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• MPC predicts the building’s temperatures using a dynamic model.

• Based on the model predictions and current measurements,

optimal control values are determined to minimize cost while 
respecting constraints. 
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• FLC is a rule-based controller using expert knowledge.

• The input data are converted into fuzzy membership values, and 
control inputs are calculated by activating If-Then rules.
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• District heating + Floor heating

• Control values: supply temperature, valve openings per room

• A variable price signal incentivizes load shifting.

• Indoor air temperature bounds for comfort. [2]

• Fully automated disturbances, such as window openings.

Fig. 2: The seven-day heat price signals used throughout the experiments. [1] Fig. 1: Controlled buildings under nearly identical conditions:  (1) Benchmark; (2) MPC; (3) FLC [1]

• The decarbonization of the energy sector requires energy flexibility, which is incentivized with dynamic pricing.

• Space heating constitutes 27% of the final energy consumption in the EU.

• Advanced controls can minimize energy cost while providing energy flexibility

• Controlling three architecturally identical buildings in a real-world experiment enables direct evaluation of the controllers’ performances 
under nearly identical conditions.

• Both controllers can activate energy flexibility by shifting demand from high-heating-price periods to low-heating-price periods.

• MPC achieves substantially greater savings in experiments characterized by either high-price spreads or high flexibility potentials.

• Focusing solely on cost minimization is insufficient to achieve substantial emission reductions.
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Fig. 3: Validation results of the thermal model in room R3. [1] 

• Utilized information: (i) indoor air temperature; (ii) lower 

temperature bound for the next 6 hours; (iii) change in indoor air 

temperature; (iv) empirical cumulative distribution function of the 
heat price for the next 24 hours.

• The savings ranges from 2.1% to 8.6% for FLC
and from 7.8% to 33.4% for MPC.

• Both controllers almost completely eliminate 
thermal discomfort. 

• MPC chooses high supply temperatures, as it 

preheats the building at maximum capacity while 
energy prices are low. 

• FLC also selects higher supply temperatures than 

baseline (BAU), as it computes a correction factor 

that increases the supply temperature obtained 
from the heating.

• FLC uniformly preheats all rooms, while MPC 
utilizes room-individual control.

Fig. 5: Savings of FLC and MPC for two 

experiments. [1] 
Fig. 6: Indoor air temperatures, total heat flow and price signal for each building for 
one day. [1] 

Fig. 4: The FLC graph mapping the inputs to the outputs. [1] 


