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:

_ 1v[Trash * (1 - I:TS,SS)
SC — 1
1000 —
m

It is assumed that 1 kg wastewater = 1 liter wastewater.

Flow and concentration entering screening station:
Qin,ss = Qeftss T Qsc

_ (Qeggss * Cerss) + (Qsc * Csc)
Cinss =

Qinss

(SC = Screw compressor, SS= Screening station)

CONCENTRATION ENTERING SCREW COMPRESSOR (SC)

Main Under Formulas
parameters parameters

tSCODin,SC rbCODeff,SS + SSbCODeff,SS + SanODeff,SS

rbCODin,sc rbCOD¢f 55
Soluble COD VFAinsc VFAest ss

ssbCODin,sc ssbCOD¢¢ ss
snbCODinsc | snbCODggss




tpCODin,sc tpCOD, 55
Qsc
Where:
tpCOD, g5 = VSS, g5 * fe,
psbCODinsc | psbCOD; ss
Qsc
Particulate Where: 0
COD psbCOD, ¢ = tpCOD, ¢ * (ptj)cco—DD;zSSS>
pnbCODinsc | pnbCOD, ss
Qsc
Where:
pnbCOD, ¢ = tpCOD, g5 * (%)
TSSin,sc TSS;ss
Qsc
Where:
Suspended TSSrss = Merash * frsss
solids VSSinsc VSSiss
Qsc
Where:
VSS, g5 = 0,74 * TSS, s
Phosphorus | Tot-Pinsc TotPefrss
PO4insc PO4¢frss
Tot-Nin,sc TotNefrss
Nitrogen NH4in,sc NH4 g 55
NO3in,sc NO3estss
Oxygen DOinsc DOettss




Appendix 2: Sand and grease removal

Input concentration entering sand and grease trap:

The capacity of the sand and grease trap is 2,8 m?/s, if the flow from the screening station (Qeft;s)
summarized with the reject flow (Qy) exceeds 2,8 m¥/s, the residue flow will go in bypass. This
needs to be included in the mass balance model, se the equation for Qin,sc. 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 Ciy sc.

(Qefrss * Cetss) + (Qup * Cry) — (Quyss * Cyss)
Cin,SG =

Qinsc
Where:

SG= Sand/grease trap
1j = 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:

Qin,SG sG
Cin,SG » » Ceff,SG

Qs Qg
Cs Cg

Calculation of flows:

Qinsc = [if (Qetrss + Qrj) = 2,8;2,8; (Qetrss + Q)

_ Mg (1 —frss)
QS - 1
1000 —
m




. MG * (1 - fTS,G)
G~ 1
1000 —
m

Qeff,SG = Qin,SG - Qs — Qg

CONCENTRATION REMOVED BY SAND AND GREASE TRAP (Cs and Cg)

Main Under Formulas
parameters parameters
tSCODr,SG tSCODin,SG

rbCOD;.sc rbCOD;y, s

Soluble COD VFA:sc VFAin sc

ssbCODy. s ssbCODj;, s

snbCOD; s snbCODj;, s

tpCOD,s¢ tpCODg = tpCODj, 5
tpCOD
tpCODg = P Prs
Q¢
Where:

tpCODr,G = VSSr,G * fCV

psbCOD:, sg psbCODg = psbCOD;, s

i sbCOD
Particulate psbCOD = p—rG
COD QU
Where:
psbCODj, 56
bCOD,.. = tpCOD _
pS r,G P r,G * ( tpCODin,SG
D, nbCOD
pnbCOD: sc pnbCODg = p r,G
Qg
Where:
panODin SG
bCOD,.. = tpCOD N Dy S —
pn r,G P r,G * ( tpCODin,SG
TSS:s6
TSS, s
TSS¢ = -
S Qs




55— 15500
Suspended Q
solids Where:
TSS, s = Mg * frgs
TSS,c = Mg * frs¢
VSSisc VSSg = VSSip 56
VSS, ¢
VS =~
Where:
VSS, ¢ = fyssc * TSS,g
Phosphorus | TotP:sc TotPy,sc
PO4, s OrthoP;, s¢
TotN,sc TotNjp s
Nitrogen NH4, s¢ NH4;, s
NO3..sc NO3i,s6
Oxygen DO sc DOin,s6

Effluent concentration (Ces6):

_ (Qinsc * Cinsa) — (Q * Cg) — (Qs * Cs)

Cetfsg =

Qefrsc




Appendix 3: Mechanical drum filter

The capacity of the drum filter have been set to 2,5 m?/s, because this is the maximum flow the
biological treatment step can handle. If the flow from the sand and grease trap (Qer,sG) exceeds
2,5 m’/s, the residue flow will go in bypass. The flow entering the drum filter (Qinpr) is given

by the following equation.

m3 m3
Qinpr = [if Qefrsg = Z'ST; Z'ST; Qesscl

(Qefrsc * Crse) — (Qay,sc * Cry,sc)
Cin,DF =

Qin,DF

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,pr) is equal to the flow exiting the drum filter (Qetr,pr). The
flow sent to sludge treatment (Qpr) is set equal to 0,014 m?/s, based on data from IVAR SNJ.

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

_ (Qin,DF + QDF) * Cin,pF — (QefepF * Ceff,DF)

Cpr =
Qpr
Q(DF)
Qin,DF Qeff,DF
Cin,DF DF ™ CeffDF
Q(DF)
C(DF)



EFFLUENT CONCENTRATION FROM DRUM FILTER

Main Under Formulas
parameters parameters
tsCODesr,pr tsCODjy, pr
rbCODcsr,pr rbCODjy, pr
Soluble COD  ['yFA upr VFAinpF
$SbCODestpr ssbCOD;y, pr
snbCODestpr snbCODjy, pr
tpCODest,pr psbCOD¢¢rpr + pnbCODgsr pr
psbCODesi,pr psbCOD;y, pr — psbCOD; pr
Where:
pnbCODesrpr | pnbCOD;,, pr — pnbCOD;. pE
Where:
pnbCOD;y, pr
pnbCOD, pf = fuy * VSS, pp * <m>
TSSest,pr TSSinpr — TSS; pE
Where:
Suspended TSS; pr = 0,5 * TSS;p, pr
solids VSSeti,pr VSSinpr — VSSypr
Where:
VSS,;. pr = 0,773 * TSS, pr
TotPesi,pr TotPy, pr — TotP: pg
Where:
Phosphorus TotP,pr = (TotPy, pr — P04, pr) * 0,5
PO4.iipr PO4i, pr
TotNesi,pr TotN;, pr — TotN, pf
Where:
Nitrogen TotN,pr = (TotNj, pr — NHyinpr — NO3 inpr) * 0,5
NH4.s:pr NH4, pr
NO3csi,pr NO3i, pr
Oxygen DO.st.pr DOin,pr




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
tsSCODnyq,an1 (khydvtot,ANl prCODin) £
Qr ’
Soluble COD | rbCODnyaant tsCODyyq,an1 * frbcop
sSbCODnyq,an1 tsCODyyq an1 * fssbcop
snbCODnya ANt tsCODyyq an1 * fsnbcop
tpCODnyd,an1 (khydvtot,ANl prCODin,AN1> f
Particulate COD Qr ’
psbCODhyaant tpCODhyq an1 * fpsnbcon))
pnbCODnyaant tpCODyyq,an1 * fpnbcop
TSShyd, ANt
Suspended solids | VSShyaani psbCODyyq,an1
fev

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:

bsCODjp an1 = tsCODpyq an1 * (frbcop + fssbcon)

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

following equation:

rfer,ANl * Vtot,ANl

Qr

bSCODfer,ANl =



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

bsCODser,an1 > bsCODin,ani bsCODser,an1 = bsCODin,ani

bsCODser,ant < bSCODinant | bsSCODser,ant = bSCODrer,aNi

Where the fermentable conversion rate, rr.r, are given by the following equation:

rfer,ANl = kfer,T * bSCODin,ANl * XOHO,active,ANl

XoHo,active AN1 = VSSg * fa ono

ACIDOGENESIS FERMENTATION IN AN1

Main Under Formulas
parameters | parameters
tSCODrer,aN1 rbCOD¢er an1 + SSDCODger ANt
rbCODserant | if [bSCODger a1 < TDCODyyq an1; TDCODpya ant; bPSCODser a1 ]
Soluble  'VEAw, ani bsCODrer, an1
COD sSbCODrerant | if [bSCODfer, ANL
= bsCODjy an1; 0; (sSHCODya fer,ant — (BSCODer an1
— rbCOD,ya fer.an1) )]
Where:
ssbCOD,; feran1 = SSbCODjp ang + sSbCODyyg ANt
rbCOD,y; fer,an1 = 'bCODjp a1 + rDCODpyg ant
Particulate | tSCODfer,an1 psbCOD¢er an1 + PNbCOD¢ger an1
CODb pSbCODrerant | VSSger ant * Fpsbcob
pnbCODserant | VSSang * Fpnpcop
VSSter,aN1 YoBs fer * bSCODfer ANt

Y _ Yfer
OBS fer 1+ kd,fer * SRT




How much of the new biomass is formed to particulate COD:

_ pC
FpstOD = 1,48 mg

FpanOD = 1,48 mg

D 075 = 111 g psbCOD
* = EE—

gVss ' g VSS
D g pnbCOD
025=0,37 ———

gVss g VSS

3. COD removal due to dissolved oxygen

Dissolved oxygen in AN1
Main Under Formulas
parameters | parameters
rbCODpo,ant If rbCODpot,Do,ANl
= rbCODg4yapo,an1; TPCODava po,an1; TPCOD ot po,aN1
Where:
Soluble rbCOD ¢ po an1t = Fpo * DOip ana
COD rbCOD,yap0,an1 = 'DCODger ANy
VFApo,ant if rbCODpgp an1

< VFAava,DO,ANl; rbCODDO,ANl; VFAava,DO,ANl

Where:

VFAava,DO,ANl = VFAfeI".AN 1

Particulate | psbCODpo,an1

VSSpo,an1 * Fpsbcop

COD pnbCODpo,an1

VSSpo,an1 * Fpnbcop

VSSpo,ani YoBs,po * rbCOD; po ANt
Suspended Y _ Yono
solids PP T 1+ kqomo.s * SRT
D
OANI * rbCODDO,ANl
DO

10




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:

1
(NO3 - N)pot,ANl = (F * rbCODava,DN,ANl)

DN

Where the rbCOD available for DN (rbCODayapnani) in AN is the rtbCOD present in the

reactor after fermentation, minus the rbCOD utilized due to dissolved oxygen.
rbCODgya,pNn,an1 = 'DCODger an1 — rbCODpp an1

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

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

VFAava,DN,ANl = bSCODfer,ANl - VFAr,DO,ANl

DENITRIFICATION IN AN1

Main Under Formulas

parameters | parameters

rbCODpn ANt Fpn * (NO3)pn,an1

VFApn.ant If [rbCODpy an1 = VFA4vapnant; VFAavapnant; (VFALva DN aNt

Soluble —rbCODpy an1)]
COD

psbCODbN.aN1 | VSSpy ant * Fpsbcop

Particulate | pnbCODpN an1 VSSpn,ant * Fpnbcop

COD
Suspended | VSSpn,ant Yosspn * TbCODpy an1
solids Yooy = Ypn
’ 1+ kg4 ono,15 * SRT
Tot-Npn,ant (TotN)inan1 — NO3py,an1
Nitrogen | NO3p~.ant If[NO3p6¢an1 2 NO3jp an1; NO3ip an1; NO3porant]
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5. Effluent concentration AN1

EFFLUENT CONCENTRATION FROM AN1

Main Under Formulas
parameters parameters
tsCODesr,aN1 rbCODe¢gr ang + SSDCODggean1 + SNDCODgge ANt
rbCODesran1 | rbCODger o1 — rDCODpo an1 — rbCODpy ANt
Soluble COD [ yFA A VFAfer an1 — VFApo an1 — VFApN an1
sSbCODest,an1 | SSbCODger an1
snbCODesan1 | sSnbCOD;, onq + SNbCODyyq ANt
tpCODesran1 | psbCODegrans + pnbCODegr an1
Particulate | psbCODeiant | psbCOD;, ang + tsCODyyaan1 * (Fpsnbcop — 1)
COD + psbCODpp an1 + PSBCODpy ANt
+ psbCOD¢er an1
pnbCODesran1 | pnbCOD;, pon1 + pnbCODyyg an1 + PnbCODpg ANt
+ pnbCODpy an1 + PNbCOD¢er any
Suspended | TSSefrant (TSSinan1 — VSSinan1) + VSSefrant
solids VSSefr,aN VSSinan1 + (VSSpo,an1 + VSSpn,ant + VSSter ant
— VSShyd,an1)
Phosphate Tot-PesraN1 TotPy ant
PO4esr,ant P04, an1
Tot-Nefr,aN1 TotNiy an1 — NO3pnan1
Nitrogen NH4et1,anN1 NH4i, an1
NO3esrant NO3;,an1 — NO3pnant
Oxygen DOesr.aNt DOin,an1—DOan1

12




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 tbCOD concentration

rbCODpot1,AN2 = Fpo * DOiIl,AN2

DO anz = F* rbCODpo1 aN2

DO

o Still dissolved oxygen in the solution?
o Yes: DOresan2 >0
= (COD removal will occur when rbCOD are formed through hydrolysis
and fermentation. Follow step 2.
0 No: DOresan2 =0

=  Effluent dissolved oxygen concentration equals to zero.

DOres,anz = DOjpanz — DOy anz
2. COD removal occurs when rbCOD are formed through hydrolysis and fermentation
How much rbCOD and DO can be removed by the tbCOD available after hydrolysis and

fermentation are given by the following equation.

rbCOD o2 an2 = Fpo * DOres ANz

DOy ANz = Fog * rbCODpo2 aN2

13



(i represent step one and step two)

Dissolved oxygen in AN2
Main Under Formulas
parameters | parameters
rbCODpog) If rbCOD ¢ (i,aN2
Soluble = rbCOD,ya pociy,anz; TPCODaya pociy,anz; TPCODyoc po(iyanz
COD 1. rbCOD4yapo1,an2 = rbCODjp AN
2. rbCOD4yapo2,an2 = rBCODger AN
VFApo(i),aN2 if rbCODpg i) anz
< VFA,vapo(i)anz; TbCODpoiy anz; VFAava po(i) ANz
1. VFAavapoianz = VFAj anz
2. VFAavapozanz = VFAfer anz
Particulate | psbCODbo,an2 | VSSpo anz * Fpsbcon
COD pnbCODpoan: | VSSpo anz * Fpnbcop
VSSpo,an2 Yogs,po * TbCODpg tor ANz
Suspended Yomsog = Yono
solids ' 1+ Kkq4,0H0,15 * SRT
Oxygen | DOan2

* rbCODpg tot,aN2
DO

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

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

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

14




Dissolved oxygen in AN3

Main Under Formulas
parameters | parameters
rbCODpo,ans | If rbCODpo¢ ans
Soluble = rbCODg4yapo,an3; TDCOD,aya po,ans; TPCOD ot po,aN3
COD rbCOD,y, po,an3 = rbCODger N3
VFAbpo,AN3 if rbCODpp anz < VFAger anz; TbCODpg anz; VFAfer ans
Particulate | psbCODpo,an3 | VSSpo ans * Fpsbcop
COD pnbCODpo.an3 | VSSpo,ans * Fpnbcop
VSSpo.aN3 YoBs,po * rbCODpg N3
Suspended Yoms g = Yono
solids ’ 1+ Kkq4,0H0,15 * SRT
Oxygen | DOans + rbCODpo ans
DO

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 tbCOD concentration are given by the

following equation:

1
NO 3pot1,AN2 = (F

* rbCOD4ya pN1.ANZ)
DN

rbCOD,y, pN1,aN2 = 'DCODjy ANz — rDCODpog AN

e 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 = O
=  Effluent nitrate concentration equals to zero.

NO3;esanz = NO3jp anz — NO3pn1anz

15



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.

1
NO?’potZ,ANZ = (F * rbCODava,DNZ,ANZ)
DN

Where:
rbCOD,ya pN2,aN2 = TDCODger an2 — rDCODpo2 ANz

(i=step 1 and step 2)

DENITRIFICATION in AN2

Main Sub Formulas

parameters | parameters

rbCODp~g),an2 | 1. tbCODpyg anz = Fpn * [(NO3)pn1anz]

2. rbCODpy; anz = Fpn * [(NO3)pnzanz]

Soluble | VFApnG.an2 If [rbCODpN(iyanz = VFAava NGy anz: VFAava pnG)anz; (VFAava DN(),AN2
Lok — rbCODpy(iy,anz)]

1. VFAavapnianz = VFAjpanz — VFApo1 an2

2. VFAgyapnzanz = bSCODger an2 — VFApo2 ANz

Particulate | tsCODpn,an2 psbCODpy anz + pnbCODpy an2

COoD psbCODpNaNz2 | VSSpy anz * Fpsbcop

pnbCODpNaN2 | VSSpy anz * Fpnbcon

Suspended | VSSpn,an2 Yosspn * TbCODpy tot aAN2
solids Where:
Ypn
Yogspn =

1+ Kq,0n0,15 * SRT
rbCODpy tot anz = rbCODpNg ANz + FDCODpN2 AN

TotNpn.an2 TotN jh an2 — NO3pn tot,anz

Nitrogen | NO3png).anz 1. NO3pynganz =

If [NOSPNLANZ 2 NO3j, anz; NO3ipanz; N03pot1.AN2]
2. NO3pnzanz =

If [NO3pot2,an2 = NO3res anz; NO3pes ants NO3 ez an]
Where:

NO3pn tot,an2 = NO3pn1,anz + NO3pnz anz

16




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.

1
NO3pot,AN3 = (F

* rbCODava,DN,AN3)
DN

rbCOD,y, pN,aN3 = ITDCODger a2 — rbCODpg AN

DENITRIFICATION IN AN3
Main Under Formulas
parameters | parameters
rbCODpn,an3 Fpn * (NO3)pn,ans
Soluble | VFApn.ans If [rbCODpy anz = VFAfer anz; VFAfer anz; (VFAfer anz
COD — rbCODpy,an3)]
Particulate | psbCODpnan3 | VSSpn anz * Fpsbcop
COD pnbCODpN.an3 | VSSpn ans * Fpnbcop
Suspended | VSSpn,an3 Yosspn * TbCODpy an3
solids v _ Ypn
OBSPN ™1 + kg 01015 * SRT
TotNan3 TotNj, an3 — NO3pn,ans
Nitrogen | NO3pn.an3 If[NO3,0tan3 2 NO3jp ans; NO3jp anz; NO3porans]
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2. Hydrolysis

(ANn = ANT1 or AN2)

HYDROLYSIS IN AN2/AN3
Main parameters | Under Formulas
parameters
tsCODhnyd,Ann (khydvtot,ANnprCODin,ANn) ¢
Qin,ANn )
rbCODhuyq,Ann tsCODpyg,ann * frbcop

Soluble COD SSbCODhyd,ANn tSCODhyd,ANn * IssbcoD

snbCODnyg,ANn tSCODhyd,ANn * IsnbcoD
tpCODhyd,aNn (khydvtot,ANnprCODin,ANn) £
Qin,ANn P

Particulate COD | psbCODnyg.aNn tpCODhyd,ANn * psanOD)

pnbCODhuyg,ann tpCODpyd,aNn * fonbcop

VSShyd,ANn prCODhyd,ANn

Suspended solids fev

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

following formulas:

bsCODj, anz = (rbCODj, Nz + ssbCODj, an2 — rbCODpny ANz — rDCODpo1 aN2)

+ tsCODpyqg,anz2 * (frbcop + fssbcop)

bsCODjp an3 = (rbCOD;, ANz + SSBCOD;jp an3) + tsCODpyg ans * (Frbcop + fssbcop)

The VFA formed through fermentation (bsCODrer,ann) is given by the equation below, and the

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

b _ kfer * bSCODin * XOHO,active * Vtot,ANn
SCODfer,ANn -

Qin,ANn
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If Then
bsCODser,ann > bsCODinann | bSCODfer,ann = bSCODin,anNn
bsCODser,ann < bSCODinann | bBSCODfer, aNn = bSCODrer, ANn

Here rbCODyr and VF A represent the tbCOD and VFA concentration available in the

solution after fermentation.

ACIDOGENESIS FERMENTATION IN AN2/AN3

Main Sub Formulas
parameters | parameters
rbCODfer,aNn | if [bSCODger ann
< (rbCOD,ya,aNn ); TBCODaya ann; DSCODfer ann]
Where:
rbCOD,y, anz = rbCODpyg anz + (rbCOD;y ANz —
rbCODpy1,an2 — rPCODpoy aN2)
rbCOD,y, an3 = rbCODyyq an3 + rbCODjp AN
Soluble
COD VF Afer,ANn bsCOD¢er ann
sSbCODrer,anNn | if [bSCODfer, AND
= bsCODjy ann; 0; (5SbCOD 4y fer ANn
— (bSCODfer ann — TDCODaya ferann) )]
Where:
sSbCOD,y, feranz = SSbCODjj an2 + sstODhyd,ANz
rbCOD,y, fer, ANz
= rbCODj, anz + rbCODpyg ANz
— rbCODpgy ANz — rbCODpNs aN2
ssbCOD,y, fer,an3 = SSbCODjp a3 + SSbCODy,y 4 AN3
rbCOD,y, fer,an3 = rbCODjp An3 + rDCODpyg aN3
Particulate | psbCODrter,aNn | VSSter ann * Fpsbcop
COD pnbCODrter,aNn | VSSger ann * Fpnbcop
Suspended | VSSrer,aNn Yogs fer * bSCODger aNn
solids Yomser = Yeer
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4. P-release in AN2 and AN3
In AN2:

The maximum P-release in AN2:

Preimax.anz = Mapao * fluxp

The active PAO mass available in AN2:

Mapaoanz = Xpaoactive = 0,15 * VSSg * Qg

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

Prel,pot,ANZ = I:PO4 * VFAava,PAO,ANZ
In AN3:

The maximum P-release in AN3:

Prel,MAX,AN3 = Prel,MAX,ANZ - Prel,ac,ANZ

P-release in AN2/AN3

Main Sub parameters | Formulas

parameters

rbCODpa0,ANn VFApao ANn

VFAPAO’ANn min(VFAmax,PAO ,ANn; VFAava,PAO LANN )

Where:

In AN2:
Prelmax,

VFAmax,PAO,ANZ = f]*TANZ

Soluble P04*Qin ANz
CcOD VFAava,PAO,ANZ = VFAfer,ANZ - VFADOZ,ANZ - VFADNZ,ANZ

In AN3:
Prel,max,AN3

Vl;‘Amax,PAO,AN3 =

fpo4 * Qinan3

VFA,vapaoans = VFAfer ans — VFApo ans — VFApN ans

Phosphate | TotPre,ann TotP, ann

PO4PA0,ANH Prel,ac = min ( Prel,MAX,ANn; Prel,pot,ANn)
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5. Effluent concentration in AN2 and AN3 (n= AN1, AN2)

EFFLUENT CALCULATIONS IN AN2/AN3

Main Under Formulas
parameters | parameters
tSCODest,ANn rbCODe¢gr ann + SSDCODegr ann + SNDCOD e ann
rbCODefs,AnNn AN2: rbCOD¢er aonz — rbCODpgz anz — rbCODpN2 N2 —
Soluble rbCOD ¢ anz
COD AN3: rbCOD¢er an3 — rDCODpg ang — rDCODpN aNs —
rbCOD, e ans
VF Actf,ANn AN2: VFAfer a2 — VFApo2,an2 — VFADN2,aN2 — VFArel aN2
AN3: VFA¢er ans — VFApoanz — VFApN ans — VFA e ans
sSbCODesr,ann | SSbCODger ann
snbCODesrann | SnbCOD;, aonp + SNDCODyyg ann
tpCODettann | pSbCODesr ann + PbCODetr ann
psbCODestann | psbCOD;, ann + tPCODpya ann (Fosbcon — 1)
+ (psbCODpgp ann + PsbCODpy ann
Particulate + psbCOD¢er ann)
COD
pnbCODes, aNn | pnbCODjp onn + pnbCODy, g AN
+ (panODDO,ANn + pnbCODpN aNn
+ pnbCOODger ann)
Suspended | TSSesr,aNn (TSSinanz — VSSinanz) + VSSetrann
solids VSSefr,ANn VSSin,ann + (VSSpo,ann +VSSpn,ann +VSSfer,ann)
— VSShyd,aNn
Phosphate | Tot-Petr,ann TotPy, an2
POA4ctiANn P04, aNn + PO4pp0 ann
Tot-Nes,ANn TotNiyann — NO3pn tot,ann
Nitrogen | NH4etANn NH4i, aNn
NO3ett, ANn NO3in aNn — NO3pn tot,aNn
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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 tbCOD and VFA concentration is assumed to be equal to zero.

Kq[1 + kqSRT]

bsCOD =
T et T SRT (e — Ka) — 1

COD REMOVAL IN AERATION TANK
Main Sub parameters | Formulas
parameters
rbCODcop 0
Soluble | VFAcop 0
COD | ssbCODcop If [bsCODef ser
> bsCODjp, ger; SSDCODjp ger
— rbCODjp, aer; bSCODef aer ]
Where:
bsCOD;;, aer = rbCODjp aer + SSbCODjy aer
Particulate | psbCODcop VSScop * Fpsbcon
COD pnbCODcop VSScop * Fpnbcop
Suspended | VSScop Yono,oBs * (bSCODjp ger — bSCODegfaer)
solids
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2. P-removal in aeration tank
P-REMOVAL IN AERATION TANK
Main Sub Formula
parameters | parameters
Particulate | psbCODp VSSp * Fpshcop
COoD pnbCODp VSSp * Fonbcop
Phosphorus | TotPp TotPy aer
PO4r [min (P tor; PO4in aer)]
Suspended | VSSp Ypao0,08s * (VFApao,anz2 + VFApao,aN3)
solids

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:

SRTmin =

1

Ks niT _k
NHZ.. . 4in,aer UMax,NIT d,NIT

The nitrogen incorporated in new biomass is calculated as following:

Nsludge =

I:n * (MOHO,neW + 1v[PAO,new)

Qin,aer

If

Then

Nsludge 2 NH4in,aer Nsludge = NH4in,aer

NITRIFICATION IN AERATION TANK

Main

parameters

Under Formulas

parameters
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tpCODniT

psbCODy;r + pnbCODy;r

Particulate | psbCOD~ir | VSSyir * Fpspcop
COD pnbCODnir | VSSyit * Fpnpcop
Suspended | VSSnit Ynit,08s * NHy ava NiT
solids
NH4NIT NH4eff,aer = if [SRT
Nitrogen = SRTyin; NH4in,aer - Nsludge; (NH4in,aer
- Nsludge) * 013]
NO3niT Nogin,aer + NH4ava,NIT

Where:

NI-I‘l'ava,NIT = NH4in,aer - Nsludge - NH4eff,aer

4. Effluent Concentration from aeration tank

EFFLUENT CALCULATIONS FOR AERATION TANK

Main Under Formulas
parameters | parameters
tSCODest,aer rbCODegf ger + SSDCOD s gor + SNDCOD g 5o
rbCODctiaer | O
Soluble | VF A sacr 0
COD ssSbCODesraer | SSbCODcop
snbCODestaer | SNbCODjy e
tpCODestaer | pSbCODgsr aer + pNbCODesf ger
Particulate | psbCODesraer | psbCODj, 4er + psbCOD¢op + psbCODp + psbCODy;r
COD | hnbCODestaer | pnbCOD;, yer + pNbCODop + pnbCODp + pnbCOODy;p
Suspended | TSSeftacr (TSSinanz — VSSinanz) + VSSetraer
solids VSSett,aer VSSinaer + VSScop+VSSp+VSSyir
Phosphate | TotPesiacr TotPi aer
PO4ctsaer PO4i, qer — PO4p
TotNettaer TotNip aer
Nitrogen | NHd4esraer NH4 1
NO3eisaer NO3niT
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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:

Qeff = Qin - Qw
_ Myssw
Quw = VSSg

QR,Out = Qin,sed - Qeff,sed
MVSS,eff = MVSS,in,sed * (1 - fsc,sed)
SPaet = (Myssinsed — Myssinanz) + Myssin — Mhydant = Myssefr + Myssw
MVSS,W = SPnet - MVSS,eff
Mpyd,an1 = Myss;inant — Mysseff,aN1
Concentration in return sludge line/waste sludge line:

_ (Qeff,aer * Ceff,aer) - (Qeff,sed * Ceff,sed)

C
R (Qr + Qu)

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.

Qett = Qeffsed T Qby,tot

_ (Qeff,sed * Ceff,sed) + (QBy,tot * CBy,tot)
Cefr =
Qetr
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EFFLUENT CONCENTRATIONS FROM SETTLING TANK

Main Under Formulas

parameters | parameters
tSCODet;sed rbCODeffseq + SSDCODggrseq + SNDCOD g seq
rbCODefisea | O

Soluble | VFA 1seq 0
COD SSbCODestsed | SSDCOD ger

SnbCODestsed | SNbCODgg 56y
tpCODesisea | psbCODgfrseq + PNbCOD¢sr seq

Particulate | psbCODetsea | (PSDCODeeaer * Qefraer) * (1 — fscsed)

COD Qeffsed
pnbCODesrsea | (PNDCODeraer * Qefraer) * (1 — fsc sed)
Qeffsed
Suspended | TSSefrsed (TSSeftaer * Qetaer) * (1 — fscsed)
solids Qefsed
VSSeftsed (VSSeftaer * Qefraer) * (1 — fscsed)
Qeff sed

Phosphate | TotPesrsea P04t aer + VSS * [(fapao * fpao) + (Faono * foro)]
PO4esisea PO4 off ger
TotNefr;sea Npar * Qettaer * (1 — fscsea)

Nitrogen TotNettaer = Qeff sed
Where:
Npar = TotNgfraer — NO3 effaer — NHa effaer

NH4 5 sea NH4 ot aer
NO3esisea NO3¢tf ger
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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 (PDtu1) [kg/d]:

QinH1 * TSSpr 1 kg Polymer
*

106 ti ton TSS
on

PDry; =

The polymer added is an organic polymer that will slightly increase the influent TSS, VSS,
psbCOD and tpCOD concentrations.

PDyy; * 10008

TSSin, TH1: TSSpr + 2 kg
in,TH1

PDryy; * 100015,

VSSin,Th1: VSSpg + 5

Qin,THl

PDTH1*1000§%

tpCODin,tu1: TpCODpy +
Qin,THl

PDTH1*1000§%

psbCODin,Th1: psbCODpg +
Qin,THl
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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 (PDtn2) [kg/d]:

QinrHz * TSSyw 3 kg Polymer
*

106 ti ton TSS
on

PDry, =

The polymer added is an organic polymer that will slightly increase the influent TSS, VSS,
psbCOD and tpCOD concentrations.

PDyy, * 10002

TSSin, TH2: TSSW + Q kg
in,TH2

PDryyz * 100015,

VSSin,Th2: VSS,, + 8

Qin,THZ

g
PDry, * 10007
tpCODin,tH2: TpCOD,, + kg

* fcv
Qin,THZ

PDypy * 10001%

psbCODin,Th2: psbCOD,, +

* fcv
Qin,THZ

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

given by the following equation.

Qeff,THn = -

3
1v[cake,THn lm l
Ssi,THn * Pw * PsTHn

M _ fschn * QinTHn _ [@]
cake, THn 1000 g/kg d
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Calculations for thickener 1 and thickener 2

r— " — - A
| I
I I
Qeff, THn | THN | Qin,THn
—————— <
Ceff,THn | | Cin,THn
I I
I I
L — — — —_——d
Qrj, THn
Crj,THn

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.
1

SsTHn =
), (G5)
St Sy

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

following formula.
1

SS ==
LR <PS,THn) + <PW,THn)
SS Pw

Where:

Pw,THn =1- Ps,THn
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EFFLUENT CONCENTRATIONS FROM THICKENER 1 AND

THICKENER 2
Main Under Formulas
parameters | parameters
tsSCODetr,THn rbCOD¢gf hn + SSDCODgge Ty + SNbCOD g tHn
rbCODesi;rn | rbCODyy, Ty
Soluble VFAeif.THn VFAin THn
Ccop ssbCODest,run | sSbCOD;yy, tap
snbCODest,run | snbCODyy, Ty
tpCODet;rin | pSbCODegrrHn + PnbCODegr THA
Particulate | psbCODesi;ran | (PSDCODipn 11 * Qintr) * fsc,rhn
COD QefrTH
pnbCODes;run | (PbCODiy Ty * QinTHN) * fscTHN
QeffTHN
Suspended | TSSefr;THn (TSSinhn * QinTHn) * fscTHN
solids QeffTHN
VSSett;THn (VSSin,ttn * Qin,THn) * fscTHn
QeffTHN
Phosphate | TotPesin PO4ege1itn + (Ppar * Q(iln.THn * fsaTHn)
eff THn
Where:
Ppar = TotPy, tun — PO4iy 1Hn
PO4est,THn PO4;, tHn
—— HONG e NO3etsran + NH4 ¢ Thn + (Npar - Q(iz:;z;: fSC'THn>
Where:
Npar = TotNiy rin — NO3i, tin — NH44, 1
NH4ett,THN NH4i, tan
NO3est,THn NO3;, THn
Oxygen DOefr, THn DOin,THn
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The reject flow and concentration from TH1 and TH2:

er,THn = Qin,THn - Qeff,THn

_ (Qin,THn * Cin,THn) - (Qeff,THn * Cin,THn)
er,THn -

er,THn

The total reject flow and concentration sent back to treatment plant:

Qrj = Qujra1 + QujTH2

C. = (Qrjra1 * Crjra1) + (Qrjraz * CrjTHZ)
& er
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Appendix 9: All calculations for anaerobic digestion

EFFLUENT CONCENTRATIONS FROM ANAEROBIC DIGESTION (AD)

Main Under Formulas
parameters | parameters
tSCODetrap | rbCODefrrrn + SSDCODegerhn + SNbCODee rhn
rbCODesap | VFAgr ap
Soluble  |'VFA . ap if NH4 g5 ap > 3000; (VSSin ap * foiogas * fev); 0
Lok ssbCODesr.ap | O
snbCODes,ap | snbCODj, ap
tpCODetr,ap | psbCODggrap + pnbCODegr ap
Particulate | psbCODerap psbCOD;, ap — (VSSges * Fpsbcon)
COD pnbCODetap | pnbCOD;, ap — (VSSges * Fpnbcop)
Where:
VSSges = VSSinap * fhiogas
Suspended | TSSefap (TSSinap — VSSinap) + VSSeft ap
solids VSSetr,ap VSSinap — VSSges
TotPetr,ap TotP, ap
Phosphorus | PO4.1.p if [PO4 e ap > TotPiy ap; TotPiy ap; (PO41e;ap + PO4iy ap)
Where:
P04, ¢; ap = PO4;e1paoap + PO4 el assaD
TotNetr,AD TotNjpap — NO3jy ap
Nitrogen | NH4sap NH4i, ap + NH4¢) ap
NO3etraD 0
Oxygen | DO 0
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Biogas production:

Methane (CH,) [m?/d]

If [NH4 g op = 3000; 0; CH4p ]
Where:

CH4,p = (CODch4 * Qinap) * fena
CODCHAI- = VSSdes * fcv

Carbon dioxide (CO.) [m?/d]

CO2,p = Biogasup * 0,35

Total biogas [m3/d]

CHy ap
0,65

Biogasap =
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Appendix 10: All calculation for centrifugal dewatering

r———=-—-=- A

| I

| I
Qeff,CD | cb | Qin,CD

- ——————— .

Ceff,CD | | Cin,CD

I I

| |

L —_ — — _——_——

Q(centrate)

C(centrate)

Polymer dosage

For the centrifugal dewatering there is added approximately 6 kg polymer/ ton TS.
The daily polymer dosage in CD (PDcp) [kg/d]:

Qincp * TSSefrap 6 kg Polymer

106 ti ton TSS
on

PDCD =

The polymer added is an organic polymer that will slightly increase the influent TSS, VSS,
psbCOD and tpCOD concentrations.

PDcp * 10002

‘ k
TSSin, cp: TSSeff,AD + Qincop :
1n,
PDp * 1000 &
VSSin,cp: VSSeerap + :

Qin,cp

PDcq * 1000:E
tpCODin,cp: TpCOD¢grap + ;

* fCV
Qin,cp
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PDcp * 10001%

psbCODiy,cp: psbCOD¢gsap +

* fCV
Qin,cp

The sludge volume leaving the centrifugal dewatering and entering thermal drying (Qesr.cp)

are calculated based on the equation below:

3
_ Mcake,CD _ m
Qefrep = =

Ssicp * Pw * Pscp

M _ fsc * Qincop _ [@]
cake,CD 1000 g/kg d

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.

1
Ss,c =
), ()
St Sy

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

following formula.
1

Ss ,CD —
LD (PS,CD) . <PW,CD)
SS pw

Where:

Pheco =1—Fep

The centrate flow and concentration from the centrifugal dewatering process:

chntrate = Qin,CD - Qeff,CD

_ (Qincp * Cincp) — (Qetrep * Cincp)
Ccentrate -

Qrjcp
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EFFLUENT CONCENTRATIONS FROM CENTRIFUGAL

DEWATERING (CD)
Main Under Formulas
parameters | parameters
tsCODesr, cp rbCODegrcp + SSbCODg¢¢ cp + snbCODg¢¢ cp
rbCODercp | rbCOD;, cp
Soluble  |'VFAcp VFAin cp
Sl ssbCODesr,cp | ssbCODyy, cp
snbCODesrcp | snbCODy;, cp
tpCODe¢srca | psbCODegrcp + pnbCOD g cp
Particulate | pshCODesr.cp | (PSbCODiy cp * Qincp) * fscep
COD Qefr,cp
pnbCODescp | (PnbCOD;y, cp * Qincp) * fsc.cp
Qefr,cp
Suspended | TSSet,cp (TSSincp * Qincp) * fscep
solids Qerrcp
VSSeit,cp (VSSin,cp * Qin,cp) * fsccp
Qefr,cp
Phosphate | TotPer,cp P04, o + (Ppar * Qincp * fsc,cn)
’ Qefr,cp
Where:
Ppar = TotPy, cp — PO4ycp
PO4.ticp P04, cp
—— HON e NO3egrcp + NH4 e cp + (Npar * %i:ff;* fSC,CD)
Where:
Npar = TotNjy cp — NO35, cp — NH4, cp
NH4er,cp NH4;, cp
NO3.sr,cp NO3;, cp




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.

Qeva
Ceva

Qeff, TD Thermal drying Qin, TD
- - <.
Ceff, TD (TD) Cin, TD

The sludge volume leaving the thermal dryer and later produced into pellets (Qeftp) i

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

3
_ 1v[cake,TD _ m
QefrTp = =

Ss,tp * Pw * Ps;tp

M _ fsetp * QinD _ [E]
cakeTD ™ 1000 g/kg d

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.

1
SS, =
U (6), ()
St Sy

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

the following formula.
1

SSL,TD =
<PS,TD ) + <PW,TD)
Ss,tp Pw
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Where:

Pw,TD =1- Ps,TD

The evaporated flow and concentration is calculated as showed below:

Qeva = Qin,TD - Qeff,TD

_ (Qin1p * Cinp) — (Qefrp * CefrTD)

Ceva = Qeve
EFFLUENT CONCENTRATIONS FROM THERMAL DRYER (TD)
Main Under Formulas
parameters | parameters
tsCODesr, D rbCODgrp + SSDCODgge Tp + SNbCOD e Tp
rbCODes;rp | (rbCODjp 1p * Qinp)
Soluble QeffTD
COD VFActi,tp (VFAin b * QinTD)
QeffTD
ssbCODesi;rp | (SsbCODjy, p * Qinp)
QeffTD
snbCODes;rp | (snbCOD;, tp * Qinp)
QeffTD
tpCODesi,rp psbCODe¢srp + pnbCODgg 1p
Particulate | psbCODesr;rp | (PSBCODj, 1p * Qinrp) * fse D
COD QefrTD
pnbCODes;rp | (PnbCODyy, tp * Qinrp) * fsc D
QeffTD
Suspended | TSSerp (TSSintp * Qinp) * fsc.cp
solids Qerrp
VSSeti;TD (VSSintp * Qinp) * fse,tp
QeffTD
Phosphate | TotPesp PO4 g + (Ppar * QinTD * sc,TD)
' QefrTD
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Where:

P ar — TOtPin,TD - PO4in,TD

p
PO4.s1,1p PO4in,tp * QinTD
QefrD
TotN Npar * Qj *
. eff, TD NH4eff,TD n Noseff,TD n ( par Qm,TD sc,TD)
Nitrogen Qefr,rp
Where:
Npar = TOtNin,TD - NO?’in,TD - NH4in,TD
NH4eff,TD (NH4in,TD * Qin,TD) - (NH4eva * Qeva)
Qefrp
Where:
NH4,,, = Pynaeva * NH4ip mp * Qinp
Qeva
NO3.si.1p NO3intp * Qinp

Qefr D
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VALUES USED

Parameter Values Reference
Fpx 5,43 mg rbCOD/mg NO3-N | (Tchobanoglous ef al., 2014)
Fpo 2,99 g rbCOD/g O2 (Tchobanoglous ef al., 2014)
Fpnbcop 0,37 g pnbCOD/ g VSS Calculated
Fpsbcop 1,1 g psbCOD/g VSS Calculated
fhiogas 0,55 IVAR SNJ
faoHo 0,214 Assumed
fapao 0,15 or varies (Amy et al., 2008)
fena 0,4 1CH4/g COD (Tchobanoglous ef al., 2014)
foy 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
N 0,1 g N/g VSS (Amy et al., 2008)
fono 0,015 g P/g VSS (Amy et al., 2008)
frao 0,38 g P/g VSS (Amy et al., 2008)
fp.end 0,03g P/g VSS (Amy et al., 2008)
fpinert 0,03g P/g VSS (Amy et al., 2008)
fro4 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)
fpsbcop 0,59 (Souza et al., 2013)
fs 0,85 (Gori et al., 2011)
fibcop 0,5015 (Souza et al., 2013)
fsc,cp 0,97 Assumed based on Table 14
fse,TD 0,99 Assumed
fse.THR 0,94 (Turoviskiy and Mathai, 2006)
fse.sed 0,99 Assumed
fsnbcop 0,41 (Souza et al., 2013)
fsnb-N 0,034 (Amy et al., 2008)
fssbcop 0,0885 (Souza et al., 2013)
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frsss 0,4 IVAR SNJ
frsG 0,6 Assumed
frs, s 0,75 IVAR SNJ
fvssr 0,33 (Amy et al., 2008)
fvssc 0,95 Assumed
Ka fer,15 (Tchobanoglous et al., 2014)
Kdfer3s = 0,02 d' | 0,009 d-!
0 =1,04
Kfer 0,06 m*/g VSS*d (Amy et al., 2008)
Knyd,15 0,03 d! (Zhang et al., 2016)
0=1,14
K4, NIT,15 0,035 d! (Amy et al., 2008)
kanir20 =0,04 d!
6=1,029
Ka,0H0,15 0,098 d! (Tchobanoglous et al., 2014)
kd.on0.20= 0,12
0 =1,04
Ks.cop,is 8 ¢ COD/m? (Tchobanoglous et al., 2014)
Ksnit20 =8
0=1
Ksnit,15 (Amy et al., 2008)
Ksnit20 =1 0,56 g NH3/m?
0=1,123
Mg 100 kg grease/d Assumed
Ms 500 kg sand/d IVAR SNJ
Mirash 500 kg trash/d IVAR SNJ
PNt4,eva 0,92 See chapter 3.2.5 Thermal drying
Ps.cp 0,25 Assumed
Ps,tp 0,85 Assumed
Ps,tH1 0,06 Assumed
Ps,tr2 0,04 Assumed
St 2,5 (Tchobanoglous ef al., 2014)
Sv 1 (Tchobanoglous ef al., 2014)
Viotaer 16740 m* IVAR SNIJ
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Viot, AN1 1500 m? IVAR SNJ

Viot, AN2 2820 m? IVAR SNJ

Viot,AN3 2820 m? IVAR SNJ

XOHO active (VSSr* *fa ono ) g/m?

XPAO,active (VSSR *fapao ) g/m?

Yonro,pN 0,32 gVSS/gCOD: (Tchobanoglous ef al., 2014)
Y fer 0,06 VSS/g COD (Tchobanoglous ef al., 2014)
Ynir 0,1 g VSS/g NH4 (Amy et al., 2008)

Yono 0,45 gVSS/gCOD: (Tchobanoglous ef al., 2014)
Lmax,NIT, 15 0,5d! (Tchobanoglous et al., 2014)
0=1,072

Umax,NiT20 = 0,7 d!

Pw

1000 kg/m’
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