Purdue Industrial Waste Conference Presentation — 1985

THERMAL SLUDGE DRYING—A LOOK AT DRUM DRYER SYSTEMS

David L. Russell, President
Global Environmental Operations, Inc.
4642 Warrior Trail, SW. Lilburn, GA, 30047

David A. Smith, Plant Superintendent
Wastewater Treatment Plant #45
North Tonawanda, NY 14120

INTRODUCTION

This is a study of thermal sludge dewatering using an atmospheric double drum dryer. This study was performed
in early 1984 at Amherst, New York’s 19 Million Gallon Per Day advanced design wastewater treatment plant.

The Town of Amherst, New York is a residential community just outside Buffalo, New York. The recent Industrial
Pretreatment survey identified no significant industrial users; the plant sludge is exceptionally low in heavy metals,
pesticides, and other organic contaminants and ideally suited for landspreading or agricultural uses. Amherst
produces about 3700 tons (dry weight) of sludge per year. Sludge is dewatered 5 days per week at a 15 dry ton day
rate (60—70 wet tons @ 21 % solids).

Sludge is dewatered using a polymer fed for preconditioning, solid bowl Sharples centrifuges and a belt press.
The dewatered sludge is sent to a sanitary landfill for ultimate disposal; current disposal costs are $15.00 per wet
ton, down from a $37.00 per wet ton cost in 1982. Current sludge dewatering and disposal costs are around $150—S
175 per dry ton of solids; landfilling costs represent about $75.00 per ton, and polymer conditioning costs represent
about $22.00 per dry ton.. Sludge disposal costs are artificially low because competition from a new sanitary landfill
in the area has depressed tipping fees, but in the long run sludge disposal costs are expected to return to around
$24.00 per wet ton.

The sludge disposal system is labor intensive. On a daily basis, excluding disposal costs, the labor cost
(exclusive of maintenance costs) represents almost 30% of the daily dewatering cost; when sludge disposal cost is
included in the total cost, the labor component drops to about 13.5% of the total. Clearly, if a proposed sludge
treatment system could offer savings on labor, chemicals and disposal costs, that system might prove worthwhile.

After we discussed our interest in a drum dryer with Mr. Paul Miller, the Division Manager, of Blaw Knox Food and
Chemical Equipment, Inc., in Buffalo, he arranged a laboratory scale test of the sludge dewatering capabilities of the
drum dryer. The test results were encouraging, and an in plant, two month lease of a small commercial scale drum
dryer was arranged to allow the town to evaluate the equipment performance, and develop their own cost data.

A drum dryer looks like its pictures in Figures 1 and 2. Sludge is fed into a pendulum feeder to distribute it evenly
in the area above the rollers. The drums are rotated in opposite directions by a motor drive. Drum temperature is
controlled by regulating steam pressure; adjustments are controlled on the rollers where it is scraped off by a doctor
blade shown in Figures 1 and 2. By adjusting the drum speed, spacing, and the temperature of the drum (steam
pressure), the operator can control the amount of water removed from the sludge and can obtain any desired degree
of dryness. Once the operating parameters are set, system performance is constant, and the equipment is non-labor
intensive. Chemical and food industry experience has demonstrated that one operator can easily run a bank of up to
a dozen drum dryers and still have time for other duties. Most drum dryers are rugged, a twenty-year operating life
not uncommon, and some dryers are reportedly still in service



PENDULUM FEED Papg

Atmospheric double drum
dryer with vapor hood and
pendulum feed.

Figure 1. Blaw Knox atmospheric double Figure 2. Schematic of drum dryer.
drum dryer.
DEWATERING TESTS
Test Conditions

A Blaw Knox 24” x 24” atmospheric double drum dryer was used for the tests because the unit’s performance is a
good indicator of the behavior of much larger models. The dryer has 25.13 square feet of drying area and was set up
as shown in Figure 2. The pendulum feed was not used; sludge was manually fed into the area above the dryer rolls.
Plant personnel collected all data on operation and performance of the equipment. Sludge was not preconditioned;
no polymers or additives were used. Where the sludge was pre-concentrated, a solid bow! centrifuge was used.

In the initial tests conducted at Blaw Knox’s laboratory, we discovered several things which helped us shape our
test program. Drying tests conducted on sludge with a solids concentration about 20% were unsuitable as the sludge
was too viscous to distribute evenly in the drums. We also found that 100% primary sludge was equally unsuitable
for drying as the sludge did not contain enough organic material to cling to the drum until it could be scraped off. The
straight primary sludge was much more fibrous, and it formed dry individual flakes which accumulated in the area
under the drums posing a potential operating problem. Since it was considered unlikely that the plant would produce
only primary sludge, mixtures of primary and secondary sludge were used in the tests.

The drum dryer was allowed to warm up for one-half hour prior to applying sludge. After warmup the drum
spacing and speed were set, and the operator made initial measurements on steam consumption using a non-
recording, non-integrating steam flowmeter. The heat released by steam condensing on the inside of the drum
evaporates water in the thin sheets of sludge on the outside of the drum. Blaw Knox predicted that dryer steam
consumption would be around 1.3 pounds of steam condensed for each pound of water evaporated.

The following material summarizes the test and performance data for 21 trial runs. Taken at once, without
explanation, the data is hard to evaluate; we will present the data first, and then represent it as it is dissected.

Table | displays the data for the initial sludge conditions. The sludge composition is approximate; it represents the
building supervisor’'s best estimate of the mixture of primary and secondary sludge.

*The wet feed rate data includes water. Steam pressure, drum speed, and drum spacing data were also recorded,
but we did not attempt to relate the amount of water evaporated per drum revolution.

Table Il presents the production data for the dryer which corresponds to the initial test conditions. The production
rate is presented in two ways—product rate and dry product rate. The dry product rate is calculated from wet feed
rate or wet product rate and the appropriate solids concentration.

The evaporation rate data are significant as they provide the best indication of overall dryer performance.
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Evaporation rates of 5 Ib/hr/sq ft are unspectacular; evaporation rates above 10 Ib/ hr/sq ft are very good. The
correlation coefficient between dry product rate and evaporation rate is about 0.62.

Table [l presents the results of 3 tests run on sludge obtained directly from the gravity thickeners. In the fourth
test in Table IIl, the centrifuge malfunctioned and wouldn’t produce a thicker sludge. While the data actually should
belong with the test results of thicker sludges, it demonstrates that the drum dryer will operate over a wide range of
feed solids concentrations.

Table IV presents data on drying sludge with solids concentrations above 11.0%. The results of test #12 were not
included because it was an outlier and not theoretically possible. At the higher solids concentrations we found that
sludge temperature and drum temperature seemed to make a difference in feed rate. Optimum steam pressure was
found to be about 50-55 psig (drum temperature = 298— 305 F) for higher solids concentrations; if the drum
temperature was too great, the sludge in contact with the drum would boil until it reached a temperature somewhere
near the boiling point of water. We believe that with a pendulum or other suitable feed arrangement, and preheating
of the sludge, high evaporation rates can be consistently achieved.

Table V presents the data from a special pair of tests run on 100% primary sludge. These tests, number IGA and
16B, were run without polymer addition. The wet sludge solids concentration achieved may be at or near the upper
limit of the centrifuge’s performance without polymer addition, but the drum dryer performed so well in test #I6A that
we increased the drum clearance to determine whether we could increase the performance of the unit. Without
changing the other parameters, the throughput rate was increased by 26% by increasing the thickness of the sludge
on the drum.

In conducting the tests, we discovered several interesting things about drum dryer performance:

1. The optimum range for sludge handling is between 60%-80% solids. Sludge drier than 85% solids
presents handling problems because it is light and friable.

Afs]c solids concentrations above 95% are reached, the evaporation rate and the solids throughput rates fall
off.

The dryer performance could be evaluated visually (see photographs). After a short operation period, the
dryer performance could be approximated by observing the manner in which the sludge rolled off the dryer.
Evaporation rates of at least 10 Ib/hr/ft2 and a solids loading rate in excess of 1.5 Ib/hr/ft2 can be
consistently maintained.

Coliform tests performed on sludges with a solids concentration over 60% solids showed a 100% bill of
coliform organisms

o &~ >

STEAM CONSUMPTION AND OPERATING COSTS

As previously mentioned, a non-integrating, non-recording steam meter was installed on the two-inch supply line
feeding the drum dryer. The steam meter had a maximum capacity of 450#/hr. The steam consumption frequently
exceeded the rated range of the meter. During periods when cold (62 F) sludge was dumped into the area above the
dryer rolls, the meter was pinned at its maximum rate while the sludge was heating.

Table VI presents select data for steam consumption. When all valid data points were considered, an average
value of 1.19 pounds of steam (5 readings) was used per pound of water evaporated. Blaw Knox suggests that the
actual value may be as high as 1.3 pounds of steam per pound of water evaporated.

At the time of the study, natural gas costs were $4.55 per 1000 cubic feet, and average boiler efficiency was
around 81% We found, as might be expected, that steam consumption was a measure of the amount of water
removed, and operating costs were independent of the rate at which sludge was dried. These studies were run by
plate counting techniques. All results were obtained by the plant’s laboratory. The results were an unexpected side
benefit and are mentioned only in passing.

The steam consumption data for the tests are presented in Table VII. When boiler efficiency and fuel costs are
applied to these data and the results of the computations plotted, the effect of initial solids concentration on operating
cost becomes quite apparent. Figure 3 clearly shows the cost-solids relationship; note that the cost projections are
on a log scale. The reason for slight scatter of the data is the differences in final solids content in the tests. The
correlation coefficient for the plot was above 0.96.

The electric motor drive costs for the drum dryer are quite small when compared to overall operating costs for a



drum dryer. As will be discussed later, the electrical costs will vary between 6% to 12% of the energy costs for the

dryer, but the exact cost is a function of the specific equipment used and hours of operation.
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PERCENT SOLIDS IN SLUDGE FEED

On a per ton of dry solids basis, the operating costs are calculated by the following formula:

(1 1) Ed g911.6
= 3 e i W — O+ 1
Cost $/Ton 1[Si SI']'X BS :u:. He = (1)
Si Initial Solids Content %

Sf Final Solid Content %

Eb = Efficiency of Boiler %—Estimated at 81%

o

Ed = Efficiency of Dryer (#Steam/#H,0O Evaporated) Value of 119%
He = Difference in enthalpy between steam and condensate (BTU/Ib)
Cf = Fuel Cost per 1,000,000 BTU—3%

Cm = Electrical Power costs adjusted for drying rate — per ton of dry solids cost—/$.

Drying Rate and Boiler Capacity

The size and number of drum dryers at an installation is dependent upon the rate (Ib/hr) at which the product
must be dried. Rate of dewatering is a function of the number of operating hours per week and to a lesser extent the
availability and cost of the manpower required for the operation. The availability of steam is also a consideration, and
available boiler capacity does affect the operating rate.

Using Blaw Knox’s dryers as an example, the optimum evaporation capacity is conservatively estimated at 10
Ib of water evaporated per square foot of dryer surface. Solids loading rate can also be used to measure dryer
performance, but, as reported in test #7, its sole use may be misleading as dilute sludge drying may be evaporation
limited. Individual sludges may also vary in relative drying ease. Returning to our example, Table VIII compares
drying rates for each of the particular drum dryer sizes using a |0#/hr/sq ft evaporation rate and a 1 .5#/hr/sq ft dry
solids loading basis.

For a plant generating 15 tons per day (dry basis) of sludge at 20%—21% solids, the number of drum dryers
used and the length of the operating day and boiler capacity are all factors.



Table VHI. Expected Drum Dryer Performance

Selected Drying Area Projected Capacity- #/hr
Equipment Size sq. ft. Evaporation Solids
24 x 24 25.1 251 37.65
2x T 100 1000 150.0
2x % 125.6 1256 188.4
42 % 120 219.9 2199 330
60 x 144 n 3770 565.5

At Amherst, New York, for example, sludge dewatering takes place 16 hours per day, 5 days per week. To
adhere to that schedule, the plant will require three—60” x 144" and one—32" x 90" drum dryers. At a 20—22 hour
operation, 7 days per week, the plant will require four—42” x 120" dryers. The shorter operating day will increase
projected capital costs 30%—50%.

Not all sewage treatment plants have boilers. One method of evaluating the capacity of the existing boiler system
is shown in Figure 4. Final and initial solids concentration were plotted on a common scale, and the final solids
concentration was offset by evaporation requirement boiler (steam capacity divided by 1.19). For the Amherst plant,
we found that a 20 hour operating day would allow sludge with solids concthtrations as low as 12%2% to be
evaporated to about 67% solids without additional boiler capacity. If a 90% solids final product were required, the
initial solids concentration should be about 13% solids. The installation of auxiliary boiler would permit the plant to
process sludge at a 16 hour per day rate.

Operating and Capital Cost Comparisons

Drum dryers are comparably priced with other capital equipment used in sludge handling. A system, including
boilers, heat recovery equipment, and sludge handling, exclusive of the centrifuges, costs between $175—$225 per
annual ton of dry solids capacity (1984 prices).

The installation of a drum dryer will reduce the costs of operations at the Amherst POTW by the following
amounts shown in the tables IX and X on the next page



Table IX, Town of Amherst—Waste Water Treatment Plant Estimated
Daily Solids Handling Costs 15 TPD—S5 Days Per Weck

Sludge Thickening—15 TPD Item Cost Daily Cost
Flotation system used as gravity thickener
Maintenance—Materials & Labor 24.00
Labor 28.86
Total 52.86 52.86
Belt Press—22
Electricity 44.06
Polymer 265.00
Maintenance 27.00
Labor : ' 181.82
Total 517.88
Centrifuges—22
Electricity 90.00
Polymer 265.00
Maintenance : . 30.00
Labor - 90.55

Subtotal . 475.55
Land Disposal—Contract -
$17.00/Wet Ton @ 21% Solids

(71.43 TPD Wet Solids) 1,214.29 1,214.29
Total Daily Cost 2,260.58
Average Cost/Ton - 150.71

aTaken from Ambherst internal cost summaries and adjusted for power and labor costs.

Table X. Town of Amherst Waste Water Treatment Plant
Estimated Daily Solids Handling Costs
Thermal Sludge Drying Option 15 Tons/Day—5 Day Week Operation

Item Total - Daily Cost

Sludge Thickening 52.86 52.86

Belt Presses -0- -0-

Centrifuges _
Electricity 90.00
Maintenance 30.00
Labor? 80.00
Polymer -0-
Subtotal 200.00

Drum Dryer :
Energy® 1,062.03
Electricity : 116.00
Maintenance 12.00
Labor—2 hrs/shift 86.04
Subtotal ' - 1,276.07

Land Disposal—20 Wet Tons/Day 340.00 340.00

Total Daily Cost 1,868.89

‘Average Cost/Ton 124.59

Estimated Savings—Daily 391.60 -

Estimated Savings/Ton 26.11

Estimated Annual Savings $96,616.86

2] abor savings of $10/Day due to not using polymer.
b14% Wet Feed—75% Dry Product.



Table X1I. Typical Sludge Disposal Cost Alternatives
15 TPD Dry Solids Basis

CASE 1 .
Sludge feed 13% sludge finish 85% $1,191.18
Sludge disposal $17/Wet Ton 300.00
Base Costs? 467.00
Total Costs (Daily) $1,958.18

CASE 2
Sludge feed 11% sludge finish 90% $1,458.00
Sludge disposal $17/Wet Ton 284.00
Base Costs 467.00
Total Costs (Daily) $2,209.00

CASE 3 '
Sludge feed 16% sludge finish 75% $ 899.00
Sludgedisposal $17/Wet Ton : 340.00 -
Base Costs : 467.00
Total Costs (Daily) ' - $1,706.00

CASE 4 : ,

Sludge feed 11% sludge finish 65% $1,300.00
Sludge disposal $17/Wet Ton : 393.00
Base Costs 467.00
Total Costs ' $2,160.00
~ Average estimated daily cost belt press system $2,260.00

aBase costs represent all costs for drum dryer system less energy costs and
disposal costs. '

Table XII. Estimated Capital Equiplt;ent Costs—Thermal Sludge Drying Option
15 Dry Tons Per Day Sludge Handling Capacity

Estimated Amortized

Description ‘ Cost Cost2
Drum Dryers - © . $750,000 $37,500
Boilerc - 60,000 3,000
Energy Recovery Systemd 100,000 5,000
Total ‘ $910,000 $45,500
Cost Per Ton—3700 TPY $12.30
Estimated Labor Savings— Annual®b _ $25,000
Energy Recovery—Heating System¢ » 7,000
Net Capital Cost/yr v : $13,500
Net Capital Cost Per Ton , . $3.64

220 year life ‘

bBasis—discussion with building supervisor—estimate include overtime.
¢Basis—partial energy recovery—120° recovered water from steam.
dCondensation system to recover vapor energy evaporated from sludge.
€Tvnical inctallatinn cnct
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. Polymer reduction—elimination of polymers saves $35.33 per ton of dry solids.

2. Landfilling costs. A $17.00 per wet ton disposal cost is equivalent to a 580.95 cost per dry ton. At 75%
solids, the same wet ton would cost $22.67.

3. Solids dewatering costs include costs for belt presses, electrical energy, maintenance and labor. By dis-

continuing these operations, estimated savings will be S 16.86 per dry ton of solids.

These cost savings total $1 10.47 per dry ton or about $1657.05 per day. The projections have been taken from
plant cost records.

Offsetting these savings are expenses for the drum dryer operations and capital costs of about $12.76 per day.
The net savings is $381 per day. The plant's operating costs, and projected savings are presented in Tables IX and
X. The data in Table XI and Figure 5 compare the daily operating costs for a 15 ton per day dry solids plant. As
projected in Figure 5, the operating costs can be very sensitive to the cost of landfill disposal and the amount of
sludge dewatering. Estimated capital equipment costs are presented in Table XII.

SUMMARY

The cost of landfilling has gone up. Most sludge dewatering technology is limited to about 21 % solids in the
sludge and even less with waste activated sludge as the main feed. At the higher disposal costs, municipalities are
paying a penalty of about $50—$ 100 per dry ton for their inability to get the water out of the sludge.

A double drum dryer is simple to operate and can dewater solids to almost any desired concentration. The money
spent on energy is more than offset by the money saved by not using polymers, the beltpresses, and by hauling less
solids to the landfill.
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