Modelling Renewable Energy Integration
Technologies in the EnergyPLAN Tool

This tutorial outlines how you can simulate various renewable energy integration technologies in the
EnergyPLAN tool. In this first exercise, we will create a reference scenario, which is used as a starting point
for analysing how renewable energy can be integrated into an energy system. Afterwards, this reference
scenario will then be changed so it can integrate more intermittent renewable energy.

Based on previous research, approximately 6 key changes are necessary in existing energy systems to
transition to renewable energy. In this tutorial the first three of these steps will be modelled and analysed
in the EnergyPLAN tool after the reference ‘starting point’ is created. These are:

1. Regulating conventional power plants by varying their output to accommodate renewables. In
other words, when the wind is blowing too much the power plants should shut down, and when
the wind is not blowing enough then the power plants should produce more. This will enable a
wind penetration up to 25% of electricity production.

2. Power Plants are converted to Combined Heat and Power which are regulated according to wind
production using Thermal Storage and the District Heating network. This will enable a wind
penetration up to 25% of electricity production, but it will be more efficient than in step 1.

3. Heat pumps and thermal storage in buildings and district heating networks. This will enable a wind
penetration up to 40% of electricity production.

This transition is illustrated graphically below. Figure 1 illustrates what today’s energy system looks like: it is
a very segregated energy system with separate supplies for electricity, heating and transport. This is what
the energy system looks like in step 1.
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Figure 1: Interaction between sectors and technologies in today’s typical energy system.

Figure 2 illustrates a smart energy system, where the electricity, heating, and transport sectors are
interconnected with one another. This interconnection creates a lot of flexibility which enables the energy
system to become dependent on intermittent renewable energy such as wind and solar. This is what the
energy system looks like in step 3 here.
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Figure 2: Interaction between sectors and technologies in an energy system with district heating and heat pumps.

Below is an overview of the costs you will need during these exercises.

You can assume an Interest Rate of 3%
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Unit Investment (Unit) Lifetime (years) Fixed Operation and
Maintenance (% of
investment)

Exercise A

Gas Power Plant M€/ MW 0.9 25 2.0

Oil Boiler €/boiler 6600 20 3.8

Conventional Car €/vehicle 12000 16 7.7

Truck/Bus €/vehicle 160000 8 1.2

Exercise B

Wind Power M€/ MW 1.25 20 3.0

Exercise C

Small CHP M€/ MWe 1.2 25 3.8

Large CHP M€/MWe 0.8 25 3.6

Boiler M€/MWth 0.1 35 3.7

Thermal Storage M€/GWh 3.0 20 0.7

District Heating M€/TWh 72 40 1.3

Pipes

District Heating €/exchanger 5500 20 2.7

Heat Exchangers*

Exercise D

Heat Pump €/heat pump 14000 20 1.0

Centralised Heat M€/MWe 3.5 25 2.0

Pumps

*Includes the branch pipe.

(€/G)) Coal Diesel PetFrLcl)Ie/ljet Natural Gas

Fuel Price 3 16.5 17.5 10
To Central Plant 0 - - 0.4

Fuel Handling To Decentral Plant 1.5 - - 2

Costs To Individual Households 2.5 2 - 3
To Road Transportation - 1.9 1.9 2
To Air Transportation - - 0.5 -
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Exercise A: Creating the Reference Scenario

The name of our ‘starting point’ or ‘case study’ is Energyland. It is very similar to a typical country today.
The only major difference is that there would be a greater variety of fuels and energy plants than utilised

here. Below is an overview of the demand and supply for Energyland.

Sector Demand (TWh) Supply
Electricity 30 6000 MW of gas power plants
Heat 27 2 million individual oil boilers
Industry 25 Coal
Transport 70 Qil
Petrol 35 2 million cars
Diesel 25 70,000 trucks
Jet Fuel 10

Try to model this in the EnergyPLAN tool. Before you do, make sure that you:

e QOpen the EnergyPLAN Tool
e Open the “initialize.txt” file. This will set all values in the tool to zero or for non-zero inputs such as

efficiencies, to their default values.

e Go to “File->Save As” and save the file as “Energyland_stepO_REF.txt"
e Go to the “Settings” tabsheet and change the “Monetary Unit” to “EUR” (euro).

e Save your file again.

il Settings

Capacity and energy units
Capadity units
ki

® MW
GW

Monetary unit

LN -

Energy Unit : TWh/fyear
Water Storage Unit Mm3
Desalination Unit : 1000 m3 fresh water hour

Warning:

If you change Monetary Unit Remember to change data in the following Tabsheet:

Cost tabsheet: More or less all units
Input - Waste tabsheet: Value of food

Input Biomass Conversion Tabsheet: Value of food (2 inputs)
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Electricity Sector
e Go to the ElectricityDemand tabsheet, and insert an electricity demand of 30 TWh.

(ﬁ s EnergyPLAN 12.0: Energyland_stepl £t
Home | AddOnTook  Help (7]
& Open a, @» @ Ha = & | Fk show Hins*
= & &
E B Save E
Home  New Import Settings MNotes Web Run Run Run Run Treeview | Tabs
fromexcel B SaveAs (Clipboard) (Screen) (Print) (Serial)
| General It Run | View

W ainings Appear Here:

Demand | Supply | Balancing and Storage | Cost | Simulation | Dutput | Mates | Dielete | Import From Excel

Overview - -
El Electiicity | Heating  Cooling | Industry and Fuel | Transpart | w/ater
= Demand
! Electricity Demand and Fixed Import/Export
- Heating
Cooling Electricity demand 30 Tiwhyear Change distribution | Hour_slsstricity. tst
-« Industry and Fuel
Transport Electric heating [IF included) - il Twhdyear Subtract electric heating using distribution from ‘individual windaw
-~ ater
5. Supply Electriic cooling (IF included) = 0 Twhdvear  Subtract electic cooling using distribution from 'cooling' window
- Ea‘al"c'"g and Storage Elec. for Biomass Conversion D00 Twhiea  [(Transfered from Biomass Conversion TabSheel)
%) Cost
Simulation Elec, for Transportation 000 Tihiysar  [Transtered from Transport TabSheet)
- Output Sum [excluding electric heating and codling) 30,00 Twhdyear
Elechic: heating (individual) 0,00 Twhiyear
Electricity for heat pumps [individual] 0,00 Twhiyear
Electric cooling 0,00 Twhdyear
Flexible demand [1 day] 0 Twhiyear  Mawsftect 1000 M
Flesible demand (1 week] i Twhiyear  Mawsffect 1000 Hw Import/
Export
Flexible demand (4 weeks] 0 Twhiyear  Max-effect 1000 s fixed and
wariable
Fired Import/E xport 0 Twhiyear Change distribution | How_Tysklandsexport.tat e
[ Electricity
. | demand
Total electricity demand* 30,00 Twhdyear - )

Go to the Heating and Electricity tabsheet under “Supply” and insert 6000 MW of condensing power plants.
Afterwards go to Thermal Plant Fuel Distribution tabsheet under “Supply” and chose natural gas as fuel for
the condensing power plants.

(ﬁ = EnergyPLAM 12.0: Energyland_stepl.tt
Home | AddOnTooks  Help (7]
& Open a = @ ﬂa — == |71 B show Hints*
b =
12) @, & 24 E&O &
Home New  Import Seftings Notes Web Run Run  Run  Run  |||Treeview | Tabs
from excel B Save As (Clipboard) (Screen) (Print)  (Serial)
| General Il Run I View

W aimings Appear Here:

B Demand | Supply | Balancing and Storage © Cost | Simulation . Output |+ Motes | Delete | Import From Excel
B Overview —
Heat and Electricity | Electricity Only - Heat Only | Thermal Plant Fuel Distibution | Wwaste | Liguid and Gas Fugls | CO2

- Demand
= Supply
- Heat and Electicity Distribution of fuel  Coal ail MNgas Biomass
- Electicity Only
Heat Only [Twh/year) Wariable Yariable Wariable Wariable
1t} 0 1t} 0
Waste Bl
- Liuid and Gas Fusks CHP2 ° 0 ° 0
~Coz2 —_— 0 ] 0 ]
- Balancing and Storage
- Cost Bolez U 0 0 0
Simulation & 0 0] n 0]
#)- Output
PP1 o 0 1 0
PE2 0 0 0 0
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e Go to “Cost->Fuel” tabsheet and insert a natural gas price of 10 €/GJ. More cost data is available
from the Danish Energy Agency, in the report “Forudseaetninger for samfundsgkonomiske analyser
pa energiomradet (Assumptions for socio-economic analysis on energy)”, which is available from:
http://www.ens.dk.

ﬁ = EnergyPLAN 12.0: Energyland_stepl.td
Home | AddOnTeok  Help

AGR GG BB TS0 LM

B save

Home  New Import Setings Notes Web Run Run Run Run Treeview | Tabs
fromexcel B} Save As (Clipboard) (Screen) (Print) (Serial)
General Run | View

W/ atnings Appear Here:

B Demand | Supply  Balancing and Storage | Cost | Simulation  Output - Motes | Delete | Import From Eweel
Qverview
El General | Investment and Fised OM | Fuel | Variable OM - External Electricity Market
Demand
Supply Fuels and Taxes

Balancing and Storage . Dy whet Nuclear/Uraniurm
Cost Diesel

Fuel price alternative Basic Coal Fuelil . PetralZIP. Noas LFG Waste Biomazs  Biomasz  Biomass Incl handling etc.
- General Gasol

= ‘F”VTS“"E"‘ and Fived OM Fuel Price (world market priees] (DKK/GJ) |0 0 0 0 10 0 o[ 0 0 0
uel
~eristls OW
Etemnal Electiciy Maket || Fusl handing costs (distibution and refinen) (DKK/GJ)
Simulation
Clutput

- E-E-E

To Biomass Conversion Flants o o

5

To cential CHP and power stations

To dee. CHP, DH and Industiy 0 0

Diy Biomass: Green eneray crops for Biomass canversion

a
It}
0 0 Biomass: E.g. straw and wood incl. pellsts
To Individual house: holds d
[t}

= o o o

wiet B :E te. for bi duch
Tl e 0 0 et Biomass: E.g manure etc. for biagas production

Tao transportation (air) 0
Tares [DKK/GI)

Individual households

Industry

Boilers (at CHP and DH plants]

CHP units

o o o o
=)

o o o o o
=)

o) o o o

Compressed &ir Energy Storage (CAES)

Tawes on elechiisity for enerqy conversion

[DKE/Mwh) DH spstems  Individual houses
i} i}

i} i}
0 0
0

Electic heating
Heat Pumps
Electiolysers
Electic cars

Pump storags] "

Under the same tabsheet, you must enter the price of transport this fuel to the final consumer (i.e. fuel
handling costs). There are three different types of consumers for natural gas:

e The centralised plants
e The decentralised plants
e The final consumer (i.e. an individual building)

These prices reflect the cost of transporting the natural gas from the international market to these final
consumers. In other words it is the cost of the natural gas grid in this case.
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((t = EnergyPLAN 12.0: Energyland_stepl.bet
Home | AddOnTock  Help

ft e GEFG B @ h
B osae =
Home New  Import Settings MNotes  Web Run Run  Run  Run | |Treeview | Tabs
fromexcel B Save As (Clipboard) (Screen) (Print)  (Serial)
| General | Run Il View

F&k show Hints=

Warhings Appear Here:

Demand | Supply | Balancing and Storage | Cost | Simulation | Output | Motes | Delete | Import From E xcel

Qveryiew - =
E| General | Investment and Fised OM | Fuel | Variable OM | External Elscticity Market

Demand

Supply Fuels and Taxes

Balancing and Storage Diesel Diry et
iesel

7 E=osl Fuel price alternative Basic Coal FuelDil Petral/P  Ngas LPG Waste Biomass  Biomass  Biomass Incl handling ete.

L General Gasol

# Invesiment znd Fved OM Fusl Price [warid market prices] [DKK/GJ) |0 0 0 0 1 0 o o 0 0 0

E-E-E

Muclear/Uraniumn

el
Wariable OM
L. Extemnal Electricty Market Fuel handling costs [distibution and  refinery] [DEE/G)
Simulation
Qutput

To Biomass Conversion Flants

&

i i 0.4 i

Ta central CHP and power statiors

Ta dec. CHP, DH and Industry 0 0 2 0 Biomass: E.q. straw and wood incl. pellets

- Dy Biomass: Green energy crops for Biomass conversion
To Individual house halds 1w ay cIop

ol ol o o o

‘et Bi E te. for bi ducti
Tl el et Biomass: E.g manure etc. for bingas production

Ta transportation [ir)
Takes [DER/GI)
Individual households
Industy
Boilers [at CHP and DH plants]
CHF uriits

ol & o o
=

ol o o o o
=

ol & o o

Compressed Air Energy Storage [CAES)

Tawes on elechricity for energy conversion

(DEE M) OH spstems  Individual houses
0 1}

i} 1}
i} a
a

Electric heating
Heat Pumps
Electolysers
Electic cars

Pump (storage]

e Go to the “Cost->Investment” tabsheet and insert the following prices for the natural gas power
plants:
o Investment: 0.9 M€/MW
o Lifetime: 25 years
o Operation and maintenance: 2%
More investment cost data is available
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Heat Storage CHP 0Gwh 0 1) o 0
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Heat Pump ar. 2 0 pd-e a 0 a [1}
Heat Pump ar. 3 0 pd-e a 0 a [1}
DHP Boiler group 1 0w th a 0 a 1)
Boilers gr. 2 and 3 0 pth a 0 a [1}
Electric Bailer gr2-gr3 199398 M2 0 1} 1) 1)
Large Power Plants E000 hw-e 03 25 2 5400
uiisal s o o T U
Interconnection O M 0 0 1} 0
Pump 0 hwie 0 o o 0
Turbine Obfwie 0 0 1} [1}
Pump Storage 0Gwh 0 1) o 0
Industrial CHP Electricity 0,00 Tw/hipear 0 0 1} 0
Industrial CHP Heat 0,00 Twhpear 0 o o 0

Transport Infrasticture

Other Infrastructure | water

Annual Costs (MDKK{fyear)

Investment

0
1}

Fixed Opr. and M

0
1}

Additional
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EnergyPLAN12.0: Energyland_stepl bet

Home | AddOnTodls  Help
g Open a = g = B, show Hints=
I
Al B Y GF g Jo
Home  New Import Settings Motes Web Run Run Run Run Treeview | Tabs
fromexcel B Save As (Clipboard) (Screen) (Print) (Serial)
| General Run View
‘Warnings Appear Here:
Demand  Supply | Balancing and Storage | Cost | Simulation | Output - Motes  Delets | Import From Excel

o QOverview

Demand

Supply

Balancing and Storage
= Cost

B-E

=

1 Investment and Fised OM
Fuel
Variable OM
- External Elechicity Market
Simulation
Output

=

General

Imwestrent and Fized Ok

Save Cost Data

Fuel

Wariable O Extemal Electricity b arket

Load Mew Cost Data

Fixed operation and maintenance costs are required even if the plant is not operated.

tabsheet under “Cost” and insert the interest rate of 3%

Wariable operation and maintenance costs are only necessany if the plant operates and are directly proportional ta the number of hours that the plant operates.

Business economic operation:
All costs (fuel, handing and taxes) are included
in the marginal costs when optimal operation
strateqies for the individual plants are decided

£02 Price (included in marginal production prices]

Interest %) 3

Investment
Sum Annual Costs

310 (MDKK/year)

Socio economic consequenses:
Taxes are not included when the eocio economic

consequenses are calculated,

0 [DKKA CO2)

Fixed Oper. and M.
Sum Annual Costs

108 (MDKK}vear)
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You have now created an electricity system that uses 6000 MW of gas power plants to supply 30 TWh of
electricity each year. Run the results on the internal screen by pressing the print preview button with the
green arrow, see below.

- EnergyPLAN 12.0: Energyland_stepl b

Horne Add-On Tools Help

AGRE GBS B2 6 &HE
+ =% B save
Home  Mew Import Settings Motes  Web Run Treeview | Tabs
fromexcel B Save As (Clipboard) (Screen) [Prlnt) (Serlal)
| General ” Rudn Wiew

|
EnergyFLAN model 11.0, l4-January-2014 [10:51]
EESULT: Data-set: Energyland stepl REF ElecOnly. tzt
Technical regulation no. 1

Critical Excess Regulation Strategy: 00000000

Total Calculation Time = 00:00:00
Loading of Data = 00:00:00
Calculating Strategy 1

Calculating Strategy 2

Calculating Heatstorage

Calc. sconomy and Fuesl

ANNUAL CO2 EMISSIONS (Mt):
COZ2-emis=sion (total)
COZ-emission {(corrected)

SHARE OF RES (incl. Biomass):

EES share of PES .0 percent
EES share of elec. prod. .0 percent
EES electricity prod. . TWh-vear

ANNUAL FUEL CONSUMPTIONS (TUh/year)
Fusl Consumption {(total) =

CAES Fuel Consumption
Fuel(incl Biomass excl EES)
Fuel Consumption (incl. HZ2)
Fuel Consumption {(corrected)
Coal Consumption

0il Consumption

Hga=s Consumption

Biomass Consumption

V2G5 Pre Load Hours

D.
EE.
BE.
BE.

0.

0.
BE.

0.

ANNUAL COSTS
Total Fuel 96 Million EUR
Milliocn
Millicn
Million
Million
Milliocn
Millicn
Million
Million

Gas=oil Die=sel
FPetrol-JFP
Hgas

Bionass

Food income
Waste

5]
coomoooo

Haginal operation costs = 0 Million EUR
Total Electricity exchange = 0 Million EUR
Import = 0 Hillion

Export 0 Hillion

Eottleneck 0 Hillion

Fized imp-ex 0 Million

Total CO2 enission costs = Million

Total Hgas Ezchange costs = Million

Total wariable costs = Million

Fized operation costs = Million

Adnnual Investment costs Million

TOTAL ANNUAL COSTS = Millicon

Run the results and save your file:
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Metric Electricity Sector | Electricity & Electricity, Electricity, Unit
Only Heat Sectors Heating, and Heating,
Transport Transports,
and Industry
Primary Energy 66.67 TWh
Supply (PES)
Annual CO2 13.608 Mt
Emissions (CO2)
Annual Energy 2914 Million Euro
System Costs (M€)
(Costs)
Heat Sector
Sector Demand (TWh) Supply
Electricity 30 6000 MW of gas power plants
Heat 27 2 million individual oil boilers
Industry 25 Coal
Transport 70 Qil
Petrol 35 2 million cars
Diesel 25 70,000 trucks
Jet Fuel 10

e Go to the Heating tabsheet under “Demand” and insert 31.76 TWh (27/0.85 = 31.76) for the
individual oil boilers. The final heat demand is then 27 TWh.
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ﬁ = EnergyPLAN 12.0: Energyland_stepl.tet
Harme Add-On Tooks  Help
i Open a E @ ﬂa — a2 | FX show Hints®
AR A O D &S h
Home  New Import Settings Motes  Web Run Run Run Run Treeview | Tabs
fromexcel B3 Save As (Clipboard) (Screem) (Print)  (Serial)
| General I Run I view
‘Warnings Appear Here:
. Demand | Supple | Balancing and Storage © Cost | Simulation  Output - Maotes  Delete | Import From E xcel
Overview - -
[ ®[E Electicity | Heating | Coaling | Industry and Fugl | Transport | wiater
=D
- Eemaru:l - ~
L Electicity - ~
Total Heat Demand (Individual plus Distiict Heating) 27.00 [ oiter | [ et
[ - _/ 4
Cooling
Industiy and Fuel e Heat )
b Transpor Individual Heating: \il—*fwj
L Water Estimated Solar Thermal ( oy [ Feat
f Supply Twhivear Fuel Consumption  Efficiency  Heat Efficiency Capacity Electicity  Heat ‘\ C=l3 J_"Ldn\erﬂj
4 Balancing and Starage Input  Output  Themal — Demand Electic  Limt*  Production Storage™ Shae  Input  Output
#- Cost [ N [ Heat
H Distribution | Heat | | Solar | | soller | Cemana |
- Gimulation — e . \ / \ 4
e Output Hour_distr-heat.tst Hour_galarl_prad. bt
Coal boiler n 000 (g 0,00 i i i o
0l baler - 76 .76 ngs 27,00 i 1 i i —
. demand |
Ngas bailer : Iy 000 |pa 0.00 0 1 0 000 \
Biomass boiler : 0 000 |pg 0.00 0 1 0 oo
H2 micro CHP : 000 |p5 fi} 03 1 o.oo fi} 1 fi} 000
Ngas micro CHP 000 |ps 0 03 1 0,00 0 1 0 0,00 Heat J
dermard
Biomass micro CHP 0oo [ps 0 0.3 1 0.0 0 1 0 0,00 —
Heat Purp 0 3 1 o | 1 0 0.00 — (=)
Electric heating 0 1 o.oo 0 1 0 0.oo Lalmah} l‘ o ]
[ B Heat |
Total Individual .76 27.00 0,00 0,00 | dm.rdJ
District Heating: [ o SRS
Giroup 1 Gioup 2 Gioup 3 Total Distribution PN ~
( . Elsctric Heat
Production 0 0 0 000 | Chenge | Hou dstrheat bt ( sy} e "t )
Network Losses: (0.2 015 01 ) i i § T
[ Erectsicey Jope( Hert ) [m}-rmau)
Heat Demand 0.0a 000 0,00 0,00 . JT Leeme e
{ Ereetrie Heat Heat |
) (=)
\ _
Heat Demand Per Building: 15000 kWhyear  [Used to calculate cost per unit in Cost T abSheet)

The fuel cost for the oil boilers needs to be inserted under the Cost->fuel tabsheet. Here will assume an oil

price of 16.5 €/GJ and a fuel handling cost to the individual buildings of 2 €/GJ.
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s EnergyPLAN 12.0: Energyland_stepl.bt
Hame AddOnTaok  Help

AGR GG BODSO LM "

Home  New Import Settings MNotes  Web Run Rui Run Run Treeview | Tabs
fromexcel B Save As (Clipboard) (Screen) (Print) (Serial)

| General I Run Il View

Wamings Appear Here:

Demand | Supply | Balancing and Storage | Cost | Simulation  Output © Maotes  Delete | Import From Excel

Overview

£l General  Irwvestment and Fized OM | Fuel | Wariable OM | External Electricity Market

- Demand

5 Supoly Fuels and Taxes

#- Balancing and Storage

4 Cost - Diesel

T Fuel price altemative Basic Coal FuelDil PetrolAlP  Mgas LPG Waste

General Gasail

nvslment and Fived OM Fuel Price (world market prices] [DKK/GJ) | 0 165 0 10 0 +0
‘ariable O

: Esternal Electricity Market Fuel handling costs [distibution and refinery) [DEK/G))

g‘"’:“lat”m To Biomass Conversion Plants

- Dutpud
To central CHP and power stations 0 0 0.4 0
Tadec. CHP, DH and Industry 0 0 2 0
To Individual house holds 0 2 3
To transportation [road and train] 0 0 2
To transportation (i 0

Tares [DEEAG]
Individual households u 0 u
Industry 0 0 0 0
Bailers [at CHF and DH plants) 0 0 0 0
CHF uriits 1 1 1 1
0

Compressed Air Energy Storage [CAES)

Tawes on elechricity for energy conversion

[DEEAwh] OH spstems  Individual houses
Electric heating 0 o

Heat Pumps 0 v

Eloctiolysers 0 o

Electiic cars o

Pump (storage] 0

Dy et Muclear/Uranium

Biomass  Biomass  Biomass Incl handing etc.

o o o 0
0 0 0
0
0 Biomass: E.q. straw and wood incl pellets
i Diy Biomass: Green energy crops for Biomass conversion
i et Biomass: E.g manure ete. for biogas production

=l al o o

We need to calculate the individual boiler costs outside of the model

. The costs below have been obtained

from a report by the Danish Energy Agency called “Technology Data for Energy Plants: Individual Heating
Plants and Technology Transport” (2012), which is available from: http://www.ens.dk/.

Boilers 1 Oil Boiler (€) 2 Million QOil Boilers (M€)
Investment 6600 13200

Fixed Operation & Maintenance 250 500

Fixed Operation & Maintenance (%) 3.8% 3.8%

Lifetime (years) 20 20

e Go to the ‘Cost->Additional’ tab and insert the costs for the individual oil boilers
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Home | Add-On Taolks

(4 B

Home MNew  Import

ﬁ Open
B save

fromexcel B Save As
| General J

Help

Settings Notes Web Run

EnergyPLAN 12.0: Energyland_stepl.bet

Run Run Run

|[C\ipboard) (Screen) (Print) [Seria\)l

Run |

Treeview | Tabs

GO B DS LHME

View

Warrings Appear Here

Demand ' Supply | Balancing and Storage

Cost | Simulation = Output ~ MNotes | Delete | Import From Excel

Overview
| General | Investment and Fized OM | Fuel | Variable O | External Elechicity Market
- Demand Heat and Electicity . Renewable Energy | Liquid and Gas Fuels - Heat Infrastucture | Road Wehicles | Other Vehicles | Transport Infiastiucture  Other Infrastiucture | wiater | Additional
#- Supply
- Balaneing and Storage Description of Investment Period O.and M. Total Inv. Costs Annual Costs (MDKK/year)
5 E,DSl Years % af Inw. MDKE Irvestment Fixed Opr. and M.
i General
= Investment and Fixed Ot Total Yarious: aa7 h02
t Heat and Electricity
- Rrenewable Energy 1. |Individual Oil Boilers 20 38 13200 887 02
- Liguid and Gas Fuelks 2 i a i q 0
‘- Heat Infrastructure
i~ Fioad Yehicles 3 o 1} i} 1} 1}
L Other Viehicles
i Transpart Infrastructure 4 0 0 0 ] 0
Other Infrastructure
e ater g ! E ! o o
£ Additional I3 0 i) 0 i} i}
Fuel
- Yariable OM 7 0 v 0 o 0
Extemnal Electicity Market 8 i 0 0 5 N
- Gimulation
Output 9, o i} o i} i}
10. o a 0 il 0
1. o 1} o 1} ]
12 o 1} o 1} ]
13 o a o a 1}
14, o 1} i} a 1}
15, o o 0 il 0
16 o 1} o 1} ]
17. o 1} o 1} ]
18, o a o a 1}
14, o a o a 1}
20 0 0 0 1} 1}
Run the results once again:
Metric Electricity Sector | Electricity & Electricity, Electricity, Unit
Only Heat Sectors Heating, and Heating,
Transport Transports,

and Industry

Primary Energy
Supply (PES)

66.67

98.43

TWh

Annual CO2
Emissions (CO2)

13.608

22.069

Mt

Annual Energy
System Costs
(Costs)

29014

6418

Million Euro
(M€)
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Transport Sector

Sector Demand (TWh) Supply
Electricity 30 6000 MW of gas power plants
Heat 27 2 million individual oil boilers
Industry 25 Coal
Transport 70 Qil
Petrol 35 2 million cars
Diesel 25 70,000 trucks
Jet Fuel 10

e Go to the Transport tabsheet and insert the various fuel demands for transport. You can click on

the “Help to design inputs” button to see a rough estimate of the corresponding transport demand.

A

Home Add-OnTooks  Help
® RO BRSO LW
[+ B %" # o
Home  New Import Settings Motes  Web un Run Run Treeview | Tabs
fiomexcel B Save As [chphuard) (SUEEH) (Print)  (Serial)
| General I Run I view

EnergyPLAN 12.0: Energyland_stepl.tt

B8 Show Hints*

W armings Appear Here:

Demand | Supply  Balancing and Storage |~ Cost  Simulation  Output © Motes | Delete | Impart Fram Excel

Overview - - -
El Electiicity - Heating | Cocling | Industry and Fuel | Transport | ‘water
= Demand
© % Elechiciy Twhiyear Fossil Biofuel Wwaste*  Synthetic Fuel  Total Distiibution T e o Tl e
Heating JP et Fuel) 10 0 1} 10,00 kmdkidéh  Billion ken/year
Cooling
\nduslly and Fuel Diesel 5 0 0,00 [ 25,00 15 »
- Petral ES 0 o £ 15 52
o Supely Naas* (Grd Gas) 0 0.00 Gas | canstist 15 0
- Balancing and Storage
+- Cost LPG 1} 0,00 15 0
i~ Simudation H2 [Produced by Elecliolysers] 0 )| IHENL AR 3 U
- Dutput
Electricity (Dump Charge] 0 Durp | Hour_transport.tet 5 0
Electricity [Smart Charge) 0 Smart Hour_transport. tat 5 0
a0
-
Electric Yehicle Specilications - ~ cﬂmhusﬂm Transporr
Lot ) ), > | demand |
Smart Charge Yehicles:
Max. share of cars duiing peak demand:  {0.2 ‘.f?,“ ‘ Cnmhwim Tlanspun]
Capscity of gid to battery conrection: |0 o e 1l
Share of parked cars grid connected: 0.7
{ Biomass ) Combusmm }__(Tranm |
Efficiency [grid to battery) 09 o) . cars demand
Battery storage capacity 0 Gwih
Transpon
Additianal Specifications for Vehicle-to-Grid [v2G], g ‘ )—*| _demand |
Capacity of battery to arid connection o b
03 —_—
Efficiency [battery ta grid] p EIenLn( Transport
E'e“ _vehide [ | demand J

{ Vehicle 1o [ Transporl
m I gr id dema ndJ

Now the cost of this fuel must be added.
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e Go to the Cost->Fuel tabsheet and insert the fuel and fuel handling costs for oil.

Home | Add-On Tools

Home  New Import

(3 B

H save

fromexcel B Save as

Help

Settings MNotes  Web Run

EnergyPLAN 12.0: Energyland_stepl.tet

TR LY

Run Treeview | Tabs

Run Run
{Clipboard) ({Screen) (Print) (Serial)
General I Run

Wiew

‘Warkings Appear Here:

5 Overview
®- Demand
- Supply
#- Balancing and Storage
21 Cost
o General
=1 Investment and Fixed OM
i Heat and Electricity
i Renewable Energy
- Liquid and Gas Fusls
i Heat Infrastructure
- - Fioad Vehicles
t Other Yehicles
i Transport Infrastucture
i Other Infrastructure
Water
.- Addtional
Fuel
- Wariable OM
. Enternal Electricity Market
Simulation
#- Qutput

Demand | Supply | Balancing and Storage | Cost

General  Investment and Fived OM

Fuels and Taxes
Fuel price alternative Basic Coal FuelDil

Fuel Price [world market prices] [DKKAGJ] 0 0

Fuel handiing costs [distibution and refinery) [DKE/G))

To Biomass Conversion Plants

Ta central CHP and power stations 0
To dec. CHP, DH and Industiy 0 0
To Individual house holds 0
To transportation [1oad and train]
To transportatian [air]

Takes (DKE/G)
Individual households 1
Industry 0 0
Ballers [at CHP and DH plants] 0 0
CHP units 0 0

Compressed Air Energy Storage [CAES)

Tawes on elecliicity for energy conversion

[DRKAdwih) DH systems  Individual houses
Electiic heating  |© o

Heat Pumps 0 o

Electralysers 0 o

Electric cars d

Pump [storage] 0

Simulation  Output  Mates  Delete  Impart From Excel

Fuel | Wariable OM | Estemal Electicity Market

Diesel
Gasal PetrolAlP Mgas LPG
16,5 175 10 o +0
04 0
2 0
2 3
1.9 18 2
0.5
0 0
0 0
i} i}
i} i}
0

‘Waste

o

o o o o o

o o o o

Dy et
Biomass

Nuclear/Uraniurmn

Biomass Incl. handiing elc.

o o [t}

Biomass: E.q. straw and wood incl. pellets
Dy Biomass: Green energy crops for Biomass conversion

‘wiet Biomass: E.g manure ete. for biogas production

Like the individual boilers, the vehicle costs need to be calculated outside of the model. The cost of a

conventional car and a truck have been obtained from the report “Alternative drivmidler i

transportsektoren (Alternative Fuels for Transport)” (2012) which was carried out by COW!I for the Danish

Energy Agency and is available from http://www.ens.dk/.

Conventional Cars

1 Car (€)

2 Million Cars (M€)

Investment

12000

24000

Fixed Operation & Maintenance (%)

7.70%

7.70%

Lifetime (years)

16

16
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http://www.ens.dk/

Trucks/Buses

1 Truck (€)

70,000 Trucks (M€)

Investment

160000

11200

Fixed Operation & Maintenance (%)

1.20%

1.20%

Lifetime (years)

8

8

e Go to the “Cost->Additional” tabsheet and input the cost for cars and trucks

A

Home | AddOnTools  Help

Home  New Import Settings Motes  Web Run Run Run
fromexcel B Save As (Cipboard) {Screen) (Pri

| General Il Run

AGRE GG 3 @&

EnergyPLAN 12.0: Energyland_stepl.tt

B8 Show Hints*

Run Treeview | Tabs

int) (Serial)

Ji View

W armings Appear Here:

5 Overview

o

#- Demand Heat and Electricity  Renewable Energy  Liquid and Gas Fuels
- Supply
4 E:z"m"g and Storags Description of Investment
i General
=) Investment and Fixed OM TotalVarigus:
1+ Heat and Electricity

Fienewable Eneray 1. [Individual Oil Bolers
Liquid and Gas Fuels
Heat Infrastructure
Road Vehicles 3 |Trucks/Buses
Other Vehicles

Transport Infrastructure 4

Other Infrastiucture

' ater

2. |Conventional Cars

- Fuel

Variable OM 7
- External Electicity Market
- Simulation
- Output g

Demand | Supply | Balancing and Storage | Cost | Simulation | Output | Notes | Delete | Import From E scel

General | Investment and Fived OM | Fuel | Variable OM | Esternal Electizity Market

Heat Infrastructure | Foad Yehicles  Other Vehicles | Transport Infrastructure  Other Infrastructure | wiater | Additional

Period O.and M. Total Inv. Costs Annual Costs (MDKK{fyear)

Years % of Inw. MDEE Inwestment
4393
20 38 13200 887
16 77 24000 1911
a 12 11200 1535
I (i 0 0
I (i 0 0
0 0 0 1}
i} 0 i} 1}
0 0 0 0
n n n 0
I (i 0 0
0 0 0 1}
0 0 0 1}
i} 0 i} 1}
I (i 0 0
n n n 0
0 0 0 1}
0 0 0 1}
i} 0 i} 1}
i} 0 i} 1}
o 0 o 1}

2484

Fixed Opr. and M.

Page 17 of 20




Run the results and save your file:

Metric Electricity Sector | Electricity & Electricity, Electricity, Unit
Only Heat Sectors Heating, and Heating,
Transport Transports,
and Industry
Primary Energy 66.67 98.43 168.43 TWh
Supply (PES)
Annual CO2 13.608 22.069 40.717 Mt
Emissions (CO2)
Annual Energy 2914 6418 16655 Million Euro
System Costs (M€)
(Costs)
Industry
Sector Demand (TWh) Supply
Electricity 30 6000 MW of gas power plants
Heat 27 2 million individual oil boilers
Industry 25 Coal
Transport 70 il
Petrol 35 2 million cars
Diesel 25 70,000 trucks
Jet Fuel 10

Finally, we will add the 25 TWh of coal for the energy demands in industry.

e Go to the Industry tabsheet and under coal, insert 25 TWh.

We will not be changing the infrastructure for industry, so the costs are not included. Ideally, it would be
better to have a profile of the equipment using the fuel in industry so the cost of changing it can be

accounted for.
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ﬁ = EnergyPLAN 12.0: Energyland_stepl.bet

Home | AddOnTock  Help
g | F&k show Hints=
n Treeview | Tabs

o GEO W D E
AGR GEG B OB
‘ fromexcel B Save As ” (C\ip;unard) (SErl;:n) (Prli“r?t} (SELr‘ia\) ”

Home MNew Import Settings MNotes  Web
General

Run View

Warhings Appear Here:

Demand | Supply | Balancing and Storage .~ Cost | Simulation - Output - Notes | Delete  Import From E scel

(B8 e Elechicity | Heating | Cooling | Industry and Fuel | Transport | Water
D d o
F— Industry and Other Fuel Consumption

Heating
Caaling

Twhiyear Industry Warious® Fuel Losses™ Distribution
Transpart
L Water
Supply Coal 5 o o
Balancing and Starage
Cost ai 0 0 0
Simulation
Output
Ngas 0 0 0 | Ngas | conshtat
Biomass 0 0 0

. A1t

\ Process
Industry ’—» heat

Y ) demand
—— e )

|

Fuel

B

Now we must add the fuel price and the fuel handling costs for coal by going to the “Cost->Fuel” tabsheet:
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A

from excel B} Save As

General

Harme Add-On Tooks  Help

AGRIT OEFG B D
G ™ B save

Home  New Import Settings Motes  Web

EnergyPLAN 12.0: Energyland_stepl.tet

E . ’E‘T‘ E&k show Hints*

Run Run Treeview | Tabs

[Chphnard) (Screen) (Print) ~ (Serial)
Run

View

‘Warnings Appear Here:

o Overview
Demand

Supply

Balancing and Storage

Cost

i General

Investment and Fized OM

D -

|
Wariable OM
External Electricity Market
Simulation
Output

o

Demand | Supple | Balancing and Storage | Cost

General  Investment and Fized OM | Fuel | Yariable O

Fuels and Taxes

Fuel price alternative Basic Coal

Fuel Price [warld market prices] [DKK/GJ) E

Fuel handiing costs [distibution and refine ) [DKK/GJ)

To Biomass Conversion Flants

0
15
0

To central CHP and power stations
Ta dec. CHP. DH and Industry
To Individual house holds
Ta transportation [road and train)
Ta transportation [ir)

Takes [DER/GI)
Individual households
Industy
Boilers [at CHP and DH plants]
CHP units

ol o o o

Campressed Air Energy Storage [CAES]

Tawes on electricity for energy conversion

(DEEAMwh] CH systems  Individual hous
Electric heating 0 o
Heat Pumps 0 o
Electiolysers 0 v
Electiic cars o

i}

Pump [starage)

Simulation  Output  Mates  Delstz  Impart From Excel

M External Electricity M arket

Diessl Dy “wet Muclear/Uranium
FuelDil Gasal Petrold)P - Nagaz LPG Waste Biomass  Biomass  Biomass Incl handiing etc.
0 165 17.5 10 0 +0 0 0 0 0
i} i} i}
il 0.4 0 0
0 2 0 0 Biomass: E.q. straw and wood incl. pellets
2 3 0 Dy Biomass: Green energy crops for Biomass conversion
19 1.9 2 0 ‘et Biomass: E.g manure etc. for biogas production
05
i} i} i}
0 0 0 0
0 0 0 0
0 0 0 0
0

e

Run the results and save your file:

Metric

Electricity Sector
Only

Electricity &
Heat Sectors

Electricity,
Heating, and
Transport

Electricity,
Heating,
Transports,
and Industry

Unit

Primary Energy
Supply (PES)

66.67

98.43

168.43

193.43

TWh

Annual CO2
Emissions (CO2)

13.608

22.069

40.717

49.267

Mt

Annual Energy
System Costs
(Costs)

2914

6418

16655

17060

Million Euro
(M€)

The Energyland system is now modelled in EnergyPLAN. Next, we will need to model some scenarios to

analyse the impact of various integration technologies.
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