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the Green Transition 













Challenges 





A windy day 
Wind production = 135 pct of Load



Possible Solutions and some 
Results from CITIES



:

Space of Solutions

BatteriesSuper Grids

Flexibility (eg enabled by AI and Energy Systems Integration)





Hypothesis

The central hypothesis of CITIES is that by intelligently 
integrating currently distinct energy flows (heat, power, gas and 
biomass) in urban environments we can enable flexibility for 
integrating large shares of renewables, and consequently obtain 
substantial reductions in CO2 emissions. 

Intelligent integration will enable lossless ‘virtual’ storage and 
flexibility on a number of different time scales.



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



         Concepts

Integration based on ICT solutions (big data analytics, IoT, AI, 
automated learning, ..) leading to methods for operation and 
planning for future energy systems   



  Smart-Energy OS



Center Denmark – Control Room - EDS



Digitalized and dynamic market



Flexibility enabled using
data intelligence



 

SE-OS Characteristics

‘Bidding – clearing – activation’ at higher levels

Nested sequence of systems – systems of systems

Spatio-temporal based setup

Hierarchy of optimization and control problems

Control principles at higher spatial/temporal resolutions

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

Harvest flexibility at all levels -> max. Virtual storage 



Goals  



Goals 
(from the application)

To educate 11 Phd's and 4.5 PostDocs

30-40 journal papers

6 PhD summerschool events

Dissemination through media and broad-audience events

A dynamic and public website

Models and strategies for integrated energy systems

CITIES Innovation Centre (in parallel to CITIES)

Support activities related to green/smart cities projects

Establish an international network



Status 
(Sept. 1st, 2019)  



●             Project management

New brochures explaining some of the results from CITIES.

A new communication and public media expert 

(Hanne Kokkegård – 50 pct. CITIES + 50 pct. SCA) started May 1st 

Homepage www.smart-cities-centre.org

Twitter (@CITIES_Centre)

CITIES Innovation Center (CIC) (incl. Homepage...)

Center Denmark (facilitates also innovation projects)

International influence:

EU Commission, EU JRC, DG ENER, DG CNECT

  EERA JP ESI+SC+SG, Smart Cities, ..

Global: ESIG (Summer schools / Meetings / Workshops)

Global: IEA (Annex 67, 71, 73, 74 (living labs) and 79)

Innovation Networks:

INNO SE, TI, House of Energy, CLEAN, Climate KIC, 

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






CITIES Innovation Center



Status (Sept. 1st., 2019)
Some KPIs, statistics and dissemination results:
 

Approx. 250 scientific publications in total (so far)

Approx. 40 scientific oriented presentations (2018 only)

Approx.  108 journal papers published (until September, 2019)

Approx. 9 videos related to Forecasting and Integration (Jointly with Energinet, Ørsted, 
and EWII). Joint effort with ESIG, ESI 101 and EIT InnoEnergy (ongoing)

24 Workshops

12 PhD summer/winter-schools

3-4 extra PhD's (Indonesia, Malaysia, DSOs,  ...)

More than 18 Demo Projects

Several successful H2020, IFD, EUDP, ...  applications related to CITIES (see later on).   
(Ex. two new Grand Solution projects – FED and HEAT 4.0)



CITIES software used



            International Collaboration

Our partners – Tecnalia, NREL, AIT, NTNU, LU, UCD, Konkuk, 
Samsung, ...

Member of Advisory Board or Partner in many International Projects; 

The largest being:

Energy Systems Integration Partnership Programme (ESIPP) – 
Ireland – 120 mill dkr 

Centre for Energy Systems Integration (CESI) – UK – 300 mill dkr 
(project partner)

Research Centre on Zero Emission Neighbourhoods in Smart Cities 
(ZEN) – Norway – 400 mill NOK 

In all cases a strong link to CITIES

8 EU projects building on results from CITIES

COST TD1207 ‘Mathematical Optimization in the Decision Support 
Systems for Efficient and Robust Energy Networks.



Task Force on 
Framework Conditions 

and Test Zones  



   Status for CITIES Task Force 

Task Force was established at the SG meeting in December 2016
Design of Energy Taxes, Tariffs, Test Zones, Markets and Framework conditions
Consists of Grøn Energi, TI, DTU, AAU, Ørsted, Tomorrow, Danfoss, Grundfos – core 
group: Nina, Frank, Christian, Torben, Henrik, Jan, Olivier, Karl 
Suggestion for a new design of energy taxes: Energiafgifter for Fremtiden (Energy 
Taxes for the Future) 
Suggestion for tests of framework conditions: Testzoner for Udvikling og Afprøvning 
af Fremtidens Energisystem og Rammebetingelser (Test Zones for a Development 
and Test of the Future Energy System and Frame Work Conditions). 
Meetings with the Ministries (EFKM, Taxation, Finance, Erhvervsm. )
Meetings with ‘Energistyrelsen’
Meetings with IFD and EUDP
Meetings with members of the Parliament (energiordførerne)

 



Energy Taxes for Accelerating 
the Green Transition



National Tests of 
Regulatory Framework



Center Denmark
  



 

Center Denmark
Status - establishment

Center Danmark Fund is established

Board  (not complete – more will follow)
Direktør Lars Bonderup Bjørn, EWII (chair)

Direktør Søren Dupont Kristensen, Energinet

Direktør Henrik Rold Thorsen, EnergyCOOL

Dekan Henrik Bindslev, SDU

Dekan Jakob Stoustrup, AAU

Prodekan Søren Rud Keiding, AU

Professor Henrik Madsen, DTU (co-chair)

AAU, SDU, AU and DTU now have coordination activies

CEO (Søren Skov Bording) has started June 1st.  

First office space (approx. 300 m2) Nov. 1st. 



Center Denmark – Control Room and EDS



Demo Projects  



CITIES Innovation Center



Main priorities 
 SC (Mar 2019 + June 2019)** and IAB (Sept 2018)

 
SC Dec 2018: Discuss and define 10 success stories for CITIES

More Demo Projects – also involving the new partners

Focus on framework conditions and testzones – CITIES Task Force group

Workshops related to smart district heating (Zagreb, April 2019) +  upcoming 
workshops (Dansk Byggeri, Sept 24th + Grøn Energi/Nina + Gate21, Region H.)

Workshop related to smart wastewater (Aalborg, June 2019)

Workshop related to PVT system, IEA Task 60, October 2019

Workshop CITIES (DK) + ZEN (N) (DTU, June 2019)

Digitalisation is important. Continued education. (DTU Sektorudvikling..)

Collaborate with Smart Cities projects 

Collaborate with Innovation Hubs (TI, CLEAN, INNO-SE, House of Energy, ..)

Make results more understandable for everyone; remove the complexity. (public 
media, LinkedIn, Twitter, ..)

Focus on Innovation activities (Center Denmark + CIC) 

Join international networks + international influence



Main priorities 
 SC (June 2019) and IAB (Sept 2018)**

Time to communicate and disseminate to the public and regulatory bodies

CITIES should be more visible on regular basis (newspaper, YouTube, etc.)

More focus on buildings and their flexibility (invitation to EU events)

Important to focus on Flexibility – Both related to operations and planning

Focus on cyper security 

More focus on the need for end-users and consumers

More focus on innovation and potential products

More focus on risks and liability to customers

Need for market mechanisms that could facilitate flexibility

Split consortium meeting in technical and non-technical

Short videos could help to publicize the information
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