4" Stage/Env. Eng. Dept.  Sludge Treatment  Asst. Prof. Dr. Haneen A. Kh. Karaghool

Lecture # 2: Thickening of Sludge

Introduction

Sludge thickening is a critical step in wastewater treatment, aimed at reducing the water content
of sludge and preparing it for further treatment processes like digestion, dewatering, or disposal.
Thickening helps to reduce transportation costs and improve the handling of sludge by decreasing
its overall volume. In this lecture, we will explore the various methods of sludge thickening,
common challenges, and provide exercises to practice real-world applications.

1. Definition and Importance of Sludge Thickening

« Definition: Sludge thickening is the process of concentrating the solid fraction of sludge
by removing free water. The goal is to reduce the sludge volume before subsequent
treatments.

o Importance:

o Reduces the volume of sludge for treatment.
o Lowers the cost of transporting and disposing of sludge.
o Enhances the performance of digestion and dewatering processes.

2. Methods of Sludge Thickening

1. Gravity Thickening:
< Process: Uses gravity to allow solids to settle at the bottom of a tank, separating
the water (supernatant) at the top.
< Advantages: Simple, low-cost, and widely used for primary and secondary sludge.
< Limitations: Inefficient for very dilute sludge or sludge with fine particles.
2. Flotation Thickening:
< Process: Air is bubbled through the sludge, causing solids to float to the top, where
they can be skimmed off.
< Advantages: Effective for thickening sludge with low solids content or sludge that
does not settle well.
< Limitations: Requires more complex equipment and higher energy consumption.
3. Centrifugation:
< Process: High-speed spinning creates centrifugal force to separate water from
solids.
< Advantages: Can handle a wide range of sludge types and concentrations, quick
processing.
< Limitations: High energy demand and maintenance costs.
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4. Belt Thickening:
< Process: Sludge is fed onto a permeable belt where water is drained away by
gravity, often followed by pressure to squeeze out additional water.
< Advantages: Good for continuous operation and relatively low energy use.
< Limitations: Belt clogging and maintenance can be problematic.

3. Solved Problems
Problem 1: Gravity Thickening Efficiency

Problem Statement: A wastewater treatment plant processes 500 m3/day of sludge with a solids
concentration of 1.5%. The sludge is gravity thickened, producing thickened sludge with 6%
solids. Calculate the volume of thickened sludge produced per day.

Solution:

e Initial solids = 500 m*/day % 1.5% = 7.5 m°/day of solids.

* Final solids concentration = 6%.

Using the solids balance:

7.5 m?/day

_ por
7 6%
Where V; is the volume of thickened sludge:
7.5
Vi = — 125 m?/day
0.06

Thus, the volume of thickened sludge produced is 125 m?/day.
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Problem 2: Flotation Thickening Air Requirement

Problem Statement: In a flotation thickening unit, air is injected into 200 m3/day of sludge to
float the solids to the top. If the air-to-sludge ratio is 0.02 (by volume), calculate the volume of air
needed per day.

Solution:

e Air-to-sludge ratio = 0.02.

e Volume of sludge = 200 m?/day.

Volume of air required:

Air volume — 200 m?/day x 0.02 = 4m?/day

Thus, 4 m*/day of air is required for flotation thickening.

4. Common Challenges in Sludge Thickening

e Poor Settling: In gravity thickening, certain types of sludge may not settle well due to fine
particle sizes or low density.
« Solution: Pre-treatment with coagulants or flocculants can help improve settling
characteristics.
« Foaming in Flotation: Excessive foaming may occur during flotation thickening.
« Solution: Proper control of air injection rates and defoaming agents can be used.
« Clogging in Belt Filters: Solids may clog the belts, reducing efficiency.
e Solution: Regular cleaning and proper selection of belt porosity can mitigate
clogging issues.
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5. Exercises

Exercise 1: Calculate the Thickened Sludge Volume

Problem Statement:
A wastewater treatment facility processes 300 m3/day of sludge with a 2% solids concentration.
After thickening, the solids concentration is increased to 8%. Calculate the volume of thickened

sludge produced.
Solution:

o Initial solids concentration: 2%
o Thickened solids concentration: 8%
« Initial sludge volume: 300 m3/day

Let V; represent the volume of thickened sludge produced per day.

Using the solids balance:
Initial solids = Final solids
300 m3/day = 2% = Vi = 8%
Convert percentages to decimal:

300 = 0,02 =V, = 0L08

Solve for Vi

3 = 0,02 B
1._.-1' — —

— = 75 me/day
0.08 0.08  omw/day

Answer: The volume of thickened sludge produced is 75 m*/day.

Exercise 2: Flotation Thickening Air Requirements

Problem Statement:
A flotation thickening unit operates with 250 m3/day of sludge. If the air-to-sludge ratio is 0.015,

how much air is required for the process?
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Solution:
e Sludge volume: 250 m?¥/day
e Air-to-sludge ratio: 0.015

The volume of air required is given by:
Air volume = Sludge volume x Air-to-sludge ratio

Air volume = 2560 m*/day = 0.015 = 3.75 m*/day

Answer: The volume of air required for flotation thickening is 3.75 m®/day.

Exercise 3: Impact of Thickening on Transportation Costs

Problem Statement:
A plant reduces the volume of its sludge from 400 m3/day to 100 m3/day using centrifugation. If

the transportation cost is $15 per m3, calculate the reduction in daily transportation costs due to
thickening.

Solution:
« Initial sludge volume: 400 m3/day

o Final (thickened) sludge volume: 100 m3/day
o Transportation cost per m3: $15

Initial cost = 400 m*/day = 15§ /m?* = 6000 $/day

Final transportation cost:

[

Final cost = 100 m*/day = 15%/m* = 1500 % /day
3. Reduction in transportation cost:
Cost reduction = 6000 $/day — 1500 % /day = 4500 % /day

Answer: The reduction in daily transportation costs due to thickening is $4500/day.
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Example 1: Gravity Thickening Performance Evaluation

Problem Statement:
A gravity thickener processes 600 m3/day of sludge with a 1.2% solids concentration. After

thickening, the solids concentration in the thickened sludge is 5%. Calculate the volume of
thickened sludge produced and the percentage reduction in sludge volume.

Solution:

1. Calculate the initial solids mass:

Initial solids mass = Initial sludge volume = Solids concentration

Initial solids mass = 600 m*/day x 1.2% = 600 x 0.012 = 7.2 m*/day of solids

2. Caloulate the volume of thickened sludge: Using the solids balance:

Imitial solids — Final solids

600 m?/day = 1.2% — V; = 5%

600 = 0.012 = T = 0.05

7.2 = 0.05 x V;
Vi = ﬂ’ﬂ?: — 144 m?/day

3. Caloulate the percentage reduction in volume:

Initial volume — Thickened volume

Volume reduction — — s 100
Initial volume
- 600 — 144 456
Volume reduction — —— = 100 — — = 100 — T6%
600 600

Answern

»  The volume of thickened siudge produced is 144 m¥/day.

s The percentage reduction in sludge volume is 76%.

Example 2: Thickening and Polymer Dose Calculation

Problem Statement:
A belt thickener is used to process 500 m3/day of sludge with 2.5% solids. To enhance the

thickening process, a polymer is added at a dose of 5 kg per 1000 m?3 of sludge. Determine the
total amount of polymer required per day.
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Solution:

1. Calculate polymer dose per unit volume: Given that the polymer dose is 5 kg per 1000 m® of

sludge:
Polymer d s X8 ) 005 ke /m?
QIVInerT dose per - — ——— — L. L ik
. P 1000 m? B

2. Caloulate the total amount of polymer required per day:
Total polymer dose — Polymer dose per m? x Sludge volume

Total polymer dose — 0.005 kg,/m? = 500m?®/day — 2.5 kg/day

Answer:
The total amount of polymer reguired per day is 2.5 kg.

Example 3: Efficiency of Centrifugal Thickening

Problem Statement:
A centrifuge thickens 800 m3/day of sludge with a 3% solids concentration. After thickening, the

sludge has a solids concentration of 9%. What is the mass of water removed per day?
Solution:

1. Initial solids mass:

Initial solids mass — 800 m?/day x 3% — 800 x 0.03 — 24 m*/day of solids

2. Final volume of thickened sludge: Using the solids balance:

800 x 0.03 = Vi = 0.09

24 =V % 0.09
7 24 ‘ a3/
‘/2 - m — 266.67Tm /day

3. Volume of water removed:
Water removed — Initial sludge volume — Final thickened sludge volume

Water removed — 800 — 266.67 — 533.33 m*/day

Answer:
The mass of water removed per day is 533.33 m*/day.
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Example 4: Belt Thickening Capacity and Cost Savings

Problem Statement:

A belt thickener is processing 700 m¥/day of sludge at 2% solids. After thickening, the solids
concentration increases to 6%. The transportation cost is $20 per m?, and the disposal cost is $10
per m3. Calculate the reduction in daily costs due to thickening.

Solution:

=k

Initial solids mass:
Initial solids mass — 700 m? /day = 2% — 700 = 0.02 — 14 m?/day of solids
2. Volume of thickened sludge: Using the solids balance:
TO0 3 0.02 — TF =« 0.06
14 — 006 = T

. 14
Vi — —— — 233.33 m* 'day
N

Initial total cost (before thickening):

i

Initial cost — (Transportation cost + Disposal cost) = Initial volume
Initial cost — (20 + 10) = 700 — 30 = 700 — 21,000 5 /day
4, Fimal total cost (after thickening):
Final cost — (200 + 10) = 233.33 — 30 = 233.33 — 7. 000 % /day
5. Cost savings:

Cost savings — Initial cost — Final cost

Cost savings — 21, 000 — 7, 000 — 14, 000 % /day

Answer:
The reduction in daily costs due to thickening is $14,000/day.
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Example 5: Polymer Dose in Flotation Thickening

Problem Statement:

A flotation thickener processes 400 m3/day of sludge at 1.5% solids concentration. A polymer is
added at 6 kg per 1000 m3 of sludge. Determine the total polymer required daily and the mass of
solids removed if the thickened sludge has 6% solids.

Solution:

1. Calculate the polymer dose:

Gk
100H) m?®

Polymer dose per m?* — — 0,006 kg /m?

Total polymer dose — 0006 kg/m?® = 400m® /day — 2.4 kg/day

2

Imitial solids mass:

Initial solids mass — 400 m?®/day » 1.5% — 400 = 0.015 — 6 m?®/day of solids
3. Fimal volume of thickened sludge: Using the solids balance:
400 = 0016 — T = 0.06

6 — 1% = 0.06

(1]
i — — — 100 m# /day
NI e
4, Mass of solids removed:

Water removed — 400 — 100 — 300 m*/day

Answer
*  The total pelymer required per day is 2.4 kg/day.

» The mass of water removad is 300 m¥/day.
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Multiple Choice Questions (MCQs)

1. What is the primary goal of sludge thickening?

2.

A) To reduce the volume of water in sludge

B) To increase the solid concentration of sludge
C) To remove pathogens from sludge

D) Both A and B

o O O O

In a gravity thickener, if the initial solids concentration is 2%, and the thickened
solids concentration is 8%, what happens to the sludge volume?

A) It increases

B) It decreases

C) It remains the same

D) Cannot be determined

O O O

@)

Which of the following thickening methods uses dissolved air to separate solids from
water?

A) Gravity thickening

B) Centrifugal thickening
C) Flotation thickening
D) Belt thickening

o O O

o

If a belt thickener processes 500 m3/day of sludge and the solids concentration
increases from 2% to 6%, what is the volume of thickened sludge produced?

A) 500 m3/day

B) 167 m3/day

C) 100 m¥/day

D) 200 m3/day

o O O

o

True/False Questions

1.

2.

3.

Thickening processes always aim to decrease the volume of solids in sludge.
Centrifugal thickening is ideal for sludge with very low solids content.

Polymer addition can improve the efficiency of both flotation and belt thickening
processes.
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4. The transportation cost for thickened sludge is typically higher than for untreated
sludge.

Short Answer Questions

1. What is the air-to-sludge ratio, and how is it used in flotation thickening?

2. What factors affect the choice of sludge thickening method for a wastewater
treatment facility?

3. How does sludge thickening reduce overall treatment costs in a wastewater facility?

4. Why is it important to control polymer dosage in sludge thickening processes?

Problem-Solving Questions
1. A wastewater treatment facility processes 400 m3/day of sludge with a 2% solids

concentration. After thickening, the solids concentration is 8%. Calculate the volume
of thickened sludge produced.
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2. A centrifuge processes 1000 mi/day of sludge with 3% solids concentration. The thickened
sludge has 9% solids. How much water 15 removed during the thickening process?

3. A flotation thickener requires 4 m? of air for every 100 m? of sludge. If the thickener processes

200 m¥fday, how much air is needed?

4, Caloulate the reduction in transportation costs if a facility thickens 600 m7/day of sludge with
a 2% solids concentration to 8%, and the transportation cost is $15 per m.

Discussion Questions

1.

2.

What are the advantages and disadvantages of using centrifuges for sludge thickening
compared to gravity thickening?

How does the choice of sludge thickening technology impact downstream processes,
such as digestion or dewatering?

In what scenarios would flotation thickening be preferable over other thickening
methods?

Discuss the environmental and economic benefits of implementing sludge thickening
in a wastewater treatment facility.
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