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Abstract - With the more Stringent legislations pertinent to the management of industrial effluents, it deemed 
necessary to develop an efficient compact, low cost treatment system that complies with applicable laws. 
Numerous versions of chemically enhanced - biological treatment schemes are commercially established. 
Chemically enhanced-trickling filter has been perceived as an efficient intervention scheme. This paper 
presents a fast-track approach for estimation of the minimum total annual treatment cost for the proposed 
Chemically Enhanced Primary Treatment/ Trickling Filter (CEPT-TF) system under given sets of conditions. 
The effect of different chemicals has been incorporated through empirical performance formulas. In addition, 
the influence of the type and characteristic of the media filter has been also addressed. The analysis of the 
results of the performance of the first stage of the treatment scheme tends to indicate that about 80 % of the 
biological pollution load can be removed by the upstream chemical treatment at the optimal dose. The optimal 
economic dose of iron salts ranges from 30 to 40 ppm according to unit capacity and characteristics of the 
influent. Further, the effect of biological filter media type on the total annual cost has been found to be 
relatively insignificant (6-16) % 
Keywords: Chemically enhanced; Trickling filter; Industrial wastewater; Simulation; Cost. 
 
 
 

INTRODUCTION 
  

Chemically enhanced-biological treatment 
systems manifest numerous merits including, 
compact structure that decreases footprint and capital 
cost and possibilities of tolerating peak flows or peak 
loads which could be achieved via increasing the 
applied chemical doses, removal of considerable 
percentage of the non degradable matter and 
possibilities of targeting hazardous contaminants at 
the first upstream chemical treatment. 

Earlier reported field and R&D investigations 
have indicated the superior performance of chemical 
treatment for industrial effluents management 
(Willem 1940 and Gordon 1967). Robinson et al 

(2001), observed poor removal of acid dyes but 
excellent removal of direct dye with ferric chloride 
dose of about 50 ppm. Irene (2000) indicated optimal 
doses of ferric chloride of 40-50 ppm for a COD 
reduction of (65-85 %) and TSS reduction of (90-100 
%) for several wastewater plants in Brazil. Other 
studies have addressed the performance of pilot and 
full scale trials using dosages of (20-45), (60-100) 
and (0-2) ppm for FeCl3, alum and polymer 
respectively to achieve (70-82)% and (35-60)% 
removal of SS and BOD respectively (Nenov 1995 
and Nandy 2002). 

On the other hands, trickling filter (TF) is a 
commercially established cost effective technique for 
biodegradable loads and ammonia removal from 
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municipal and industrial effluents. New trickling 
filter installations are controlled by, and take 
advantages of, the benefits offered by various media 
types and shapes in addition to simple operation, low 
power consumption and low sludge production, 
(Mann 1997 and Randall 1997). In spit of these 
advantages, it is relatively liable for clogging and the 
nitrification capacity loads may be decreased by the 
sensitivity of autotrophic bacteria to shock loads. 
Also, for concentrated wastes, a high rate of 
recirculation would be required for significant 
reduction of organics. 

Biological filter is particularly suited for 
treatment of moderate BOD load or as a polishing 
step in combination with other techniques (WEF 
1996, Stadterman 1995 and Parker 1996). It could 
also be used, in some cases, as a roughing filter for a 
high-strength wastewater (USEPA 2000). TFs, are 
currently used in conjunction with other treatment 
methods to treat wastewaters from refineries, 
pharmaceuticals, pulp and paper, textile mills, 
tanneries, breweries and distilleries (Oeller 1997, 
Pedersen 1997 and Rusten 1996), gases 
decontamination and pretreatment of volatile organic 
compounds (Miao 2005, Koh 2004, Neal 2000, Lu 
2003, Wang 2002) and in potable water treatment for 
the removal of iron (Michalakos 1997), manganese 
(Gouzinis 1998) and nitrifying purposes (Vayenas 
1995). TFs are conventionally teamed up with 
activated sludge to reduce the mixed flow to the later 
(De Clercq 1999).  

The first process design approach of TF using 
fundamental principals was primarily discussed by 
Velz (1948). Recently, Seguret et al (2000) have 
studied the hydrodynamic behavior of eight full scale 
trickling filters (stone and plastic packed) through 
the investigation of RTD and the free drainage 
volume. The results indicated that different types of 
packing do not have the same retention time. 
Vayenas et al (1997) have developed other dynamic 
model, which describes nitrification in TF. The 
results predict that the best moment to start the 
continues operation is the moment when a maximum 
in nitrate and a minimum in nitrite concentrations is 
observed, otherwise a nitrobacter phenomena will 
occur which leads to filter failure. Pedersen and 
Arvin (1997) have studied the overall mass transfer 
coefficient in a trickling filter for treatment of 
toluene-containing waste gas. The overall mass 
transfer coefficient value was 25-140 % larger in the 

trickling filter with a biofilm present than in the 
clean biotic system. The difference has been 
explained by improved wetting and, consequently, an 
enlarged mass transfer area. Kroumins et al (2000) 
have developed a mathematical model that predicts 
relationship between Reynolds number and the 
probability distribution of flow rate under trickling 
flow.  

Study of flow pattern characterization has been 
conducted by Seguret (2000) and Gouzinis (1998). 
They concluded that, manganese removal efficiency 
up to 94 % was achieved for sufficiently high RT in 
a sequential batch reactor, while it was found to be 
inadequate for continues operation mode.  

Combining chemical precipitation and biological 
filtration enable efficient integrated compact 
treatment that is characterized by small process 
footprint, reliability, flexibility, and of improved 
economics (Suman 2005, Alaton 2004, Rusten 1996 
and Parker 1996). However, due to the availability of 
different treatment chemicals (coagulants and 
flocculants) and also the wide spectrum of filter 
media, the assessment and design procedures are 
rather complicated and may require limited or 
detailed experimental work. A fast-track approach 
(FTA) that reduces size of the choice matrix to a few 
systems will be highly useful for decision support 
purposes. The developed FTA is based on the 
extensive body of reported data on both chemical 
and biological filtration.  

This article is concerned with the development 
and assessment of the proposed FTA for 
identification of a low cost CEPT-TF system based 
on the available technical and economic data on 
CEPT and TF media characteristics. 
 
 

APPROACH AND METHODOLOGY 
 

For the CEPT-TF system addressed in this work, as 
depicted in Fig. (1), various recommended coagulants 
are investigated. The coagulants selected; include 
Ferric Chloride (FC), Alum (A) and Ferrous Sulfate 
(FS). For trickling filter module several types of media 
have been selected including, stones, plastic, flocor, 
surfpac, PVC, slag & granite and glass.  

The adopted approach involves thorough 
investigation of the relationships governing the 
design and operation of the proposed integrated 
system and the related cost indicators. 

 



 
 
 
 

Fast-Track Evaluation of a Compact Chemically Enhanced-Trickling Filter System                                                 173 
 

 
Brazilian Journal of Chemical Engineering Vol. 24,  No. 02,  pp. 171 - 184,  April - June,  2007 

 
 
 
 

 
 

Figure 1: Flow Diagram of the Proposed CEPT-TF System 
 
 
CEPT/TF Modeling 
 
a) CEPT Module  
 

CEPT module performance has been investigated 
through the correlation of technical and experimental 
data pertinent to module efficiency. Generalized 
equation that correlates the % removal of SS, BOD 
and COD as a function of different coagulants at 
different doses have been formulated for: Industrial 
wastewater flows within the ranges of 10,000 to 
50,000 m3 /day and BODin ranging between 300 to 
800 ppm as follows: 

 
R (i,j) = a (i,j)*(D)^3 - b (i,j)*

(D)^2 + c (i,j)*(D) + e (i,j)
               (1) 

 
where 
 

R is the % removal 
I is waste characteristics item no. (1- 2) 
J is coagulant no. (1-3) 
a, b, c, e are equation constants  
D coagulant dose  

 
The value of the previous coefficients illustrated in 

Equation (1) are highlighted in Table (1) that 
presents the specification of (i,j) matrix. 

For a specific flow and retention time, the volume 
of the primary treatment basin is expressed by: 
 

CV  = Q /24* Tc                               (2)  
 
where  
  
Q  is the wastewater flow rate (m3/day).  
Tc  is the residence time (hr).  
VC  is the required primary settling volume (m3).  

 
Table 1: [i,j] Specification Matrix 

 
Item Specification 

 i for i = 1 to 2 SS, BOD  
 j for j = 1 to 3 FeCl3, Alum, FeSO4 
 a (1,1), a (1,2), a (1,3) 2*10^-4, 7*10^-5, 2*10^-4  
 a (2,1), a (2,2), a (2,3) 3*10^-4, 2*10^-5, 2*10^-4  
 b (1,1), b (1,2), b (1,3) -38*10^-3, -117*10^- 4, -381*10^-5  
 b (2,1), b (2,2), b (2,3) -505*10^-4, -65*10^-4, -47*10^-3  
 c (1,1), c (1,2), c (1,3) 2.11, 0.77, 1.97 
 c (2,1), c (2,2), c (2,3) 2.95, 0.89, 2.73 
 e (1,1), e (1,2), e (1,3) 61.4, 60.1, 60 
 e (2,1), e (2,2), e (2,3) 31.9, 31, 30 
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b) Trickling Filter Module  
 

Rational algorithm has been proposed to estimate 
the fraction of BOD removed from wastewater. 
Then, TF performance is predicted according to 
various operating conditions. Further, the economic 
indicators are estimated in terms of BOD load 
removed. 

The basic concept to correlate the BOD removal 
performance with operating conditions is (Velz 
(1948): 
 
dC/dh = -KC                 (3) 
 
where 
 
C is BOD concentration 
K is Reaction rate constant 
h is media depth by integration: 
 

0C/C  = exp (-Kh)                       (4) 
 
where 
 
C0 is BOD concentration in feed 
C is BOD concentration in effluent 
 
As the BOD removal rate is a function of residence 
time (Howland 1958) 
 
Then 
 

0 vC/C  = exp (-K  )θ                                                (5) 
 
where  
 
Ө is wastewater residence time.  

 
The water residence time have been investigated 

under various filter operating conditions and 
experimentally correlated as follow: 
 

e e = f (q ,a ,h) θ  
 
Then 
 

m1 m2 m3
e e =  q a  h  θ V                                              (6) 

 
where  
 
ά is empirical constant 
qe is volumetric flow rate per cross sectional area of 
filter bed (m3/m2 hr) 
ae is specific surface area of filter bed (m2/m3) 
h is filter media height (m) 
m1, m2, m3 are exponents that have been obtained 
empirically by many investigators according to 
various filter media (Hosono 1978, Metcalf 1991, 
Harrison 1987, Krumins 2000, Seguret 2000). 
By substituting of equation (6) into (5)  
 
Then 
 

m1 m2 m3
0 v e eC/C  = exp (-K  q a  h )         V       (7) 

 
This equation is valid for the following assumptions:  
 Steady state BOD removal with first order 

kinetics 
 Constant microbial concentration 
 Constant temperature 
 Plug flow wastewater profile 

The effective fraction of filter media ά is directly 
proportional to the operating conditions and 
consequently the term Kά (effective reaction rate 
constant) is directly proportional to hydraulic loading 
in the filter bed for specific media  
 
Kά = ƒ(q, specific condition of filter media)  
 
Then 
 

m1 m2 m3
0 e eC/C = exp (-  q a  h ) α                              (8) 

 
According to the published experimental data 
concerning the actual operation of trickling filter, the 
BOD removal efficiency is predicted for different 
trickling filter media as depicted in Table (2)  
 
where 
 
α is empirical constant. 

 
Table 2: Trickling Filter Technical Sheet[a] 

 

S Type of media ae 
(m2m-3) 

qe 
(m3m-2hr-1)

h  
(m) 

BOD removal  
 efficiency equation 

1 Whinstone   30-80 0.016-0.43    0.3-1.83 exp(-0.004qe
-0.42aeh) 

2 Plastic         88       0.1-1.9        0.31-2 exp(-(0.0025ln(qe)+0.0048)aeh/q) 
3 Asbestos 82- 121        1.83-5 1.22-1.56 exp(-0.0028qe

-0.49aeh/q) 
4 Stone  30 -085     0.43-6.5           3-6 exp(2.69qe

-0.45ae
-0.7h/q) 

5 Flocor,Surfpac 85 – 180          2.3-5         2-3.5 exp(-3.445qe
0.5241ae

-0.78h/q) 
6 PVC 89 – 164      0.17-0.4     0.3-1.25 exp(-(4.9qe+1.57)ae

-0.86h/q) 
7 Slag, Granite 80 – 165    0.34-0.76    up to 1.8 exp(-(9.7.9qe+1.3)ae

-1.1h/q) 
8 Fiber Glass Sheet 36 – 164     0.17-2.38     1.22-5.5 exp(-(10.1qe

0.45ae
-1.05h/q) 

[a]Hosono 1978, Metcalf 1991, Harrison 1987, Wheatley 1976, Logan 2000, Pullen 1976, Gray  1983, Hemming 1978, Pullen 
1976,Christoulas 1990, Krumins 2000, Seguret 2000 
ae - is specific surface area of filter bed (m2/m3) 
qe - is volumetric flow rate per cross sectional area of filter bed (m3/m2 hr) 
h  - is filter media height (m) 
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Simulation 
 

Simulation of CEPT/TF system has been developed 
according to the proposed technical models. The 
simulation approach has been conducted for various 
controlling indicators include: coagulant type& dose, 

TF media type & characteristics, treatment capacity and 
organic load. According to the developed simulation 
model involving the technical aspects, a financial 
profile is estimated including capital cost, operating 
cost and the total annual cost. Block flow diagram of 
the developed approach has been depicted in Fig. (2). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Block flow Diagram of the Developed Approach 

Start 

Input Data 
• Wastewater characteristics 
    (SS, BOD, COD) 
• Wastewater flow rate (m3/day) 
• Select type of coagulant  
   (FeCl3, Alum,FeSO4)

CEPT Simulation 
Calculation of 
• CEPT module efficiency 

according to (SS, BOD, COD) 
at different coagulants doses 

• SS, BOD, and COD load   
removed in CEPT 

• Select type of filter media out of eight types 
• Select filter design characteristics (specific filter 

area, specific water flow rate and filter media 
height out of “TF technical sheet”. 

TF Simulation 
Calculation of: 
• TF module efficiency according 

to (SS, BOD, COD) at different 
coagulants doses 

• SS, BOD, and load removed in TF

Cost File 
Calculation of: 
• Capital and operating costs for both CEPT and 

TF modules  
• Total annual cost for the integrated system 

(at different coagulant doses) 

End 
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Investment and Operating Cost Estimation 
 

Capital and operating cost estimates have been 
investigated according to cost functions that 
predict cost indicators as correlated with the 

controlling technical parameters of each module. 
Also, the materials and chemicals cost are 
estimated according to the international prevailing 
prices. Adapted cost functions and data are 
presented in Table (3). 

 
 

Table 3: Cost Functions of the Proposed System 
 

Serial Module Cost Function $  

I Capital Cost  

I.1 CEPT   

I.1.1 Primary Settler (CW)  
Settler Rack (EM)  

3150 x A 0.68 

7600 x A 0.3 

I.2 Trickling filter 7.2E-04* (BOD load removed)^0.94 

II  Operating Cost   

II.1 CEPT  
II.1.1 
II.1.2 
II.1.3 
II.1.4 

kWh 
FeCl3 (100 % conc.)  
FeSO4 
Alum  

0.12 ($) 
380 ($/ton) 
185 ($/ton) 
100 ($/ton) 

II.2 Trickling filter 8E-06*(BOD load removed) + 0.15 

Where: A - is the area of module (m2); V - is the volume of module (m3); CW - is civil work; EM - is electromechanical parts;   
BOD - load: kg/day 

 
 
 

RESULTS AND DISCUSSIONS 
 

Simulation results for the adopted CEPT-TF 
approach are presented, analyzed and discussed as 
applied to typical textile wastewater characteristics.  

 
Simulation and Cost Estimation 
 

Technical and economic analysis has been 
conducted to identify the profiles for various design 
and operating parameters as outlined below. 

 
a) Simulation for TF-Media: 
 

For selected coagulant, capacity and waste 
characteristics: total annual cost has been estimated 
for different filter media at different FeCl3 doses as 
depicted in Fig. (3).The highest TAC is detected at 
zero coagulant and decrease till reaching min. The 
optimum coagulant dose is recorded at about 40 ppm 
FeCl3 for all type of TF media. Whinstone (filter 
media 1) has addressed the min TAC at different 

doses. Wide difference, about 150,000 US$, is 
estimated between the module with the highest TAC 
(CEPT-TF Slag media) and the lowest TAC (CEPT-TF 
whinstone media), at no or relatively low coagulant 
dose, while reaching about 33,000 US$ at the optimum 
dose. Further, slight differences may be traced at 
coagulant doses exceeding the optimum dose.  
 
b) Coagulant Type 
 

The results of changing coagulants types on the 
total annual cost of the integrated system at different 
TF-media have been investigated. It is noticed that 
the order of TAC-curves is independent of coagulant 
type (The same order for different coagulants) as 
depicted in Fig. (4). For integrated system with 
whinstone media the optimal coagulant dose is 35 
ppm for both ferric and ferrous salts with 
corresponding min TAC: 493,000 and 463,000 US$ 
respectively. In the case of alum, the pattern of the 
TAC-dose curve is linear and no min cost could be 
detected within the investigated dosage range. 
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Figure 3: Change of Total Annual Cost of CEPT-TF System with Varying  

FeCl3 Dose at Various TF Media for 10 000 m3/day 
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Figure 4: Change of Total Annual Cost of CEPT-TF System with Varying  

Coagulant Dose at Various TF Media for 30 000 m3/day 
 

Fig. (5) represents the lowest and the highest 
TAC curves, according to different coagulants, 
estimated for whinstone and granite filter media 
respectively. It indicates that for granite or slag 
media, the optimum coagulant doses are 40 ppm and 
35 ppm with TAC of about (520,000 and 513,000) 
US$ for ferric chloride and ferrous sulfate coagulants 
respectively. Although, ferrous sulfate indicates 
lower TAC for all media types, FeCl3 has superior 
performance than others. At the optimum dose, the 
effluent BOD was 40, 50 and 95 ppm for FeCl3, 
FeSO4 and alum respectively. Moreover, ferrous 
sulfate produces greater amount of sludge that will 
affect the sludge treatment cost which has not been 

accounted for within the scope of this work.  
 
c) Capacity Change 
 

Fig. (6) represents the TAC for selected coagulant 
at different dose for unit capacity 30,000 and 50,000 
m3/day respectively. It is concluded that increasing 
the unit capacity affects the optimum coagulants 
doses and changes the relative order of media-TAC 
curves irrespective of coagulant type. The results 
indicate that: while, CEPT-TF system with slag or 
granite media shows the highest TAC curve for unit 
capacity below 40,000 m3/day, it has the lowest 
TAC curve for unit capacity 50,000 m3/day. 
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Figure 5: Change of Total Annual Cost of CEPT-TF System with Different Varying  

Coagulant Type and Dose for Selected TF Media 
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Figure 6: Change of Total Annual Cost of CEPT-TF System with Varying FeCl3 dose at Various Capacity 

 
d) Waste Characteristics: 
 

TAC is relatively sensitive to change in waste 
load at small coagulant and tends to decrease for 
higher coagulant dose. It is observed that the 
optimum dose has been moved from 30 to 47 ppm 
FeCl3 when BOD influent increases from 300 to 
800 ppm respectively as presented in Fig. (7). 
The TAC increases by 600,000 US$ and 120,000 
US$ at zero and optimal coagulant dose 
respectively. The total operating cost and the TF 
annualized cost have increased by about 65,000 
US$.  

Table (4) presents the optimum value of ferric 
chloride dose and the corresponding TAC at 
different BOD feed load. 
 
e) Filter Characteristics: 
 

The influence of varying filter characteristics that 
include: specific filter surface area, specific flow rate 
and filter height, of selected filter media “PVC”, on 
TAC are presented in Fig. (8). It has been noted that: 
the TAC curves are slightly sensitive to the change 
in filer characteristics especially at and above the 
optimum dose. 
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Figure 7: Change of TAC with Different FeCl3 Dose for CEPT-TF System for Different Waste Characteristics 

 
 
 

Table 4: Optimum Ferric Chloride Dose and the Corresponding TAC at Different BOD Load 
 

BOD Load 
ppm 

Optimum FeCl3 Dose 
ppm 

TAC 
US $ 1000 

300 30 436 
400 35 466 
500 37 493 
600 40 516 
700 42 538 
800 45 556 
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Figure 8: Change of TAC with FeCl3 Dose at Different TF Characteristics for Selected Media 
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Sensitivity Analysis 
 
a) Capacity Definition 

 
The amount of BOD removed per kg coagulant at 

and around the optimum coagulant dose for different 
CEPT-TF modules using different coagulant types have 
been investigated as depicted in Table (5). The most 
efficient coagulant has been found to be FeCl3 that 
shows greater amount of BOD removal ranging 
between 14-16.5 kg BOD/kg coagulant added for 
different CEPT-TF modules at the optimum FeCl3 
doses.  
 
b) Cost Definition 
 

Table (6) presents the coagulant cost in $ /kg 
BOD removed at and around the optimum dose for 

different CEPT-TF modules using different 
coagulant types. According to coagulant cost, FeSO4 
has the lowest annual cost per kg BOD removed that 
ranges between 0.008-.006 $/kg BOD at optimum 
coagulant dose for different integrated CEPT-TF 
modules. 
 
c) Coagulants Performance Profile 
 

Coagulant performance has been presented as % 
BOD removed distribution with coagulant% of the 
maximum dose as shown in Fig. (9). About 87% of 
the BOD load have been removed using about 12.5% 
of the coagulant% of max dose and more than 95% 
removal of BOD have been achieved using 50% of 
coagulant max dose. 

 
 

Table 5: Capacity Definition 
 

45 40 35 30 25 Coagulant dose (ppm) 
Kg BOD removed /Kg coagulant  

     I-FeCl3 
10.0 11.0 12.3 13.8 15.7 CEPT 
10.8 12.1 13.8 15.9 18.9 CEPT-TF Media "1" 
10.9 12.2 13.9 16.2 19.3 CEPT-TF Media "2" 
11.0 12.3 14.1 16.4 19.5 CEPT-TF Media "3" 
11.0 12.3 14.0 16.2 19.4 CEPT-TF Media "4" 
11.0 12.4 14.1 16.2 19.6 CEPT-TF Media "5" 
11.0 12.4 14.1 16.4 19.6 CEPT-TF Media "6" 
11.0 12.4 14.1 16.5 19.7 CEPT-TF Media "7" 
11.0 12.4 14.1 16.4 19.6 CEPT-TF Media "8" 

 II-FeSO4 
8.6 9.7 11.1 12.7 14.6 CEPT 

10.5 11.8 13.5 15.6 18.6 CEPT-TF Media "1" 
9.5 11.0 12.7 15.0 18.1 CEPT-TF Media "2" 

10.8 12.2 13.9 16.2 19.4 CEPT-TF Media "3" 
10.7 12.1 13.8 16.1 19.2 CEPT-TF Media "4" 
10.9 12.2 14.0 16.3 19.5 CEPT-TF Media "5" 
10.9 12.2 14.0 16.3 19.5 CEPT-TF Media "6" 
10.9 12.3 14.0 16.4 19.6 CEPT-TF Media "7" 
10.6 12.0 13.7 15.9 19.0 CEPT-TF Media "8" 

 III-Alum 
6.5 7.1 7.7 8.6 9.7 CEPT 
9.9 11.1 12.6 14.6 17.3 CEPT-TF Media "1" 

10.3 11.6 13.1 15.3 18.2 CEPT-TF Media "2" 
10.6 11.9 13.6 15.8 18.9 CEPT-TF Media "3" 
10.4 11.7 13.3 15.5 18.5 CEPT-TF Media "4" 
10.7 12.0 13.6 15.9 19.0 CEPT-TF Media "5" 
10.7 12.0 13.7 15.9 19.1 CEPT-TF Media "6" 
10.8 12.1 13.8 16.1 19.2 CEPT-TF Media "7" 
10.2 11.5 13.0 15.1 18.0 CEPT-TF Media "8" 
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Table 6: Cost Definition 
 

45 40 35 30 25 Coagulant dose(ppm) 
Coagulant cost $/BOD removed  

     I-FeCl3 
0.038 0.034 0.031 0.027 0.024 CEPT 
0.035 0.031 0.028 0.024 0.020 CEPT-TF Media "1" 
0.035 0.031 0.027 0.024 0.020 CEPT-TF Media "2" 
0.035 0.031 0.027 0.023 0.019 CEPT-TF Media "3" 
0.035 0.031 0.027 0.023 0.020 CEPT-TF Media "4" 
0.035 0.031 0.027 0.023 0.019 CEPT-TF Media "5" 
0.035 0.031 0.027 0.023 0.019 CEPT-TF Media "6" 
0.034 0.031 0.027 0.023 0.019 CEPT-TF Media "7" 
0.034 0.031 0.027 0.023 0.019 CEPT-TF Media "8" 

     II-FeSO4 
0.012 0.010 0.009 0.008 0.007 CEPT 
0.010 0.008 0.007 0.006 0.005 CEPT-TF Media "1" 
0.010 0.009 0.008 0.007 0.006 CEPT-TF Media "2" 
0.009 0.008 0.007 0.006 0.005 CEPT-TF Media "3" 
0.009 0.008 0.007 0.006 0.005 CEPT-TF Media "4" 
0.009 0.008 0.007 0.006 0.005 CEPT-TF Media "5" 
0.009 0.008 0.007 0.006 0.005 CEPT-TF Media "6" 
0.009 0.008 0.007 0.006 0.005 CEPT-TF Media "7" 
0.009 0.008 0.007 0.006 0.005 CEPT-TF Media "8" 

     III-Alum 
0.028 0.026 0.024 0.022 0.019 CEPT 
0.019 0.017 0.015 0.013 0.011 CEPT-TF Media "1" 
0.018 0.016 0.014 0.012 0.010 CEPT-TF Media "2" 
0.017 0.016 0.014 0.012 0.010 CEPT-TF Media "3" 
0.018 0.016 0.014 0.012 0.010 CEPT-TF Media "4" 
0.017 0.015 0.014 0.012 0.010 CEPT-TF Media "5" 
0.017 0.015 0.014 0.012 0.010 CEPT-TF Media "6" 
0.017 0.015 0.013 0.012 0.010 CEPT-TF Media "7" 
0.018 0.016 0.014 0.012 0.010 CEPT-TF Media "8" 
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Figure 9: Coagulants Performance Profile 
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CONCLUSIONS 
 

Technical and economic assessment of CEPT-TF 
system in industrial wastewater treatment has been 
evaluated. A simulation approach has been 
developed for the proposed system through 
theoretical considerations& empirical assumption 
based on experimental data obtained from pilot and 
full scale published data. A complete financial 
profile has been adopted involving capital, operating 
and total cost for the selected modules and integrated 
system. An integrated fast track approach for 
prioritirising the total annual treatment cost for 
different CEPT-TF options under a giving set of 
technical constrains has been developed.  

The results indicate that, major part of BOD load 
is removed within the CEPT module. More than 85 
% of BOD removed by the overall system is carried 
out in CEPT module with coagulant dose up to 12.5 
% of the optimum dose (40 ppm). Moreover The 
percentage of CEPT module of TAC represents 
about 38, 28, 19 % on using: ferric chloride, ferrous 
sulfate and alum respectively at 40 ppm dose, 10,000 
m3/day capacity and 500 ppm BOD load. 

The optimum coagulant dose ranges between 30-
45 ppm (for iron salt) depending on coagulant type, 
waste load and unit capacity (according to the 
investigated constrains). The correlation between 
alum dose and TAC has been proposed to be linear. 
Minimum TAC has been changed according to the 
giving technical considerations. In most cases, 
CEPT-whinstone trickling filter system has proved to 
be the lowest TAC system, with min technical 
performance, while CEPT-PVC trickling filter 
system has proved to be the greatest TAC with 
optimum performance.  

It is noticed that, the TAC for the proposed 
integrated system is relatively sensitive to change in 
waste load at zero coagulants and the sensitivity is 
relatively less for higher coagulants dose. Increase in 
unit capacity affect the optimum coagulant dose 
location and change the relative order of TAC- 
curves of the proposed integrated CEPT-TF system 
irrespective of coagulant type.  
 
 

NOMENCLATURE 
 

A Alum 
a, b, c, d equations constants according to various

filter media 
ae Specific surface area of filter bed 

(m2/m3) 
 

BOD Biological Oxygen Demand 
C Conc. of the removable BOD in effluent
C0 Conc. of the removable BOD in feed 
CEPT Chemically Enhanced Primary 

Treatment 
COD Chemical Oxygen Demand 
D coagulant dose 
FC Ferric Chloride 
FM Filter Media 
FM(n) Filter Media of n where n = 1 to 8 
FS Ferrous Sulfate 
H filter media height (m) 
I waste characteristics item no. (1- 2) 
J Coagulant no. (1-3) 
K, Kv Reaction rate constant (time-1) 
PVC Poly Vinyl Chloride 
Q Wastewater flow rate (m3/day) 
qe Volumetric flow rate per cross sectional 

area of filter bed (m3/m2 hr) 
R Percentage Removal 
SS Suspended Solid 
TAC Total Annual Cost 
Tc Residence time (hr) 
TF Trickling Filter 
TSS Total Suspended Solid 
VC Required primary settling volume (m3) 
α, ά Empirical constants 
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