Feed and Fodder. In areas where there is an abuncance of wood 
residue and little other cat:: le feed, this p:-oduc-c could be •:aluable. The 
process is technical and requires a fairly scl>stantial ca?ital investment, 
and as it is now, a royalty must be paid on the process as developed by 
certain manufacturers of the processing equip~en~. 

Composite Products. Composites, ~hether all ~ooc or wooc anc mineral 
products, have a good potential i~ all areas. prcviding :unding for the 
needed facilities can be raised. The capita: investment is ~reat, and 
some level of technical ability is needed fo~ mi:l opera:ior.. 

Solid Wood Products. It is perha?s in this area that mos: o: the initial 
activity will occur. Soiid -ood ~roducts ca~ be ?roduce~ re~cily in 
cottage industries, small coopera:ives, and =edit..:.= and l~cge~ industries. 
Less technology is required, in general, and capital req~ire=ents can be 
mini?:!al. 



A B S T R A C T 

REVIEW AND ASSESSMENT: TECHNOLOGIES FOR RESIDUES 
UTILIZATION IN DEVELOPING COUNTRIES 

This study addresses the problems of residue use in developing 

countries, bc•th from logging and milling operations. 

Reduction of residues from inefficient logging and milling and 

potential products are considered in the study while the main focus 

is on available technologies. These are illustrated using a 

standard format, by processing disciplines, as follows: 

Hardware (machinery needed) 

Software (literature, manuals, standards and codes) 

Skills (those needed for the process discussed) 

Conversion operations (investment, labor requirements, operating 

costs. 
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TABLE 1 
ESTIMATED WORLD WOOD RESIDl"'ES (Ct~ X 1000) 1 • 1987 

1 Area 

Africa 

Asian CPE 

La::in ~ericc. 

N;:c.r East 

Ot':ler IN'ping 
De·.·eloping 
tfa::ions 

De·.·eloped 
Nations 
To::al 

l (FAO 1989~. 

Roundvood 
Production 

419,131 

314,946 

378,360 

54,458 

642. 913 

9,255 

1,819,062 

1,533,384 
3,352,446 

1Thousands o: cubic meters. 

Estimated Lo~iing 
Residues -

77S,3S6 

SS.:'+,90C 

7C2,66S 

1Cl., 13E 

l.1~3.9S:!. 

:7.15E 

3,3:-5,25~ 

l,6E6,7'2.L. 
s .oe •. 9s: 

=:stimated ~up 
Residues 

272 ,435 

204, 715 

245,934 

35,398 

417,893 

6,016 

:.,182,391 

690,023 
l.872,414 

2ror the dev~loping countries, an estimate of 6:' of initia~ standing tree 
volume, basec on a recovery of SO\ (50\ residue. of the standing volume of 
harvested trees and a 15\ loss of volume :n trees damaged d~ring harvest. 

fo: the deve:oped countries. an est:mate of SOi of the initial standing tree 
volume, basec on a recovery of SS\ (45\ residue~ of the standing volume of 
harvested trees and a S\ loss of volume in trees damaged d~ring harvest. 

3 For the developing countries, 65\ :esidues, based on an estimated 35\ 
recovery fro:i input volume, exclusi-le of shrinkc.ge loss. '!'his recovery level 
may be a bit high for much of the •orld. 
For the deve:oped countries, 45\ residues. base: on an esti~ated SS\ recovery 
from input vclur.:e, exclusive of shr:nkage loss .1.non. 1981). 
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APPENDIX 

Partial list of Conventional Kiln Manufacturers. 

American ~ood Dryers, Inc. 
15495 S.E. For-Mor Cou~t 
Clackamas, OR 97015 
(503) 655-1955 
FAX ~503) 657-1304 

Brunner-Hildebrand Lbr. Dry Kiln Co. 
7523 Little Avenue, s~:te 222 
Charlotte, NC 28226 
(704) 543-7121 

The Coe Mcnufacturing ~o. 
Moore International, ~cmphis Div. 
P.O. Box 16430 
Memphis, ~ 38186 
(901) 345-5930 

The Coe Hcnufacturing :o. 
Moore Inte~national, ?ortland Div. 
P.O. Box 23366 
Portland, OR 97223 
(503) 639-3121 

Hildebrand 
Holztechnik Gmbh 
Postfach 1860 
D-7440 Nuertingen 
Federal Republic of Ge:many 

Irvington-Moore 
Div. of U.S. Natural R:sources, Inc. 
P.O. Box 40666 
Jacksonville, FL 3220; 
(904) 354-2301 

Irvington-Moore 
Div. of U.S. Natural Resources, Inc. 
P .0. Box HO 
~oodland, YA 98674 
(206) 225-8267 
fAX (206) 225-8017 

Kilntek 
P.O. Box 5883 
Asheville, NC 28813 
( 704) 254-6125 

. )3. 
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Lumber Systems. Inc. 
P.O. Box 20849 
Portland. OR 97220 
(503) 256-2231 

Southeastern Ins:allations, Inc. 
P.O. Drawer I 
Lexington, ~C 27293 
(/04) 352- 7146 

l.le:lons, Ir.c. 
P. 'J. Box 381 
Shen;ood, OR 97l~O 
(503) 625-6131 

Partial Lis: of Ceh.:.:nidificatic:1 Kilr. ~anufacturers 

Brun~er-Hildebra:1d LWI:~er Dry Kil~ Co. 
7523 Little Aver.ue, Suite 222 
Char~otte, ~C 2E226 
{ ; J4 ) 54 3 - 7121 

Ebac LUC!ber Dryers 
5/89 Park Plaza Court 
Indianapolis, I~ 46220 
017) 577--:87'J 

Hilcebrand 
Holz:echnik Gmbh 
Post:ach 1860 
D-7440 Nuertingcn 
Feceral Republic of Genaany 

I rvi:1gton-~oore 
Div. of U.S. Na:ural Resources, I~c. 

P.O. Box 40666 
Jacksonville, FL 32203 
{C:04) 354-2301 

Nyle Corporation 
P.O. Box 1107 
Bangor, ME 04401 
{207) 942-8246 

Southeastern !ns:alla:ion, Inc. (~raken) 

P.O. Drawer I 
Lexington, NC 27293 
{104) 352- 7146 
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