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The long-term Objective of

Expressed by former Prime
Minister Anders Fogh
Rasmussen in his opening
speech to the Parliament in —— :
2006 and in several pO|ItIC8.| Prime minister 16 Novemb'er 2608:

agreements since then: ”We will free Denmark totally from |
fossil fuels like oil, coal and gas”

To convert to 100%
Renewable Energy

Prime minister 16 November 2008:
| ”... position Denmark in the heart
| of green growth”
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100% Renewable Energy/ 2050
...... but how...?7?7?!
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Smart\eEnergy Systems
The key to cost-effisient 100% Renewable 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 POBETHCGRE
Power-to-Transport

DENMARK \




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
1000000 120
100000 \v 100
10000 80

1000 / \ 60

100 \ 40
\

10 20

Price (€/MWh)
Efficiency (%)

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

N T

Electricity Themal Gas Liquied Fuel

F

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 I t
==ae~ | Thermal Storage
(Private house: 160 liter SRS TIETne] SlereiE

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

900000

800000 \

700000 \
< 600000
2 L
= 500000 \
)
‘o 400000 \
(8]
& 300000 \

200000 N

100000

0
Tesla PowerWall | Sodium-Sulphur CAES Pumped Hydro
Fully Installed Battery
3.3 kw 50 MW 350 MW 1000 MW

E—

PRESSURE
MOTOR COMPRESSOR ~ TURBINES  GENERATOR

AIRINu 2 AR OUT
M "‘yj{ £

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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Four different technologies

Electric heating Traditional System

Sl Xe)l Power 80
fuel Station  F={I¥

135 units of | S ENeR
fuel B TSGEJE

«
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Sl 80 units of \
heating heat

CHP System

40 units of electrcity

100 units of IS 40 units of electricity

fuel Station

100 units of _ _
fuel Boiler 80 units of heat
/

Integrated System with renewable energy

i
[l Wind - 40 units of electricity
turbine

40 units of electricity sopr €01

| CHP Pump

: 85 units of | 4 _ :
80 units of heat fuel s, UNit 80 units of
45 heat heat

\




Heated Space and Heat Demand

160
140 —
Py Fuel for House Heating
1996 2003
oRES Tand
mCoal
I OMgas
=0l
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i o Distributed CHP
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Energy efficiency / temperature level

Temperature
level

1G: STEAM

Steam system, steam pipes
in concrete ducts

<200°C

\
/

2G:INSITU

Pressurised hot-water system
Heawvy equiprment
Large "build on site”stations

>100°C

3G: PREFABRICATED

Pre-insulated pipes
Industrialised compact
substations (also with insulation)
Metering and monitoring

[

<100°C

_‘_‘_‘_‘_‘_‘_—‘_'_'_‘_‘————__

4G: 4th GENERATION

Low energy derands
Smart energy (optimum
interaction of energy
sources, distribution
and consumption)
2-way DH

iil
P>

4DH

T <50-60°C (70°0)

Energy
efficiency Future
energy
Seasonal I ¥ source
heat storage
Large scale solar 3 L Biomass
- i —
- - Large scale solar conversion
5 | S
= Biornass [ R 2wy E
5 District 2
2 CHP Biomass hn’d—?—’ﬁ‘ . 8
A=} Geothermmnal Heating ’g
2 Z
a =}
11 PV, Wave
Wind surplus CHP
Industry surplus Electricity biomass
Cold
storage
Heat ' Heat . Heat . E Centralised
storage storage storage district
5 & cooling plant
H CHP waste i m
Steamn . CHP coal ﬂ_ CHP coal -I I Centralised
storage CHP ail CHP il Industry surplus _n heat pump
ﬂ'— I !I— o
Coal Coal ‘_ @ Gas, Waste -I CHPwaste low energy
Waste ﬁ Waste Oil, Coal ®_ [T incineration buildings
|
Local District Heating District Heating District Heating District Heating
Development (District Heating generation) /
| | | Period of Ib-est available technology
LY
1G / 1880-1930 2G/1930-1980 3G /1980-2020 4G/ 2020-2050 ’
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4th Generation District Heating
Technologies and Systems


http://www.sciencedirect.com/science/journal/03605442
http://www.sciencedirect.com/science/journal/03605442
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ZERO ENERGY BUILDINGS
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EUROHEAT
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22 Heat Roadmap Europe

= Powerand Heat Generation
= Waste Management

= Geothermal heat
= SolarThermal

50% in 2050.
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=+ Urban areas (Heating Demands)

= Industrial waste heat potential

=the study indicatesthat the e g
market shares for district ;
heating for buildingscanbe | -

increased to 30% in 2030 and .I-'—x—r‘l—"

GIS Mapping:
Many Heat Sources

dmap Europe
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IDA Energ

Business potential

Primary energy supply
Peta Joule (P))
1.000 M Export CO, emissions
900 B RE electricity
300 Sl thermaM'"'on ton per year
700 M Biomass 70 M Export
M Danish
600 | N.atural gas g0 c:nnsIZmp-
500 By 5% tion
400 H Coal 180
300 40 160
200
166 30 140
6 20 120
2004 Ref. 2030 IDA 2030 10 100
/ 80
0 60
1990 Ref. 2030 IDA 2030 40
20
0
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Export in billion DKK per year

M Energy-efficient
renovation

Biofuels

-— I Bioethanol

— M Heat pumps
Fuel cells

M Wave power

M Solar thermal

l Photovoltaics

Management and

measuring

M Electricity, oil and gas

management

Wind power

2004 IDA 2030 M District heating and CHP




Business potential

Export in billion DKK per year

M Energy-efficient

180 renovation
Biofuels
160 B m Bioethanol
140 — M Heat pumps
120 Fuel cells
100 __ I Wave power
20 M Solar thermal
-: B Photovoltaics
60 Management and
40 ——  measuring
20— W Electricity, oil and gas
management
0 Wind power
2004 IDA 2030 M District heating and CHP
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The Daish Councll fo Strategic Research

COPENHAGEN ( AALBORG UNIVERSITY

KOBENHAVNS UNIVERSITET SYDDANSK. UNIVERSITET

CEESA Project 2011/20

63

166

Primary energy consumption in CEESA

Gasification

132

Gas pipeline
Biogas

Wind power
(onshore and 5
offshore) >
Photovoltaics Combined heat =
and power (CHP),
power plants,
Wave power Q : district heating &
heat pumps Legend

= Electricity [TWh]
= Heating [TWh]
= Biomass [TWh]
== Gasified biomass [TWh]
= Biogas [TWh]
= Hydrogen [TWh]

_ﬁ Industry © Blofuels [TWh]

§5¢ 34 ! > ) = Synthetic fuels [TWh]
2010 2020 2030 2040 2050 2030 2040 2050
43
17 — Reference CEESA
a3, M Coal =il W Natural gas M Biomass (gasified)
Solar thermal SN . . . - .
2% Biomass (solid) Biogas, manure M Waste incineration M Geo thermal
Heat demand W Solar thermal PV B Wind power W Wave power

r ‘ W Unused electricity
Figure 2: Primary Energy Supply in CEESA.
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TransportPLAN
modeling and
profiling in CEESA

 Particular focus due
to large challenges:
—  >9509% reliant on oll

— High increase
historically

— Large potential for
electric cars and
direct electricity
but..

— Specific challenges
in bringing in
electricity in sea,
aviation and good
transport

«
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TransportPLAN

Tratsport Dematds

Actual (pkmftkm) VW ehicle capacities Load factors Traffic work (km) Fubire detmatd

Transport-Ener gy Demand

Fleet efficiencies Efficieticy improvem ents Ilodal shift

Teckmologies

Trypes of wehicles Fuels Efficienicies Infr astructure Costs

Dfm i lmgm ol

Fuel by technol ogy Fuel by mode Yehicle costs Infrastructire costs

En EIE}'P LAN

Transport Residts

Assess

Assess

Future demands Ener gy Production Effects
Modal Shifts Total Fuel Dematds

E fficietcy [mprovem ents Hatiomal GHG Emiss ons
Different Technologies Total System Costs
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wore= | [ANSPOIT:
_ Electric vehicles is best from an energy /ary energy consumption in CEESA
| efficient point of view. But gas and/or liquid
e MY = fuels is needed to transform to 100%.
o Biomass:
— tos .. 1s a limited resource and can not satisfy
all the transportation needs.
ks Conseguence
. Electricity from Wind (and similar Y e
s - resources) needs to be converted to gas and o
(“ liquied fuels in the long-term perspective... =«
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Figure 2: Primary Energy Supply in CEESA.
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Resource |  Conversion Process | Transport Fuel | Transport Demand |
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} Electricity
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Chemical
Synthesis

Biomass
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Smart\eEnergy Systems
The key to cost-effisient 100% Renewable 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...
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Smart Grid(2005) iD

4th Generation District Heating
Technologies and Systems

No definition.

Toward a

However it can be understood
Smart GHE

from the context that a smart gri
IS a power network using modern
computer and communication
technology to achieve a network
which can better deal with
potential failures.

«
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by S. Massoud Amin
and Bruce F. Wollenbérg



Smart Grid - definitions

European SmartGridS
Téchnology Platform
P
* xk

International
Energy Agency

iea/

«
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“A smart gri
technology to

(s an electricity grid that uses information and communications
ther and act on information, such as jnformation about the
behaviors of suppliers and consumers, in an automatgd fashion to improve the
efficiency, reliabilityy, economics, and sustainability of(the production and
distribution of electricity.” (U.S. Department of Energy)

“Smart Grids ... concerns an electricity network that/can intelligently integrate
the actions of all users coNnected to it - generators,/consumers and those that
do both - in order to efficiently deliver sustainable, gconomic and secure
electricity supplies.” (SmartGxids European Technglogy Platform, 2006).

“A Smart Grid is an electricity ngtwork that can cgst efficiently integrate the
behaviour and actions of all users connected to if — generators, consumers and
those that do both — in order to ensure economigally efficient, sustainable
power system with low losses and Righ levels of quality and security of supply
and safety.” (European Commissiony 2011)

“Smart grids are networks that monit nage the transport of electricity
from all generation sources to meet thg varying electricity demands of end
users” .... “The widespread deployment\of syart grids is crucial to achieving a
more secure and sustainable energy futyre/ (International Energy Agency
2013).
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Smart he
cooling grid

* In the European Commission’s strategy
[7] for a competitive, sustaiable and
secure “Energy 20207, the need for “high
efficiency cogeneration, district heating
and cooling” is highlighted (page 8). Th
paper launches projects to promote,
among others, “smart electricity gvids”
along with “smart heating and cooling
grids” (page 16).

«
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Smart Epergy Systems

« Smart Electricity Grids are define as\electricity infrastructures that can
intelligently integrate the actions of alNusers connected to it - generators,
consumers and those that do both - in oyder to efficiently deliyer sustainable,

acannmic and caciira alactricitv clinnlinc

Smart Energy Systems is define 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.

IAY UTTTUAT U UTTUY AT U U o TdITTo v UAY u\A\J ITTTIT A ITrUuutuUaTrT O CTTCAT CATT IIIL\JIII&\JI TC Illtvvl CALCO

the actions of all users connected to it - supplies, gonsyimers and those that do
both - in order to efficiently deliver sustainable, economic and secure gas
supplies and storage.

«
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Figure 2: Primary Energy Supply in CEESA.
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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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Oil Tank
0.02 €/kWh
(Source: Dahl KH, Oil
tanking Copenhagen A/S,
2013: Oil Storage Tank.
2013)

N T

Electricity Themal Gas Liquied Fuel

F

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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HEAT ROADMAP EUROPE 2050

www.heatroadmap.eu

http://www.emd.dk/desire/skagen
http://www.emd.dk/el

AALBORG UNIVERSITY
DENMARK


http://www.emd.dk/billeder/energypro/Skagen1, roteret.jpg
http://www.emd.dk/billeder/energypro/Skagen1, roteret.jpg
http://www.emd.dk/desire/skagen
http://www.emd.dk/el
http://energy.plan.aau.dk/book.php
http://www.energyplan.eu/
http://www.heatroadmap.eu/
http://www.heatroadmap.eu/
http://www.strategto-project.eu/

