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Renewable Energy Systems

A Smart Energy Systems Approach to the Renewab/
Choice and Modeling of 100% Renewable Solutions psmartEnergy s, eé},

2. Edition in 2014 [ 4
New Chapter on ®
Smart Energy
Systems and
Infrastructures

d 1. Edition in 2010
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A Clean Planet for all Climate Neutral

A European long-term strategic vision
for a prosperous, modern, competitive and climate neutral economy
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Smart Grid (2005)

Toward a_ s
No definition. Smart GricM®

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 by e o)
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 b

Renew,
Yll’u‘ly"v_.'y ble

ASMa

th - in arder ta efficientlv

deliver sustainable, economic and secure el

* Smart Thermal Grids are a network of pipes
in a neighbourhood, town centre or whole ¢
served from centralised plants as well as frg
distributed heating or cooling production ur
contributions from the connected buildings

* Smart Gas Grids are gas infrastructures that

integrate the actions of all users connected

* 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.

consumers and those that do both - in order to efficiently deliver
sustainable, economic and secure gas supplies and storage.




Smart Energy Systems and

Infrastructures published 2014

From electricity smart grids to smart
energy systems published 2012

30

is

Systems

Smart Energy and Smart Energy

published 2017

0

Understanding of the Smart Energy Systems
concept in Scientific Publications

L]
III | III III = III
2009 2010 2011 2012 2013 2014

M Similar to Smart Grid W Smart Grid but broader = Smart Heating

B Cross-sctoral integration B All or more sectors M RES integration
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- Transport- og energilesninger 2030

A Holistic Smart Energy Systems Approach  osxmee

DA

Executive Summary

IDA’s Energy Vision 2050

|

A smart energy system strategy for 100% renewable Denmark Udarbejdet af forskere fra

a Anlborg Universitet | dislog med
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Energy Storage

1-4 €/kWh

(Source: Danish Technology
Catalogue, 2012)

Energy storage: Price and Efficiency

Price Efficiency

1000000 120

Pump Hydro Storage 100

100000 2. 3
175 €/kWh
(Source: Electricity Energy Storage
10000 80

Technology Options: A White Paper /
60

Primer on Applications, Costs, and \
1000 \

Benefits. Electric Power Research
10 20

Institute, 2010)

Efficiency (%)

Price (€/MWh)

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)
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International Journal of

sustainable Energy Planning and Management

Energy Storage and Smart Energy Systems

Henrik Lind, Poul Psterpaard, Danvid Conmolly, Fea Ridyan, Brian Mzthicsen, Frede Bvelphmd, Takeb Thellifen, Peter Sorinrs
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Figuze 1: Investment cost and cycle efficiency comparison of
ebectmicity, thermal, pas and Equid foel storape techmolopies.
See azsumptions, details and references in Appendix 1.
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Energy Storage Capacities in Denmark

Danish Oil Storage
~50 TWh

Danish Gas Storage
~11 TWh
Danish
Thermal Storage

~0.090 TWh
+———



Energy Storage Capacities in 100 % RES Denmark 2050 (IDA)

Danish Qil Storage
~50 TWh

Danish Gas Storage
~11 TWh

Danish
Hz Storage
~0.550 TWh
Danish
Thermal Storage
Electricity Storage
~0.015 TWh

— |




Existing distribution grids

Existing Grids (MW Proven Capacity)
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Natural Gas M District heating M Electricity




Energy efficiency / temperature level

1G: STEAM 2G: IN SITU
Steamn system, steam pipes Pressurised hot-water system
nconcrete ducts Heawy equipment
Large "build on site” stations
DH flowe = 20 °C

CH return

3G: PREFABRICATED

4G: 4th GEMERATION

Pre-insulated pipes Lows erengy demands
Imdustrialised compact Smart energy (optirmum
substations (aso with insulstion) interaction of enengy
Metering and monitoing sounces, distribution

and consumption)
2wy OH

E0-80 "C [7070)
[ULTDH «<50"C)
<4577 w25
Energy Diata center —_
effdency m Future
Energy
Seasond saurce
heat storage £ i
pa—— % -
- Large scale solar =" conversion -
m k=
E‘- Biomass %’*(_ Lway E
* — Diistrict
E CHP Bomass hﬂ—‘_ﬂ‘ Heating E
D Geathermal u
5 e.g. supermarket S
[n fai
P, Wave
Wind surplus ) CHP
Industry surplus Electricity biomass
Cold
Certralised storEge
district
Heat Heat Heait coding plant
storage starage starage
CHP waste
Steam . CHP caoal CHP coal Cenfralised
stomge CHP ail CHP il Industry sumpibs heat pump
Ao
Cod Coal 1Sas, Wiaste CHPwaste low energy
Wiaste Waste Qil, Cioal incineration buildings
Local District Heating Cistrict Heating Cistrict Heating District Heating
Dravelopment

1 " (District Heating generation)

1G /1880-1930 2G [ 1930-1980

3G /1980-2020

4G /2020-2050

Period of bast

availabletechnolagy



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

EUROHEAT
Heat Roadmap Europe & POWER

GIS Mapping:
Many Heat Sources
= Urban areas (Heating Demands)

= Powerand Heat Generation

22 Heat Roadmap Europe
2050

‘l. HEAT ROADMAP
‘.’ PP EUROPE 2050

FIRST PRE-STUDY FOR THE EU27

| @ o

= Waste Management | 4 D H e ’“”“
T Inductiialwaste iR RS R 4th Generation District Heating HEAT ROADMAP EUROPE 2050
— GEDtthIT!E| hEEt Technologies and Systems I oo st s
= Solar Thermal & e = [ e
=the study indicatesthat the g7 o i
market shares for district - “ _.f . '_ e AP
heating for buildingscanbe |~ - - @ LA ‘
increased to 30% in 2030 and 4'—1—“.—-" UL . E c 0 F Y S "
50% in 2050. ¥ rro
sustainable energy for everyone

E {:DF__YS FlanEnsmgl } ﬂ;fq — =

PlamEnergi'

EUROHEAT AALBORG UHINEREITY
& POWER O NMARN

&POWER

«

AALBORG UNIVERSITY
DEN RK



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

Smart Energy Europe

Renewable and Sustainable Energy Reviews 60 (2016) 1634-1653

Contents lists available at ScienceDirect

Renewable and Sustainable Energy Reviews

journal homepage: www.elsevier.com/locate/rser

Smart Energy Europe: The technical and economic impact of one @Cmmﬁ
potential 100% renewable energy scenario for the European Union

D. Connolly** H. Lund®, B.V. Mathiesen *

* Department of Development and Planning, Aalborg University, AC. Meyers Vienge 15, 2450 Copenhagen S\, Denmark
b Department of Development and Planning, Aalborg University, Vestre Havnepromenade 9, 9000 Aalborg, Denmark

ARTICLE INFO ABSTRACT

Article history: This study presents one scenario for a 100% renewable energy syste
Rece'r\'eﬂ 29 SEPEE:I'IEEF 2015 transition from a business-as-usual situation in 2050, to a 100% renew
B .

Report Online
Paper Published
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Vision: Smart Energy Aalborg 2050

0,04 TWh

Import

SMART ENERGY AALBORG

Elforbrug: 1,41 TW Energivision for Aalborg Kommune 2050

Eltransport: 0,4 TW
T,
Sol Varmepumpe og
Solvarme: 0,04 TWh / elvarme (((
0.42 TWh . Biobraendsel: 1 T
Biomasse Al é Qi
Affald, GO : Biobraendsel | T, Konverteringstab
etc. Kraftvarme- konvertering Geotermi
veerk & ' Konverte-
affald - ringstab .
0,01 TWh ‘,\‘ 0,13 TWh (HPS) Indv. varmepumpe: 0,21 TWh Individual
1.2 TWh 1,07 TWh D varme
Biogas og \ \Varmepumpe & geotermi: 0,25 TWh
gasificering ' Konver-
teringstab
woa TWh
Fjernvarmebehov: 1,56 TWh
0,04
“ Fjernvarme
Overskuds- I [ﬂﬂ =

varme 0,85 TWh

Varmepumpe

Konverteringstab: 0,18 TWh

i KE”%: 0,29 TWh Fjernkgling

0,32 TWh Naturlig kaling

0,13 TWh Industri: 0,45 TWh

hl Industri
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IDAs Climate Response: In a European context

" IDA
Denmark should fulfill its objective of renewable energy and CO2- T

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.




CO2 emssions (Mt/year)
(UN accounting)
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A fully decarbonized Denmark 2045
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Danish CO2 emission (Mt/year)

including international aviation and shipping
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IDAS Klimasvar 2045
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M Area (LULUCF)
B Others
W Industrial processes
W Agriculture
W Energy
Flight Contrails
H Interntional shipping
M International aviation

CCS and Biochar

IDAs Klimasvar 2045
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- Sadan bliver vi klimaneutrale

IDA




2045

DA

IDAs Klimasvar

- Transport- og energilesninger 2030

IDA

IDAs Klimasvar 2045

- Sadan bliver vi klimaneutrale
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Biomasse
2045

Overview:

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

IDA

IDAs Klimasvar 2045

- Sadan bliver vi klimaneutrale

Udarbejdet af forskere fra
Aalborg Universitet | dialog med
IDAs Klimaekspertgruppe

Organic
waste
125PJ

' =
@ o w
= n &
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3 8 E
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T 1 Green gas / methane export:
25 Py

a CHP plants & biomass boilers:
52,7 PJ

CO2: 3.3 Mt
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CO2: 1.0 Mt
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Long Term Strategy Options

1.5°C

. . Energy Circular o 1.5°C Sustainable
Electrification Hydrogen Power-to-X Efficiency Economy Combination Technical Lifestyles
(ELEC) (H2) (P2X) (EE) (CIRC) (COMBO) (1.5TECH) (1.5LIFE)
Hydrogen in E-fuels in Pursuing dee Increased Cost-efficient Based on Based on
Electrificationin industry, industry, ne N P resource and combination of ) COMBO and
Main Drivers energy efficiency ) . o COMBO with .
all sectors transport and transport and . material options from 2°C CIRC with
o o in all sectors ) . more BECCS, CCS .
buildings buildings efficiency scenarios lifestyle changes
GHG target -80% GHG (excluding sinks) -90% GHG (incl. -100% GHG (incl. sinks)
in 2050 [“well below 2°C" ambition] sinks) [“1.5°C" ambition]
* Higher energy efficiency post 2030 * Market coordination for infrastructure deployment
Major Common * Deployment of sustainable, advanced biofuels * BECCS present only post-2050 in 2°C scenarios
Assumptions * Moderate circular economy measures * Significant learning by doing for low carbon technologies

* Digitilisation * Significant improvements in the efficiency of the transport system.
Power is nearly decarbonised by 2050. Strong penetration of RES facilitated by system optimization

Power sector . . ) . ) R
(demand-side response, storage, interconnections, role of prosumers). Nuclear still plays a role in the power sector and CCS deployment faces limitations.

. . Useof H2 in Use of e-gas in Reducing energy ngherrecvcl!ng CIRC+COMBO
Electrification of . rates, material
Industry targeted targeted demand via _— L but stronger
processes lications applications Energy Efficienc substitution, Sl
clinles PP ey ¥ dircularmeasures most Cost-
fficient options
Increased Increased i N
Buildings deployment of [:;p;w:en'f of Depl?m: E Of renovation rates SESF::.-BHE fr'oom" well he_law COMBO but C;RC+C0MBO
heat pumps or heating e-gas for heating and dEpth uldings 2 E: scenarios Stmnger ut stronger
with targeted
Fast icati * CIRC+COMBO
‘as ef H2 deployment E-fuels o appl |Lcat|on "
electrification for Increased Mobility as a (excluding CIRC) but stronger
Transport sector for HDVs and deployment for . N .
all transport modal shift service * Alternatives to
some for LDVs all modes .
modes air travel
Limited * Diet h
. H2 ingas E-gas ingas imite \etary changes
Other Drivers o . oE . enhancement * Enhancement
distribution grid distribution grid . .
natural sink natural sink
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Our replication
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Stepwise implementation of smart energy

Systems
1. Specify reference scenario. 4. Transition individual heating
PRIMES 2050 Business as 5. Electrification of transport
Usual is used as a reference. ,
Here a starting point withand  ©- E-fuelsin transport
without nuclear is discussed. 7. Replacing remaining fossil fuel
2. Energy savings in the different with biofuels, biogas, e-gas
demand sectors and e-fuels

3. Implementation of district
heating

Increase renewable energy
production
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Step by step to a smart energy system

Our BL2050 with Our BL2050 Heat savings District heating HP in indv E-fuels Industry conversion
Nuclear

Scenario

Green gas from biogas

Green gas from CCU




Long Term Strategy Options

Energy Circular c —
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Increased  Costefficient
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builings buidings effcency scenarios Iifestye changes
GHG et “80% GHG (exclucing sinks) -50% GHG (incl. -100% GHG (nc. sinks)
in2050 [wellbelow 2°C” ambiton] sinks) [°L5°C” ambiton]
« Higher energy eficency post 2030 « Market coordination for infrastucture deployment
Major Common + Deployment of sustainabl, acvanced biofuels + BECCS present oly post-2050 n 2°C scerarios
Assumptions+ Moderate crcular economy measures. « Significantlearning b doing fo ow carbon technologies
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Costs
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