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Transition in the Energy World

The rapidly changing energy world calls for a the next generation of tools 
for trading, simulation, planning, optimization, decision support, control 
and operation. These tools calls for research focusing on:

• Balancing of variable RE using flexibility in markets

• Controllable and flexible loads

• New data, information, communications and controls

• Community markets, nested markets, multi-energy markets, ….

• Enable (virtual) energy storage by energy systems integration

• Interactions between electricity/thermal/fuels/data pathways
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Center for IT-Intelligent Energy Systems in Cities (CITIES) is aiming 
at establishing methodologies and solutions for design and operation of 
integrated electrical, thermal, fuel pathways at all scales.

CITIES is currently the largest Smart Cities and ESI research project in 
Denmark – see http://www.smart-cities-centre.org .

Flexible Solutions and CITIES

http://www.smart-cities-centre.org/


CITIES Workshop on Markets, January 2017CITIES Workshop on Markets, January 2017

Energy Systems Integration 
in CITIES 

The central hypothesis is that by intelligently integrating 
currently distinct energy flows (heat, power, gas and biomass) in 
cities 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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Existing Markets - Challenges 

Dynamics

Stochasticity

Nonlinearities

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

Speed / problem size 

Characterization of flexibility 

Requirements on user installations 
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Challenges (cont.)
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Ideas / Solutions
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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



CITIES Workshop on Markets, January 2017CITIES Workshop on Markets, January 2017

  Smart-Energy OS
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Control and Optimization
Day Ahead:
Stoch. Programming based on eg. Scenarios

Cost: Related to the market (one or two levels)

Direct Control:
Actuator: Power

Two-way communication

Models for DERs are needed

Constraints for the DERs (calls for state est.)

Contracts are complicated

Indirect Control:
Actuator: Price

Cost: E-MPC at low (DER) level, One-way 
communication

Models for DERs are not needed

Simple 'contracts'

In New Wiley Book: Control of Electric Loads 
in Future Electric Energy Systems, 2015
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Direct vs Indirect Control



The market tomorrow
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Models for systems of systems

Intelligent systems integration using data and ICT 
solutions are used to establish models and methods for 
real-time operation of flexible energy systems    
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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 
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Case study (Level III) 

Price-based Control of Power 
Consumption 
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Data from BPA 

Olympic Pensinsula project

27 houses during one year
Flexible appliances: HVAC,
cloth dryers and water boilers
5-min prices, 15-min consumption
Objective: limit max consumption
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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 Power
 Consumption
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Control performance

Considerable reduction in peak consumption
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Case study 
(Level IV – Indirect Control) 

Control of Heat Pumps 
(based on varying prices from Level III)
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E-MPC for heat pump with 
solar collector (savings 35 pct)
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Further Aspects
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Flexibility Represented by

Saturation Curves
(for market integration using block bids)
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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 

VE (Eurisco, Enfor, ...)

.............
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CITIES software used
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Summary
A Smart-Energy OS for implementing future and flexible future electric 

energy systems has been described

Modelling: Toolbox – CTSM-R - for combined physical and statistical 
modelling (grey-box modelling) 

Control: Toolbox – MPC-R - for Model Predictive Control 

Two models for characterizing the flexibility have been suggested and 
demonstrated:

Dynamic models (used for E-MPC based on prices / indirect 
control)

Saturation curves (used for market bidding / direct control)
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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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