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The challenges
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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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Challenges

Alm
ost no Flexibility 
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Ultimately 3 solutions expand the space of solutions:

Space of Solutions

BatteriesSuper Grids

Flexibility (eg enabled by AI and Energy Systems Integration)
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    Hypothesis  

The central hypothesis is that by intelligently integrating 
currently distinct energy (heat, power, gas and biomass) and 
water components using ICT solutions we can balance very 
large shares of renewables, and consequently obtain substantial 
reductions in CO2 emissions. 
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The Smart-Energy Operating-System (SE-OS)  will be 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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         Concepts

Integration based on ICT solutions (Data Analytics, Cyber Physical 
Models, Forecasting, Control, IoT, IoS, AI, automated learning, ..) leading 
to methods for operation and planning of future energy systems   
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  Smart-Energy OS



SE-OS
Control loop design – logical drawing

10

Termostat 
actuator

Termostat 
actuatorDataData

SensorsSensors



 
Lab testing ….



SN-10 Smart House Prototype 
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Flexibility enabled using
data intelligence (AI)
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SE-OS Characteristics

‘Bidding – clearing – activation’ at higher levels

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 

Provides a solution for all ancillary services

Harvest flexibility at all levels -> max. Virtual storage 



Some Highlights

New planning tools   

A number of new software, hardware and cloud based solutions

Large flexibility potentials demonstrated  - in particular for IT-Intelligent Integ. Energy Systems 

Smart-Energy Operating-System (SE-OS) (Big Data, IA, IoT, Controllers,..)

Energy/power markets (new solutions/design)

AS4.0 – a control based approach for smart grids (incl. Ancillary services)

Storage solutions (virtual by integrated energy systems, physical)

Flexibility Function – A new approach for characterizing the flexibility

Flexibility Index – A method for calculation the flexibility (with/without Framework conditions) 

New controllers for smart energy systems - implemented also as a cloud solution

Methodologies and tools for optimal operation under uncertainty (also bidding..)

Digitilization of District Heating (District Heating v.4.0)

Science Cloud for CITIES

CITIES Innovation Centre

Center Danmark (under establishment)
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Case study

Control of heat pumps
(Energy or/and CO2 efficient control)
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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 (savings: min 10 pct)



● From 3 am to 11 am we had a longer period with a negative 
imbalance power price, and consequently the SmartNet 
controllers took advantage of the negative price period, and 
'earned' money by overheating the pools. 

● Hence the system helped the power system by storing extra 
energy in the pools - for later use.

●  One example is House No. P32788 . This house reached the 
max. temperature which in this case is 30 d.c. 

Example with negative power prices

4/3/19 22
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Data Centers

Large savings (90-95 pct) related to cooling for data 
centers using PCM (from Center Denmark)    
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(Virtual) Storage Solutions

Flexibility (or virtual storage) characteristics:

– Supermarket refrigeration can provide storage 0.2-2 hours ahead 

– Buildings thermal capacity can provide storage up to, say, 2-12 hours ahead

– Buildings with local water storage can provide storage up to, say, 2-18 hours ahead

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

– DH/DC systems with pit / bore hole storage can often provide seasonal storage solutions

– Gas systems can provide seasonal/long term storage solutions
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CITIES Innovation Center
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Summary
We have demonstrated a large potential in Demand Response. Automatic 

solutions and consumer acceptance are important 

 We have a strong team – Goal: From application 30-40 journal papers (2014-
2020). Status: About 120 journal papers published now (March 2019)

 Controllers developed in CITIES can focus on

Peak shaving

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

Energy Efficiency 

Cost Minimization

Emission Efficiency

We see large problems with tax and tariff structures in many countries (eg. 
Denmark) 

New HEAT 4.0 project will take us further ahead with digitalization

Center Denmark is (will be) established as a National Digitalization Hub for 
Smart Energy and Water systems. Main purpose to unlock the flexibility 
needed for the green transition
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Center Denmark

Green transition paved by green innovation
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Center Danmark
Test Center for Intelligent and Integrated Energy Systems
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Center Denmark: 
Data Intelligent Energy Systems

Automatic and self-cal. methods based on Big Data analytics and AI

Storage solutions are essential – both physical and virtual storage 

Prosumer integration strategy and methodologies 

Labs – Virtual, HiL, Live

Peer-to-peer communication (incl. blockchain)  

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 (virtual storage) at all levels 
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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
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