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Challenges

Alm
ost no Flexibility 
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Data Intelligent Energy Systems 
for a Smart Society
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The Smart-Energy Operating-System (SE-OS)  is used to develop, 
implement and test of solutions (layers: data, models, optimization, 
control, communication) for operating flexible electrical energy 
systems at all scales.

Temporal and Spatial Scales



IDA Event: Cognitive Buildings, January 2019IDA Event: Cognitive Buildings, January 2019

Models for Systems of Systems

Intelligent systems integration using big data and ICT 
solutions are based on grey-box modelling for real-time 
operation of flexible energy systems    
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  Smart-Energy OS





SE-OS
Control loop design – logical drawing
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Termostat 
actuator

Termostat 
actuatorDataData
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Lab testing ….



SN-10 Smart House Prototype 
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Some case studies …. 
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Case study

Control of Power Consumption; 
Storing Energy in 

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 shif
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Flexibility Setup and Control
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Characteristics
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Flexibility Function

Equivalent to: Impulse response, transfer function, and frequency response function 
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FF for three buildings
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Penalty Function (examples)
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Case study

Control of heat pumps; 
Storing wind power in pools / DH Systems 

(Minimization of Cost / CO2)
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Partner
s
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Source: pro.electicitymap.org
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Example: Price-based control



Example: CO2-based control
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Flexibility, Smart Grids 
and Flexibility Index
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Smart Grid Application
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Characteristics



IDA Event: Cognitive Buildings, January 2019IDA Event: Cognitive Buildings, January 2019

Flexibility given 
framework conditions
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Realistic Penalties for DK
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Expected Flexibility Savings Index
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Flexibility without 
framework conditions
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Reference Penalties
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Flexibility Index
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Virtual Storage Solutions

Flexibility (or virtual storage) characteristics:

– Supermarket refrigeration can provide storage 0.5-2 hours ahead 

– Buildings thermal capacity can provide storage up to, say, 1-10 hours ahead

– Buildings with local water storage can provide storage up to, say, 3-18 hours ahead

– District heating/cooling systems can provide storage up to 1-3 days ahead

– DH systems with storage solutions can provide semi-seasonal storage

– Gas systems can provide seasonal storage
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Case study

Identifying the Thermal Performance of 
Buildings using 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
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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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Summary

A framework called Smart-Energy OS based on grey-box modelling is 
described for implementing smart energy systems in cognitive buildings 
with storage options

A number of case studies related to smart buildings is outlined
The intelligence setup for the smart buildings can focus on

Energy Efficiency
Cost Efficiency (Minimization)
Emission Efficiency (-> accelerating the transition to a low-carbon 

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

We have demonstrated a large potential for unlocking the flexibility and for 
demand response using grey-box modelling and AI

We have suggested a method for characterizing the energy flexibility which 
facilitates smart grid applications

We have demonstrated AI methods for optimizing the energy savings
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For more information ...
See for instance 

                 www.smart-cities-centre.org

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

hmad@dtu.dk
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