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Danish Energy policy

* In 2050
« 100% RE in the energy and transport sectors

 In 2020
« 30% of the final energy consumption must be based on RE
* 10% of the energy use in transportation must come from RE
* ~50% of the electricity demand should be covered by wind power

« June 1 2014 an amendment to the Danish building code will ban boilers for
"fossil gas or fossil oil” in new houses

Incentives to convert from oil and natural gas boilers to RE
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The Danish Energy System — from central to distributed
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Single family house heating in Denmark
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Single family house heating in Denmark
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The Danish power system at time of preparing presentation

‘ Jutland - Sweden Power right now
Exports: 735 MW Measured in MW:

° . Central power stations 1.637
oo Local CHP plants 489
v 4 Wind turbines 3.543

Net exchange eksport 772

Jutland - Norway
Exports: 501 MW

Electricity consumption 4.897 L
B 72% wind

CO2 emissions 206 g/kWh

L 4 LEGEND \4

Zealand - Sweden

Exports: 678 MW

—

Bornholm - Sweden
Imports: 9 MW

The Great Belt
---> 203 MW

Zealand - Germany

Jutland - Germany
Imports: 600 MW

Imports: 532 MW

Last updated 28. Oktober 2013 12:31
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The Danish power system last Friday

Jutland - Norway f‘f’
Imports: 1.007 MW ’

---> 89 MW

Jutland - Germany
Exports: 1.455 MW

Jutland - Sweden
Imports: 677 MW

Power right now
Measured in MW:

The Great Belt

§° Central power stations 2.503
Jo°° Local CHP plants 1.134
A ' Wind turbines 540

Net exchange import 708

Electricity consumption 4.884

CO2 emissions 396 g/kWh

v LEGEND A4

Zealand - Sweden

Imports: 769 MW

—

Bornholm - Sweden

Imports: 17 MW

Zealand - Germany
Exports: 307 MW

Last updated 15. November 2013 9:21
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Load-curve building in Denmark — a summer week
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Load-curve building in Denmark — a summer week
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Load-curve building in Denmark — a summer week
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Load-curve building in Denmark — a summer week
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Load-curve building in Denmark — a winter week
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Four different systems

Electric heating Traditional System

40 units of electrcit

100 units of TERRSLCIEN 40 units of electricit

200 fuel Station
300 units of WSS ALl 80 units of units of
fuel Station i )
ue Sl heating heat fuel 100 units of _ .
fuel Boiler 80 units of heat
CHP System Integrated System with renewable energy
Wind 40 units of electricit
turbine 0 -
40 units of electricit - €a
135 units of CHP . Pump

CHP
fuel
i 80 units of heat 85 ;‘L‘gf of i
neat
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Aalborg in a glimpse

City: 129,000 (4™)
Municipality: 203,000
(6™

1144 km? (3'd)

175 inhabitants/km?
(>128)

Largest Danish energy
consumer Aalborg
Portland 2.4% of TPES
Extensive DH (CHP,
Waste, industry,
sewage, crematorium)
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Energy sources in the Vision
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The Energy Vision — Scenario design
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Energy systems simulation and analysis using EnergyPLAN

« Developed with a focus
on the integration of RE
In energy systems

« Entire energy system

« RES, CHP, DH, HP,
Storages

* Deterministic

* One hour resolution

« One year

» Aggregated

* Endogenous priorities
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Heat supply in the Aalborg 2050 Vision

19

[GWh] 2007 Reference 100% RE Vision
Individual oil 104 0
Individual gas 52 0
Individual biomass 312 P
Individual HP 1 (3 )
Individual electric 5 \(T/
Individual solar 5 5

Boiler DH 38 O
Local CHP or HP DH 138 (w7 )
Central DH 1730 1344
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Heat coverage and electricity demand

« Individual heat pumps

= Boilers
= CHP plants

m Waste Incineration

=Heat pumps

= Geothermal plant

20

Heat supply in 2050

Electricity demand in 2050
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m Additional biogas

= Additional industry

& (Additional) heap pumps
m (Additional) hydrogen

m Additional transport

= "Ordinary demand after
savings"



Heat generation over the year
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HP operation vs wind power: January

22
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HP operation vs wind power: February

23
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HP operation vs wind power: March

24
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HP operation vs wind power: April

HP [MJ/s]
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HP operation vs wind power: May
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HP operation vs wind power: June

27
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The economy of the Aalborg Vision

Depreciation

Item Size Investment period O&M
[ME / year] [Years] [M €/ year]
HP - Local DH grids 1.3 MWe 0.2 20 0.0
Heat storage DH grids 0.1 GWh 0.0 20 0.0
CHP - central DH grid 40 MWe 2.2 20 3.2
HP - central DH grid 24 MWe 0.9 20 0.2
DH boilers 310 MJ/s 2.8 20 1.2
Wind turbines 486 MW 34.8 20 12.4
Electrolytic converter 30 MWe 1.1 20 0.4
Hydrogen storage 1.0 GWh 0.5 30 0.0
Individual HP 9.0 MWe 55 15 0.5
Individual solar collectors 6.0 GWh/year 0.3 20 0.0
Heat savings 44% reduction 48.8 20 0.0
El. savings - resident. 50% reduction 6.6 10 0.0
El. savings - elsewhere 45% reduction 16.7 15 0.0
Industrial fuel savings 261 GWh/year 3.0 20 0.0
Geothermia and AHP Four 200 m3/h system 2.7 25 0.3
DH grid — expansion One system 3.3 30 0.6
DH grid — existing One system 36.3 40 12.6
Biogas plant One system 4.9 20 7.3
Gasification plant One system 54 20 13.6
Waste incineration. plant 14.0 MWe 9.4 20 4.6
Electric vehicles One system 13.6 13 16.1
Hydrogen vehicles One system 9.2 13 5.9
Charging stations One system 9.9 10 0.0
Rail and light-rail Aalborg's share 7 74.8 30 0.0
Total m 292.9 79.1
28 AALBORG UNIVERSITY
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The economy of the Aalborg Vision
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‘Aalborg Municipaliry. Denmark. wishes to investigate the possibilities of becoming independent of foss
fuels. This artide describes a scenario for supplying Adborg Municpality's energy needs throug]
a combination of low-temperature geothermal heat, wind power and biomass. OF particular focus in thi
scenario is how low-temperature geothermal heat may be utilised in district heating (DH) systems, Thi
analyses show that it & possible to cover Aalborg Municipality's energy needs through the use of ol
savings, heat savings, reductions in industri
fuel use and savings and fuel-substitutions in the transport sector. With biomass resources being fini
the two marginal energy resources in Aalbar gare geothermal heat and wind power. If geothermal heat
utilised more, wind power may be limited and vice versa. The system still relies on neighbouring are s 3
an electricity buffer though.

‘The costs of the scenario are at acomparable level with the reference situation, but with significant
higher needs for  lower fuel costs. the therefore hau]
a pasitive socio-economic impact as investments are more local labour-intensive than fuel supply: e

ARTICLE INFO ABSTRACT

Asticke bistory: Aalborg Municipality. Denmark is investigating ways of switching 1o 100% renewable enerz]
Rereived 23 June 2012 the next 40 years. Analyses %o Tar have demonstrated & potential for such a transitian trl
savings, district heating (DH) and the wse of locally available biomas. wind power and low-
geothermal resou 4 The anlyses have ako demonstrated that the municipality will til v
surraunding areas for electric kiad balincing assistance. With a departure in a previous|
1008 renewable energy wenaria. this article investigates how absarption heat pumpd
@mpression heat pumps (HP) for the supply of DH impact the integration of wind

Wind power integration in Aalborg Municipality using compression heat pumps
Renewable energy integraiian and geothermal absorption heat pumps
(eatbemal beat Awilzble online 21 December 2M2

Poul Alberg @stergaard®

. Wind pomes i scenarin-analyses made wing U EnergyPLAN madel revesl 3 boiler production and elec Adibarg Usiversity, 9000 Aalbarg; Derumark
© 2010 Flsevier Lul. All rights reserved Geothirmat shuapion heat pumps which is higher with AHPs than with HPs whe reas candensing made power generation is
Compression heat pumps the agplication of HPs rather than AP,
2012 Ehevier Lid All g ARTICLE INFO ABSTRACT
1. Introduction 2. Scope of the article
Py — Rallbarg Municipality, Denrmark is investiga ting ways of swilching 10 100% renewable energy supply over
Receved 73 June 2012 4
Aalborg Municipality has decided to investigate the possibilities This article outlines a scenario for the energy system of Aalbor| gl ""‘_"""‘J‘“ﬁf“:";“ﬁ"‘"{:l;“:’m":"‘ d:""“":‘;"“‘” L:‘:’:“‘"‘ for such 2 ""‘“‘,“:"‘ ’":‘9‘ ey
savings, distric a use af locally i o, wind pawer and law. rature
of becoming independent of fossil fuels before the year 2050 [1]. Municipality based exclusively on renewable energy (RE) sourced 1. Incroduction Industries may support this development thmugh gred 22 Qczaber 2012 P'{Em__l mu_m"%:!m,ym Hve ‘Ludmz‘mmw o the o e i E‘y'“"“ on

This is in line with the national Danish energy policy which has
a short term objective of decreasing carbon diaxide emissions by
21% between 2008 and 2012 compared to 1990 and a long-term
objective of reducing an anticipated future reliance on imported
fossil fuels. The Danish Government thus has " vision of a society
independent of fassil fuel supplies” [2) own translation)

Aalborg is investigating its possibilities of alignment with the
national vision. While the national vision is not so concrete,
a specific investigation for Aalborg takes into account that many of
the investments in new infrastructures have technical lifetimes of
several decades, and choices made today bear an impact on energy
demands for a similar period.

Aalborg's ambitions are alsoin line with other areas in Denmark
with similar ambitions such as Frederikshavn [3-6], Samse, and
Arbus (7).

* Comesponding author. Tel: 445 9940844 fax: 445 SB15T788.
E-mail addresses: poudplnaaundk (P. Alberg Gstergaard), bymplanaaudk
(B, Mathiesen), bemdm@plan aaudk (B Mallerk kind@plan aadk (H Lund).

G360-5442(§ — see front matter & 2010 Elsevier Lid. All rights reserved.
dai 10.1016]] energy 2010.08.041

The scenario is analysed with particular attention to the effects
implementing different penetrations of absorption heat pumy
(AHPs) utilising low-temperature geothermal heat for DH produ
tion. The scenario is both analysed in terms of aggregate year
energy balances and the howrly balance between electrici
production and demand. Differences between economic cos!
structures are determined with a focus on whether costs are fu
costs or rather domestic labour-intensive investment costs.

3. Energy resources in Denmark

Denmark is currently the only European Union (EU) membe]
country that is self-sufficient in terms of energy. This is largely dul
to oil and natural gas exploitation in the Danish license area of th
North Sea.

Renewable energy resources in Denmark are sparse. Being a fl
moraine landscape. Denmark does not posses a good potential ff
hydropower, and with a relarively high population density and wit
extensive use of the available land for agricultural purposed
‘biomass resources are limited though not insignificant. Municip.

At 847 tonnes of carbon dioxide per capita in 2009, Denmark
has the 31st highest per capita carbon diskide emissions in the
warld [1]. but at the same time Denmark is one of the countries in
the world with the lngest-standing policy of reducing emissions.
While carbon s  versatile material [2] and an abundant fuel [3.4]
ir's combustion is also a main contributor to the enhanced green-
house effect [ 5. Hence. national carban dioxide emission reduction
target was formulated in 1990 [67]. at which point in time per
capita carbon dioxide emissions of 9.61 tonnes gave Denmark
a 23rd pesition in the world. Denmark i also a signatory to later
international agreements on carbon dioxide emission reductions
including the Kyoto Protocal [] in 1998 and the Copenhagen
Accord fram 2009, and the attention over the last decades has led to
a small decline in absolute number per capita and the indicated
improved standing among other high carbon dioxide emitting
countries In addition to the official national aim, an active Danish
research community has produced national carbon neutral energy
scenarios [9], many local communities in Denmark have embarked
an ambitious goals an their own accard, including cities like Aal-
borg, Frederikshavn, Sanderborg and Ballerup. Also actions of

" Tl 25 98408424; fux 45 SRISITER
£-mall address: poubplinaa k.

0360-54235 ~ see front mazer © 2012 Elevier Lrd. All ights mserved
hep: Jdxdoio ) 100016/ janergy 201 211020

ment — see e [10).

Aalborg Municipality in the northernmast part of
amang the largest municipalities in Denmark with a
just above 200,000 inhabitants. The municipality

Aceped 21 November 22
Alsbke online 21 December 2012

surmaunding areas for electric Joad balancing assistance. With a departure in 3 previoudy elaborated
1008 rerewable energy scenaria, this anicle investigites how atsarption heat pumps (AHP) and
@mpression heat pumps (HP) for the supply of DH impact the integration of wind pawer. Hourly

seywnrds:
‘Wind pawies insgration senari

patential for an

low-temperature. geothermal heat extraction (see

a survey of potentials in Denmark) and some patential
along with combustible municipal solid waste. Mast
supply in the municipality comes from DH with small
from elecmicity and individual oil. narural gas and bion]
see Fig. 1.

The net heatdemand in Ref. [12] and shown in Fig.1
analyses of data from The Building and Dwelling ke gister|
(abbrewiated BER in Danish); a register in which all
Denmark are described with bcation, sze, age, buikdi
number of floors, number of hathmoms, number
construction material of walls and rof and mare. The
includes information on connections to district heatin|
grids, public sewage systems, public rainwarer discha
natural gas grids as well as information on heating
utilised. Modificationsaffecting the contents of the regi
reported by the building owners. Correlaing the regis
empirical net heat demand data for diferent buildin
renders agegated net heat demand (See also Ref. [13

There are a number of separate district heatin;
in Aalborg Municipality, but 86% of the net heating

heat pumgs
Campression hest pumpes

analyses made wing the EnergyPLAN model reveal a bailer productian and electricity exce s
which is higher with AHPS. than with HPs whereas condensing mode powsr generation is increased by
the application af HPs rather than AHP.

& 2012 Elsevier Lt All rights reserved.

L Introduction

At 847 tonnes of carbon dioxide per capita in 2009, Denmark
has the 31st highest per capita carbon diadide emisions in the
warld [1], but at the same time Denmark is ane of the countries in
the world with the longest-standing policy of reducing emissions.
While carbon s a versatile material [2] and an abundant fuel [3.4]
ir's combustion is also a main contributor to the enhanced green-
house effect | 5. Hence. national carbon dinide emission reduction
target was formulated in 1990 [6.7], at which point in time per
capita carbon dioxide emissions of 9.61 tonnes gave Denmark
2 23rd position in the workd. Denmark is also a signatory to later
international agreements on carbon diaxide emisson reductions
including the Kyoto Protocol [8] in 1998 and the Copenhagen
Accord from 2009, and the amention overthe last decades has led to
a small decline in absolute number per capita and the indicated
improved standing among other high cabon dioxide emitting
countries In addition to the offical national aim, an active Danish
research community has produced national carbon neutral energy
‘scenarios [9], many local communities in Denmark have embarked
an ambitious goals on their own accord, including cities like Aal-
borg, Frederikshavn, Sanderborg and Hallerup. Alsa actions of

T Tel: +25 99508004, S 125 G815ITER.
E-mail address: poubbplan 2 k.

036054425 ~ see front mater & 2012 Ekevier Ltd All rights mserved.
hep:Jdxdaior) 10X016]|2n gy 20121 L0z

industries may support this development through green pmcure-
ment —see e.g 10}

Aalbarg Munkipality in the northernmast part of Denmark is
among the krgest municipalities in Denmark with a population
Just above 200,000 inhabitants. The municipality has a good
patential for wind power explaitation. an underground suitable for
low-temperamre geothermal hear extracion (see Ref. [11] for
asurvey of porentials in Denmark) and some potential for biomass
along with combustible municipal solid waste. Most of the heat
supply in the municipality comes from DH with smaller fractions
from electricity and individual ol natural gas and biomass boilers.
see Fig. 1.

Thenet heatdemand in Ref. [12] and shown in Fig.1 i basedon
analyses of data from The Buildingand Dwelling Register in Denmark
(abbreviated BER in Danish]: a register in which all buildings in
Denmark are described with location, size, age, building material,
number of floors, number of bathmoms, mumber of kitchens,
construction material of walls and roof and more. The register also
includes information on connections to district heating grids, gas
grids, public sewage systems, public rainwater discharge systems,
natural gas grids as well as information on heating technology
utilised. Modifications affec ting the cantents of the register must be
reparted by the building owners. Correlating the register data with
empirical net heat demand data for different building categories
renders aggregated net heat demand (See also Ref. [13])

There are a number of separate district heating networks
in Aalborg Municipality, but 8% of the net heating demand is
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