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A smart energy system strategy for 100% renewable Denmark
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Smart\energy Systems
The key to cost-effisient 100% Renewable Energy

* A sole focus on renewable
(smart grid) production lea
storage and flexible demand s

lectricity
to electricity
lutions!

* Looking at renewable electricity as a part
smart energy systems including heatin
Industry, gas and transportation opens for
cheaper and better solutions...
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Pump Hydro Storage
175 €/kWh

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

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

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

Energy storage: Price and Efficiency

Price Efficiency
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1 0 0.02 €/kWh

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 €/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 SO0 M TrenEl HierenE

for 15000 DKK)

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

Thermal storage: Price and Size
350000
300000 \
250000

200000 \

150000 \

100000 \
50000 \

0

Price (€/MWh)

160 liter 4 m3 6200 m3 200.000 m3

4 m3 Thermal Storage

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

200,000 m3 Thermal Storage

500 €/MWh
(Vojens: 200,000 m3
for 30 mio. DKK)
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Pump Hydro Storage
100 €/kWh
(Source: Goldisthal Pumped
Storage Station, Germany,
www.store-project.eu)

Electricity Storage

Compressed Air Energy Storage
125 €/kWh
(Source:
http://www.sciencedirect.com/science/ar
ticle/pii/S0196890409000429)

Compressed Air Energy Storage

Electricity Storage: Price and Size
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Tesla PowerWall | Sodium-Sulphur CAES Pumped Hydro
Fully Installed Battery
3.3 kw 50 MW 350 MW 1000 MW
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M "‘;g:

DEPLETED GAS RESERVOIR

Tesla PowerWall

800 €/kWh
(Source: Dahl KH, Oil tanking
Copenhagen A/S, 2013: Oil

Sodium-Sulphur Battery
600 €/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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Executive Summary

IDA’s Energy Vision 2050

A smart energy system strategy for 100% renewable Denmark

IDA Energiple

Primary energy supply
Peta Joule (P))
1.000 M Export CO; emissions
900 B RE electricity
300 Salap thermaM'"'o" ton per year
700 M Biomass 70 M Export
600 M Naturalgas ¢ M Danish
[ . consump-
500 — Hoil tion
400 M Coal 50
300 40
200
30
100 el
0 20 120 + Fuel cells
100 _____ W Wave power
2004 Ref. 2030 IDA 2030 10 o M Solar thermal
0 | M Photovoltaics
60 Management and
1990 Ref. 2030 IDA 2030 40 ——  measuring
20 I Electricity, oil and gas
management
0 Wind power
2004 IDA 2030 M District heating and CHP
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= Innovation Fund Denmark
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Energy Storage Capacities in Denmark

Danish Qil Storage
~50 TWh

Danish Gas Storage
~11TWh
Danish
Thermal Storage
~0.090 TWh
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= Innovation Fund Denmark
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Energy Storage Capacities in 100 % RES Denmark 2050 (IDA)

Danish Oil Storage

~50 TWh Danish
Hz Storage
~0.550 TWh
Danish
Danish Gas Storage Thermal Starage
~11 TWh ~0,200 TWh Danish
Electricity Storage
~0.015 TWh
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Eksisterende distributionsnet

(/ Natural Gas District Heating Electricity
(‘ Natural Gas M District heating M Electricity
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CEESA Project 2011/2012

~eme— TFANSPOIT:

Electric vehicles is best from an energy \ary energy consumption in CEESA

“| efficient point of view. But gas and/or liquid

el = fuels is needed to transform to 100%.
e | Biomass:
— toe ] .. 1s a limited resource and can not satisfy

all the transportation needs.

Natural gas

W Wind power

Conseguence
. Electricity from Wind (and similar strenc
st ) resources) needs to be converted to gas and e e
(“ liquied fuels in the long-term perspective... =« w -
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W Waste incineration

020 2030 2040 2050 2020 2030 2040 2050

CEESA
M Biomass (gasified)
M Geo thermal
Wave power
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100% Renewable Energy 2050
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Electricity
(307 PJ)

Power Plant

115 Mt

1Mt

3.5 Mt

Marginal Heat!
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Electrolyser®
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WELCOMETO 4DH

4DH is an international research centre which develops 4th generation district heating
technologies and systems. This development is fund al to the i

objective of being fossil fuel-free by 2050 and the European 2020 goals.

With lower and more flexible distribution temperatures, 4th generation district heating (4GDH)
can utilize renewable energy sources, while meeting the requirements of low-energy buildings and

energy conservation measures in the existing building stock.

LATEST NEWS FROM 4DH

4DH 3rd Annual C
Flyer
m 3rd annual Confer

AALBORG UNIVERSITY
DEMMARK

4th Generation District Heating
Technologies and Systems

. ] A\ 7

Appendix B: Project description
Strategic Research Centre for

4th Generation District Heating
Technologies and Systems (t_lDH_)
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4DH

4th Generation District Heating
Technologies and Systems

Three pilla

Supply:

Low temperature District heating

Production:
Renewable Systems Integration

Organisation:
Planning and Implementation

«
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4DH

i 4th G tion District Heating
Su pply Te:::;?olgoies alndISystemls
Low temperature District heating /

Grids and components:

- low-temperature district heating systems
based on renewable energy.

- new knowledge of the hardware and
software technologies of the new
generation of district heating systems

- existing energy renovated buildings and
new low-energy buildings.

(R
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4DH

- . 4th Generation District Heating
P rOd u Ctlo n . Technologies and Systems

Renewable Systems Integration

Production and system integration:

- the development of energy systems analysis
tools, methodologies and theori

- scenario building of future sustainable energy
systems.

- The aim is to identify the role of district heating
systems and technologies in various countries

AALBORG UNIVERSITY
DENMARK
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4DH

- - . 4th Generation District Heating
Org a.n Isatlon . Technologies and Systems
Planning and Implementation /

Planning and implementation:

- further development of the planning and
management systems

- spatial analysis and geographical
information systems (GIS) as a tool\for
planners and decision-makers.

- organisation and design of specific public
regulation measures including ownership,
tariffs, reforms etc.

AALBORG UNIVERSITY
DENMARK



Energy efficiency / temperature level
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22 Heat Roadmap Europe

= Powerand Heat Generation
= Waste Management

= Geothermal heat
= Solar Thermal

50% in 2050.

EUROHEAT AKLBORG UNIVERSITY
& FOWER DE NMARE

=+ Urban areas (Heating Demands)

= Industrial waste heat potential

=the study indicatesthat the ' gl
market shares for district 5
heating for buildingscanbe |~ -

increased to 30% in 2030 and : 4'—qrr-‘

GIS Mapping:
Many Heat Sources

dmap Europe
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4th Generation District Heating
Technologies and Systems
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Countries by Heat Demand 90% of EU

HRE4 Countries: 14 LargesJ EU
ea

Belgium (BE)
Czech Republic (CZ2)
Germany (DE)
Spain (ES)
France (FR)
Italy (IT)
Hungary (HU)
Netherlands (NL)

° Austria (AT)
Poland (PL)
Romania (RO)
Finland (FI)
Sweden (SE)
United Kingdom (UK)
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4DH

4th Generation District Heating

WWW 4 D H Technologies and Systems
| |

h .
4" International Conference on

Smart Energy Systems and (((
4™ Generation District Heating

13-14 November 2018 - Aalborg

DENMARK

AALBORG UNIVERSITY
DENMARK

/ \y #SmartEnergySystems & #4DH



www.henriklund.eu

More\nformation:

lan.aau.dk/book.ph
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