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RENEWABLE ENERGY

INVESTMENT STRATEGIES
A TWO-DIMENSIONAL APPROACH

» Analyzing synergies in low-cost energy storages
across sectors and potential energy savings with
high amounts of renewable energy

* Identifying the role of international electricity and
gas transmission in integrated renewable Smart
Energy Systems

» Overcoming silo-thinking from traditional energy
sectors and development of novel methodologies
and results for renewable energy investment
strategies in Denmark and Europe.

* Research based design of robust and cost-
effective investment strategies
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RENEWABLE ENERGY INVESTMENT STRATEGIES
A TWO-DIMENSIONAL APPROACH

TWO-DIMENSIONAL APPROACH
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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-Gas
Power-to-Heat
..... ((‘ W Power-to-Transport
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Energy Storage 4DH

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

Ath Generatian District Heating
Technologies and Systems

Thermal Storage
1-4 €/kWh

(Source: Danish Technology
Catalogue, 2012)

Energy storage: Price and Efficiency

—Price = Efficiency
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10 20 Qil Tank
0.02 €/kWh
1 0 (Source: Dahl KH, Ol
Electricity Thermal Gas Liquied Fuel tanking Copenhagen A/S,
2013: Oil Storage Tank.

2013)

TS P

Natural Gas Underground Storage
0.05 €/kWh

(Source: Current State Of and Issues
Concerning Underground Natural Gas
Storage. Federal Energy Regulatory
Commission, 2004)
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Thermal Storage soH_

4th Generation District Heating

0.16 m3 Thermal Storage

Technologies and Systems

300.000 €/ MWh
(Private house: 160 liter 6200 m3 Thermal Storage
for 15000 DKK) 2500 €/MWh

(Skagen: 6200 m3
for 5.4 mio. DKK)

Thermal storage: Price and Size
350000

300000
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160 liter 4 m3 6200 m3 200.000 m3

Price (€/MWh)

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)

«

AALBORG UNIVERSITY
DENMARK

" HSES4DH2017



BEG INVEST ~or
Smart Energy Systems “aph

"lenewabl
e

-

--ﬂ-':lrlEH-equ o
=5 TS le,
Er,

.......

AAAAAAAAAAAAAAAAA
DDDDDDD

,‘ HSES4DH2017



PG INVEST e

N

Smart Heating Europe _4DH_

,’ HSES4DH2017



i il i

7™, B>
Vimee Heat Roadmap Europe S\
4DH

4th Generation District Heating
Technologies and Systems

22 Heat Roadmap Europe GIS Mapp|ng

Many Heat Sources Hes AP
D EUROPE 2050

=+ Urban areas (Heating Demands) | Pt e s o e EU27

= Powerand Heat Generation | |
- -]

Aalborg University
S coneony

= Waste Management
= Industrial waste heat potential

= Geothermal heat i ==
= SolarThermal ._ d S | HEAT ROADMAP EUROPE 2050 ity
=the studyindicatesthat the ® L

market shares for district |
heating for buildings can be o /8
increased to 30% in 2030 and = 7|w—a:n—-' £ ¢ g ——

50% in 2050. Yol . ]

EURQOHEAT AALEORG UHIVERSITY
& POWER BENMAEN

ECOFYS

AALBORG UNIVERSITY I:J|Er']Er']ergiJ

E
EURDHEAT
&POWER

DENMARK

' #SES4DH2017



Heat Roadmap Europe Sor
e
2050 4DH

4th Generation District Heating s ) EUROPE 2050
Technologies and Systems ,

HRE 4 ‘

HeaT Roaomap Europe 2050

—

Enhanced National Heating and
Cooling Strategies

“ HALMSTAD |
UNIVERSITY

AGFW)

| EUROHEAT
&POWER

C DANSK
FJERNVARME

(¢

AALEORG UNIVERSITY

LCLYET

The Scottish Government
RiaghalLas na h-Alba

MAZOWIECKA

—iE.
f vlto ‘ of the Crech Republic
A IT&I‘H!ME’W""
s

TRACTEBEL Engineering
GDOF ISwrex

@

P’
',5" !‘aza

¥ Calore & Servizi

Co-funded by the Intelligent Energy Europe
Programme of the European Union

This project has received funding from the European Union's
Horizon 2020 research and innovation programme under grant agreement No. 695989.
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3" International Conference on ((/‘

Smart Energy Systems and 4™ Generation District Heating
12-13 September 2017 - Copenhagen

AALBORG UNIVERSITY
DEMMARK

#SES4DH2017

Tuesday 12 September 2017 - Overall programme

11:00-12:30 U3, 15T FLOOR
Session 4: Low-temp

district heating grids

Chair: Helge Averfalk

Session keynote and co-chair:
Oddgeir Gudmundsson

Kim Rolin

Christian Engel

Ashreeta Prasanna

Markus Rabensteiner

12:30-13:00 Steering Committee Meeting (4DH SC members only)

13:30-15:00 U3, 15T FLOOR
Session 10: Low-temp district
heating grids

Chair: Jan Erik Thorsen
Session keynote and co-chair:
steen Schelle Jensen

Dietrich Schmidt

Paolo Leoni

Stefan Blomguist

Max Bachmann

, HSES4DH2017
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Paper-flow: 2 Special Issues

Is with Papers Based on Abstracts from the First International
Energy Systems and 4" Generation District Heating in 2015

Energy Planning and Management, Vol 10 [2016)

International Journal of

Volume 5 2015

International Journal of
Sustainable Eneray Planning and Management

tume 10 2014

Smart energy systems and 4th generation district heating
Poul Alberg @stergaard, Henrik Lund, Brian Vad Mathiesen

Comprehensive Assessment of the Patential for Efficient District Heating and Cooling and for
High-Efficient Cogeneration in Austria

Richard Biichele, Lukas Kranzl, Andreas Mailer, Marcus Hummel, Michael Hartner, Yvonne Deng,
Marian Bons

A genetic algarithm technique ta optimize the configuration of heat storage in DH netwarks
Amru Rizal Razani, Ingo Weidlich

Smart energy systems applied at urban level: the case of the municipality of Bressanone-Brixen

Matteo Giacomo Prina, Marco Cozzini, Giulia Garegnani, David Moser, Ulrich Filippi Oberegger,
Roberto Vaccaro, Wolfram Sparber
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Technologies and Systems

me 110 (1 September 2016)
on Smart Energy Systems and 4th Generation District

rik Lund, Neven Duic, Poul Alberg @stergaard
d Mathiesen

systems and 4th generation district heating
MNeven Duic, Poul Alberg @; d, Brian Vad Mathi

ink heat and electricity in the transition towards future Smart Energy Systems
astasi, Gianluigi Lo Basso

of grid-orientated distributed cogeneration on the minutes reserve market and
g the operating mode impacts on CO2 emissions
iwer, Christine Kriiger, Frank Merten, Arjuna Nebe

gy for designing flexible muiti-generation systems

ythcke-lgrgensen, Adriano Viana Ensinas, Marie Minster, Fredrik Haglind
the constraints and potential contributions regarding wind curtailment in

ina

Ing, Yu Wang, Brian Vad Mathiesen, Xiliang Zhang

H substatiy for i perature district heating with no Legionella risk, and low
rotures
g, Hongwei Li, Svend Svendsen

Replacing critical radiators to increase the potential to use low-temperature district heating — A
case study of 4 Danish single-family houses from the 1930s
Dorte Skazrup @stergaard, Svend Svendsen

System dynamics model analysis of pathway to 4th generation district heating in Latvia
lelena Ziemele, Armands Gravelsins, Andra Blumberga, Girts Vigants, Dagnija Blumberga

Complex thermal energy conversion systems for efficient use of locally available biomass
Jaczk Kalina

Current and future prospects for heat recovery from waste in European district heating systems:
A litergture and data review
Urban Persson, Marie Minster

Mapping of potential heat sources for heat pumps for district heating in Denmark
Rasmus Lund, Urban Persson

Industrial surplus heat transportation for use in district heating
JLNW. Chiu, J. Castro Flores, V. Martin, B. Lacarriére

European space cooling demands
Sven Werner

Optimal planning of heat supply systems in urban areas
Walery A. Stennikov, Ekaterina E. lakimetc

Ringkgbing-Skjern energy atlas for analysis of heat saving potentials in building stock
Stefan Petrovic, Kenneth Karlsson
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Next year: E'};

At International Conference on ((‘ 2
Smart Energy Systems and 4DH

4'h Generation District Heating AALBORG UNIVERSITY
DENMARK
13-14 November 2018, Aalborg

i
e R

See more and sign up at
((‘ www.4dh.dk/conferences
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The Network

. Your Details

The 4DH Network is an open international network User Type
far research and innovation within the design of
future 4™ Generation District Heating and Cooling
Systems and Technologies.

Company / Institution ~

Company / Institution Name

The network is based on the believe that

( « District Heating and Cooling has an important E-mail =
role to play In the transition towards future
Smart Energy Systems based on Renewable
AALBORG UNIVERSITY 8Y2¥ lund@plan.aau.dk
DENMARK Energy, and that

, HSES4DH2017
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