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Waste Water Treatment Plant (WWTP)
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10 largest Kruger controlled WWTPs in DK



Kolding WWTP




Energy flexibility in waste water treatment and transport

Overall goal: minimize effluent concentrations and overflow risk

© Sludge — biogas — gas turbine — electricity
@ Power management of the aeration process (720 kW; >50%)

© Pumps and rain water storage in sewer system



WWTP control architecture

‘ Sensor filtering and time delay

CTSM-R
Model parameter estimation

‘ Closed loop prediction ’
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WWTP control goal
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Activated Sludge Model (ASM) no. 1
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Activated Sludge Model (ASM) no. 1 - reaction rates
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Reduced ASM1 - time-varying linear model
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Aeration control

4 —
i iodt NHout
-3 i i i I NHout lowpass 1=5h
= HS . s < T -
E Pt ;
T P :
z 1 V-
0
0 10 20 30 40 50 60 70 80
3 T T
i A o L A\
< F i ] }f ]
[=2] ™~
£
o1 W a i
o IR T
0 10 20 30 40 50 60 70 80
-[TI] | |
3 - . . - ]
% al AR l .
[=} \H U
5 2
x
1 {
0 Il —‘, il
0 10 20 30 40 50 60 70 80

Time [h]



Sewer system control goal

minimize overflow + pg;spotf(Q)
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Sewer system annual Elspot savings
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Online test

Smart Grid MPC styring af aflgbssystem
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WWTP Smart Grid challenges

° ( COSteffiuents; COStoverfiow ) > cos telectricity (t rade- Off)

e Complex nonlinear time-varying treatment process
(sensors = $)

e Time scale perspective (different markets and control
handles)



Future work

Energy management of flexible waste water treatment plants
Control integration of sewer system and WWTP

More demonstrations

Interface to power markets or aggregators

WWTP aggregation strategies



Questions and Comments

Rasmus Halvgaard
rhal@dtu.dk

www . compute.dtu.dk/~rhal

Department of Applied Mathematics and Computer Science

Technical University of Denmark

ETE

>
>


www.compute.dtu.dk/~rhal

