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Case Study No. 1

Modelling of Thermal Performance 
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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 Energy Labelling of Buildings

Today building experts make judgements of the energy
performance of buildings based on drawings and prior      
knowledge. 

This leads to  'Energy labelling' of the building

However, it is noticed that two independent experts can predict 
very different consumptions for the same house.
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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
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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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Control of Indoor Climate
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Control of Power Consumption 
using the 

Thermal Mass of Buildings
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The Danish Wind Power Case 

In 2008  wind power did  cover  the entire demand of electricity in 
200 hours (West DK)

In the first half of  2017 more than 44  pct of 
electricity load was covered by wind power.

For several days the wind power production was more 
than 100 pct of the power load. 

July 10th, 2015 more than 140 pct of the power load was 
covered by wind power

.... balancing of the power system

In 2008 wind power did  cover  the entire 
demand of electricity in 200 hours 

(West DK)



 
 IDA Energi – Cognitive Buildings

Energy Systems Integration  

The central hypothesis is that by intelligently integrating currently 
distinct energy flows (heat, power, gas and biomass) using data 
intelligence we can balance very large shares of renewables, and 
consequently obtain substantial reductions in CO2 emissions. 

Intelligent integration will (for instance) enable lossless ‘virtual’ 
storage on a number of different time scales.
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To establish methodologies and solutions for design and operation of 
integrated electrical, thermal, fuel pathways at all scales 

CITIES – Research Challenges
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  Smart-Energy OS
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SE-OS
Control loop design – logical drawing

24

Termostat 
actuator

Termostat 
actuatorDataData

SensorsSensors



 
Lab testing ….



SN-10 Smart House Prototype 
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SE-OS Characteristics

‘Bidding – clearing – activation’ at higher levels

Nested sequence of systems – systems of systems

Hierarchy of optimization (or control) problems

Control principles at higher spatial/temporal resolutions

Cloud or Fog (IoT, IoS) based solutions – eg. for forecasting and 
control

Facilitates energy systems integration (power, gas, thermal, ...)

Allow for new players (specialized aggregators)

Simple setup for the communication and contracts 

Provides a solution for all ancillary services

Harvest flexibility at all levels 
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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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Non-parametric Response on 
Price Step Change

Olympic Peninsula

Model inputs: price, minute of day, outside temperature/dewpoint, sun irrandiance

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 shift
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Case study No. 3 

Control of Heat Pumps for buildings 
with a thermal solar collector 

(minimizing cost)



 
 IDA Energi – Cognitive Buildings



 
 IDA Energi – Cognitive Buildings



 
 IDA Energi – Cognitive Buildings



 
 IDA Energi – Cognitive Buildings

EMPC for heat pump with 
solar collector (savings 35 pct)
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Case study No. 4 

Control of heat pumps for swimming pools 
(CO2 minimization)
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Partners
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Source: pro.electicitymap.org



“Please stop”

“Please use”

Source: pro.electicitymap.org







Example: CO2-based control
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CITIES software used
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Summary
Data can be used for reliable performance characterization of buildings 
(energy labelling, etc.)

A procedure for data intelligent control of power load in buildings, using the 
Smart-Energy OS (SE-OS) setup, is suggested.

The SE-OS controllers can focus on

Peak Shaving

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

Energy Efficiency

Cost Minimization

Emission Efficiency

We see 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). 

Markets and pricing principles need to be reconsidered; we see an 
advantage of having a physical link to the mechanism  (eg. nodal pricing, 
capacity markets)
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For more information ...
● See for instance 

        www.henrikmadsen.org

        www.smart-cities-centre.org

        www.citiesinnovation.org

● ...or contact 

– Henrik Madsen (DTU Compute) 

hmad@dtu.dk

● Acknowledgement:  CITIES, SCA and REBUS projects

http://www.henrikmadsen.org/
http://www.smart-cities-centre.org/
http://www.citiesinnovation.org/
mailto:hmad@dtu.dk
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