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Challenges

Alm
ost no Flexibility 
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:

Space of Solutions

Batteries(Super) Grids

Flexibility (enabled by IoT and Edge Computing)
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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 2020 Flexibility, IoT and Edge Computing are 
essential

That’s the topic of ‘Flexible Energy Denmark’

(For several days the wind power production is 
more than 100 pct of the power load) 

.... balancing of the power system

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

(West DK)
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Use of IoT and Edge Computing

The central hypothesis is that by intelligently integrating 
currently distinct energy (heat, power, gas and biomass) and 
water components using AI, IoT, Edge, Fog, Cloud computing 
we can unlock the flexibility needed to balance very large 
shares of renewables - and consequently obtain substantial 
reductions in CO2 emissions. 
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  Smart-Energy OS
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SE-OS Characteristics

Ordinary markets at higher levels

Nested sequence of systems – systems of systems

Hierarchy of optimization and control problems

Cloud, Fog, Edge based (IoT, IoS) solutions 

One-way communication at lower level; robust by design

Simple setup for the communication and contracts 



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



SN-10 Smart House Controller 
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Case study

Control of heat pumps
(Price / CO2 efficient control)
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Partner
s
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Source: pro.electicitymap.org







Example: CO2-based control  (10-15 pct savings in CO2 e.)
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Center Denmark

 AI, IoT, Edge, Fog, and Cloud based 
solutions for unlocking 

the needed flexibility for 
large scale integration of wind and solar power
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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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