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Abstract  
         Integrated advanced wastewater treatment provides important fundamental solutions to 
problems associated with water scarcity prevailing in arid and semi arid climatic regions. 
        This was accomplished through treated water with specific specification and 
characteristics suitable to be used for agricultural, domestic, and industrial purposes. This 
study is concerned with the use of genetic algorithm procedure for the optimum design of 
integrated advance wastewater treatment units, with their various types and characteristics. 
The aim of optimum wastewater treatment units design is to attain optimum values of certain 
pre defined objective function.  

Based on the results of applying genetic algorithm on activated carbon treatment plant, 
it was found that the optimum values of empty bed contact time, dose of activated carbon, 
diameter of contractor, and loading rate of multiple hearth furnaces are 10min, 25mg/l, 2.4m, 
and 30 m/min, respectively. 

 
رف الصحي بأستعمال الخوارزمیات التصمیم الامثل للمعالجة المتقدمة لمیاه الص
 الجینیة
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 الخلاصة 

توفر المعالجات المتقدمة المتكاملة لمیاه الصرف الصحي حلولا جذریة ومھمة لمشاكل شѧحة  المیѧاه السѧائدة فѧي      
العدید من البلدان ذات النظم المناخیة الجافھ وشبھ الجافھ ، ویتم ذلك مѧن خѧلال الحصѧول علѧى میѧاه معالجѧة ذات مواصѧفات 

یتركѧѧز موضѧѧوع الدراسѧѧة علѧѧى اسѧѧتخدام . عیѧѧة والمنزلیѧѧة والصѧѧناعیةمحѧѧددة بالإمكѧѧان اسѧѧتخدامھا لمختلѧѧف الأغѧѧراض الزرا
تھѧدف مسѧألة . وبمختلѧف أنواعھѧا ومواصѧفاتھا.  طریقة الخوارزمیات الجینیة في التصمیم الأمثل لوحدات المعالجة المتقدمة

تعطѧي اقѧل قیمѧة لدالѧѧة التصѧمیم الأمثѧل لوحѧدات المعالجѧة المتطѧورة إلѧى الوصѧول إلѧى قѧیم معѧاییر التصѧمیم المختلفѧة والتѧي 
وتمثلت دالة الھدف في كلفѧة وحѧدات المعالجѧة بعناصѧرھا المختلفѧة إضѧافة . الھدف وتحقق في الوقت ذاتھ متغیرات المسألة 

تمѧت دراسѧة المعالجѧة المتقدمѧة لمیѧاه الصѧرف الصѧحي وتحدیѧد متغیѧرات التصѧمیم باعتمѧاد وحѧدة . لكلفة الصѧیانة والتشѧغیل
ت المخرجات النظریة في ھذه الدراسة على مجموعة المعѧاییر التصѧمیمیة المثلѧى للمعالجѧة المتقدمѧة احتو. الكاربون المنشط

.                                                                 بحیث تحقق ھذه المعاییر النوعیة المطلوبة للمیاه المعالجة وبأقل كلفة  
جرعѧѧة , ان القѧѧیم المثلѧѧى لѧѧزمن التصѧѧمیم  وحѧѧدة الكѧѧاربون المنشѧѧطنیѧѧة فѧѧي تصѧѧمیم اعتمѧѧادا علѧѧى نتѧѧائج الخوارزمیѧѧات الجی

ومعѧѧدل حمѧل الفѧѧرن المسѧتعمل لاعѧѧادة الاسѧتعمال الكѧѧاربون المنشѧط مѧѧن نتѧѧائج , وقطѧر وحѧѧدة المعالجѧة , الكѧاربون المنشѧѧط 
متѧر  30و,  متѧر  2.4, ل لتѧر ملѧي غѧرام لكѧ 25, دقیقѧة  10ھѧو , الخوارزمیات الجینیة في تصمیم وحدة الكاربون المنشط 

  .لكل دقیقة على التوالي 
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Introduction1.  
In most Mediterranean countries, the scarcity of water together with the high cost 

associated with collecting and using the limited surface rainwater for irrigation have become 
real constraints for our irrigated agriculture. Because of this, particular emphasis is placed on 
the water use efficiency and the cultivation of crops with high return per square meter and 
volume of water (Morrison et al., 2009).  

Drought attributable in significant part to climate change is already causing acute water 
shortages in large parts of Australia, Asia, Africa, and United States (Alderfasi, 2009).  

 Reuse of effluents from municipal or sanitary wastewater treatment plant is becoming 
a matter of great importance as available and economical resources for a variety of 
applications (Lin, 2007, Metcalf& Eddy, 2003). Water reuse figures are basically classified 
into; Unavoidable water reuse and intentional water reuse.  The location of several cities on a 
single river, stream, or lake leads to unavoidable water reuse when each city uses the water 
body as a water supply and receiving body for wastewater (Culp et al.,  1979). Intentional 
water reuse holds the key to the efficient and effective utilization of the limited freshwater 
resources by making available a new valuable source of water to augment existing supplies 
and a major source of supply for the future. It includes the reuse of water for industrial, 
agricultural, domestic, recreational, and ground water recharge purposes (Culp et al., 1979). 

1. Activated Carbon Adsorption 
Adsorption is the process of collecting soluble substances within a solution on a 

suitable interface. In AWWT, adsorption with activated carbon-a solid interface, is used 
principally for the removal of refractory organic compounds, as well as residual amounts of 
inorganic compounds such as nitrogen, sulfides, and heavy metals (Benefield, 1989). The 
removal of taste and odor compounds from wastewater is another important application, 
especially in reuse applications.  

 Activated carbon is produced by heating char to a high temperature and then 
activating it by exposure to an oxidizing gas at high temperature. The two most common 
types of activated carbon are granular activated carbon (GAC), which has a diameter greater 
than 0.1 mm, and powdered activated carbon (PAC), which has a diameter of less than 200 
mesh (Álvarez , et al., 2011). In this study GAC has been selected over powdered carbon 
primarily because GAC is normally regenerated and reused, while powdered carbon is 
discarded after use. Also, GAC has the additional advantage of providing a margin of safety 
in operation that powdered carbon does not provide. Sudden changes in influent composition 
are common in wastewater treatment. Granular carbon has the capacity to withstand 
substantial changes in the influent composition with a much reduced effect on the effluent 
quality. This aspect and the availability of the regeneration technology were the major factors 
in the selection of granular carbon.  
     A bed column is often used to bring the wastewater into contact with the activated carbon. 
There are three types of activated carbon columns; fixed-bed, expanded-bed, and moving-
bed. In fixed-bed columns, the water is applied to the top of the column and withdrawn from 
the bottom. In expanded bed columns, the influent is introduced at the bottom of the column 
and is allowed to expand. While, in the moving bed columns, spent carbon is continuously 
replaced with fresh carbon. Spent granular carbon can be regenerated by removal of the 
adsorbed organic matter from its surface through oxidation in a furnace. The capacity of the 
regenerated carbon is slightly less than that of the virgin carbon (Álvarez et al., 2011).  
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    The design of GAC contactor is based on contact time, hydraulic loading rate, carbon 
depth and number of contractors. At least two parallel carbon contactors should be used, 
because then one or more units can remain in operation while one unit is taken out of service 
for maintenance or for removal and regeneration of spent carbon (Metcalf & Eddy, 2003). 
Based on applying the steady state mass balance equation around the contractor, the 
adsorbent usage rate can be defined as (Lin, 2007); 
 

)1.(............................................................. eq
q

CC
Q

m

e

eO

t

GAC 
                                                   

Where; 
Q = flowrate, m3/min 
Co = initial concentration of adsorbate, mg/l 
t = time, min 
Ce = final equilibrium concentrate of adsorbate, mg/l 

mGAC = mass of adsorbent (GAC), mg 
qe = adsorbent phase concentration after equilibrium, mg adsorbate/g adsorbent. 
In Eq.(1), can be neglected if the mass of the adsorbate in the pore space is assumed to be 
very small compared to the amount adsorbed. Then; 
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      The following terms are used commonly when the operational performance of GAC 
contactors is determined: 
Empty-Bed contact time: 

)3.(...................................................................... eq
Q
VEBCT b

 Where; 
EBCT = empty bed contact time, T 
Vb = volume of GAC in contactor, L3 
Q = water flow rate, L3/T 

The density of the activated carbon: 
 

)4.(..................................................................... eq
V

m

b

GAC
GAC   

 Where; 
GAC Density, of GAC Mass/L3 

Specific throughput (m3 of water treated per gram of carbon): 

)5.(...................................... eq
EBCT

troughputSpecificth
GAC

  

where t is the effective contact time, T 
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Carbon usage rate per treated water: 

)6.(....................................................... eq
roughputSpecificth

tCUR                                         

where CUR is the carbon usage system, M/L3 
 
Bed life: 

)7.(...........
Q

 EBCTgivenfor  ated water treof Volume, eqTlifeBed    

      
2. ADVANCED WASTEWATER TREATMENT 

Since the objective of this study is to develop a genetic algorithm for the optimum 
design of advanced wastewater treatment (AWWT) plant, it is necessary to define; 
 Water reuses criteria which are the aim of AWWT. 
 Required quality of reclaimed water. 
 AWWT processes; types and design criteria 

 
3.1 Water Reuse Classifications 

Reclamation and reuse of effluents from municipal wastewater treatment plant is 
becoming a matter of great importance in the available and economical resources for a variety 
of applications (Zhang, 2004). These applications are illustrated in Figure 1 below:-  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1: Water Reuse Classification. 

 
 

3. Development of Genetic Algorithm for Granular Activated Carbon 
Treatment  Plant Design 
     The basic steps of genetic algorithms development are namely (Chambers, 2001): 
1. Selection of model parameters (optimization variables),  
2. Parameters encoding,  
3. Generation of the initial population,  
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4. Evaluation of the string,  
5. Selection of the (chromosomes) strings for reproduction,  
6. Crossover of the selected strings, and 
7. Mutation of the strings.  

          The adoption of these steps is dependent on type of genetic algorithm (GA) application. 
This is particularly true for advanced treatment technologies capable of treating wastewater 
to a degree of quality appropriate for a specific reuse, making the selection of the most 
suitable sequence of processes for any potential reuse situation more complex.  

4. Formulation of Cost Function 
 The annual cost of water treatment includes the annualized capital cost, annual 
operation and maintenance cost, and land requirement cost."Capital costs" refers to the 
investment required to construct and begin the operation of the plant, principally materials, 
labor, and interest. Operation and maintenance costs include the costs associated with the 
labor, material, and energy required to operate and maintain the treatment plant (Sharma, 
2010). The annual cost function for treatment unit-i can be written as: 
 

)8.(.................................................. eqOMCLCACCiC iii   
Where: 
ACCi = annualized capital cost of treatment unit-i, $ 
LCi = land cost of treatment unit-i, $ 
OMCi = annual operation and maintenance cost of treatment unit-i, $. 
   
    The annualized capital cost can be determined by spreading out the capital cost over a 
given number of years at a specific interest rate, and is defined as (Sharma, 2010). 
 

)9.(............................................................. eqCRFCCACCi i  

 
   )10.(.........................................................
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1 eq
m

mmCRF n

n




  

 
 Where  CCi is the capital cost of treatment unit-i, CRF is capital recovery factor,   m is the 
interest rate per year, and n is the number of years over which the cost will be spread. In this 
study, all the capital costs shall be spread over a period of 20 years at a 8 percent annual rate 
of interest.  
 

5. AWWT of Activated Carbon Processes 
This treatment approach incorporates activated carbon unit. For this treatment plant, the 

objective function can be rewritten as (Gupta, and Shrivastava, 2006) : 
 

  )11.(...........................................................,.......1 eqCacXjXf   
 
Where; j=1,…..,4 and xj  ϵ { EBCT, Cdose, Dac, Lmf }. The cost function of this plant is;  

                                                                              
)12.(............................................ eqOMCLCACCC acacacac   
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In this study, multiple hearth furnace was used for carbon regeneration. Hence, the 
capital cost of activated carbon treatment unit includes both the costs of granular activated 
carbon column and the multiple furnaces (CCGAC and CCMF). Also, the annual operation and 
maintenance cost of activated carbon unit is the sum of annual operation and maintenance 
costs of granular activated carbon column and multiple furnace (OMCGAC and OMCMF); 

)13.(............................................................ eqCCCCCC MFGACac   
)14.(.................................................. eqOMCOMCOMC MFGACac   

 
      The values of CCGAC, CCMF, OMCGAC, and OMCMF were obtained as (Clark, 1983); 
 

  )15.(....................................
100

470. 38.0 eqUNCCIEBCTQCCGAC   
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QCC
mf

MF 





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  )17.(.............100. 48.015.028.078.0 eqDHRPPIPPEBCTQOMCGAC   
 

  )18.(......................200. 33.02.032.078.0 eqDHRPPIPpLQOMC mfFM   
Where:  
Q = treated water flow rate, m3/min 
EBCT = empty bed contact time, min 
UN = number of units in the process 
Lmf = loading rate of multiple hearth furnace, m3/m2.min 
Pp = unit price of power, $/ kW.hr 
PPI = producer price index divided by 100 
DHR = directly hourly wage rate, $/hr 
 
    The land cost of activated carbon unit (LCac) was obtained as; 

  )19.(.........................................2.1. eqLmfQACUNPILCac   
 

7. Results and Discussion 
     The design of AWWT units is illustrated in equations given above. Optimization using 
genetic algorithm (GA) was applied for the design of granular activated carbon. Two design 
aspects were considered. The first aspect includes the optimal design criteria for the desired 
quality of treated water while the second aspect includes the cost of the plant.  The cost of 
plant is considered as the objective function which has to be minimized. 

GA was implemented using MATLAB program Version 7.10.0.499 (R2010a) with the 
adoption of roulette wheel selection and single-point crossover (Goldberg, 1989). The 
crossover probability for single-point crossover was chosen to be 0.6. The population size 
was selected to be 60. This was done after performing several trains with population sizes of 
20, 40, 60, 80 and 100 and it was found that when population size exceeds 60, the effect on 
results is insignificant. 
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7.1 Optimum Design of AWWT  
  AWWT incorporates granular activated carbon (GAC) process. Here, four design 
criteria govern the design of this treatments unit; EBCT, Cdose, Dac, and Lmf. According to GA 
terminology, the search is for a chromosome, consists of the four elements (genes), that 
minimizes the objective function along with satisfying all design criteria and effluent quality. 
During the application of GA in designing AWWT, the effect of varying the concentration of 
influent and effluent chemical oxygen demand (CODin and CODef) on optimum design 
criteria was studied. This was done by taking the minimum, averaged, and maximum values 
of CODin which are 65, 137, and 225 mg/l, respectively, and by considering CODef of 5, 8, 
11, 14, 17, and 20mg/l. The chosen CODin values where those of secondary effluent of 
Hamdan Sewage Treatment Plant in Basrah city. The adopted values of CODef were selected 
to be within the accepted range of COD in water to be reused for agricultural , domestic, and 
industrial purposes (Alderfasi, 2009).  

 
 The effect of CODin and CODef on activated carbon dose (Cdose) and loading rate of 

multiple hearth furnace (Lmf) are shown in Figures 2 through (7) for maximum, average, and 
minimum influent flowrates, respectively. The GA was applied for AWWT adopting the 
maximum, average and minimum values of the influent flow rates of Hamdan Sewage 
Treatment Plant in Basrah city (1.62, 0.81 and 0.54 m3/sec). From these figures, the optimum 
values of Cdose and Lmf were obtained and they are listed in Table 1. The optimum values of 
empty contact time (EMBT) and Diameter of contractor (Dac) did not change with influent 
flow rate and they are 10 min and 6.1m, respectively. 
 

 
 
 

Fig.2: Effect of CODin and CODef on Cdose for Max Influent Flow Rate. 
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Fig.3: Effect of CODin and CODef on Lmf for Max influent Flow Rate. 
 

 
Fig.4 : Effect of CODin and CODef on Cdose for avg. Influent Flow Rate. 

 

 
 

Fig.5 : Effect of CODin and CODef on Lmf  for avg. Influent Flow Rate. 
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Fig.6: Effect of CODin and CODef on Cdose for min Influent Flow Rate. 
 
 

 
 

Fig.7 : Effect of CODin and CODef on Lmf for min Influent Flow Rate 
 
 

Table 1: Optimum Value Ranges of Cdose and Lmf for Different values of Influent        
Flow Rates. 

 
Optimum value ranges Influent flow rate 

(m3/sec) Lmf (m3/min.m2) Cdose (mg/l)  
16-30 25-33 1.62 
15-30 25-25.5 0.81 
13-30 15-30 0.54 

 
The relation between AWWT approach cost and CODef for different CODin are shown 

in Figures 8 through 10 for maximum, average, and minimum influent flow rates, 
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respectively. From these figures it is shown that the treatment cost decreases with the 
decrease of influent flow rate which is a reasonable and logical result. 

 

 
 

Fig.8: Effect of CODin and CODef on Cost for Max Influent Flow Rate. 
 

 
 

Fig.9 : Effect of CODin and CODef on Cost for avg. Influent Flow Rate. 
 
 

 
Fig.10: Effect of CODin and CODef on Cost for min Influent Flow Rate. 
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8. Conclusions 
The development and application of genetic algorithm (GA) for the design of granular 

activated carbon of advanced wastewater treatment (AWWT) plant, reveal the following 
conclusions: 

 
1-  Genetic Algorithm was found to be powerful technique for operating and defining 

optimum values of the parameters used in design of the advanced wastewater treatment 
system. 

2-  A penalty function can be used to find the global optimum design of constrained problems 
such as of advanced wastewater treatment design and in conjugation with the genetic 
algorithm developed in this study. 

 
3- The optimum values of design criteria vary randomly with the increase of influent flow 

rate. 
 The optimum value of empty bed contact time was 10 min. 
 Dose of activated carbon was 25 mg/l 
 Diameter of contractor was 2.4m, and 
  Loading rate of multiple hearth furnaces was 30 m/min. 
 

4- The treatment cost decreases with the decrease of influent flow rate which is a reasonable 
and logical result. This outcome highlights the importance of applying GA for deciding 
the design criteria which minimize the treatment cost. 
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