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Case Study No. 1
Thermal Performance Characterization of Buildings using 

(Smart) Meter Data 
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Example

U=0.21 W/m²KU=0.86 W/m²K

Consequence of good or bad workmanship (theoretical value is U=0.16W/m2K)
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 Examples (2)

Measured versus predicted energy consumption for different dwellings
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Model for the heat dynamics

Equivalent Modell

Measurements:

– Indoor air temp

– Radiator heat sup.

– Ambient air temp

– Solar radiations

Hidden states are:

– Heat accumulated in the 
building

– k: Fraction of solar radiation 
entering the interior
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Results 
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Perspectives 
Identification of most 
problematic buildings

Automatic energy labelling

Recommendations:
Should they replace the windows?

Or put more insulation on the roof?

Or tigthen the building?

Should the wall against north be 
further insulated?

......

Better control of the heat 
supply ( .. see later on ..)
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 Perspectives (2)
Better utilization of 
renewable energy (solar 
and wind power)

Decision system regarding 
cleaning of the windows!

k
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Case study No. 2

Control of Power Consumption  using 
the Thermal Mass of Buildings

(Peak shaving)
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Aggregation (over 20 houses)
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Response on 
Price Step Change

Olympic Peninsula

5 hours
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Control of Energy Consumption
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Control performance
With a price penality avoiding its divergence

Considerable reduction in peak consumption
Mean daily consumption shif
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Flexibility Setup and Control
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Characteristics
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Flexibility Function
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Penalty Function (examples)
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Smart Grid Application
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Characteristics
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FF for three buildings
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Realistic Penalties for DK
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Expected Flexibility 
Savings Index for Denmark
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Reference Penalties
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Flexibility Index
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Flexibility enabled using
grey-box modelling
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Case study No. 3 

Control of Heat Pumps for buildings 
with a thermal solar collector 

(minimizing cost)
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EMPC for heat pump with 
solar collector (savings 25 pct; + 8 pct )
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Case study No. 4 

Control of heat pumps for summer houses with 
a swimming pools (CO2 minimization)
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Partner
s
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Source: pro.electicitymap.org
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Example: CO2-based control    (savings 15 pct)
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Case study No. 5 

Indoor Climate;
Grey-box Model for Occupancy Estimation
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Occupancey estimation
 using CO2 measurements
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Grey-box Model
- and the states
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Estimated and Observed
Occupancy
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Summary

Methods for evidence-based energy performance 
characterization is outlined for buildings

Automated methods for evidence-based energy labelling

Automated methods for evidence-based flexibility labelling 

Flexibility Index for buildings (peak, solar, wind, ...)

Flexibility Functions and Index can be used for everything (eg.  
also wastewater treatment plants)

Automated methods for providing hints on how to improve the 
energy performance  of buildings

Provides hints on how to design a building such that it is 
optimized for the given climate zone 
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Summary (2)

We need to put more focus on energy efficiency – but using meter data (which 
is now possible)

Procedures for data intelligent control of power load using FF are also 
suggested

The controllers can provide

Energy Efficiency

Cost Minimization

Emission Efficiency

Peak Shaving

Smart Grid demand (like ancillary services needs, ... )

We have demonstrated a large potential in Demand Response. Automatic 
solutions, and end-user focus are important

We see large problems with the tax and tariff structures in many countries (eg. 
Denmark; we are working on a new design of taxes and tariffs. 
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For more information ...
See for instance 

                 www.smart-cities-centre.org

...or contact 
– Henrik Madsen (DTU Compute) 

hmad@dtu.dk

Acknowledgement  - DSF 1305-00027B

http://www.smart-cities-centre.org/
mailto:hmad@dtu.dk
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Forecasting, Flexibility and Control:

Halvgaard, Rasmus; Bacher, Peder; Perers, Bengt; Andersen, Elsa; Furbo, Simon; Jørgensen, John Bagterp; Poulsen, Niels Kjølstad; 
Madsen, Henrik. Model predictive control for a smart solar tank based on weather and consumption forecasts. In: Energy Procedia, 
Vol. 30, 2012, p. 270-278.

Bacher, Peder; Madsen, Henrik; Nielsen, Henrik Aalborg; Perers, Bengt. Short-term heat load forecasting for single family houses. In: 
Energy and Buildings, Vol. 65, 2013, p. 101-112. 

Corradi, Olivier; Ochsenfeld, Henning Peter; Madsen, Henrik; Pinson, Pierre. Controlling Electricity Consumption by Forecasting its 
Response to Varying Prices. In: IEEE Transactions on Power Systems, Vol. 28, No. 1, 2013, p. 421-430.

Madsen, H, Parvizi, J, Halvgaard, RF, Sokoler, LE, Jørgensen, JB, Hansen, LH & Hilger, KB 2015, 'Control of Electricity Loads in Future 
Electric Energy Systems'. in AJ Conejo, E Dahlquist & J Yan (eds), Handbook of Clean Energy Systems: Intelligent Energy Systems. vol. 
4, Wiley.

Halvgaard, RF, Vandenberghe, L, Poulsen, NK, Madsen, H & Jørgensen, JB 2016, Distributed Model Predictive Control for Smart Energy 
Systems IEEE Transactions on Smart Grid, vol 7, no. 3, pp. 1675-1682.

Bacher, P, de Saint-Aubain, PA, Christiansen, LE & Madsen, H 2016, Non-parametric method for separating domestic hot water heating 
spikes and space heating Energy and Buildings, vol 130, pp. 107-112.

Junker, R. G., Azar, A. G., Lopes, R. A., Lindberg, K. B., Reynders, G., Relan, R., & Madsen, H. (2018). Characterizing the energy flexibility of 
buildings and districts. Applied Energy, 225, 175–182.

Junker, R. G., Relan, R., & Madsen, H. (2019). Designing Individual Penalty Signals for Improved Energy Flexibility Utilisation. Ifac-
Papersonline, 52(4), 123–128.

De Zotti, G., Pourmousavi, S. A., Madsen, H., & Poulsen, N. K. (2018). Ancillary Services 4.0: A Top-To-Bottom Control-Based Approach for 
Solving Ancillary Services Problems in Smart Grids. Ieee Access, 6, 11694–11706.

De Zotti, G., Pourmousavi Kani, S. A., Morales, J. M., Madsen, H., & Poulsen, N. K. (2019). A Control-based Method to Meet TSO and DSO 
Ancillary Services Needs by Flexible End-Users. IEEE Transactions on Power Systems



 
Workshop: Give Brains to Buildings, TUDelft, Febr. 2020Workshop: Give Brains to Buildings, TUDelft, Febr. 2020

Some references (cont.)
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Some 'randomly picked' books on modeling  ....
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