Henrik Lund, Aalborg University, February 2010/February 2014/July 2022

Guideline to EnergyPLLAN 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 FElectricity demand of 49 TWh/year and “DK 2013 electricity demand”
Condensing power plant: 9000 MW coal —fired
2000 MW wind power using “DK 2013 Wind onshore”
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 286.76 TWh/year and CO2 emissions of 77.77 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 must be be replaced by “VpDkFjv50.txt” and Hour indv-heat-
S50procent.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 COZ2 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 16.21):
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Look at the top bar: The EnergyPLLAN model is loaded with “Startdata”

Step 2: Load “Exercise 1” data.
Activate the open data button fi Open and the following window will open:
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Choose “Exercise 1.txt” and activate the Open/Abn button.




Look at the top bar: The EnergyPLAN model is loaded with “Exercise 1"’ data.
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Step 3: Save Data as Exercise 2 data
Activate D S3€As i the top left-hand corner 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/Gem button.
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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 @ 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 “Demand > Heating” window:
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Place the cursor in the electricity input square and type in 27.43.

District Heating:

i ] Group 2: Group 3:
Production: @ 0 0

Metwork Losses: 0.2 015 0.1

Lij

| Change | Huur_distl@

Heat Demand: 2194 0.00 0,00 21,94

Look at the Demand > Heating input window:
The model is loaded with “Hour-distr-heat.txt” distribution data.
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Activate the button and the following window will open:
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Choose “VpDkFjv50” and activate the Open/Abn button.

Look at the Demand > Heating input window:
The model is loaded with “VpDkFjv50” distribution data.

District Heating:
Group 1: Group 2: Group 3: Total:
Production: 27.43 0 1] 27.43C | Change | VpDkFjv50. kst
Metwork Losses: (0.2 015 0.1
Heat Demand: 21,94 0.00 0.00 21,94




Step 6: Read the peak hour district heating demand AFTER energy conservation.
Activate the @ button and the following window will open:
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Read the result: 7744 MW

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

Open the “Demand > Heating” window :
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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 © % button.
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Step 9: Calculate and see result in print output
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Activate the ”Run (print)” button and get the following print:
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FUEL BALANCE (TWhiyear): Wastel CAES BioCon- Electro- PV and Wind off Industry Imp/Exp Comected CO2 emission (Mt):
DHF CHPF2 CHP3 Boiler2 Boilerd PP Gea™u. Hdro  HTL Elcly. wersion Fuel Wind CSP Wave Hydro Solar.Th Transp. househ. Various Total Imp/Exp MNet Total Met
Coal - - - - - 05,83 - - - - - - - - - - - - 0.01 337 20.21 0,00 0e.21 33,03 3303
Qil 27,80 - - - - - - - - - - - - - - - - 80,20 420 28902 12812 000 12812 24,13 M.13
N.Gas - - - - - - - - - - - - - - - - 488 1819 2285 0.00 22285 468 468
Biomass - - - - - - - - - - - - - - - - - - 4.55 518 873 0.00 873 0,00 0.00
Renewable - - - - - - - - - - - - 415 - - - - - - 4,15 000 0.00
H2 stc. - - - - - - - - - - - - - - - - - - 0.00 0,00 0.00
Biofual - - - - - - - - - - - - - - - - - - 0.0 0.00
MudearlCCS - - - - - - - - - - - - - - - - - - o 0,00
Total 27.80 - - - - 85,82 - - - - - - 415 - - - - 8920 1342 5 7272 J2
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Read the results of question 1.2.2:
The Primary energy supply has been reduced from 286.76 to 264.05 TWh/year.
The CO2 emission has been reduced from 77.77 to 72.72 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

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

10.00 TWh of small-scale CHP: 1350 MW, eff-th = 50%, eff-el = 41% on natural gas
15.84 TWh of large-scale CHP: 2000 MW, eff-th = 50%, eft-el = 41% on coal.
Add boiler capacities of 5000 MJ/s in gr. 2 and gr. 3

Add thermal storage capacity of 10 GWh in gr. 2 and gr. 3.
Identify a 450 MW minimum production on the large-scale CHP units.
Move 1.73 TWh of industrial excess heat production (2.41 of electricity) to gr. 3
Chose simulation strategy “balancing both heat and electricity demands”

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

Step 1: Change district heating demand to three groups

Choose “Demand” and “Heating”:

Evanniead buk,

Wamings Appear Here:

=5 Overview

Demand
Electricity
Cooling
Industry and Fuel
Transport
Desalination
- Supply
+- Balancing and Storage:
+- Cost
Simulation
+1- Qutput
Emissions

URDUIoN:

heat demand)

Hour_indv-heat-50procent.txt Hour_solarl_prod ket

Coal boiler: 0,01 08 oo 0 1 0 0.00 001
Oil boler 4,2 0585 357 0 1 0 0.00 420
Ngas boiler : 4,66 03 419 0 1 0 0.00 486
Biomass boiler 455 08 364 0 1 0 000 455
H2 micro CHP ; 05 0 03 1 000 0 1 0 0,00 000
Ngas micro CHP 05 0 03 1 0,00 0 1 o 0,00 0,00
Biomass micro CHP 05 0 03 1 0.00 0 1 0 0.00 000
Heat Pump: 0 3 1 0,00 0 1 0 0,00
Electiic heating : 0 1 000 0 1 0 0,00
Total Individual: 1.4 0,00 0,00 1342
District Heating:

Group 1: Group 2 Group Total Distribution:
Production: 159 10 15,84 2743 Change | VpDKFiv50.tst
Network Losses: |,
Heat Demand: 127 8,50 1426 2403

Qe A G _Xo)x
¥ EnergyPLAN 16.21: Exercise2 txt
((
Home | AddOnTook  Help (2]
s
(i@ Open b Ef @ a 0 =1 E&. show Hints*
= @ L]
[‘+ B save E | Show Hourly Values
Home  New ngs Notes Web Run Run Run Run Treeview | Tabs
B Save As (Clipboard) (Screen) (Print) (Serial)
| General Run | view

[+]

(<]

Write the three new values...




Chose “Supply” and “Heat and Electricity”
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Place the cursor in the input squares and type in the various input values.
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Step 2: Define a minimum operation on large-scale CHP

Chose “Balancing and Storage” and “Thermal”
Place the cursor in the input square and type in the 450

MW value.
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& Supoly Stabilisation share transmission five u Share of mas capacity educing RES3 s
Heat and Electicity = 7: Reducing power plant in combination with RES1, RES2, RES3 and RES4
Central Power Production Minimum CHP in or. 3 M 8: Increasing CO2Hydrogenation (See Tabsheet Sythetic Fuel) if avalable capacity
| :a”f'z‘f Heneneble Electic Minimum PP: 0 MW 8 [ et et e e T
eat Orly g ) P . N
“ Fuel Distribution CHP3 priority to PP in grid stabilisation Note: Electricity interconnection is defined under the
Waste - Supply -> El only tabshest
) Liquid and Gas Fuels
coz Rockbed Storage:
=) Balancing and Storage: Capachist 1
[ Charge (electicit) |0 Mw Stoage lossrate 005 Percent per hou
ermal
" Liquid and Gas Fuel Discharge (steam] |0 Mw/ Share of PPI/CHP 0.8
4 Cost Storage Capaciy |0 Gwh  Steamfuelrstion |1 N
Simulation
- Dutput
Emissions
Electricity Storage 1 Electicity Storage 2
Capacities Efficiencies Fuel Ratio *) Storage Capacity Capacities Efficiencies  Storage Capacity
Charge 0 Mw (08 0 Gwh Cheige o Mw |08 0 Gwh
Dischaige 0 Mw (09 0 Dischaige o Mw |09 ]
[ ’
.
Step 3: Define regulations strategy
Qs : 29
Chose “Simulation
QL om0 AN A Eeaien bk (o))
('(‘ \\ )= EnergyPLAN 16.21: ExerciseZ tct
Home | AddOnTook  Help (7]
i Open E @ n — E a2 | [R show Hints™
B save '! g E E Show Hourly Values
Home  New Settings Notes Web Run Run Run Run Treeview | Tabs
‘ B SaveAs ‘ (Cipboard) (Sereer) (Print) (Serial) ‘
General | Run ) View
Wairings Appear Here:

Chose Simulation Strategy:

Overview ‘

= Demand + Technical Simuation Market Ecanomic Simulation
Electiicty Tl ration Strateay 2 wlation Strategy
Heating
1 Balancing heat demands mitatio
Cooling )
Industry and Fuel ‘ .2 heat and ele d LR
Transport . @
e gvidual Heat Puanp Simulation
& Supoh Lo p ek to utilise only Critical Excess Production Ti sion capaci
Heat and Elesticity 2lndivivual Heat Pumps and Electiic Baiers seek to uiiise all electicity export @ Trarismissian ¢
Cential Power Production @ Tranismission capacity iits the sffect on system price
Variable Renewable Electric V26 Regulation & ANSMISSion Capa i f d m P
Heat Oy = (e 1V2G seek to balance only Criical Excess and Fower Plant Production RES influsnce on system eleclicity price
\F‘j:Lg""'””"”” 2V26 seek to balance Power Plants and all electiicity import and export B Zac idiing pica [BES cansha]
- Liquid and Gas Fuels Rock bed regulation ® Megative bidding price annot stop)
coz #/ 1 Rock bed storage seek to balance onip Ciitical Excess and Power Plant Production
=1 Balancing and Storage
Electiciy 2Rock bed storage seek to balance Power Plants and allelecticity import and export
Thermal 2 ¥ - 5
Liquid and Gas Fuel Priotization in balancing of electricity
& Cost Electiicity balancing pricrity: 123
1 Pumped Hydio
+ Output 2Vehicle to Grid
Ermissions 3Rock bed storage
Technical and Market Simulations
The Market economic simulation stiategy is based h | tothe NordPOOL market design, so it focuses solely on
bids to the electicity market while minimizing shorterm electriciy consumer costs and minimizing shortterm distict heating costs. As a resul this
S e e ok i : G
[I |_Djjcal

Chose simulation strategy 2 Balancing both heat and e

lectricity demands”
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Step 4: Calculate and see result in print output (or clipboard)
Activate the ”Run (print)” button and get the following print:

Read the results of question 2.2.1:

N——

The Primary energy supply has been reduced from 264.05 to 242.58 TWh/year.
The CO2 emission has been reduced from 72.72 to 64.57 Mt/year.

Input Exercise2.txt The EnergyPLAN model 16.2 (7
Electricity demand (TWhiyear):  Flexible demand 0,00 Capacities Efficiencies Regulation Strategy: Technical reguiation no. 2 | Fuel Prioe level: Basic AR\
Fined demand 4800  Fixedimplexp. 0,00 Group 2 MW-e Miis eec Ther COP CEEP regulstion 000000000 N o
Electric heating + HF  0.00 Transpontation 0.0 CHP 1350 1846 041 050 Mirimum Stakilisstion share 0.00 Capacities Storage Efficiencies
Electric cooling 0,00 Total 40,00 ;:.Ia Pump o 5005 oo 3,00 Stabilisation share of CHP 0.00 El::;n?(we MW-: GWh:, E?:i: Ther.
fler ! o cl : !
District heating (TWhiyear) Gr1  Gr2  Gr3  Sum Group 3 Minimum CHE gr 3 load 450w Discharge 1- D 0.00
Dot po ; 5 roup Minimum PP o MW o )
District heating demand 50 100D 1584 743 P 2000 243 041 050 ) Charge 2: o 0 o080
- . Hest Pump maximum share 1,00
Salar Thermal 000 0o0 000 0.00 Heat Pump 0 o 100 Mairmum importixpent 0 MW Discharge 2 o 0.80
Industrial GHF (CSHF) 000 om0 241 241 Boiler 5000 080 " Electroysers: 0 0 080 000
Demand after solar and CSHP 150 1000 1343 25,02 Condensing 2000 0.45 Distr. Name Hour_nordpool tet Rockbed Storage: 0 0 100
Addition factor 000 DKKMWh CAES fuel ratio: 0.000
Wind 2000 MW 415 TWhiysar 0,00 Grid Heatstorage: gr2: 10 GWh gr3: 10 GWn Multiplication factor 200 - o 01 Mew B
Fhoto Voitaic o MW 0 TWhiyear 0,00 stabil- Fixed Boiler: gr.2: 0.0 Percent gr3: 00 Percent | pependencyfactor 0,00 DKKMWhpe M | (9nyesr  Cosl Ol Ngas Biomass
Wave Power 0 MW 0 TWhiyear 000 sation Eeciricity prod. from  CSHP  Waste (TWhiyear) Average Markst Price 227  DKK/MWh Transport 000 82.20 000 000
River Hydra 0 MW 0 TWhiyear 000 share ot 000 000 Gas Storage 0 GWh Household D01 430 488 455
Hydro Fower 0 MW 0 TWhiyear e 000 ooo Syngas capacity o MW Industry 237 26082 1810 18
Geothermal/Nuclear 0 MW 0 TWhiyear Gz 173 000 Biogas max to grid oMW Various 000 000 D00 000
Output
District Heating Electricity Exchange
Demand Froduction Cansumption Produstion Balance
Payment
Distr. Waste+ Ba- | Elec. Flexi Elec- Hydro| Tur- Hy- Geo Waster Stab- Imayme" .
heating | Solar CSHP DHP CHP HP  ELT Boiler EM | lance demand Transp. HP trolyser EH  Fump|bine RES dro thermal CSHP CHP PP |Load Imp Sxp CEEP EEP | 7 °
MW | MW MW MW MW MW R MW MW | MW | MW MW MW MW MW MW | MW MW MW MW MW MW MW [ % MW MW MW MW | Million DKK
January 4874 o 274 271 3843 o 1] 188 o - 6508 1] o o ] 6820 1] o 197 3234 2448 100 0 1] o 0 o o
Februsry 4788 D 274 276 3883 0 0 W0 0  5(63@ 0 0 0 D @0 0 0 107 34 W1 0 0O 0 O 0| O 0
March 4147 D 24 240 S 0 0 W 0 2Flee 0 O 0 0 45 0 0 197 2083 W4 10 0 0 0 o O 0
April 438 D 274 189 24 0 0 O 0 0|s468 0 O D D 45 0 0 197 M3 W5 10 0 0 0 o @O 0
May 2823 0D 74 84 2@ 0 0 0 0 oflswT o o D D 4% 0 0 19T 1985 7 0 O © O o O 0
June 1504 o 7a « 1227 o 1] o o 0| 5035 o o o o 3n o o 197 1008 3453 100 1] o a o o a
July 4 0 ¥4 @ 12¥ 0 0 0 0 o0|4w 0 0 O o M 0 0 167 1008 36 0 O o0 0 o O 0
August 14 0 ¥4 @ 127 0 0 0 0 0|57 0 0 00 3 0 0 187 1008 /2 0 0 0 0 o O 0
September 2138 D 274 124 1790 0 0 0 0 0|s2m 0 0 0D 4% 0 0 197 WXF =M 1w o0 o0 o0 o 0 o
Ociober 2003 D 274 188 2481 ® o o D0 oflss 0o 0 0 D 42 0 0 107 018 M2 0 O ©0 O 0| O 0
Movember 3630 D 274 D 314 0 0 0 0 0[S0 0 0 0 0 @3 0 0 107 267 /W W 0 0 0 0| O 0
December 4221 D 274 245 3853 0 0 128 D0 24|s@8 0 O 0D 84 0 0 197 2013 ¥ W 0 0 0O o 0O o
Average 3123 0 274 181 220 20 O 48 0 0|55 0 O 0 0 42 0 0 19T 2148 Zi81 100 O 0 O 0| Averageprice
Maximum 7744 D 374 440 4085 0 0 203 0 1620|2881 0 O 0 D 080 0 0 107 3350 S81 100 O 0 0 0| (DKKMWH
Miimum 1488 D 274 86 1B 0 0 0 0 AM2|3MT 0 0 0o 0 o0 0 17 @@ D 10 ©0 ©0 0 0|z 28
TWhiyear 2743 000 241 158 2301 000 000 D042 000 000 (4800 000 000 00D 000 415 000 000 173 1887 2425 000 000 000 0p0| O o
FUEL BALANCE (TWhiyear): Waste! CAES BioCon. PV and Wind off Industry Imp/Exp Corrected CO2 emission (Mt):
DHF CHPZ CHF3 Boiler? Boled PP GeaMu Hydo HTL  Elely version Fuel Wind CSP  Wave Hydro SolarTh Transp. househ Various Totsl | Imp/Sxp Met Total Nt
Coal - - 36 005 007 5340 - - - - - - - - - - - 0P 337 8375 | D00 B3TS 64 2804
ail 177 - - s oo7 - - - - - - - - - - - 6820 420 2682 10220 | 000 10220 o ]
N Gas - 968 - 0.05 0.07 - - - - - - - - - - - - 468 1810 4283 0.00 4283 870 870
Biomass - - - mps 0o7 - - - - - - - - - - - - 46 E1@ 085 | DOD 085 000 000
Renewable - - - - - - - - - - - - 4 - - - - - - - 415 | 000 415 000 000
HZ ete. - - - - - - - - - - - - - - - - - - - - ooo | oo ooo 000 000
Biofuel - - - - - - - - - - - - - - - - - - - 0.00 0.00 0.00 0.00 0.00
Nudlear/CCS - - - - - - - - - - - - - - - - - i, ol el B R
Total 177 1986 2636 019 028 5380 - - - - - - 4l - - - - 820 ‘3.42{53.&5 24258 D‘: 642.53 B457 6457
17§uli-2022 [22.5
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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 “DK offshorewind 2013.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
CO?2 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 “Supply” and “Variable Renewable Electricity” and the following window will open:

MR EneroyPLAll 16.22; Exercise.bxt
EnergyPLAN 16.22: Exercise2.tet
((
Home Add-OnTools  Help
e
Open = — — F& show Hints*
AGE GG BB B0 &L
B save Show Hourly Values
ome  New ngs Notes  Wel n un n un reeview s
Hi N Setti Noti Web Ru Ri Rur Ri Tr L Tab:
B save As (Clipboard) (Screen) (Print) (Serial)
General Run View
‘Warnings Appear Here:
+ o Overview i
| E = TR 5 Estimated
Variable Renewable Electricity Estimated Pest
#- Demand Renewable Capacity:  Stabilisation Distribution profile* Production  Comection  Conrection Estimated
= Supply Eneigy Source M shate TWhiyear  factor  production  Capacity factor
Heat and Electricity
Central Power Production 415 0 415 024
Variable Renewable Electric >
Offshore.
Heat Orly < ffshore Wini 11.34 0 11.34 043
Fuel Distribution ) 0,00 0 0.00 0,00
Waste
#)- Liquid and Gas Fuels ‘Wave Power 0 0 Change | Hour_solar_prod1 0,00 0 0,00 0,00
co2 River Hydro 0 0 0
i3 Balarcing énd Siorage Egsiguh, - Change | hour_tidal_power 0,00 0,00 0,00
- Cost Power - 0 0 Change | Hour_wave_200° 0,00 0 0.00 0,00
Simulation
% Dutput &l CSP Solar Power - o ] Change | Hour_solar_prod1 0,00 0 0,00 0,00
Emissions
Concentrated Solar Power
Annual solar thermal input 0 Twhiyear | Change | hour_solar_prod tst
Storage capacity a Gwh
Starage efficiency (losses) 05 Percent pr. hour
Estimated Estimated
Power capacity 0 Mw-e Production  Storage loss
TwWhiyear Twhiyear
Pawer efficiency 03 0,00 0,00
Stabili Share 0
I B[] ™

Place the cursor in the input squares and type in the various input values and choose distribution file
“DK 2013 Wind offshore”
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Choose “Simulation” and the following window will open:
ﬁ - ENErgyrLAN 10.217 EXErCses Xt

Home Add-OnTools  Help
ﬁ %:\: a E/ @ E E ﬁ éh ‘ = [ show Hints*
Run Run

Show Hourly Values

Home New Settings MNotes Web Run Run Treeview Tabs
B save As (Clipboard) (Screen) (Print)  (Serial)
| General J Run | View |
Warnings Appear Here:
i Chose Simulation Strategy:
I Overview ay
Demand = Technical Simulation Market Economic Simulation
Electricity mulation Strateay
Heating - N e
Cooling -
Industry and Fuel
Transport @ 3vas
D::as\::::tion Individual Heat Pump Simulation
Supply & 1 Individual Heat Pumps and Electric Boilers seek to utilise only Critical Excess Production T
Heat and Electricity 2 Indivivisal Heat Pumps and Electiic Boilers seek to utilise all electricity export .
Central Power Production )
Wanable Renewable Electrc Y26 Regulation
Heat Only = * 1V2G seek to balance only Critical Excess and Power Plant Production BEC miief e o Uale e ae e ThE
Fuel Distribution Avane s X

Make sure that the technicallr'eglﬂllatni'dn strategy is1.

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

Activate the "Run (print)” button and get the following print:
Input Exercise2.txt The EnergyPLAN model 16.22 (

Electricity demand (TWhiyear): Flexible demand 0.00 Capacities Efficiencies Regulation Strategy:  Technical regulation no. 1 Fusl Price level: v L
Fied demand 40,00 Fixed implexp. 0,00 Group 2: MW-2 Mls elec Ther COP CEEP regulation 000000000 . o
Eleciric heating + HF 0,00 Transportation 0,00 CHP 1350 1848 041 050 Minimum Stabilisation share 0.00 Capacities Storage Efficiencies
Electric cooling 0.00 Total 40,00 Heat Pump 0 o 3,00 Stabilisation shara of CHP 0.00 EI:C- Sn:rage MW-: GWNJ E':cai: Ther.
i A Charge 1: ;
District heating (TWhiyear) Gri  Gr2  Gr3  Sum z:!:; . soon nee mf"fm”m ;,'sp gr3lead 455 mx Discharge 1: o D00
District heating demand 150 1000 1584 27.43 cHP 2000 2430 041 050 ot P : Charge 2: o 0 D80
- . eat Pump maximum share 1,00 !
Solar Thermal 0.00 o.oo 0.00 0.00 Heat Pump 0 o 2,00 Maximum importiexport oMW Discharge 2: o 080
Industrial CHF (CSHF) 000 0DD 241 241 Boiler 000 080 Electrolysers: 0 0 080 0.00
Demand afier solar and CSHP 150 1000 1343 25,02 Condensing 2000 D45 Distr. Mame Hour_nerdpool txt Rockbed Storage: D 0 100
Addition factor 0.00 DKKMWh CAES fuel rafio: 0.000
Wind 2000 MW 4,15 TWhiyear 0,00 Grid Heatstorage: gr2: 10 GWh gr3: 10 GWh Multiplication factor 2,00 — . "
Offshore Wind 3000 MW 11,34 TWhiyear 0,00 stabil- Fixed Boiler: gr2: 0.0 Percent gr3: 00 Percent | pependencyfactor 0,00 DKKMWhpr Mw | ven/year) Cosl Ol Ngas Biomass
Wave Power 0 MW 0 TWhiyear 0.00 sation Electricity prod. from  CSHP  Waste (TWhiyear) Average Market Price 227 DKK/MWh Transport 000 &2.20 000 000
River Hydro 0 MW 0 TWhiyear 0,00 share Gri: 000 0.00 Gas Storage 0 GWh Household D01 420 488 455
Hydro Fower o MW 0 TWhiyear Gre noo noo Syngas capacity o MW Industry 337 2602 1810 618
Geothermal/Nuclear o MW 0 TWhiyear Gra 173 0o Biogas max o grid o MW Various 000 000 000 000
Qutput WARNING!: (1) Critical Excess;
District Heating Electricity Exchange
Demand Production Consumption Froduction Balance _
Distr. Wastes Ba- | Elec. Flexd Elec- Hydro| Tur- Hy  Geo Waste+ Stab- Im;’""e"'Em
heating | Solar CSHP DHF CHP HP ELT Boiler EH | lance demand Transp. HF trolyser EH  Fump| bine RES dro thermal CSHF CHF PP |load Imp Exp CEEF EEF
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
January 4674 0 Z74 271 388 [ 0 234 o -3|eso8 [} [ o [ ] o 2121 [ 0 187 3188 1232 100 0 =z 238 [} [ ES]
February 4768 0 Z74 278 3934 o 0 280 0 3 | eaze [ o o ] o 0 1778 o 0 187 3228 1267 100 o 13 13 [ o 17
March 4147 0 Z7¥4 240 3622 o 0 a7 o 27D [ o ] ] o 0 2034 o 0 187 2970 1088 100 0 zo0 200 [ o 30
April 3438 0 274 199 2084 0 ] 0 0 0| 5288 o 0 o 0 0 0 1583 o 0 197 2431 1270 100 o 12 3 o 0 2
May 2823 0 74 184 2384 ] ] 0 0 5047 [ 0 o 0 o 0 1410 o 0 107 1055 1400 100 o iz 13 [ 0 2
June 1504 0 zv4 o2 1228 o ] 0 o 15038 [ o o ] o 0 1548 o 0187 1007 23 100 (TR | [ o 2
July 1504 0 Zv4 @ 1227 o ] 0 0 o 4787 [ o o ] o - o 0 187 1008 2602 100 0 3 3 [ o 0
August 1584 0 zZr4 @ 1227 o ] 0 0 o | soa7 [ o o ] o 0 1408 o 0 187 1008 2428 100 0 1 [ o 0
September 2138 0 Z74 124 1740 o ] 0 il 0| s2m2 [ o ] ] o 0 1451 o 0 187 1427 2181 100 il 4 4 [ o 1
October 2003 0 274 168 2454 ] ] 0 0 & | 5540 [ 0 o 0 o 0 2182 o 0 107 2012 1197 100 0 [ ] [ 0 2
Movember 3830 0 74 20 2 o ] o 0 14| 5000 [ o o ] o o 2128 o 0 187 2660 1132 100 o w07 07 [ o 17
December 4221 0 Z7r4 245 3572 o 0 123 0 7 | se78 [ o o ] o 0 2547 o 0 187 2928 785 100 0 480 <m0 [ o 78
Average 3123 0 z74 181 2811 [ - 0 o ss78 [ [ ] 0 ] 0 i7Te4 o 0 187 2141 1580 100 o 103 103 0| Average price
Maximum 7744 0 274 440 4085 ] 0 2038 0 200z | 2881 [ 0 o 0 o 0 488 o 0 107 3380 5205 100 0 3E83 3683 o  (DKKMWR)
Minimum 1488 0 Z7r4 85 1084 o ] 0 1742 | 3317 [ o o ] o oo o 0 1867 888 o 100 0 [ o of 2= 201
TWhiyear 2743 000 241 159 2283 000 000 050 000 0004800 000 000 000 000 00D 000 1548 000 000 173 1881 1388 000 081 D@1 000 [ 183
FUEL BALANCE (TWhiyear): Waste/ CAES BicCon- Electro- PVand Wind off Industry Imp/Exp Comrected COZ2 emission (Mt):
DHF CHP2Z CHP3 Boier? Boilerd PP GeoMu Hydro HTL  Elely version Fuel  Wind CSP  Wave Hydro SolarTh Transp. househ. Various Total | ImpExp Net Total Net
Coal - - 2631 006 008 30,85 - - - - - - - - - - - - 001 237 BO06T7 | 202 BEES 2075 2008
il 177 - - Doe oo - - - - - - - - - - - - eB20 420 2682 10222 | 000 10222 723 2723
N.Gas - 1956 - 06 o008 - - - - - - - - - - - - - 488 1818 4255 | D00 4255 860 868
Biomass - - - D06 o0o8 - - - - - - - - - - - - - 4m  5aB 987 | 000 0.87 000 0.00
Renewable - - - - - - - - - - - - a5 S RS - - - - - 1540 | 000 1540 000 000
H2 ste. - - - - - - - - - - - - - - - - - - - - ooo | o.00 0,00 0,00 0,00
Biofuel - - - - - - - - - - - - - - - - - - - - ooo | ooo 0,00 0,00 0,00
Nudear/CCS - - - - - - - - - - - - - - - - - - - - ooo | ooo 0,00 0,00 000
Total 177 1956 2631 024 031 3085 - - - - - - a5 -1 - - eal0 1342 5386 23080 | -202 22870 56,67 5508

ARE N e

Read the results of question 2.3.1:

The Primary energy supply has been reduced from 242.58 to 230.80 TWh/year.
The CO2 emission has been reduced from 64.57 to 56.67 Mt/year.

Critical Excess Electricity Production (CEEP) = 0.91 TWh/year
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Step 3: Change regulation strategy)
Choose “Simulation” and the following window will open:

Sl QOverview Chose Simulation Strategy:
o A=

+ Demand »  Technical Simulation

~+ Supply

Technical Simulation Strategy

Heat and Electricity
Central Power Production
Variable Renewable Eleqffic

Heat Orly - .
Fuel Distribution Tt e
Waste # 1 Individual Heat Pumps and Electric Boilers seek to utilise only Critical Excess Production
+)- Liquid and Gas Fuels 2 Indivivual Heat Pumps and Electric Boilers seek to utilise all electricity export
coz
+ Balancing and Storage V2G Regulation
- Cost H » 120G seek to balance only Critical Excess and Power Plant Production
Simulation -
i L 220G zeek to balance Power Plants and all electricity import and export
Emissions

Rock bed regulation

Change the technical regulation strategy to 2 by activating the =nangs technical requlation shategy | button.

Step 4: Calculate and see result in print output (or clipboard)
Activate the ”Run (print)” button and get the following print:

Input Exercise2.txt The EnergyPLAN model 16.22 1%

Read the results of question 2.3.2: ~—
The Primary energy supply has been reduced from 230.80 to 229.90 TWh/year.

The CO2 emission has been reduced from 56.67 to 56.23 Mt/year.

Critical Excess Electricity Production (CEEP) is reduced from 0.91 to 0 TWh/year

Electricity demand (TWhiyear):  Flexible demand 0,00 Capacities Efficiencies Regulation Strategy: Technical regulaion no. 2 | Fuel Price level: Vi
40,00 Fixed implexp. 0,00 Group 2 MW-e Mlls elec. Ther COP CEEF regulation 000000000
.00 Transportation 0,00 CHP 1350 1848 D41 050 Minimum Stabilisation share 000 Capacities Storage Efficiencies
Electric cooling 0,00 Total 48,00 Heat Pump 0 o 3,00 Stabiiisation share of CHE 0.00 El:c Sb&:rage MW-: GWh: El::g Ther.
- ~ Charge .
District heating (TWhiysar) Gri  Gr2  Gr3 Sum :OH!EL 2 soon ose mf"fm"m ;;'P gr3 load 452 mx Discharge 1 o 0,80
District heating demand 158 1000 1584 743 cHp 2000 2430 D41 050 " mum Charge 2 o Y
- . eat Pump maximum share 1,00 !
Solar Thermal o.00 000 00 0.00 Heat Pump 0 0 200 Mazimum imporyiexport e Discharge 2 ] 0.80
Industrial CHP (CSHF) 0.00 000 241 241 Sailer 5000 0,80 Electrolysers: 0 0 080 0.00
Demand afier solar and CSHP 150 1000 1343 25,02 Condensing 9000 D45 Distr. Name : Hour_nordpool.tit Rockbed Storage: D o 100
Addition factor 0.00 DKKMWh CAES fuel ratio: 0.000
Wind 2000 MW 415 TWhiyear 000 Grid Heatstorage: gr2: 10 GWh gr3: 10 GWh Multiplication factor 2,00 - . "
Offshore Wind 3000 MW 11,34 TWhiyear 000 stabil- Fixed Boiler: gr2: 0.0 Percent gr3: 00 Percent | pependencyfsctor 0,00 DKKMWhpe M | Lvnyesr) Cosl Ol Ngas Biomass
Wave Power 0 MW 0 TWhiyear 0,00 sation Electricity prod. from  CSHP  Waste (TWhiyear) Average Market Price 227 DKK/MWh Transport 000 82,20 000 O0.00
River Hydro 0 MW 0 TWhiyear 0.00 share Gr1- 000 000 Gas Storage 0 GWh Household 001 420 468 455
Hydro Fower 0 MW 0 TWhiyear Gro 000 000 Syngas capacity o0 MW Industry 337 2602 1810 518
GeothermalMuclear o MW 0 TWhiyear Gra 173 0m Biogas max to grid o MW Various 000 000 000 0.00
Output
District Heating BElectricity Exchange
Demand Production Caonsumption Production Balance _
Distr. Wastes Ba | Elec. Flexd Eles- Hydro| Tur- Hy Geo  Waster Stab- Im:"me"'Exp
heating | Selar CSHP DHP CHP HP ELT Baller EH | lance demand Transp. HP trolyser EH  Pump| bine RES dro thermal CSHP CHP PP |Lload 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 | Million DKK
January 4674 0 zZr4 271 3800 0 0 530 1 -3 es08 o 0 o 1 o 0 2121 [ 0 197 2052 1238 100 0 [ o [ 0 0
February 4788 0 274 278 IWEE 0 0 458 1 3| B3z o 0 o 1 L] o 1778 [ 0 107 3080 1275 100 0 [ L] [ ] o
March 4147 0 74 4D 3363 0 o =07 0 -27 | BDSO o 0 o 0 L] 0 2034 [ 0 107 2740 1070 100 0 [ L] [ ] o
April 3438 0 274 190 294D ] o0 22 2 0| 5488 o o o 2 o 0 1583 [ 0 187 2410 1280 100 0 [ o [ o o
May 2823 0 Z74 184 373 ] o 4 7 5047 o o o 7 o 0 1410 [ 0 187 148 1501 100 0 [ o [ o o
June 1584 0 Zr4 @ 1220 ] o ] ] 5035 o o o 8 o 0 1548 [ 0D 187 D01 2287 100 0 [ o [ o o
July 1504 0 zZv4 @ 1227 ] o ] o 0| 4787 ] o ] ] o -] 0 0D 187 D08 2600 100 il 0 o 0 o o
August 1504 0 zva @ 1237 0 o 0 0 o | soa7 o 0 o 0 o 0 1408 o 0 197 1008 2427 100 0 o o o 0 0
September 2130 0 274 124 174D 0 o 0 o o | 5252 o 0 o 0 L] 0 1451 [ 0 107 1437 2178 100 0 [ L] [ ] o
October 2003 0 Z74 188 2438 ] o2 2 7 | 5840 o o o 2 o o 2182 [ 0D 187 1800 1202 100 0 [ o [ o o
Movember 3830 0 274 210 2880 ] o 150 2 3 | se08 o o o1z o 0 2128 [ 0 187 2444 1153 100 0 [ o [ o o
December 4221 0 274 245 2958 ] o 7D 7 17 | 5878 o o o7 o 0 2547 [ 0 187 2428 E25 100 0 [ o [ o o
Average 3123 0 zZ7r4 181 2480 0 0 183 4 o | 5578 ] [ ] 4 o 074 [ 0D 187 2034 1588 100 0 0 o 0| Average price
Maximum 7744 0 274 440 4085 0 0 4701 1012 2000 | 2881 o 0 01012 L] 0 4gER [ 0 107 33B0 5205 100 0 [ ] o  (DKKMWR)
Minimum 1488 0 74 &5 o ] o ] 0 -ig1z | 2317 o o o ] o -] [ o 17 0 o 100 0y 0| e 210
TWhiyear 2743 000 241 150 2170 000 000 161 004 000(4800 000 000 000 004 000 000 1540 000 000 173 1787 13.85 0.00 l:no 000 Yoo [ ]
FUEL BALANCE (TWhiyear) Waste! CAES BioCon- Electro- PV and Wind off Industry ImpENg Corrected gff COZ emission (Mt):
DHPF CHPZ CHP3 Boiler2 Boilerd PP Geo/Nu. Hydre  HTL Elcly. wersion Fuel Wind CSP Wave Hydro Solar.Th Transp. househ. Various Total Imp/=N 4 Total Met
Coal - 2430  DDD 038 31,00 - - - - - - - - - - - - D01 337 5043 | D00 59,13 032 0.2
ail 177 - oe 038 - - - - - - - - - - - - 8020 420 2602 10263 | 000 10253 2731 2734
N.Gas - 8w - oE 038 - - - - - - - - - - - - - 488 1819 4257 | 000 4257 860 8,80
Biomass - - - oe 03 - - - - - - - - - - - - - 45 518 1D18 | 000 1018 000 000
Renewable - - - - - - - - - - - - 45 - 1 - - - - - 1548 | D00 1548 000 000
H2 etc. - - - - - - - - - - - - - - - - - - - - Doo | ooo 0.00 000 0.00
Siofuel - - - - - - - - - - - - - - - - - - - - ooo | ooo 0,00 000 000
NudearlCCS - - - - - - - - - - - - - - - - - - - /!E- 0,00 0o
Total 177 1827 2430 D38 142 3100 - - - - - - 45 BT - - 6820 1342 fea 229,80 u.an\zzg. 58,23 56.23

184uli-2022 [18:02]
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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?2 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 “Demand” and “Electricity” and the following window will open:

Electricity Demand and Fixed Import/Export

Electricity demand™ .'Hear Change distribution | DK 2013 Electricity demand tx

Additional electricity demand ] T'whiyear Change distribution | const.txt

Electric heating [IF included) = 1] Twhiyear Subtract electic heating using distribution from ‘indiv
Electric cooling [IF included) - 0 T'whlyear Subtract electic cooling using distibution from 'cooli
Elec. for Biomass Conversion 0,00 Twhiyear [Transfered from Biomass Conversion T abShest)
Elec. for Transportation 0,00 Twhiyear (Transtered from Transport TabSheet]

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

Choose “Simulation”:

ipear Here:
verview Chose Simulation Strategy:
id » Technical Simulation
wctricity
ating
oling
lustry and Fuel s electnicity demands
ansport . : :
salination Individual Heat Pump Simulation
# 1 |Individual Heat Pumps and Electric Boilers seek to utilise only Critical Exc
at and Electricity 2 Indivivual Heat Pumps and Electric Boillers seek to utilise all electrcity exg
ntral Power Production
mahla Damainakla Claakas YOI Do dabiae

Make sure that the technical regulation strategy is 1.
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Step 2: Calculate and see result in print output (or clipboard)
Activate the ”Run (print)” button and get the following print:

Input Exercise2.txt The EnergyPLAN model 16.22 ‘

Electricity demand (TWhiyear): Flexible demand  0.00 Capacities Efficiencies Regulation Strategy:  Technical regulation no. 1 Fuel Price level: Basic
Fixed demand 3430 Fixed imp/exp. 0,00 Group 2: MW-2 Mlis elec. Ther COF CEEF regulation 000000000
Electric heating + HP 000 Transportation 0,00 CHP 1350 1848 041 050 Minimum Stabilisstion share 0,00 Capacities Storage Efficiencies
Electric coaling 0.00 Total 34.30 Heat Pump 0 o 3.00 Stabilisation shars of CHE 0.00 El:c Sb:rase MWJ: GWhD El::ﬂ Ther.
i S Charge 1: .
District heating (TWhiyear) Gr1 Grz  Gr3  Sum gqn!z; a3 seon nee m‘”fm”m ;::P or 3 lead 453 mx Discharge 1- 0 0.90
District heating demand 160 1000 1584 27,43 cup 2000 243 041 050 et P ) Charge 2: 0 0 080
- : eat Fump maximum share 1.00
Solar Thermal 0.00 0.00 0.00 0.00 Heat Pump 0 o 200 Maximum importiexport oMW Discharge 2= o 0.90
Industrial CHP (CSHF) 000 000 241 241 Bailer s000 080 Electrolysers: 0 0 050 000
Demand after solar and CSHP 158 1000 1343 25,02 Condensing 900D 045 Distr. Name : Hour_nordpool.be Fockbed Storage: 0 o 100
Addition factor 000 DKKMWh CAES fuel ratio 0.000
Wind 2000 MW 4,15 TWhiyear 0,00 Grid Heatstorage: gr.2: 10 GWh gr3 10 GWh Multiplication factor ~ 2.00 — "
Offshore Wind 3000 MW 11,34 TWhiysar 000 stabil- Fired Boiler gr2: 0.0 Percent gr3 00 Percent | Dependencyfsctor 000 DKKMWhpr Mw | (TWhiyear) Coal Ol Ngas Biomass
Wave Fower 0 MW O TWhiyear D00 saion Electricity prod. from  CSHP  Waste (TWhiyear) Average Market Price 227  DKK/MWh Transport 000 B8.20 000 0.00
River Hydro 0 MW 0 TWhiyear 0,00 share Gr - 000 000 Gas Starage 0 GWh Household 001 420 458 455
Hydro Fower 0 MW 0 TWhiyear Gro oo0 ooo Syngas capacity o MW Industry 337 2082 1818 518
GeothermalNuclear 0 MW 0 TWhiyear Gra 173 000 Biogas max to grid o MW Various 000 000 000 000
Qutput WARNING!: (1) Critical Excess;
Diistrict Heating Electricity Exchange
Demand Production Cansumption Production Balance N
Distr. Waste+ Ba- | Elec. Flexd Elec- Hydro| Tur- Hy-  Geo Wastet Stab- ‘m:"mE"'Em
heating | Solar CSHP DHP CHP HF ELT Boiler El lance demand Transp. HF  trolyser EH Pump| bine RES dro thermal CSHP CHF PP Load Imp Exp CEEF 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
January 4674 0 z74 271 3881 o 0 48 o 0| 4558 [ [ [ [ ] 0 2121 [ 0 187 3182 207 100 0 1152 1152 [} o 178
Fabruary 4768 0 274 276 383 0 0 33 o 0| 4430 o 0 o 0 o 0 1778 [ 0 197 3184 185 100 0 =84 g4 [ 0 113
March 4147 0 274 240 3588 0 - o 04241 o 0 o o o 0 2034 [ 0 187 2828 143 100 0 1058 1058 [ 0 172
April 3438 0 274 188 282 0 o 3 0 21|38 [ 0 o o o D 1583 0 0 187 2448 68 100 0 487 467 [ 0 73
May 2823 0 z74 184 2388 0 o 0 0 17| 3s33 o 0 o 0 o 0 1410 [ 0 197 1042 218 100 0 234 234 [ 0 a7
June 1504 0 274 82 1251 0 o o 0 24| 3524 o 0 o o o 0 1548 [ 0187 1028 919 100 0 185 165 [ 0 24
July 1594 0 24 ez 127 0 o o o 0| 33m [ 0 o o o - 0 0 187 1006 1211 100 0 80 = [ 0 4
August 1504 0 4 @2 122 0 L] ] o 6| 3528 [ 0 [ 0 o 0 1408 [ 0 107 1001 1035 100 0114 114 [ 0 18]
September 2138 0 274 124 1743 0 o o oD -3| 3878 o 0 o o o 0 1451 [ 0 187 1428 726 100 0 127 1z [ 0 22
October 2003 0 274 168 2437 0 o 0 0 243834 o 0 o 0 0 0 2182 o 0 197 1908 183 100 0 646 846 o 0 m
Movember 3830 0 74 20 3132 0 o013 o 0| 4138 o 0 o o o 0 2128 [ 0 187 2660 183 100 LT T3 [ 0 145
December 4221 0 274 245 3567 o 0D 135 o 04185 o 0 o o o 0 2547 [ 0 187 2925 105 100 0 1589 1580 [ o 268
Average 3123 0 74 181 2802 0 0D B8 ] o 2005 [ [ [ [ ] 0 1784 0 0 107 2133 420 100 'ICEEE 0| Average price
Maximum 7744 0 274 448 4085 o 0 2838 0 2319 | 6203 o 0 o o o 0 4888 [ 0 187 3350 3002 100 0 48il 4811 0|  (DKKMWR)
Minimum 1468 0 274 85 1084 0 o 0 0 -1918 | zaz2 o 0 o 0 0 0 30 o 0 167 esp o 100 ] o 0 o 2z8 214
TWhiyear 2743 000 241 159 2285 000 000 058 00D 000(3430 000 000 000 000 000 000 1548 000 000 173 1874 377 000 543 543 000 o o11E2
FUEL BALANCE (TWhiyear): Waste! CAES BioCon- Electro- PVand Wind off Industry Imp/Exp Comected | COZ emission (Nt):
DHF CHPZ CHP? Boiler2 Boiler3 PP GeoMu Hydro HTL  Elely. version Fuel Wind CSP  Wave Hydro SolarTh Transp. househ. Various Total | Imp/Exp Met Total Met
Coal - - 2823 0O7T 009 837 - - - - - - - - - - - - o0 337 3814 |-1208 2808 1304 802
il 177 - 07T DD - - - - - - - - - - - - B620 420 2802 102325 | 000 10235 2724 2724
N.Gas - 1847 - 00T D09 - - - - - - - - - - - - - 488 1818 4248 | D00 4248 867 887
Biomass - - - 0o7 000 - - - - - - - - - - - - - 485 518 080 | 000 080 000 000
Renewable - - - - - - - - - - - - 4l B L1 - - - - - 1540 | OO0 1540 000 000
HZ etc. - - - - - - - - - - - - - - - - - - - - noo | oop 000 000 0.00
Bicfuel - - - - - - - - - - - - - - - - - - - - goo | ooo 000 000 000
MudearlCCS - - - - - - - - - - - - - - - - - - - - goo | oo0 000 000 000
Total 177 1947 2623 020 035 837 - - - - - - a1 - 14 - - 6020 1342 5386 20825 |-12.08 106.20 48,06 4483

Read the results of question 2.4.1:

The Primary energy supply has been reduced from 229.90 to 208.25 TWh/year.
The CO2 emission has been reduced from 56.23 to 48.96 Mt/year.

Critical Excess Electricity Production (CEEP) is raised from 0 to 5.43 TWh/year

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

Repeat steps 1 and 2.
Change the technical regulation strategy to 2 in the simulation window.

Activate the ”Run (print)” button and read the results of question 2.4.2 on the print:
The Primary energy supply has been reduced from 208.25 to 202.89 TWh/year.
The CO2 emission has been reduced from 48.96 to 46.70 Mt/year.

Critical Excess Electricity Production (CEEP) is reduced from 5.43 to 0 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

CO?2 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 “Balancing and Storage” and “Thermal” and change storage to 40 GWh.

Home Add-0On Tools Help

ﬁ["l'dg:\: Q_Ef@ Hﬂ @ E. % == | [ show Hints*

Show Hourly Values
Home  New Settings Notes Web Treeview | Tabs
B Save As (Cllpbnan:l) (Screen) (Prlnt) (Ser\a\)

General Run View

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

B Overview

= Demand Thermal Storage  Group 1: Group 2: 5 Total: Urit
Electricity
Heating Theimal Storage 10 “ Gwh
Cooling

Industry and Fuel For Solar Thermal Storage, go to Supply->Heat Only Gwh
Transport
Desalination Individual Heat Pump Regulation
= Supply
Heat and Electricity Mot active | ‘When active the Heat Pump heat storage is only used for space heating and not hat water (defined by min distr. value)

Central Power Production
Wariable Renawable Electric
Heat Only
Fuel Distribution
Waste
Liquid and Gas Fuels
coz
- Balancing and Storage
Electricity
Thermal

o

Choose “Supply” and “Heat Only” and input 300 MW heat pump and COP=3.

coz2 A A R 188 S A1 S -

|- Balancing and Storage

Electricity
Thermal Compression Heat Pumps
Liquid and Gas Fuel Electic Capacity 0 Mot
- Cost
Simulation COP 3
+- Output
E missions Thermal Capacity 0 Mdss

Place the cursor in the input squares and type in the various input values.
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Step 2: Calculate and see result in print output (or clipboard)
Activate the @ button and look at the following print output:

Input Exercise2.txt The EnergyPLAN model 16.22 ‘/—;?!
Electricity demand (TWhiyear):  Flesible demand 0,00 Capacities Efficiencies Regulation Strategy:  Technical reguiationne. 2 | Fuel Price leval: Basic YW
Fixed impiexp. 0,00 Group 2: M#-= Mlis elec. Ther COP CEEP ragulation 000000000 N o
Transportation 0,00 CHP 1350 1848 041 050 Minimum Stabilisation share 000 Capacities Storage Efficiencies
. : Elec. Sto MW GWh Elec Ther.
Total 3430 ;:IE Pump 0 5005 - 200 Stabilisation share of CHP 0.00 ,::rge e G i
iler . o Cl - N
District heating (TWhiyear) Gr.t Grz G Sum Group 3: Minimum CHP gr 3 load 450 Mw Discharge 1: 0 0.80
o= : p b : Minimum PP 0 MW o
District heating demand 52 1000 1504 2743 cHP 2000 2430 041 050 ) Charge 2 0 0 080
- : Heat Pump maximum share 1,00 ;
Solar Thermal 000 oDo 000 n.oo Heat Pump 00 o0 200 Mimum importioxport o MW Discharge 2 0 0.90
Industrial CHP (CSHP) 000 DDD 241 241 oier 5000 0.0 P Electrolysars 0 0 080 000
Demand aftersolsrand CSHP 1,58 10,00 1342 25,02 Condensing 8000 D45 Distr. Name Hour_nordpool. ot Rockbed Storage: 0 0 100
Addion facter 000 DKKMWh CAES fuel ratio- 0.000
Wind 2000 MW 415 TWhiyear 0.00 Grid Heatstorage: gr.2: 10 GWh gr3: 40 GWn Multiplication factor ~ 2.00 - con 01 roe B
Offshore Wind 2000 MW 1134 TWhiysar 0,00 stabil- Fixed Boiler_gr2> 00 Percent gr3 00 Percent | Dependencyfactor 0,00 DHKMWhpr Mw | LWWhyesr Ceal O MNgas Biomass
Wave Power 0 MW 0 TWhiyear 0,00 sation Eleciricity prod. from  CSHP  Waste (TWhiyear) Average Market Price 237 DKK/MWh Transpert 0,00 8220 000 0.00
River Hydro o MW 0 TWhiyear 0,00 shars ori- 000 000 Gas Storage 0 Gwh Housshold 0,01 420 486 455
Hydro Power o MW 0 TWhiyear aro oon 000 Syngas capacity o MW Industry 237 2682 1818 518
Geothermal/Nuclear o MW 0 TWhiyear Gra 177 o0 Biogas max o grid o MW Various 000 000 000 000
Output WARNING!: (1) Critical Excess;
Disirict Heating Electricity Exchangs
Demand Production Consumption Production Balance
B, .
Distr. Wastes Ba | Eles. Flexd Eleo Hydro| Tur- Hy  Geo Wasted Stab- ImaymE"'Ex
heating | Solar CSHP DHP CHP HP ELT Boller EH | lance demand Transp. HP trolyser EH  Fump| bine RES dro thermal 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 | Million DKK
January 4674 0 274 271 200 550 B of4sss o0 18 0 = R 0 0 197 2208 240 100 o o o o o 0
February 4768 0 274 276 2008 504 0O e 16 0|44 0 188 0 16 o o 1778 0 O 187 2458 182 100 o o a o o 0
March 4147 0 24 240 T 501 0 ez 38 13|44 o 17 0 3 0 0 20% 0 O 197 2031 183 100 o o o o o ]
Apil 3438 0 274 199 2542 207 0 28 28 43|23 0 e 0 2= O 0 1583 O O 197 2084 87 100 o o o o o 0
May 2823 0 274 184 2228 105 0 28 2@ 4|3:\B 0 3}/ 0 2 0 0 410 0 O 167 1837 182 100 o o o o o 0
June 1504 0 24 @ 1}’ o o 4 3w 33|3:# 0 3 0 3 O 0 148 0 O 197 G g3/ 100 o s s o o 1
July 1504 o 274 @2 1188 29 o o 13 0|3 0 w0 o 12 O 0 e 0 0 187 872 1217 100 o o a o o 0
August 1504 0 4 82 114 8D 0 1 17 18|3@ 0 2F 0 A7 0 0 06 O O 197 805 1061 100 o o o o o ]
September 2138 0 274 124 1852 53 0 2 21 43|38 0 1@ 0 21 00 1451 0 0 167 1380 707 100 o o o o o 0
Ociober 2003 0 274 188 1785 320 0 23 42 84|30 110 0 42 0 0 2152 0 0 197 1472 215 100 o o o of o ]
November 3830 0 274 210 2243 442 0 .| 752|413 0 147 0 78 0 0 2122 0 O 167 1830 195 100 o o o o o 0
December 4221 0 274 245 1303 818 0 1047 1442|4185 0 218 0 144 0 0 24 0 0 197 1552 23\ 100 o o o o o 0
Aversge 3123 0 274 181 19@0 300 0 8 41 ojos o w0 o M 0 0 B4 0 0 197 1832 454 100 0 0 0 0| Averageprice
Maximum 7744 0 274 440 4085 60D 0 5283 1930 4363|6208 0 3,00 O 1930 O 0 48 0 0 1¢7 330 3W02 100 0 725 _gge 0| (DKKMwh)
Minimum 1468 o 4 8 0 D o o D mi|2322 0 © 0 0 o © 33| 0 0 1 0 o 100 0 0 222 180
TWwhiyear 2743 0,00 241 158 1748 263 000 295 036 0003430 000 088 000 036 000 000 1540 000 000 173 1434 398 0.00 ':lU 0,00 :.uq 0 1
FUEL BALANCE (TWhiyear): Waste! CAES BioCon- Electro- PV and Wind off Industry ImpEx\Gorrected fzemissbmm:
DHF (CHPZ CHP2 Boilr2 Bolerd PP GeaNu.Hydro HIL  Hely. verson Fuel  Wind CSP Wave Hydro SolarTh Transp. househ. Various Total | Imp/Sx ek Totsl Nt
Coal - 1885 044 038 886 - - - - - - - - om 337 e | 001 3190 10,81 10,81
il 177 - - nat 038 - - - - - - - - 8020 420 2682 10281 | 000 10281 2741 T4
N.Gas - et 044 038 - - - - - - - - - 48 1819 7B | 000 3e7E 812 g1z
Biomass - - 044 038 - - - - - - - - - 45 518 1055 | 000 1055 000 0.00
Renewable - - - - - - - 415 B - - - - 1542 | ooo 1540 000 000
H2 etc. - - - - - - - - - - - - - poo | ooo o000 0,00 000
Biofuel - - - - - - - - - - - - ooo | ooo  ooo 000 D00
Nudlear/'CCS - - - - - - - - - - - - 000 000
Total 177 1811 1885 178 152 888 - - - 4,15 EERRTE - - e020 1342 sa.f 20064 [\001 20083 4845 4544

Read the results of question 2.5.1:

The Primary energy supply has been reduced from 202.89 to 200.64 TWh/year.
The CO2 emission has been reduced from 46.70 to 46.45 Mt/year.
Critical Excess Electricity Production (CEEP) is still 0 TWh/year

22-juli-2022 [14:1

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