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Intro, operating WWTPs as self-sufficient WRRFs

@ Dynamic demands require flexible operation policies

[Z] Context: Wastewater as a sus- that still ensures a balanced water-energy nexus.

tainable source of water, ene
m UrCe Of Waler, energy, ) Model-based controllers that adjust the effluent to ex-
and raw materials. . .
ternal demands while recovering energy from sludge.
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Intro, activated sludge processes (ASP)

e We focus on the Activated Sludge Processes (ASP) on biological WWTPs

¢ Denitrification-nitrification:

~~ Bacteria reduce nitrate and ammonia nitrogen into
nitrogen gas

¢ Process Manipulation:
@ Insufflate air to boost aerobic growth
® Extra carbon to boost aerobic/anoxic growth
® Recycle wastewater within the plant

Activated sludge process

. Autotrophic bacteria .
Ammonium + Oxygen ——— > Nitrate +

Heterotrophic bacteria

Nitrate + Carbon Nitrogen gas +




Intro, benchmark simulation models
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EXTERNAL RECIRCULATION CESS SLUDGE

Benchmark Simulation Model no. 1 (BSM1)
~ b sequential bio-reactors (Activated Sludge Model no. 1)

~ 1 non-reactive settler (10-layers double-exponential settling model)

[1] Gernaey, K., Jeppsson, U., Vanrolleghem, P., Copp, J., 2014. Benchmarking of Control S

rategies for Wastewater Treatment Plants.

IWA.



Intro, benchmark simulation models (cont.)

.5(10)
T138,...,145

An “expanded model” when compared to common representations

Ny =5x13+10x 8 Ny =34+5x%x2 Ny =1+13 Ny =5x2+5

145 state variables

13 controls = 14 disturbances = 15 sensors
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Dynamics of particulate matter!!]
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Intro, benchmark simulation models (cont.)

el el ol Lo\ o] ~ —~guc]
S8 [.58 r’ ool leseseses |

D Kpa >1<D/\m >1<D/\m >1<D/\m >1<D/\w
I I I

(Influent)
Wastewater

Reuse water

o (Effluent)

O

_><._ L

_ Disposed
sludge

Thickened sludge

Primary sludge




Experimental study
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Experimental study, setup

We consider the task of operating a biological wastewater treatment plant (WWTP, secondary
treatment) as a water resource recovery facility (WRRF)

Carbon Carbon -
i ' 12N oy .
K @ 0’ °’

'

Influent on demand, produce effluent water of specific quality

Effluent

Water class Biochemical profile
TSS BOD TN
Internal recycle A S 30 g/m3 S 10 g/m3 S 15 g/I‘Il3
R B <30g/m?® <15g/m3 < 30g/m?
A‘:‘f\(,lllrl recycle C

1 M| <30g/m® <20g/m® <45g/m?

(Bi()-)gu:

produce biogas to ensure nonpositive energy cost index,

ECI = AE + PE + ME — npgMP
+ max(0, HE — ng MP)

Reject water :



Experimental study, general control architecture and implementation

Output model predictive controller
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Experimental study, general control architecture and implementation

Output model predictive controller
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Experimental study, general control architecture and implementation

Output model predictive controller
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Experimental study, general control architecture and implementation

Output model predictive controller We design a model-based output-feedback controller
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Experimental study, results
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Experimental study, results
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Experimental study, results
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Thank you!
Questions?

“
%
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