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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)
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Energy Systems Integration  

The central hypothesis in CITIES is that by intelligently 
integrating currently distinct energy flows (heat, power, gas and 
biomass) using grey-box models 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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Challenges (example)

Report: Almost no flexibility 
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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
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Models for systems of systems

Intelligent systems integration using data and ICT 
solutions are based on grey-box models for real-time 
operation of flexible energy systems    



Intelligent Energi, October 3Intelligent Energi, October 3rdrd, 2017, 2017

  Smart-Energy OS





 
Lab testing ….



SE-OS
Control loop design – logical drawing

10

Termostat 
actuator

Termostat 
actuatorDataData

SensorsSensors



SN-10 Smart House Prototype 
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SE-OS Characteristics

Automatic and self-calibrated methods based on Big Data 
analytics and  AI

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 

Harvest flexibility at all levels 
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CITIES Innovation Center
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Case study No. 1

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



“Please stop”

“Please use”

Source: pro.electicitymap.org



State: economy

65% fossil
origin

www.co2signal.com



State: heating

8% fossil
origin

www.co2signal.com
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Case study No. 2

Wastewater Treatment Plants
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Kolding WWTP
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Waste-2-Energy
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Energy Flexibility in 
Wastewater Treatment 
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Sewer System Annual Elspot Savings
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Further Aspects
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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, 5-10 hours ahead

– Buildings with local water storage can provide storage up to, say, 2-12 hours ahead

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

– DH systems with thermal solar collectors can often provide seasonal storage solutions

– Gas systems can provide seasonal/long term storage solutions
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New Energy Taxes
Working group linked to CITIES (Board members)

Contrary to other studies we have seen a large potential in Demand 
Response

We need a better coupling between energy vectors (power, thermal, gas)

Automatic solutions - and end-user focus important

Dynamics prices – should be linked to eg the actual CO2 content

Taxes should be related to the costs of removing the polution (eg. Prices for 
carbon capture)

Various ‘products’ should be offered (like fixed price, varying, high cap, ...)

Taxes should be added once and similarly - when imported to the energy 
system

Taxes must be adaptive to changes in the technology

Important to include LCA based costs (fra vugge til grav analyser)

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)



Intelligent Energi, October 3Intelligent Energi, October 3rdrd, 2017, 2017

Taxes and the Transformation
A procedure for data intelligent control of power load, using the Smart-

Energy OS (SE-OS) setup, is suggested.

We would like to test and demonstrate solutions in a large Transformation 
Zone and Period close to many of the leading energy companies – Region 
Midtjylland (plus maybe Region Syddanmark) is ideal.

The zone has to be representative – and the scale is important

We would like to establish Testcenter Denmark near Kolding (10.000 m2 
facilities for research, development and testing - plus dissemination) 

 The Societal objective is to establish a realistic and concrete pathway to a 
fossil-free society

The Scientific objective is to establish methodologies and solutions for the 
future intelligent and integrated energy system

The Commercial perspective is to being able to idenfy and test solutions 
which can form the background for commercial success stories. We 
believe that this area has the unique characteristics for being the 
ultimate live-lab for test and demonstration of future smart energy 
solutions
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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


Electricity

Car

Vegetables

Meat

Airplanes

Your global warming impact



Intelligent Energi, October 3Intelligent Energi, October 3rdrd, 2017, 2017



 
Intelligent Energi, October 3Intelligent Energi, October 3rdrd, 2017, 2017

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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