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Appendix 1: Screening station  
The trash removed by the screens will affect the particulate parameters, with the exception of  

particulate phosphorus and nitrogen that is set equal to the measured values. Unlike the other 

processes in the treatment plant, the calculation on the screening station has been done 

backwards. Meaning the concentration leaving the screening station has been set equal to the 

concentrations measured and calculated based on influent data from IVAR SNJ. This is done 

due to the sampling technique performed at IVAR SNJ. The reject flow from the screw 

compressor is return to the treatment plant at IVAR SNJ, in the calculations the contribution 

from the screw compressor reject flow has been neglected due to very low concentrations.  

 

Flow entering screw compressor is calculated based on the following equation:  
 

Q"# =
M&'()* ∗ (1 − f&","")

1000 l
m5

 

 
It is assumed that 1 kg wastewater  = 1 liter wastewater.  
 
Flow and concentration entering screening station:  
 
 

Q67,"" = Q899,"" + Q"# 
 
 

C67,"" =
<Q899,"" ∗ C899,""= + (Q"# ∗ C"#)

Q67,""
 

 

 

(SC = Screw compressor, SS= Screening station)  

CONCENTRATION ENTERING SCREW COMPRESSOR (SC)  

Main 

parameters 

Under 

parameters 

Formulas 

 

 

Soluble COD 

 

tsCODin,SC rbCOD899,"" + ssbCOD899,"" + snbCOD899,"" 

rbCODin,SC rbCOD899,"" 

VFAin,SC VFA899,"" 

ssbCODin,SC ssbCOD899,"" 

snbCODin,SC snbCOD899,"" 
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Particulate 

COD 

tpCODin,SC tpCOD',""
Q"#

 

Where:  

𝐭𝐩𝐂𝐎𝐃',"" = VSS',"" ∗ fOP 

psbCODin,SC psbCOD',""
Q"#

 

Where:  

𝐩𝐬𝐛𝐂𝐎𝐃𝐫,𝐒 = tpCOD'," ∗ U
psbCOD899,""
tpCOD899,""

V 

pnbCODin,SC pnbCOD',""
Q"#

 

Where:  

𝐩𝐧𝐛𝐂𝐎𝐃𝐫,𝐒 = tpCOD',"" ∗ U
pnbCOD899,""
tpCOD899,""

V 

 

 

 

Suspended 

solids 

TSSin,SC TSS',""
Q"#

 

Where:  

𝐓𝐒𝐒𝐫,𝐒𝐒 = 	
  M['()* ∗ f&","" 

VSSin,SC VSS',""
Q"#

 

Where:  

𝐕𝐒𝐒𝐫,𝐒𝐒 = 0,74 ∗ TSS',"" 

Phosphorus Tot-Pin,SC TotP899,"" 

PO4in,SC PO4899,"" 

 

Nitrogen 

Tot-Nin,SC TotN899,"" 

NH4in,SC NH4899,"" 

NO3in,SC NO3899,"" 

Oxygen DOin,SC DO899,"" 
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Appendix 2: Sand and grease removal  
 
Input concentration entering sand and grease trap:  

The capacity of the sand and grease trap is 2,8 m3/s, if the flow from the screening station (Qeff,S) 

summarized with the reject flow (Qrj) exceeds 2,8 m3/s, the residue flow will go in bypass. This 

needs to be included in the mass balance model, se the equation for Qin,SG. The concentrations 

entering the sand and grease trap will be dependent on the masses leaving the screening station, 

the masses in the reject and the masses going in bypass. See the general equation for Cin,SG.  

 

C67,"d =
<Q899,"" ∗ C899,""= + <Q'e ∗ C'e= − (Qfg,"" ∗ Cfg,"")

Q67,"d
 

Where:  
 
SG= Sand/grease trap 

rj = reject 

by,SS = bypass after screening station 

 

The removed substances from the sand and grease trap have two different path, the total 

system is shown in the figure below:  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Calculation of flows:  
 

Q67,"d = [if	
  (Q899,"" + Q'j) ≥ 2,8; 2,8;	
  (Q899,"" + Q'j) 

 

Q" =
M" ∗ (1 − f&",")

1000 l
m5
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Qd =
Md ∗ (1 − f&",d)

1000 l
m5

 

 
 

Q899,"d = Q67,"d − Q" − Qd 
 
 
 

CONCENTRATION REMOVED BY SAND AND GREASE TRAP (CS and CG) 

Main 

parameters 

Under 

parameters 

Formulas 

 

 

Soluble COD 

 

tsCODr,SG tsCOD67,"d 

rbCODr,SG rbCOD67,"d 

VFAr,SG VFA67,"d 

ssbCODr,SG ssbCOD67,"d 

snbCODr,SG snbCOD67,"d 

 

 

 

 

 

 

Particulate 

COD 

tpCODr,SG tpCOD" = tpCOD67,"d 

tpCODd = 	
  
tpCOD',"
Qd

 

Where:  

𝐭𝐩𝐂𝐎𝐃',d = VSS',d ∗ fOP 

psbCODr,SG psbCOD" = 	
  psbCOD67,"d 

psbCODd =
psbCOD',d

Qd
 

Where:  

𝐩𝐬𝐛𝐂𝐎𝐃𝐫,𝐆 = tpCOD',d ∗ U
psbCOD67,"d
tpCOD67,"d

V 

pnbCODr,SG pnbCODd = 	
  
pnbCOD',d

Qd
 

Where:  

𝐩𝐧𝐛𝐂𝐎𝐃𝐫,𝐆 = tpCOD',d ∗ U
pnbCOD67,"d
tpCOD67,"d

V 

 

 

TSSr,SG  

TSS" =
TSS',"
Q"
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Suspended 

solids 

TSSd = 	
  
TSS',d
Qd

 

Where:  

𝐓𝐒𝐒𝐫,𝐒 = M" ∗ f&"," 

𝐓𝐒𝐒𝐫,𝐆 = 	
  Md ∗ f&",d 

VSSr,SG VSS" = VSS67,"d 

VSSd =
VSS',d
Qd

 

Where:  

𝐕𝐒𝐒𝐫,𝐆 = fp"",d ∗ TSS',d 

Phosphorus TotPr,SG TotP67,"d 

PO4r,SG OrthoP67,"d 

 

Nitrogen 

TotNr,SG TotN67,"d 

NH4r,SG NH467,"d 

NO3r,SG NO367,"d 

Oxygen DOr,SG DO67,"d 

 
 
 
Effluent concentration (Ceff,SG):  
 

C899,"d =
<Q67,"d ∗ C67,"d= − (Qd ∗ Cd) − (Q" ∗ C")

Q899,"d
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Appendix 3: Mechanical drum filter  
The capacity of the drum filter have been set to 2,5 m3/s, because this is the maximum flow the 

biological treatment step can handle. If the flow from the sand and grease trap (Qeff,SG) exceeds 

2,5 m3/s, the residue flow will go in bypass. The flow entering the drum filter (Qin,DF) is given 

by the following equation.  

 

Q67,rs = [if	
  Q899,"d ≥ 2,5
m5

s ; 2,5
m5

s ;	
  Q899,"d] 

 

C67,rs =
(Q899,"d ∗ C99,"d) − (Qvg,"d ∗ Cvg,"d)

Q67,rs
 

 

The drum filter is frequently backwashed with treated wastewater. The concentrations 

transported with the treated wastewater is assumed to be negligible, and it is assumed that the 

flow entering the drum filter (Qin,DF) is equal to the flow exiting the drum filter (Qeff,DF). The 

flow sent to sludge treatment (QDF) is set equal to 0,014 m3/s, based on data from IVAR SNJ. 

The concentration leaving the drum filter is calculated based on this general equation: 

 

Crs =
<Q67,rs + Qrs= ∗ C67,rs − (Q899,rs ∗ C899,rs)

Qrs
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EFFLUENT CONCENTRATION FROM DRUM FILTER 

Main 

parameters 

Under 

parameters 

Formulas 

 

 

Soluble COD 

 

tsCODeff,DF tsCOD67,rs 

rbCODeff,DF rbCOD67,r9 

VFAeff,DF VFA67,rs 

ssbCODeff,DF ssbCOD67,rs 

snbCODeff,DF snbCOD67,rs 

 

 

 

Particulate 

COD 

tpCODeff,DF psbCOD899,rs + pnbCOD899,rs 

psbCODeff,DF psbCOD67,rs − psbCOD',rs 

Where:  

𝐩𝐬𝐛𝐂𝐎𝐃𝐫,𝐃𝐅 = fOP ∗ VSS',rs ∗ U
psbCOD67,rs
tpCOD67,rs

V 

pnbCODeff,DF pnbCOD67,rs − pnbCOD',rs 

Where:  

𝐩𝐧𝐛𝐂𝐎𝐃𝐫,𝐃𝐅 = fOP ∗ VSS',rs ∗ U
pnbCOD67,rs
tpCOD67,rs

V 

 

 

Suspended 

solids 

TSSeff,DF TSS67,rs − TSS',rs 

Where:  

𝐓𝐒𝐒𝐫,𝐃𝐅 = 0,5 ∗ TSS67,rs 

VSSeff,DF VSS67,rs − 	
  VSS',rs 

Where:  

𝐕𝐒𝐒𝐫,𝐃𝐅 = 0,773 ∗ TSS',rs 

 

 

Phosphorus 

TotPeff,DF TotP67,rs − TotP',rs 

Where:  

𝐓𝐨𝐭𝐏𝐫,𝐃𝐅 = <TotP67,rs − PO467,rs= ∗ 0,5 

PO4eff,DF PO467,rs 

 

 

Nitrogen 

TotNeff,DF TotN67,rs − TotN',rs 

Where:  

𝐓𝐨𝐭𝐍𝐫,𝐃𝐅 = <TotN67,rs − NH{,67,rs − NO5,67,rs= ∗ 0,5 

NH4eff,DF NH467,rs 

NO3eff,DF NO367,rs 

Oxygen DOeff,DF DO67,rs 
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Appendix 4: All Calculation for AN1 
1.   Hydrolysis 

The formulas used to find the different COD fractions produced during hydrolysis, and the 

biomass reduction during hydrolysis are given in the table below.  

 

HYDROLYSIS IN AN1 

Main parameters Under parameters Formulas 

 

 

Soluble COD 

tsCODhyd,AN1 
U
k*g}V[~[,���psbCOD67

Q�
V f) 

rbCODhyd,AN1 tsCOD*g},��� ∗ f'f#�r 

ssbCODhyd,AN1  tsCOD*g},��� ∗ f))f#�r 

snbCODhyd,AN1 tsCOD*g},��� ∗ f)7f#�r 

 

Particulate COD 

tpCODhyd,AN1 
U
k*g}V[~[,���psbCOD67,���

Q�
V f� 

psbCODhyd,AN1 tpCOD*g},��� ∗ f�)7f#�r)) 

pnbCODhyd,AN1 tpCOD*g},��� ∗ f�7f#�r 

 

Suspended solids 

TSShyd,AN1  

VSShyd,AN1 psbCOD*g},���
fOP

 

 

2.   Acidogenesis fermentation  

The biodegradable soluble COD available for fermentation in AN1 is the particulate COD 

solubilized through hydrolysis, and is given by the equation below:  

 

bsCOD67,��� = tsCOD*g},��� ∗ (f'f#�r + f))f#�r) 

 

The biodegradable soluble COD converted to VFA during fermentation are given by the 

following equation: 

 

bsCOD98',��� = 	
  
r98',��� ∗ V[~[,���

Q�
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It is not possible convert more bsCOD than what is available in the reactor. The VFA produced 

after fermentation are dependent on bsCODin,AN1, see table below. 

 

If Then 

bsCODfer,AN1 > bsCODin,AN1 bsCODfer,AN1 = bsCODin,AN1 

bsCODfer,AN1 < bsCODin,AN1 bsCODfer,AN1 = bsCODfer,AN1 

 

Where the fermentable conversion rate, rfer, are given by the following equation:  

 

r98',��� = k98',& ∗ bsCOD67,��� ∗ X���,(O[6P8,��� 

 

X���,(O[6P8,��� = VSS� ∗ f�,��� 

 

ACIDOGENESIS FERMENTATION IN AN1 

Main 

parameters 

Under 

parameters 

Formulas 

 

 

Soluble 

COD 

tsCODfer,AN1 rbCOD98',��� + ssbCOD98',��� 

rbCODfer,AN1 if	
  [bsCOD98',��� < rbCOD*g},���; rbCOD*g},���; bsCOD98',���] 

VFAfer,AN1 bsCOD98',��� 

ssbCODfer,AN1  if	
   �bsCOD98',���

= bsCOD67,���; 0; <ssbCOD(P(,98',��� − (bsCOD98',���

− rbCOD(P(,98',���=�] 

Where:  

𝐬𝐬𝐛𝐂𝐎𝐃𝐚𝐯𝐚,𝐟𝐞𝐫,𝐀𝐍𝟏 = ssbCOD67,��� + ssbCOD*g},��� 

𝐫𝐛𝐂𝐎𝐃𝐚𝐯𝐚,𝐟𝐞𝐫,𝐀𝐍𝟏 = rbCOD67,��� + rbCOD*g},��� 

Particulate 

COD 

tsCODfer,AN1 psbCOD98',��� + pnbCOD98',��� 

psbCODfer,AN1 VSS98',��� ∗ F�)f#�r 

pnbCODfer,AN1 VSS��� ∗ F�7f#�r 

VSSfer,AN1 Y�v",98' ∗ bsCOD98',��� 

𝐘𝐎𝐁𝐒,𝐟𝐞𝐫	
   =
Y98'

1 + k},98' ∗ SRT
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How much of the new biomass is formed to particulate COD: 

F�)f#�r = 1,48	
  mg
pCOD
g	
  VSS ∗ 0,75 = 1,11	
  

g	
  psbCOD
g	
  VSS  

 

F�7f#�r = 1,48	
  mg
pCOD
g	
  VSS ∗ 0,25 = 0,37	
  

g	
  pnbCOD
g	
  VSS  

 

3.   COD removal due to dissolved oxygen  

Dissolved oxygen in AN1  

Main 

parameters 

Under 

parameters 

Formulas 

 

 

 

Soluble 

COD 

rbCODDO,AN1 If	
  rbCOD�~[,r�,���
≥ rbCOD(P(,r�,���; rbCOD(P(,r�,���; rbCOD�~[,r�,��� 

Where:  

𝐫𝐛𝐂𝐎𝐃𝐩𝐨𝐭,𝐃𝐎,𝐀𝐍𝟏 = Fr� ∗ DO67,��� 

𝐫𝐛𝐂𝐎𝐃𝐚𝐯𝐚,𝐃𝐎,𝐀𝐍𝟏 = rbCOD98',��� 

VFADO,AN1 if	
  rbCODr�,���
< 	
  VFA(P(,r�,���; rbCODr�,���; VFA(P(,r�,��� 

Where:  

𝐕𝐅𝐀𝐚𝐯𝐚,𝐃𝐎,𝐀𝐍𝟏 = VFA98',��� 

Particulate 

COD 

psbCODDO,AN1 VSSr�,��� ∗ F�)f#�r 

pnbCODDO,AN1 VSSr�,��� ∗ F�7f#�r 

 

Suspended 

solids 

VSSDO,AN1 Y�v",r� ∗ rbCOD',r�,��� 

𝐘𝐎𝐁𝐒,𝐃𝐎	
   =
Y���

1 + k},���,�� ∗ SRT
 

 DOAN1 1
Fr�

∗ rbCODr�,��� 
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4.   Denitrification  

The denitrification process only affects the readily biodegradable COD in the solution. The 

potential nitrate concentration removed are given by the following formula:  

(NO5 − N)�~[,��� = (
1
Fr�	
  

∗ rbCOD(P(,r�,���) 

 

Where the rbCOD available for DN (rbCODava,DN,AN1) in AN1 is the rbCOD present in the 

reactor after fermentation, minus the rbCOD utilized due to dissolved oxygen.  

 

rbCOD(P(,r�,��� = rbCOD98',��� − rbCODr�,��� 

 

The VFA available for DN in AN1 (VFAava,DN,AN1) is the amount of biodegradable soluble COD 

converted to VFA in fermentation, minus the VFA utilized due to dissolved oxygen.  

 

VFA(P(,r�,��� = bsCOD98',��� − VFA',r�,��� 

 

DENITRIFICATION IN AN1 

Main 

parameters 

Under 

parameters 

Formulas 

 

 

Soluble 

COD 

rbCODDN,AN1 	
  Fr� ∗ (NO5)r�,��� 

VFADN,AN1 If	
  [rbCODr�,���	
  ³	
  VFA(P(,r�,���; 	
  VFA(P(,r�,���; (VFA(P(,r�,���
− rbCODr�,���)] 

 

Particulate 

COD 

psbCODDN,AN1 VSSr�,��� ∗ F�)f#�r 

pnbCODDN,AN1 VSSr�,��� ∗ F�7f#�r 

Suspended 

solids 

VSSDN,AN1 Y�v",r� ∗ rbCODr�,��� 

𝐘𝐎𝐁𝐒,𝐃𝐍	
   =
Yr�

1 + k},���,�� ∗ SRT
 

 

Nitrogen 

Tot-NDN,AN1 (TotN)67,��� − NO3r�,��� 

NO3DN,AN1 If	
  [NO3�~[,���	
  ³	
  NO367,���;	
  NO367,���; NO3�~[,���] 

 

 

 



 12 

5.   Effluent concentration AN1 

EFFLUENT CONCENTRATION FROM AN1 

Main 

parameters 

Under 

parameters 

Formulas 

 

 

Soluble COD 

tsCODeff,AN1 rbCOD899,��� + ssbCOD899,��� + snbCOD899,��� 

rbCODeff,AN1 rbCOD98',��� − rbCODr�,��� − rbCODr�,��� 

VFAeff,AN1 VFA98',��� − VFAr�,��� − VFAr�,��� 

ssbCODeff,AN1 ssbCOD98',��� 

snbCODeff,AN1 snbCOD67,��� + snbCOD*g},��� 

 

Particulate 

COD 

tpCODeff,AN1 psbCOD899,��� + pnbCOD899,��� 

psbCODeff,AN1 psbCOD67,��� + tsCOD*g},��� ∗ <f�)7f#�r − 1=

+ psbCODr�,��� + psbCODr�,���
+ psbCOD98',��� 

pnbCODeff,AN1 pnbCOD67,��� + pnbCOD*g},��� + pnbCODr�,���

+ pnbCODr�,��� + pnbCOD98',��� 

Suspended 

solids 

TSSeff,AN1 (TSS67,��� − VSS67,���) + VSS899,��� 

VSSeff,AN1 VSS67,��� + (VSSr�,��� + VSSr�,��� + VSS98',���
− VSS*g},���) 

Phosphate Tot-Peff,AN1 TotP67,��� 

PO4eff,AN1 PO467,��� 

 

Nitrogen 

 

Tot-Neff,AN1 TotN67,��� − NO3r�,��� 

NH4eff,AN1 NH467,��� 

NO3eff,AN1 NO367,��� − NO3r�,��� 

Oxygen  DOeff,AN1 DO67,���−DO��� 
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Appendix 5: All calculation for AN2 and AN3  
1.   COD removal due to presents of dissolved oxygen  

In AN2 COD removal due to DO concentration can occur in two different time steps: 

 

1.   COD removal happens immediately  

How much rbCOD and DO is removed due to the influent rbCOD concentration  

rbCOD�~[�,��� = Fr� ∗ DO67,��� 

 

DO�,��� =
1
Fr�

∗ rbCODr��,��� 

 

•   Still dissolved oxygen in the solution?  

o   Yes: DOres,AN2 > 0 

§   COD removal will occur when rbCOD are formed through hydrolysis 

and fermentation. Follow step 2.   

o   No: DOres,AN2 = 0 

§    Effluent dissolved oxygen concentration equals to zero.  

 

DO'8),��� = DO67,��� − DO�,��� 

 

2.   COD removal occurs when rbCOD are formed through hydrolysis and fermentation 

How much rbCOD and DO can be removed by the rbCOD available after hydrolysis and 

fermentation are given by the following equation.  

 

rbCOD�~[�,��� = Fr� ∗ DO'8),��� 

 

DO�,��� =
1
Fr�

∗ rbCODr��,��� 
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(i represent step one and step two) 

Dissolved oxygen in AN2 

Main 

parameters 

Under 

parameters 

Formulas 

 

Soluble 

COD 

rbCODDO(i) If	
  rbCOD�~[(6),���

≥ rbCOD(P(,r�(6),���; rbCOD(P(,r�(6),���; rbCOD�~[,r�(6),��� 

1.   rbCOD(P(,r��,��� = rbCOD67,��� 

2.   rbCOD(P(,r��,��� = rbCOD98',��� 

VFADO(i),AN2 if	
  rbCODr�(6),���
< 	
  VFA(P(,r�(6),���; rbCODr�(6),���; VFA(P(,r�(6),��� 

1.   VFA(P(,r��,��� = VFA67,��� 

2.   VFA(P(,r��,��� = VFA98',��� 

Particulate 

COD 

psbCODDO,AN2 VSSr�,��� ∗ F�)f#�r 

pnbCODDO,AN2 VSSr�,��� ∗ F�7f#�r 

 

Suspended 

solids 

VSSDO,AN2 Y�v",r� ∗ rbCODr�,[~[,��� 

𝐘𝐎𝐁𝐒,𝐃𝐎	
   =
Y���

1 + k},���,�� ∗ SRT
 

Oxygen DOAN2 1
Fr�

∗ rbCODr�,[~[,��� 

 

If there this still is dissolved oxygen left when the wastewater reach the third anaerobic 

reactor, the rbCOD concentration entering AN3 is zero, due to presents of dissolved 

oxygen in the previous anaerobic reactors. Reactor AN3 will thereby act similar as AN1.   
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Dissolved oxygen in AN3 

Main 

parameters 

Under 

parameters 

Formulas 

 

Soluble 

COD 

rbCODDO,AN3 If	
  rbCOD�~[,��5

≥ rbCOD(P(,r�,��5; rbCOD(P(,r�,��5; rbCOD�~[,r�,��5 

𝐫𝐛𝐂𝐎𝐃𝐚𝐯𝐚,𝐃𝐎,𝐀𝐍𝟑 = rbCOD98',��5 

VFADO,AN3 if	
  rbCODr�,��5 < 	
  VFA98',��5; rbCODr�,��5; VFA98',��5 

Particulate 

COD 

 

psbCODDO,AN3 VSSr�,��5 ∗ F�)f#�r 

pnbCODDO,AN3 VSSr�,��5 ∗ F�7f#�r 

 

Suspended 

solids 

VSSDO,AN3 Y�v",r� ∗ rbCODr�,��5 

𝐘𝐎𝐁𝐒,𝐃𝐎	
   =
Y���

1 + k},���,�� ∗ SRT
 

Oxygen DOAN3 1
Fr�

∗ rbCODr�,��5 

 

2.   Denitrification  

In AN2 denitrification can occur at two different time steps: 

1.   Denitrification happens immediately  

How much nitrate can be removed by the inlet rbCOD concentration are given by the 

following equation:  

NO3�~[�,��� = (
1
Fr�	
  

∗ rbCOD(P(,r��,���) 

 

rbCOD(P(,r��,��� = rbCOD67,��� − rbCODr��,��� 

 

•   Still nitrate in the solution?  

o   Yes: NO3res,AN2 > 0 

§   Denitrification will occur when rbCOD are formed through hydrolysis 

and fermentation. Follow step 2.   

o   No: NO3res,AN2 = 0 

§    Effluent nitrate concentration equals to zero.  

NO3'8),��� = NO367,��� − NO3r��,��� 
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3.   Denitrification occurs when rbCOD are formed through hydrolysis and fermentation 

How much nitrate can be removed by the rbCOD available after hydrolysis and 

fermentation are given by the following equation.  

NO3�~[�,��� = (
1
Fr�	
  

∗ rbCOD(P(,r��,���) 

      Where:  

rbCOD(P(,r��,��� = rbCOD98',��� − rbCODr��,��� 

 ( i = step 1 and step 2)  

DENITRIFICATION in AN2 

Main 

parameters 

Sub 

parameters 

Formulas 

 

 

Soluble 

COD 

rbCODDN(i),AN2 1.   𝐫𝐛𝐂𝐎𝐃𝐃𝐍𝟏,𝐀𝐍𝟐 = Fr� ∗ [(NO5)r��,���] 

2.   𝐫𝐛𝐂𝐎𝐃𝐃𝐍𝟐,𝐀𝐍𝟐 = Fr� ∗ [(NO5)r��,���]	
  

VFADN(i),AN2 If	
  [rbCODr�(6),���	
  ³	
  VFA(P(,r�(6),���; 	
  VFA(P(,r�(6),���; (VFA(P(,r�(6),���
− rbCODr�(6),���)] 

1.   VFA(P(,r��,��� = VFA67,��� − VFAr��,��� 

2.   VFA(P(,r��,��� = bsCOD98',��� − VFAr��,��� 

Particulate 

COD 

tsCODDN,AN2 psbCODr�,��� + pnbCODr�,��� 

psbCODDN,AN2 VSSr�,��� ∗ F�)f#�r 

pnbCODDN,AN2 VSSr�,��� ∗ F�7f#�r 

Suspended 

solids 

VSSDN,AN2 Y�v",r� ∗ rbCODr�,[~[,��� 

Where:  

𝐘𝐎𝐁𝐒,𝐃𝐍	
   =
Yr�

1 + k},���,�� ∗ SRT
 

𝐫𝐛𝐂𝐎𝐃𝐃𝐍,𝐭𝐨𝐭,𝐀𝐍𝟐 = rbCODr��,��� + rbCODr��,��� 

 

Nitrogen 

 

TotNDN,AN2 TotN	
  67,��� − NO3r�,[~[,��� 

NO3DN(i),AN2 1.   𝐍𝐎𝟑𝐃𝐍𝟏,𝐀𝐍𝟐 =

If	
  �NO3�~[�,���	
  ³	
  NO367,���;	
  NO367,���; NO3�~[�,���� 

2.   𝐍𝐎𝟑𝐃𝐍𝟐,𝐀𝐍𝟐 =

If	
  [NO3�~[�,���	
  ³	
  NO3'8),���;	
  NO3'8),��"; NO3�~[�,���] 

Where: 

𝐍𝐎𝟑𝐃𝐍,𝐭𝐨𝐭,𝐀𝐍𝟐 = NO3r��,��� + NO3r��,��� 
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Denitrification will occur in AN3 if there is nitrate in the effluent of AN2. Then denitrification 

are limited by hydrolysis such as in AN1, and will only happen after rbCOD are formed through 

hydrolysis and fermentation.  

NO3�~[,��5 = (
1
Fr�	
  

∗ rbCOD(P(,r�,��5) 

 

rbCOD(P(,r�,��5 = rbCOD98',��� − rbCODr�,��5 

 

DENITRIFICATION IN AN3 

Main 

parameters 

Under 

parameters 

Formulas 

 

Soluble 

COD 

rbCODDN,AN3 	
  Fr� ∗ (NO5)r�,��5 

VFADN,AN3 If	
  [rbCODr�,��5	
  ³	
  VFA98',��5;	
  VFA98',��5; (VFA98',��5
− rbCODr�,��5)] 

Particulate 

COD 

psbCODDN,AN3 VSSr�,��5 ∗ F�)f#�r 

pnbCODDN,AN3 VSSr�,��5 ∗ F�7f#�r 

Suspended 

solids 

VSSDN,AN3 Y�v",r� ∗ rbCODr�,��5 

𝐘𝐎𝐁𝐒,𝐃𝐍	
   =
Yr�

1 + k},���,�� ∗ SRT
 

 

Nitrogen 

 

TotNAN3 TotN67,��5 − NO3r�,��5 

NO3DN,AN3 If	
  [NO3�~[,��5	
  ³	
  NO367,��5;	
  NO367,��5; NO3�~[,��5] 
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2.   Hydrolysis  

 
 (ANn = AN1 or AN2) 

HYDROLYSIS IN AN2/AN3 

Main parameters Under 

parameters 

Formulas 

 

 

 

Soluble COD 

tsCODhyd,Ann 
U
k*g}V[~[,��7psbCOD67,��7

Q67,��7
V f) 

rbCODhyd,Ann tsCOD*g},��7 ∗ f'f#�r 

ssbCODhyd,ANn  tsCOD*g},��7 ∗ f))f#�r 

snbCODhyd,ANn tsCOD*g},��7 ∗ f)7f#�r 

 

 

Particulate COD 

tpCODhyd,ANn 
U
k*g}V[~[,��7psbCOD67,��7

Q67,��7
V f� 

psbCODhyd,ANn tpCOD*g},��7 ∗ f�)7f#�r) 

pnbCODhyd,ANn tpCOD*g},��7 ∗ f�7f#�r 

 

Suspended solids 

VSShyd,ANn psbCOD*g},��7
fOP

 

 

3.   Acidogenesis fermentation  

In AN2 and AN3 the biodegradable soluble COD available for fermentation are given by the 

following formulas:  

 

bsCOD67,��� = (rbCOD67,��� + ssbCOD67,��� − rbCODr��,��� − rbCODr��,���)

+ tsCOD*g},��� ∗ (f'f#�r + f))f#�r) 

 

bsCOD67,��5 = (rbCOD67,��5 + ssbCOD67,��5) + tsCOD*g},��5 ∗ (f'f#�r + f))f#�r) 

 

The VFA formed through fermentation (bsCODfer,ANn) is given by the equation below, and the 

final value are selected based on the dependency shown in the table.  

 

bsCOD98',��7 = 	
  
k98' ∗ bsCOD67 ∗ 	
  X���,(O[6P8 ∗ V[~[,��7

Q67,��7
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If Then 

bsCODfer,ANn > bsCODin,ANn bsCODfer,ANn = bsCODin,ANn 

bsCODfer,ANn < bsCODin,ANn bsCODfer,ANn = bsCODfer,ANn 

 

Here rbCODfer and VFAfer  represent the rbCOD and VFA concentration available in the 

solution after fermentation.  

ACIDOGENESIS FERMENTATION IN AN2/AN3   

Main 

parameters 

Sub 

parameters 

Formulas 

 

 

 

 

 

 

Soluble 

COD 

rbCODfer,ANn if	
  [bsCOD98',��7

< <rbCOD(P(,��7=; rbCOD(P(,��7; bsCOD98',��7] 

Where: 

 𝐫𝐛𝐂𝐎𝐃𝐚𝐯𝐚,𝐀𝐍𝟐 = rbCOD*g},��� + (rbCOD67,��� −

rbCODr��,��� − rbCODr��,���) 

𝐫𝐛𝐂𝐎𝐃𝐚𝐯𝐚,𝐀𝐍𝟑 = rbCOD*g},��5 + rbCOD67,��5 

VFAfer,ANn bsCOD98',��7  

ssbCODfer,ANn  if	
   �bsCOD98',��7

= bsCOD67,��7; 0; <ssbCOD(P(,98',��7

− (bsCOD98',��7 − rbCOD(P(,98',��7=�] 

Where:  

𝐬𝐬𝐛𝐂𝐎𝐃𝐚𝐯𝐚,𝐟𝐞𝐫,𝐀𝐍𝟐 = ssbCOD67,��� + ssbCOD*g},��� 

𝐫𝐛𝐂𝐎𝐃𝐚𝐯𝐚,𝐟𝐞𝐫,𝐀𝐍𝟐
= rbCOD67,��� + rbCOD*g},���

− rbCODr��,��� − rbCODr��,��� 

𝐬𝐬𝐛𝐂𝐎𝐃𝐚𝐯𝐚,𝐟𝐞𝐫,𝐀𝐍𝟑 = ssbCOD67,��5 + ssbCOD*g},��5 

𝐫𝐛𝐂𝐎𝐃𝐚𝐯𝐚,𝐟𝐞𝐫,𝐀𝐍𝟑 = rbCOD67,��5 + rbCOD*g},��5 

Particulate 

COD 

psbCODfer,ANn VSS98',��7 ∗ F�)f#�r 

pnbCODfer,ANn VSS98',��7 ∗ F�7f#�r 

Suspended 

solids 

VSSfer,ANn  Y�v",98' ∗ bsCOD98',��7  

Y�v",98'	
   =
Y98'

1 + k},98' ∗ SRT
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4.   P-release in AN2 and AN3 

In AN2:  

The maximum P-release in AN2:  

P'8�,�� ,��� = M�,¡�� ∗ f�¢£¡  

 

The active PAO mass available in AN2: 

M�,¡��,��� = 	
  X¡��,(O[6P8 = 0,15 ∗ VSS� ∗ Q� 

 

How much P can potentially be released based on the available VFA concentration in AN2:  

P'8�,�~[,��� = f¡�{ ∗ VFA(P(,¡��,��� 

In AN3:  

The maximum P-release in AN3:  

P'8�,�� ,��5 = P'8�,�� ,��� − P'8�,(O,��� 

 

P-release in AN2/AN3 

Main 

parameters 

Sub parameters Formulas 

 

 

 

 

 

 

Soluble 

COD 

rbCODPAO,ANn VFA¡��,��7 

VFAPAO,ANn min<VFA¤(£,¡��,��7; VFA(P(,¡��,��7= 

 

Where:  

In AN2: 

 𝐕𝐅𝐀𝐦𝐚𝐱,𝐏𝐀𝐎,𝐀𝐍𝟐 =
¡§¨©,ª«¬,­®¯	
  
9°±²∗³´µ,­®¯

 

𝐕𝐅𝐀𝐚𝐯𝐚,𝐏𝐀𝐎,𝐀𝐍𝟐 = VFA98',��� − VFAr��,��� − VFAr��,���  

 

In AN3:  

𝐕𝐅𝐀𝐦𝐚𝐱,𝐏𝐀𝐎,𝐀𝐍𝟑 =
P'8�,¤(£,��5
f¡�{ ∗ Q67,��5

 

𝐕𝐅𝐀𝐚𝐯𝐚,𝐏𝐀𝐎,𝐀𝐍𝟑 = VFA98',��5 − VFAr�,��5 − VFAr�,��5 

Phosphate TotPrel,ANn TotP67,��7  

PO4PAO,ANn P'8�,(O = min	
  (	
  P'8�,�� ,��7; P'8�,�~[,��7) 
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5.   Effluent concentration in AN2 and AN3 (n= AN1, AN2)  

EFFLUENT CALCULATIONS IN AN2/AN3 

Main 

parameters 

Under 

parameters 

Formulas 

 

 

Soluble 

COD 

tsCODeff,ANn rbCOD899,��7 + ssbCOD899,��7 + snbCOD899,��7 

rbCODeff,ANn AN2: rbCOD98',��� − rbCODr��,��� − rbCODr��,�� −

rbCOD'8�,��� 

AN3: rbCOD98',��5 − rbCODr�,��5 − rbCODr�,��5 −

rbCOD'8�,��5 

VFAeff,ANn AN2: VFA98',��� − VFAr��,��� − VFAr��,��� − VFA'8�,��� 

AN3: VFA98',��5 − VFAr�,��5 − VFAr�,��5 − VFA'8�,��5 

ssbCODeff,ANn ssbCOD98',��7 

snbCODeff,ANn snbCOD67,��7 + snbCOD*g},��7 

 

 

 

Particulate 

COD 

tpCODeff,ANn psbCOD899,��7 + pnbCOD899,��7 

psbCODeff,ANn psbCOD67,��7 + tpCOD*g},��7<f�)f#�r − 1=

+ (psbCODr�,��7 + psbCODr�,��7
+ psbCOD98',��7)	
   

 

pnbCODeff, ANn pnbCOD67,��7 + pnbCOD*g},��7

+ <pnbCODr�,��7 + pnbCODr�,��7

+ pnbCOOD98',��7= 

Suspended 

solids 

TSSeff,ANn (TSS67,��� − VSS67,���) + VSS899,��7 

VSSeff,ANn VSS67,��7 + (VSSr�,��7+VSSr�,��7+VSS98',��7)

− VSS*g},��7 

Phosphate Tot-Peff,ANn TotP67,��� 

PO4eff,ANn PO467,��7 + PO4¡��,��7 

 

Nitrogen 

 

Tot-Neff,ANn TotN67,��7 − NO3r�,[~[,��7 

NH4eff,ANn NH467,��7 

NO3eff, ANn NO367,��7 − NO3r�,[~[,��7 
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Appendix 6: All calculation done in aeration tank  
1.   COD removal  

 
Assumptions: 

-   COD removal in aeration tank will only affect the soluble biodegradable COD 

concentration (rbCOD and ssbCOD).  

o   Meaning the effluent snbCOD, psbCOD, pnbCOD concentrations will be equal 

to the influent concentrations.  

-   The effluent rbCOD and VFA concentration is assumed to be equal to zero.  

 

bsCOD899,(8' =
K)[1 + k}SRT]

SRT(µμ¤(£ − k}) − 1
 

 

COD REMOVAL IN AERATION TANK 

Main 

parameters 

Sub parameters Formulas 

 

Soluble 

COD 

rbCODCOD 0 

VFACOD 0 

ssbCODCOD If	
  �bsCOD899,(8'
> bsCOD67,(8'; ssbCOD67,(8'

− rbCOD67,(8'; bsCOD899,(8'� 

Where:  

𝐛𝐬𝐂𝐎𝐃𝐢𝐧,𝐚𝐞𝐫 = rbCOD67,(8' + ssbCOD67,(8' 

Particulate 

COD 

psbCODCOD VSS#�r ∗ F�)f#�r 

pnbCODCOD VSS#�r ∗ F�7f#�r 

Suspended 

solids 

VSSCOD Y���,�v" ∗ (bsCOD67,(8' − bsCOD899,(8') 
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2.   P-removal in aeration tank 
 

P-REMOVAL IN AERATION TANK 

Main 

parameters 

Sub 

parameters 

Formula  

Particulate 

COD 

psbCODP VSS¡ ∗ F�)f#�r 

pnbCODP VSS¡ ∗ F�7f#�r 

Phosphorus TotPP TotP67,(8' 

PO4P [min	
  (P',[~[; PO467,(8')] 

Suspended 

solids 

VSSP Y¡��,�v" ∗ (VFA¡��,��� + VFA¡��,��5) 

 
The four different processes that remove phosphorus from the solution is further explained in 

the thesis.  

 
 

3.   Nitrification in aeration tank 

Nitrification will not occur if SRT £ SRTmin, where SRTmin is calculated based on the 

following equation:  

 

SRT¤67 =
1

º1 +
K",�»&

NH467,(8'
¼ µμ�(£,�»& − k},�»&

 

 
 
The nitrogen incorporated in new biomass is calculated as following:  
  

N)�¢}½8 =
f7 ∗ (M���,78¾ +M¡��,78¾)

Q67,(8'
 

 
 

If Then 

Nsludge ³ NH4in,aer Nsludge = NH4in,aer 

 
 

 
NITRIFICATION IN AERATION TANK 

Main 

parameters 

Under 

parameters 

Formulas 
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Particulate 

COD 

tpCODNIT psbCOD�»& + pnbCOD�»& 

psbCODNIT 	
  VSS�»& ∗ F�)f#�r 

pnbCODNIT VSS�»& ∗ F�7f#�r 

Suspended 

solids 

VSSNIT Y�»&,�v" ∗ NH{,(P(,�»& 

 

Nitrogen 

NH4NIT NH4899,(8' = if	
  [SRT
= SRT¤67; NH467,(8' − N)�¢}½8; (NH467,(8'
− N)�¢}½8) ∗ 0,3] 

NO3NIT NO367,(8' + NH4(P(,�»& 

Where:  

𝐍𝐇𝟒𝐚𝐯𝐚,𝐍𝐈𝐓 = NH467,(8' − N)�¢}½8 − NH4899,(8' 

 
 

4.   Effluent Concentration from aeration tank 
 

EFFLUENT CALCULATIONS FOR AERATION TANK 

Main 

parameters 

Under 

parameters 

Formulas 

 

 

Soluble 

COD 

tsCODeff,aer rbCOD899,(8' + ssbCOD899,(8' + snbCOD899,(8' 

rbCODeff,aer 0 

VFAeff,aer 0 

ssbCODeff,aer ssbCOD#�r 

snbCODeff,aer snbCOD67,(8' 

 

Particulate 

COD 

tpCODeff,aer psbCOD899,(8' + pnbCOD899,(8' 

psbCODeff,aer psbCOD67,(8' + psbCOD#�r + psbCOD¡ + psbCOD�»&	
   

pnbCODeff,aer pnbCOD67,(8' + pnbCOD#�r + pnbCOD¡ + pnbCOOD�»& 

Suspended 

solids 

TSSeff,aer (TSS67,��� − VSS67,���) + VSS899,(8' 

VSSeff,aer VSS67,(8' + 	
  VSS#�r+VSS¡+VSS�»& 

Phosphate TotPeff,aer TotP67,(8' 

PO4eff,aer PO467,(8' − PO4¡ 

 

Nitrogen 

 

TotNeff,aer TotN67,(8' 

NH4eff,aer NH4�»& 

NO3eff,aer NO3�»& 
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Appendix 7: All calculation for sedimentation basin 
Needed relationship between flowrates, and VSS masses in the different flowrates are given 

by the following formulas:  

 

Q899 = Q67 − Q¾ 

 

Q¾ =
Mp"",¾

VSS�	
  
 

 

Q�,�¢[ = Q67,)8} − Q899,)8} 

 

Mp"",899 = Mp"",67,)8} ∗ (1 − f)O,)8}) 

 

SP78[ = <Mp"",67,)8} − Mp"",67,���= + Mp"",67 − M*g},��� = Mp"",899 + Mp"",¾ 

 

Mp"",¾ = SP78[ − Mp"",899 

 

M*g},��� = Mp"",67,��� − Mp"",899,��� 

 

Concentration in return sludge line/waste sludge line: 

 

C� =
<Q899,(8' ∗ C899,(8'= − (Q899,)8} ∗ C899,)8})

(Q� + Q¾)
 

 

The effluent concentration leaving the treatment plant is depended on the total bypass flow 

and concentration, and the flow and concentration leaving the settling tank.   

 

Q899 = Q899,)8} + Qfg,[~[ 

 

C899 =
<Q899,)8} ∗ C899,)8}= + (Qvg,[~[ ∗ Cvg,[~[)

Q899
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EFFLUENT CONCENTRATIONS FROM SETTLING TANK 

Main 

parameters 

Under 

parameters 

Formulas 

 

 

Soluble 

COD 

tsCODeff,sed rbCOD899,)8} + ssbCOD899,)8} + snbCOD899,)8} 

rbCODeff,sed 0 

VFAeff,sed 0 

ssbCODeff,sed ssbCOD899,(8' 

snbCODeff,sed snbCOD899,(8' 

 

Particulate 

COD 

tpCODeff,sed psbCOD899,)8} + pnbCOD899,)8} 

psbCODeff,sed (psbCOD899,(8' ∗ Q899,(8') ∗ (1 − f"#,)8})
Q899,)8}

	
   

pnbCODeff,sed (pnbCOD899,(8' ∗ Q899,(8') ∗ (1 − f"#,)8})
Q899,)8}

 

Suspended 

solids 

TSSeff,sed (TSS899,(8' ∗ Q899,(8') ∗ (1 − f"#,)8})
Q899,)8}

 

VSSeff,sed (VSS899,(8' ∗ Q899,(8') ∗ (1 − f"#,)8})
Q899,)8}

 

Phosphate TotPeff,sed PO4899,(8' + VSS ∗ [<f�,¡�� ∗ f¡��= + (f�,��� ∗ f���)]	
   

PO4eff,sed PO4899,(8' 

 

Nitrogen 

 

TotNeff,sed 
TotN899,(8' −

N�(' ∗ Q899,(8' ∗ <1 − f"#,)8}=
Q899,)8}

 

Where:  

𝐍𝐩𝐚𝐫 = TotN899,(8' − NO5,899,(8' − NH{,899,(8' 

NH4eff,sed NH4899,(8' 

NO3eff,sed NO3899,(8' 
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Appendix 8: All calculations for thickener 1 and thickener 2 
The calculations have been performed for the two thickener always in operation, one thickenes 

primary sludge the other thickens biological sludge.  

 

Thickener 1 (TH1): Primary sludge  

Polymer dosage 

For the first thickener there is added 1 kg polymer/ ton TS.  

The daily polymer dosage in TH1 (PDTH1) [kg/d]:  

 

PD&�� = Â
Q67,&�� ∗ TSSrs

10Ã g
ton

Ä ∗ 1	
  
kg	
  Polymer
ton	
  TSS  

 
The polymer added is an organic polymer that will slightly increase the influent TSS, VSS, 

psbCOD and tpCOD concentrations.  

 

 
TSSin, TH1: TSSrs + Â

PD&�� ∗ 1000
g
kg

Q67,&��
Ä 

 
 
 
VSSin,TH1: 

 

VSSrs + Â
PD&�� ∗ 1000

g
kg

Q67,&��
Ä 

 
 
tpCODin,TH1: TpCODrs + Â

PD&�� ∗ 1000
g
kg

Q67,&��
Ä ∗ fOP 

 
 

 
psbCODin,TH1: psbCODrs + Â

PD&�� ∗ 1000
g
kg

Q67,&��
Ä ∗ fOP 
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Thickener 2 (TH2): Biological sludge  

Polymer dosage 

For the second thickener there is added 3 kg polymer/ ton TS.  

The daily polymer dosage in TH2 (PDTH2) [kg/d]: 

 

PD&�� = Â
Q67,&�� ∗ TSS¾

10Ã g
ton

Ä ∗ 3	
  
kg	
  Polymer
ton	
  TSS  

 

The polymer added is an organic polymer that will slightly increase the influent TSS, VSS, 

psbCOD and tpCOD concentrations.  

 

 
TSSin, TH2: TSS¾ + Â

PD&�� ∗ 1000
g
kg

Q67,&��
Ä 

 
 
 
VSSin,TH2: 

 

VSS¾ + Â
PD&�� ∗ 1000

g
kg

Q67,&��
Ä 

 
 
tpCODin,TH2: TpCOD¾ + Â

PD&�� ∗ 1000
g
kg

Q67,&��
Ä ∗ fOP 

 
 

 
psbCODin,TH2: psbCOD¾ + Â

PD&�� ∗ 1000
g
kg

Q67,&��
Ä ∗ fOP 

 
 

The sludge volume leaving thickener and continues to the next sludge treatment process are 

given by the following equation.  

 

Q899,&�7 =
MO(Ç8,&�7

S"È,&�7 ∗ ρ¾ ∗ P),&�7
= Ê

m5

d
Ì 

 

MO(Ç8,&�7 =
f"#,&�7 ∗ Q67,&�7
1000	
  g/kg = 	
   Î

kg
d Ï 
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Calculations for thickener 1 and thickener 2 

 

 

 

 

 

 

 

 

 

 

 

The specific gravity of solids (Ss) is calculated based on the influent FSS and VSS fractions, 

and will remain the same before and after the sludge had been thickened.  

S",&�7 =
1

Â
ÐFSSTSS�
S9

Ä + Â
ÐVSSTSS�
Sp

Ä

 

 

The specific gravity of sludge (SSL) for thickened sludge can then be calculated based on the 

following formula.  

S"È,&�7 =
1

Uº
P),&�7
S"

¼ + º
P¾,&�7
ρ¾

¼V
 

 

Where:  

P¾,&�7 = 1 − P),&�7 
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EFFLUENT CONCENTRATIONS FROM THICKENER 1 AND 

THICKENER 2 

Main 

parameters 

Under 

parameters 

Formulas 

 

 

Soluble 

COD 

tsCODeff,THn rbCOD899,&�7 + ssbCOD899,&�7 + snbCOD899,&�7 

rbCODeff,THn rbCOD67,&�7 

VFAeff,THn VFA67,&�7 

ssbCODeff,THn ssbCOD67,&�7 

snbCODeff,THn snbCOD67,&�7 

 

Particulate 

COD 

tpCODeff,THn psbCOD899,&�7 + pnbCOD899,&�7 

psbCODeff,THn (psbCOD67,&� ∗ Q67,&�) ∗ f"#,&�7
Q899,&�

	
   

pnbCODeff,THn (pnbCOD67,&�7 ∗ Q67,&�7) ∗ f"#,&��
Q899,&�7

 

Suspended 

solids 

TSSeff,THn (TSS67,&�7 ∗ Q67,&�7) ∗ f"#,&�7
Q899,&�7

 

VSSeff,THn (VSS67,&�7 ∗ Q67,&�7) ∗ f"#,&�7
Q899,&�7

 

Phosphate TotPeff,THn 
PO4899,&�7 + U

P�(' ∗ Q67,&�7 ∗ f"#,&�7
Q899,&�7

V 

Where:  

𝐏𝐩𝐚𝐫 = 	
  TotP67,&�7 − PO467,&�7 

PO4eff,THn PO467,&�7 

 

Nitrogen 

 

TotNeff,THn 
NO3899,&�7 + NH4899,&�7 + U

N�(' ∗ Q67,&�7 ∗ f"#,&�7
Q899,&�7

V 

Where:  

𝐍𝐩𝐚𝐫 = TotN67,&�7 − NO367,&�7 − NH467,&�7 

NH4eff,THn NH467,&�7 

NO3eff,THn NO367,&�7 

Oxygen  DOeff, THn DO67,&�7 
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The reject flow and concentration from TH1 and TH2: 

 

Q'j,&�7 = Q67,&�7 − Q899,&�7 

 

C'j,&�7 =
(Q67,&�7 ∗ C67,&�7) − (Q899,&�7 ∗ C67,&�7)

Q'j,&�7
 

 
 
The total reject flow and concentration sent back to treatment plant: 
 
 
Q'j = Q'j,&�� + Q'j,&��	
   

 

C'j =
(Q'j,&�� ∗ C'j,&��) + (Q'j,&�� ∗ C'j,&��)

Q'j
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Appendix 9: All calculations for anaerobic digestion  
 

EFFLUENT CONCENTRATIONS FROM ANAEROBIC DIGESTION (AD)  

Main 

parameters 

Under 

parameters 

Formulas 

 

 

Soluble 

COD 

tsCODeff,AD rbCOD899,&�7 + ssbCOD899,&�7 + snbCOD899,&�7 

rbCODeff,AD VFA899,�r 

VFAeff,AD if�NH4899,�r > 3000; (VSS67,�r ∗ ff6~½() ∗ fOP=; 0 

ssbCODeff,AD 0 

snbCODeff,AD snbCOD67,�r 

 

Particulate 

COD 

tpCODeff,AD psbCOD899,�r + pnbCOD899,�r 

psbCODeff,AD psbCOD67,�r − (VSS}8) ∗ F�)f#�r) 

pnbCODeff,AD pnbCOD67,�r − (VSS}8) ∗ F�7f#�r) 

Where:  

𝐕𝐒𝐒𝐝𝐞𝐬 = VSS67,�r ∗ ff6~½()  

Suspended 

solids 

TSSeff,AD <TSS67,�r − VSS67,�r= + VSS899,�r 

VSSeff,AD VSS67,�r − VSS}8) 

 

Phosphorus 

TotPeff,AD TotP67,�r 

PO4eff,AD if	
  [PO4'8�,�r > TotP67,�r; TotP67,�r; (PO4'8�,�r + PO467,�r) 

Where:  

𝐏𝐎𝟒𝐫𝐞𝐥,𝐀𝐃 = PO4'8�,¡��,�r + PO4'8�,()),�r 

 

Nitrogen 

 

TotNeff,AD TotN67,�r − NO367,�r 

NH4eff,AD NH467,�r + NH4'8�,�r 

NO3eff,AD 0 

Oxygen DO 0 
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Biogas production:  

 

Methane (CH4) [m3/d] 

If	
  [NH4899,�r ≥ 3000;0; CH4�r] 

Where:  

CH4�r = (COD#�{ ∗ Q67,�r) ∗ f#�{ 

𝐂𝐎𝐃𝐂𝐇𝟒 = VSS}8) ∗ fOP 

Carbon dioxide (CO2) [m3/d] CO2�r = Biogas�r ∗ 0,35 

Total biogas [m3/d] Biogas�r =
CH{,�r
0,65  
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Appendix 10: All calculation for centrifugal dewatering  
 

 

Polymer dosage 

For the centrifugal dewatering there is added approximately 6 kg polymer/ ton TS.  

The daily polymer dosage in CD (PDCD) [kg/d]: 

 

PD#r = Â
Q67,#r ∗ TSS899,�r

10Ã g
ton

Ä ∗ 6	
  
kg	
  Polymer
ton	
  TSS  

 

The polymer added is an organic polymer that will slightly increase the influent TSS, VSS, 

psbCOD and tpCOD concentrations.  

 

 
TSSin, CD: TSS899,�r + Â

PD#r ∗ 1000
g
kg

Q67,#r
Ä 

 
 
 
VSSin,CD: 

 

VSS899,�r + Â
PD#r ∗ 1000

g
kg

Q67,#r
Ä 

 
 
tpCODin,CD: TpCOD899,�r + Â

PD#} ∗ 1000
g
kg

Q67,#r
Ä ∗ fOP 
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psbCODin,CD: psbCOD899,�r + Â

PD#r ∗ 1000
g
kg

Q67,#r
Ä ∗ fOP 

 
 

The sludge volume leaving the centrifugal dewatering and entering thermal drying (Qeff,CD) 

are calculated based on the equation below:   

 

Q899,#r =
MO(Ç8,#r

S"È,#r ∗ ρ¾ ∗ P),#r
= Ê

m5

d
Ì 

 
 

MO(Ç8,#r =
f"# ∗ Q67,#r
1000	
  g/kg = 	
   Î

kg
d Ï 

 

The specific gravity of solids (Ss) is calculated based on the influent FSS and VSS fractions, 

and will remain the same before and after the sludge had been centrifuged.  

S",#r =
1

Â
ÐFSSTSS�
S9

Ä + Â
ÐVSSTSS�
Sp

Ä

 

 

The specific gravity of sludge (SSL) for thickened sludge can then be calculated based on the 

following formula.  

S"È,#r =
1

Uº
P),#r
S"

¼ + º
P¾,#r
ρ¾

¼V
 

 

Where:  

P¾,#r = 1 − P),#r 

 

The centrate flow and concentration from the centrifugal dewatering process:  

 

QO87['([8 = Q67,#r − Q899,#r 

 

CO87['([8 =
(Q67,#r ∗ C67,#r) − (Q899,#r ∗ C67,#r)

Q'j,#r
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EFFLUENT CONCENTRATIONS FROM CENTRIFUGAL 

DEWATERING (CD)  

Main 

parameters 

Under 

parameters 

Formulas 

 

 

Soluble 

COD 

tsCODeff, CD rbCOD899,#r + ssbCOD899,#r + snbCOD899,#r 

rbCODeff,CD rbCOD67,#r 

VFAeff,CD VFA67,#r 

ssbCODeff,CD ssbCOD67,#r 

snbCODeff,CD snbCOD67,#r 

 

Particulate 

COD 

tpCODeff,Cd psbCOD899,#r + pnbCOD899,#r 

psbCODeff,CD (psbCOD67,#r ∗ Q67,#r) ∗ f"#,#r
Q899,#r

	
   

pnbCODeff,CD (pnbCOD67,#r ∗ Q67,#r) ∗ f"#,#r
Q899,#r

 

Suspended 

solids 

TSSeff,CD (TSS67,#r ∗ Q67,#r) ∗ f"#,#r
Q899,#r

 

VSSeff,CD (VSS67,#r ∗ Q67,#r) ∗ f"#,#r
Q899,#r

 

Phosphate TotPeff,CD 
PO4899,#r + U

P�(' ∗ Q67,#r ∗ f"#,#r
Q899,#r

V 

Where:  

𝐏𝐩𝐚𝐫 = 	
  TotP67,#r − PO467,#r 

PO4eff,CD PO467,#r 

 

Nitrogen 

 

TotNeff,CD 
NO3899,#r +	
  NH4899,#r + U

N�(' ∗ Q67,#r ∗ f"#,#r
Q899,#r

V 

Where:  

𝐍𝐩𝐚𝐫 = TotN67,#r − NO367,#r − NH467,#r 

NH4eff,CD NH467,#r 

NO3eff,CD NO367,#r 
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Appendix 11: All calculations for thermal drying 
The thermal drying is a dewatering process, but it differ from thickening and the centrifugal 

dewatering, it is assumed that only NH3 follows the evaporated vapor.  

 

 

 

 

 

 

 

The sludge volume leaving the thermal dryer and later produced into pellets (Qeff,TD) is 

calculated based on the same principal as for thickener and centrifugal dewatering.  

 

Q899,&r =
MO(Ç8,&r

S"È,&r ∗ ρ¾ ∗ P),&r
= Ê

m5

d
Ì 

 
 

MO(Ç8,&r =
f)O,&r ∗ Q67,&r
1000	
  g/kg = 	
   Î

kg
d Ï 

 

 

The specific gravity of solids (Ss) is calculated based on the influent FSS and VSS fractions, 

and will remain the same before and after the sludge had been centrifuged.  

 

S",&r =
1

Â
ÐFSSTSS�
S9

Ä + Â
ÐVSSTSS�
Sp

Ä

 

 

The specific gravity of sludge (SSL) leaving the thermal dryer can then be calculated based on 

the following formula.  

S"È,&r =
1

Uº
P),&r
S",&r

¼ + º
P¾,&r
ρ¾

¼V
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Where:  

P¾,&r = 1 − P),&r 

 
 
 
The evaporated flow and concentration is calculated as showed below:  
 
Q8P( = Q67,&r − Q899,&r 
 
 
 

C8P( =
(Q67,&r ∗ C67,&r) − (Q899,&r ∗ C899,&r)

Q8P(
 

 

 

EFFLUENT CONCENTRATIONS FROM THERMAL DRYER (TD)  

Main 

parameters 

Under 

parameters 

Formulas 

 

 

Soluble 

COD 

tsCODeff, TD rbCOD899,&r + ssbCOD899,&r + snbCOD899,&r 

rbCODeff,TD (rbCOD67,&r ∗ Q67,&r)
Q899,&r

 

VFAeff,TD (VFA67,&r ∗ Q67,&r)
Q899,&r

 

ssbCODeff,TD (ssbCOD67,&r ∗ Q67,&r)
Q899,&r

 

snbCODeff,TD (snbCOD67,&r ∗ Q67,&r)
Q899,&r

 

 

Particulate 

COD 

tpCODeff,TD psbCOD899,&r + pnbCOD899,&r 

psbCODeff,TD (psbCOD67,&r ∗ Q67,&r) ∗ f)O,&r
Q899,&r

	
   

pnbCODeff,TD (pnbCOD67,&r ∗ Q67,&r) ∗ f)O,&r
Q899,&r

 

Suspended 

solids 

TSSeff,TD (TSS67,&r ∗ Q67,&r) ∗ f)O,#r
Q899,&r

 

VSSeff,TD (VSS67,&r ∗ Q67,&r) ∗ f)O,&r
Q899,&r

 

Phosphate TotPeff,TD 
PO4899,&r + U

P�(' ∗ Q67,&r ∗ f)O,&r
Q899,&r

V 
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Where:  

𝐏𝐩𝐚𝐫 = 	
  TotP67,&r − PO467,&r 

PO4eff,TD PO467,&r ∗ Q67,&r
Q899,&r

 

 

Nitrogen 

 

TotNeff,TD 
NH4899,&r + NO3899,&r + U

N�(' ∗ Q67,&r ∗ f)O,&r
Q899,&r

V 

Where:  

𝐍𝐩𝐚𝐫 = TotN67,&r − NO367,&r − NH467,&r 

NH4eff,TD (NH467,&r ∗ Q67,&r) − (NH48P( ∗ Q8P()
Q899,&r

 

Where:  

NH48P( =
P��{,8P( ∗ NH467,&r ∗ Q67,&r

Q8P(
 

NO3eff,TD NO367,&r 	
  ∗ Q67,&r
Q899,&r
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VALUES USED 

 

Parameter Values Reference 

FDN  5,43 mg rbCOD/mg NO3-N (Tchobanoglous et al., 2014) 

FDO  2,99 g rbCOD/g O2 (Tchobanoglous et al., 2014) 

FpnbCOD  0,37 g pnbCOD/ g VSS Calculated 

FpsbCOD  1,1 g psbCOD/g VSS Calculated  

fbiogas 0,55  IVAR SNJ 

fA,OHO 0,214 Assumed  

fA,PAO 0,15 or varies  (Amy et al., 2008) 

fCH4 0,4 l CH4/g COD (Tchobanoglous et al., 2014) 

fcv 1,48 g COD/g VSS (Gori et al., 2011) 
fend,OHO 0,25 (Amy et al., 2008) 
fend,PAO 0,2  (Amy et al., 2008) 
fluxP 0,365 g P/g VSS Calculated 

fN 0,1 g N/g VSS (Amy et al., 2008) 

fOHO 0,015 g P/g VSS (Amy et al., 2008) 

fPAO 0,38 g P/g VSS (Amy et al., 2008) 

fP,end 0,03g P/g VSS (Amy et al., 2008) 

fP,inert 0,03g P/g VSS (Amy et al., 2008) 

fPO4 0,5 g P/g VFA (Amy et al., 2008) 

fp 0,15 (Gori et al., 2011) 

fP,ass 0,015 g P/g VSS (Amy et al., 2008) 

fpsbCOD 0,59 (Souza et al., 2013) 

fs 0,85 (Gori et al., 2011) 

frbCOD 0,5015 (Souza et al., 2013) 

fsc,CD 0,97 Assumed based on Table 14 

fsc,TD 0,99 Assumed  

fsc,THn 0,94 (Turoviskiy and Mathai, 2006) 

fsc,sed 0,99 Assumed 

fsnbCOD 0,41 (Souza et al., 2013) 

fsnb-N 0,034  (Amy et al., 2008) 

fssbCOD 0,0885 (Souza et al., 2013) 
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fTS,SS 0,4 IVAR SNJ 
fTS,G 0,6 Assumed 

fTS, S 0,75 IVAR SNJ 

fVSS,R 0,83 (Amy et al., 2008) 

fVSS,G 0,95 Assumed  

kd,fer,15  

kd,fer,35 = 0,02 d-1 

q =1,04 

 

0,009 d-1 

(Tchobanoglous et al., 2014) 

kfer 0,06 m3/g VSS*d (Amy et al., 2008) 

khyd,15 

q =1,14 

0,03 d-1 (Zhang et al., 2016) 

kd, NIT,15 

kd,NIT,20 =0,04 d-1 

q = 1,029 

0,035 d-1 (Amy et al., 2008) 

kd,OHO,15  

kd,OHO,20 = 0,12  

q =1,04 

0,098 d-1 (Tchobanoglous et al., 2014) 

KS,COD,15 

KS,NIT,20 =8 

      q=1 

8 g COD/m3 (Tchobanoglous et al., 2014) 

KS,NIT,15 

KS,NIT,20 =1 

q=1,123 

 

0,56 g NH3/m3 

(Amy et al., 2008) 

MG 100 kg grease/d Assumed 

MS 500 kg sand/d IVAR SNJ 

Mtrash 500 kg trash/d IVAR SNJ 
PNH4,eva 0,92 See chapter 3.2.5 Thermal drying 
Ps,CD 0,25  Assumed 
Ps,TD 0,85  Assumed 
Ps,TH1 0,06  Assumed 
Ps,TH2 0,04  Assumed 
Sf 2,5 (Tchobanoglous et al., 2014) 
Sv 1 (Tchobanoglous et al., 2014) 

Vtot,aer 16740 m3 IVAR SNJ 
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Vtot, AN1  1500 m3 IVAR SNJ 

Vtot, AN2 2820 m3 IVAR SNJ 

Vtot,AN3 2820 m3 IVAR SNJ 

XOHO,active  (VSSR* *fA,OHO ) g/m3  

XPAO,active (VSSR *fA,PAO ) g/m3  

YOHO,DN  0,32 gVSS/gCODr (Tchobanoglous et al., 2014) 

Yfer  0,06 VSS/g COD (Tchobanoglous et al., 2014) 

YNIT 0,1 g VSS/g NH4 (Amy et al., 2008) 

YOHO 0,45 gVSS/gCODr (Tchobanoglous et al., 2014) 

µmax,NIT,15  

q = 1,072 

µmax,NIT,20 = 0,7 d-1 

0,5 d-1 (Tchobanoglous et al., 2014) 

rw  1000 kg/m3  

 
 
 


