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® EU Green Deal ® Heat pumps can benefit the power grid
® first climate neutral continent by 2050 ® stabilize the power grid frequency by following a
® target: net-zero greenhouse gas emissions power demand signal (match electricity
(GHE) generation)
® more than 75% of GHE result from energy ® importance for grid stabilization: ongoing
production and use integration of volatile, renewable energy

sources (wind, solar)
® service quality depends on heat pump’s

available capacity to store energy G b

® Utilize buildings as thermal energy storage
® cost-efficient alternative to typical storages like

® building sector: 40% of consumed energy

® Demand for research in energy and buildings
® buildings’ energy demand: mostly heat

® energy-efficient heat generation: heat pump water tanks or batteries
® possibility for intelligent sector coupling (Power ® identification of this usually unused capacity:
Q to Heat “P2H”) and control strategies dynamic thermal building model /\
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Model
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2;(:’ Quality of service - zone temperature T B Model Predictive Control
e ® minimize the input u in a cost functional [
_ , , N e ® cost factors wy, w,, ws, w, weigh up the various
A T e optimization goals:
bi Iity capacity \ or::ll‘::‘n'\ co n\-r,l-:’t:‘:l‘:,(l lllll(l)l’;‘l ation | ‘)pfll'::‘;’“ ‘:o’:}:'yi; ) .
& Y P u follow reference temperature signal y,
[ka]/’ o, Heat Load Q, i
® > — i ® reduce energy consumption u . .
V. R thermal power oo, BN ® reduce energy costs (p : energy price function)
A o e u follow reference power signal u,
%:{?n l ~——- 1/‘_"1{\
- : 5t [h]
(kW)
P . mang o i N-1
Forced Demd:nd ‘Electric power applied :
Coowdn. | & Negative | L, Pa®) = u @1 () Quvac Iilér)l L(k,y(k[t), u(klt))
\\ ;conrrul powﬁ'l 7 k=t
Reduced Demand . E Referxence X(k + 1|t) = AX(k“t) + Buu(k’t) + Bz’"zm(k‘t)
2 positive power demand y(k|t) = Cx(k|t)
control power Pro(t) = 77 (1) Qe (1) T T T .
0- . >t [h] Wkyy,u) = wi(ye — )" (yr — y) + wou’ uw+wap(k) u + wa(ur — )" (ur —u)

4 20.11.2020 Moritz Frahm — Energie und Umwelt — Meine Idee fir morgen Institut fiir Automation und angewandte Informatik



Literature A\‘(IT

Karlsruher Institut fur Technologie

® EUROPEAN COMMISSION (2019): COMMUNICATION FROM THE COMMISSION TO THE
EUROPEAN PARLIAMENT, THE EUROPEAN COUNCIL, THE COUNCIL, THE EUROPEAN
ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGIONS - The
European Green Deal. https://ec.europa.eu/info/sites/info/files/european-green-deal-
communication_en.pdf

® Felix Langner (2020): Model-based Control Theory: Development of an Electro-Thermal
Building Model. Bachelor‘s thesis, Karlsruhe Institute of Technology.

a Zwickel, Philipp; Engelmann, Alexander; Groll, Lutz; Hagenmeyer, Veit; Sauer, Dominique;
Faulwasser, Timm (2019): A Comparison of Economic MPC Formulations for Thermal
Building Control. Proceedings of 2019 IEEE PES Innovative Smart Grid Technologies Europe,
ISGT-Europe 2019.

® Philipp Zwickel (2019): Utilizing thermal storage capabilities of an office building for grid
stablility via Economic Model Predictive Control (EMPC). Master’s thesis, Karlsruhe Institute
of Technology.

u Kohlhepp, Peter; Hagenmeyer, Veit (2017): Technical Potential of Buildings in Germany as
Flexible Power-to-Heat Storage for Smart-Grid Operation. Energy Technology 5 (7), pp.
1084-1104. DOI: 10.1002/ente.201600655.

20.11.2020 Moritz Frahm — Energie und Umwelt — Meine Idee fiir morgen Institut fir Automation und angewandte Informatik



