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Photovol-
taic solar
modules

« Thermal Storage
— Heating of floors etc

— Heating of water
accumulation tanks

— Refrigeration Systems
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« Power / Heat Producers
Wind Turbines
Photovoltaic Solar Modules
Solar Panels

CHP Plants

Fuel Cells
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Forecast Based Hierarchical MPC
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Computational Performance
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Drivers of MPC
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> Economic MPC
CITIES Mathematical Optimization

The portfolio power generation problem can be stated as

N—1
min O = E c'uy,
k=0

{'uk}f::_ol

s.t. Tl = Az + Bup + Ed, k=0,1,....N -1
e = C k=1.2.....N
Umin < Uk < Umax k=0,1,...,N—1
Aumin < Auk‘- < AUma.x k= 0.1,..., N —1
Yk 2 Tk k=1,2,....N

The parameters for this problem are
e Initial state, x(, and previous decision, u_q

@ Predicted loads on non-controllable generators (e.g. wind speed on
wind turbines): {(l;ﬁ}}i—ol

@ Predicted power demand: {T’k}}?r:l
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Conditional Value at Risk (CVaR) =

Optimal strategy
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s Control of Individual Energy Units

Raspberry Pi
Embedded MPC Algorithms for
control of individual energy units
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]

N-1
min &= In(er,ur) + In(rn) (1a)

{ur.zrr1loy k=0
s.t. Tpyp1 = Aparg + Brug + b ke N (1h)

with M = {0.1,.... N — 1} and stage costs defined by
‘ 1 [kl Tk ML) T . Tae) [on
b, uk) = 5 Lk] [Mk Ryc| L] T [sn] Jun] TP
(2a)
1

In(xn) = §.ujVPN;t'N + PNETN + YN (2b)
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«nesochematics of House with Heat Pump
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Model of a ground-source heated building

Energy conservation
CprTerfr — Qrg + (1 —DP)dsor ./-; : E
Cprf=wa - er + Pdsor y =

prTw=Qc - wa

Heat Transfer

erzUAfr (Tf - T;)

QrazUAwf (Tw — Tf)

erzUAra(Tr —Ty)
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Rigorous heat pump model
1 - 2: Isobar evaporation (AP = 0) | B Comorcsenr
2 — 3: Isentropic compression (AS = C - Condenser
0) D - Throttling valve 9
3 — 4: Isobar condensation (AP = 0)
4 — 1: Isenthalpic expansion (AH = 0) (4]
W, = 2 X
nCoOP(T,, Tgr) o
hs(Ts, Py) — hy(T,, + AT, P, ‘
COP = 3(T3, Ps) 4(Ty %) @ S/ Qe P>)
h3(T3, Py) — hy(Tyr + AT, Py)
COP is a nonlinear function of T, and
T Temperature

gr

Realistic Thermodynamics needed
www.psetools.org
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Rigorous heat pump model

Algorithm 1: COP of a heat pump

Require:
Ground temperature, T,
Water tank temperature, T,
Heat exchanger temperature difference, AT
Compute using ThermoLib:
Evaporator pressure, P> = pgq:(13), where
T =Ty — AT
Enthalpy out from evaporator, he = h(T5, P»)
Entropy out from evaporator, ss = s(15, )
Condenser pressure, Py = p.a.:(Ty), where
Ty =T, + AT
Solve s9 — s3 = 0 for T3, where s3 = s(15, Py)
Enthalpy out from compressor, hy = h(T3, Py)
Enthalpy out from condenser, hy = h(71}, Py)

COP = h3(Ts, Py) — ha(Ty, + AT, P,)
h3(Ts, Py) — hy(Tyr + AT, P,)

| A - Evaporator
B — Compressor
C - Condenser

D - Throttling valve

Entropy

Temperature

COP is a nonlinear function of
T, and Tgr
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li‘[:tg} = Tklk, k > 0

#(t) = A#(t) + Ba(t) + Ed(t), t € [to, t{]
y(t) = Ci(t), t € [to, ty]

Umin(t) < U(t) < Wmaz(t), t € [to, 5]
Attpnin (1) < All(t) € Ao (),

ME

Economic MPC

YUmin(t) — v(t) < G(t), t € [to,1f]
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Energy cost function

Initial estimate from a Kalman filter

Linear house model

Bound constraints
Rate of change constraints

Soft thermal comfort constraints
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Economic MPC

Special n?nlinear Linear economic MPC Linear economic MPC

economic MPC (LMPC) constant COP
(NMPC) (LMPC w./ COP =4.5)

Energy cost function: C(J?, u, d) = Do (OW.(t)
Qc QC Qc
W. = W, = W. =
¢ nCOP(T,, T,) © nCcoP ¢ ncor

COP is calculated using estimates COP is recalculated at COP is constant
of T, and forecasts of T,, each iteration step (COP =4.5)
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Economic Linear MPC, COP = 4.5
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Computational performance: NMPC vs LMPC

CPU time (ms)
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NMPC and LMPC have comparable computation time
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Matlab vs Linux-C
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——Matlab — C (Linux) —Raspbermry Pi 2B =
10" =
g
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C | | L et T e T
00:00 06:00 1200 1800 00:00 0600 1200 18:00 00:00 0600 1200 18:00 00-00 06:00 12:00 1800 0000 06:00 1200 18:00 00:00
Simulation platform Cold Average
start (ms) warm start (ms)
Raspberry Pi 2B 2.5 (.86
Workstation (C) 0.22 0.069
Workstation (Matlab) 15.51 2.07
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2 MPC & Process Optimization Toolbox

CITIES
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Features

e Simplicity - easy to
— Commission
— Tune
— Maintain

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

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

— Mathematical/Statistical Modeling and
Simulation
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Software Implementation

Rasperry Pl C/C++

27

berry Pi Medel B+ V1.2
spherry Pi 2014
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ME

Smart Phone C/Java/Matlab

Interface

Loads the shared
dynamic library and
encapsulates the
native methods.

Converts and parses
input arguments
and calls library
functions.

Other Classes

Has to create an in-
— stance of JNIHandler
in order to use the
native methods.

Implements all the
native library func-
tions.
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