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EnergyPLAN

® A consistent and comparative analysis of
alternatives

® Able to analyse radical technological change

® Able to provide suitable information for
feasibility studies and the design of public
regulation measures

© Able to explore a wide range of future
options (speed of calculation)
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Why to choose EnergyPLAN

User friendly analysis of national / regional and city energy
systems

Simplified modelling of energy system.

Main focus:

« Design energy systems to accommodate fluctuating
renewable energy

* Renewable-energy penetration up to 100% renewable
energy

* Long term projections
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Why to choose EnergyPLAN

>3,000 users worldwide

Sharing the data online -

Free-download

South

OOOOO

You can create add-on tools Congle
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http://www.energyplan.eu/useful_resources/existingmodels/
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General characteristics

Smart Energy 1 (2021) 100007

Contents lists available at ScienceDirect

MMM

Smart Energy

® Analysis of all energy sectors:

journal homepage: www.journals.elsevier.com/smart-energy

© Electricity

EnergyPLAN — Advanced analysis of smart energy systems

o H eatl n g Henrik Lund *°, Jakob Zinck Thellufsen ?, Poul Alberg @stergaard ¢, Peter Sorknas °,
Iva Ridjan Skov °, Brian Vad Mathiesen ®
o T t * Aalborg University, Department of Planning, Rendsburggade 14, 9000, Aalborg, Denmark
ra n S po r b Aalborg University, Department of Planning, A.C. Meyers Vaenge 15, 2450, Copenhagen, Denmark

o Industry ARTICLE INFO ABSTRACT

Article history: EnergyPLAN is an energy system analysis tool created for the study and research in the design of future
Received 6 November 2020 sustainable energy solutions with a special focus on energy systems with high shares of renewable
Received in revised form energy sources. It has been under development since 1999 and has formed the basis for a substantial

o 1 e a r i n O u r_ b - h O u r Ste S i;i‘:;‘:j“;f‘:i;mdw 2001 number of PhD theses and several hundreds of research papers. EnergyPLAN is designed to exploit the
y y p Available online 2 March 2021 synergies enabled from including the whole energy system, as expressed in the smart energy system

concept. Thus, with EnergyPLAN, the user can take a holistic approach focusing on the analysis of the

cross-sectoral interaction. Traditionally disparate demand sectors, such as buildings, industry and

53};?{&'\‘ transport, are linked with supply technologies through electricity, gas, district heating and cooling grids.
o A re ate d m O d e | Model description In this way, EnergyPLAN enables the analysis of the conversion of renewable electricity into other energy
g g g Smart energy systems carriers, such as heat, hydrogen, green gases and electrofuels, as well as the implementation of energy
Energy systems analysis efficiency improvements and energy conservation. This article describes the overall structure of Ener-
Energy modelling gyPLAN and the essential algorithms and computational structure.

© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

©® Does not model each plant individually, but all plants in a fcens (e resiecommons rgicenssy ne mI41)
system

® Fast simulation - the computation of 1 year requires only
a few seconds
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Simulation versus optimization

Or operation versus investment optimisation?

- a simulation model can be defined as representation of a system used to predict the behaviour of the
system under a given set of conditions

« while an optimization model is typically used synonymously with mathematical programming to refer to a
mathematical formulation in which a formal algorithm is used to compute a set of decision-variable values
that minimize or maximize an objective function subject to constrains.

Few ) Up to

seconds weeks
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Either: Technical regulation strategies

1) Balancing heat demand
2) Balancing both heat and electricity denand

3) Balancing both heat and electricity denand (reducing CHP even

w hen partially neededfor grid stabilisation
4) Balancing heat denand using triple tariff

Or: Bectricity m arketstrategy

Market simulation of plant optimzation based on business economic

marginal production costs.

And: Critical Excess Hectricity Production

Reducing wind
Replacing CHP w ith boiler or heat punp
Bectric heating and/or bypass

Bectricity Production
Bectricity Import/Export
electricity Excess Production

Import Expenditures
Export Revenues

Fuel Consunption
CO2 Emssions

T ® Share of RES

Dactricty Demand Week n Jaouary
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Three different types of analyses

Technical System Analysis
with or without CEEP (Critical Excess Electricity Production)

Results: Fuel consumption, energy balances, CO,-emissions etc.

Market Exchange Analysis

Results: Optimal trade strategies, costs and technologies

Market economic energy system
simulation and feasibility studies

Results: Socio-economic costs incl. fuel and CO, trade
costs

«
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Step by step using EnergyPLAN

1. Defining energy demands (electricity, individual and district heating demands)
2. Defining energy production

3. Balancing and storage

DDDDDDD
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Warnings Appear Here:

Overview

EliE)

(= Demand
:
- Heating
Cooling
- Industry and Fuel
- Transport
Water
- Supply
+)- Balancing and Storage
Cost
- General

g

- Road Vehicles
i Other Vehicles
W ater
. Additional
- Fuel
Variable OM

- Simulation
+)- Output

= Investment and Fixed OM

i Heat and Electricity

- Renewable Energy
Liquid and Gas Fuels
Heat Infrastructure

- External Electricity Market

Electricity Demand and Fixed Import/Export

Electricity demand®: 1057,2694
Electric heating [IF included) = 0
Electric cooling (IF included) = 0
Elec. for Biomass Conversion 0,00
Elec. for Transportation 3547

Sum [excluding electric heating and cooling)  1092,74

Electric heating (individual) 0,00
Electricity for heat pumps (individual) 0,00
Electric cooling 0,00
Flexible demand (1 day) 0
Flexible demand [1 week) 0
Flexible demand (4 weeks) 0
Fized Import/Export 0
Total electricity demand* 1092,74

GWh/year
GWh/year
GWh/year
GWhiyear

GWh/year
GWh/year

GWh/year
Gwhiyear

GWh/year

GWh/year
GWh/year
GWh/year

GWh/year

GWh/year

| Change distribution | Hour_electricity.tat

Subtract electric heating using distribution from ‘individual’ window

Subtract electric cooling using distribution from 'cooling' window

[Transfered from Biomass Conversion TabSheet)

[Transfered from Transport TabSheet)

Step 1: Defining electricity demand

M ax-effect 1000 Kw
Max-effect 1000 K
M ax-effect 1000 ki

| Change distribution| Hour_Tysklandsexport.tat

Import/
Export
fixed and
variable

1

| Electricity
"| demand

AALBORG UNIVERSITY

DENMARK
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Step 1: Defining heat demands

farnings Appear Here:

(@ g Overview  Z N
B a104 4" oa oiler G
= Demand Total Heat Demand=:  1114.09  Demand Per Building™ : [3191.242 Kwhiyear Indv. heated households: 121212 Units [ < [
Electricity ( »
(o) ( s |
Coaling Individual Heating: . —_—
Industry and Fuel E stimated Solar Thermal . |/ Ngas ] [ Boiler }—;
Transport GWwhdyear Fuel  Efficiency Heat Efficiency Capacity Electricity ~ Heat Resulting Fuel G —
Water Input  Thermal Demand Electic  Limit*  Production Storage”  Share Input  Output  Consumption® T (—\
o Supply. Distribution: | Heat | | Solar | |\B"m”/l e J—"
[#- Balancing and Storage "
= Cost Hour_distr-heat.txt Hour_solar1_prod.tat (Wl
General s B ) s i ™ \_thermal
=) Investment and Fixed OM Coal boiler : o 08 0,00 0] 11 0 0,00 0,00 |\__’ }_* |\ ) _l_
Heat and Electricity 0il boiler : ‘07 \W 0,00 ‘07 ‘17 o 000 0,00 \'[' " Heat Heat
Renewable Energy . L storage demand
Liquid and Gas Fuels Ngas boiler : [123787€ [0 1114,09 |0 11 0 0,00 123788
Heat Infra§lruclure ersle 0 08 0,00 o [ 0 0,00 0.00 ‘ [ Solar
Road Vehicles e ( - \ = 2 \_thermal
Other Vehicles H2 micro CHP - 05 0 0 h 00 o i 0 0,00 oo || — | — Il
Water - . — —
Addtionsl Ngas micro CHP 05 o CER] 0 [0 [ 0 000 000 (" soter
Fuel . ; X — —— — — 0.00 < /
Biomass micro CHP : 0,00 0 1 0 . 0,00
Variable OM : : [05 0 R ‘ ‘ —
. Ext‘emal Electricity Market Heat Pump : 0 ‘37 ‘17 0,00 \07 \17 0 0,00 (’_“‘] (G [\themvn\ J
Simulation Iﬂmv\assJ |‘ CHP ) T
(- Output Electric heating : 0 [0 0,00 o i o | oo \ p : -
{ boter
Total Individual: 111409 0,00 0.00 1237.88 U T " (@emand

—

Solar |
District Heating: ( thermal }_" w

Group 1: Group 2: Group 3: Total: Distribution: e r--\] umﬁ . Heat
: ) ey 7| boiler demand
Production: |0 0 0 0,00 Change | Hour_distr-heat.tst N ~ e—
Network Losses: 0,2 0,23 0183 p N e ( Soter 1
|I Electricity 1 pm;‘; \_thermal
Heat Demand: 0,00 0,00 0,00 0,00 ) : b ) ¥
. Electric
. J
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Step 1: Defining

Warmnings Appear Here:

Overview

ic!

8

= Demand
i Electricity
i Heating
i Cooling
Industry and Fuel
’
Water
Supply
Balancing and Storage
Cost
General
=) Investment and Fixed OM
i+ Heat and Electricity
i~ Renewable Energy
Liquid and Gas Fuels
- Heat Infrastiucture
- Road Vehicles
i Other Vehicles
Water
- Additional
Fuel
Wariable OM
External Electricity Market
Simulation
- Output

1B

Gwhiyear Fossil Biofuel Waste* Electrofuel Total Distribution

JP [Jet Fuel) 0 0 1} 0,00

Diesel 354,638 0 0,00 0 354,64

Petrol 421176 0 0 42118

Ngas* (Grid Gas) 0 0,00 Gas | constat

LPG 0 0,00

H2 [Produced by Electrolysers) 0 H2 | Hour_transport.tat
Electricity (Dump Charge) 35,469 Dump | Hour_transport.txt
Electricity (Smart Charge) 1] Smart | Hour_transport.txt

transport demands

Help to design inputs

Electric Yehicle Specifications

Smart Charge Yehicles:
Max. share of cars during peak demand: 0.2

Capacity of grid to battery connection: 0 K/
Share of parked cars grid connected: 0.7
Efficiency [grid to battery) 09

Battery storage capacity i) Mwh

Additional Specifications for Vehicle-to-Grid [¥2G):
Capacity of battery to grid connection 0 kw

Efficiency (battery to grid)

AALBORG UNIVERSITY
DENMARK
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Step 2: Defining the production

wamings Appear Here:

= Overview

=I- Demand
Electricity
Heating
Cooling
Industry and Fuel
Transport
Water
= Supply
Heat and Electricity
Electricity Only
Heat Only
Fuel Distribution
Waste
- Liquid and Gas Fuels
coz
Balancing and Storage
=) Cost
General
=) Investment and Fixed OM
Heat and Electricity
Renewable Energy
Liquid and Gas Fuels
Heat Infrastructure
Road Vehicles
Other Vehicles
Water
Additional
Fuel
Wariable OM
External Electricity Market
Simulation
- Output

Group 1 represents district heating systems with no CHP

Group 1: Group 2: Group 3: Total: Unit: o X
Group 2 represents district heating systems based on small CHP plants
Electicity Production: Group 3 represents district heating systems based on large CHP extraction plants
District Heating Production: 0,00 0,00 0,00 0,00 GWwhiyear
Boilers
Thermal Capacity 0 0 kdis ( T l w
Boiler Efficiency 039 039 09 o Overview ‘
Fized Boiler share 0 0 Percent ;‘ D;mand
Electicil Central Power Plants Capacity  Efficiency Coarrection Factor: Annual production: Distributions Storage for Dammed Hydro
Combined H 4P (CHP) H ealingy Kw-e Percent GWwh/year Storage |0 Mwh  Storage difference: 1]
ombined Heat and Power )
Cooling PP1 (CHP3 Condensing Model 0,00 n/a Pump Back Capacity  Pump Back Efficiency
X . Industry and Fuel a KWee 03
CHP Condensing Mode Operation* Transport Condensing PP2 0 0,45 n/a* -
2 ¢ Water
Electric Capacity (PP1) 0 Kwi-e =) Supply Nuclear 0 0 1 0,00 Change | Hour_wind_1.tst
5 - q Heat and Electricity ( A P\
Hyd \
Electric Efficiency (PP1) 045 Electricity Only Nuclear partioad: |1 Share of capacity - has to be activated in Regulatin Strategy Tabshest |‘ wﬁt;? }—V <> Hydro PP )
Heat Only _— —g
CHP Back Pressure Mode Operation® Fuel Distibuton Geothemal 0 0 1 000 Change | Hour_wind 1.t [ =
i . electricit
Electric Capacity 0 i} Kiw-e Liauid and Gas Fuels Dammed Hydro Water supply* 0 Change | Hour_wind_1.tst \ ety —_—
co2 — Geothermal
; ’ >
Thermal Capacity 2161 5714. kd/s :j g:zncmg e Stereae D A IR o 038 WY (e (_ Power )
3 . General
Electric Efficiency 04 04 =) Investment and Fixed OM Transmission line capacity™ Maximum imp. /exp. cap: 600000 kw
Thermal Efficiency 05 05 Heat and Electricity -
Renewable Energy i R bl Estimated Estlr{nated
oo 'ost
Liquid and Gas Fuels Renewable Capacity:  Stabilisation Distribution profile Production  Correction  Correction Estimated
Industiial CHP Heat Infrastructure Energy Source Kw share GWhiyear  factor  production  capacity factor
ndustria Rload Vehicles )
Other Vehicles Wind >~ 0 0 | Change | Hour_wind_1.tst 0,00 0 0,00 0,00
CHP Electricity 0 0 0 0.00 Gwhdyear ‘;‘m;ml Photo Voltaic =00 0 | Change | Hour_wind_1.tx 0.00 0 0.00 0.00
CHP Heat Produced 0 0 0 0,00 GWh/year \F/ugl oo 1 \wave Power >~ 0 0 | Change | Hour_solar_prodi 000 0 000 000
anable
CHP Heat Demand 0 0 0 0,00 Gwh/year Estemal Electricity Market Riiver Hydio > [0 0 | Change | Hour_solar_prodi 0,00 0 0,00 0.00
|~ Sitnulation Tidal < o 0 | Change | hour_tidal_power 0,00 0 0,00 0,00
CHP Heat Delivered* 0,00 0,00 0,00 0,00 GWwhdyear | Distribu| - Output
‘Wave Power - 0 0 | Change | Hour_wave_200" 0,00 i) 0,00 0,00
CSP Solar Power v a 0 | Change | Hour_solar_prod1 0,00 0 0,00 0,00

AALBORG UNIVERSITY
DENMARK

17



A

Step 3: Balancing and storage

S Overview Electri id stabilisati i t
ectric grna staoiisauon requirements: oz - =
- Demand 9 9 Critical Excess Electricity Production (CEEP)
+- Supply Minimum grid stabilisation share* 0.3 Critical Electricity Excess Production [CEEP) requlation: Write number: |0
=& B alancing and Storage - 0 1: Reducing RES1 and RES2
- tabilisation sh f CHP.
Electricity S DG 2 : Reducing CHP in gr.2 by replacing with boiler
Thermal - 0 3: Reducing CHP in gr.3 by replacing with boiler
L Stabilisation sh. f Waste CHP
Liquid and Gas Fuel splisation share o waste 4 : Replacing boiler with electric heating in gr.2 with maximum capacity: 100 M/
+- Cost Stabilisation share smart charge EV and V2G 0 Share of charge connection 5 : Replacing boiler with electric heating in gr.3 with maximum capacity: 100
Simulation Stabilisation share transmission line 0 Share of max capacity e MW
+- Output 300 7 : Reducing power plant in combination with RES1, RES2, RES3 and RES4
Emissions Minimum CHP in gr. 3: M/ 8 : Increasing CO2Hydrogenation (See Tabsheet Sythetic Fuel] if available capacity
Minimum PP: 0 Mw 9: Partloading nuclear (speficiy partioad options in electricity only Tabsheet)
CHP3 priority to PP in grid stabilisation ™ Note: Eleclm:lty- ||:|telconnecllon is defined under the
L Supply -> Electricity only tabsheet
/"
Rockbed Storage
Capacities storage
Charge [electricity] 0 MW Storage loss rate 0.05 Percent per hour system
Discharge (steam) |0 MW Share of PP1/CHP 0.8 4
Storage Capacity 0 Gwh Steam/fuel ration 1 L 4 N
Electricity Storage 1 Electricity Storage 2
Capacities Efficiencies Fuel Ratio *) Storage Capacity Capacities Efficiencies Storage Capacity
Charge 0 Mw 0.8 0 Gwh Charge 0 Mw (0.8 0 Gwh
Discharge 0 Mw (0.9 0 Discharge 0 Mw (0.9
Allow for simultaneous operation of turbine and pump: No
*] Fuel ratio = fuel input / electric output (for CAES technologies or similar)

Advanced CAES |
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From annual values to hour by hour

Wind production Eltra 1996 (2042 MWh pr MW)

« Using the annual value the hour by hour values are \ ‘
calculated =i W‘ 'WM WWM“ | ] W
LR LT Y I

o4 AWV YT LT LY WAL

0 1098 2196 3294 4392 5490 6588 7686 8784

* Demands

Wind production Eltra 2000 (2083 MWh pr MW)

(electricity, district heating, transport etc.)

\m Wl [ u | ‘

i i MWM MWW W

0+ " *ﬁ‘

0 1098 2196 3294 4392 5490 6588 7686 8784

» Fixed import/export

MWh/h

- RES (wind, PV etc.)

Wind production Eltra 2001 (1964 MWh pr MW)

1500 I
I 1 Il
= 500 i ImAR HH‘\ (il g MM hﬁﬂw #m

o LA O EAAMAV UL WAL AR T

T T
0 1098 2196 3294 4392 5490 6588 7686 8784
(( ‘ Hours
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Results in seconds

gm

|

Electricity Demand: Week in January ClipBoard Electricity Production: Week in January Clipboard
EnergyPLAN model 12.0 = —
RESULT: Data-set: Startdata
Technical regulation no. 1

Critical Excess Regulation Strategy: 00000000

Total Calculation Time 12:00:00
Loading of Data 12:00:00
Calculating Strategy 1 12:00:00
Calculating Strategy 2 12:00:00
Calculating Heatstorage 12:00:00
Calc. economy and Fuel 12:00:00
ANNUAL CO2 EMISSIONS (Mt):
CO2-enmission (total) 9,458 20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160
CO2-enission (corrected) 9,458 -
M Consumption B Flex. W HP B CHP W RES12 M RES34 N PP+ Storage
SHARE OF RES (incl. Biomass): I Electrolysors Storage Export Import
RES share of PES 28,7 percent
RES share of elec. prod. 34,6 percent
RES electricity prod. 7.01 TWh/year —
Electricity Balance: Week in Januar | Clipboard ‘
ANNUAL FUEL CONSUMPTIONS (TWh/year)  TOTAL: HOUSEHOLDS : Y ¥ A
Fuel Consunption (total) 48,98 |
t . nput New CEESA.txt The EnergyPLAN model 12.0;
CAES Fuel Consumption 0,00 - Y
Fuel{incl Biomass excl . RES) 46,56 ?eclril:ily demand ﬂ;ﬂlgur} :nexinge demlnd;_g; o l:‘)":pnci:s Elﬁu;enciescop Regulstion StrateTechnics! regulstion no. 3 | Fuel Price level: Bssic o —
Fuel Consumption {incl. H2) 48,98 Eoed demand 14 ed imp/axp. 0, roup 2: e MJis elec. Ther KEOL reguistion 23468000 e
T . ‘ i 3 e Capacities Storage Efficien
Fuel Consumption (corrected) 47 84 Transportation 8,22 CHP 1945 1241 058 037 Minimum Stabilisstion share 0,00 i Th.fﬂ ‘
n . Total 3874 HestPump 300 1050 350 Stabilisstion share of CHP 0,00 p N
Coal Consumption 11,64 0,00 Eoller 2434 0,05 i CHP e 3 load 5 Hydro Pump: o o0 o0ss
0il Consumption 11,64 0,00 District hesting (TWhiyear) Gr1 Gr2 Gr3 Sum| Group 3: ik PP o Hydro Turbine: 0 085
Ngas Consumption 11,64 0,00 District hesting demand 296 1100 2434 3830 | cup 2600 1262 080 021 i e simshar 05 Electrol. Gr2: 0 0 0.00 0.00
7 : Soler Thermal 125 207 01 422 Hest Pum; &00 2100 250 : ¢ Electrol Gr3: 0 0 000 0,00
Bionass Consumption 11,64 0.00 Industrisl CHP (CSHP) 000 000 265 2685 Heniiigad 7574 085 Mesdimum Mnportiexport D W Electrol. trans.: 1000 477 0.73
guciea}‘ F‘lil Consunption g gg Demsnd sfter soler end CSHP 171 9.02 2078 3152 Condensing 10333 0.60 Distr. Name : Price_DKV_2008.txt Ely.MicroCHP: 0 0 0.00
aste npu . - Addition factor 100.00 DKKMWh CAES fuel ratio: 0.000
V2G Pre Load Hours 0,00 Wind 44564 MW 1263 TWhiyear 0.00 Grid Heststorsge: gr.2:40 GWh or10 GWh Multiplication factor 1.08 e Gosl 1OV, Now Bomads -1.000 T T T T - - - -
Offshore Wind 10173 MW 41.75 TWhiyesr 0.00 stsbis- | Fixed Boiler gr20,6 Percent  gr0.5 Percent factor 0.02 DKKMWh pr. My (TWh'yesr) Cosl Ol Nges Bior 20 40 50 30 100 120 140 180
ANNUAL COSTS (M DKK) TOTAL - VARIABLE: BF Photo Voltsic. 5000 MW 648 TWhiyear 0.00 safion Electriity prod. from  CSHP  Waste (TWhiyesr) | Average Market Price41  DKK/MWh Transpot 000 000 000 0.00
Fuel ex. Ngas exchange 0 Wave Power 300 MW 083 TWhiyesr 000 share Gri 000 000 Ges Storage 6000 GWh Household 000 000 000 1.13 W ExpEEEP W Exp CEEP M Import
. Hydro Power 0 MW 0 TWhiyear Gr2 000 0.3 Synges capacity 3522 MW Industy 000 0,00 0,00 18.03 .
gDaio 0 GeothermsiNuciear 0 MW 0 TWhiyear . 00 ‘0P Biogas maxto grid 565 MW varous 000 000 000 ooo | micro CHP and CHP-Waste
uelOi
gafmi;?lgesel Output WARNING!: (1) Critical Excess;
etro
Gas handling District Hesting Electricity Exchange
Biomass Demanc Production Consumption | Production Balance
Food income Distr Waste- Ba- | Eleo. Flexa Elec Hydro Tur- Hy- Geo- Waste- Stab- I:;y'“e"‘
Waste hesting | Solar CSHP DHP CHP HP ELT Boiler EH |lancedemandTransp HP trolyser EH Pump bine RES dro thermsl CSHP CHP PP |Load Imp Exp CEEP EEP
MW MW MW MW MW MW MW MW MW MW MW MW MW MW MW MW MW MW MW MW MW MW MW % MW MW MW MW | Milion DKK
Ngas Exchange costs 0 Jenuery €657 190 1307 446 1331 2693 O 620 73  -2|2787 1308 1042 3386 73 0 0 5913 0 O 200 2330 385 100 O 15 15 0| O 4
Febusry 6700 401 1307 391 873 2856 O 783 175 4 (2750 1300 1079 4407 175 0 0 8144 0 0 200 1537 207 100 O 98 9 O 0 2§
M . 1 . 0 March 6021 454 1307 308 980 2460 0 31 80 112661 1422 044 4180 80 o 0 7311 o 0 200 1744 216 100 0 148 148 o o 29| —
arginal operation costs April 4928 602 1307 170 841 1854 0 74 24 -34(2361 1382 €00 4184 24 O 08858 O O 200 1480 223 100 O 142 142 0| 0 34
L May 4066 758 1308 83 717 1188 o 3 2 28 |2307 1304 459 4435 2 o 0 7331 o 0 200 1274 1982 100 0 400 400 o o 86
Electricity exchange -93 June 2347 624 1270 17 241 237 0 0 1 -43|2246 1408 100 4115 1 0 0 7451 o 0 204 408 121 100 O 303 303 o| o 77
Import July 2347 885 1264 17 270 144 ] o 1 -33 (2060 1411 70 2038 1 o 0 5751 o 0 205 462 381 100 0 321 321 o o 83
Export August 2347 644 1288 17 240 205 O O O -35/2349 1389 96 3247 O O 0 6280 O O 205 425 410 100 0 237 27 0| 0 74
Bottleneck September 3102 581 1300 23 586 628 o 1 1 -13 [2407 1412 256 3732 1 o 0 6417 o 0 201 1028 316 100 0 152 152 o o 81)
- " October 4179 308 1307 150 500 1780 O 11 19 14 |2402 1408 €59 5088 18 O 0 8788 O O 200 875 154 100 O 381 381 0| 0 114 Run Run Run
Fized imp/exp November 5196 216 1307 325 751 2335 0 156 105 1|2082 1400 881 4638 105 0 0 8183 [] 0 200 1323 148 100 0 141 141 L] [] 34| - _
o December 8024 128 1307 418 1398 2284 0 407 74 102883 1378 905 3749 74 O 0 5917 0 O 200 2468 381 100 0O 54 54 0| 0 12) (chwoard) (Sa’een) (Pr]nt)
COZ emission costs 0 Aversge 4487 481 1208 195 720 1552 0 196 48 -8 2482 1400 589 30990 48 o 0 7021 o 0 202 1281 2860 100 0 200 200 0 | Average price|
. Maximum 10855 3841 1307 836 2532 3150 0 3720 600 1814 [3754 6922 1184 7658 600 o 018481 o 0 228 4445 3285 100 0 6427 6427 0| (DKKMWh)
Variable costs -93 Minimum 2170 0 108 16 0 21 0 O 0207|1312 246 6 0 O 0 O 3 0 0 200 0 ©0 100 O 0 O 0|sss 369
Fi d ti t 0 TWhiyear 30,41 422 11,38 171 641 1363 000 172 040 -0,07 21,80 1230 526 3513 040 000 000 6167 000 000 177 1125 220 000 176 176 0.00 o 847
ized operation costs
P! FUEL BALANGE (TWhiyear): CAES BioCon-Synthetic Industry Imp/Exp Corrected | CO2 emission (Mt):
DHP CHP2 CHP3 Boiler2 Boiler3 PP  Geo/NuHydro Waste Elcly. version Fuel Wind Offsh. PV Wave Solsr. Tt Transp househ.Various Total Imp/Exp Netto Totsl Netto
Annual Investment costs 1)
Gosl - - - - - - - - - - - - - - - - - - - - 000 | ooo 000 | 000 000
TOTAL ANNUAL COSTS -93 o ‘ Z 5 . : : ‘ . ' T 3 N . N . ' . ‘ = Mo o0 900, 000
N.Gas - 843 1060 - - 381 - - - - -2285 -0.02 - - - - - - - - -0.03 -2.98 -001 -0.81
Biomess 181 - - o 105 - - - 418 - 387 - - - - - - - 092 1811 8868 6,68 000 0.00
Renewsble - - - - - - - B - 1283 4175 648 079 630 - - - s 7151 000 0.00 20
H2ete. - 000 000 000 000 000 - - - -2478-1085 3583 - - - - - - - - 0,00 0.00 000 000
Biofuel - - - - - - - - - - - 3215 - - - - - 3215 - - 0,00 0.00 000 000
Nuclesr/CCS - - - - - - - - - - - - - - - - - - - - om0 000 | o000 000
Total 181 843 1080 077 105 381 - - 781 2478 517 345 1283 4175 648 079 639 3215 082 1811 13818 13523 | -0.01 061

)-juni-2015 [14:54]



