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From 1980 to 2003 number of

8 Danish energy history buildings connected to DH more

than doubled (60% of buildings)
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Share of variable renewables in Denmark

https://wind ower.or/tal-faktavinkort
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Energy scenarios in Denmark
DK Outlook '
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International references are important
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World
Enerqy

Outlook
() ® IRENA
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CLIMATE CHANGE 2014
Synthesis Report

Credible assumption about technology
development, future fuel prices and climate impact
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DTU
= Danish Energy Policy

Targets agreed by Parliament
« Danish energy system CO2 neutral by 2050

* 40% CO2 reduction by 2030 compared to 2005
» Phase out of fossil fuels for power and heat by 2035
DH grid ol

Gas grid

Motlvate

High taxes on fuels to end-user Support to electricity produced from
wind and solar

High tax on electricity to households  No tax on biomass
High tax on cars Subsidy to biogas production
Strict building regulation Lower tax on efficient cars

Forced connection to district heating  Support to energy efficiency
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Energy Scenarios as a Democratic Process

- L TIMES-DK J ______________ ]

Fossil
Fossil Biomass Electricity Biofuels fuels Heat Electricity

Py ’—._i Residential
o

Conversion

Combined power and

Supply heat plants
Domestic resources Boilers
. . i Transport
Imported resources Heat pumps
o
Biorefineries

. t Industry
L

State of the art TIMES model covering all sectors in the Danish energy system — developed as a
collaboration between DTU and DEA
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DTU k Scenario Interface J
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TIMES-DK Scenario Interface

Global assumptions
Driver

Denmark is committed to achies
Ta do this, different technical, e
put into place.

Stakeholder Interface

With TIMES-DK Scenario Interface , you can create your own energy
pathway for Denmark by selecting policy targets and technical constraints
for the various sectors:

Residential

Indust ry

References

Scenario name:

My_Scenario

1. From the tab on the left, you can access the sections where to input
your assumptions. Alternatively, you will find the complete tab menu
by clicking on the icon » on the top of the Excel bar.

2. Once within a section, hoover on the drivers with the mouse and
explanations will guide you in the selection of parameters. According
to the driver, you might be able to adjust values, target years, type of
constraints or simply activate/deactivate specific features.

3. You can assign a name to the created scenario.

4. Create DD file, Create Run and Solve Model

Policy targets
Driver

Phase-out of fossil fuels

|co2 target

Renewable energy target

PV production

Design policies and

implement them in

TIMES-DK - run the
model

DTU Management

Klimaaftalen EILIEEEST Transportsektoren

om vaerkigjet
Beskrivelser af €O2emisioner og VE-andel
scenarier . Wbl

\Wind production

Options Rofarence
isen (2017)
Options
Active/inactive Valus Chaica Unie Yaar Sactor
3 240 Apply to all sectors
2035 Heat & Power
2030 Residential
2050 Transport
2040 Industry
| 5 55 % 2030 Appy to all sectors,
0 % 3025 Residential
777777777777 w % 3050 esidential
0 % 2030 Hieat & Powier
70 % 2050 Heat & Power
0 % 2030 industry
0 % 2050 industry
0 % 2030 Transport (a0d)
w0 % 050 Transport (and)
20 % 2030 Transport (aviation)
0 % 2050 Transport (avation)
T m 50 % 2030 Apply to all sectors
e = i
50 % 2035
@ % 2035
L Ko L300 Tansen
| I a0 % 2035 Heat & Power
| id 50 % 2000 Heat & Power

Reference

Energistyrelsen (2015)

€Ea 015)

EC(2016)

IRENA {2013}

ModelLab

Forsyningssektoren

Biobrandsels.forbrug

El-pradukeion

DTU's anbefalinger

Forudseetninger

[Abonnér pa

jopdateringer

Scenarier

Energiaftalen 2018

Regeringens klimaudspil
TU ener T

Elkapacitet

arie difference

ion fra Tokni

Ebnetto-sksport

Evaluate policies

Compare results
with targets and

8 = expectations
Result Interface
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Energiaftalen [JT|J
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Om vaerktajet oo

Beskrivelser af
scenarier

DTU's anbefalinger
Forudsztninger

Abonnér pa
opdateringer

Scenarier

DTU Fro

DTU Inte
Regeringen
Socialdemokratiet

b

n bud

@ Scenarie difference

Online version fra Tokni
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https://energiaftalen.tokni.com/

CO2-emissioner og VE-andel Biobr=zndsels-forbrug

Affald TO2 @ COZ lagring BBl og varme sekx Erande @ En=rgimajs B Gyl
= @ Husholéningsrs C ndustried CO2 ) Koaveteringssek: 100% u_:' @ Halm mportzret biokr i Raps fra
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_ Hawvindmeller ) Krafovarmevarkes i Lancvindmallar Brsport tl Engl @ Eksporcdl Holl ) Bsport il Morg
f;-: @ solceller Termiske krafoee @ Vandkratc 2 | @ Esport dl Sver Eksporcal Tysk W Impore fra Engla 160
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El-produktion

Afald @ Bioraffinaderi @ Gas
@ Haim Havvindmaller @ Kul
Kul ag Biomasse i Landvindmalizr Solceller

'. Solcaller Induste Zodealler huzhol . Trafliz og wra=af
Traspillar @ vanckraf:

M
~muHE
illll

2013 2020 2025 2030 2035 2040 2045 2050

Fjernvarme-produktion

Geotermisk varm el Krafovarmevarkes [ Cverskudsarme §
Owerskudsvarme Fill Solvarme
@ Dvrige varmaaniz=

@ Crersiudsvarme |

Varmepumper

2013 2020 2025 2030 2035 2040 2045 2050
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Energiaftalen

Om vaerktejet

Beskrivelser af
scenarier

DTU's anbefalinger
Forudsatninger

Abonnér pa
opdateringer

Scenarier

DTU

DTU Inte
Regeringen
le

Alternativet

Carbon budg

Online version fra Tokni

| 2015 2020 280 2085 2
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https://energiaftalen.tokni.com/

CO2-emissioner og YE-andel

B Afald CO2 COZ lagring Bl o varme sekt
Husholdningers C & Induscriel CO2 Komvereringsselr
Land transporz C Lufcfart ©O2 Sefarc CO2

_Energibesparsls
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Biobrzndsels-forbrug
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B Afakd Baoraffinaderi Gas
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Fjernvarme-produktion
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Klimaaftalen

Om vaerkigjet

Beskrivelser af
scenarier

DTU's anbefalinger

Forudsaetninger

Abonnér pa
opdateringer

Scenarier

Climate Agreement

Carbon budget 1.5
Carbon bud

Carbon bu

@ ccs

@ Scenarie difference

Online version fra Tokni
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Hovedresultater

COl-emissioner og YE-andel
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Klimaaftalen

Om vaerkigjet

Beskrivelser af
scenarier

DTU's anbefalinger
Forudszetninger

Abonnér pa
opdateringer

Scenarier

Climate

Lav vee

Carbon budget 1.5°C
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Hovedresultater
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Forsyningssektoren

CO2-emissioner og VE-andel
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Omnnaiia repcis Big TOKNI

13 March 2019

DTU Management

https://timesukraine.tokni.com/

Ll T A S vy : 8l Kinmeee coosmragsas  [omm pesymerars Tab4  Tab5S Tabé

3a J0TIOMOTOF IEOTO IHCTPYMEHTY BH MOKETE 03HAHOMHTHCA 3 TIONEPETHIMH PesyIBTATAMH CIIEHApIiE PO3PAX0BAHHX 3a JOMOMOToR eHepreTEaHoi Mogemi | IMES-Vipaina.
Buoepits cueHapii v MEHIO TIEOPYVY Ta NepelIAHETE PE3VIBTATH Ha JIaTPaMax, HAESICHHX HHAME.

|zdopraria Ta pesyasTaTH MOIeTIOBAHHSA, HAREASH] TyT, — HONepeIHi pesyiIsTarH couasHoro npoexty MEBITY, VIIEL] ta IEA: “Long-Term Energy Modelling and
Forecasting in Ukraine: Scenarios for the Action Plan of Energy Strategy of Ukraine until 2035". Tani ta pesyiasTars € nonepeIsiv, TOMY Ha HEX He CTiI ODOCHIATHCA
200 POINOECHTAVEATH.

All Electric Capacity MNew Capacity Electric Production (incl. import)
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:-: legenc ELC AucoP @ kepend ELC Auwmaf 1 legend Geotherma :-=: legend Geatherma @ kepend.Hydraelec legend Hydroelec [= legend ELC AucoP B0 lzpend ELC AumaF [ legend Geotherma
= legenc Hydroelec lepend Hydroelec legend Muclear p = legenclMuclear ¢ lepend. uclear p legend Schar Fla 2 legend Hydroelec lzpend. Hydraelec legendimpart of
legend Muclear @ bepznd Solar P @ legenclSchar Roo legend Sotar Aoo W bepend Thermizl Bl lzgeac Tharmal 7 @ legenc Muclear p ) legend Muckear o @ legend Sohr Fla
.I:g:-n: Thermal F . iwpand Thermal P legend Thermal F .I:g:-u: Thermal F . legend Wyind powe .'EEE‘IE Solar Aoo . mpnd Thermal P i legend Tharmal F
.'ESE‘H: Wind powe .'EEE‘H: Tharmal F . lzgznd. Thermal P .Izucru: Thermal p
120 30 300 B legenc Wind powe
80 I 20 I I | I 200 I I I |
40 I I I 10 I 100
0 0 0
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Kenneth Karlsson, keka@dtu.dk, +4521328733
Head of Energy System Analysis

Sustainability DTU
—
>
>

RESEARCH COLLABORATION EDUCATION ABOUT US

Quantitative Sustainability Assessment Climate Risk and Economics Energy Economics and Regulation

Energy Systems Analysis Publication list Research seminars

Energy Systems Analysis f » in

Research projects Contact

PhD projects Kenneth Bernard
Karlsson

Head of Energy
Systems Analysis
Group

DTU Management
+45 46 77 5117
keka@dtu.dk

Master Theses

Projects list
Publications

Staff

ESYModels

Energy Systems Analysis

Energy Systems Analysis (ESY) comprises competences within systems
analyses, operation management and energy technology knowledge. ESY
provides tools and expertise, supporting national and international energy policy
making by advancing the national and international development of energy
systems models, especially TIMES and Balmorel

http://www.sustainability.man.dtu.dk/english/Research/Energy-Systems-
Analysis

13 March 2019

DTU Management

Thank you for attending.

Affiliations:

Kenneth Karlsson, keka@etsap.org, +4521328733
Operating Agent ETSAP

Home Applications Tools Technology Data Training Workshops Documentation Projects Community ContactUs Forum

which collstes & range
around the globe,
s, cithes a
In pathways to slgrfoantly
greanhouse gas amissions and make 3 well-balow.
2% world a reality,

Second book

About IEA-ETSAP

The Energy Technology
Systems Analysis Program
(ETSAP) is one of the longest
running Technology
Collaberation Programme of
the International Energy

Agency (IEA). ETSAP currently

has as contracting parties 20
countries, the European
Commission and two private
sector sponsors

Why choose TIMES

The IEA-ETSAP methodology
(the TIMES energy system
model) offers elegant solutions
for compilation of long term
energy scenarios and in-depth
national, multi-country, and
global energy and

available!

= ELl»dp
c |

New book available|

Written by [EA-ETSAP members, it
collates together a range of
methadological approaches and case
studiesof good modeling practice at
national and international scale based
on IEA-ETSAP i
Auaiabe . s s

amnng Encrgy

New book available!

IEA-ETSAP Community

The IEA-ETSAP community leads a major initiative for open source
solutions for energy scenario modeling needs

Contracting Parties

=T

% &
@
& @

uly

IEA-ETSAP Tool Users (63 countries)

https://iea-etsap.org/

Long term

GO0

Search f{ﬁf@

=

y Economics Group - CROSSTEM Results

ety WFTaCG 5 A

EEG — CROSSTEM Results

News [ARCHIVES]

ETSAP is hosting a session on "Going
beyond energy systems analysis: How
can we make long-term energy
scenarios more relevant to climate
policy making?™ in the Long-term
Energy Scenario 2019 International
Forum organised by IRENA in Berlin
during 10 - 12 April 2019. For more
details see here

A new position at E4ASMA S.rl. in Turin
(ltaly) for an Energy System Modeler
with VEDA-TIMES experience. For
more details see here.

IEA-ETSAP workshop

Back to back with IEW 2019, the IEA-
ETSAP workshop will be held in Paris
as follows:

%+ Times Training Course on

Meonday, June 3t ig Wednesday,

energy planning in Denmark
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