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Challenges for Unlocking the Flexibility



CITIES, Annual Consortium Meeting, October 2019CITIES, Annual Consortium Meeting, October 2019

Challenges

Alm
ost no Flexibility 
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Existing Markets - Challenges 

Static

Deterministic

Linear

Many power related services (voltage, frequency, balancing, spinning 
reserve, congestion, ...)

Speed / problem size 

Characterization of flexibility (bids)

Requirements on user installations 
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Markets – Needed changes 

Static  -> Dynamic

Deterministic  -> Stochastic

Linear  -> Nonlinear

Many power related services (voltage, frequency, balancing, spinning 
reserve, congestion, ...)  -> Coordination + Hierarchy 

Speed / problem size  -> Decomposition + Control Based Solutions

Characterization of flexibility (bids)  -> Flexibility Functions

Requirements on user installations   -> One-way communication 
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Ideas / Solutions
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  Smart-Energy OS



Digitized and Dynamic Energy Markets
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SE-OS – Low level controllers
Control loop design – logical drawing

10

Termostat 
actuator

Termostat 
actuatorDataData

SensorsSensors
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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

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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Case study No. 2 

Control of Heat Pumps for buildings 
with a thermal solar collector 

(minimizing cost)
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EMPC for heat pump with 
solar collector (savings 20 pct; + 4 pct)
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Case study No. 3 

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





Example: CO2-based control    (savings 15 pct)
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Flexibility Setup and Control
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Characteristics
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Flexibility Function
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Penalty Function (examples)
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Smart Grid Application
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Procedure for calc. Flex. Index
for energy, price and emission based flexibility char.

Considerable reduction in peak consumption
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Characteristics
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FF for three buildings
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Realistic Penalties for DK
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Expected Flexibility Savings Index
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Reference Penalties
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Flexibility Index
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Understanding Energy Flexibility
Some Demo Projects in CITIES:

Control of WWTP (ED, Kruger, ..)
Heat pumps (Grundfos, ENFOR, ..)
Supermarket cooling (Danfoss, TI, ..)
Summerhouses (DC, ENDK, Evonet, ..)
Green Houses (NeoGrid, ENFOR, ....)
CHP (Ørsted, EnergiFyn, ...)
Industrial production 
EV (Eurisco, Enfor, ...)
.............
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Summary
A Flexibility Function is suggested for describing the energy flexibility 

Using our SE-OS with FF-based control we have seen large potentials for 
Demand Response. Automatic solutions are important.

A Flexibility Index (FI) for buildings (peak, solar, wind, ...) is suggested; can be 
used for an optimal design of buildings depending on climate zone etc.

Procedure for data intelligent control of the electricity load is suggested 

The controllers can provide
• Energy Efficiency
• Cost Minimization
• Emission Efficiency
• Peak Shaving
• Smart Grid demand (like ancillary services needs, ... )

We see large problems with the tax and tariff structures in many countries 

(eg. Denmark; we will suggest a new design of taxes and tariffs) 
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Summary

We need to put more focus on energy efficiency – but using meter data (which 
is now possible)

Methods for automatic energy labelling and characterization are suggested

Procedures for data intelligent control of power load are also suggested.

The controllers can provide

Energy Efficiency

Cost Minimization

Emission Efficiency

Peak Shaving

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

We have demonstrated a large potential in Demand Response. Automatic 
solutions, and end-user focus are important

We see large problems with the tax and tariff structures in many countries (eg. 
Denmark; we are working on a new design of taxes and tariffs. 
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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
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	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	MEMO 2 Control loop design – logical drawing
	Slide 11
	Aggregation (over 20 houses)
	Step response
	Slide 14
	Control performance
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38

