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Optimization is inherently more difficult than
simulation, putting higher requirements on both
users and tool developers




Optimization is inherently more difficult than
simulation, putting higher requirements on both
users and tool developers




Optimization is inherently more difficult than
simulation, putting higher requirements on both
users and tool developers




Optimization is inherently more difficult than
simulation, putting higher requirements on both
users and tool developers




Optimization is inherently more difficult than
simulation, putting higher requirements on both
users and tool developers

.”in practice there are relatively few optimization problems that can be
solved efficiently. In many cases we can only hope to find a good-enough
local optimum in finite search time, trading off between climbing hills in one
place and looking for places that might have better hills to climb”




Optimization

Mathematical optimization is the selection of a “best” element from
some set of available alternatives.

[ Optimization ]

[ linear ] [ nonlinear ]
o)

Linear Mixed integer Mixed Integer Nonlinear
programming programming programming
[LP] [MILP] NLP [MINLP] [NLP]
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Optimization
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Static optimization:

» Finding the optimal point (Euclidean space) to optimize a given
objective function.

Dynamic optimization:

» Finding the optimal control trajectories over a time horizon to
optimize a given objective function.

— Trajectory optimization
— Optimal control (=Optimalsteuerung)
— Dynamic optimization/programming

— MPC (Model Predictive Control). MPC is a control method based on
repeated optimal control
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General form of a dynamic optimization problem

t
minimize ¢ (tf,x(tf)) +j fL(t,x(t),u(t))dt

u(t) ‘,

s.t.F(t,%(t), x(t),u(t)) =0
x(0) = x,
Path constraints: g;(x(t),u(t) <0
Point constraints: g, (x(t),u(t) =0

[ Solution strategies J
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Direct collocation
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[ Continuous problem } @| |

tr
minimize d)(tf,x(tf)+J L(x(t),y(t),u(t))dt
xX,y,u,p tO
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Direct collocation

AEE INTEC

[ Continuous problem } @| |

minimize jSupply temperature (t))dt

xX,y,u,p
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Direct collocation
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Polynomials approximate the variables of a DAE

The polynomials use the Lagrange basis polynomials,
and they use the collocation points as the interpolation

[ Continuous problem }

points.
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Direct collocation
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[ Continuous problem }

Discretize
infinite-dimensional
problem using direct
collocation to get a
finite time problem

l

This leads to a
nonlinear program
(NLP)

www.aee-intec.at
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Polynomials approximate the variables of a DAE

The polynomials use the Lagrange basis polynomials,
and they use the collocation points as the interpolation
points.
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The polynomials are defined on a finite humber of collocation
points. Hence, they convert the infinite to a finite dimensional
optimization problem, which can be solved by a NLP solver
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Why Modelica?
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General Trends
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= Previous studies have reported that the time spending for
model development is significantly high (up to 80%) 11-5

= 70% of project costs are consumed by model creation and calibration (s-g

» There is an urgent need for automated model creation for optimization [10-12]
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= Previous studies have reported that the time spending for

model development is significantly high (up to 80%) 11-5
#

= 70% of project costs are consumed by model creation and calibration (s-g

————
= There is an urgent need forf automated model creation bor optimization [10-12]
'i ———=

———

==— Modelica
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Modelica language
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Declarative language
— Allow acausal modelling

— The order of the equations does not matter.

Multi-domain modelling

— Modelica is a multi-domain language, not geared towards any specific domain. Easily
couple models containing for example, mechanical and electrical components.

Object-oriented

— Models are classes and thus can easily be extended using ordinary object-oriented
features.

Visual component programming
— Hierarchical system architecture capabilities.

Fully implicit DAE modelling approach
0=F(t,x,x,y)
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Window Help Linear analysis

ANS-®-17 8|0

o L34
=: 100% ey

B-¢»BSH

AIM_SquirrelCage X% ‘ + ‘

model AIM SquirrelCage
"Asynchronous induction machine with squirrel cage rotor"”
extends Machines.Interfaces.PartizlBasicInductionMachine(
final idqg_ss=airGapS.i_ss,
final idg_sr=airGapS.i_sr,
final idqg_rs=airGapS.i_rs,
final idq_rr=airGapS.i_rr,
redeclare final
Machines.Thermzl.AsynchronousInductionMachines.ThermalAmbientAIMC
thermalAmbient nal Tr=TrOperational)
redeclare final Machines.Interfaces.InductionMachines.ThermalPortAIMC
thermalPort,
redeclare final Machines.Interfaces.InductionMachines.ThermalPortAIMC
internalThermalPort,
redeclare £final

Machines.Interfaces.InductionMachines.PowerBalanceAIMC Bzlance (
final lossPowerRotorWinding=squirrelCageR.LossPoy
lossPowerRotorCore=0),

statorCore(final w=statorCoreParameters.wR

output Modelica.SIunits.Current ir[2]=sqg

£

"Rotor cage currents”;

-
parameter Modelica.
*£sNominal))

-0887)/(2*pi

ds
parameter Mgg #= (start=3%(1 - sqgrt(l -
0.0€¢
"Rotor str (equivalent three phase winding)"
4 a;

Cs.Resistance Rr(start=0.04)
per phase (equivalent three phase winding) at TRef"

parameter Model
"Rotor resist
D a;
parameter Modelica.SIunits.Temperature TrRef(start=293.15)
"Reference temperature of rotor resistance"”
ds
parameter Machines.Thermzl.LinearTemperatureCo cient20 alpha20x(
start=0) "Temperature coefficient of roter resistance at 20 degC”

g7
parameter Modelicza.SIunits.Temperature TrOperaticnal (start=253.15)
4 "Operational temperature of rotor resistance” 3;
>3
| equaticn

end AIM SquirrelCage;




Modelica for optimization
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Modelica is mainly intended for simulation
An extension to accommodate dynamic optimization problems is required

= Optimica: defines new syntax and semantics for specifying constraints and an
objective

= Currently supported by JModelica.org, OpenModelica and IDOS
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Modelica is mainly intended for simulation
An extension to accommodate dynamic optimization problems is required

= Optimica: defines new syntax and semantics for specifying constraints and an
objective

= Currently supported by JModelica.org, OpenModelica and IDOS

OpenModelica ELYe]saR[e:¥e]: e

Restrictions
» The most widely used numerical techniques for dynamic optimization are
based on first-order necessary conditions for local optimality

— The objective function and the DAE System must be twice continuously
differentiable

— Hybrid constructs are excluded!!!
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Applications in the energy sector

= Optimal use of an electrochemical storage tank in
combination with a MV photovoltaic

= Optimal start of a steam boiler
» Model predictive control of buildings
» Model predictive control of district heating systems

= Optimal start of a combined-cycle power plant
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min.

S.L.

Dynamic Optimization of a district

Prod

[ ! (@Tprod + BdPproa + ¥Qproa + d pf,md)dt_v
model dynamics,

Mproa(t) < Moy Yt € [to,ty],

Teustomer < Tcustomer(t) V1 € [t0,ty],

AP ustomer < APCustomer(t) V1t € [to,1f],

o
[S4)
T

(o) B ) B ) B o) ]

Temperature [deg C]

()]
o
T

5

heating system

= N w B
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— Differential pressure Customer O | |
- =+ Differential pressure constraint

0 2 4 6

)]
o
T

[$4)
(o)
T

561

54

—— Mass Flow Producer |
==+ Mass Flow constraint

0 2 4 6
Time [hours]
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= Complex dynamical effects
* Producer increases supply temperature in advance
« Temperature front propagates slowly

« Customers close to producer benefit quickly from increased
temperature

« Customers at the periphery benefit from higher flowrates

* Optimization can handle
* Flow-dependent delays
« Slow temperature dynamics
» Fast pressure/flow dynamics
» Distributed network
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Challenges for the community

AEE INTEC

* More Solver for dynamic optmization
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* More Solver for dynamic optmization

= Mixed-integer-optimal control problems

» More domain specific libraries

= Scalability studies
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