Henrik Lund, Aalborg University, January 2012

Guideline to EnergyPLAN Exercise 1:
Define and calculate a simple national energy system.

Exercise 1.1: Define an electricity demand

Open the EnergyPLAN model. Initialise data and define a simple national/regional energy system
with an electricity demand of 49 TWh/year. Use the hour-distribution file of “hour-eldemand-eltra-
20017 (The distribution of the western Danish region in 2001).

Question 1.1.1: What is the peak hour electricity demand?

Question 1.1.2: What is the peak hour electricity demand for 40 TWh/year and distribution data file
“Hour_electricity.txt”?

How to do exercise 1.1:

Step 1: Open the EnergyPLAN model. You will see the following front page (version 12):
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Look at the top left-hand corner: The EnergyPLAN model is loaded with “Startdata”
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Step 2: Initialise the model by loaded “Initialize” data.
Activate the open data button and the following window will open:
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Choose “initialize.txt” and activate the Open button.

Look at the top left-hand corner: The EnergyPLAN model is loaded with “Initialize” data.
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Step 3: Save Data
Press the “Save as” button at the top left-hand corner and the following window will open:
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Choose a name and write the name, e.g.: “Execisel” and activate the Save button.

Look at the tOp left- hand corner: The EnergyPLAN model is loaded with “Exercise 1 data.
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Step 4: Write input-data electricity demand 49 TWh/year.




Open the demand input window by activating ”Demand” and the following window will open:
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Place the cursor in the electricity input square and type in 49.
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Electric heating (IF included) Twhyear

Electric cooling [IF included) = 0 TwWhiyear

Step 5: Change hour-distribution zo “hour-eldemand-eltra-2001”

Look at the Electricity Demand input window:
The model is loaded with “Hour-electricity” distribution data.
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Activate the Changs distibution| hutton and the following window will open:
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Choose “Hour_eldemand_eltra2001.txt” and activate the Open button.

Look at the Electricity Demand input window:

The model is now loaded with “Hour eldemand eltra2001.txt” distribution data:

nport/Export

| Change distributioff’ Hour_eldemand_eltra2001.txt

Subtract electric heating usingd o naividual’ window

Subtract electric cooling using distribution from ‘cooling' window

Step 6: Save data:
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Activate the & Save button.

EITHER Step 7A: Calculate and see result in clipboard
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Read the result : 8730 MW




OR Step 7B:

Calculate and see result in print output
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Input exercise1.txt The EnergyPLAN model 12.0
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Demand sfter solar and CSHP 0.00 0.00 0.00 0.00 Condensing o 0.45 Distr. Name :  Hour_nordpool.txt Ely. MicroCHP: 0 0 080
Addition factor  0.00 DKKIMWh CAES fuelrsio:  0.000
Wind OMW 000 TWhiyesr 0.00 Grid Heatstorsge: gr.2: 0 GWh gr.30 GWh Muttiplication factor 2.00 = =
Photo Valtaic 0 MW 0 TWhiyear D.00 stsbili. | Fixed Boiler: gr2:00 Percent  gr0.0 Percent| p factor D.00 DKKMWhpr.mw (Vvhyesr) Coal Oil Ngss Biomass
Wave Power oMW 0 TWhiyesr 0.00 sstion | Eiectrictyprod. from CSHP Waste (TWhiyear) | Aversge Market Price227 DKK/MWh Transport 000 0.00 000 0.00
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Hydro Power oMW 0 TWhiyear Gro: 000 0.00 Syngas capacity o Mw industry ~ 0.00 000 000 0.00
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Minimum © ¢ o © © 0 0 0 o0 o Jo © o © o © o ©o 0o © o0 ©0 W O0 ©0 o o0Ofz ]
TWhyesr 000 0.00 D00 000 0.00 0.00 000 000 000 oofleco Joo 000 000 000 000 000 000 000 000 0.00 000 0.00 4900 000 000 D0.00 11580 d
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Cosl = . - - y - < s . S - > ” = - - . - - o000 | ooo o000 000 000
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N.Gss - 3 . : 5 . 3 4 A 5 % . 5 5 - - 8 5 - 000 | ooo o000 000 0.00

It: 8730 MW

Step 8: Repeat steps 4 to 7 using 40 TWh/year and “Hour_electricity.txt”.
The result is 7023 MW




Exercise 1.2: Define wind power and a power plant

Use the same electricity data as in exercise 1.1: Electricity demand of 49 TWh/year and “hour-
eldemand-eltra-2001”. Define a wind power input of 2000 MW using “Hour_wind_eltra2001” and
a condensing power plant of 9000 MW burning coal.

Question 1.2.1: What are the annual wind power and condensing power plant productions? What is
the annual coal consumption? What is the annual CO2 emission?

Question 1.2.2: What are the annual wind power and condensing power plant productions, if the
installed wind power capacity is raised to 6000 MW? What are the annual coal consumption and
the CO2 emission?

How to do exercise 1.2: Use input data file from exercisel.1.

Step 1: Define wind power
Choose “Electricity only” in the tree view under the “Supply” tab and the following window will
open:
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- CO2 -
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Place cursor at the first RES Capacity input square and write 2000.

Step 2: Change hour distribution file

Look at the “Intermittent Renewable Energy” window. The hour-distribution-file next to the
“Wind” renewable energy source is “Hour_wind1”.

Activate the “ha32 | button and change to “hour-wind_eltra2001” as shown in exercise 1.1, step 5.

Step 3: Define condensing Power plant

Look at the “Central Power Plants” part under the “Electricity Only” tab. Under the “Condensing
PP2” capacity input square type in 9000.
Place the cursor at the condensing Efficiency input square and type in 0.45.

Choose “Thermal Plant Fuel Distribution” in the tree view under the “Supply” tab and the following

window will open:
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Place the cursor at the PP2 coal input square and type in 1 (Any number will do, they are all relative
to the other fuel input squares)

Step 4: Calculate and see result in print output (or clipboard)
f{i EnergyPLAN 12.0: exercisel.bxt

ek

Home Add-0On Tools Help

m [+ B B oo T O M =

Home New Import Settings Notes Web Run Run
from excel B} Save As | (Clipboard) (Screen)

General [| Run

o

Activate the &= button and look at the following print output:




Input exercise1.txt The EnergyPLAN model 12.0

Electriciy demand (TWniyzar). Flexible demancl.00 Capaciies Eficencies | Regulation Strate(Technical reguiation no. 1 | Fuel Price level: Basic
Fixed demand 48.00 Fixed impiexp. 0.00 Group 2: MVe Mls elec. Ther COP kgQL regulation 00000000 i :
Electric heating + HP 0.00 Transportation 0.00 CHP o 0 040 050 Minimum Stabilisation share 0.00 Capacities Storage Efficiencit
Electric cooling 000  Toul 40.00 Hest Pump 0o 0 300 Stabiisation share of CHE 000 M2 GWh elec Ther
> : Boiler 0 0.0 Minimum CHP gr 3 load 0 MW HydoPump:. ‘0 0 080
District heating (TWh/year) Gr1 Gr.2 Gr3 Sum Group 3: Minimem PP o MW Hydro Turbine: 1} 0ea
District heating demand 0.00 0.00 0.00 0.00 CHP 1] 0 040 050 H Electrol. Gr.2: (1} 0 030 010
leat Pump maximum share 0.50 o =
Solar Thermal 0.00 0.00 0.00 0.00 Heat Pump 0 0 3.00 Maximuim import! i 0 MW Electrol. Gr.3: 1} 0 020 014
industrial CHP (CSHR) 000 000 000 0.00 Soiler 2 0.0 portexpd Electrol.trans: 0 0 0.80
Demand after solarand CSHP 000 000 0.00 0.00 Condensing 0 0.45 Distr. Name :  Hour_nordpool.tdt Ely. MicroCHP: @ 0 020
Addition factor 0.00 DKK/MWh CAES fuel ratio: 0.000
Wind 2000 MW 393 TWhiyear 0.00 Grid Heatstorage: gr2: 0 GWh gr-30 GWh Multiplication factor 2.00 o ol O T B
Photo Voltsic 0 MW 0 TWhiyear 0.00 stabil- | FxedBoder: gr2:0.0 Percent  gr0.0 Percent| p, factor 0.00 DIGCMWh pr. M (TVWhfyear) Coal Oil Ngas Biomass
Wave Fower 0 MW 0 TWniyear 000 sation | Eiectrictyprod. from CSHP Waste (TWhiyear) | Average Market Price227 DKKMWh Transpon 000 000 000 0.0
River Hydro 0 MW 0 TWhiyear 0.00 share Gr.1: 0.00 0.00 Gas Storage 0 GWh Housshold 0.00 000 0.00 0.00
Hydro Fower 0 MW 0 TWhiyear Gr2: 0.00 0.00 Syngas capacity 0 MW Industry 000 000 000 0.00
GeothermalNuclear 0 MW 0 TWhiyear Gr.3: 0.00 0.00 Biogas max to grid 0 MW Various 000 000 000 0.00
Output WARNING!: (1) Critical Excess;
District Heating Electricity Exchange
Demand Production Consumption l Production Balance
Distr. Waste-- Ba- | Elec Flex& Elzc- Hydro Tur- Hy- Geo- Waste- Stab- “::V'“E"'Em
heating| Solar CSHP DHP CHP HP ELT Boiler EH |lancedemandTransp HP trofyser EH Pump bine RES dro thermal CSHP CHP PP |Load Imp Exp CEEP EEP
MW MW MW MWV MW MW MW MW MW MW MY MW MV MW MW MWI MW MW MW MW MW MW MW % MW MW MW MW | Milion DKK
January 0 0 0 g 0 0 0 0 0 06211 0 4 0 0 a 0 30 0 g 0 0 5813 100 g 0 g 0 ] g
February 0 0 0 g 0 g 0 0 0 0 (6213 0 g i) (1] 0 0 @610 0 a 0 0 5603 100 g 0 g 0 g q
March 0 0 0 g 0 0 0 ] 0 0 {8060 0 a o 0 0 0 480 0 0 0 0 5583 100 1} 1 1 0 0 a
April ] 0 0 Q 0 g 0 0 0 0 |5456 0 g 0 1] 0 0 375 0 1) 0 0 5081 100 1 0 0 0 0 0
May 0 0 0 0 0 0 0 0 0 05155 0 1] o 0 g 0 388 0 Q 0 0 4760 100 g 0 g 0 ) 0
June 0 0 0 g 0 0 0 0 0 0 {5081 0 g 0 Q 0 0 304 0 a 0 0 4887 100 a 0 a 0 g 0
July 0 0 0 1] 0 1] 0 0 0 0 4638 0 g 0 1] a 0 264 0 a 0 0 4302 100 1 0 0 0 0 g
August 0 0 0 0 0 4 0 0 0 05267 0 4 0 0 4 0 388 0 0 0 0 4880 100 4 0 0 0 0 g
September O 0 0 g 0 0 0 0 0 0[5355 0 g 0 Q 4 0 373 0 g 0 0 4082 100 0 0 0 0 g a
October 0 0 0 a 0 0 0 0 0 0 |5618 0 a o 1] a 0 682 0 a 0 0 4954 100 a 0 g 0 a a
November 0 0 0 g 0 1] 0 0 0 0 [5081 1] g 0 Q 0 0 637 0 a 1] 0 5343 100 1] 0 g 0 g g
December 0 0 0 a 0 0 0 0 0 05034 0 a 0 0 0 0 424 0 0 0 0 5511 100 0 0 0 0 0 1
Average 0 0 0 g 0 0 1] 0 0 05578 0 1] 0 0 o 0 447 0 ] 0 0 5131 100 a 0 0 0 | Average pricel
Maximum 0 0 0 g 0 4] 0 0 0 08730 0 a 0 4] 1] 0 2000 0 a 0 0 8585 100 0 B14 614 0| (DKK/MWh)
Minimum 0 0 0 a 0 1] 0 0 0 0 0 0 a 0 1] 0 0 0 Q 0 0 100 0 0 (1 0 - 162
TWhiyear 0.00 000 000 000 000 000 000 00C 000 0004200 GO0 000 000 000 000 O 383 000 000 IJ.\'( 4507 ) 0.00 000 000 000 0 0

FUEL BALANCE (TWn/year): CAES BioCon-Synthetic W Imp/Exp Corrected | CO2 emission (Mt):
DHP CHP2 CHP3 Boiler2 Boilerd PP Geo/NuHydro Waste Ekcly. version Fuel Wind PV Wave o Solar.Tk Transp househ. aqmp\'agp Netto Total Netto
- s 100.16

Ceal : : S - 10048 - S o = - - - . = T - 00 100.16 | 34.25 3425
Oil - - - - - - - - - - - - - - - b 0.00 .00 0.00 0.00 000
N.Gas - - - - - - - - - - - - - - - - - A 0.00 0.00 0.00 000
Siomass - - - - - - - - - - - - - - - - 000 | 000 000 000 000
Renewsble - - - - - - - - 3e3 - - - - - 3e3 0.00 293 0.00 000
H2etc - - - - - - - - - - - - - - - - - - 0.00 0.00 0.00 0.00 000
Biofuel - - - - - - - - - - - - - - - - - 000 | 000 000 000 000
Nuclear/CCS - - - - - - - - - - - - - - - - - 0.00 0.00 0.00 a 0.00
Total 100.18 383 104.08 0.00 104.00 L34,2:9 25

Read results:

Wind power production = 3.93 TWh/year.
Condensing Power production = 45.07 TWh/year.
Coal consumption = 100.16 TWh/year.

CO2 emissions = 34.25 Mt.

Step 5: Change installed wind power capacity
Repeat step 1 for 6000 MW wind power.

The results are now:

Wind power production = 11.79 TWh/year.
Excess production (export) = 0.06 TWh/year.
Condensing Power production = 37.28 TWh/year.
Coal consumption = 82.83 TWh/year.

CO2 emission = 28.33 Mt
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Exercise 1.3: Define district heating and individual house heating
Use the data from exercise 1.2:

e Electricity demand of 49 TWh/year and “hour-eldemand-eltra-2001”

e Condensing power plant: 9000 MW coal —fired

e 2000 MW wind power using “Hour_wind_eltra2001”
Define 1) an annual district heating demand of 39.18 TWh (distribution “hour distr_heat”) of oil
boilers and 2) a fuel demand for individual house heating of 23.07 TWh divided into 0.01 coal, 6.72
oil, 9.05 natural gas and 7.29 biomass. Use the efficiencies already used in the model (part of the
initialize data set).

Question 1.3.1: What is the net annual heat demand for individual houses?
Question 1.3.2: What is the peak hour district heating demand?

Question 1.3.3: What is the annual primary energy supply of the system? And what is the annual
CO2 emission?

How to do exercise 1.3: Use input data file from exercisel.2.

Step 1: Define individual house heating

Choose “Heating” window and the following window will open:
f{i EnergyPLAN 12.0: exercisel.txt

«‘ v EnergyPLAN 12.0: exercisel txt
Home Add-0On Tools Help
Open = — = T 9 \mas [& show Hints*
A e UEFG [ T &
G \ B save = E |
Home  New Import Settings Notes Web Run Run Run Run Treeview | Tabs
fromexcel B Save As (Clipboard) (Screen) (Print) (Serial)
\ General ‘ Run I View.
‘Warmings Appear Here:
- Individual Heating:
Overyiew
SIE Estimated Solar Thermal
=- Demand Twhiyear Fuel Consumption  Efficiency  Heat Efficiency Capacity Electricity  Heat
i palio Input  Output Thermal Demand Electic  Limit* Production Storage®  Share* Input  Output
Distribution: Heat Solar
i Hour_distr-heat. txt Hour_solar_p|
- Industry and Fuel
- Transport .
Water Coal boiler : 001 ps 0.01 0 1 0 0.00
* SUDDM Oil boiler : 672 |pgs 571 i 1 il 0.00
+)- Balancing and Storage . %
+1- Cost Naas boiler : 905 g 815 0 1 0 000
- Simulation Biomass boiler : 729 |ps 5.83 0 1 0 0.00
+- Output %
H2 micro CHP : 000 s 03 1 0.00 0 1 0 0.00

Ngas micro CHP : 000 g5 0.00 0 1 0 0.00

0.00 0 1 0 0.00

03
03

pry

Biomass micro CHP : 000 g5

pry

Heat Pump : 3 1 0.00 0 1 0 0.00

Electric heating : 1 0.00 0 1 0 0.00

i
i
0
0
i
Total Individual: 2307 ‘ 18.70 ’ 0.00 0.00
S

District Heating:

Group 1: Group 2 Group 3: Total: bution:
Production: 39.18 0 0 39.18 | Change | Hour_distr-heat.tat

Network Losses:  |0.2 0.5 0.1

Heat Demand: 31.34 0.00 0.00 31.34
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Place the cursor in the input squares of Coal boiler, Oil boiler, Ngas boiler and Biomass boiler and
type in the fuel demands.

Read the answer of question 1.3.1: The annual house heat demand is 19.7 TWh.

Step 2: Define district heating

In the same window, in the District Heating part, place the cursor in the Production group 1 input
square and type in 39.18.

Make sure that the distribution is already “hour-distr-heat”

Choose “Thermal Plant Fuel Distribution” in the tree view under the “Supply” tab and the following

window will open:
f{{ EnergyPLAN 12.0: exercisel.txt

PLSE

Home Add-0n Tools Help

AR Y GFG @ B0

v

Home  New Import B Settings Notes Web Run Run Run n Treey
fromexcel B SaveAs (Clipboard) (Screen) (Print) (Serial) ||
[ General _H Run 1\ N
Warnings Appear Here:
@ o Overview
‘ + Demand Distribution of fugl ~ Coal il Ngas Biomass
& SUDEI IJ; at and Electicity (Twhipear] ; Variable || Variable || Variable ; Yariable
Electricity Only DHP 0 O {0
_____ chpz 0 i 0 0
R chpz 0 0 0 0
+ l&lgl.;d and Gas Fuels S 0 0 0 0
+ Balancing and Storage Boiler3 0 0 0 0
+ g?nilation PP1 U D D D
GH- Output PP2 1 0 0 0

Place the cursor in the DHP oil input square and type in 1 (Any number will do, they are all relative
to the other fuel input squares)

Step 3: Calculate and see result in clipboard
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EnergyPLAN 120 exercisel . txt

o =@ gy = L

Settings Motes ‘

View

The district heating peak hour load demand is 7932 MW (Question 1.3.2)

Step 4: Calculate and see result in print output (or clipboard)

Home Add-0On Tools Help

ﬁ G- ‘ BSave [?z/ @ ﬂg -

Home ew Import Settings Notes Web Run Run
from excel B Save As (Clipboard) (Screen Eerial)

General . Run

=X

Activate the & button and look at the following print output:

Input exercise1.txt The EnergyPLAN model 12.0
Electricity demand (TWhiyear): Flexible demand0.00 Capacities Efficiencies | Regulation Strate¢Technical regulation no. 1 | Fuel Price level: Basic
Foed demand 43.00 Fixed imp/exp. 0.00 Group 2: MW-e Mlis eiec. Ther COP KEOL regulation 00000000 i .
Electric heating + HP 000 Transportation 0.00 cH 0 0 040 050 Minimum Stabilisation share 0.00 Capacities Slorage Efficiencie
Electric cooling 000  Total 49.00 Heat Pump 0 0 3.00 Stabilisation share of CH® 0.0 MW-e GWh elec. Ther
e . Boiler 0 02 Minimum CHP gr 3 load 0 MW Vo Ewmps | oR0 GhE0
District heating (TWWhiyear) Gr.1 Gr2 Gr3 Sum| Group 3: Minimam 52 0 MW Hydro Turbine: 0 060
District heating demand 3018 000 000 3018 e o 0 040 020 alien : 4 Electrol Gr2: 0 0 080 0.0
jeat Pump maximum share  0.50 2 i
Solar Thermal U E):) 000 000 0.00 Heat Pump 0 0 3.00 Maximum importexport 0w Electrol. Gr.3 0 0 080 010
Industrisl CHP (CSHP) 0.00 0.00 0.00 Boiler 0 0.20 Electrol. trans.: 0 0 080
Demand after solar and CSHP 39 ’8 000 000 30.18 Condensing 0 045 Distr. Name:  Hour_nordpeolba Ely. MicroCHP: 0 0 080
Addition factor 0.00 DKKMWh CAES fuel ratio: 0.000
Wind 2000 MW 03 TWhiyear 0.00 Grid Heatstorage: gr.2: 0 GWWn gr30 GWh | puigication factor 2.00 TWives] Cod 07 Mo Biomos
hoto Valtaic 0 MW 0 TWhiesr 0.00 stabil- | Fixed Boder gr2:0.0 Percent  gr0 Percent| pependencyfactor 0.00 DKKMWh pr. MW oo dear) ol ety
Wave Power 0 MW 0 TWhiyear 0.00 sation Electricity prod. from  CSHP  Waste (TWhiyear) | Average Market Price227 DKKMWh Transport 000 000 000 000
River Hydro 0 MW 0 TWhiyear 0.00 share Gri1 0.00 0.00 Gas Storage D GWh Household 001 672 905 7.20
Hydro Power 0 MW 0 TWhiyear Gr.2: 000 0.00 Syngas capacity 0 Mw Industry 000 000 000 000
GeothermalNuclear 0 MW 0 TWhiyear Gra: 0.00 0.00 Biogas max to grid 0 Mw Various 000 000 00D 000
Output WARNING!!: (1) Critical Excess;
District Heating Electricity Exchange
Demand Production Consumption ] Production Balance
Distr. Waste.- Ba- |Elec Fiex& Elec- Hydro Tur- Fy-  Geo- Waste Stab- ,::7"’&"‘
heating| Solar CSHPDHP CHP HP ELT Boiler EH | lance[demandTransp HF trolyser EH F'ump bine RES dro thermal CSHPCHP PP |[Load Imp Exp CEEPEEP
MW MW MW MW MW MW MW MW MW MW MW MW MW MW MW MWl MW MW MW MW MW MW MWV % MW MW MW MW | Million DKK
January 7553 0 0 7883 0 0 0 0 0 08211 0 0 0 g 0 0 390 g 0 0 0 5813 100 0 0 g 0 0 g
February 7130 0 ¢ 7138 0 0 0 ] 0 08213 0 0 0 g 0 0 610 a 0 0 0 56803 100 0 0 g 0 0 g
March 8151 1) @ 8151 0 0 0 0 0 0 |6aca 0 0 0 Q 0 D 460 0 0 0 0 5593 100 0 1 1 g 0 g
Apri 4505 0 0 4585 0 0 0 2 0 0 |5456 0 0 0 g 2] 0 375 a 0 0 0 5081 100 0 0 0 a 0 a
May 3012 0 0 3012 0 0 0 0 0 05155 0 0 0 g 0 0D 388 a 0 0 0 4789 100 0 0 0 g 0 0
June 2202 ] ¢ 2202 0 0 2 1] 0 0 |5061 0 0 0 (1 0 0 304 a 0 0 0 4867 100 0 0 0 1] 0 g
July 1788 a 0 1788 0 0 1) 1] 0 0 |48%8 0 0 0 g 0 0 284 g 0 0 0 4392 100 0 0 (Y 0 D a
August 1853 0 ¢ 1853 0 0 g o 0 0 | 52687 0 0 a 0 0 D 388 a 0 0 0 4330 100 0 0 g 0 D g
September 2611 0 0 2611 0 0 1) o 0 05355 0 0 0 g 0 D 373 [ 0 0 0 4032 100 0 0 g 2 0 g
October 4058 0 0 4058 0 o o 0 0 0 |5818 0 0 0 g 0 0 662 0 0 0 0 4954 100 0 0 0 0 0 g
November 5727 0 ¢ 5727 0 0 0 0 0 0|5831 0 0 o 0 0 0 837 a ] 0 0 5343 100 0 0 g 0 0 a
Decamber 6821 1] 0 8621 0 0 0 ] 0 05834 0 0 0 1 0 0 424 0 0 0 0 5511 100 0 0 a 0 0 a
Average 4460 0 0 4480 0 0 (] 0 0 05578 0 0 0 g 0 0 447 g 0 0 0 5131 100 0 0 g 0 | Average pricel
Maximum 7032 0 0 7032 0 0 o 0o 0 0 |8720 0 0 0 0 0 D 2000 0 0 0 0 8535 100 0 614 614 0] (DKKMWh)
Minimum 1807 o @ 1607 0 0 1] L] 0 0 ) '] 0 0 Q 0 0 0 a 0 0 0 a 100 0 g - 162
TWhiyesr 33.18 000 0.00 39.18 000 000 000 000 000 0004900 000 OO0 000 000 00D 000 303 000 000 000 000 4507 000 000 000 000 0 a
FUEL BALANCE (TWhiyear): CAES BioCon-Synthetic Industry Imp/Exp Corracted | CO2 emission (Mt):
DHP CHP2 CHP3 Boiler2 Boiler3 PP Geo/NuHydro Waste Ekcly. version Fuel Wind PV Wave Hydro Solar Tr Transphouseh Various Total | Imp/Exp Netto Total Neto
Cosl - - - - - 10018 - - - - - - - - - - - - oo - 10017 000 100.17 3426 3426
Qil 4352 - - - - - - - - - - - - - - - - - 872 - 5025 | 000 %5025 1338 1339
N.Gas - - - - - - - - - - - - - - - - - - 905 - 9.05 | 0.00 2.05 185 1.85
Biomass - - - - - - - - - - - - - - - - - - 728 - 720 | 0.00 7.29 000 0.00
Renewable - - - - - - - - - - - -3 - - - - - - - 363 | 000 383 000 000
H2 ete. - - - - - - - - - - - - - - - - - - - - 000 | 0.00 0.00 000 0.00
Biofuei - - - - - - - - - - - - - - - - - - - - 000 | 000 000 0.00 000
Nuclear/CCS - - - - - - - - - - - - - - - - - - - 0.00 0.00 0.00
Total 4353 - - - - 100.18 - - - - - - 203 - - - - - 2307 000 170.89 40.40 4940

Read the results of question 1.3.3:
Primary energy supply = 170.69 TWh/year.
CO2 emissions = 49.49 Mt.
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Exercise 1.4: Define industrial fuel demand and heat and electricity productions.
Use the data from exercise 1.3:
Electricity demand of 49 TWh/year and “hour-eldemand-eltra-2001”
Condensing power plant: 9000 MW coal —fired
2000 MW wind power using “Hour_wind_eltra2001”
Annual district heating demand of 39.18 TWh (distribution “hour distr_heat™)

e Fuel demand for individual house heating of 23.07 TWh divided into 0.01 coal, 6.72 oil,

9.05 natural gas and 7.29 biomass.

Define an industrial fuel demand of 53.66 TWh divided into 3.37 coal, 26.92 oil, 18.19 natural gas
and 5.18 biomass (including fuel for district heating and electricity production). Define an industrial
district heating production of 1.73 TWh and an electricity production of 2.41 TWh. Use the hour
distribution file “const”.

Question 1.4.1: What is the annual primary energy supply of the system? And what is the annual
CO2 emission?

Question 1.4.2: What are the annual primary energy supply of the system and the CO2 emission
when there is no district heating or electricity production from the industry?

How to do exercise 1.4: Use input data file from exercisel1.3.

Step 1: Define industrial fuel demand and district heating and electricity productions.

Choose “Industry and Fuel” window under the “Demand” tab and the following window will open:

f{i EnergyPLAN 12.0: exercisel.txt

Home Add-OnTools  Help

GBS OFO O -E.}s

Home  New Import Settings Notes Web un Run Tre
fromexcel B Save As (Cllpboard) (Screen) (Prlnt) (Serial)

lL General J Run
Warnings Appear Here WARNING!!: (1) Critical Excess:

B £ R Industry and Other Fuel Consumption
=1~ Demand
- Electricity
Heating Twhdyear Various® Fuel Losses®
Coal 0 0
+- Supply oil 0 0
+)- Balancing and Storage
+- Cost
Simulation Hoss 0 0
+)- Output
Biomass 0 0

Place the cursor in the input squares of Coal, Oil, Ngas and Biomass and type in the fuel demands.

Choose “Heat and Electricity” window under the “Supply” tab and the following window will open:
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f{i EnergyPLAN 12.0: exercisel.txt

ﬁ v EnergyPLAN 12.0: exercisel bt
Home Add-On Tools Help
& Open = T —w— | maa [& Show Hints*
AR OO BB DBHO 4
ave
Home  New Import Settings Notes Web Run Run Run Run Treeview | Tabs
fromexcel B Save As (Clipboard) (Screen) (Print) (Serial)
‘7 General I Run I g View
Wamings Appear HereWARNING!!: (1) Critical Excess:
. Thermal Capacity | 0 0 Md/s
o Overview - , . - S
= Boiler Efficiency 09 09 09 Percent [ Euel ! | cHp
% Demand Fixed Boiler share 0 0 Percent ‘~ -
§ ( Boiler \I————
e Combined Heat and Power (CHP) | /
i Heat Only . . (" Solar )
i Thermal Plant Fuel Distributi CHP Condensing Mode Operation* L\therma‘ )
-~ Waste Electric Capacity (PP1)] 0 7
¢ [ Liquid and Gas Fuels |
co2 Electric Efficiency (PP1) 0.45
+)- Balancing and Storage
+ » g;::;laﬁon CHP Back Pressure Mode Operation® CHP plants are modelled as a combing
- Output Electiic Capacity 0 0 Mwe so the Max CHP3 is the PP1 Capacity,
Thermal Capacity Auto | 0 0 Mdss
Electric Efficiency 04 04 Percent
Thermal Efficiency 05 05 Percent
Industrial CHP
CHP Electricity [ 0 0 24 Twhiyear
CHP Heat Produced 0 0 1.73 Twhiyear
CHP Heat Dwn Use " a 0 0.00 Twhiyear
CHP Heat Delivered® 1.73 0.00 0.00 1.73 Twhiyear < | Distribution | consttst >

Place the cursor in the input squares of group 1 CHP Electricity and CHP Heat Production and type
in2.41and 1.73.

The hour-distribution-file is “Hour_cshpel”.
Activate the “hange dstibuion | 1100 and change to “const” as shown in exercise 1.1, step 5.

Step 2: Calculate and see result in print output (or clipboard)
f{i EnergyPLAN 12.0: exercisel.bxt

(O

Home Add-0On Tools Help

A+ B 2 S BE &

Home New Import Settings Notes Web Run
from excel B Save As || (Clipboard) (Screen}

L General ‘

=X

Activate the = button and look at the following print output:

Read the results of question 1.4.1:
Primary energy supply = 217.07 TWh/year.
CO2 emissions = 59.19 Mt.

Step 3: Change district heating and electricity production
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Repeat steps 1 and 2:

f{i EnergyPLAN 12.0: exercisel.txt

((,‘ \\ )F EnergyPLAN 12.0: exercisel .t

Home Add-0On Tools Help
& Open a E . [ Show Hints=
B 5 O il o
Home  New Import Settings MNotes Web Run Run Run un Treewew Tabs
fromexcel B Save As (Clipboard) (Screen) (Print) (Senal) ‘

‘ - General J ‘ Run View

‘Warnings Appear Here:WARNING!!: (1) Critical Excess:

i
Thermal Capacity 0 [ 1} M /s
w1 o Overview ’ _ 3
LB Boiler Efficiency 0.9 0.9 0.9 Percent (" ruar )
=
@- Demand Fixed Boiler share 0 0 Percent 23 %
- Supgl
:
. S Combined Heat and Power (CHP)
. - HeatOnly " . (" Solar )
i Thermal Plant Fuel Distributi CHP Condensing Mode Operation® kthermai
- Waste Electiic Capacity (PP1) 0
+)- Liquid and Gas Fuels
L. CO2 Electric Efficiency (PP1) 0.45
+ - Balancing and Storage
- Cost CHP Back Pressure Mode Operation*® CHP plants are 1
- Simulation ) ]
(- Dutput Electric Capacity |0 1 ] Miwi-e sa the Max CHP:
Thermal Capacity [ Auto | 0 0 Mdss
Electric Efficiency |04 | 04 Percent
Thermal Efficiency |05 | 05 Percent
Industrial CHP
CHP Electricity 0 |0 0.00 Twhiyear
CHP Heat Produced ‘ 0 0 0.00 Twhiyear
CHP Heat Own Use = 1] 0 0.00 Twhiyear
CHP Heat Delivered” 0.00 0.00 0.00 0.00 Twhdyear [ D.islcibuiioﬁi const.txt

Place the cursor in the input squares of group 1 CHP Electricity and CHP Heat Production and type
in 0.

Read the results of question 1.4.2:
Primary energy supply = 224.35 TWh/year.
CO2 emissions = 61.53 Mt.
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Exercise 1.5: Define fuel demand for transportation.
Use the data from exercise 1.4:
Electricity demand of 49 TWh/year and “hour-eldemand-eltra-2001”
Condensing power plant: 9000 MW coal —fired
2000 MW wind power using “Hour_wind_eltra2001”
Annual district heating demand of 39.18 TWh (distribution “hour distr heat™)
Fuel demand for individual house heating of 23.07 TWh divided into 0.01 coal, 6.72 oil,
9.05 natural gas and 7.29 biomass.
e Industrial fuel demand of 53.66 TWh divided into 3.37 coal, 26.92 oil, 18.19 natural gas and
5.18 biomass (including fuel for district heating and electricity production).
e Industrial district heating production of 1.73 TWh and an electricity production of 2.41
TWh. Use the hour distribution file “const”.
Add fuel demand for transportation: 13.25 TWh Jet Petrol, 27.50 TWh Diesel and 28.45 TWh
Petrol.

Question 1.5.1: Assuming an average car efficiency of 1.5 km/kWh what is the transportation
demand in km/year of the diesel and petrol supply?

Question 1.5.2: What are the annual primary energy supply and the CO2 emission of the system?

How to do exercise 1.5: Use input data file from exercisel.4.

Step 1: Define fuel demand for transportation.

Choose the “Transport” window under the “Demand” tab and the following window open:

f{i EnergyPLAN 12.0: exercisel.txt

f s EnergyPLAN 12.0: exercisel .t
Home Add-On Tools Help
@ Open = = 9 ma= [ Show Hints*
AGB2 GG BB S |
Home  New Import Settings Notes Web Run Run Run Run Treeview‘ Tabs
fromexcel B Save As (Clipboard) (Screen) (Print) (Serial)

General J Run J Vview

Warnings Appear Here:

== Overview Twhiyear Biofuel Waste®  Synthetic Fuel  Total Distribution Help ta design inputs
= Demand JP (Jet Fuel) 0 0 13.25
Electricity
Heating Diesel 0 0.00 0 27.50
Cooling
Ind and Fuel Petrol 0 0 28.45
w Ngas® (Grid Gas) 0.00 Gas const.txt
o
- Supply LPG 0.00
+)- Balancing and Storage H2 (Produced by Electrol¥ag 1] H2 Hour_transport.txt

+- Cost
Simulation Electricity (Dump Charge) 0 Dump | Hour_transport txt

- Output Electricity (Smart Charge) 0 Smart | Hour_transport.txt

Place the cursor in the input squares of JP, Diesel and Petrol and type in the fuel demands.

Step 2: Calculate annual transportation demand in km

Activate the _H®IP 1o 9esinineuts | 1, o0 and the following window will open:
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ﬁ EnergyPLAN 12.0: exercisel.txt

ﬁ 5 EnergyPLAN 12.0: exercisel txt
Home Add-On Taols Help

ﬁ Gl' _q.l %::: @@ ﬂg ! E %, a8 [ [ Show Hints*

Home  New Import Settings Notes Web Run Run Treeview = Tabs
fromexcel BJ Save As (Cllpboard) (Screen) (Print) (Serial)
‘ . General ‘ Run | View

Warnings Appear Here:

& El Overview Twhiyear Fossil Biofuel Waste® Synthetic Fuel  Total Distribution Help to design ianltS
(= Demand JP [Jet Fuel] 13.25 0 0 1325 km/kwh  Bilion km/yeal
: Electricity
Heating Diesel 275 0 0.00 0 27.50 15
Cooling
28.45 0 0 2845 15
Industry and Fuel T
Transport Nagas* (Grid Gas) 0 0.00 Gas const txt 15
Water 0 - - 15
- Supply LPG 0.00 %
+- Balancing and Storage H2 (Produced by Electrolysers) 0 H2 | Hour_transport.tst
+- Cost s
Simulation Electricity [Dump Charge) | 0 Dump | Hour_transport.tat
+- Output Electricity (Smart Charge) 0 Smart | Hour_transpoittx

The average efficiencies are already 1.5 km/kWh and the result of question 1.5.1 is 84 billion
km/year.

Step 3: Calculate and see result in print output (or clipboard)
f{i EnergyPLAN 12.0: exercisel.bxt

@) "

Home Add-0On Tools Help

A B HES BB T

Home New Import Settings MNotes Web Run Run
from excel B Save As | (Clipboard) (Screen)

I General [| Run

=

Activate the & button and look at the following print output:

Read the results of question 1.5.2:
Primary energy supply = 286.27 TWh/year.
CO2 emissions = 77.62 Mt.

REMEMBER to save exercise 1. You will need it when doing exercise 2.
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