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Guideline to EnergyPLAN Exercise 2:
Make Simple Energy System Analyses.

In exercise 2, you are asked to do a couple of energy system improvements of the energy system of
exercise 1. Through the exercise and the guideline, you learn step by step how to analyse changes to
the energy system.

Exercise 2 continues with the system defined in exercise 1, which is:
e 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”.
e Fuel demand for transportation: 13.25 TWh Jet Petrol, 27.50 TWh Diesel and 28.45 TWh
Petrol.
The system has a primary energy supply of 286.27 TWh/year and CO2 emissions of 77.62 Mt.

Exercise 2.1: Energy conservation in house heating

Open the EnergyPLAN model. Load the data of exercise 1. Assuming that the district heating
demand of 39.18 TWh/year is composed of 20% grid losses, 20% hot water and 60% space heating,
implement energy conservation in house heating equal to 50% of the space heating demand. Do the
same for the individual house heating demand of 19.70 TWh/year assuming that the demand is
composed of 25% hot water and 75% space heating.

Consequently, the annual district heating demand will decrease by 50% of 60% from 39.18 to 27.43
TWh/year. And the heat demand for individual houses will decrease by 50% of 75% from 19.70 to
12.31 TWh/year.

Note that such energy conservation measures change the duration curves and, consequently, the
existing hour distribution curves have to be replaced by “Hour distr-heat-2-50procent.txt” and
Hour_indv-heat-50procent.txt.

Question 2.1.1: What is the peak hour district heating demand before and after implementing the
energy conservation?

Question 2.1.2: What are the primary energy supply and the CO2 emission of the system after
implementing such energy conservation measures?



How to do exercise 2.1:

Step 1: Open the EnergyPLAN model. You will see the following front page (version 12.0):
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Look at the top left-hand corner: The EnergyPLAN model is loaded with “Startdata”
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Step 2: Load “Exercise 1” data.
Activate the open data button and the following window will open:
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Choose “Exercise 1.txt” and activate the Open button.

Look at the top left-hand corner: The EnergyPLAN model is loaded with “Exercise 1" data.
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Step 3: Save Data as Exercise 2 data
Activate “Save as” button and the following window will open:
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Choose a name and type in the name, e.g.: “Execise2” and activate the Save button.

Look at the top left-hand corner: The EnergyPLAN model is loaded with “Exercise2” data.
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Step 4: Read the peak hour district heating demand BEFORE energy conservation.
Activate the s button and the following window will open:
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Read the result : 7932 MW

Step 5: Change district heating demand and hour distribution file.

Open the input district heating window by activating ”Heating” tab, under the Demand tab, and the
following window will open:
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Place the cursor in the District Heating Production Group 1 input square and type in 27.43.




Look at the Distribution:

The model is loaded with “Hour-distr-heat.txt” distribution data.

Activate the -] button and the following window will open:
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Choose “Hour_distr-heat-2-50procent.txt” and activate the Bpen button.

Look at the District Heating part in the “Heating” tab:
The model is loaded with “Hour-distr-heat-2-50procent.txt” distribution data.
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Step 6: Read the peak hour district heating demand AFTER energy conservation.

Activate the srem

button and the following window will open:




{ Results G_ A\_f!_ )1\8)

]

TOTAL ANNUAL COSTS 0

Electr. Elec.dem Fixed DH Wind PV Vave River ‘\
Demand Cooling Exp/Imp Demand Electr. Electr. Electr. Electr. E,

TOTAL FOR ONE YEAR (TWh/year):

Annual : 49.00 0.00 0.00 27 .43 3593 0.00 0.00 0.00
MONTHLY AVERAGE VALUES (MU):

January 6211 a a 4481 399 a a a
February 6213 a a 4564 610 a a a
March 6060 a i} 4021 469 a i} i}
April 5456 a 0 3399 375 1} 1} 1}

Hay 5155 I I 2859 386 i} i} i}
June 5061 0 0 1784 394 0 1} 0
July 4656 0 0 1784 264 0 0 0 —
August 5267 1} 1} 1784 388 1} 1} 1}
September 5355 1} 1} 2261 373 1} 1} 1}
October 5616 a 1} 2930 662 1} 1} 1}
November 5981 i} 1} 3566 637 i} 1} 1}
December 5934 a 1} 4085 424 o a 1}
Annual Average 5578 1] 1] 447 0 1] 0
Annual Maxzimum 8730 0 0 2000 1} 0 1}
Annual Minimun i} i} 1} 1} 1} a i}

~ D

Read the result : 7161 MW

Step 7: Change heat demand and distribution file for individual houses

Open the “Heating” window by activating “Demand” and the following window will open:
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Change input fuel consumption to 62.5% of previous value. And change distribution file to
“Hour indv-heat-50procent.txt” and the window will look like this:
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Step 8: Save data:

Activate the « & Save” button.
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Step 9: Calculate and see result in print output
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Activate the &= button and look at the following print output:




Input exercise2.txt The EnergyPLAN model 12.0:%
Electricity demand (TWhiyear): Flexible demand0.00 Capacities Efficiencies Regulati Technical lationno. 1 | Fuel Price level: Basic A
Fied demand 43.00 Fixed imp/exp. 0.00 Group 2: MW-e MJis elec. Ther COP KEOL regulation 00000000 7% ’
Electric heating + HP 0.00  Transportation 0.00 cHR 0 0 040 050 Minimum Stabilisation share 0.00 Capacities Siorage EMficiencie
Electric cooling 000  Total 40.00 Heat Pump 0o 0 300 Ctsbilisation shars of CHE .00 M= GWh elec. Ther
S et Boiler 0 0.ea Minimum CHP gr 3 load 0 MW foPanp,. 0 80680
District heating (TWhiyear) Gr.1 Gr.2 Gr3 Sum Group 3: Minimum 7 0 MW Hydro Turbine: 0 0.80
District heating demand 2743 000 000 2743 e o 0 040 020 et Pl iion siace: (05D Electrol Gr2: 0 0 080 01
Solar Thermal 000 000 000 000 | HeatPump 2 0 300 | Madmum import 5 Electrol Gr3: 0 0 080 01
Industrial CHP (CSHP) 173 000 000 173 Boiler 0 0.60 Export Electrol.trans: 0 0 0.80
Demand after solarand CSHP 25.70 000 0.00 2570 Condensing 0 0.45 Distr. Name:  Hour_nordpool bt Ely. MicroCHP: 0 0 080
Heatstorage: gr2: 0 GWn 2730 G c‘dclfgtion fauo;a ggg DKK/MWh CAES fuel ratio: 0.000
in 2 83 TWhiyear 0. i T 2 tiplication r 2 1
xo::vmn: ‘Dog m 393 T\'\‘vn:yy::f g.g sGt;:iIi- Fixed Bojler gr200 Percent  grd0 Percent r'u, o o, fa::f 0.00 DKKMWhpr, M (TWhyear) Cosl OF Ngas Biomass
Wave Power 0 Mw 0 TWhiyear 0.00 sation Electricity prod. from  CSHP  Waste (TWhiyear) | Average Market Price227 DKKIMWh Transport  0.00 8020 0.00 0.00
River Hydro 0 MW 0 TWhiyear 0.00 shars Gr.1: 241 000 Gas Storage 0 GWh Household 001 420 568 455
Hydro Power 0 MW 0 TWhiyear Gr2: 0.00 0.00 Syngas capacity 0 MW Industry 3.37 2692 13.18 5.18
GeothermalNuclear 0 MW 0 TWhiyear Gr3: 000 000 Biogas max to gnd 0 MW Various 000 000 000 000
Output WARNINGH: (1) Critical Excess;
District Heating Electricity Exchange
Deman Production c | Production Balance &
Distr. Waste-- Bz- |Elec Flx& Elec- Hydro Tur- Geo- Waste- Stab- Im;’"“e"‘axp
heating{ Solar CSHPDHP CHP HP ELT Boiler EH ranspHP trolyser EH  Pump bine RES dro thermal CSHPCHP PP |Load Imp Exp CEEPEEP
MW | MW MW MW MW MW MW MW MW MW MW MW MW MW MWl MW MWV MY MW MW MW MW % MW MW MW MW | Millicn DKK
January 4481 0 197 4234 0 0 1] 0 0 0|e211 0 0 1) ) 0 0 390 g 0 274 0 5530 100 0 0 a 0 0 0
February 4564 0 197 4387 0 1} ] 0 0 08213 0 0 0 [} 0 0 810 a 0 274 0 5329 100 0 0 a g 0 1
March 4021 0 197 3824 0 0 0 0 0 0 |6oea 0 0 0 1} 0 0 480 g 0 274 0 5318 100 0 1 1 0 0 g
Apri 3300 0 187 3202 0 1} 2 0 0 0 |5458 0 0 g g 0 0 375 g 0 274 0 4807 100 0 0 1} ] 0 g
May 2850 0 187 2682 0 0 0 2 0 05155 0 0 0 0 0 0 386 g 0 274 0 4495 100 0 0 a 2 0 g
June 1784 0 197 1887 0 0 1] 1] 0 0 | 5061 0 0 0 (1 0 0 304 g 0 0 4393 100 0 0 1} (1] 0 g
July 1784 0 1987 1887 0 1} 2 L] 0 0 | 4856 0 0 1} 1} 0 0 284 i} 0 0 4112 100 0 0 1} 1] 0 g
August 1784 0 197 1887 0 0 1] 0 0 0|5287 0 0 0 1 0 0 388 1} 0 0 4805 100 0 0 1} 1] 0 g
September 2261 0 197 2084 0 0 0 0 0 05355 0 0 0 a 0 0 373 1} 0 0 4708 100 0 0 Q 1] 0 v
October 2030 0 197 2733 0 0 0 ] 0 0|5816 0 0 1) a 0 0 @682 g 0 0 4630 100 0 0 a 0 0 0
November 3565 0 197 338 0 0 0 ] 0 0|5881 0 0 0 0 0 0 837 (1 0 0 5069 100 0 0 a 1} 0 a
December 4085 0 167 3888 0 0 0 0 0 05924 0 0 0 1} 0 0 424 i} 0 0 5236 100 0 0 1} 2 0 g
Average 3123 0 197 2626 0 0 1] ] 0 08578 0 0 0 g 0 0 447 1} 0 0 4857 100 0 0 a Q | Average pricel
Maxmum 7161 0 197 6884 0 0 Q 0 0 02720 0 0 0 a 0 0 2000 1} 0 0 8310 100 0 880 230 0] (OKKMWh)
Minimum 1873 0 187 1476 0 0 0 0 0 0 b} 0 0 0 I} 0 0 0 g 0 0 0 100 0 0 [t} 0| 188 162
TWhiyear 27.43 000 173 2570 00D 000 000 000 000 0004000 000 0O0 000 000 000 000 293 000 0.00 0.00 4286 000 000 000 000 0 g
FUEL BALANCE (TWhiyear): CAES BioCon-Synthetic Industry Imp/Exp Corrected | CO2Z emission {Mt):
DHP CHP2 CHP2 Boiler2 Boilerd PP Geo/NuHydro Waste Elcly. version Fuel Wind PV Wave Hydro Solar.TrTransphouseh Various Totsl | ImpExp Netto Total Netto
Coal - - - - - 9480 - - - - - - - - - - - 001 337 9218 | 000 9813 33.58 3358
Gil 28.58 - - - - - - - - - - - - - - - - 8020 420 2692 12338 | 00D 12883 3433 3433
N.Gas - - - - - - - - - - - - - - - - - - 5688 1819 2385 | 000 2385 487 487
Biomass - - - - - - - - - - - - - - - - - 455 518 973 | 000 973 000 000
Renewable - - - - - - - - - - - - 283 - - - - - - - 3e3 | 000 303 000 0.00
H2 ete. - - - - - - - - - - - - - - - - - - - 000 | 000 000 000 0.00
Biofue! ~ : . " - . g - . . . . < = 2 . : . - 000 | 000 000 000 0.00
Nuclear/CCS - z E = - = = Z 3 ¢ 5 : - 2 % 2 z : S 000 000 0.00
Total 2856 - - - - 9430 - - - - - - 383 - - - - 8020 1442 5304 28457 000 284.57 7273 @78

Read the results of the question 1.2.2:
The Primary energy supply has been reduced from 286.27 to 264.57 TWh/year.
The CO> emission has been reduced from 77.62 to 72.78 Mt/year.




Exercise 2.2: Replace district heating boilers by CHP
Replace the 27.43 TWh of district heating boilers by:
e 1.59 TWh of district heating boilers
e 10.00 TWh of small-scale CHP: 1350 MW, eff-th = 50%, eff-el = 41% on natural gas
e 15.84 TWh of large-scale CHP: 2000 MW, eff-th = 50%, eff-el = 41% on coal.
e Add boiler capacities of 5000 MJ/singr. 2 and gr. 3
Add thermal storage capacity of 10 GWh in gr. 2 and gr. 3.
e |dentify a 450 MW minimum production on the large-scale CHP units.
e Move 1.73 TWh of industrial excess heat production (2.41 of electricity) to gr. 3

Question 2.2.1: What are the primary energy supply and the CO2 emission of the system?

How to do exercise 2.2: Use input data file from exercise 2.1.

Step 1: Define individual house heating

Choose “Heating” window under the “Demand” tab and the following window will open:
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[=- Demand H our_ind\;'-heat-SUprocent. txt
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i Industry and Fuel Oil boiler : 42 420 pss 357
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Heat and Electricity
- Electricity Only H2 micro CHP : 000 g5 0 03 1
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- Thermal Plant Fuel Distributi ST Bl 000 Jos 0 0.3 1
Waste Biomass micro CHP : 000 ps 0 03 1
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coz Heat Pump : 0 3 1
[=- Balancing and Storage : o
Electricity Electric heating : 0 1
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+)- Cost
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+- Output
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Network Losses:  |0.2 015 01|
Heat Demand: 1.27 8.50 14.26 24.03

Place the cursor in the input squares and type in the various input values.




Choose “Heat and Electricity” window under the “Demand” tab and the following window will

open:
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[ m CHP Heat Produced 0 1.73 Twhiyear

Place the cursor in the input squares and type in the various input values.
Choose “Thermal Plant Fuel Distribution” window under the “Supply” tab and the following

window will open:

f{i EnergyPLAN 12.0: exercise2.txt

((

Home Add-0On Taols Help
b B E SO
G B GG 3l Yo
Home  New Import Settings Notes Web Run Run Run Run
fromexcel B Save As || (Clipboard) (Screen) (Print) (Serial)
‘ General | Run I
Warnings Appear Here: WARNING!!: (1) Critical Excess;
(@8 Overview
= Demand Distribution of fuel ~ Coal oil Ngas Biomass
; Elec!ficitv (Twhyear) | Yariable | [ Variable | | Variable || Variable
eating
- Cooling DHP. 0 i 0 0
| Industry and Fuel CHP2 0 0 @ 0
Transport
Water CHP3 O |0 0 0
- Supply : 0 0 0 0
Heat and Electricity Boler2
i+ Electricity Only Boiler3 S {0 0 0
eat Do
- PP2 1 0 0 0
- Liquid and Gas Fuels
coz
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Place the cursor in the input squares and type in the various input values.

Choose “Thermal” window under the “Balancing and Storage” tab and the following window will

open:

EnefgvPlAll 12.0: exercise2.txt

((

EnergyPLAN12.0: exercise2.txt

Home: Add-0n Tools Help
iy Open a @ uﬂ . E& show Hints=
)
Al B GF E &5
Home  New Import Settings Notes Web Run Run Run Treewew Tabs
fromexcel B Save As (Clipboard) (Screen) (Print)  (Serial)
y General J Run view
Warmnings Appear Here WARNING!!: (1) Critical Excess:
o Overview
| = Demand Thermal Storage Group 1: Groye ., Total: Unit
Electylclty Thermal Storage Gwh
Heating
Cooling For Solar Thermal Storage, go to Supply-> HEem Gwh
Industry and Fuel
Transport Days of optimising Thermal Storage 14 Days (max 366)
Water
=1 Supply

Heat and Electricity

Electricity Only

Heat Only susoonl Large-Scale Heat Pump Maximum load: 05
Thermal Plant Fuel Distributi

Waste

Liquid and Gas Fuels

coz Individual Heat Pump Regulation

=I- Balancing and Storage

| MNotactive | “When active the Heat Pump he.

Cost
Simulation

Enter the values of Thermal Storage capacities in Group 2 and Group 3.

at storage is only used for space heating and not hot water (defined by

Step 2: Define a minimum operation

on large-scale CHP

Choose “Electricity” window under the “Balancing and Storage” tab.

Place the cursor in the “Minimum CHP in gr.3” input square and type in the 450 MW value.

@i EnergyPLAN 12.0: exercise2.txt

&
(5

Home  New

Add-On Tools Help

(i@ Open

B save

Qu

Import Notes  Web

Settings
fromexcel B save As

| General Run

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

(Chpboard) (Screen) (Prwnt) (Senal)
Ji

EnergyPLAN1

CES B ZHO E}z,\ﬁ

un  Run Treeview | Tabs

vie

g Overview

= Demand 7
Electicity Minimum grid stabilisation production share
Heating Stabilisation share of CHP2 u
Cooling
Industty and Fuel Stabilisation share of Waste CHP [
Transport 0
Water Stabilisation share smart charge EV and V2G

Supply Stabilisation share transmission line

Heat and Electiicity

Electric grid stabilisation requirements:

Share of charge connection

hare of max capacity

Electiicity Only Minimum CHP in gr. 3: Mw
Heat Only Minimum PP 0 Mw
Thermal Plant Fuel Distibuti
Waste
- Liquid and Gas Fuels
co2
| Ba Electricity Storage
Capacities  Efficiencies Fuel Ratio %) Storage Cap:
e Pump/Compressor  |© 0.8 0

Liquid and Gas Fuel S - o a

& Cost

Simulation Allow for simultaneous operation of turbine and pump: No
- Output —~

Step 4: Calculate and see result in pr

by

int output (or clipboard)

Activate the & button and look at the following print output:
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Read the results of question 2.2.1.:
The Primary energy supply has been reduced from 264.57 to 242.33TWh/year.
The CO2 emission has been reduced from 72.78 to 64.43 Mt/year.

Input exercise2 txt The EnergyPLAN model 12.0
Electricty demand (TWhiyear): Flexible demandl.00 Capacties Eficencies | Reguistion StrateiTechical reguistion no. 1 | Fusl Price lever: Basic R1EN
Fixed demand 43.00 Foed implexp. 0.00 Group 2: MW-e Mls eec. Ther COP KEOL regulation 00002000 i s
Electric heating + H= 0.00  Transpontation 0.00 cHE 1350 1846 0.41 050 Minimum Stabiisstion share 0.00 Capacilies Storage Efficienci
Electric cooling 000  Total 40.00 Heat Pump o 0 300 | Sysbilisstion share of CHP 000 < AMEESOWeleo Ther
T Boiker 5000 000 Minimum CHP gr2load 430 MW FdoPumgc: 0 0 080
District heating (TWhiyear) Gl G2 Gr3  Suml Grypa: priviiik st Hydro Turbne: 0 0.80
District heating demand 150 1000 1584 2743 | g 2000 2432 041 050 prateis ) 5l Electrol. Gr2: 0 0 080 0.10
Solar Thermal 000 000 000 000 | peatPump R 20 Mmr""‘?"‘a’:""“s“a“ i Electrol. Gr3: 0 0 0.80 0.0
industria! CHP (CSHP) 000 000 173 173 | Bojer 5000 000 mporiexpont Electol.tans: 0 0 080
Demand after soiarand CSHP 150 10.00 1411 2570 c 2000 0.45 Distr. Name :  Hour_nordpool.ba Ely.MicoCHP: 0 0 0.20
= ——— ~ Addition factor ~ 0.00 DKK'MWh CAES fuelratio:  0.000
Wind 2000 MW 3.93 TWhiyear 0.00 Grid atstorage: gr2: .10 GWh hmlnplocanonfactor 200 - -
Photo Voltaic oMW 0 TWhiesr 000 stsbil- | FixedSoler gr200 Percent  gr00 Percen: yfactor 0.00 DKKMWhpr.Mw CVUNyean Coal Ol Ngas Biomass
\'\(ave Fower 0 MW 0 War 0.00 sation EWW prod. from CSHP Wase (TWhiyear) Avemge Market Prics227  DKKMWh Transport  0.00 66.20 0.00 000
River Hydro 0 MW 0 TWhiyear 0.00 share 000 000 Gas Storage 0 GWh Household 001 420 588 455
Fower o MW 0 TWhiyear G,_z. 000 000 Syngas capaciy o MW industry 337 26.02 13.19 513
GeothermalNuciear oMV 0 TWhiyear Gr3: 241 0.00 Biogas max to grid 0 Mw Various 000 000 000 000
Output WARNINGII: (1) Critical Excess;
District Heating Electricty

Demand Production Consumgtion [ Production Balancs

Distr Waste-- Ba- |Elec. Flex& Elec- Hydro Tur- Hy- Geo Waste- Stab- IPBV'““"Em

heating| Solar CSHPDHP CHP HP ELT Boder EH |lancedemancTransg H® tolyser EH  Pump bine RES dro thermal CSHPCHP PP | Load Imp Exp CEEP EEP .

MW| MW MW MV MW MW MW MW MW MW NN MW MW MW MW MW MY MW MV MW MW MV MW % MW MW MW MW | Million DKK
January 4481 0 107 2680 2007 O O 112 0 66211 0 O O O O O 3@ 0 0 27432042335 100 0 0 O 0| O q
February 4664 0 197 285336 © 0 205 O 1/6213 0O O @ O O 0 60 O 0 2743195213 W 0 O 0 0] © q
March 4021 0 197 233389 6 0 4 0 -13(6080 O ©0O © O O O 460 0 0 2742952238 w0 0 2 2 0| © q
Agel 339 0 197 1972010 0 0O O 0 5/488 0 O 0 0 O 0 375 0 0 2742468233 WO 0 0 0 0| © q
May 2850 0 107 188 2406 G O O GO 05188 O O © O O O 38 0 0 27420472448 100 0 0O O O o q
June 1784 0 107 103 1483 © 0 O O Ofs508¢ 0 O © O O 0 3\ 0O 0 2741263177 W 0O 0 0 0| 0O q
July 17784 0 107 103 1483 ©0 0 0 O Of4%8 0 O O 0O © 0 264 0 0 27412162001 WO 0 ©0 0 0| @ q
August 1784 0 107 103 1483 © 0 0 O Of5267 0 O © 0O ©O 0 3\ 0 0 2741216338 W2 0 0 0 0| © q
September 2261 0 197 131 1933 @ 0 O 0 0838 0 0O 0 0 ©0 0 373 0 0 2741585 3123 W0 0 0 0 0 © q
October 2030 0 107 1702564 @ 0O O 0 0|68 O O O O O O 662 0 0 27421022578 10 0 O O O o q
November 3568 0 197 207 218¢ @ 0 O O 6|58 ©0 O © 0 O 0 637 O 0 2742582471 100 0 O 0 0| © q
December 4035 0 197 237 3%0 0 0 6 0 225034 0 0 © 0 © 0 44 0 0 27420192319 W0 0 2 2 0| @ q
Average 3122 0 197 181 2712 O 0 32 O 05578 0 O © O O O 447 O 0 274 2224 2633 100 O O 0 O]Averagepricd
Maximum 7181 O 197 415 4085 0 0 2085 0 2480(873% 0 0 O 0 O 02000 O O 274 3350 5864 100 0 1330 1330 0| (DKKMWh
Minmum 1673 0 197 ¢7 50 0 0O O 0 794 © 0 ©0 © 0 @ O O O 0 274 40 0 10 0 O 0 Of254 159
TWhiyear 27.42 000 173 150 2383 000 000 028 000 0004000 000 000 000 000 000 000 303 000 000 241 1054 2313 000 000 000 000 @ q
FUEL BALANCE (TWhiyear): CAES BicCon-Synthetic Industry Imp/Exp Comrected | CO2 emission (Mt):

DHP CHP2 CHP3 Boiler2 Boller? PP Geo/NuHydro Waste Ekly. version Fuel Wind PV Wave Hydro Solar.Tt TransphousehVarious Total | Imp/Exp Netto Total Nette
Ceal - - 2787 003 005 5130 - ~ - . = - 5 - = ~ = - 001 337 8272 |-D01 8272 | 2829 2820
il & - 003 005 - : - < - = < - : 3 - - 6020 420 2602 10218 | 000 10218 | 27.22 272
N.Gas - 1973 - 003 005 - ) - ) = - - - - . ) - 586 1810 4371 | 00O 437 862 8@
Biomass - - - 003 o005 - - : : e - - - - - - - 4855 518 031 [ 000 931 000 000
Renewable - : = = = 3 - = : I = iaes < = = 2 E - 000 3@ 000 000
H2ec - - - 000 0D0 000 - ~ - . = - - - . - . < . 000 000 000 000
Biofuel - - - - - - - - - - - - - - - - - - - 000 000 000 000
Nuclear/CCS - - - - - - - - - - - - - - - - - - 000 000 iy, 0.00
Total 177 1978 2787 012 019 5139 - = > -~ = ~ 393 - S - - 8020 1442 53 001 24233 @ 42
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Exercise 2.3: Add 3000 MW off-shore wind power
Add 3000 MW off-shore wind power.
Use the hour distribution file “OffshoreHornsRef2003RAMSES.txt”

The electricity production from CHP in combination with wind power may lead to hours in which
the production exceeds the demand, known as excess electricity production. The energy system
analysis will identify and quantify this excess production. However, such balancing problems
depend on the regulation of the electricity production units. Basically the model differs between
operating CHP units 1) to meet solely heat demand or 2) to meet both heat and electricity demands
(Regulation strategy 1 and 2).

Question 2.3.1: What is 1) the excess electricity production, 2) the primary energy supply and 3) the
CO2 emission of the system if the CHP units are regulated solely according to the heat demand?

Question 2.3.2: What is the answer if the CHP units are regulated according to both the heat and
the electricity demand?

How to do exercise 2.3: Use input data file from exercise 2.2.

Step 1: Add wind power input

Choose “Electricity only” window under the “Supply” tab and the following window will open:
f{i EnergyPLAN 12.0: exercise2.txt

« s EnergyPLAN12.0: exercise2 bt
Home Add-0n Tools Help
la Open - = 9 \mmas [k Show Hints*
AGR* PG B3 @DSO
ave
Home New Import Settings Notes Web Run Run Run Run Treeview‘ Tabs
fromexcel B3 Save As (Clipboard) (Screen) (Print) (Serial)
| General | Run J| View
Warnings &ppear Here: WARNING!!: (1) Critical Excess:
= Overview Central Power Plants Capacity  Efficiency Correction Factor: Annual production: Distributions
-+
Mw-e Percent Percent Twhyear
=)~ Demand
- Electricity PP1 [CHP3 Condensing Mode)*  2000.00 n/a*
i Heati —
I £ PAuNg Condensing PP2 3000 0.45 n/a’
i~ Cooling
i Industry and Fuel Nuclear i 0 1 0.00 Change | Hour_wind_1.tst
i Transport
o Water Geothermal 0 |0 1 0.00 Change | Hour_wind_1.tat
= Supply ‘
- HeabgadElectricity Dammed Hydro Water supply* 0 Change | Hour_wind_1.tat
o P Dammed Hydro Power 0 033 0.00 [(Estimated)*
i Thermal Plant Fuel Distributi
i Waste
+)- Liquid and Gas Fuels
. CO2
=) Balancing and Storage
i Electricity Intermittent Renewable Electricity ; Estimated
i Thermal ; 55 s : Eshmatgd A Post
i il and Gas Euel Renewable Capacity:  Stabilisation Distribution profile Production  Correction Correction
+- Cost Energy Source M share Twhiyear factar praduction
- Simulation Wind v |2000 ] Change | hour_wind_elia2 393 0 393
+- Output
W.ﬂ 0 < Change | OffshoreHomsRe ,,49 0 11.49
‘W ave Power v 0 0 Change | Hour_solar_prod1  0.00 0 0.00
River Hydro v 0 0 | Change | Hour_solar_prod1  0.00 0 0.00
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Instead of Photo Voltaic choose Offshore Wind and type in the capacity of 3000 MW. Change the
distribution to “OffshoreHornsRef2003RAMSES.txt”.
Choose “Simulation” window and the following window will open:

@

Home

ﬁ G @\ B Save

jome New Import

Add-On Tools

Help

Settings

fromexcel B Save As
General

& B =

Notes

Web

Run
(Cllpboard) (Screen)

=
Run Run
(Print) (Serial)

|

Run

EnergyPLAN 12.0: exercist

& show

Treeview | Tabs

View

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

Overview

=~ Demand
Electricity
Heating
Cooling
Industry and Fuel
Transport
Water
upply
- Heat and Electricity
- Electricity Only
Heat Only

Waste
t- Liquid and Gas Fuels
co2
[=)- Balancing and Storage
Electricity
- Thermal
- Liquid and Gas Fuel

&

&

- Thermal Plant Fuel Distributi

Chose Simulation Strategy:

® Technical Simulation

4 Balancing heat demands using tripple tariff

Individual Heat Pump Simulation
* 1 Individual Heat Pumps and Electric Boilers seek to utilise only Critical Excess Production

Make sure that the technical regulation strategy is 1.

3 Balancing both heat and electricity demands (Reducing CHP also when partly needed for grid stabilisation)

2 Indivivual Heat Pumps and Electric Boilers seek to utilise all electricity export

Step 2: Calculate and see result in print output (or clipboard)
b

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

Read the results of question 2.3.1:

Input exercise2 txt The EnergyPLAN model 12. 0-;?*
Elzcinicty demand (TWh yes(J Flexitie demanal.0d Capacitves Emcizncles | Regulation Strata¢Technical reguiation no. 1 | Fusl Price level Saslc
Flx2g g2mang Fixed Impexp. 0.00 Group 2: MW-2 MJis elec. Ther COP KoL reguiation 00000000 £ 2.
Elactrc haating + HP c.o-. Transportation 0.00 cHP 1350 1646 0.41 0.50 )inimum Stabillsation share  0.00 Sopaciies Sossge Efficiencit
Elaciric cooing DOD  Toul 43.00 Heat Pump (i [} 3.00 Stablisation share of CHP 0.00 o ”\5‘1 °g‘"'u :':3- Ther.
Boller s0a0 080 Minimum CHP gr 3 load 450 MW O FURD; ,
District h2ating (TWhiyzar) Gr.1 Gr2 Gr3 Sum Graup 3: er":m ea = 0 MW Hyaro Turbine: o 0.90
Distrct heatng gemand 151023 188 2743 cHe 2000 2432 0.4 050 Heat Pump maximum share 0,50 EecrolGrz 0 D 080 040
Solar Thermal 000 000 000 0.00 Heat Pump a0 sa0 e e S Electrol. 6r3: 0 O 0350 0.10
Ingustrial CHP (CSHP) 000 000 173 173 o 000 ase o kpusipo ¢ Ewcvolirane: © O 080
Demand after solar ang CSHP  1.58 1000 1411 2570 Condensing 2000 0.45 Distr. Name : Hour_nordpool.ba Ely. MicroCHP: o 0 030
I = Addltion tactor 0.00 DKKMWh CAES tuel r3tlo 0.000
Wing 2000 MW 3.93 TWhyear 0.00 Grd Heatsage: g2 10.cWN gr.1a GWn Mutiplication factor 2.09 T R R PR
Offenors Wing 3000 MW 11.48 TWhyear 0.00 stabil- Fixed Boller: gr.2:0.0 Percent  grd.0 Percent| pepengencyfactor 0.00 DKKMWhpr.mw Cvonyean < 2
Wave Power o MW 0 TWhiyear 0.00 sation Slecirioiy prod. from  CSHP Waste (TWhiysar) | AVErage Markst Price227  DKKMWN Traneport  0.00 €3.20 0.00 Q.00
Rlver Hydro o MW 0 TWnyear 0.00 share Gra- 000 040 Gas Storage a Gwn Household 0.01 420 586 455
Hydro Power 0 MW 0 TWniyear [ 000 0.00 Syngas c3pacity a mw Indusiry 3.37 2692 1319 513
GeotnermaiNuclear O MW 0 TWhyear i 241 000 Biogasmaxtognd 0 MW Varioug 0.00 000 000 0.00
Output WARNINGII: (1) Critical Excess;
District Heating Ellacricky Exchange
Daman Praduction Consumption | Production Salance i )
Distr. Waste- B3- |Elec. Flex.& Elec- Hyara Tur- Hy- Geo- Waste- Stan- ]n:ymenéxp
neating| Solar CSHPDHP CHP HP ELT Boller EH |lancegemancTranspHP trolyser EH Pump bine RES dro thermal CSHPCHP PP [Lload Imp Exp CEEPEEP|
MW [ MW MW MW MW MW MW MW MW MW MW MW MW MW MW M\'Il MW MW ORMW MW MW MW MW % MW MW MW MW | Mison DKK
January 4281 D 197 260 3828 O 0 192 0 4|2 6 0 & 0 0 g2 a0 @ 3139 893 100 0 439 4w 0| o© 64
February 4564 © 197 265 3888 ©0 © 249 O 4f6213 € © © O 4@ 01485 4@ @ 3157 1357 W00 O 70 70 4| @ E
March 4021 O 197 233 3566 O O 25 O GOfeo@ © O ¢ @ 4@ Q617 a 4@ 2924 1301 100 0 142 18 ao| @ e
April 3399 D 197 197 3015 O © 2 @ -1(s¢6 © @ @ © O Q200 a @ 2472 859 100 0 158 158 4| O 28
May 2859 D 197 166 2492 O © O O 5|5155 @ @ @ O @ @ 1285 O @ 274 2043 1578 W4 0 25 25 40| @ 3
June 1784 0 197 103 1485 © O O @ -12|5081 6 9 @ © 0 01533 0 O 274 1226 2060 W6 0 32 32 4| 0O 4
Juy 1784 0 197 103 1483 © © O O Gf|4s © @ O O @ 0@ 1187 @ Q@ 274 1216 198 W4 O & & 4| @ q
August 1784 O 197 103 1488 © O O 6(5267 @ © @ @ O 01547 0 0 274 1221 2226 WG @ & 4 o @ q
Septembar 2281 D 197 131 1923 © © © @ 9|3 O @ @ O O Q1489 @ O 274 1577 2025 W O 21 21 g| o© 3
October 2930 0 197 170 2576 ©0 © O @ -12|s6%6 @ @ © @ @ 02047 @ @ 27421121351 WO 0 168 168 0| @ 30
November 3566 0 197 207 3138 O O 7 O 18 s5e81 0 © © 0 O @242 0 O 2742574 936 100 0 206 206 40| O 34
December 4085  © 197 237 3551 o o 9 @ 9fse¢ @ © o O @ 0 2081 @ 0 274 2012 1062 WO 0 375 35 0O 0 51
Average 3123 O 197 181 2698 © © 47 O 1|ss78 @ @ © O @ Q1755 O @ 274 2212 1475 100 0 138 138 0 |Average price]
Maximum 7161 O 197 415 4085 © 0 2463 0 2698|8730 O @ © O O 0 4968 @ O 274 3350 5529 1G4 0 4473 o (okKMwn)
Milmum 1673 0 197 o7 S48 O O ©0 o0-1s| ¢ e @ 4@ o @ 4 1 @ 0 274 450 0 WO @ 0 \O| 282 19
TWhiysar 27.43 0.00 1.73 1.50 2370 0.00 0.00 0.41 0.00 0.00 4900 0.00 0.00 050 000 0.00 0.00 1542 0.00 000 2.41 19.43 1296 0.00 12‘ 122 ga| o 242
FUEL BALANCE {TWhiyear): CAES BiaCon-Synthetic Industry Imp/Exp CO2 emisslon (M1):
DHP CHP2 CHP3 Bo#er2 Soller3 PP Geo/Nurydro Waste Ek.ly. version Fuel Wind Offen. Wave Hydro Soiar.Tr Transphouseh Varicus Total | Imp/Exp Netto Total Netto
caal - - 2774 0DOS 007 2850 - - - - - - - - - - - - 001 337 6003 |-270 5733 | 2053 1881
on - - 005 007 - - - - - - - - - - - - 69.20 420 2682 1022 0.00 10220 | 27.23 27.23
N.G3s - 1955 - 005 047 - - - - - - - - - - - - - 586 1819 2361 | 0.00 4351 550 3590
Shmass - - - o0s 007 - - - - - - - - - - - - - 255 518 984 | 000 984 000 0.00
Renawable - - - - - - - - - - - - 383 1148 - - - - - - 1542 | oo0 1542 0.00 000
H2 ete - - 00D 000 0400 - - - - - - - - - - - - - - 000 | 000 000 0.00 0.00
Biotuel - - - - - - - - - - - - - - - - - - - - 000 | 000 @00
NuclearCCs - - - - - - - - - - - - - - - - - - - -m\n 0 000
Total 177 1965 27.74 012 027 2880 - - - - - - 383 1142 - - - 6920 1442 53l 5‘ 231.11 " 70 228.41
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The Primary energy supply has been reduced from 242.33 to 231.11 TWh/year.
The CO2 emission has been reduced from 64.43 to 56.66 Mt/year.
Critical Excess Electricity Production (CEEP) = 1.22 TWh/year

Step 3: Change regulation strategy

Choose “Simulation” from the tree view and the following window will open:
m EnergyPLAN 12.0: exercise2.txt

v EnergyPLAN12.0: exercis

Pk

Home Add-0n Tools Help

—
— Pz A hAN - — — -
A B e GO Q3 = 5 B
=Y B save ~ ML
Home  New Import Settings MNotes Web Run Run Run Run Treeview = Tabs
fromexcel B3 Save As (Clipboard) (Screen) (Print) (Serial)
i General ‘ | Run 1 | View

“Warhings Appear Here: WARNING!!: (1) Critical Excess;

[ & & Qverview Chose Simulation Strategy:

| - Demand
(- Supply < e Technical Simulation '
+ Balancing and Storage

Technical Simulation Strateqy

1 Balancing heat demands

5 Qverview *2 Balancing both heat and electricity demands:
i-- TabScreen ) . o
"... Graphics 3 Balancing both heat and electncity demands [Reducing CHP also when partly needed for grid stabilisation)

4 Balancing heat demands using tripple tariff

Individual Heat Pump Simulation
o 1 Individual Heat Pumps and Electric Boilers seek to utilise only Critical Excess Production

2 Indivivual Heat Pumps and Electric Boilers seek to utilise all electricity export

Change from Balancing heat demands (Technical Simulation strategy) to Balancing both heat and
electricity demands (Technical Simulation strategy).

Step 5: Calculate and see result in print output (or clipboard)

=X

Activate the e button and look at the following print output;
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Input exercise23.ixt The EnergyPLAN model 12.0

Electriclly demand (TWhiyear):  Flexibie demand 0.00 Capacities Eficlencies Reguiation Strategy.  Techrical reguiation no. 2 | Fuel Price level: Basic 5
Fixed demand 4900  Fedimpexp.  0.00 Growp 2: MW-e MU elec Ther COP KEOL reguiation 00000000
Eleciricheatng+ HP  0.00  Transportation  0.00 cHP 1350 1646 041 0.50 Mrimun Sthiisaton share. 0,00 Capacities Storage EMciencies
Electric cooling 0L0  Towl 49.00 Heat Pump 0 0 300 StaviEsation share of CHP 000 MN-2 GWh eec. Ther.
okey 5000 00 Minmum CHP gr 3103 40 MW téylio P ML
Distict heating (TWhvyear) 61 Gr2 Gr3  Sum Grow & bz 3 Hyoro Turbine: @ 090
Distict heating demand 159 1000 1584 2743 cHe 2000 243 041 050 P Boarts ot . Elactrol. Gr.2: 0 0 080 0.10
- P maximum share 0.50 S
Soiar Thermal 000 000 000 000 Heat Pump o 200 b Fp Pt S i Eiactrol. Gr.3; o 0 080 010
Industrial CHP (CSHP) 00D 000 173 173 Botier 5000 050 s Slctrol.4ans: 0 0 080
Demandafiersoiarand CSHP 152 1000  14.11 2570 : 2000 045 Distr. Name : Hour_nordpool. bt Ey.MicoCHP: 0 0 080
Heastoage: grz 10 GWn a3 10 Gwn Agdrion factor 000 DKKMANN CAES fuel ratio: 0.000
wing 2000 MW 393 TWhyexr 000 Grid 10630 gr.2: & Muipiication factor 200
Oftznore Wing 3000 MW 1148 'rwng:ar 000 stoi- | FedBoller gr2 00 Percent gr3: 00 Percent | p factor 000 OKKMWnpr My | (TWRYS3 Codl Ol Ngas Biomass
Wiave Power 0 MW 0 TWhyexr 000 saton Elecricity prod. from  CSHP Waste (TWhy=ar) Average Market Price 227 DKK/MW Transpot 000 6920 000 000
Rover Hydo 0 MW 0 TWhyear 000 share Gr1- 0.00 00D Gas Storage o Gwn Household 001 420 S65 455
Hydro Power 0 MW 0 TWhyear arz 000 000 Syngas capaclty o MW Industry 337 2622 1813 518
Geothemmal/Nuckear 0 MW ¢ TWhyear Gr3: 241 000 Biogas max to grid o Mw Various 000 000 003 000
OQutput WARNINGII: (1) Critical Excess;
District Heating Elecricity
Demand| Proguction Consumption Producion Balance
Distr. Wasie B> |Eiec Fexs Bec- Hyaro| Tur- Hy- Geo Wase: S I:"W‘
neatng  Solar CSHP DHP CHP HP ELT Boller EH | lance demand Transp. WP troyser EH  Pump|bine RES aro thema CSHP CHP PP |load mp Exp cCzep Eep |MP BP
MW | MW MW MW MW MW MV MW MW | MWV | MW MW MW MW MW MW | MW MW MW MW MW MW MW | % MW MW MW MW | Milion DKK
January  a481 0 197 260 3293 O O 727 O 4|61 © ©0 © O O O 2344 0 O 274 2701 8% 10 0 2 2 0| O 0
Feoruary 4564 O 197 265 3771 O O 38 0 4(€23 ©0 © © O O 0 1495 O O 274 3092 1351 10 O O @ 0| @© 0
March 421 0 197 233 38 0 O 203 O 0|60 O ©O © O O O 7S O O 274 278 130S W0 0 2 2 46| o 0
A 399 0 197 197 2817 O O 1 O 8|s4<% ©0 O O O O O 2009 0 O 274 230 8S WO O 1 1 af o 0
May 2859 O 197 166 2464 O O 20 © 3|s.$s © ©O ©O O O O 1285 O O 274 2021 178 WO 0 3 3 o o 0
June 178 0 197 103 1472 O 0 20 0 -W0|set © © © 0 0 0 153 0 0 274 1207 2084 110 O0 1B 18 0| © 2
Juy 1788 © 197 103 482 O O S O -3(4% © © © ©0 0O O 1187 O O 274 1215 198 10 ©O0 6 & 0| © 0
August 178 0 197 103 1487 O O O O 4(s67 ©0 © © O O 0 1547 O O 274 120 2% 110 0 4 4 0| © 0
September 2261 0 197 131 1998 O 0O 25 0 10[s%s © ©6 © O O O 4% O O 274 15%6 2027 W0 O 2 2 0| © 0
Ocober 2930 0 197 170 2403 O O 173 O -13[s6%6 © ©0 © O 0 0 2047 0 O 274 1971 1358 10 0 34 34 0| © 6
Novemper 3565 O 197 207 2016 0 O 23 O 15[s®1 ©0 ©0 © O O 0 2342 O O 274 23% 98 10 0 26 26 0| O 4
Decemper 4085 © 197 237 3123 O O 59 0 9fsw& o © © 0 O 0 22060 O 0 274 251 1055 10 O 27 27 0| @© 3
Average 3123 O 197 181 2539 O O 205 O 1(ss8 ©0 © © O O O 1755 O O 274 2082 1477 10 O 10 10 0| Average prce|
Madmum 7161 0 197 415 4085 O 0 3919 0 2932(&W 0 © © O O 0 4968 O 0 274 3350 5578 100 O 1727 1727 Q| (DKKMWn)
Mnimum 1673 0 197 97 sS4 0 O O 0-1%| o © © © 0 0 0 1 O O 274 40 0 W0 0 O of 266 187
TWhyear 2743 000 173 159 2230 000 000 180 000 000(4300 000 000 000 000 000 000 1542 000 000 241 1829 1298 oco oof oos Poo| o 17
FUEL BALANCE (TWhiyear): S BioCon- Synthetic Industry Imp/Exp CO2 amission (Mt
DHP CHP2 CHP3 Bole2 Boler3 PP GeoNu.Hyoo Waste Ekly. verson Fusi  Wind Offsn. Wave Hydro  Solar.Th Transp. nouseh. Vanous Total | Impxp Netto Toal Neto
Coal - - 2640 025 025 2884 - - - - - - - - - - - 001 337 5911 | 020 5831 202 2015
ol 177 - - 025 025 - - - - - - - - - - - - 6920 420 2692 10259 | 000 10259 2733 27.33
N.Gas - 1821 - 02 025 - - - - - - - - - - - - - 566 1819 4256 | 000 4255 869 869
Blomass - - 025 025 - - - - 455 518 1023 | 000 1023 000 000
Renewadle - - - - - - - - - - 383 14 & - 1542 | 000 1542 000 000
H2 etc. - - - 000 000 000 - - - - - - - - - - - - - 000 | oo 000 000 000
Blofuel - - - - - - - - - - - - - - 000 | 000 000 000 0.00
Nuciean'CCS - - - - - - - - - - . 000
ot 177 1821 2640 099 101 2884 - - - - - - 393 1148 - - - 6920 1442 535&229‘91 523 315

Read the results of question 2.3.2:

The Primary energy supply has decreased from 231.11 to 229.91 TWh/year.

The CO2 emission has decreased from 56.66 to 56.23 Mt/year.

Critical Excess Electricity Production (CEEP) is reduced from 1.22 to 0.09 TWh/year

Exercise 2.4: Implement electricity-saving measures
Decrease the electricity demand by 30% from 49 to 34.3 TWh/year.

Question 2.4.1: What is 1) the excess electricity production, 2) the primary energy supply and 3) the
CO- emission of the system if the CHP units are regulated solely according to the heat demand?

Question 2.4.2: What is the answer if the CHP units are regulated according to both the heat and
the electricity demands?

How to do exercise 2.4: Use input data file from exercise 2.3.

Step 1: Change electricity demand

Choose “Electricity” window under the “Demand” section and the following window will open:
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f{i EnergyPLAN 12.0: exercise2.txt

(OF

Home Add-0n Tools Help

ﬁG 6, (dr Oen ﬁ Ef@ ﬂﬂ 3| E & %‘ 22 | B showHints®

B save

EnergyPLAN12.0: exercise2.txt

Home  New Import Settings Notes Web Run Run Run Run Treeview | Tabs
fromexcel B Save As (Clipboard) (Screen) (Print) (Serlal)
General 71 | Run g View

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

- Overview o .
, Electricity Demand and Fixed Import/Export
| = Demzad
: Electricity demand: | Change distribution| Hour_eldemand_eltra2007. tst
; Coﬁng Electric heating (IF included) = Twhiyear  Subtract electric heating using distribution from ‘individual’ window
 Industry and Fuel Electric cooling (IF included) | 0 Twhiyear Subtract electric cooling using distribution from 'cooling’ window

- Tranennrt

Place the cursor in the input squares and type in the various input values.

Choose “Simulation” window and the following window will open:
f{i EnergyPLAN 12.0: exercise2.txt

Pk

Home Add-0On Tools Help

AG R OEFG B3 S0 &

Enen

Home New Import Settings Notes Web Run Run Run Run Treeview
from excel BJ Save As (Clipboard) (Screen) (Print) (Serial)
I General 7‘\ \ Run y [|

Warnings Sppear Here: WARMNING!!: (1) Critical Excess:
(B3 Overview
| @ Demand

+ Supply
+ Balancing and Storage

« i Technical Simulation:
- Outpu

Make sure that the Technical Simulation is on. Change the Technical Simulation Strategy to ‘1
Balancing heat demands’

Chose Simulation Strategy:

Step 2: Calculate and see result in print output (or clipboard)
ba,

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

17



Input exercise2.txt The EnergyPLAN model 12.0;%
[ | »\

Electricity demand (TWhiyear): Flexble demandd.00 Capacities Efficiencies Regulation Strate{Technical reguistion no. 1 | Fusl Price level: Basic v
Fixed demand 242 Fixed imp/exp. 0.00 Group 2 MW= Mis eec. Ther COP KEOL regulation 00000000 :
Electric heatng + HP 0.00  Transportation 0.00 CHP 1350 1846 0.41 050 Minimum Stabilisation share 0.00 Capacilies Slorage Efficien
Electric cocling 000  Total 24.30 Heat Pump e 0 3.00 Stabilisation share of CHP  0.00 ) MV GWh elec. The
i x Soiler 5000 0.90 Minimum CHP gr3load 450 Mw | FydoPume: 00 080
District heating (TWhyear) Gr.1 Gr2 Ge3 Sum| Group 3: Minimum PP MW Hydro Turbine: 0 0.90
District heating demand 150 1000 1584 2742 CHP 2000 2439 041 050 Heat'Pum sy shaie:0.50 Electrol. Gr.2: 1} 0 030 010
Solar Thermal 000 000 000 000 | HeatPump 0o 2l [l el N § W ElecrolGr3: 0 0 030 0.0
Industrial CHP (CSHP) 000 000 173 1.73 Boiler 5000 0.90 b Electrol. trans.. 0 0 020
Oemand after solarand CSHP 1.5  10.00 14.11 2570 Condensing 2000 0.45 Distr. Name :  Hour_nordpool.tdt Ely. MicroCHP: 0 0 0ao
Wind 2000 MW 303 TWh 0.00 Grid Heststorsge: gr.2:10 GWh gr.10 GWh :ﬁ;?n fa_ctafr ggg i E e e e
i et v 283 1 ar U S0 ? = o= 2 3 uitplication factor 2. - =
OfishorsWind 3000 MW  11.40 TWh'yyzar 0.00 stabili- | FoedBoiler: gr200 Percent  gr0.0 Percent| Dependancyfactor 0.00 DKKMWhpr My (TWniyean Coal G Ngas Bioma
Wave Power 0 MW 0 TWhiyear 0.00 sation Eleciricity prod. from CSHP  Waste {TWhiyear) | Average Market Price227 DKK/MWh Transport  0.00 68.20 0.00 0.00
River Hydro 0 MW 0 TWhiyear 0.00 share Gt 0.00 0.00 ' " | Gas Storage 0 Gwh Household 0.01 420 588 455
Hydro Power 0 MW 0 TWhiyear Gr2: 0.00 0.00 Syngas capacity 0 Mw Industry 3.37 26.92 18.18 518
GeothermaliNuclear 0 MW 0 TWhiyear Gr.a: 241 000 Biogas max to grid 0 Mw Various 000 000 000 D00
Output WARNINGI!: (1) Critical Excess;
District Heating Electricity Exchange
Demand Production Consumption | Production Balance
Distr. Waste- B83- |Elec. Flexé& Elec- Hydro Tur- Hy- G=o- Waste-- Stab- I:Wém
heating| Solar CSHPDHP CHP HF ELT Boiler EH | lancedemandTranspHP trolyser EH Pump bine RES dro thermal CSHPCHP PP |load Imp Exp CEEPEEP P
MWV MW MW MW MW MW MW MW MW MW MW MW MY MY MW MW[ MW MW MW MW MW MW MW % MW MW MW MW | Milkon DKK
January 4431 0 197 260 3832 0 0 182 0 -7 4348 0 g a a 0 0 2344 0 D 274 3148 130 100 0 1540 1549 g 1] 284
February 4584 0 197 265 3845 0 0 250 0 2 |4248 0 a 0 0 0 0 1405 0 0 274 3153 186 100 0 760 760 g 0 9d
March 4021 0 197 233 3553 0 0 4 0 -10 (4242 0 0 1} i} 0 0 1705 0 0 274 2013 217 100 0 288 263 g 1} 127]
Ageil 3300 0 197 197 2085 0 0 2 0 173819 0 0 g 0 0 0 2009 0 0D 274 2448 55 100 0 98 oo (1 0 171
May 2859 0 197 186 2523 0 0 0 0 -26|3c09 0 0 0 1} 0 0 1285 0 0 274 2088 327 100 0 345 245 0 1} 51
June 1784 0 197 103 1465 0 0 0 0 18]3543 0 1] 1} 1} 0 0 1533 0 0 274 1202 763 100 0 220 229 g i} 32
July 1784 0 197 103 1405 0 0 0 0 -12|3288 0 0 1} 1} 0 0 187 0 0 274 1228 €77 100 0 105 105 0 0 9
August 1784 0 197 103 1482 0 0 0 0 £ | 3887 0 0 a i} 0 0 1547 0 0 274 1221 300 100 0 156 158 0 0 24
September 2261 0 197 131 1830 0 0 0 0 2 (3743 0 a 0 0 0 0 1400 0 0 274 1583 623 100 0 231 2% g 0 40
October 2830 0 197 170 2541 0 0 0 022|383t 0 0 1} i} 0 0 2047 0 0 274 2084 202 100 0 768 768 g 1} 13§
November 2588 0 197 207 23153 0 0 8 0 1|4188 0 0 g 0 0 0 2342 0 D 274 2588 165 100 0 1181 131 (1 0 100
December 4035 0 197 237 35%¢ 0 0 88 0 £ 4154 0 1} 1} 1} 0 0 2081 0 D 274 2018 125 100 0 1225 1225 0 i} 193
Average 3123 0 197 181 2805 0 0D 48 0 0|3e05 0 0 1} a 0 0 1755 0 0 274 2210 336 10 0 T M 0 | Averags pricel
Maximum 7181 0 197 415 4085 0 0 2483 0 1881|6111 0 0 g 0 0 0 4068 0 0 274 3350 3280 100 0 5857 5657 0| (DKK/MWh)
Minimum 1873 0 197 97 3540 0 0 0 0 -1845 0 0 a 1} a 0 0 1 0 0 274 450 0 100 DA‘ a 0| 267 217
TWhiyear 27.43 000 173 150 2268 000 000 043 000 000p430 000 000 000 000 000 DOD 1542 000 00D 241 1942 322 00y 616 §.16 000 0 1337
FUEL BALANCE (TWhiyear): CAES BioCon-Synthetic Industry Im) rrected | CO2 emission (Mt
DHP CHP2Z CHP3 Boiler2 Boler3 PP Geo/NuHydro Waste Ek.ly. version Fuel Wind Offsh. Wave Hydro Solar.Tt Transphouseh.Various Total | Imp/Exp Netto Total Netto
Coal - - 2771 0058 007 715 - - - - - - - - - - - - 0.01 337 3838 |-1368 2468 1312 8.44
Gil 1.77 - - 005 007 - - - - - - - - - - - - 6820 420 2062 10221 000 10221 27.23 21.23
N.Gas - 1984 - 005 o007 - - - - - - - - - - - - - 566 1819 4361 | 000 4361 890 890
Biomass - - - 005 007 - - - - - - - - - - - - - 455 5.18 9.85 0.00 935 000 000
Renewable - - - - - - - - - - - - 383 1149 - - - - - - 15.42 000 1542 0.00 000
H2 etc. - - - 000 000 000 - - - - - - - - - - - - - - 0.00 0.00 0.00 0.00 0.00
Biofuel - - - - - - - - - - - - - - - - - - - - 0.00 0.00 0.00 000 0.00
Nuclear/CCS - - - - - - - - - - - - - - - - - - - - 0.00 0.00 1 .00
Total 1.77 1984 277 020 028 715 - - - - - - 383 1149 - - - 6820 1442 536 209.43‘ 1369 195.78 40.25 g 57

Read the results of question 2.4.1:

The Primary energy supply has been reduced from 229.91 to 209.45 TWh/year.
The CO2 emission has been reduced from 56.23 to 49.25 Mt/year.

Critical Excess Electricity Production (CEEP) is raised from 0.09 to 6.16 TWh/year

Step 3: Change regulation strategy, calculate and read results.

Repeat steps 1 and 2.
Change the Technical Simulation strategy to ‘2 Balancing both heat and electricity demands’ under
the “Simulation” tab in the tree view.

=X

Activate the @m button and read the results of question 2.4.2 on the print:

The Primary energy supply has been decreased from 209.45 to 204.02 TWh/year.
The CO2 emission has been decreased from 49.25 to 47.31 Mt/year.

Critical Excess Electricity Production (CEEP) is reduced from 6.16 to 1.13 TWh/year
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Exercise 2.5: Add heat pump and heat storage capacity to CHP plants
Add heat storage capacity of 40 GWh to gr 2 together with a 300 MW heat pump with a COP=3.
Question 2.5.1: What is 1) the excess electricity production, 2) the primary energy supply and 3) the

CO2 emission of the system if the CHP units are regulated according to both the heat and the
electricity demands?

How to do exercise 2.5: Use input data file from exercise 2.4.

Step 1: Add heat pump and heat storage

Choose “Thermal” window under the “Balancing and Storage” tab and the following window will
open:

(8 gyPLAN 12.0: ise2.bxt

Home Add-0n Tools Help

A B 2 H O 0F @ = O S'E'Bi B show Hints~

B save
Home New Import Settings Notes Web Run Run Run Treevlew Tabs
from excel B Save As (Clipboard) (Screen) (Print) (Serial)

General | Run Il View

Wamlngs Appear Here WARNING!!: (1) Critical Excess:

EnergyPLAN 12.0: Exercise costs.tt

Overview

| & B

#)- Demand Thermal Storage Group 1: =yl Group 3: Total: Unit
+- Supply
- Balancing and Storage Thermal Storage 10 Gwh
For Solar Thermal Storage. go to Supply->Heat Only Gwh
oo and Gas Fuel

+- Cost
Simulation
+1- Output

Days of optimising Thermal Storage 14 Days [max 366)

Place the cursor in the input squares and type in the input value.
Choose “Heat onIy” window under the “Supply” tab and the following window will open:

f@i EnergyPLAN 12.0:

«

Home Add-On Tools Help

ﬁ G" .\ E::: a’ IZ @ Eg IS E . ‘6%3 1 E& show Hints=

Home  New Import Settings Notes Web Run Treewew Tabs
from excel B save As (Cllpboard) (Screen) (Pnnt) (Serial)

L General | Run | view

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

EnergyPLAN12.0: Exercise costs.txt

Group 1: Group 2: Group 3: Total: Unit Distribution:
Overview
LELE) Solar Thermal
+- Demand
=) Supply Production o 0 o Twhiyear Change | Hour_solar_prodi.tat

Heat and Electricity

hemal B uel Distributi Loss fi] i} 0 Percent

Waste
- Liquid and Gas Fuels
hare* 1 1 1 Percent
i Share’
+ galatncmg and Storage Result 0.00 0.00 0.00 0.00 Twh/year
+) osl
Eirr;ula:ion Annual accumulated heat in solar thermal storage: 0.00 Twhiyear
+)- Outpul

Compression Heat Pumps

Electric Capacity 300 0 Miwf-e
cop 3 3
Thermal Capacity 300 o MJ/s

Place the cursor in the input squares and type in input values for the heat pumps.
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Step 2: Calculate and see result in print output (or clipboard)

=X

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

Input exercise252 ixt The EnergyPLAN model 12.0 ‘//‘;;f
Electricity cemand (TWhiyear): _ Flexibie demand 0.00 Capacies  EMciencies Reguiation Strategy. Technical requiation no. 2 | Fuel Price level; Basic S
Fixea demand 130 Fedimpiesp. 000 Growp 2: MW-e MiS elec. Ther COP KEOL reguiation 0000000
Electicheating+ HP  0.00  Transporaton  0.00 cHP 1350 1646 041 0.50 Minmum Stabiisaton share 0,00 Capaciies Storage Eficiencies
Electric cooling 0f0  Toml 430 Heat Pump 00 900 300 Staviksation share of CHP 0.00 MW-e GWh elec. Ther.
7 Bojer £000 oso Minimum CHP gr 310ad 50 MW pec 0 oo
Distict neating (TWhvyear) Gt Gr2  Gr3  =um Grow 3 ey et HyoroTurbine: 0 0%
Dis¥ict heating demana 159 1000 1584 2743 cHP 2000 2438 041 050 Heak Pk i | 050 Eiactrol. Gr.2: 0 0 080 010
Soiar Themal 000 000 000 000 Heat Pump ¥ e 300 i St S s Siectrol. Gr.3: 0 0 080 01
Industrial CHP (CSHP) 000 000 173 173 goser 5000 0.%0 Eectrol.¥ans: 0 0 080
Demandafiersoiarand CSHP 159 1000 1411 2570 . 2000 04s Distr. Nama © Hour_nordpool it Ey.McoCHP: 0 0 080
e g :,mm m'a::‘orm zg: DKK/MWh CAES fuel ratio: 0.000
ving 2000 MW 333 TWhyear 000 Gnd Fsiorage: orz: 3! = o - -
Offsnore Wind 3000 MW 1148 rwn?f;z 000 son | FuesBoler gz 00 percent o3 00 Percent | peperauncyray 06 DKKMWhpr. My | (TWhyear) Coal Ol Ngas Biomass
Viave Power 0 Mw 0 TWhyexr 00 saton Elecriclty prod. from  CSHP Waste (TWhiyear) Average Market Price 227  DKK/MWh Transpot 000 6320 000 000
Rover Hyoro 0 MW 0 TWhyexr 000 share St 000000 Gas Storage o own Housenoid 001 420 565 455
Hyadro Power 0 Mw 0 TWnyear a2 000 000 Syngas capacity o MW ndustry 337 2592 1813 518
GeothermayNuciear o Mw D TWhyear ara 241 000 Blogas max to grtd o MW Varous 000 000 000 003
Output WARNINGI!: (1) Critical Excess;
District Heating Elecyicity
Demand] Procuction C Production Balance
Distr. Wastes 8> B Fexs Sec- Fyaro| Tur- Fy-  Geo Waser S "::V“‘emm
heating | Solar CSHP DHP CHP HP ELT Boller EH | lance demand Transp.HP frolyser EH  Pump|bine RES o themnal CSHP CHP PP [load imp Exp CEEP EEP
MWO[ MW MW MW MW MW AN MW MW | AW | MW MW MW MW MW MW | MW MW MY MW MW MW MW | % MW MW MW MW | Millon DKK
Jawary 4481 0 197 260 2235 657 O 10868 O 5|4%8 O 213 0 O O O 2344 0 © 274 1e7a 142 100 O & & 0| O 9
February 4564 O 197 255 3113 4% O 4% 0 8[au3 o0 163 0 ©0 O 0 1455 0 O 274 2552 204 100 0 14 14 o o 2
March a2t O 197 233 2710 418 O 47 o 124242 0 13 © 0 0 0 1705 O O 274 222 208 10 0 33 3 0| 0 s
Apr 39 0 197 197 2054 459 O 484 0 1318 ©0 B3I ©0 O O 0 2009 0 © 274 1632 73 W0 O 7 7 0| O 11
May 2859 D 197 166 2174 217 0 101 0 4|30 © 72 0 0D O 0 1285 0 0 274 1783 3\ 10 0 42 42 o o 6|
June 1782 0 197 103 1305 168 0 10 0 0Of3%$3 © S O O 0 0 15383 0 O 274 1070 8% 10 0 117 117 0| 0 15
Juy 1784 © 197 103 135 17 ©0 2 O 0|32 0 3% O O O O 118 O 0 274 1127 7B 10 O S2 5 0 @ 4
August 1788 O 197 103 136 13 O 4 0 -13[3%% ©0 4 O 0 O 0 1547 O O 274 1112 85 10 0 6 6 0| 0 10
Septemper 2261 0 197 131 1635 200 O 43 0 S5[3748 © & 0 O O 0D 1% 0 O 274 1382 713 W00 0 S sS4 o o 9
Ocwober 2630 O 197 170 1951 344 0 262 0 4[3W1 © 15 ©0 O O 0 2047 O © 274 1608 288 100 O M 71 0| 0 30)
November 3566 O 197 207 2132 4% O S4 0 44185 O 164 ©0 O 0O 0 2342 O O 274 1743 150 100 O 165 165 0o © 27
Decemver 4085 © 197 237 2416 S0 O 712 0 13[41¢ © W ©0 ©0 O 0 2060 O O 274 1981 131 100 O 12¢ 124 0 0O 18
Average 3123 0 197 181 2045 343 0 381 O 0[3w0S O 16 O O O O 1755 O O 274 1677 396 100 O B8 B3 0| Average price]
Maimum 7161 O 197 415 4085 900 0 3833 0 14S3[6111 O 300 0 O O 0 4968 0 O 274 3350 3298 100 O 2526 2525 0| (DKKMWN)
Mnimum 1673 O 197 97 S ©0 0 O o0-15®| 8 © © © © © © 1 © 0 24 40 0 W00 0 O of 25 200
TWhyesr 2743 00D 173 15¢ 1796 307 000 306 000 000(3430 000 102 000 000 000 000 1542 000 000 241 1473 3.49 cco o7l 072 Joa| o s
FUEL BALANCE (TWhy2ar): CAES BloCon- Synthetic Inaustry ImoExp CO2 amission (M):
DHP CHP2 CHP3 Boler2 Boller3 PP Geo/NU.Hyoro Waste Sklly. verson Fusl  Wind Offsh. Wave Hydro Solar.Th Transp. househ. Varous Total | ImpExp Netio To@l Neto
Coal = - 232 019 066 776 - 2 = = - . - - - - © 001 337 3845 | 181 334 1212 1157
ol 17T = - 019 066 - : & < = 2 2 = - : - 6820 420 2692 10294 | 000 10284 2742 2742
N.Gas - e 012 06 - - - - - - - - - - - - s66 1819 3718 | 000 3718 753 753
Blomass - - 019 06 - - - - - - - - - - - - 455 518 1059 | 000 1059 000 000
Renewadle - = 2 2 < A g = = - 3@ 14 - s A g z - 1542 [ ooo 1542 000 000
H2etc. - - 000 000 000 - s = = - : - - s - : oco | oco o000 001 000
Blotus! - - - : - - - - - - - - - - - - - - oco | oco o000 000 000
NucleariCCS - - Z 3 2 £ : 5 £ = 2 B S & g 2 : 2 - - 000 000 0.00
o 177 1247 2346 077 265 776 - - - - - - 38 1148 - - - 6020 1442 S3sef 20157 o161 19395 71z Jss

Read the results of question 2.5.1:

The Primary energy supply has been reduced from 204.02 to 201.57 TWh/year.
The COz emission has been reduced from 47.31 to 47.14 Mt/year.
Critical Excess Electricity Production (CEEP) is reduced from 1.13 to 0.72 TWh/year

REMEMBER to save exercise 2. You will need it when doing exercise 3.
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