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Table T1 State variables of ASM2d, units with notations, and average influent data
	Notation
	Parameters
	Units
	Average influent data

	SO
	Dissolved oxygen
	g O2/ m3
	0

	SF
	Fermentable substrate
	g/m3
	69.9

	SA
	Acetate
	g/m3
	57.4

	SI
	Soluble inerts
	kg/m3
	26.5

	SNH4
	Ammonium
	g/m3
	25.1

	SN2
	Dinitrogen
	g/m3
	0

	SNOX
	Nitrate plus nitrite
	g/m3
	0

	SPO4
	Phosphate
	g/m3
	5.6

	SI
	Saturation index
	kg COD /m3
	84

	Xi
	Inert particulate organics
	g COD /m3
	94.09

	XS
	Sulfate reducing bacteria
	kg COD /m3
	369.9

	XH
	Heterotrophic biomass
	g COD /m3
	51.5

	XPAO
	Phosphorus accumulating organisms
	g COD /m3
	0

	XPP
	Polyphosphates
	(g /m3 ) (kmol /m3)
	0

	XPHA
	Polyhydroxy alkanoates
	(g COD /m3) (kg COD /m3)
	0

	XA
	Autotrophic biomass
	g COD /m3
	0

	XTSS
	Total suspended solids
	g SS/m3
	374.6

	SK
	Potassium
	(g m/m3) (kmol /m3)
	20

	SMg
	Magnesium
	(g m/m3) (kmol m/m3)
	30

	Q
	Flow
	m3/d
	20648

	Temp
	Temperature
	OC
	15

	SNa
	Sodium
	(g /m3) (kmol /m3)
	175

	SCl
	Chloride
	(g /m3) (kmol /m3)
	300

	SCa
	Calcium
	(g /m3) (kmol /m3)
	60

	SSO4
	Sulfate
	(g /m3) (kmol /m3)
	0

	SFe2
	Iron (II)
	(g /m3) (kmol /m3)
	0

	SFe3
	Iron (III)
	(g /m3) (kmol /m3)
	0

	SAl
	Alkalinity
	kmol/m3
	0

	SIS
	Inorganic total sulfides
	kg COD /m3
	0

	XHFOL
	Hydrous ferric oxide with low number of active sites
	(g /m3) (kmol /m3)
	0

	XHFOH
	Hydrous ferric oxide with high number of active sites
	(g /m3) (kmol /m3)
	0

	XHFOLP
	XHFO_L with bounded adsorption sites
	g/m3
	0

	XHFOHP
	XHFO_H with bounded adsorption sites
	g/m3
	0

	XS0
	Elemental sulfur
	(g/m3)  (kg/m3)
	0

	XSRB
	Sulfate-reducing bacteria
	kg/m3
	0

	XISS
	Inorganic suspended soilds
	g SS/m3
	33.5


   
[bookmark: _Hlk102905685]Table T2 Average data of dynamic mass flow rates
	Dynamic mass flow rates
	Average data

	Chemical oxygen demand (COD)
	8386 kg /d

	Nitrogen
	1014 kg N/d

	Phosphorus
	197 kg P/d

	S:COD
	0.003 kg S Kg/COD



Table T3. Weighting factors for EQI.
	Weighting factors of EQI 

	Weighting factors
	
	
	
	
	
	
	

	Value
	2
	1
	30
	10
	2
	100
	100



[bookmark: _GoBack]Plant Performance Criteria
Plant assessment formulation
In any event, it serves as an example of how numerous treatment plants may be retrofitted to meet tighter effluent limits by modifying their plant layout. All of the unit operations (primary and secondary settler, biological treatment), and sludge lines (thickener, dewatering, struvite, anaerobic digester) with biological control (SO and ammonia) are taken into consideration. These operations result in modifications to the effluent levels along with process operating expenses (Solon et al., 2017 a, b). To evaluate performance of the WWTP for various control topologies, two performance indices were used. The traditional evaluation criteria of EQI and OCI. This value provides a better understanding of the trade-offs and synergies that various nutrient recovery control strategies can have on GHG (nitrous oxide, carbon dioxide, and methane) emissions. EQI (kg. pollution. unit’s d-1) represents the total pollution leaving the plant and is computed using eq. (1-6) as a weighted sum of effluent TSS, BOD, TKN, COD, NO (oxidized forms of nitrogen, including NO2, NO3, NO, NH2OH, and N2O), and inorganic and organic P (Pinorg and Porg respectively) (Gernaey et al., 2011; 2014; Solon et al., 2017 a, b). The pollution concentrations of each individual estimation are elucidated:
 
Here
 
 
 
 
                                                                                                                                                 (6) 

 
                                                                                                                    
 
Where tobs denotes the whole evaluation period, and θi denotes the weighting factors used to transform distinct contaminants into general pollution units (Gernaey et al., 2011; 2014; Solon et al., 2017 a, b; Sheik et al., 2022b). those are reported in the supplementary data Table T3. Qe denotes the effluent flow rate in m3/d. From eq. (11), the OCI is computed as a weighted total of the expenses of pumping, mixing, aeration and heating energy, external carbon source, sludge production disposal, chemicals, as well as the possible advantages in the production of methane and nutrients recovered (e.g. struvite).
	
	(11)


The AE refers to the aeration energy, the PE refers to pump energy, the SP refers to sludge production, and the EC defined by external carbon additions. Me represents mixing energy, MP refers to methane production, HE defined by to AD energy required, MA refers to metal addition, Mg stands for magnesium addition, and Srecovered refers to struvite recovered. The Gi is weighting factors that were chosen in the same way that Gernaey et al. (2014) and Solon et al. (2014) and (2017b). Finally, other regulatory criteria were utilized to determine the plant's performance, such as the percentage of violations in the plant (PV), which refers to when effluent levels exceed discharge limitations for particular nutrients in the effluent. Nevertheless, only the data gathered during the final 364 days of dynamic simulations are used to assess the control techniques that were used. All dynamic simulations (609 days) are accompanied by a steady-state simulation (300 days). A brief explanation of all the parameters of OCI is reported in the supplementary data.
The aeration energy (AE) is described as (kWh/d):
 
Where KLai signifies the oxygen mass transfer coefficient, Vi notifies the volume of the reactors and oxygen saturation coefficient. T is the length of evaluation time (364 days)
The pumping energy (PE) is defined as (kWh/d):
 
Where Qintr is the internal recycle (m3/d), Qexr is the external recycle (m3/d), Qw is the waste flow (m3/d), QPU is the primary clarifier underflow, QTU is the thickener underflow and QDO is the dewatering overflow.
The sludge production (SP) is expressed as (kg/d):

 
With 
Where QX (t) is the sludge flow and TSSX is the total amount of solids in the sludge flow stream (after dewatering in BSM2-P). XTSS is elucidated as the sum of TSS mass present in an individual process unit. The subscripts refer to the concern process units. 
The mixing energy (ME) is defined as (kWh/d):
The mixing is highly necessary to avoid the biomass settling in the non-aerated and aerated reactors like all ASU tanks and anaerobic digester and the mixing energy (ME) is defined as (kWh/d):
 
Where
 
 
Where, Vi is the ith tank volume (m3) and 0.005 kW/m3 is the mixing power consumption factor in ASU. VADU is the volume of liquid in ADU and the mixing power consumption factor 0.005 kW/m3.
Methane production (kg CH4/d) is defined as:
The average methane production per day value is defined by using the eq. (5).
 
Where, PgCH4 (bar) partial pressure of methane gas produced in the headspace, R denotes the universal gas law constant i.e 8.3145.10-2 bar m3 kmol-1 k-1, TOT represents the operating temperature of the digester (308.15 K), Ptg is the total gas pressure in the headspace, Patm is atmospheric pressure (1.013 bar) and Qg is the gas flow rate of produced gas.
 Net heating energy is described as: 
 
Where HE is the amount of energy required to get the anaerobic digester up to operating temperature, as shown in the equation below.
)
 
Here, 
Where, PH2O is the density of water (1000 kg/m3), CH2O is the specific heat capacity of water (4.186 KJ kg-1 oC-1). Tad,i is the temperature of ADU influent, TOP is the optimal temperature of ADU. Qad is the flow rate to the ADU (m3/d). 
Table T4 Linguistic functions and MF’s for control inputs and outputs.
	Linguistic Variable (Output)

	Linguistic value
	Range
	MF
	Characteristic ranges

	1
	Lower
	Gaussian bell-shaped shaped
	0.175
	5.4
	0.11

	2
	Medium
	Gaussian bell-shaped shaped
	1.06
	5.87
	1.36

	3
	Higher
	Gaussian bell-shaped shaped
	3.56
	18
	6

	Linguistic Variable (Input)

	Linguistic value
	Range
	MF
	Characteristic ranges

	1
	Lower
	Gaussian bell-shaped shaped
	1.89
	9.18
	0.034

	2
	Medium
	Gaussian bell-shaped shaped
	1.02
	7.75
	2.96

	3
	Higher
	Gaussian bell-shaped shaped
	8.26
	42.2
	12.36
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	(A) Membership function of the input (ammonia)
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	(B) Membership function of output (Dissolved oxygen)

	Figure T1 Membership functions of (A) input, and (B) output


	AE                  Aeration energy rate (Kwh/d)
ASM               Activated sludge model 
BNR               Biological nutrient removal
BSM               Benchmark simulation model
BOD5              Biological oxygen demand
COD               Chemical oxygen demand
CSTR             Continuous stirred tank reactor
ConcMeg               Magnesium added concentration (kg.m-3)
Concstru           Struvite concentration (kg.m-3)
EQI                Effluent quality index (kg. polluts. units.d-1)
EC                  External carbon source (kg.d-1)
FLC                Fuzzy logic controller
FOM               First order model
FPI                  Fractional proportional integral
Fe                   Iron
HE                  Heating energy (kwh.d-1)
GHG              Greenhouse gas emission
IQI                  Influent quality index (kg. polluts. units.d-1)
Kc                    Proportional gain 
KLa                 Oxygen mass transfer coefficient
MD                 Metal dosages (kg.d-1)
ME                  Mixing energy (kwh.d-1)
MP                  Methane Production (kg CH4.d-1)
Meg                Magnesium dosage (Kg.d-1)
NO                  Nitrate
	PE             Pumping energy consumption (kWh/d)
HUk                 Pollutant load corresponding to component       
Qin             Influent flow rate (m3/d)
Qintr                 Internal recycle flow rate (m3.d-1)
Qr                      Return sludge flow rate (m3.d-1)
Qw                    Waste sludge flow rate (m3.d-1)
QMeg                Flow rate of magnesium added (m3.d-1)
Qout                  Waste sludge flow rate (m3.d-1)
Qstru            Struvite recovery flow rate (m3.d-1) 
Srecover             Struvite recovery (kg.d-1)
SO              Dissolved oxygen
S                 Sulphur
            Saturation oxygen concentration (kg O2. m-3)
SP              Sludge production (kg SS.d-1)
to                         Start time
tf                          End time
TN                     Total nitrogen
TKN           Total Kjeldahl Nitrogen
TP                      Total phosphorus
TSS                 Total suspended solids
WWTP        Waste water treatment plant
Gi                         Commercial prices  
                     (i=  Mg, SP, MP, EC, and Srecover)
Zi                        Mass transfer between the liquid and the gas volume (i= CO2,  ZMg2, not ZNH4 and ZPO34)
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