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ABSTRACT 7he use of briguetted sludge for fuel is.an alternative 10 the
current practice of landfill disposal Shidge is ppically less than 1% sulfur and
bas a heating value of more thar G000 Btu/0.d, b. The resulting briguettes,
when dried to at least 80% solids, bave bigh compressive strength and abrasion

resistance.
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A sludlge briquetting system to handle 42 o.d, tons/day will reduce landfill by
47,000 tons/year and return a 5-year ROI of 35% on approximately $1

million of investment.

Pulp and paper companies produce
large quantities of sludge each day in
their waste treatment processes (I).
Currently, this sludge is used for land-
fills, but the expense is considerable.
In addition to the increasing costs,
future considerations of landfill dis-
posal inciude the potential difficulty of
finding suitable sites and the likely
tightening of regulations governing
solid waste disposal. A process that
could convert the sludge to a form
easily burned in a hog fuel boiler
would minimize landfill disposal costs
and would simultaneously satisfy some
of the eurrent and future fuel require-
ments.

Agglomeration followed by the burn-
ing of pulp and paper sludge is not a
totally novel process. International
Paper, for example, suceessfully
started burning pellets at its Pine
Bluff, Ark., mill in December 1982
(2). Compacting the sludge to form
large-sized briquettes, however, has
apparently not been attempted else-
where.

Here, we summarize the physical
and chemical characteristics of one
particular sludge and the resulting
briquettes. We also provide a prelimi-
nary process design and estimate the
economic feasibility of installing and

operating this process.

Process background
‘The nature of the sludge

In a typical kraft process, sludge is
produced by the treatment of the waste
water from the papermaking opera-
tions and from the spent liguor spills
from the pulping steps. The waste
treatment process, for the site we con-
sidered, produces a sludge that is 80%
primary sludge and 20% secondary
sludge on a weight basis, or 50% each
on a volume basis. As it exits from the
waste treatment, the sludge varies in
solids content depending upon the spe-
cific processes. Various types of de
watering equipment typically increase
the solids content to 20-80%.

The sludge is a fibrous material,
consisting largely of very short fibers
or other unusable wood fragments and
excess microorganisms from the acti-
vated sludge treatment process. In
addition, it contains filler materials
that were not retained in the paper-
making steps. Though the exact com-
position will vary with the particular
product being manufactured at that
time and other operating parameters,
an average composition in terms of
metals, nitrogen, and sulfur is pre-

sented in Table I. For comparison
purposes, the composition of municipal
sludge and typical paper mill sludge
(7) are also included. Sludge A is the
experimental material for this study.

Though sludge is high in aluminum
and caleium, there are no metals in
large concentrations that could create
undesirable environmental effects,
that would hinder combustion, or that
would prevent disposal of the ash.

The sulfur content (approximately
0.5%) is lower than many “low-sulfur”
coals and should create no serious
emissions problems. Because of its
high concentration, the calcium will
likely bind some of the sulfur and
further reduce the SO; emissions.

The nitrogen content (1%), though
low compared to municipal sludge, is
high enough to result in significant
NO, emissions if the sludge is burned
under excess oxygen conditions. Briquet-
ting should help this problem because
fuel nitrogen conversion in stoker beds
iglower than in suspension-phase burn-
ing.

Calorimetry measurements were
made on Sludge A, and the resuits are
in Fig. 1. Again, these values are only
typical, and they vary depending on
the sludge composition at the time of
sampling.
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I. Sludge compositicn, percentage of dry weight

1. Sludge heating value
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Sludge briquettes

The sludge was briquetted at the Uni-
versity of Wisconsin-Green Bay pilot
plant facility, located at Feeco Interna-
tional. The proeess in the pilot plant is
a batch operation, but the results
should be translatable to a continuous
operation.

The sludge was dried (at about
175°C) in a large forced-draft oven and
mixed to assure a more uniform water
content and to produce a material of
balls approximately 0.64-1.8 em in
diameter. In this form, the sludge was
fed fo a Bepex model CS briquetter.
The pressure on the rolls, the size of
pockets which determine the briquette
size,-and the sludge moisture content
were variable,

For ecombustion process reasons, ef-
forts concentrated on relatively large
sludge briquettes, with a volume of 50
emsd. The weight of the briquettes
varied with water content, ranging
from about 25 g to about 65 g at 40%
solids. The larger size and weight
assured that the briquettes fall to the
bottom: of the hog boiler during firing.

To determine the optimum sludge
moisture for briquetting, briquettes
were made from sludge at various
moisture levels (25-55% solids content)
and at three briquetting gauge pres-
sures (1000, 2000, and 3000 Ib/in.2—or
26,895, 18,290, and 20,685 kPa). The
green briquettes were immediately
tested for compressive strength, and
the resuits are shown in Fig. 2. The
optimum moisture content for briquet-
ting appears to be 40% solids content.
Though the higher briquetting pres-
sure of 3000 Ib/in.? produces stronger
briguettes, it may be economical to
briquette at lower pressures to de-
crease abrasion on the rolls.

At this moisture content of 40%
solids, the sludge does not tend to stick
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to the briquetting wheels, so norelease
agentisneeded. It might helptohavea
system to occasionally rap the wheels
to assure no sludge is building up in
the system, depending: on the exact
nature of the sludge, but this was not
necessary for the particular samples
with which we were working.

The green briquettes are not suffi-
ciently durable to be roughly handled,
so 1t is necessary to dry them after
formation. This drying will of course
increase the as-fired heating value in
the burning step, as noted in Fig. 1. To
dry the briquettes completely before
firing would take too much time. There-
fore, an optimum balance must be
reached at which the briquettes are
strong enough and have a large avail-
able heat content yet do not require
excessive drying. To determine this
optimum point, briquettes were
formed from sludie at 40% solids con-
tents. These briquettes were then dried
ina177°C forced-draft oven for various
lengths of time. Figure 3 illustrates
the drying rate, and Fig. 4 illustrates
the corresponding increase in compres-
sive strength with drying.

The compressive strength of the bri-
quettes is a useful measure of how well
the briquettes will withstand being
stored in large piles. However, their
resistance to abrasion is a better mea-
sure of how they will withstand the
forces normally experienced while they
are being transported. To determine
this resistance to abrasion, four sludge
briquettes were shaken automatically
for various periods of time in a ¢ylin-
drical metal container 15.5 em in dia-
meter. The briguettes are relatively
resistant to abrasion, losing about 5%
of their initial weight in the first hour
and 13%in 8 h.

Another problem with moist bri-
quettes is the potential for deteriora-

tion caused by microbial growth. Green
briquettes rapidly become moldy un-
der warm, moist conditions. No prob-
lems will occur if the sludge briquettes
are burned soon after formation, or if
they are spread out and allowed to air
dry. However, if they are to be stored
longer than a week or two in nondrying
conditions, it would be advisable to dry
them first.

Because of the need for inereased
strength and the need to curtail miero-
bial growth, the briguettes should be
dried to 80% solids content if they are
to be stored for any length of time, If
they are to be burned immediateiy,
less drying is permissible from a miero-
bial deterioration perspective. How-
ever, the heating value decreases when
they are burned moist, and this en-
courages drying with waste flue gas.

Drying the sludge creates an odor
problem. Consequently, drying must
be conducted in an enclosed area, using
proper environmental controls.

Once the briquettes are dried, they
are quite hydrophobic. They retain
their shape, though they become soft
after several weeks of storage under
water. Short periods of contact with
water such as rain, for example, should
not have a major detrimental effect on
them.

Process design and evaluation

The following procedure was used for
the design and economic evaluation of
the sludge briquetting and burning
process:

i. Determine the optimum physical
characteristics for the briquettes
(strength, microbial stability, heating
value) and the corresponding process
conditions.

2. Design an appropriate flowsheet,
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2. Strengths of briquettes formed at various
moisture contents.

3. Briquette drying time

12000 Ib/in.:

oo

including the type of equipment most
feasible for each step in the process.

3. Estimatethe costs from vendor infor-
mation using estimating techniques
(3) ineluding the Marshali and Swift

Index.
4. Determine the profitability for re-

placing a portion of the bark with
sludge and for selling the excess bark,

Process constraints

For the purposeof the economic evalua-
tion, the landfill sludge is estimated to
be available at 20-30% solids, at a rate
of 42 o.d. tons/day. Approximately
15-809% of this material is ash. Primary
sludge tends to be higher in ash (27%),
and normal mixed sludge is lower
(22-23%).

Figure 5 is the flowsheet that was
developed for this process. Table 11
indicates the mass and energy balance
values which correspond to the major
streams. In these balances, 100% yield
of solids is assumed through the serew
press, briquetter, conveyor dryer, ete.
Undoubtediy, there will be some loss
at each step, but internal recycling,
such as sending the excess water back
to waste treatment, should minimize
the overall solids loss.

Asthefigureshows, there areseveral
options available. If neecessary, the
sludge can be sent to the landfill after
the belt press. The brigquettes can be
dried and fed directly to the hog fuel
boiler, or they can be placed into
storage for later combustion. In this
latter case, though it probably would
be desirable to protect them to prevent
extensivesoaking due torain, a totally
enclosed area is not necessary.

Equipment costs

There are three major pieces of equip-

ment to be purchased for this process:

1. Equipment to increase the solids
content from 30% to 40% prior to briquet-
ting

2. A briquetting machine

3. Equipment to dry the green bri-
quettes fram 40% solids to 80% solids.

Screw press

Because of its slow heat drying rate, it
is much easier and more economical to
initially increase the solids contents of
the raw sludge by some mechanical
means. If it exits the waste treatment
at 20-30% solids, the sludge is too
moist for effieient briquetting. We
therefore recommend a second stage
of water extraction by means of a
screw press. To ensure that the feed
portion of the press does not become
plugged, a maximum of 20% solids
contents in the waste treatment exit
stream is recommended. A variety of
types of screw presses are commer-
cially available, We chose to use data
for an 18-in. horizontal press in our
calculations. This press should be cap-
able of increasing the solids content to
38-42%, The estimated equipment cost
is $138,600.

Briquetting machine

The pilot plant work was conducted on
a Bepex model CS briquetter. This
briquetter has two horizontally
mounted wheels. Vertically mounted
wheels are generally preferred, how-
ever, if moisture in the material is a
potential problem. For this reason, we
used the specifications for a vertically
mounted system. The estinated equip-
ment cost is $1086,000.

Conveyor dryer
Most paper companies, particularly
those with integrated pulping cap-

4, Strength vs. moisture content

ability, have waste heat available. We
assumed that an adequate amount of
flue gas (a minimum of 60,000 ft3/min)
at 175°C and 26% moisture was avail-
able from the recovery boiler. This
heat can be used to dry the briguettes
in either a tray or conveyor dryer. The
capital investment will likely be less
with a tray dryer, but this advantage
18 soon lost as a result of the increased
labor costs, particularly when a large
volume of sludge must be dried. For
this reason, we recommend a conveyor
dryer.

The conveyor dryer cost estimate of
$250,000 used in these calculations
was for a single-pass system. Such a
system would need to be 8-10 ft wide.
and 100 ft long. A multiple-pass con-
veyor dryer system is also an option.
Though the capital cost for the multiple-
pass system is almost twice that of a
single-pass system ($410,000 plus an
additional $40,000 for a cooler), the
physical size is much smaller. A five-
pass (5-belt) conveyor would be ap-
proximately 9 ft high, 10 ft wide, and
27 ft long. The cooler would add ap-
proximately 11 ft to the length.

Additional costs

Engineering costs including electrical,
piping, installation, and controls are
estimated to be about $400,000. Other
conveyors (100 ft estimated} would
add $30,000.

Odor control can be accomplished
by enclosing, especially the conveyor
dryer. Ductwork can transport the
exhaust air to the boiler air intake for
odor removal. It is assumed that this
dryer and the remainder of the briquet-
ting process can be located in a build-
ing already in existence, so no cost
estimates are included for foundations,
enclosures, or air handling systems. If
construction is necessary, these costs
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might add another $100,600, or about
10% of the purchased equipment cost.

The total fixed capital investment of
$925,000 is as good as an estimate can
be without specific drying and burning
tests made on a mill’s sludge. The next
step should include pilot-seale produc-
tion of briquettes, using a continuous
feed system, and a test burn of the
briquetted material in the hog fuel
boiler. Assuming that the results are
satisfactory, samples of the sludge
should be sent to the appropriate ven-
dors for screw press and conveyor
dryer tests, to confirm the relation-
ships between sludge characteristics
and process equipment.

Operating costs

The estimated yearly operating costs
are based on continuous operation 24
h/day, 360 days/year.

The power costs were obtained from
Wiseonsin Publie Service (Green Bay)
and are indicative of costs for a large-
gcale user. The peak and off-peak rates
were simply averaged to give a value
of $0.41 kW/h. The demand charges
are $4.35/kW (per month). The total
connected hp is estimated to be 300,
the kW 223, the demand charge
$11,600, the time charge $79,000.

One additional person per shift
would be required to monitor the entire
process at a loaded hourly cost of
$16.00. The labor costs are therefore
$137,700 annually.

Maintenance was estimated to be 6%
of the fixed eapital, or $55,500 per
year.

The resulting total operating costs
are estimated to be $283,000/yvear.

Savings

The sludge is assumed to be burned in
the existing hog fuel boiler, replacing
a portion of the bark eurrently used.
The bark is assumed to have a heating
value of 4500 Btu/1b at 50% moisture
(4). The amount of bark that could be
replaced is that amount that would
provide an equal amount of energy to
the energy obtainable by burhing 100%
of the sludge generated. It is realistic
to assume that the bark can be sold at
the cost of hauling and handling. Un-
der these circumstances, $989,000 can
be saved annually in reduced disposal
costs,

If mill circumstanees are such that
sludge briquettes actually replace pur-
chased fuels of higher value, the eco-
nomie return is substantially greater.
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5. Flowsheet for the sludge briquetting and burning process.

L. Mass and energy balances
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Profitability evaluation

In these ROI calculations, the project
was assumed to have a lifetime of only
5 years, and the salvage value was as-
sumed fo be 0. A straight line deprecia-
tion over the 5-year period was used,
and a 50% tax rate was assumed. An-
nual operating costs are about $283,000,

and savings from landfill costs are
$939,000. Under the cash flow, salvage,
and projeet lifetime conditions as-
sumed, the return on the investment is
greater than 35% (Table III).



1. Savings incurred by sludge burning

~ Landfill. costs for sludge as is -
i tong of sludge/year 50
$/cubicyard®.

> Landf;ll costs for sludge o
- if burned-at 22% ash -
“tons.of.ash/year
-$/year

priately for burning. The serew press
should provide sufficient sludge mois-
ture control to assure good briquetting,
with no significant sticking of the
sludge to the briquetting wheels.

The burning characteristies of each
particular sludge must be evaluated,
however. Potential technical difficul-
ties might be the slagging of ash and
the fouling of surfaces. Excessive a-
mounts of clay, in particular, may
create difficulties in the boiler which
must be monitored. Finally, the poten-
tial difficulty of finding suitable land-
fill sites in the future and the likelihood
of a tightening of regulations govern-
ing land disposal also support the in-
stallation of this process.
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