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Disposition 

1. Methodology in simulation of energy system at ENDK  

- the role for Sifre (SImulating Flexible Renewable Energy sources)  

2. Simulated Scenarios for DK – from today to 2035 and 2050 

3. R&D&D focus areas – further investigated by Cities simulation 

 - Controlling and market in the energy system! 

 - Power system – Enhanced use of infrastructure and international capacity 

 - Fuels and gas –chemical system integration 

 - Thermal integration in Cities  

4. From Cities simulation and R&D&D back to system planning 
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Topologi 
International grid 
Energy Plant Sites 
Windpower areas 
Consumption areas 

System analysis and simulation a central part of the proces 

External 

conditions 

Ressource prices 
Power prices int. 
CO2 market 

Political 

framework 

conditions 

RE/CO2//Bio etc. 
Security of supply 
CCS, shale gas etc. 

Energy services 

demand 

Cathegories 
Time-profiles 
Elasticity 

Energy system and concept analysis 

SIMULATION (Sifre to substitute Sivael) 

- Energy balances and power flow 
- Socio-economic analysis 
- Security of supply 

 

Key findings 

Result of analysed concepts 

Energisystem- 
elements 

Infrastrukture 
Conversion units 
System control 

System 

Concepts 

RDD strategy 

System- 

planning 

Research, Development  
and demonstration 
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Elements in Sifre 
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Areas 

Energy-type and 
geografic area 

 
Examples: 
• Electricity-DK1  
• Natural gas area 

Heat area 
• Electricity-NL 

Units 
Conversion of energy 
 
 
Examples:  
• CHP units 
• Boiler 
• Heat pump 
 
  

Storages 
Storage of energy 

 
 
Examples:  
• Battery 
• Heat 

accumulator 
• Bio-mass 

storage 
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Example on an energy system analysed in Sifre 
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Sifre – Input/Output 

 

Input           Method            Output 
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 Energy system 

 
Production unit, 
Fuels, 
Demands, 
Connections, 
… 

Simulation 
 
Front end (C#) 
Gurobi solver  
(least cost solution) 
Data stored in MS-SQL 

Energy system 
analysed 

 
Energy prices, 
Production profiles 
Flexible demands 
Transmission 
Storage use 
Export, 
Import, 
…  
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Sifre – integration with other analysis tools 
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Energy 
system 
hourly 

balance and 
economy 

 
Sifre 

(to substitute 
Adapt/Sivael) 

Security of 
supply 

FSI  
Teknology- 

data 

Ressource 
prices 

Energy- 
services 

Infrastructure  
and topologi 

Sifre to be used as ”central” energy system analysis tool at ENDK 

System 
data 

Energy system 
Simulation tool 

Interface 
other tools 

Power-grid 
PowerWorld 
Powerfactory  

Ancillery 
services 
SIMBA 
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Energy system performance evaluated by simulation 
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Energy system Energy service Energy ressource 

Minimised, low and  
stable costs 

Sustainable ressources Integrated energy system 
Robust, flexible and efficient 
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Central 
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Gas-
behandling

Electricity 

Gasses 

Liqued fuels 

Heat 

Total performance for system evaluated.  

System property to ”damp” step on ressource prices (low -faktors) 
Price inkl. hedging = Price excl. hedging + Price hedging  
 = Price exc. hedging + n x (Ressource price hedging– Ressource price excl. hedging) 

• Building 
heating 
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New concepts simulated in the energy system 
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Elements Concepts 

Energy services 
-Cost efficient 
-Security of supply 

Concept x: 
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Element 1: 

Element 2: 

Element 3: 

Concept: 
”A solution based on a cluster of 
elements” 

-Energy ressources 
-Frame conditions 

It is simulated how concepts impacts on energysystem ”performance” 

Research.–Dev.–Demo. 

SIFRE and perspectives for city and national 
planning 
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Example: Element -> Concept -> System 

2015-05-26 

Elements Example concepts 

Transmission 

with reserve (n-1) 

from consump. 

Energy service 
Price, security of supply etc. 

Ancillery services 

indirect from 

micro consumers 

Fje
rn

-
o

g b
lo

kva
rm

e
 syste

m
e

r

V
in

d

So
l-

B
ø

lge

B
io

, 

affald
 

m
v.

N
atu

rga

O
lie

K
u

l

E
l-syste

m

Flyd
e

n
d

e
 b

ræ
n

d
sto

ffe
r (B

e
n

zin
, D

ie
se

l, M
e

ta
n

o
l, D

M
E

e
tc.)

Te
rm

isk

fo
rgasn

in
g

A
n

ae
ro

b

Exp
o

rt 

e
l

El-p
ro

ce
s

lys,it, kø
l

P
ro

ce
s-

varm
e

B
ygn

 

o
p

varm
n

.

V
e

j-

tran
sp

o
rt

B
an

e
-

tran
sp

o
rt

Sø
-

tran
sp

o
rt

Fly-

tran
sp

o
rt

G
a

sla
gre

V
arm

e
p

K
e

d
e

l

EV

IC
E/FC

Im
p

o
rt 

o
lie

Im
p

o
rt 

e
l

G
a

s-syste
m

e
r (m

e
ta

n
/syn

te
se

ga
s/H

2
)

B
io

K
raftvarm

e
Ele

ktro
lyse

D
e

ce
n

tral 

varm
e

p
.

G
as

K
raftvarm

e

Eth
an

o
l

C
e

n
tral 

varm
e

p
.

G
as-

b
e

h
an

d
lin

g

Simulation of potential if element is 
developed and implemented 

Metering 15/60 min. 
Incl. I/O 

Datahub access 

Controllable units 
(i-HP, EV etc.) 

Broadcasted real 
time price+stability 

Imbalance 
consump account.  

Operation princip. 
n-1 from consumpt. 

Etc.. 

Ressources 

SIFRE and perspectives for city and national 
planning 

Research.–Dev.–Demo. 
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Scenario basis – ENS and ENDK 
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Wind-scenario – study 2014:  
High security of energy, 8% more expensive than fossil 
reference in 2050 

Especially peak-power capacity, reinforcement of power 
infrastructure, balancing of power and production of RE-fuels 
are more expensive in the basis wind scenario 

A need for R&D&D to investigate cost-cutting concepts 

Scenarios 

Power system 

Gas-system 

Socio-economic costs 

Gross energy consumption 

Idag 

2050 

http://energinet.dk/DA/KLIMA-OG-MILJOE/Energianalyser/Sider/default.aspx
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RE-electricity ressources DK  
(potential and socio-economic cost of energy 2030 excl. integration) 
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planning 

Beregnet ved 4% diskontering og teknologidata-katalog 2014/2015 
For sol er ikke vist barmarks anlæg. 

Landvind 

Bio-KV 

Potentiale til at gøre vindkraft konkurrencedygtigt med fossil elproduktion 
Landvind i DK er i særlig grad en omkostningseffektiv VE-ressource 

Cost of electricity 
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Fuel production (PJ) 

Waste 
mun. 

Energy- 
crops 

Wood 

Slurry 
etc. 

Marg. bio 
etc. 

Electrolysis (power 2 gas) 

2013 2035 2050 

Consumption of fuels 
(gas+liquids) 

Natural gas + CO2 
(2035) 

Gasoil + CO2 (2035) 

Straw 

Today primary used for heat and CHP 

A significant demand for fuels – biomass is essential for producing high amount of fuels 

Fuels demand today would require 
more than 30 GW extra windpower….  
+ P2G (+ CO2-kilde) + konvertering  
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2035  - Reference with fossil free power and heat system 
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System-analyse af elektrolyse – case 2035 
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Case: 12 GW vind + 7,5 GW sol  
 
Case SOEC fuldt markedsmoden 
- Efficiency (LHV): 0,8 
- Capex: 4,5 mioDKK/MW 
- 407 DKK/MWh/5990 årstimer 
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Gaslagre (11 TWh metan-gas) 
vist som el input ved Power-to-gas 

Udlandsforbindelser årlig 
akkumuleret case 2035 
(2,3 TWh) 

Fjernvarme  
med ekstra 
sæsonlagre 

El- og plugin hybrid 
case 2035 

Individuel varmep. 

Fjernvarme m. lager 

2,3 TWh 

Lagerkapacitet fra elbiler og varmepumper er vigtig til korttidsbalancering men har minimal betydning for 
lagring af større energimængder fra fluktuerende vindkraft 
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http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.climateminds.dk/index.php?id%3D728&ei=CjH8VOPVOYKvPaX6gOgI&bvm=bv.87611401,d.ZWU&psig=AFQjCNEX3PTfnBylaC6fqlPSONepiZCxBg&ust=1425900166953498
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Simulation of the Cities and local areas 
- analysing new concepts in the system 

2015-05-26 SIFRE and perspectives for city and national planning 
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Integration of local and national gas-system 
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New types of RE gasses to be integrated – essential to handle sub-nets with other gas-specification 

http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.energinet.dk/DA/ANLAEG-OG-PROJEKTER/Anlaegsprojekter-gas/Vedligeholdelse-af-gaslager/Sider/Presse.aspx&ei=lxj8VMflA4fGPYfLgKAC&bvm=bv.87611401,d.ZWU&psig=AFQjCNG19b5RFistKALHpH5L2ZZ4KBzkAw&ust=1425893897822021


Gode råd: 
 
Modtageren vil høre 
din præsentation, ikke 
læse slides. 
 
Brug notefeltet som 
hjælp til at huske, 
hvad du vil sige. 
 
Har du behov for, at 
modtageren skal huske 
vigtig information, så 
lav faktaark og del ud. 
 

Analysis of local energy system 

2015-05-26 
SIFRE and perspectives for city and national 

planning 

NG-

transm 

M/R- 

station 

100 MW 

Bio/waste

-residues 

Thermal 

gasification+

cleaning 

Small Gas-
storage 
50 MWh 

Electrolysis 

High temp. 
(SOEC/PEM) 

Power 

grid/ 

station 

Local- 
Gas 

Site/grid 

High-

temp. 

heat 

Proces-

heat 

El-DK1 

Boiler 
5 MW 

Heat 
storage 

2 MWh 

FC CHP 

30/40 MW 

Biofuel 

katalyse 

District 

heating 

(DH)  

Grid 

Heat 
storage 
50 MWh DH 

heating 

Electricity 

demands 

EV with 

V2G 

Bio-

fuel 



Gode råd: 
 
Modtageren vil høre 
din præsentation, ikke 
læse slides. 
 
Brug notefeltet som 
hjælp til at huske, 
hvad du vil sige. 
 
Har du behov for, at 
modtageren skal huske 
vigtig information, så 
lav faktaark og del ud. 
 

Simulation – draft example 

2015-05-26 
SIFRE and perspectives for city and national 

planning 

Area prices 

Energy flow 



Gode råd: 
 
Find inspiration til  
præsentationer på 
InSite under Værktøjer 
– Kommunikation 
 
Du kan finde billeder 
og grafiske elementer i 
Energinet.dk’s 
billeddatabase 
(Cumulus) på InSite 
under Værktøjer – 
Kommunikation 

Analysis of Energy System dynamics 

2015-05-26 

SIFRE 
and 

perspecti
ves for 

city and 
national 
planning 

DSO 

TSO  
LMP etc. 

System-
balance 

(e.g. 5 min) 

C 

C 

C 

r e 

- 

+ 

r e 

- 

+ 

r e 

- 

+ 

MPC input ? 

MPC input ? 

MPC input ? 

G1 

G2 

Gn 

+ 

+ 

+ 

 𝑌𝑚

𝑛𝑇𝑆𝑂−𝐿𝑀𝑃

𝑛𝐷𝑆𝑂1

 

 𝑌𝑚

𝑛𝑆𝑦𝑠𝑡𝑒𝑚

𝑛𝐷𝑆𝑂1

 

 𝑌𝑚

𝑛𝐷𝑆𝑂

𝑛𝐷𝑆𝑂1

 

0

10

20

30

40

50

60

70

80

jan-

03

apr-

03

jul-

03

okt-

03

jan-

04

apr-

04

jul-

04

okt-

04

jan-

05

apr-

05

jul-

05

okt-

05

jan-

06

apr-

06

jul-

06

okt-

06

jan-

07

apr-

07

jul-

07

okt-

07

EUR/MWh

Day-ahead 

Fjern- og blokvarme systemer

Vind

Bølge

Bio, 
affald 
mv.

Naturg

Olie

Kul

El-system

Flydende brændstoffer (Benzin, Diesel, Metanol, DME etc.)

Termisk
forgasnin

Anaerob
forgasn.

Export 
el

El-proces
lys, it, køl

Proces-
varme

Bygn 
opvarmn.

Vej-
transport

Bane-
transport

Sø-
transport

Fly-
transport

Gaslagre

Varmep

Kedel

EV

ICE/FC

Import 

Import 
el

Gas-systemer (metan/syntesegas/H2)

Bio

Kraftvarme
Elektrolyse

Decentral 

varmep.
Gas

Kraftvarme

Ethanol

Central 

varmep.

Gas-
katalyse mv.

Sol-

Energy conversion units 



Gode råd: 
 
Find inspiration til  
præsentationer på 
InSite under Værktøjer 
– Kommunikation 
 
Du kan finde billeder 
og grafiske elementer i 
Energinet.dk’s 
billeddatabase 
(Cumulus) på InSite 
under Værktøjer – 
Kommunikation 

From local and Cities concept analysis 
back to national/international level? 
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Scaling the R&D&D solutions to DK  
- Demand for heat is essential 
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District heating demand 
(120 PJ) 

Proces heating demand 
(60-65 PJ) 

Sum Type 1
Type 2 

(høj temp)

Konvert.- 

og nettab

Opvarmnin

g/kogning
Tørring

Ind-

dampning
Destillation

Brænding/ 

sintring

Smeltning/ 

støbning

Anden 

proces u. 

150 gr

Anden 

proces 

over. 150 gr

Rum-varme

I alt (proces og rumv.) 72737 41941 10715 8396 13507 12819 4405 2006 3886 3421 9204 3408 11684

-heraf industri 66423 41647 10715 7751 13398 12728 4405 2006 3886 3421 9109 3408 6310

-heraf handel/service 6314 294 0 645 109 91 0 0 0 0 95 0 5375

Landbrug 7961 5840 183 1939 18 268 0 0 0 0 5554 183 0

Gartneri 2622 2172 0 429 0 0 0 0 0 0 2172 0 21

Råstof-indvinding 2876 2375 164 311 209 457 1709 0 164 0 0 0 26

Slagterier 2022 1207 471 170 482 627 97 0 0 0 1 471 174

Fiskeindustri 1120 963 0 59 439 335 189 0 0 0 0 0 99

Mejerier 3592 2769 0 560 1529 915 325 0 0 0 0 0 263

Bageri 1458 1212 0 75 362 825 26 0 0 0 0 0 170

Foderfremst. 1215 1160 0 0 520 571 69 0 0 0 0 0 55

Sukker 2842 2455 0 278 1069 559 827 0 0 0 0 0 109

Øvrig fødevare 1730 1235 201 199 646 107 115 345 25 0 22 176 94

Drikkevarer 1397 1153 0 156 719 256 95 83 0 0 0 0 88

Tekstil 300 232 0 54 182 50 0 0 0 0 0 0 14

Træ 3023 2041 93 591 178 1801 0 0 0 0 62 93 298

Papir 1909 1602 0 182 52 1550 0 0 0 0 0 0 125

Enzymer og gødning 749 505 59 107 178 89 105 133 0 0 0 59 78

Basiskemikalier 563 442 0 84 133 36 23 217 0 0 33 0 36

Maling og sæbe 3176 2778 0 303 671 276 604 1228 0 0 0 0 95

Medicin 1287 1039 0 219 503 315 222 0 0 0 0 0 28

Cement 9116 5782 3329 6 3790 878 0 0 2762 567 1113 0 0

Teglsten mv 1322 375 935 0 0 340 0 0 935 0 35 0 12

Asfalt og tagpap 1360 1317 0 14 1317 0 0 0 0 0 0 0 30

Øvrig beton/tegl 2446 1512 472 306 0 1512 0 0 0 0 0 472 156

Metalvarer 1574 402 330 223 95 308 0 0 0 287 0 42 620

Andre maskiner 1233 228 58 187 28 200 0 0 0 0 0 58 760

Møbler 1785 283 0 803 0 283 0 0 0 0 0 0 699
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Summing up.. 
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1. Simulation of energy system   
Sifre will used as a central simulation tool at ENDK – and integrated with system 
specific tools in the power and gas system  

2. Simulated Scenarios for DK – from today to 2035 and 2050 
Acceptable system balances and socio economy is found by national simulation 
– taking into account that technology and concept challenges are solved! 

 

3. Identified challenges – input for R&D&D 
- Controlling and market in the energy system! 

- Power system – Enhanced use of infrastructure and international capacity 
- Fuels and gas – integration of RE-gasses at national and local levels 
- Thermal integration is essential for a good energy efficiency and economy 

4. Scaling the R&D&D knowledge to national/international planning 
- The simulated analysis at Demo and research scale could be used for increased 

knowledge at national – or even international strategic system planning  
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Thank you for attention 

Link:www.energinet.dk/energianalyser 

http://energinet.dk/DA/KLIMA-OG-MILJOE/Energianalyser/Sider/default.aspx
http://energinet.dk/DA/KLIMA-OG-MILJOE/Energianalyser/Sider/default.aspx

