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MOTIVATION: BETTER ENERGY MANAGEMENT
SYSTEMS IN RESIDENTIAL BUILDINGS

B Reliable energy supply (electricity and heat)

B Higher efficiency - less losses due to better storage usage,
self-consumption

B Lower operational costs (energy costs) - forecast and
optimization of electrical & thermal demand

B Transparency for inhabitants, owners, energy suppliers and
grid operators (digitization)

B Flexibility = Optimizing the control for minimal costs OR CO2
emission and at the same time adding incentives or
requirements by a third partie (grid operators, energy market,
energy suppliers) - adapt easily to new components e.g.
wallbox
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OPTIMIZED PROSUMER *)

B Prosumer — producer + consumer (e.g. of electricity) E +

B Optimized — Using a mathematical -
optimization like a MILP within a model ‘ /)
predictive control approach (MPC)
B Optimized Prosumer— Group of energy
components (loads, production unit, storage w (% @D
systems) which are controlled together as one E @ @
o K

system by an MPC
*) aka Multi energy system Z Fraunhofer




Rule-based control

Based on rules

® |If there is PV-energy available use it for
the household applicances! > GREEN

m |If there is still PV-energy available use it to
charge the battery! - VIOLET / PINK

® |If there is still PV-energy feed it into the
power grid! --> RED

Rule-based control
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Otimized control (/)

gy, |

Optimized control
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Rule-based vs
Otimized control
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Optimized control
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Project ,,Ine-Ves* % EVaillant =2 —Z Fraunhofer

] IWES

B Energy components for a single and multi-family home

POW er g r | d Gefordert durch:
N : Bundesministerium
m * fir Wirtschaft
PV und Energie
(5 kW, 12 kW)

aufgrund eines Beschlusses
des Deutschen Bundestages

=N=RGI=SPEICHER

Forschungsinitiative der Bundesregierung

Combined heat and
DOWENT (1 kWel, 4,7 kWel)

Satlery (4kwh, 12 kwh)

Thermal

storage
(3001, 5001)

Gas boiler (12 kw, 20 kw)

Quelle: OGEMA

Gas network
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MPC Simulation for a Multi-energy-system - Results for 1 day
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MPC Simulation - Results for 1 day — two optimization objectives (cost, CO2)
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TESTIT IN THE LAB |

B Laboratory test bench for PV-CHP system (compare one day real operation with simulation results)

7 kW

Capacity: 4 kWh

Electrical load Battery converter

P:3.3kW

Battery

Auxiliary boiler

P, 4-22 kW

Hot water storage

Volume= 303 |
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IT IS POSSIBLE

O USE AN OPTIMAL CONTROL ON

REAL COMPONENTS, BUT...

<

6

 Simulation ...the battery was charging energy from the grid

.. 4 ...and was injecting energy into the grid.
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MPC - Forecast Methods
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MPC - Forecast Methods
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MPC - Forecast Methods

4.0 PV 41 W:gil::::;er?sumption
p— Pv-Battery charging
g 3.0 I PV-Grid feed-in
."'_‘. . 7 I PV-HP consumption
E 2.0 -
=
[=]
a 1.0
0-0 = T T T T T T T T T T
0 3 6 9 12 15 18 21 24 0O 3 6 9 12 15 18 21 2« O 3 6 9 12 15 18 21 24
4.0 . q
= Electrical Load @ E-Load, HH
& (HH) N PV-Direct consumption
- 3.0 1 Battery-Load-discharging
E I | 0ad Grid consumption
3
=8
. 0 3 6 9 12 15 18 21 24 - 0 3 6 9 12 15 18 21 2 - 0 3 6 9 12 15 18 21 24
5.0 | Thermal load
— 0.0 ] l. ~
2 50!
=, = Q-storage charging power
- i e O-load
g 1 Q-storage-load I-
Q -15 7 [ E.heater-storage charging a
e 20 1 I HeatPump-storage charging

0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24hrs
17th of April 2013 (perfect forecast) 17th of April 2013 (persistent forecast) 17th of April 2013 (3-day average forecast)

~ Fraunhofer

IEG



Hierarchical control algorithm

High level control

forecast

Optimizer

low level control
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ALGORITHM
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Hierarchical control algorithm
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RESUL

BATTERY & CHP ARF A

S OF THE HIERARCHICAL CONTROL
ALGORITHM

Hierarchical control algorithm
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RESULTS OF THE HIERARCHICAL CONTROL
ALGORITHM

Hlerarch|cal control algorlthm

35 - Cost 35
Emission

30 30
. S
8 25 25 ™
° 3
' 20 20 =
C w
© o
*§ 15 15 >
2 &

10 10 —
o 0

5 5

0 N

Winter Trans.period Summer Winter Trans.Period Summer

Cost O,

N ~ Fraunhofer

IEG



RESUL

ALGORITHM

Operational cost

Hierarchical control algorithm
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Contact

power grid, thermal grid, gas grid

Dr. Tanja M. Kneiske
Integrierte Energieinfrastrukturen

E https://de.linkedin.com/in/tanja-manuela-

QENG

RG https://www.researchgate.net/profile/Tanja-
QENE
Fraunhofer Research Institution for Energy
Infrastructures and Geothermal Systems IEG

Gulbener Stral3e 23, 03046 Cottbus, Germany

www.ieg.fraunhofer.de
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Ziele

= Bezahlbare Gesundheit
= Digitalisierte Wertschopfung
= Sicherheit und resiliente Gesellschaft

Strategische

R s Bieskansie

Next Generation Computing
Intelligente Medizin

. Kunstliche Intelligenz

“ Quantentechnologien

@ Ressourceneffizienz und
Q Klimatechnologien

Wasserstofftechnologien

= Vollendete Energiewende

Ganzheitliche Kreislaufwirtschaft

Leitmarkte

30.000 Mitarbeitende in 76 Fraunhofer Instituten

Offen

Digitalwirtschaft
Mobilitatswirtschaft

Anlagen- und Maschinenbau
Gesundheitswirtschaft
Chemische Industrie
Ern&hrungswirtschaft
Energiewirtschaft
Bauwirtschaft

Luft- und Raumfahrtwirtschaft
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Fraunhofer-Einrichtung fur Energieinfrastrukturen und Geothermie IEG
Kurzvorstellung und Kennzahlen
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= Grindung als selbststandige Einrichtung zum 01.12.2019
= Standorte in den deutschen Kohleregionen

= Mitarbeitende: ~200

= 6 Geschaftsbereiche mit 24 Competence Centers

= Koordination des Fraunhofer Wasserstoff Netzwerks
(32 Institute)

Kooperation mit:

b-tu

Brandenburgische
Technische Universitat
Cottbus - Senfengerg

= Institutsleitung: Prof. Dr. Rolf Bracke &
Prof. Dr. Mario Ragwitz

Kooperation mit:

Hochschule Bochum =) &%)
Bochum University =<1 1
of Applied Sciences  lusd G ol

RWTH Kooperation mit:

HEE . Z Fraunhofer -_2-

FH AACHEN ISl 3
UNIVERSITY OF APPLIED SCIENCES Su

Hochschule
Zittau/Gorlitz

URG
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https://www.fraunhofer.de/de/forschung/aktuelles-aus-der-forschung/wasserstoff.html

Fraunhofer IEG — Forschungsfelder im Uberblick
»Wir gestalten die klimaneutralen Energiesysteme der Zukunft«
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Seite 23

Integrierte Energieinfrastrukturen
Transport-/Ubertragungs- und Verteilnetze
Integrierte Quartiersversorgung (Open District Hub)
Wasserstoffinfrastrukturen (Netze und Speicher)
Systemtransformation und Technologietransfer

Exploration und Reservoirsimulation von Georessourcen
Geothermale Energie und Systeme, Tiefengeothermie
Geotechnologien, Bohrtechniken und -verfahren
Speicher fur Stoffe und Warme, Bergbaufolgenutzung
Carbon Capture & Storage/Utilization (CCS/CCU)

Thermodynamische Wandler
Hochtemperatur-Warmepumpen
Warme-/Kéltenetze und Warmeversorgungssysteme
Warme-/Kaltequellen und -speicher

Steuerung, Regelung, Automatisierung & Betriebsfiihrung von Energiesystemen
Dezentrale, intelligente und digitale Netze und Systeme
Gro3demonstratoren / Reallabore

02.12.2022 2022© Fraunhofer IEG Offen

IEG



