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Smart Energy Systems
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Executive Summary

IDA’s Energy Vision 2050

A smart energy system strategy for 100% renewable Denmark

Renewab/
e



Smart Epnergy Systems

(11 Tube:

AALBORG UNIVERSITY
DENMARK


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

Smart\energy Systems
The key to cost-effisient 100% Renewable Energy
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Pump Hydro Storage
175 0/kWh

(Source: Electricity Energy Storage Therma} Storage
Technology Options: A White Paper 1-4 4/kWh

Primer on Applications, Costs, and (Source: Danish Technology

Benefits. Electric Power Research Catalogue, 2012)
Institute, 2010)

Energy storage: Price and Efficiency
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Electricity Themal Gas Liquied Fuel (Source: Dahl KH, Oil

tanking Copenhagen A/S,
2013: Oil Storage Tank.
2013)
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Natural Gas Underground Storage

0.05 0/kwh
(Source: Current State Of and Issues
Concerning Underground Natural Gas
Storage. Federal Energy Regulatory
Commission, 2004)




0.16 m3 Thermal Storage h | t
==me~ | Thermal Storage
(Private house: 160 liter SO st Siprege

for 15000 DKK)

2500 U/MWh
(Skagen: 6200 m3
for 5.4 mio. DKK)

Thermal storage: Price and Size
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4 m3 Thermal Storage

40,000 U/MWh
(Private outdoor: 4000 m3
for 50,000 DKK)

200,000 m3 Thermal Storage

500 u/MWh
(Vojens: 200,000 m3
for 30 mio. DKK)
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Pump Hydro Storage

100 U/kWh
(Source: Goldisthal Pumped
Storage Station, Germany,
www.store-project.eu)

Electricity Storage

Compressed Air Energy Storage
125 u/kWh
(Source:

http://www.sciencedirect.com/science/ar
ticle/pii/S0196890409000429)

Compressed Air Energy Storage

Electricity Storage: Price and Size
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3.3 kw

Sodium-Sulphur
Battery

50 MW

CAES

350 MW

Pumped Hydro

1000 MW
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Tesla PowerWall
800 U/kWh
(Source: Dahl KH, Oil tanking
Copenhagen A/S, 2013: Oil

Sodium-Sulphur Battery

600 u/kWh
(Source: Table 4:
http://large.stanford.edu/courses/2012/ph240/d
oshayl/docs/EPRI.pdf)

Storage Tank. 2013)
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Figuze 1: Imvestment cost and cvcle eficiency companison of

ebecmicity, thermal, pas and Egeid foel storape techmolopies.
See assumptions, details and references in Appendo 1.
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Fipure 2: Anmualized imvestment cost per use-cyele vs azmal members

of use-cycles. In the diapram the costis also benchmarked apainst the
cost of producing repewable enerey, here shown for a wide cost span
is no cyclic dependence for renewable enerpy prodaction). See
jons, details and ref in Appendix 1.

Emergy Ston

Fizure 3: Investment cost comparison of different sizes of thermal
enerpy storage technologies. The sizes cormespond to storages for

dwelling, a larper bailding, a CHF plant and 2 solar TE system
{sme Footnote 2). See assaomptions, details and mfempees in

Appendix 1.
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Figume 4: Investment cost comparizon of different sizes of
tricity eneTpy storase techmologies. See azsumptions, detadls

and referenees in Appendiz 1.
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