b7
o7
" i
- 7
- T
'.‘.:c\'\,
"oy
T\
\-“".

Optimization of flexible electricity loads of a building
cluster using distributed model predictive control

SES Conference, 10-11 Sept. 2019

E {ié Charlotte Marquerite, K. Siau, C. Beauthier, J.
i W%@)) Blanchard, C. Verhelst, R. De Coninck
S ry Contact: charlotte.marguerite@cenaero.be
EE Wallonie

Doc. ref.: SES Conference-NS-001-00



The BATTERIE project - Context

For tertiary buildings, final electricity
consumption = 25% of the energy
balance

Lawrence-Berkeley National Lab
case study of 60 buildings (2002)

1.

Controls HwAC EMSE, Economizears & Missing

Possible improvement through better coupment VS0 Equmen
controls.

Increasing renewable electricity
production = need more flexibility of
electricity demand

Frequency of Common Problems
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The BATTERIE project - Objective

“Développement d'une interface pour les iments [ ertiaires
fficaces intégrés au Réseau Electrique Intelligent”

Development of an interface for smart control of tertiary buildings:
Reduction of building energy consumption through

Improvement of the of a group of buildings by
\ /
—>
Gas

Boiler ‘

A
| ’
Heat L\.'"':\wj:‘; E‘ﬁ;:"-,,.--"'»,r-., "‘ £ "‘-:.__E i
Pump ' 't

Multiple objectives

Constraints
Dynamics > Optimal Control

Time-varying inputs
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The BATTERIE project

' Block diagram of the

U] ? /i" developed Interface:
e E"ji Building monitoring, data mining
. — ldentification of building model
* ¢ — Loads forecast and optimization
_____ Y g N of consumption
- Operation of flexible resources
B — through optimization of HVAC
e | control (MPC)
provsn 9 o Aggregation of flexibility at
[ T building stock level
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Study case - description

Test case: 4 buildings with different heating systems and
insulation levels: Radiators & K30, Radiators & K45, Floor
heating & K30, Floor heating & K45.

Objective function: minimizing thermal discomfort and
energy costs for each building.

Global constraints:

Scenario 1: Sum of the power of all buildings at each time step
cannot exceed a given threshold (5000 W) (to prevent grid
congestion when N houses are connected to the same power line).

Scenario 2: Minimum shared usage of PV.

Modeled in Modelica and optimized via the NLP solver
IPOPT (Interior Point OPTimizer).
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MPC methods

Global objective = min
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st Supplier /,local objective
= £, local energy consumption
Global constraint— | &, 5= Pex<Pus P A shadow price for the use of the shared
resource
P, total power consumption
= £ P, ., maximum load supported by a
power grid line
E, E,
Dual decomposition _
P, Cooperative MPC p
. e 1- Penalty function
- . Supplier 2- Local static constraints
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Scenario 1: Results

Centralized vs. Distributed MPC methods

Comparison of total power usaqge
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Scenario 1: Results

Centralized vs. Distributed MPC methods

Comparison of air zone temperature
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Scenario 1: Results

Centralized vs. Distributed MPC methods

Dual decomposition method vs Cooperative MPC (computational
time for each time step)

=+ Centralized == Centralized
7 = Dual 2.2 — Dynamic Constraints

(] 24 48 72 o 24 48 72
Time step (h) Time step (h)

=» The Local Dynamic Constraints is faster
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Scenario 2: Results

MPC methods comparison

4 buildings — minimum shared PV power usage: Temperature profile

Cooperative
Centralized

PROD-F-015-02

SES Conference, 10-11 Sept. 2019

Température (°C)

Température ("C)

el Pt . (1 ISR S S —
|f —\ |I | "W I I
abidl - Nl N ]

Fionr il

frr== a4

- =» Cooperative

Building n°1 (Floor heating K30) A1a

Temperature ("C)

i Bt i 1B 10 10 A 1B B P e BT

Temps (h)

MPC match

és centra/izéd method |

T 10 G 1 15 BE A D5 AL AR A8 hom FIRT RERRFE T3 13 L8 o B ErAA RR BRI R0 aE

~ Building n°3 (Radiators K30) [~

Coréraiinad

Temps (h)

Had 4%
Py

300 51 34 50 3040 05420 20 525 TR SARCA F RSB RS N P T M TR B LA B0 RSN Bl B

e e

|77 Building n°4 (Radiators K45) | [~ 2

| i | ” b [} H
-  HEEY eosume HESY cauppe ] [T, — | a3 .‘,"‘v g s R | Lam
| | R | H W% ™ o ¥ \ { \
:Il N ik Wl 5 . I |\ I\ I|I il

Wi - s %, it

| .-.:"‘J . ¥ | E | | 'l“"-u' Q} | |
) : g | S 1 s

yy = : i "
1]
2 Ml ]
E
=

Tamps[h].

38 B UL L0 50 1 05 28 D 57 4 18 JBRCA 8 4 SRyl 51 58 5P A %0 R0 R B 11 1 1B P B 284 B8 Rl

© 2019 Cenaero — All rights reserved

Temps (h)

10

Cenaero



Scenario 2: Results

MPC methods comparison

4 buildings — minimum shared PV power usage: total power consumption

[i1] —_ C.oolp-erativ.el MPC -
— Centralized MPC
wsco — PV Production
= Cooperative MPC matches centralized method
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Conclusions

The aim of IS to decompose a large
optimization problem into smaller, easier to solve and
manageable problems, leading to the same optimal solution.

For this specific test case, the
performs better than the dual decomposition method
(accuracy and computational time).

Different algorithms were implemented and tested on
different use cases

The algorithms are with respect to global constraints

The applied Is working well and
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Scenario 1 (extended to 50 buildings): Results

Centralized vs. Distributed MPC methods

Test case extended to 50 buildings to test the scaling
capabilities and robustness of the algorithms.

Total power consumption of the 50 buildings for Distributed
MPC and centralized MPC:
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= Cooperative MPC fits the best to the centralized method
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