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Identification of the
Deterministic and Stochastic Model

i

A(q)y () = B(q)u(r) + e(r)

Y(@) = B(q)Au(?) +e(?)

Y(1) = B(q)u(?) +e(?)

State Space
> -

ARMAX
_B@ C(q)
y() = 4() u(?)+ D@) e(?)
Box-

Jenkins

11

ARX Re:;eoise nglsl:)l::ﬁ:e
N g B
X(7) = [Fx(i) - Hu(i)] dt + odw(t)
A(qQ)y () = B(qu(t)+ C(q)e(r) ! y(1,) = CX(IA_) +v(t,)

SDE

Model

X,,, = AX, + Bu, + Gw,

y, =Cx, +v,

DTU Compute, Technical University of Denmark

Z(s) = G(s)u(s)+ H(s)e(s)
Y(fk) = Z(’k) + V(’k)

Transfer
Function




CITIES

Model Predictive Control
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1 Economic MPC
o Mathematical Optimization

The portfolio power generation problem can be stated as

N—-1

min ¢ = Z 'y,
{ur}oo k—0
s.t. rpe1 = Az + Bup + Ed;;, k=0,1,....N —1
vy = Cxy, k=1,2,....N
Umin < U < Umax k=0,1.....N —1
Atmin < Aup < Atmax k=0,1,....N —1
Y > T k=1,2,....N

The parameters for this problem are
e Initial state, x(, and previous decision, u_1
@ Predicted loads on non-controllable generators (e.g. wind speed on
wind turbines): {dk}A\:—ol

@ Predicted power demand: {7;1},\\:1
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{up g PN
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Least Squares Objective

, 1 2 2 1 2
Dreg = 5 ( > N2 (6) = Zellgy + [ur(6) — 'UA-HR> + 5 lzn () —znlp
]\':O

Economic Objective - cost, profit, ...
N-1

Deco = Z le(zp, ug, 0) + In (N, 0)

l\):O

Bi-criterion (cost and variance)

O = o(x,u,0) = Adeco + (1 — Q) Oreg a € [0, 1]
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Cm’ES Fast Solver for Direct Control of an Entire City

A Dantzig-Wolfe Decomposition Algorithm for
Linear Economic Model Predictive Control of Dynamically Decoupled Subsystems

L.E. Sokoler*®, L. Standardi®, K. Edlund®, N.K. Poulsen®, H. Madsen®, 1.B. Jgrgensen**
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Faroe Islands
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2 The Faroe Island Power System
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/e Unit Commitment for Island Operation
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1I_> The Idea of Coupling

ciTies the Unit Commitment and Economic MPC

e Day-ahead planning:
— Prepare power production schedule the next
24 hours based on available forecast on
tomorrow demand load and power production
from renewable sources

¢ Online Control:

— Online framework adapts during the day the
predefined schedule based on new and more
reliable forecast on power production from
renewable sources

e The key ideas as we will see is that the Unit
Commitment problem should be solved as often as
possible or coupled with the Economic MPC. To this
requires better numerical methods than available
today

40 DTU Compute, Technical University of Denmark
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/ Unit Commitment & Economic MPC
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/ Unit Commitment & Economic MPC
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Control variables
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Energy Efficient Refrigeration and Flexible Power
Consumption in a Smart Grid
Tobias Gybel Hovgaard, Rasmus Halvgaard, Lars F. S. Larsen and John Bagterp Jgrgensen

Risg International Energy Conference 2011 Proceedings

Page 164

Economic Model Predictive Control for
Building Climate Control in a Smart Grid

Rasmus Halvgaard, Niels Kjglstad Poulsen, Henrik Madsen and John Bagterp Jgrgensen
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Temperature Control
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Smart Grid Ready Heat Pump

VT PremiumLine HQ - En
smartare vérmepump

AWS II - Patentsokt funktion
som anpassar

varmvattenproduktionen efter

Framtidssakrad med
Smartgrid.

behovet.
& ngenergiteknik som kan Var tystaste bergvarmepump
spara over 2000 kr extra per nﬁgonsin.

°
ar.

W, [ il e . o
///// Kvalitets- och miljomarkt med ]O 10 ars garanti pa
&’//’/ Svanen. B.M  kompressorn ingdr. For vi

chansar aldrig.

Klicka p@ symbolerna fér att |I3sa mer.

Med IVT PremiumLine HQ introducerar vi nasta generation av smarta
varmepumpar. Styrsystemet ar forberett med Smartgrid. Det innebar att
varmepumpen kan kopplas direkt mot den nordiska elbérsen, och sjalv
anpassar sa att den jobbar hardast nar elpriset ar lagst. Den har tekniken
sparar bade pengar at dig samtidigt som den bidrar till en jamnare och mer
hallbar energianvandning. For att kunna utnyttja funktionen behaver
varmesystemet kompletteras med IVT Anywhere samt ett abonnemang som
D1 kostar 39 kronor per ar - en investering som snabbt sparas in.
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cres Economic MPC for Building Control
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2 MPC & Process Optimization Toolbox

CITIES

Features

e Simplicity - easy to
— Commission
— Tune
— Maintain

e Customizable and adaptable to
— Process dynamics
— Process modifications
— Operational strategies

* Includes frontier technologies in
— Mathematical Optimization
— Process Control
— Software Engineering

— Mathematical/Statistical Modeling and
Simulation
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The Extended LQ Problem

1
/ /
IN(xN) = = cnPNeN + pyeN + N

2

ke N

] T Pk

N-1
min O = Z e (wk,uk) + IN(xN)
{'u‘k,l‘.k+1};?:_01 —0
s.t. Lhtl = A + Brug, + by
with N ={0,1,..., N — 1} and stage costs defined by

: _ 1 Lk , QA *\[lt L
lk(.lk.llk) — E luk] l*\[k‘ Rk m -+
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11 KKT System for the
e Extended LQ Problem
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By 0

KKT System for the

Extended LQ Problem

Q1 M; Aj
My Ry B

Q2 My AS
M, R, Bl
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Raspberry Pl C/C++ Smart Phone C/Java/Matlab
‘

Interface

Other Classes

Loads the shared Has to create an in-
dynamic library and ] stance of JNIHandler
encapsulates the in order to use the
native methods. native methods.
|
______________________________________ i Java
' C

Converts and parses Implements all the
input arguments native library func-
and calls library tions.

functions.
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