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Abstract

Whole-tree chips deteriorate more

c.ampldly than do clean, debarked chips

and present a greater hazard for
spontaneous ignition when stored in

= outdoor piles. To prevent ignition, the

~

chips can be stored tor only short
periods of time and the frequent rota-
tion of the storage piles rasults in
high handling costs. Drying the chips
prior to storage will prevent deteriora-
tion and heating, provided the chips
are stored under cover. In many
cases, the costs of drying can be
recovered when the chips are burned
for fuel. In these instances, drying
and covered storage is the least ex-
pensive method for maintaining an in-
ventory of whole-tree chips to be us-
ed as fuel.

introduction

Chips produced from the entire
above-ground portion of trees, bole,
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bark, branches, and foliage are called
whole-tree chips. Such chips are
prasently being used tor tuel in
several heating and powesr plamts,
This use is expected 1o greatly in.
crease in the near future.

When using whole-tree chips as
fuel or as pulpwood, it will, no doubt,
be necessary to store some of the
chips. The rate of deterioration ot
whole-tree chips in storage is usually
found to be signiticantly greater than
that tor clean, debarked chips. This
Note discusses past findings on pile
storage of whole-trea chips, ad-
vantages of drying totr storage, and
relative costs.

Background

in a laboratory-scale storage study,

Zoch et al. found aspen whole-tree
chips to evolve much more heat and
to lose ovendry weight six times
taster than clean, debarked chips
(24).' Moran reported that the decay
rate tor mixed hardwood whole-tree
chips (mainly oak) stored in an out-

DISTRIRUTION STATEMINT A

Approved o public roloane}
o vaon Unlimited

(3 "\‘ »

e

e,

- ' g
gl'ree Y

v
'
\J

Chips for Fuel Be
Dried Before Storage"

R R e v,

DTIC

-fq¥b~7‘”JL J € _ECTE

FEB 28 1980

side pile was roughly three times that
for clean, debarked chips (9). Springet
et al. found that the rate of weight
loss was significantly greater tor
southetn pine whole-tree chips than
for clean, debarked chips (18). but
that the rates wete nearly identical
for mixed hardwood (mainly oak)
whole-tree chips and clean. debarked
chips (17). However, for both pine and
mixed hardwood chips, the whole-
tree chips evolved significantly more
heat than did the clean, debarked
chips.

That bark and foliage are responsi-
ble tor the generally increased rate of
detarioration of whole-tree chips has
been demonstiated in the studies of
Gislerud and Gronlien (4.5). They
placed nylon mesh bags containing
foliage. bark, whotle-tree chips, and
clean, debarked chips in outside piles
of whole-tree chips and determined
ovendry weight losses after storage.
Weight loss during storage increased

* Maintained at Madizon, Wis | in cooperation
with the Univeraity of Wisconain
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in the order: clean, debarhed chips -
whole-troe chips « bark - toliage
Foliage losses were roughly ten
times as high as those tor clean,
debarked chips

Because of the increased rate of
deterioration of whole-tree chips and
the assoclated increased tate of hoat
ovolution, it would be expectad that
piles of whole-tree chips would be
more susceptible to spontanaous 1g
nition than simitar-sized pitas ot
clean, debarked chips That this s in
deead true was Jdemonstrated by a
chip pite firte and a subsequent chip
pile study at the Mead Corporation
pulpmull at Chidticothe, Ohio (1) In
1973, Mead beqan using smatl
quantities of mixed hardwood whole
tree chips and stonng them o the
chip pre together with mixed hard
wood clean, debarked chups The
whote tree chips were not anttormiy
dlended with the clean chips but
werre simply sproad on the pile as
they woto teceived In 1974 e quan
Hes Of awoke Gee thips o e e
ncredane: aabstantially 1o
aatimated, Dowever, that the whole
tree chup content of the ple Sever e
veoded 8 percent at any tines e (o
Space nutations in the woodyand it
was impossibie to use the chipeom
e Ordet i wineh ihey werte e
ceived Coepesad the Deltom were an
the orde t e domg e 18 et e
January (T serious chip poe e
Droke o b7 e e alb that troe con
e absoc D sg 200 tons o Grer e
chaps

Mo ut et nevet expen coced aoctep
pate tire ey ey and i an ettort te
Caderstan o the causes, setup e
ik momtonng study A new chip
pole contarmg about 30 percent nuy
edd hardwood whole ttee chips and
with a maximum height ot about 16
teat was constructed and tempera
tures in the pide were monitored with
thermocouples Within 10 days of prle
completion, a maximuim temperature
of 206° F was observed Tempeta
tures then decreased and leveled oft
at about 1357 F One month after the
first temperature rise, another began
At 41 days atter pis completion, a
maximum temperature of 2157 F was
observed and then, atter a briet
pause, the mavmum tempetatute
rose to 239° F on the 49th day Sinee
chip pile temperatures above about
1807 F are considered to mdicate a
high probability of spontaneous tgni
tion, immediate action was then
taken to cut down the pite und use

the chips This pute contamed only 30
percent whole trae chips, a pile con
tarning 100 percont whole trew chips
would be oxpoected te evolve more
heat and thas reach danagerouosty high
temperatutes ovai faster From this
study, it appears that piles of whole
troe chips o piles contaiig sigmt
cant guanbties of whote tiee chips
will be very susceptible to spon
taneous igintion Based on this
stutly, Mead adopted a policy ot
using whole tree chips on a fiest in
tirst out” basis and requinmng that the
chips be stored tor no donger than D
Javs Thete ate othor pubibished
feports of spontaneousiy agnited fires
accurmng e chep ples contammg
barhy (O o whole ree chips (10
Whitte and Detuca e studien? the
outdoae storage of Paakoand soes !
aad conciuded that longtenm ogbaade
storade s feasible and s be ey
practical (0 Thert testpifes were
however so ot that pde tem
petafttes remainged Pelow the doonges
ot b e pides weand have o
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fashion. Covering the pile using
polyethytene film might be eftective
in this case, because it would only be
necessary to keep rainfall off the
chips and not to make an air-tight
enclosure. This storage method has
been considered for use with clean,
debarked pulp chips. It was, however,
thought to be too expensive, since
the cost of drying and of covering the
chips was much higher than the
usual monetary losses incurred in
storing untreated and unprotected
chips. Losses due to spontaneous
combustion were not considered
because the probability ot spon-
taneous ignition in cliean. debarked
chips stored according to accepted
industrial procedures is 1ow (10).
Although not cost effective for clean.
debarked chips, drying and covered
storage may be cost effective for the
storage of whole-tree chips, espe-
cially those to be used for fuel.

Advantages of Drying

In recent years, the advantages of
drying wet sawdust, bark, and other
types of ‘*hogged fuel’ prior to burn-
ing have been studied (6). Drying the
fuel resulted in increased heat
release per unit of fuel and a conse-
guent reduction in the quantity of
tuel required for a given energy out-
put. When flue gas is used for drying,
it is claimed that the savings will pay
for the capital costs of a dryer in just
a few years (171,20). Drying the fuel
also results in several additional
benefits:

increased furnace capacity
Increased furnace efficiency
Reduced quantity of stack gases
Reduced particulate emissions

In recent tests, the steam output
from a boiler was almost doubled in
going from 63 percent MC hogged
fuel to 28 percent MC fuel (6). In addi-
tion, particulate emissions from the
stack were reduced from about 0.3
grain per standard cubic foot to less
than 0.1. The flue-gas tlow rate was
the same in both cases.

In many instances, it is cost etfec-
tive to dry wet bark, sawdust, or
hogged fuel when using these wood
residues to replace fossil tuels in ex-
isting boilers modified to accept
such fuels (6,.21). In situations where
a new boiler installation for burning
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100 percent wood residue fuet is be-
ing considered, the economic justifi-
cation for drying is in some doubt
(21.22). Where emission control
equipment is required, installation of
a dryer, together with a smalier boiler
and less complex emission control
equipment, will probably be as eco-
nomically justifiable as installation of
a targer boiler for burning wet fuel
and large-sized, more complex, more
efficient emission control equipment.
Thus. when considering the use of
whole-tree chips for fuel, it will pro-
bably be profitable to dry the chips in
most instances prior to burning, even
in situations where no storage is con-
templated. Drying costs, therefore,
need not be considered to be storage
costs, provided that the stored chips
are kept in a dry condition. To ac-
complish this. the outside stored
chips must be covered or she'tered
from rain and snow. Shelter costs
will, of course, be a storage expense

Protection of Chips
from Precipitation

Wood dried below its fiber satura-
tion point will not attain MC's above
that point uniess wetted by water.
Thus. any type of shelter to protect
the dried chips from precipitation wiil
serve to maintain them in a dry condi:
tion. Any type of rigid structure such
as a silo or shed is several times
more expensive per ton of stored
chips than is simply covering the
chips with heavy polyethylene film.
Based on published data (7). it is
estimated that the cost of reinforced
polyethylene film for covering a chip
pile will be about $2 per ton of dry
chips. This cost and the cost in-
volved in putting the film over a pile,
securing it in place, and finally
removing it are true storage costs.
The installation cost for covering a
pile with polyethylene film is roughly
estimated to be $1 per ton of chips
stored (ovendry basis). The cost of
removing the film at the end of
storage will be somewhat less. Thus,
the total cost of covering chips with
reinforced polyethylene film should
be somewhat less than $4 per ton of
chips (ovendry basis). In iocations
with little or even moderate precipita-
tion, it may not be necessary to cover
the dried chips. The influence of rain
and snow on uncovered piles of dried
chips should be studied.

Storage Costs

Any power or heating plant re-
quires a certain inventory of fuel on
hand at all times. If whole-tree chips
were used as the fuel source, the re-
quired inventory could be held as
either dried, covered chips or as
fresh, moist. uncovered chips. The
fresh chips would have to be rotated
frequently to prevent spontaneous
ignition. Dry covered chips could be
kept in storage tor many monihs and
incoming chips sent directly to the
dryer and then the furnace. Because
fresh, moist, uncovered chips need
rotation every 20 days, whereas dry
covered chips can be held tor more
than 6 months. the cost of handiing
the fresh chips will be greater than
the cost of covering the dry chips
with reinforced polyethylene fitm.

In 1962. Ritcey made a survey nt
the costs of handling chips into and
out of storage piles (12). The costs
varied widely from mill to mill hoi
averaged about $0.50 per ton (ovend-s
basis) into storage and about the
same cost for removal from storage.
Allowing for increases in efficiency
of handling and adjusting costs up-
ward for inflation, it would today,
undoubtedly. cost at least $1.50 to
handle 1 ton of chips (ovendry basis)
into and out of a storage pile.
Storage of a given inventory of fresh.
moist, uncovered chips for 6 montns

would then require 128

plete rotations of the chips; the cost
based on an ovendry ton of inventory
would be 9 x $1.50 = $13.50 per ton.
Dry covered storage for 6 months
would cost about $4 per dry ton for
the polyethylene cover plus $1.50 for
putting the chips into and taking
them out of the pile, for a total of
about $5.50 per dry ton. Dry covered
storage will thus be the least expen-
sive way to maintain the required in-
ventory of whole-tree chips. The
maximum time that dry covered chips
can be held in storage without signifi-
cant losses occurring should be
determined, as storage cost will be
inversely proportional to length of
storage.

in many instances, when dry chips
are burned for fuel, the drying costs
will be entirely recovered. No drying
cost recovery takes place when dried
chips are pulped and, indeed, the
dried chips may cause problems in
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pulping. Drying and covered storage

{s probably not a cost-etfective

method for maintaining an inventory
: ot pulp chips. The greatest monetary
4 losses in storage of clean, debarked
pulp chips are for southern pine
chips and amount to about $4 per ton
of initial ovendry wood substance in
6 months of pile storage (14). Drying
and covering costs would greatly ex-
ceed this loss. For pulp chips, the
best procedure would be to pulp
green whole-tree chips immediately

and to store the required inventory as
clean, debarked chips.

Conclusions

Because of the danger of spon-
taneous ignition, fresh, moist, wholie-
tree chips can be stored in outdoor
piles for only short periods ot time.
Maintaining a given inventory of such
chips in storage thus requires that
the chips be rotated frequently and,
as a result, handling costs are very

high. The ignition hazard can be
eliminated by drying the chips ana
maintaining them in a dry condition.
In many instances, drying costs can
be entirely recovered when whole-
tree chips are burned tor tuel. The
cost of maintaining an inventory for
fuel purposes in these cases is thus
simply the cost of providing a cover
for the dry chips and of moving the
chips into and out ot storage. This
method is much less expensive than
trequent rotation of moist chips.
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