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Fossil-fuel free future1

1Danish Commission on Climate Change Policy, 2010
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Economic Model Predictive Control

minimize
N∑

k=0

ckuk

subject to xk+1 = Axk + Buk + Edk

yk = Cxk

umin ≤ uk ≤ umax

ymin ≤ yk ≤ ymax
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Example 1: EV charging
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Why MPC?

Controllable loads (EV, Thermal storage)

Exploits predictions to react ahead of time (prices, demand,
wind)

Flexible control architecture

Handles system constraints

Feedback and disturbance rejection
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Heat pump and building

Heat 
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Heat pump MPC

5 day simulation, 48 h prediction horizon using known inputs.
Savings up to 35% compared to MPC with fixed price.

20

22

24

In
do

or
 te

m
p.

 (° C
)

 

 

T
r

Constraints

0

0.2

0.4

0.6

0.8

1

H
ea

t p
um

p 
(k

W
)

 

 

30

40

50

60

70

80

E
ls

po
t p

ric
e 

(E
U

R
 / 

M
W

h)

W
c

c
u

00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00
−5

0

5

10

O
ut

do
or

 te
m

p.
 (° C

)

 

 

0

50

100

150

S
ol

ar
 r

ad
ia

tio
n 

(W
)

T
a

φ
s

8 / 19



Annual energy consumption and cost

5 10 15 20 25 30 35
4400

4500

4600

4700

4800

4900

A
nn

ua
l p

ow
er

 c
on

su
m

pt
io

n 
[k

W
h]

 

 
EMPCp
EMPC
MPC
Thermostat

5 10 15 20 25 30 35
1200

1300

1400

1500

1600

1700

1800

1900

A
nn

ua
l e

le
ct

ric
ity

 c
os

ts
 [D

K
K

]

Prediction horizon [h]

9 / 19



Aggregator strategies

Aggregator
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Decomposition methods

Solve the aggregator problem using

1 Dual decomposition

2 Douglas-Rachford splitting

3 Indirect set point MPC
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Dual decomposition
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Douglas-Rachford splitting
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Figure : Convergence for open-loop problem with tuned step sizes t.
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Price to temperature set point
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Indirect set point MPC
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Waste Water Treatment Plant (WWTP)

Electricity
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Conclusions

Linear dynamic models of heat pumps in buildings, heat
storage tanks, electric vehicles, refrigeration systems, power
plants, and wind farms.

Economic MPC that demonstrates load shifting capabilities of
these flexible units.

Distributed large-scale aggregation methods based on MPC,
convex optimization, and decomposition methods.

Several strategies for controlling the power consumption of a
large portfolio of flexible consumers using MPC.
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Future work

Energy management of flexible waste water treatment plants

Model Predictive Control and forecasts

Interface to Smart Grid markets

WWTP aggregation strategies

18 / 19



Questions and Comments

Rasmus Halvgaard
rhal@dtu.dk

www.compute.dtu.dk/~rhal

Department of Applied Mathematics and Computer Science

Technical University of Denmark

V-leax – Effektiv datafangst med GPRS
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Krüger A/S

Gladsaxevej 363
DK-2860 Søborg
Tel: +45 39 69 02 22

E-mail: kruger@kruger.dk�www.kruger.dk

Haslegårdsvænget 18
DK-8210 Aarhus
Tel: +45 87 46 33 00

Indkildevej 6 C
DK-9210 Aalborg SØ 
Tel: +45 98 18 93 00

Fabriksparken 35
DK-2600 Glostrup
Tel: +45 43 30 01 11

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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