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Smart\Energy Systemjs
The key to cost-effisient 100% Renewablle Energy

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

* Looking at renewable electricity as a part
smart energy systems including heatin
Industry, gas and transportation opens for
cheaper and better solutions...

((( Power-to-Heat FoEe-CEE
Power-to-Transport

DENMARK \




Primary energy supply
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Executive Summary

IDA’s Energy Vision 2050

A smart energy system strategy for 100% renewable Denmark
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Primary energy consumption in CEESA

2010 2020 2030 2040 2050 2030 2040 2050

Reference CEESA

M Coal m il M Natural gas M Biomass (gasified)
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Figure 2: Primary Energy Supply in CEESA.
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http://sdu.dk/?sc_lang=da

Smart Energy Systems
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http://www.energyplan.eu/smartenergysystems/

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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Oil Tank
0.02 €/kWh
(Source: Dahl KH, Oil
tanking Copenhagen A/S,
2013: Oil Storage Tank.
2013)

Electricity Themal Gas Liquied Fuel

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
zmwe~ | Thermal Storage
(Private house: 160 liter 6200 m3 Thermal Slfolregie

for 15000 DKK)

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

Thermal storage: Price and Size
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160 liter 4 m3 6200 m3 200.000 m3

o

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

- - Compressed Air Energy Storage
s | Electricity Storage)| "=
(Source: Goldisthal Pumped (Source:

Storage Station, Germany, http://www.sciencedirect.com/science/ar
www.store-project.eu) ticle/pii/S0196890409000429)

Compressed Air Energy Storage

Electricity Storage: Price and Size L wif
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Tesla PowerWall | Sodium-Sulphur CAES Pumped Hydro Tesla PowerWall
Fully Installed Battery 800 €/kWh

(Source: Dahl KH, Oil tanking
3.3kw 50 MW 350 MW 1000 MW Copenhagen A/S, 2013: Oil

= 1 Storage Tank. 2013)
> Sodium-Sulphur Battery .
600 €/kWh
(Source: Table 4: ;
_f'f http://large.stanford.edu/courses/2012/ph240/d —
oshay1/docs/EPRI.pdf) Yt .







Energi System Analyse Model

Energy [d¥:] Home * Download * About + Contact [3)

Advanced energy
system analysis
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Members Map

This is a map of the people who have registered with the EnergyPLAN website. Select a country to identify all users from that country, and then select their nams on the right
hand side if you would like to contact them. We hope that this map will connect users that have a common interest with one another.
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EnergyPLAN | — =

Replicable by other researchers. (Freeware, User-
friendly, normal PC, No solxers or similar. Data-sharing)

Credibility. Documentation, many users, 5000
downloads, used in 100+ scientific paper.

Smart Energy Systems: Sectoxs (Buildings, Industry,
Transportation etc.) and relevant grid and storage options
(Electricity, District Heating and Cooling, Hydrogen, Green
gas, solid biomass and synthetic graen liquid fuels).

High time resolution and chronoloygical calculations of
storage and grid infrastructures. (In ajl relevant sectors)
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Cities and Contex

CONTEXTUAL ASPECTS OF SMAH
CITY ENERGY SYSTEMS ANALYS]

SETHODOLOGEY AND TOOLE

BY
JAHOE ZMCH THELLUFSEN

DIZEERTATION SUBMITTED 2017
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CONTEXTUAL ASPECTS OF SMART
CITY ENERGY SYSTEMS ANALYSIS

SETHODYLOGY AMD TO0LS
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ities and Contex

Systemn 1
(Produces excess
electricity)

System 1 (no excess,
power plant
production)

Systemn 1
(Produces excess
electricity)

System 1 (no excess,
power plant
production)

Exports ex:!ﬂ—bH‘mpnrﬂ to reduce power plant—

Imports to reduce power plant—

Mo export as no import available

No export as no excess available

4—Exports excess

Mo export as no import available

No export as no excess available

System 2 (no excess,
power plant
production)

System 2
(Produces excess
electricity)

System 2
(Produces excess
electricity)

System 2 (no excess,

power plant
production)




Jakob Zinck [ hellufsen
PhD Thesis defense
e 14 June at 13:00
e Aalborg Univexsity
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lan.aau.dk/book.ph

4DH

4th Generation District Heating
Technologies and Systems

HEAT ROADMAP
EuroOPE 2050

lan.eu/SmartEner

" www.heatroadmap.eu
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