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SpeCifikationer

Anvendelsesområder

⊲⊲ Overvågning med hyppige dataoverførsler ved f.eks. sekti-
onsmålerbrønde, storforbrugere eller mindre trykforøgere

⊲⊲ Mulighed for forskellige signaltilslutninger 

⊲⊲ Lokalt styreprogram kan indlægges for mindre omfattende 
styrings- og reguleringsopgaver 

Kontrol af vandmængder og energiforbrug ved sammenkobling 
af V-leax med V-history version 2.0.
 
Database
Data lagres lokalt i vandforsyningen i en fastlagt struktur i din 
MySQL database. Herfra kan SRO systemet hente og skrive 
data. Databasen kan også læses af f.eks. MS Excel for at vise 
tidsserier uden SRO. MySQL er en gratis database, som kan 
hentes på internettet.

GPRS kommunikation
Vælg GPRS abonnement efter hvem der har den bedste dæk-
ning og er billigst i dit område. I større net anbefales et MPLS 
net for bedre sikkerhed – tal med din teleudbyder. Vi hjælper 
gerne med at vælge den rette løsning for dig.

GPRS mobil net

Signal tilslutninger

⊲⊲  4 x S0 pulstæller indgange

⊲⊲  4 x alarm-hændelses indgange

⊲⊲  4 x analoge 0/ 4-20mA indgange

⊲⊲  2 x styre udgange

⊲⊲  1 x analog 0/4-20mA udgang

⊲⊲  1 x M-bus master port < 50 slaver

⊲⊲  1 x Modbus vandmåler tilslutning option

Strømforsyning

⊲⊲ V-leax kræver lokal strømforsyning

⊲⊲  230 Vac eller

⊲⊲  12 – 30 Vdc

For yderligere oplysninger kontakt:
Torben Nielsen, tlf. 26 73 12 50
Flemming Slyngborg, tlf. 26 31 58 64
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Waste Water Treatment Plant (WWTP)
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10 largest Krüger controlled WWTPs in DK
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Kolding WWTP
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Energy flexibility in waste water treatment and transport

Overall goal: minimize effluent concentrations and overflow risk

1 Sludge → biogas → gas turbine → electricity

2 Power management of the aeration process (720 kW; >50%)

3 Pumps and rain water storage in sewer system

6 / 19



WWTP control architecture
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Elspot prices
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WWTP control goal

minimize pfeeQ
TSN + pTelspotu

9 / 19



Activated Sludge Model (ASM) no. 1

ṠNH = −iXB (ρ1 + ρ2)−
(
iXB +

1

YA

)
ρ3 + kaSNDXB,H

ṠNO = −1− YH

2.68YH
ρ2 +

1

YA
ρ3

ṠO = −1− YH

YH
ρ1 −

4.57− YA

YA
ρ3

ṠS = ρ7 −
1

YH
(ρ1 + ρ2)

ẊS = (1− fp)(bHXB,H + bAXB,A)− ρ7
ẊB,H = ρ1 + ρ2 − bHXB,H

ẊB,A = ρ3 − bAXB,A

ṠND = ρ8 − kaSNDXB,H

ẊND = (iXB − fp iXP)(bHXB,H + bAXB,A)− ρ8
(SI , XI , XP , and SALK )
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Activated Sludge Model (ASM) no. 1 - reaction rates

ρ1 = µ̂H
SS
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ρ8 = ρ7 (XND/XS )
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Reduced ASM1 - time-varying linear model

ṠNH = θ+NHQ(t)wi − θ−NHO

ṠNO = −θ−NOwi + θ+NOO

(SNH ,SNO) ≥ 0
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Aeration control
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Sewer system control goal

minimize overflow + pTelspotf (Q)

Sewer system WWTP
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Sewer system annual Elspot savings
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Online test
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WWTP Smart Grid challenges

(costeffluents , costoverflow )� costelectricity (trade-off)

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

Time scale perspective (different markets and control
handles)
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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
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Questions and Comments

Rasmus Halvgaard
rhal@dtu.dk

www.compute.dtu.dk/~rhal

Department of Applied Mathematics and Computer Science

Technical University of Denmark
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