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Challenges
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  Smart-Energy OS



SE-OS
Control loop design – logical drawing
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Lab testing ….



SN-10 Smart House Gateway
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SE-OS Characteristics

‘Bidding – clearing – activation’ at higher levels
Nested sequence of systems – systems of systems – models based on Big Data 

Analytics
Hierarchy of optimization (or control) problems based on AI technologies
Control principles at higher spatial/temporal resolutions
Cloud, Fog or Edge Computing based solutions – eg. for forecasting and 

control
Facilitates Energy Systems Integration (power, gas, thermal, ...)
Accelerates the clean energy transition (see later ..)
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. 1

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
Considerable reduction in peak consumption
Mean daily consumption shif



NTNU-ZEN Workshop, European Parliament, June 2018NTNU-ZEN Workshop, European Parliament, June 2018

Case study No. 2 

Control of Heat Pumps
 Summer Houses with a Swimming Pool 

(CO2 minimization)
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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 
(40 pct less CO2 emission – 5 pct higher energy consumption)
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Flexibility Function and Flexibility Index
Applied for Buildings and Districts
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Flexibility Function (FF)

Equivalent to: Impulse response, transfer function, and frequency response function 
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Penalty Function (examples)
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FF for three buildings
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Flexibility Index
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Summary

We have defined two concepts : 

1) Flexibility Function

2) Flexibility Index

We have demonstrated a large potential for Demand Response using the ICT 
technologies

CO2-based control can be used to accelerate the clean energy transition

The ICT-based SE-OS controllers can focus on

             Peak Shaving 

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

             Energy Efficiency

             Cost Minimization

             Emission Efficiency
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