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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
Data Intelligent 

Temperature Optimization
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Models and Controllers 
(Highly simplified!)
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Savings 
(Reduction of heat loss = 18.3 pct)
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Control of Temperatures in DH Systems

 Lesson learned:
Control using simulation 

of temperature gives 
up to 10 pct reduction 
of heat loss.

Control using data and 
predictions gives up 
to 20 pct. reduction of 
heat loss. 
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Case study No. 3

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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Case study No. 4 

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. 5 

Control of heat pumps for swimming pools 
(CO2 minimization)



Danish Energy Agency, February 2018Danish Energy Agency, February 2018

 



Danish Energy Agency, February 2018Danish Energy Agency, February 2018

Source: pro.electicitymap.org





Example: CO2-based control
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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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Procedure for calc. Flex. Index
for energy, price and emission based flexibility char.

Considerable reduction in peak consumption
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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
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Reference Penalties
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Flexibility Index
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Understanding Power/Energy Flexibility
Some Demo Projects in CITIES:

Control of WWTP (ED, Kruger, ..)

Heat pumps (Grundfos, ENFOR, ..)

Supermarket cooling (Danfoss, TI, ..)

Summerhouses (DC, ENDK, Nyfors, ..)

Green Houses (NeoGrid, ENFOR, ....)

CHP (Dong Energy, EnergiFyn, ...)

Industrial production 

EV (Eurisco, Enfor, ...)

.............
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Summary

Methods for evidence based energy performance characterization is 
outlined for buildings and district heating (huge savings 
potentials)

Automated methods for evidence-based energy labelling

Automated methods for evidence-based flexibility labelling 

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

Automated methods for providing hints on how to improve the 
energy performance  of buildings (and DH systems ...)

Potentials for new evidence-based methodologies for energy savings 
support schemes 
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Summary

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

Markets and pricing principles need to be reconsidered.
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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

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Aggregation (over 20 houses)
	Step response
	Slide 16
	Control performance
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42

