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Renewable Energy Systems
A Smart Energy Systems Approach to the 
Choice and Modeling of 100% Renewable Solutions

1. Edition in 2010

2. Edition in 2014 

New Chapter on
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Systems and 

Infrastructures



A Clean Planet for all 
A European long-term strategic vision 
for a prosperous, modern, competitive and climate neutral economy 

Climate Neutral



100% Renewable Energy 2050
Or a Climate Neutral Economy
…… but how…???!!
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Smart Grid (2005)

No definition.

However it can be understood from the 
context that a smart grid is a power 
network using modern computer and 
communication technology to achieve a 
network which can better deal with 
potential failures.



Smart Energy Systems

• Smart Electricity Grids are electricity infrastructures that can 
intelligently integrate the actions of all users connected to it -
generators, consumers and those that do both - in order to efficiently 
deliver sustainable, economic and secure electricity supplies. 

• Smart Thermal Grids are a network of pipes connecting the buildings 
in a neighbourhood, town centre or whole city, so that they can be 
served from centralised plants as well as from a number of 
distributed heating or cooling production units including individual 
contributions from the connected buildings. 

• Smart Gas Grids are gas infrastructures that can intelligently 
integrate the actions of all users connected to it - supplies, 
consumers and those that do both - in order to efficiently deliver 
sustainable, economic and secure gas supplies and storage. 

• Smart Energy System is defined as an approach in 
which smart Electricity, Thermal and Gas Grids are 
combined and coordinated to identify synergies 
between them in order to achieve an optimal 
solution for each individual sector as well as for the 
overall energy system. 



From electricity smart grids to smart 
energy systems    published 2012

Smart Energy Systems and 
Infrastructures     published 2014

Smart Energy  and Smart Energy 
Systems    published 2017



A Holistic Smart Energy Systems Approach



Smart Energy Systems: 

Hourly modelling of all smart 

grids to identify synergies!

… and influence of different 

types of energy storage..!



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)



www.journals.aau.dk/index.php/sepm







Existing distribution grids



http://www.sciencedirect.com/science/journal/03605442


Heat Roadmap Europe

http://www.ecofys.com/en/


Smart Energy Europe

www.EnergyPLAN.eu/SmartEnergyEurope

Report Online

Paper Published



Vision: Smart Energy Aalborg 2050





IDAs Climate Response: In a European context

Denmark should fulfill its objective of renewable energy and CO2-
reductions in a way, so it fits well into a context in which the rest of 
Europe  - and the world  - will do the same.

Therefore:

• Denmark should include the Danish share of international aviation and 
shipping even though it is not included yet in the UN way of calculating 
the Danish CO2 emissions.

• Denmark should not exceed our share of sustainable use of biomass in 
the world.

• Denmark should make our contribution in terms of flexibility and reserve 
capacity to integrate wind and solar into the European electricity supply.
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A fully decarbonized Denmark 2045



2045



Biomasse
2045
Overview: 

(153 PJ minus 
eksport 13 PJ = 
140 PJ svarende
til 23 GJ/capita)



Biomass conversion 
incl. HTL and 
Pyrolysis
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Our replication
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Stepwise implementation of smart energy
systems
1. Specify reference scenario. 

PRIMES 2050 Business as 
Usual is used as a reference. 
Here a starting point with and 
without nuclear is discussed. 

2. Energy savings in the different 
demand sectors

3. Implementation of district 
heating

4. Transition individual heating

5. Electrification of transport

6. E-fuels in transport

7. Replacing remaining fossil fuel 
with biofuels, biogas, e-gas 
and e-fuels

Increase renewable energy
production



Step by step to a smart energy system
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Energy balance
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Costs
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More information:
https://www.energyplan.eu/book2/

www.EnergyPLAN.eu

www.4DH.dk

www.energyplan.eu/smartenergysystems/

www.henriklund.eu

www.heatroadmap.eu

www.energyplan.eu/SmartEnergyEurope

https://www.energyplan.eu/book2/
http://www.energyplan.eu/
http://www.4dh.dk/
http://www.energyplan.eu/smartenergysystems/
http://www.henriklund.eu/
http://www.heatroadmap.eu/
http://www.energyplan.eu/SmartEnergyEurope

