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Sludge sources 



Quantity Source Sludge Type 

It is all the solids collected in the grit 

removal chamber, because grit can be 

easily drained and is relatively stable 

in terms of biological activity, it dose 

not need treatment and is generally 

disposed directly to landfills. 

Grit sludge 

The quantity of primary sludge is 

calculated using the following 

equation:  

 

Where: Mp kg/d 

ss= suspended solids in the 

influent, kg/m3  

E = efficiency of primary 

sedimentation tank 

Qin = influent flow to primary 

sedimentation tank, m3/d. 

Primary sludge is the sludge taken  

from the bottom of the primary settling 

tanks. It contains from 3-8% solids 

.This sludge is composed of settleable 

raw solids. Almost 7% of the primary 

sludge is organic.  

 

Primary or raw 

sludge 

Px = XV ÷ Øc    kg/d 

 

Qwaste = Px  ÷ Xr         m
3/d 

This sludge consists of 

microorganisms and inert materials 

that has been wasted from the 

secondary treatment processes. Thus 

9% of this sludge is organic this 

sludge contains from 0.8 to 2% solids . 

 

Secondary Sludge 

Sludge source and quantification 



 Anaerobic process design 

Design based on volumetric organic loading rate (VOLR)  

 

              So . Q  

VOLR =  --------- 

                  V 

VOLR : Volumetric organic loading rate  (kg COD/m3-day) 

So        : Wastewater biodegradable COD (mg/L) 

Q       : Wastewater flow rate (m3/day) 

V       : Bioreactor volume (m3) 

• Conducting a pilot scale studies 

• Find out removal efficiency at different VOLRs 

• Select VOLR based on desired efficiency  

How do we select VOLR? 



Anaerobic digester design:-  
 

The volume of the digester is determined based on the sludge detention time      

(    ) using the following relation:-  

 

                                      

                                                                             

 

and (     ) is selected in the range of 15-20 days based on the percent of organic 

matter destruction. The following equation is used to calculate the percent   

reduction as a function of (     ):-  

 

              Rs = 13.7 Ln (    ) + 18.9 

c

cinQV 

c

c

c

Where:-  

 

Rs = percent Reduction of organic matter,% 

 

      = sludge detention time, days.  c



Environmental factors 

The successful  operation  of  anaerobic  reactor depends on maintaining the 

environmental  factors  close  to  the  comfort of the microorganisms involved in 

the process.   

Temperature 

  
 Anaerobic processes like other biological processes operate in certain 

temperature ranges  

 

 In anaerobic systems: three optimal temperature ranges:  

     

    Psychrophilic (5 - 15oC) 

 

    Mesophilic    (35 – 40 C)  

 

    Thermophilic  (50-55 oC)  



Effect of temperature on anaerobic activity 

 
Rule of thumb: Rate of a reaction doubles for every 10 oC rise in temperature 

up to an optimum and then declines rapidly 



Example: How much methane gas can be generated through complete anaerobic 

degradation of 1 kg COD at STP ?  

Step 2: Conversion of CH4 mass to equivalent volume  

Based on the ideal gas law, 1 mole of any gas at STP (Standard Temperature 

and Pressure) occupies a volume of 22.4 L 

  

       1 Mole CH4 ~ 22.4 L CH4 

  

       16 g CH4  ~ 22.4 L CH4 

  

       1 g CH4     ~ 22.4/16 = 1.4 L CH4    ---------- (2) 

Step 1: Calculation of COD equivalence of CH4    

 CH4 + 2O2    CO2  +  2H2O 

  

  16 g  64g 

 

      16 g CH4  ~   64 g O2 (COD) 

  

      1 g CH4  ~   64/16  =  4 g COD ------------  (1) 



Step 3: CH4 generation rate per unit of COD removed 

  

From eq. (1) and eq. (2), we have, 

  

=> 1 g CH4      ~ 4 g COD  ~ 1.4 L CH4 

  

=> 4 g COD     ~ 1.4 L CH4 

  

=> 1 g COD         ~ 1.4/4  =  0.35 L   CH4     

  

or 1 Kg COD     ~ 0.35 m3 CH4        ----------- (3) 

  

 

 Complete anaerobic degradation of 1 kg COD  produces 0.35 m3 CH4 at STP  

 



Example 2. A UASB reactor has been  employed  to  treat food processing wastewater at 

20oC. The flow rate  is 2 m3/day with a mean soluble COD of 7,000 mg/L.  Calculate the 

maximum CH4 generation rate in m3/day.   What would be the biogas generation rate at 

85% COD removal efficiency and 10% of the removed COD is utilized for biomass 

synthesis. The mean CH4 content of biogas is 80%. 

Solution: 

Maximum CH4 generation rate:  

The complete degradation of organic matter in the waste could only lead to maximum 

methane generation and is also regarded as theoretical methane generation rate. 

  

                                           (7000 x 10-6)        

Total COD removed =  ----------------- x (2) kg/d = 14 kg/d 

                                 (10-3) 

  

From eq. (3) in example 1, we have 

 1 Kg COD produces 0.35 m3 CH4 at STP 

 14 Kg COD produces   ~   0.35 x 14  = 4.9 m3 CH4/d at STP 

 At 20C, the CH4 gas generation = 4.9 x (293/273) = 5.3 m3/d  

 The maximum CH4 generation rate = 5.3 m3/d 



Biogas generation rate    

  

Not all COD (organic matter) is completely degraded. The fate of COD during anaerobic 

treatment process can be viewed as 

 

          Residual COD (in effluent) 

          COD converted to CH4 gas 

          COD diverted to biomass synthesis 

          COD utilized for sulfate reduction (if sulfate is present) 

  

                                       (7000 x 10-6)        

Total COD removed  = ------------------  x  (2) x 0.85  kg/d 

                             (10-3) 

  

                                       =  11.9 kg/d 



 As 10% of the removed COD  has  been  utilized  for  biomass synthesis 

 remaining 90% of the removed COD has thus been converted  to CH4 gas. 

  

  COD utilized for CH4 generation     =      11.9 x 0.9 kg/d 

  

                  =      10.71 kg/d 

 From eq. (3) in example 1, we have: 

  

1 Kg COD produces 0.35 m3 CH4 at STP 

  

10.71 Kg COD produces   ~   0.35 x 10.71  =     3.75 m3 CH4/d at STP 

  

At 20C, the CH4 gas generation   =     3.75 x (293/273) 

      

     =     4.02 m3/d  

  

The bio-gas generation rate is larger as it also contains CO2 and H2S = 4.02/0.80  = 5.03 

m3/d  

 



Essential conditions for efficient anaerobic treatment  

• Enough nutrients (N & P) and trace metals especially, Fe, Co, Ni, etc.  

  COD:N:P = 350:7:1 (for highly loaded system) 1000:7:1 (lightly     

  loaded system) 

• Avoid excessive air/O2 exposure 

• No toxic/inhibitory compounds present in the influent 

• Maintain pH between 6.8 –7.2 

• Sufficient alkalinity present (mainly bicarbonates) 

• Low volatile fatty acids (VFAs) 

• Temperature around mesophilic range (30-38 oC)  

• SRT/HRT >>1 (use high rate anaerobic reactors) 


