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Smart Energy Systems
The key to cost-efficient 100% Renewable Energy

• A sole focus on renewable electricity 
(smart grid) production leads to electricity 
storage and flexible demand solutions!

• Looking at renewable electricity as a part 
smart energy systems including heating, 
industry, gas and transportation opens for 
cheaper and better solutions…

Power-to-Heat Power-to-Gas
Power-to-Transport



IDA Energiplan 2030



CEESA Project 2011/2012

http://sdu.dk/?sc_lang=da


Smart Energy Systems

www.energyplan.eu/smartenergysystems/

http://www.energyplan.eu/smartenergysystems/


Energy Storage
Pump Hydro Storage

175 €/kWh 
(Source: Electricity Energy Storage 
Technology Options: A White Paper 
Primer on Applications, Costs, and 
Benefits. Electric Power Research 

Institute, 2010)

Natural Gas Underground Storage
0.05 €/kWh 

(Source: Current State Of and Issues 
Concerning Underground Natural Gas 
Storage. Federal Energy Regulatory 

Commission, 2004)

Oil Tank
0.02 €/kWh 

(Source: Dahl KH, Oil 
tanking Copenhagen A/S, 
2013: Oil Storage Tank. 

2013)

Thermal Storage
1-4 €/kWh 

(Source: Danish Technology 
Catalogue, 2012)



Thermal Storage 6200 m3 Thermal Storage
2500 €/MWh 

(Skagen: 6200 m3 
for 5.4 mio. DKK)

0.16 m3 Thermal Storage
300.000 €/MWh 

(Private house: 160 liter 
for 15000 DKK)

200,000 m3 Thermal Storage
500 €/MWh 

(Vojens: 200,000 m3 
for 30 mio. DKK)
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Thermal storage: Price and Size

4 m3 Thermal Storage
40,000 €/MWh 

(Private outdoor: 4000 m3 
for 50,000 DKK)



Electricity StoragePump Hydro Storage
100 €/kWh 

(Source: Goldisthal Pumped 
Storage Station, Germany, 

www.store-project.eu) 

Sodium-Sulphur Battery
600 €/kWh

(Source: Table 4: 
http://large.stanford.edu/courses/2012/ph240/d

oshay1/docs/EPRI.pdf)

Tesla PowerWall
800 €/kWh

(Source: Dahl KH, Oil tanking 
Copenhagen A/S, 2013: Oil 

Storage Tank. 2013)

Compressed Air Energy Storage
125 €/kWh 

(Source: 
http://www.sciencedirect.com/science/ar

ticle/pii/S0196890409000429)
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Smart Energy Systems



Energi System Analyse Model
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Smart Energy Systems: 
Hourly modelling of all smart 
grids to identify synergies!
… and influence of different 
types of energy storage..!



EnergyPLAN
• Replicable by other researchers. (Freeware, User-

friendly, normal PC, No solvers or similar. Data-sharing)
• Credibility. Documentation, many users, 5000 

downloads, used in 100+ scientific paper.
• Smart Energy Systems: Sectors (Buildings, Industry, 

Transportation etc.) and relevant grid and storage options 
(Electricity, District Heating and Cooling, Hydrogen, Green 
gas, solid biomass and synthetic green liquid fuels). 

• High time resolution and chronological calculations of 
storage and grid infrastructures. (In all relevant sectors)



Cities and Context



Cities and Context



Welcome

Jakob Zinck Thellufsen
PhD Thesis defense
• 14 June at 13:00
• Aalborg University



More information:
http://energy.plan.aau.dk/book.php

www.EnergyPLAN.eu

www.4DH.dk

www.energyplan.eu/smartenergysystems/

www.henriklund.eu

www.heatroadmap.eu

www.energyplan.eu/SmartEnergyEurope

http://energy.plan.aau.dk/book.php
http://www.energyplan.eu/
http://www.heatroadmap.eu/
http://www.energyplan.eu/smartenergysystems/
http://www.heatroadmap.eu/
http://www.heatroadmap.eu/
http://www.energyplan.eu/SmartEnergyEurope
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