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1  Guide ePRO/EXCEL tool: SupportDHC standard model

1.1 energyPRO

energyPRO is a complete modelling software package for combined techno-economic
analysis and optimisation of both cogeneration and trigeneration projects as well as other
types of complex energy projects including PtX with a combined supply of electricity and
thermal energy (steam, hot water or cooling) from multiple different energy producing units.

energyPRO is typically used for techno-economic analysis of energy projects such as district
heating cogeneration plants with gas engines combined with boilers and thermal storage,
industrial cogeneration plants supplying both electricity, steam and hot water to a site,
cogeneration plants with absorption chilling (trigeneration), biogas fuelled CHP plants with
a biogas store, biomass cogeneration plants. Other types of projects, e.g. geothermal, solar
collectors, photovoltaic or wind farms can also be analysed and detailed within the software.
energyPRO can also be used for analysing hydro pumping stations, compressed air energy
storage and other electricity storage projects.

energyPRO allows the hourly optimization of the operation to be made against fixed tariffs
for electricity or against spot market prices. The optimization is taking into account the
limited sizes of thermal and fuel stores.

energyPRO provides the user with a detailed financial plan in a standard format accepted by
international banks and funding institutions. This includes presentation of the operating
results for the project, monthly cash flows, income statements (P&L), balance sheets and key
investment figures such as NPV, IRR and payback time. The software enables the user to
calculate and produce a report for the environment/emissions (CO2, NOX, SO2, etc.) by the
proposed project.

License Help

’ Summary ’ Summary ’ Summary ’ Technical
Monthly Monthly Monthly Economic
Annual Annual Annual il Key Figures Cg‘er;attetir;a[ %) Graphical Layout
Energy Environment Cash Flow Inputs

Figure 1 - ePRO’ standard report

' ePRO = energyPRO
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1.2 ePRO/EXCEL tool: Support DHCePRO.xlIsx

The SupportDHC standard energyPRO model (subsequently referred to as the ePRO model)
can be used to calculate the energy and economic basis for economic feasibility of
establishing new district heating production units. Technical data, emission factors and price
projections can be adjusted, making it easy to use in different countries.

The model includes all relevant factors to compare and propose heat planning scenarios, and
can be used in cooperation between DHC professionals and local planners. Among others,
the model performs a cost-benefit analysis considering district heating company calculating
the economics of the project following Danish standards for tax, fuel prices, electricity cost.

Wood chips

11 KWhiNm|
-
E——
Natural gas Gas CHP L]
- ' T

fx | 78 MW ! 344444 MWh

p B » Zomy =R
Heat store T ——
Heat demand
Solar Gas boilers

1 MWh/MWh

e ——
Excess heat

market_buy
10 MW

10 RAW,
s

—
Electric boiler
3 MW

e - 2.2 MW |
10 I\-1W’
——

WasteCHP

10 I'u1W, I 10w

WastetE

Figure 2 - ePRO standard model - HPNH3 ~ 11 MW and HPCO2 ~ 11 MW - SupportDHCePRO.epp.
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The model is developed by Planenergi for SupportDHC and is freely available to everyone
interested. The model is recommended to be used for both screening projects and detailed
feasibility studies. The standard model includes the following active plants/units:

e Wood chip boiler
e Wood chip CHP

e Wood pellet boiler
e Straw boiler

e GasCHP
e Gas boilers
e Waste CHP

e Waste boiler
e Electric boiler

e HPCO2
e HPNH3
e Solar

e Surplus heat

The standard model have all plants/units active resulting in the following duration curve:

Duration curve for heat demand
(01-01-2025 to 01-01-2026)

8

-

0 500 1.000 1500 2.000 2500 3.000 3500 4000 4500 5000 5.500 6000 6500 7.000 7.500 8.000 8500
Time [Hours]

M Surplus heat [l WasteCHR [l Wood chip CHR (1] WastetE [ HPNH3 [l Straw boiler [ Solar [l Wood chip boiler [l HPCO2 [l Electricboiler [l Gas CHF il Wood pelletboller  Gas boiles — Demand only — Consumptions and losses on sie

Graph type

Demand only Operation time order Input ciata arcder ® Productions as duration curve

Figure 3 - Duration curve ePRO standard model.
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Based on the following Net Heat production costs (ePRO output).

3 Operation strategy - o n
Calculation Method ® Analytic MILP Sobver
Operation Strategy

® Minimizing Met Production Cost (NPC)
User Defined Cperation Strategy

Net Heat Production Cost | Energy Unit Setup

January 2023 Lol (Select month for shown operation strategy) Electricity Market: Spot market_sales ]

MNet Heat Production Cost (WHPC) versus Electricity Spot Price (Start costs excluded)
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Figure 4 - Operation strategy ePRO standard model.
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Figuré 5- Eléctricity spot prices.
The model should be tailormade to local conditions by having “Non availability periods” set
for the entire year on plants excluded in the scenarios.

O wasteCHP - o IE#

. EName: WasteCHP

Technical | Operational

Operational Unit Setup

Partial load allowed v
Production to store allowed '
Electricity market Spot market_sales
Selected priority in operation strategy Calculated

Operation dependent on other unit

| Non availability periods An operation pericd shall min, be 0 % 60 minutes

. . - 0 .
Start Time End Tme Occurrenc A non operation pericd shall min, be x B0 minutes

01-01-25 00:00 31-12-25 23:23 Vearly | v |1

Figure 6 - Definition of “Non availability periods” => unit excluded in the scenarios.
SupportDHCePRO
energyPRO 4.9.428
23-01-2025 15:12
Catalogue of economic assumptions

Currency: EUR

3.2 Operating Expenditures 7,45
Fuel cost Low Heat value EUR/G) EUR/MWh DKK/G] DKK/MWh DKK/Ton/m3
Wood chips 65 EUR/ton 9,4 GJ/ton 6,91 24,9 51,5 185,5 484
Wood pellets 157,4 EUR/ton 17,5 GJ/ton 8,99 324 67,0 241,2 1173
Straw 85,3 EUR/ton 14,4 GJ/ton 5,92 21,3 441 158,9 635
Natural gas 0,27 EUR/Nm3 11 kWh/Nm2 6,82 245 508 1829 2,01
Waste -53,6 EUR/ton 10,6 GJ/ton -5,06 -182  -377 -135,6 -399
Electricity_El Elspot_func(_) EUR/MWh 51,0

Figure 7 - Fuel costs - ePRO standard model report imported in EXCEL: Support DHCePRO.xIsx

The modelinclude a cost-benefit analysis for a Danish district heating company and therefore
calculate the economics of the project following Danish standards for tax, fuel prices,
electricity cost.
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3 Economy
v -8 Revenues
- Sales WasteCHP
- Sales WoodCHP
- Sales GasCHP
v i Operation expenditures
v @ Fuel cost
' Wood chips
- Wood pellets
-l Straw
- Natural gas
-8 Waste
&8 Electricity_NH3
- Electricity_CO2
- Electricity_EI
v 8 Additional cost

- Surplus heat
- HPNH3
-l HPCO2

- straw boiler
- Gas CHP
- Gas boilers
- Waste boiler

- Waste CHP
{3l Solar

Figure 8 - Cost elements in model.

- Electricity grid feeding cost
- Gas transport cost

) wood chip CHP

§£8 wood chip boiler
- Electric boiler

- wood pellet boiler

v 3 Taxes

v @ Energy
- gasengine
@ Elec gas engine
- Gas boilers
-} Waste CHP
- Waste boiler
v @8 co2
- Gasengine
- Elec gas engine
- Gas boilers
- wasteCHP
- Wasteboiler
v @8 €02 quota
@ Natural gas quota
... Waste quota

v
@ distributiontariff i;):; |
i asengine
- Transtariff )
v - Operation and maintenance i Gas boilers
™ a Variable operation and maintenance i Waste CHP

) waste boiler
- Wood pellets
-l Straw
- Wood chips

v -8 Methane

. .@ Gasengine
v @8 sox
- @ Wood pellets
-l Straw

v @8 Electricity

{8 Premium

Surplus heat
wood chip CHP
HPNH3

HPCO2

straw boiler
wood chip boiler
Gas CHP

Electric boiler
Gas boilers
wood pellet boiler
Waste boiler
Waste CHP
Solar

Operation and maintenance
Variable operation and maintenance

5,00 EUR/MWh
1,45 EUR/MWh
1,80 EUR/MWh
1,80 EUR/MWh
2,32 EUR/MWh
3,14 EUR/MWh
5,74 EUR/MWh
0,96 EUR/MWh
1,17 EUR/MWh
2,11 EUR/MWh
8,28 EUR/MWh
6,25 EUR/MWh
0,22 EUR/MWh

ePRO tool

Figure 9 - O&M variable cost elements. Source: DEA Tech catalogue and “Surplus heat cost”
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v Taxes Taxes
b Energy Energy
gasengine gasengine 0,3 EUR/Nm3 FC(Gas CHP;Natural gas) / HeatValue(Natural gas)
Elec gas engine Repayment Gasengit -0,3 EUR/Nm3 EP(Gas CHP;All Periods) / 0,67 / 0,011
Gas boilers Gas boilers 0,3 EUR/Nm3 FC(Gas boilers;Natural gas) / HeatValue(Natural gas)
Waste CHP Waste CHP 67,2 EUR/ton FC(WasteCHP;Waste) / HeatValue(Waste)
Waste boiler Waste boiler 67,2 EUR/ton FC(WastetE;Waste) / HeatValue(Waste)
v a co2 co2
Gasengine Gasengine 0,05 EUR/Nm3 FC(Gas CHP;Natural gas) / HeatValue(Natural gas)
Elec gas engine Repayment Gasmot¢ -0,05 EUR/Nm3 EP(Gas CHP;All Periods) / 0,67 /0,011
Gas boilers Gas boilers 0,05 EUR/Nm3 FC(Gas boilers;Natural gas) / HeatValue(Natural gas)
a wasteCHP wasteCHP 5,94 EUR/ton FC(WasteCHP;Waste) / HeatValue(Waste)
Wasteboiler Wasteboiler 5,94 EUR/ton FC(WastetE;Waste) / HeatValue(Waste)
v CO2 quota CO2 quota
Natural gas quota Natural gas quota 29,62 EUR/ton CO2 ImportedFuel(Natural gas) * 3,6 * 57,1/ 1000
a Waste quota Waste quota 29,62 EUR/ton CO2 ImportedFuel(Waste) * 3,6 * 42,5/ 1000
v a NOXx NOx
Gasengine Gasengine 0,004 EUR/Nm3 FC(Gas CHP;Natural gas) / HeatValue(Natural gas)
Gas boilers Gas boilers 0,001 EUR/Nm3 FC(Gas boilers;Natural gas) / HeatValue(Natural gas)
a Waste CHP Waste CHP 0,48 EUR/ton FC(WasteCHP;Waste) / HeatValue(Waste)
waste boiler waste boiler 0,48 EUR/ton FC(WastetE;Waste) / HeatValue(Waste)
Wood pellets Wood pellets 0,94 EUR/ton ImportedFuel(Wood Pellets) / HeatValue(Wood Pellets)
Straw Straw 0,91 EUR/ton ImportedFuel(Straw) / HeatValue(Straw)
a Wood chips Wood chips 0,63 EUR/ton ImportedFuel(Wood chips) / HeatValue(Wood chips)
v - Methane Methane
Gasengine Gasengine 0,044 EUR/Nm3 FC(Gas CHP;Natural gas) / HeatValue(Natural gas)
v SOx SOx
Wood pellets Wood pellets 1,29 EUR/ton ImportedFuel(Wood Pellets) / HeatValue(Wood Pellets)
Straw Straw 1,29 EUR/ton ImportedFuel(Straw) / HeatValue(Straw)
v @8 Electricity Electricity
PSO PSO 0 EUR/MWh  ImportedElectricity(Spot market_buy;All Periods)
Premium Premium -20 EUR/MWh  EP(Wood chip CHP;AIl Periods)
Figure 10 - Cost elements in ePRO model.
Taxes Taxes
Energy Energy
gasengine . N4555INm3_Jat o3 34364 gasengine 0,3 EUR/Nm3 FC(Gas CHP;Natural gas) / HeatValue(Natural gas)
Elec gas engine 68385,3 Nm3 at -03 = -20516 X R
Gas boilers ONm3  at 0= 0 Repayment Gasengit -0,3 EUR/Nm3 EP(Gas CHP;All Periods) /0,67 /0,011
Waste CHP 29096,9 ton at 67,2 = 1955314 Gas boilers 0,3 EUR/Nm3 FC(Gas boilers;Natural gas) / HeatValue(Natural gas)
Waste boiler 16999,3 ton at 672 = 1142356 Waste CHP 67,2 EUR/ton FC(WasteCHP;Waste) / HeatValue(Waste)
Energy Total 31115170 waste boiler 67,2 EUR/ton FC(WastetE;Waste) / HeatValue(Waste)
co2
) co2
Gasengine 1145455 Nm3  at 0,05 = 5727 .
Elec gas engine 683853 Nm3  at 005 = 3419 Gasengine 0,05 EUR/Nm3 FC(Gas CHP;Natural gas) / HeatValue(Natural gas)
Gas boilers ONm3 at 0= 0 Repayment Gasmot¢ -0,05 EUR/Nm3 EP(Gas CHP;All Periods) /0,67 / 0,011
wasteCHP 29096,9 ton at 5% = 172836 Gas boilers 0,05 EUR/Nm3 FC(Gas boilers;Natural gas) / HeatValue(Natural gas)
Wasteboiler 169993 ton  at 594 = 100976 wasteCHP 5,94 EUR/ton FC(WasteCHP;Waste) / HeatValue(Waste)
CO2Total 276120 Wasteboiler 5,94 EUR/ton FC(WastetE;Waste) / HeatValue(Waste)
CO2 quota
Natural gas quota 250 tonCO2at 29,62 = 7672 €02 quota
Waste quota 20766,4 ton CO2 at 29,62 = 615100 Natural gas quota 29,62 EUR/ton CO2 ImportedFuel(Natural gas) * 3,6 * 57,1/ 1000
CO2 quota Total 622772 Waste quota 29,62 EUR/ton CO2 ImportedFuel(Waste) * 3,6 * 42,5/ 1000
NOx NOXx
Gasengine 1145455 Nm3  at 0,004 = 458 Gasengine 0,004 EUR/Nm3  FC(Gas CHP;Natural gas) / HeatValue(Natural gas)
Gas boilers ONm3 at 0= 0 . "
Gas boilers 0,001 EUR/Nm3 FC(Gas boilers;Natural gas) / HeatValue(Natural gas)
Waste CHP 29096,9 ton at  048= 13967
waste boiler 169993 ton at 048 = 8160 Waste CHP 0,48 EUR/ton FC(WasteCHP;Waste) / HeatValue(Waste)
Wood pellets 221,9 ton at 094 = 209 waste boiler 0,48 EUR/ton FC(WastetE;Waste) / HeatValue(Waste)
Straw 7050,2 ton at  091= 6416 Wood pellets 0,94 EUR/ton ImportedFuel(Wood Pellets) / HeatValue(Wood Pellets)
Wood chips 362537ton  at 063 = 22840 Straw 0,91 EUR/ton ImportedFuel(Straw) / HeatValue(Straw)
;O:hmta‘ 52048 Wood chips 0,63 EUR/ton ImportedFuel(Wood chips) / HeatValue(Wood chips)
lethane
Gasengine 1145455 Nm3 ~ at 0,044 = 5040 Methane
Methane Total 5040! Gasengine 0,044 EUR/Nm3 FC(Gas CHP;Natural gas) / HeatValue(Natural gas)
SOx SOx
Wood pellets 2219ton  at 129 = 286 Wood pellets 1,29 EUR/ton ImportedFuel(Wood Pellets) / HeatValue(Wood Pellets)
straw 70502 ton at 1.29= 909 Straw 1,29 EUR/ton ImportedFuel(Straw) / HeatValue(Straw)
SOx Total 9381 L
) Electricity
Electricity
PSO 30069,5 MWh  at 0= 0 PSO 0 EUR/MWh  ImportedElectricity(Spot market_buy;All Periods)
Premium 178231 MWh  at 20 = -356462 Premium -20 EUR/MWh EP(Wood chip CHP;All Periods)

Figure 11 - Cash flow annual and cost elements in model.
The Energy-economic results of ePRO model are summarised in the EXCEL sheet:
SupportDHCePRO.xlIsx, where ePRO standard reports (Cash flow, Energy conversion, Tech.
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and economic assumptions, Environment) are integrated through the light green areas. The
variable costs included in the energyPRO model are summarised to unit based cost tables,
and combined with investment cost and O&M cost based on the DEA, Technology Catalogue?.

On the sheet “Cash” the economic results are linked to the standard ePRO reports, where all
units have their cost divided in the following elements: O&M, Fuel, Tax, Nox++, Elec. Sale, Cap.
Cost, Total cost. Fixed O&M cost and capital cost are based on DEA, Tech Catalogue. Tech. cat.
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Figure 12 - EXCEL sheet (Support DHCePRO.xIsx) with variable cost elements per plant/

1413510

a3

D 5 \ 57232 2010100 5155as3] 15202555 3444s

08 WLE CHP, Small JJl¢ P | 09

433 3305 oislrol

m

unit in mode

based on standard report: “cash flow annual” - fixed O&M and capital cost based on DEA tech. cat.

Cost elements in EUR

Surplus heat
Wood chip CHP
HPNH3

HPCO2

Straw boiler
Wood chip boiler
Gas CHP

Electric boiler
Gas boilers
wood pellet boiler
Waste boiler
Waste CHP

Solar

Total

Oo&Mm
429777
573060

75900
48021
531367
495870
105702
13310

0
271116
1216239
1150377
3574
4914313

Fuel
0
1706926
494999
226604
518257
395597
19228
20895
0
1514
-749880
-1295469
0
1338671

-
C:\Projekt\Support DHC (23-075)\[Support DHCePRO.xIsx]INPUTresultFIG

Tax

O O O O o o

11860

0

0

0
1023249
1767737
0
2802846

Nox++

19879

14362
4607
256

0

22
6715
11601

57442

DKK DKK

Elec.Sale  Cap.cost Totalcost Heat MWh EUR/MWh DKK/MWh DKK/GJ
429777 85955 50 373 10,3
-1146156 1250533 2404241 62855 383 285,0 79,2
676157 1247056 29170 42,8 3185 88,5
676157 950782 13682 69,5 517,7 143,8
546786 1610773 24388 64,7 4822 1339
621121 1517194 17481 86,8 646,6 179,6
-32125 543213 648134 353 1838,7 136982 38050
50033 84238 2013 41,9 311,8 86,6
0 0 0,0 0,0 0,0
396259 668911 44 150656 1122385 311774
1315146 2811469 41194 68,3 508,5 141,2
-831819 1633784 2436210 56932 42,8 3188 88,6
480194 483769 9878 49,0 364,9 101,4
-2010100 8189383 15292555 344444 44,4 330,8 91,9

Figure 13 - Cost elements pr. plant/unit in model based on cash flow annual - and capital costs.

2 The Danish Energy Agency (DEA) has produced Technology Catalogues since 1980s to support informed policy-making and
long-term energy planning, promoting a least-cost- approach within the green transition. These catalogues provide consistent,
reliable data and projections on energy technologies for economic and socio-economic analyses.
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Heat demand 344444 MWh
Max heat demand 97.2 MW
14| Heat productions:

Surplus heat 85955 MWh/year 25,00%
Wood chip CHP 62855 MWh/year 18,20%
HPNH3 29170 MWh/year 8,50%
HPCO2 13682 MWh/year 4,00%
Straw boiler 24888 MWh/year 7.20%
Wood chip boiler 17481 MWh/year 5,10%
Gas boilers 0 MWh/year 0,00%
Electric boiler 2013 MWh/year 0,60%
Gas CHP 353 MWh/year 0,10%
Wood pellet boiler 44 MWh/year 0,00%
WastetE 41194 MWh/year 12,00%
WasteCHP 56932 MWh/year 16,50%
Solar 9878 MWh/year 2,90%
Total 344444 MWh/year 100,00%

N Electricity produced by energy units:
3l Spot market_sales:

u

33 All periods Of Annual production
34 [MWh/yea %

35| Wood chip CHP 15428 49,20%

S Gas CHP 282 0,90%

37 WasteCHP 156563  49,90%

38| Total 313663 100,00%

39| Total Of annual prodi  100,00%

> INPUTresultFIG Cash |WEEECVE EconCat | TechCat Environ
Figure 14 - Energy conversion, annual - standard ePRO report.

Costs elements EUR/MWh EUR/MWh EUR/MWh EUR/MWh EUR/MWh EUR/MWh EUR/MWh

Oo&M Fuel Tax Nox++ Elec.Sale Cap.cost Total cost
Surplus heat 5,0 0,0 0,0 0,0 0,0 0,0 50
Wood chip CHP 9,1 27,2 0,0 03 -18,2 19,9 383
HPNH3 2,6 17,0 0,0 0,0 0,0 23,2 42,8
HPCO2 35 16,6 0,0 0,0 0,0 49,4 69,5
Straw boiler 21,3 20,8 0,0 0,6 0,0 22,0 64,7
Wood chip boiler 284 22,6 0,0 03 0,0 355 86,8
Gas CHP 299,9 54,5 336 0,7 91,1 1541,0 1838,7
Electric boiler 6,6 10,4 0,0 0,0 0,0 249 11,9
Gas boilers 0,0 0,0 0,0 0,0 0,0 0,0 0,0
wood pellet boiler 6106,2 34,1 0,0 0,5 0,0 8924,8 15065,6
Waste boiler 29,5 -18,2 24,8 0,2 0,0 31,9 63,3
Waste CHP 20,2 -22,8 31,0 02 -14,6 28,7 42,8
Solar 04 0,0 0,0 0,0 0,0 48,6 49,0
Total 14,3 39 8,1 0,2 -5,8 238 44,4

Figure 15 - Cost elements pr. Plant/unit in model based on cash flow annual. NB. Premium tariff for
wood chip CHP included in electricity sale (Elec. Sale).
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Cost elements in EUR/MWh
100,0 100,0
80,0 80,0
60,0 60,0
40,0 40,0
20,0 I 20,0
00 i ° 0,0
20.0 Surplus HPNH3 HPCO2 Straw Wood Electric Gas wood e e Solar 200
! heat chlp boiler  chip boiler boilers pellet boiler !
-40,0 CHP boiler boiler -40,0
-60,0 -60,0
-80,0 -80,0
-100,0 -100,0
HMO&M mFuel mTax M Nox++ MElec.Sale mCap.cost @ Totalcost

Figure 16 - Cost elements pr. Plant/unit in model based on cash flow annual.

The average production cost are shown on the sheet “INPUTresultFIG”, where the cost for
each plant/unit’s (y-axis) combined with share of annual heat production (x-axis) gives a
graphical understanding of all units influence on the average cost.

100 - ePRO standard modelRenewable mix: Economy - price 2025 s Surplus heat
mmmm Wood chip CHP
80 s HPNH3
mm HPCO2
mmmm Straw boiler
e 60
2 Wood chip boiler
E " Gas CHP
14
a 49 e Electric boiler
= Gas boilers -
20 mmmm Wwood pellet boiler
mwsn Waste boiler
0 Waste CHP
mmm Solar

Heat production price 47,2 EUR/MWh (13 EUR/GJ)
Heat production price an consumer 47,2 EUR/MWh (13 EUR/GJ)

0, C:\Projekt\Support DHC (23-075)\[Support DHCePRO.xIsx]INPUTresultFIG

Figure 17 - Average heat production cost and specific cost pr. Plant/unit.

= Production price
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~ < Format Painter Formatting v Table > - - = & Clear~ Fiter ~ Select =

Ciipboard Alignment Cells Editing Sensitivity | Add-ins

17:02-2025 1625
Catalogue of economic assumptions
Currency: EUR
131 Revenues
Sales WasteCHP Elspot_func() EURMWh  EP(WasteCHP:AIl Periods)
Sales WoodCHP Elspot_func) EURMWh  EP(Wood chip CHP:All Periods)
Sales GasCHP Elspot_func() EURMWh  EP(Gas CHP:AIl Periods) DKK/EUR}

1.2 Operating Expenditures 7.43|n baltpool
Fuel cost LowHeatvalue  EUR/G) EUR/MWh DKK/G) DKK/MWh DKK/Ton/m3 [EURMWh  GHF
Wood chips 65 EUR/ton 9.4 Gyton 691 249 515 34 2

Wood pellets 157.4 EUR/ton 175 Giton 8% 324 670 173 383
Straw 853 EUR/ton 144 GJton 592 73 a1
Natural gas 0.27 EURINm3 11 kwh/Nm3 682 245 508
Waste 53,6 EUR/ton 106G/ton 506 182 377
Electricity_EI Elspot_func) EURMWh 510

‘Additional cost
Electricity grid feeding 055 EUR/MWh
Gastransport cost 0.03 EURINm3
distributiontarf  Dist tarif()  EUR/MWh
Transtariff Trans_tarifl) _EURMWh

Operation and maintenance

(55

&

Variable operation and maintenance
Surplus heat 500 EUR/MWh
wood chip CHP 1.45 EURIMWh
HPNH3 1,80 EUR/MWh
HPCO2 1,80 EUR/MWh
straw boiler 2.32 EURIMWh
wood chip boiler 314 EURMWh
Gas CHP. 574 EURIMWh
Electric boiler 0.96 EUR/MWh
Gas boilers 1.17 EURIMWh
wood pellet boiler 2,11 EURIMWh
Waste boiler 828 EUR/MWh
Waste CHP 625 EUR/MWh
Solar 022 EURIMWh

INPUTresultFIG | Cash | Energy | [AZM&Al TechCat | Environ | 06 Gas engines, natural gas |[(UGAVNAGICAINE 08 WtE HOP | 09aV = +
Ready Calculate E§  $ Accessibility: Investigate

Figure 19 - Catalogue of economic assumptions
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Ciipboard Alignment Editing Sensitivity | Add-ins

SuppOrtDHCEPRO
energyPRO 49.428 energyPRO 4.9.428
17:02:2025 1626 ey
Catalogue of technical assumptions Catalogue of technical assumptions
5 Energy units Formulars to calculate heat capacity - based on text and values 5 Energy units
Surplus heat Surplus heat
Surplus heat
Excess hez Heat Output Excess hez Heat Output Excess hez Heat Output
Linear  10.0MW  100MW 100 100 Linear  10.0MW 100 MW

Linear 100,00% Linear 100,00%

Annual non availability periods: [dd/mm/yyyy hh:mm] Annual non availability periods: [dd/mmyyyyy hhmm)
01-01-250000 to 01-01-25 0000 Not Repeated S 10 s Not Repeated

Wood chip CHP
Wood chip CHP
Wood chif Heat Output ~ Electricity Output. Wood chif Heat Out Electricity Output Wood chif Heat Out Electricity Output
Linear 120MW  11.0MW 27MW 120 10 27 Linear  120MW 11LOMW 27MW

Linear 91.70%  22.50% 11420% 0% 2% 114% Linear 91.70%  22.50%

Annual non availability periods: [dd/mm/yyyy hh:mm] Annual non availability periods: [dd/mmyyyyy hhmm)
01-01-250000 to 01-01-25 0000 Not Repeated S 10 #sa42 Not Repeated

1 GEGES HPNH3
Min. Oper: 60 Minutes Min. Oper: 60 Minutes
Heat Outg Electricty Input Heat Outg Electricity COP Heat Outr Electricity Input
Linear  Heat HP()/10 EL HP()/1000*HP_QU)/7 1 312 352 Linear  Heat_HP(EIHP()/1000*HP_QU)/7

Annual non availability periods: [dd/mm/yyyy hh:mm] Annual non availability periods: [dd/mmyyyyy hhmm)
01-01-250000 to 01-01-25 0000 Not Repeated S to ##2442 Not Repeated

INPUTresultFIG | Cash | Emergy | EconCat |[QEIUS Environ | 06 Gas engines, natural gas |[GAVNAGICAINE 08 WtE HOP | 09aV = +
Ready Calculate E§  $ Accessibility: Investigate

Autosave (@ off D~ B, % & & H

= Support DHCePROIsk - E

File

Home Insert Page layout Formulas Data Review View Automate Developer Help

[ hos =)o | e Bl B [nomeLooo... | Normal_coo... B | Do - Ay O

[@copy ~ " Fill~
Paste s Conte - | m@- o ) | @ i bz Gt Sotd Fnds | Sensitvity
Merge & Cent ®|- % 9|%B B Sondtonal Farmet 2| Norma Bad el il £ z

~ < Format Painter
Ciipboard Editing

Alignment Sensitivty | Add-ins

Check emission factors.
energyPRO 4.0.428
120220251413
Environment, annual from January 1, 2025 to December 31, 2025
emissions
co2 [tonne] DK Emissions factors, DEA
Natural gas 90471 Nm3 at 0,002 = 204 119951777 MWh 3583 G [WEEERSUVC I Pow er plants and combined heat and power plants (CHP)
Fucies Tyoe of plant — Type ofwork® IcOp Ce N20 502 Nox pME5
Waste 43250 ton at 045= 10484 106 GJ/ton 458451 G 00425 ton/G) Ko/G oG o/e) oG Ja _aa
s = Steam Turbne Centralpbnt | 93,4 03 08 60 33,0 2.1
Natural gas Steam Turbine  Central plant 57,1 1,0 1,0 140 250 2,5
CHa kgl Natural gas Gas turbine Decentralised p 57,1 1,7 10 0,4 48,0 0,1]
et = Deanialecds| 71 48lo 08 05 1m0 02
Wood chips 38sBton  at 131 94 Gyton 366487 G 00031 kg/G)  |Wnste Stcam Turbne  Deaniraloed | 425 03 12 83 750 03
e B e e S 00032k |Bosee =5 Deanialeed | 00 4340 15 192 200 02
EE SteamTubine Deanirsleed | 00 05 i1 490 1350 14
Straw 6684 ton at 47 144 GJiton 96252 G 00005 kg/Gl  |Wood chips, wood waste Steam Turbine _ Decentraisedp| 0,0 31 0, 19 810 48
Natural gas 90471 Nm3  at 4 119951777 MWh 3583 G 00011 ky/G) ey (0]
waste st st 3 106 Gyton 50451 ) 00004 keyG  [Waste et sveters DRV hestna| 25 03 12 83 750 03
” Bioces Hesting svetems DRI hesting| 00 1o 01 280 Ze0  1s
lectricy 23 MW at 280 icour fuel i, waste oi Heating systems Ditrit heating| 793 08 03 1000 138,025
e Dcsel Hesting svetems DEUic hesting| 740 05 04 230 &s0 50
Sraw Heating systems Ditrct heating| 0,0 30,0 40 1150 90,0 120
N20 Notural aos Hesting svetems DEUIC hesting| 571 1o 10 04 317 01
oo Heating syetems DRt hesting| 00 10 40 1o 900 100
Wood chips 38088 ton at 312 94 GJjton 366487 G 0.0009 kg/G) Natural aas. Heating systems Villa complex 571 10 1( 4 19,6 z
it Poten o A o e i e Hesting syatems Vila omalex | 00 30 40 1m0 @00 470
Diesel Heating systems Villa complex 74,1 0,7 06 52,0 5.0]
straw esaton  at 107 144 Gyton o252 G 00011 kg'e)
Natural gas 90471 Nm3 at 4 11 9951777 MWh r 3383 G 00011 kg/G)
waste msoten at 62 106 Gyton 458451 @ 00012 kg6
Electricity 26238 MWh  at 70
N20 Total

so2

[kel

Wood chips 38988 ton at 0018 = 702 9.4 GJiton 366487 G) 00019 kg/G)
Wood pellets 289 ton at 0033 = 10 175 Giton 5058 GJ 0,0020 kg/G)
Straw 6684 ton at 0706 = ans 144 GJiton 96252 G 0,040 kg/G)
Natural gas 90471 Nm3  at 0= 2 1 9177 mMwh T 3583 0,0006 kg/G)
Waste 43250 ton at 0088 = 3806 106 Gyiton 258451 G) 0.0083 kg/G)
Electricity 26238 MWh  at 0003 = 79

502 Total

NOx kgl
Wood chips 38988 ton at 0761 = 20670 94 Gljton 366487 G) 00810 kg/G)

Wood pellets 289 ton at 141 175 Gyton 5058 GJ 0,081 kg/G)
INPUTresultFIG | Cash | Energy | EconCat | TechCat 06 Gas engines, natural gas | [N ASHIRUE | 08 WtEHOP | 09aw =+

Ready Calculate 5 P Accessibility: Investigate B

Figure 21 - Environment, annual report - emission factors compared to DEA standard values
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Units
Surplus heat

Wood chip CHP
HPNH3

HPCO2

Straw boiler
Wood chip boiler
Gas CHP

Electric boiler
Gas boilers
wood pellet boiler
Waste boiler
Waste CHP
Solar

Total

elec.

MW

27
3,1
4,2

8,0
10,0

2,2

Fue

MW

10,0
12,0

83
10,0
20,0

76,0
8,1
10,0
10,0
0,0
164,4

heat

MW

10,0
11,0
11,0
11,0
85
11,0
10,0
10,0
70,0
77
10,0
8,0
21,7
199,9

Tech catalogue

MEUR/M
W

0,0
6,9
0,9
0,9
1,0
0,8
1,0
0,1
0,0
0,8
2,0
11,0
03

MEUR
0,0

18,6
10,1
10,1
8,1
9,2
8,1
0,7
0,0
59
19,6
24,3
7,1

Figure 22 - Unit capacities and investment costs
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2 Tailormade SupportDHCePRO model to local conditions

e Adjust energy prices to country and location
e Integrate local weather conditions

e Define “Non availability periods” on plants excluded in the scenarios - do not delete
any plants

e Resize the active plants and heat demand according to the local conditions
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2.1 Electricity price

Average DK1Spot 2019 = 294,66 DKK/MWh = 39,55 EUR/MWh, 51,02 EUR/MWh => approx. 1,29 * 2019

) spot Price New - o IEJ
. Mame: |Spot Price New
Symboaol Elspot_func
Unit EUR/MWh
Function: DK15pot19(_)*31,02/294,66
(@ Mo change of function ) ::::bnlztmn to be modified in conversion () Function set by cycle periods
O Distribution_tariff - o IEJ
[l Neme |Distribution tariff
Symbol Dist_tarif
Unit EUR/MWh
Function: 1
) Mo change of function f:br:;tmn D T T P @ Function set by cycle periods
Cycle periods |Fur1ctior| |
Peak 12,65 Add line
High 6,33
= 210 Delete line
|Fr0m time |T0 time |me day |T0 day |HOIidays |Fr0m date |T0 date | A
Peak |v 0800 |3 21:00 |§ Monday |v Friday |v Excluding|w 01-10-20] v 31-03-202 v
High [w 21:00 |5 00:00 | Monday |v Friday |v Excluding v 01-10-20i v 31-03-202| v
High [w 0800 |5 00:00 | Monday |v Friday |v Excluding v 01-04-20: v 30-09-202) v
[Hinh lwlprnn T4 (ponn 1A lGarnrdane | w (€undae |w | Evelidina w 0110900 w (3103 000l 0 [ ¥
Addline | | Deleteline |
[ ] Define location
Alav #
https://nl.dk/priser-og-vilkaar »
(7] t@ o oK | | Cancel
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) Trans_tariff

Mame: |Trans_tariff

Symbol |Tra ns_tarif
Unit EUR/MWh
Function: |'I

) Mo change of function

-~ Function to be modified in conversion

(@ Function set by cycle periods

- o EN

[ ] Define location

“ table

Cycle periods Function
High 3

|From time |Totime |From day |To day |Holiday5 |From date |To date |"‘
Peak |v 0800 |3 21:00 |§ Monday |v Friday |v Excluding|w 01-10-20] v 31-03-202 v
High [w 21:00 |5 00:00 | Monday |v Friday |v Excluding v 01-10-20i v 31-03-202| v
High [w 0800 |5 00:00 | Monday |v Friday |v Excluding v 01-04-20: v 30-09-202) v
Lirh lwlnenn [ lnnnn A [coburdoe [a (Cundae Lo | Evelidinal s 01 10 207 s (3109 9090w | ¥

Addline | | Deleteline |

‘A Lav
https://nl.dk/priser-og-vilkaar

® & | 2
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2.2 Fuel prices

- suaw
{7 Natural gas
2] waste
{2 Electricity
7 pm25
{2) Wood chips
{2 Wood pellets
&2 straw
{2) Natural gas
2] waste
{7 Electricity
{.7) €02 and PEF intensity c
Economy
8 Revenues
8 sales of electricity

8 operation expenditur,
v @@ Fuel cost
&8 Wood chips
8 Wood pellets
Straw
&8 Natural gas
&8 waste
Electricity
v @ Additional cost
Electricity grid feeding co
8 Gas transport cost
&8 distributiontariff
&8 Transtariff
v a Operation and e
. v il variable operation and ;;

ulatior

O Wood chips
Name: Wood chips

Unit Selection

Payment concerns
Imported fuel v

Formula selecting amounts in each timestep

portedruel(Wood chips)/HeatValue(Wood chips

Price per Unit
v 65,0000 EUR/ton

Include in operation strategy

v| Payment included in operation strategy calculation

Development of Unit Price

®) Increased with inflation

Constant

(in January 2025)

ePRO tool

Fuel
Wood chips v

Quantified by
Amount v

Fixed monthly price v

Warning: No index is currently selected as Inflation index (To
be selected in economy mainfolder). Inflation is set to zero in

calculation

Following an Index

SupportDHCePRO
energyPRO 4.9.428
23-01-2025 15:12

Currency: EUR
3.1 Revenues
Sales WasteCHP
Sales WoodCHP
Sales GasCHP
3.2 Operating Expenditures
Fuel cost
Wood chips
Wood pellets
Straw
Natural gas
Waste
Electricity_El

Elspot_func(_)
Elspot_func(_)
Elspot_func(_)

Elspot_func(_)

Catalogue of economic assumptions

EUR/MWh
EUR/MWh
EUR/MWh

Low Heat value
9,4 GJ/ton
17,5 GJ/ton
14,4 GJ/ton

65 EUR/ton
157,4 EUR/ton
85,3 EUR/ton
0,27 EUR/Nm3
-53,6 EUR/ton
EUR/MWh

10,6 GJ/ton

EP(WasteCHP;All Periods)
EP(Wood chip CHP;All Periods)
EP(Gas CHP;All Periods)

11 kWh/Nm3

DKK/EUR
7,45
EUR/G) EUR/MWh DKK/G] DKK/MWh DKK/Ton/m3
6,91 24,9 51,5 185,5 484
8,99 324 670 241,2 1173
592 21,3 441 158,9 635
6,82 24,5 50,8 182,9 2,01
-5,06 -182 -37,7 -135,6 -399
51,0
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2.3

Unit size

ePRO tool

O wood chip CHP - o IE#
. i Mame: |Wood chip CHP |
Technical | Operational
Production unit type |CHP | v|
Fuel input(s) |Wood chips | v|
Power curves
Power Curves Input Power Curves Qutput
Operation Wood chips input Heat cutput |Electricity output
Performance MW | W MW | v MW | v
Linear 12,0 11,0 27
Add line ‘ | Delete line | [ | Enable formulas in power curve
Comments:
0K | Cancel
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2.4 Unit outage

ePRO tool

£} wastecHP

. : Name |WasteCHP

Technical | Operational

Operational Unit Setup

Partial load allowed

Production to store allowed
Electricity market

Selected priarity in operation strategy

Spot market_sales
Calculated

[] Operation dependent on other unit

Meon availability periods

Start Time | End Time

|Occurrenc

01-01-25 00:00 31-12-25 23:59

Yearly | b

[] Operation restricted to period

An operation pericd shall min. be

A non operation pericd shall min. be

[ 9
[ 9

x 60 minutes

x 60 minutes

Comments:

0K

‘ | Cancel
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2.5 Tax

2 nutosae @om) F] D - B, % R 3 5 RTE Support DHCEPRO... = Savedt o this PC v £ search

v 3 Taxes

T Cop o G G G G G A Gadpw G v @8 Energy

- =lv- |t @ gasengi
A =l=]o | e E B [voma e & gasengine
B Copy ~ i i
Paste 1y~ - nter ~ | [ - |8 g || Coti Gmrics Inse Elec gas engine
~ < Format Painter == Merge & Cent B~ % 9% 5% Formating = Tble~. |22 Neutral = g g
o e d o g 8 Gas boilers
o037 o) o[ -(sosansss 2 &8 waste CHP
A | & | c ol E|F| & « | L | m | N | o p | o | R | s v | | w a g
Dottt e S = I = Waste boiler
Electric bailer 39215 MWh st 067 = 2627 Electric bailer 1517 215618 3022 550 4096  1138|Electric bailer 07 v a coz
s ot ommn = o= o Cosoatens o o o a0 oo aofcessares a0
wood pelletboiler | 10252 MWh st 335 = 2434 wuadpzl\ﬂh 200 ses 1038 38 2802 778|wood pelet boiler 33 a .
B s boier sosss W s 53 . 2se2s [ g sie0 wssi7 st 22 s 25a|wasteboler s Gasengine
2 [ o s a7- s e crip fioers s s w7 s s 21 157 suesechp o ;
H - e 2o . : sz ] e &8 Elec gas engine
] \oroe opersion and maiennce Tor! ) siseias sssoers _saomn r3ien) arssics semsss 1371024 2mefrom s ;
oot iy = e e {8 Gas boilers
T 3
wasteCHP
i
e S o | s S 8 Wasteboiler
Gas ballers ONm3 st 0= o Surplusfieat Excessh 21800 MWh 21900 MWh Surplushest Excessh 21900 J— v i
Waste boiler 16999,3 ton st 67,2= 1142356 Strgw boiler Straw 28201 Mwh 70502 ton Straw boiler Straw  28200,8 o N $
bz P me e D | ), 8 Natural gas quota
€
o2 Gosootiens Nowsl, 0 win o s Gos ot N, 0 o
| s 1 B B -~ Waste quota
Repsyment Gasmotor 683853 Nm3  at 0,05 = ENE) fod pellet boiler Wood P 1079 MWh 2219 ton  Wood pelletboiler Wood P 10785 000000 v ﬂ NOX
Gas boilers oNm3 & 0= 0 Wastetf Waste 50054 MWh 169993 ton WesietE Waste | 500536 o "
pstices s w ss- s WosecHp wese  ssers wnn = 2es con wesecre e s L "° ;
e e 5| i | oo A e -~ Gasengine
oz o e i :
— -~ Gas boilers
Natural gas quota 259 ton COZat 2962 = 7672 of Annusl a
‘Waste quota 207664 ton COZat 2962 = 615100 [MWhiyear] Waste CHP
€02 quota Total 622777} HPNH3 196605 a 5
o incos | o i waste boiler
Gasengine Vs s o 0004 = U i 3
Gos bollers onm st 0= Tl s Wood pellets
et s« 0i- .
a5 aat st 8 straw
oo pellcss ewn w0 osi- | <] :
Seow T w581 Alpaiods Wood chips
Wood chips 25370 st 063 < MWhiyear v ‘
NOx Totsl Wood chi 178231 ! Methane
Wenane G e i ;
e | TRl G @ Gasengine
Methane Total Total 397457 v ‘ SOx
ES /-
Wood pellets 2son s 129 286 i
S Tz s 1w ses . Wood pellets
SOxTotal Y ﬂ
Electricity Straw
Pso 00695 MW ot 0= 0 v ﬂ lectricity
Premium 178231 MWh at  -20 = -356462 E
Elecricio Tocal T a PSO
(€208 Energy | EconCat | TechCat | Sheet + P e
o B phee - Premium

No “heat” tax on the fuel share for electricity production
£} Elec gas engine - o I E3

Mame: |Elec gas engine

Unit Selection

Payment concerns
User defined ]

Farmula selecting amounts in each timestep

EP(Gas CHP;All Periods)/0,67/0,011

Price per Unit
v -0,0300: EURS |Nm3 (in January 2025) Fixed monthly price w

Include in operation strategy

v Payment included in operaticn strategy calculation
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2.6 Heat Demand
' Input data O Heat demar;d ' o &=

~{id) Distribution_tariff
{2 Trans_tariff

Name: Heat demand | Heat demand
{7 Indexes : '
v 7] sites Development of Demand in Planning Period
- city
~{7) Transmissions Demand in Specified year
¢ ] Fueis , v .
{2 Natural gas Demand: ® Fixed (O Calculated |01-2025 |v| |12-2025 3444440/ MWh v
2] Wood Pellets
(@ Waste [v] Demand depends on external conditions
{2 Wood chips Dependent fraction 70,0 %
{2 Straw K
-{2) Excess heat [] Restricted season for dependent demand (dd-mm)

v {7) pemands

| -3 Heat demand
v {7) Energy conversion unjits
{2 surplus heat
-{i2) Wood chip CHP

Formula for dependency

® Depends linear on ambient temperatures
Is user defined

2] HPNH3 Reference temperature 170 °C | v Symbol for ambient temperatures |T v
-~ HPCO2 ) MW/Degree  Degree MW
-l Straw boiler 3,1283) » [Max(17,0-T0:0) « [ 1,790

~{i2) Wood chip boiler
-{i) Gas boilers

i) Electric boiler
2] Gas CHP

) Wood pellet boiler
() WastetE

(2] WasteCHP

i) Solar

v {7) storages

| @@ Heat store

v {7) Electricity markets

{2 Spot market_sales
{2 Spot market_buy
~{i7] Operation strategy

v {) Environment

v ) co2

{3 Natural gas

[] Fixed profile of demand

b
As timeseries
As timeseries function

{2 waste Move firissencsion ["] Developing over the years
v CH4
C K — Weekly basis
®) Date basis

Reports
[] Restricted period of connection

Change to local temperature - and solar data - default Outdoor temp Danish normal year

v.a External conditions © Outdoortemperature danish normal year - o Ea
v {7 Time series

-{f) Outdoortemperature danish normal yea

{7) DK1Spot Price

Name: |Outdoortemperature danish normal ye

{52 ERAS Solar 56_91N 24_SOE 2021 Development of time series in Planning period
- a ERAS Temperature 56_91N 24_S0E 2021 p .
~{Z) Return_temp mesenes) )
{2) Forward_temp_solar Symbol T
- HPMW
-] HPCO2MW Unit °C
v {{7] Time series functions - = [
{2 spot Price New s Date - ‘T[ < \ { Copy all
-2 ElHP 1 01-01-2010 00:00:00 0,1000 []
i g Heat HP 2 01-01-201001:00:00 0,300 [] | Copyselected
= Distribution_tariff v
&3 Trans_taritt 3 01-01-2010 02:00:00 0,5000 [] Paste
2 Indexes s 01-01-2010 03:00:00 0,0000 []
v &3 sites 5 01-01-2010 04:00:00 0,2000 [ ] Delcteall
|-y 6 01-01-2010 05:00:00 -0,9000 [] |
g8 Transmissions : Delete selected
v ] Fuels 7 01-01-2010 06:00:00 -1,6000 [
&3 Natural gas 8 01-01-2010 07:00:00 -2,8000 [] . @
~{i2) Wood Pellets 9 01-01-2010 08:00:00 -2,5000 [] -
{2 waste 10 01-01-2010 09:00:00 -1,4000 [] [] Time series is in daylight saving time
g \SI::::: chips 11 01-01-2010 10:00:00 0,5000 [] [] Define location
2] Excess heat 12 01-01-2010 11:00:00 0,3000 []
v {{7] Demands 13 01-01-2010 12:00:00 0,5000 []
! 0 Heat deman.d . 14 01-01-2010 13:00:00 0,1000 []
b4 aéne;?‘);:;:":::" units 15 01-01-2010 14:00:00 0,0000 [] 0] oith ‘
» erent time zone
-2 Wood chip CHP 16 01-01-2010 15:00:00 03000 [] |,
{2 HPNH3
- Hrco2 Addline | [ Deleteline |
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} energyPRO 4.9 - SupportDHCePRO BioCHP2 (Modified) (Calculated)

Eile energyPRO setup IM Jools Window License Help

oL re=BHD |[ Project identification o @ = | Analytic| 3

| External condtions | " [% J' . | oom: p ””| A | )

Econermy

el

> -= Project identificz
~ {.7] External conditic Financing
Time series
Outdoortemperature danish normal peal|
{.] DK15pot Price
{7] ERAS Salar 56_91M 24_50E 2021
= ERAS Temperature 56_91MN 24_50E 2021
{7 Return_temp
= Forward_temp_solar
{3 HPMw
¢ ] HPCOZMW
v [.7] Time series functions

- E
2 M|+ X B ) & | 4 seeovenen
ol [@ | [
£} Time Series Selector - oI E3
(g}}Dpen’StreetMap g_pntli.h_utms Dotny, _:’ Pagiﬁri%i 5 Position
o E J f ' Longitude: 23.93E
P\. 1 picl . A {/
Kl | v ' Kédanial=r o) ’\11 Siesikal Latitude: 54,89
\“ﬂﬁogala U N5
: & Josvainial o Jf Weather Data
ot 1 J : l Panoteridl Air ternperature
? | B, ! Zeimial Solar radiation
Cekiske ! ‘__f,.-’ : e Wind speed
! \u'andiiog'al}_'a_.. (‘1. Precipitation
&
3 '\se_ r_e'n':;il-..ts Egbm.// =
r—y
B 1 Jics A g Reference Year
o,
L ey 2024 |
Lekediai ) £ - )
| % Kﬁlau_tuva i Map type

[7] Offline map

: ! : ;
/ ., . |
- 1\l"F_ﬁ,zrféIls ‘ X 7 . \‘i :
0 o Rumsiskes Kaitisdorys.2
ll/(f\ No i Data sources
Garliava ; § [‘7-f

: . Hf‘}&;“;,;jy.} ?_ie!marial_‘r_\ Selected point
ALy iy

-
KazlyROd05:

5Iai.liw.'.aIJ:};-':'.'{_= & ERAS # SARAH3ZD

elverial o 1ot A Likruonis B CFsR A CFSR2
Y@ Pakuol}is Description
S i This dataset is CFSR2. Itis
i based on a revised version
2 of the CF5R moedeling
& Biritonas. i framework and is run with a
-~ g, Jetnes e 0.2 degree grid resolution.

T}

*h vl I 1 Data is available from 2011
-Jﬁi’ he -\_JJ.-‘ tn the nrecent

=

Balbieriskis = ?

28 w~ Butrimonys | 0K | Cancel |o
ET Gl : i

Igligkeliai— )

Gudelial

i s Dauﬁ!:!_arl:\
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2.7 Cost elements

2 ntosp®0n) B B BHEHE DG G EEE B B oo - P search

File Home Insert Pagelayout Formulas Data Review View Automate Developer Hel
2 M R w! U

i
4 jams) B | T Auosim - A [S[=] @
i =227 &8 3 | = b0 O
pate LBCOPY . <o o | Conditional Formatas Insert Delete Format | (HIFill” Sort& Find& | Sensitivity | Add-ins | Analyze
B~ % 9% 5% Bad Good
~ < Format Painter Formatting ~  Table - ~ v | QCe~ Filter ~ Select~ ~ Data

cells Add-ins.

Sensitivity

Clipboard Number ~ Styles Editing

i

Energy | EconCat | TechCat | Elec | Environ | 06Gas engines, natural gas | ([[NNLRCRDECMENl | 08 WEE HOP | 092 Wood Chips, =~ & < e >

Reacy B3 B Accessbiiy:investigate

20 Years

1 1:includes annual fixed costs 0,03 Interest rate
EUR/MWh MW MW MEUR/MW MEUR Oo&M Fuel Tax Nox++ Elec. Sale Cap.cost Total cost Heat MWF
25 Surplus heat 2190 0 0 2190 21900
1,45 27 " 6,89 18,60 Wood chip CHP 589305 2011159 0 23423 -1334559 1250533 2539859 74058
1,80 15 0,91 13,72 HPNH3 153284 1237993 0 922032 2313309 67435
1,80 7 0,91 6,40 HPCO2 44164 330969 0 430282 805415 16265
2,32 85 0,96 8,13 Straw boiler 531686 627852 0 17399 546786 1723724 25026
314 " 0,84 9,24 Wood chip boiler 493895 446193 0 5196 621121 1566404 16852
574 8 10 1,01 8,08 GasCHP 106606 25036 17158 371 -44386 543213 647998 510
0,96 15 0,07 1,12 Electric boiler 20606 48480 0 75049 144135 3687
117 Gas boilers 0 0 0 0 0 0
21 77 0,77 590] wood pellet boiler 273593 41502 o” 623 396259 711977 1218
8,28 10 1,96 19,57 Waste boiler 1235602  -792449 1081338 7097 1315146 2846735 43532
6,25 25 75 11,05 27,62 Waste CHP 1146521 -1559710 2128305 13968 -1099287 1856572 2486368 64260
0,22 21,7 0,33 7,14 Solar 3535 0 480194 483730 9701
Total 4600986 2417024 3226801 68077 -2478232 8437188 16271844 344444

C\Projekl\SUpport DFC (23-075)\[Support DHCEPRO Xisx] EconCal

The variable costs included in the energyPRO model are summarised to plant based cost
tables, and combined with investment cost and O&M cost based on the DEA, Technology
Catalogue.
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X auoswe @om) B O~ B, B B P BsH Support DHCEPRO, P Search ® - o
Fle Home Insert Pagelayout Formulas Data Review View Automate Developer Help
[y fe = | B &l Zausum = g O
Cop ~ " Fill~
paste LB COPY 7 Mo MegesCanter ~ | €8+ % 9| 4 | Condonl Fomatos = Soté Fnd& | Serciviy | Addens | Anslyze
< Formatpainter Formatting - Table - OClrs Pt Seect~ | - Data
Cipboara 5 ont 5 Aignment Number cating sensiity | Addin: ~
N5 v E
4| o | B | C D E |F| Ho | | Ak | Al | oam | 4
oo sl i 20210 Db 312025
B (~ amounts in EUR)
B Average leo prive T T s e
[ Fevenes W EUR e
Bl sies vastecHP 21420 Mwh  at 5187 1iioss 40005 5341 216678
o [ o v somn
Rl Soles GasCHP 408 M at 44510
QL0 7ot Fevenues 218673
O et — Heat production MWh Costelements in EUR/MWh
<
eoiois wusion w w50 P -
Voodpeles o w o s
Suaw AP oo o
Newrizas i s 2o
vase W 2oz sz
St o s s -
Sy 02 s P w0
Electricity_El 3687 Mwh  at 2944 535 =
Fuelcost Total 1936321 3062 3888 196740 Average eleo price S
Sesohleingoos doo8 Mh  asme  zown
vsioos | wmitme u om. o .
N ceubsionain Somz e s
o [ P 0 veas
Adaontsos Tol s | s smatoedooss o0 e CousmensinEurmh on
Operston s man Tohomoks, b Tehouoy [N DK DK Costs lements EURMVI EURIMIVI EURIMVI EURIMVI EURIMYI £
e SN WU e S Fud T Now  EkuSak Chcon Touloon Hew bVIELEVM) KK DRI O P Tan - Nows  EkaSde Gpsas Toulson [CuMyar Gtfa. WA
e e w o e sopushen | 280 o 20 a7 agsupshen oy
Py Y B We e N ss ws| veodwpoP [suos ovss o g s fmoss mowss s o mss  glvoosshcHp s w0 o ww o w s e
o cesmn w6 eos = R o |mow uosss o oo oo e s s e w0 o v W W iw w e
oz s er
Bl stowboiler 2502 Mwh  at 58060 232 85 038 813} Stawboler 530685 62752 o mss lsse785  wr2a7ze 25026 89 531 1425|Suaw boier 21 £ ) 1 ) 22 &3] 232 5T 473626
LY catoipboie oz s a Wom e Voot wmss uew 0w G w00 s wvosoipboin w w0 0 0 @ s o w wow
LN GescHe 6473 510 12706 94653 26234fGasCHE 203 43 34 1 a7, 1085 1271 574 10383 103673
B Electic boier 3897 MW at 53 036 " 007 112) Electicboiler 20805 43480 o 75043 w5 3687 LT 0,3 Electic boler © B o o o 20 ) 038 138 067
[, [ > w Gubies 0 0 o o o 0w o oolaubos o o o o o o w own s
[ wood pellet boiler 21 Mk st 257 an 7 077 530 woodpelletboiler 273533 41502 o %6259 77T 218 5844 43534 1209.3|wood pellet boiler 225 E 0 1 0 325 84 an e 27wzz
i [ e oo o o um| | Vesetols sz raws woms e e i o o T I R
vanecre Pt et o = sy oos w1 mes  milveecre Wow w0 wm | am e e
o i a0t o W ] o w50 wow o w0 e s wzlsa LA JR R T 1
Val cprson e o atss Tou tsoss_autons oo _ssor e oioes e o0z s sirou L B s
iy s
= = Costclements nEUR - Contelements
g wnring w e -
Elec gas engine 55360 Nm3  at 16608 Byenerguunit  Fuels. Control data i
Gas boilers. onm3 s L) Suplushest Eicessh 21900 Mwh = 21900, M Surplus heat Excessh 21300 B o
faste CHP 2303 ton &t 1955457 ‘Woodohip CHP Woodch 80730 Mih 203409 ton Woodchip CHP Woodch 732137 . e
Vast boler Wi n s ssaee Stauboler St 23442 Mk TaEns on Suavboler St s | -
Energy Total 2s606) Voodchiptoler Vosdch 11524 Mivh eo8ss on Voodchipboier Voodeh 15458 [ [
wnring w = ot taa i v sy s ™ B e
o hns e Vootpeabolh Vonde 232 MV 0 o Voodshaboln vewtbe ws [
@ > e vane sz wees Ve Ve sussg |
i vasis Vaecre vane s L s Vasecke e w0 woun wres S e ol
JEE | Energy | EconCat | TechCat | Environ | resultFIG | 06 Gas engines, natural gas 08 WIE HOP | 092 Wood C -+ < »
Ready Calaiate B3 Tk Accessity: ivestigate = B - b+ ox
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2.8 Plants/units

2.8.1 Surplus heat
O surplus heat

. : Name |Surplus heat |

Technical | Operational

Production unit type |Boi|er | v|

Fuel input(s) |Exce55 heat | v|

Power curves

Power Curves Input Power Curves Output
Operation Excess heat input Heat cutput
Performance MW | v MW | v
Linear 2.5 25
Add line ‘ | Delete line ‘ [] Enable formulas in power curve

Comments:

0K | Cancel
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2.8.2 Wood chip CHP
O wood chip CHP

- o EN

[l : Neme [Wood chip CHP |

Technical | Operational
Production unit type |CHP | v|
Fuel input(s) |Wood chips | v|

Power curves

Power Curves Input Power Curves Qutput

Operation Wood chips input Heat cutput |Electricity output
Performance MW | W | MW | v MW | W
Linear 12,0 11,0 27

Add line ‘ | Delete line | [ | Enable formulas in power curve

Comments:

rjﬁ 0K ‘ | Cancel
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2.8.3 HPNH3
O HPNHZ - o IEN
. i Name: HPMH3
Technical | Operational
Production unit type  |Elec Boiler w
Power curves
Power Curves Input Power Curves Qutput
Operation Electricity input Heat cutput
Performance MW W | MW |v
Linear EI_HP{_)/1000"HP_C( /7 Heat_HP{_)/1000*HP_Q(_)/7
| HPMW © Heat HP
-C-:-Iu:-r13 - - HF'P-JT'.-"." . Name: |Heat HP
Development of time series in Planning period
Time series Symbol Heat_HP
Symbaol HP_C Unit kW
Unit MW
T
B Date — HP.QMW] N 1. Parameter (@]
| |t [01-01-2020 00:00:00 11,0000 L] 2. Parameter
. Function t
No change of function () table
Input values - _Converted to [kW] -
-8,00 5.125,00
-4,00 5.804,00
-1,00 6.351,00
4,00 7.456,00
7,00 7.943,00
15,00 9.472,00
Comments:
W o [ o |

Based on guaranteed data for a 7 MW heat pump, therefore the special electricity and heat
production calculations. Scaled with HP_Q to approx. 11 MW.
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ODelnp - o IEJ
. Mame: |EIHP
Symbel EI_HP
Unit kW
1. Parameter T
[T 2. Parameter:
) Mo change of function I f:br:ztmn to be modified in conversion () Function set by cycle periods
Input values 4 |Converted to [kW] -
| 2 450 =

-8,00 186430 5400

-4.00 1.993,50 2.350

-1,00 2.090,00 2.300

4,00 223790 2260

7.00 23144p 2200 //
2180

15,00 2.444 00 2100 //
2.050 /
2.000
1.950
1.900
1.850

Add line ‘ ‘ Delete line 2 0 2 4 & g 10 12 14
[ ] Define location
20-073 Data Guaranteed
0K | | Cancel

SOEETE

HPNH3 COP

-8 2,75
-4 2,91
-1 3,04
3,33
3,43
15 3,88
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2.8.4 HPCO2

© Heat HPCO2

Symbol

Unit

1. Parameter

| 2.Parameter:

Name: |Heat HPCO2

QHPCO2

kW

0
RO

No change of function

Function to b

table

1. Parameter
v -

-15,00
-10,00

-5,00

0,00

5,00

10,00

15,00

20,00

[ Addline

Define location

2. Parameter -->

35,00
3.589,13
3.863,60
477,17
4529,84
5.242,39
5.584,75
5.900,61
6.189.98

Delete line

40,00
3.493,12
3.74848
4.042,94
4.376,49
5.073,98
5.385,02
5.705,54
5.999.57

Add column

45,00
3.354,44
3.500,69
3.866,03
4.180,47
475575
5.107,42
5.432,60
5.731.28

Delete cc

4.300
4.200
4.100
4.000
3.900
3.800
3.700
3.600
3.500

3.400

ePRO tool
- — -

Heat HPCO2

,///
v//
///
//
v,,/'/
A
5
/,/
,//
//
///
/
///
(,/'(
//,//
3%
~
—
/’//
v/’/

-14 -12 .10 -8 -6 -4 -2 0 .k 4 6 8 10 122 14 16 18 20 22 24 26 28 3

- 35 40 45

FENAGY Heat Pump Calculation Tool; Return Water Tempertaure: 30-45 °C; Supply Water Tempertaure: 60-80 °C; Air Tempertaure: -10-20 °C;
Relative Humidity: 60-95 %; NO defrost above 5°C ambient tempertaure; Defrost starts below 5°C.

£} HPcoz

© Hpco2MW

. EName: HRCO2

Name: HPCO2MW

Technical

Development of time series in Planning period

Operational

Production unit type

Elec Boiler W

Power curves

Time series
Symbol HP_Q2
Unit MW
#  |Date - |HP_Q2 [MW]

1

01-01-2020 00:00:00

7,0000 |v

Power Curves Input

Power Curves Qutput

Operation Electricity input Heat cutput
Performance MW |v MW W
Linear HP_Q2( *PHPCOZ()/4376 HP_Q2()"QHPCO2( )/4376

FENAGY Heat Pump Calculation Tool; Return Water Temperature: 30-45 °C; Supply Water
Temperature: 60-80 °C; Air temperature: -10-20 °C; Relative Humidity: 60-95 %; NO defrost
above 5°C ambient temperature; Defrost starts below 5°C.

Scaled with HP_Q2 to approx. 7 MW.
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© &l HPCO2 o - olEd
[l Neme EIHPCO2 '
El HPCO2
1.840 — =
—L_
Symbol PHPCO2 1.820
Unit kW 1.800
1.780
1. Parameter 0
= 1.760
v 2.Parameter: TRO
: Function to b 12740
No change of function 0 tau!::e tontohe 1120
1. Parameter | 2. Parameter --> 1.700
i 21 ! I . 1680
35,00 40,00 45,00
-1500 147508 152963  1.589,64 1.680
-1000 152090 157840  1.641,35 1640
500 156482 162526  1.691,16
000 16068 167024  1.739,07 1.620
500 1.691,85 1.74965 1.791,77 1.600
1000 171795 1.769,29 1.817,77 555
1500 173420 178549  1.83392 ’
2000 174060  1.791.85  1.840.23 1.660
| Addline || Delete line Add column|  Delete coll 1.540
1.520
— 1.500
[] Define location
1.480 !
-4 12 .10 -8 6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
— 35 40 — 45
20-073 Data Guaranteed
‘ L2 @ “ . ' OK I Cancel
Heat HPCO2
COP HPCO2
T()/TR() 35 40 45
4,50
-15 243 2,28 2,11 4,00
-10 2,54 2,37 2,19 350
-5 2,67 2,49 2,29 3,00
0 2,82 2,62 2,40§ 250
2,00
5 3,10 2,90 2,65
10 325 3,04 2,81 b
’ ’ ! 1‘00
15 3,40 3,20 2,96] 50
20 3,56 3,35 3,11§ 0,00
25 3'71 3’50 3’27 -10 -5 0 5 10 15 20 25 30
30 3,88 3,67 3,43 — = =k

Page 33



SUPPORT

=DHC

2.8.5 Straw boiler

ePRO tool

£ straw boiler - o I IE8
. P Name: |Straw bailer |
Technical | Operational
Production unit type |Boi|er | v|
Fuel input(s) |Straw | v|
Power curves
Power Curves Input Power Curves Qutput
Operation Straw input Heat cutput
Performance MW W | MW W
Linear 83 85
Add line ‘ | Delete line | [ | Enable formulas in power curve
Comments:
W o [ oo
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2.8.6 Wood chip boiler
O wood chip boiler

- o EN

[l : Neme [Wood chip boiler |

Technical | Operational

Production unit type |Boi|er | v|

Fuel input(s) |Wood chips | v|

Power curves

Power Curves Input Power Curves Qutput
Operation Wood chips input Heat cutput
Performance MW W | MW W
Linear 10,0 11,0
Add line ‘ | Delete line | [ | Enable formulas in power curve

Comments:

oK H Cancel
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2.8.7 Gas CHP
O Gas cHP - o I IE8

Technical

Production unit type

Fuel input(s)

Power curves

. : Mame: Gas CHP

Operational

CHP |v

Matural gas |v

Power Curves Input Power Curves Qutput

Page 36

Operation Matural gas input Heat cutput |Electricit}r output
Performance W | W MW | v MW | W
Linear 20,0 10,0 80
D32 v fx 10367,8840005
A B | D
{8 Technology
3 ctrl
4 |
5* Energy/technical data
6* Generating capacity for one unit [MW_e]
7* Electrical efficiency (net, name plate) [] 47%
8 Electrical efficiency (net, annual average) [] 45%
9ﬁ Cb coefficient (50°C/100°C) 0,95
Cv coefficient (50°C/100°C)
Forced outage (] 3%
Planned outage [weeks per year] 0,8
Technical lifetime [years] 25
Construction time [years] 1
M  Space requirement [1000 m2/MW_e] 0,04
LN Regulation ability
Primary regulation (of full load, per 30 seconds) [] 30%
Secondary regulation (of full load, per minute) ] 30%
Minimum load (of full load) [] 50%
Warm start-up time [hours] 0,05
Bl  Cold start-up time [hours] 0,3
Comments: VA Environment
SO2 (degree of desulphuring) [] 0%
NOX [g/GJ_i] 60
CH4 [g/G)_i] 315
M N20(g/GLi] 0,6
27‘ Financial data
Nominal investment (*total) [MEUR/MW_e] 1,010
Nominal investment (equipment) [MEUR/MW_e] 0,638
Nominal investment (installation) [MEUR/MW_e] 0,372
Variable O&M (*total) [EUR/MWh_e] 5,742
Fixed O&M (*total) [EUR/MW_e/y] 10368

Cash Energy EconCat TechCat Environ resultFIG

06 Gas engines, natural gas

Cancel
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2.8.8 Electric boiler

ePRO tool

) Electric bailer

. i Name: |E|ectric boiler

- o EN

Technical | Operational
Production unit type |E|ec Boiler | V|
Power curves
Power Curves Input Power Curves Qutput
Operation Electricity input Heat cutput
Performance MW W | MW W
Linear 15,0 15,0
Add line ‘ | Delete line | [ | Enable formulas in power curve
Comments:

oK H Cancel
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2.8.9 Gas boilers
) Gas boilers

ePRO tool

- o EN

: Mame: |Gas boilers |

Technical | Operational

Production unit type |Boi|er | v|

Fuel input(s) |Natura| gas | v|

Power curves

Power Curves Input Power Curves Qutput
Operation Matural gas input Heat cutput
Performance MW W | MW W
Linear 70,0 70,0
Add line ‘ | Delete line | [ | Enable formulas in power curve

Comments:

0K H Gancel
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2.8.10Wood pellet boiler

ePRO tool

O wood pellet bailer

[l : Neme [Wood pellet boiler |

Technical | Operational

- o EN

Production unit type |Boi|er | v|

Fuel input(s) |Wood Pellets | v|

Power curves

Power Curves Input Power Curves Qutput
Operation Wood Pellets input Heat cutput
Performance MW W | MW W
Linear 8,1 T
Add line ‘ | Delete line | [ | Enable formulas in power curve

Comments:

0K

‘ | Cancel
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2.8.11Waste boiler
£ WastetE

- o EN

. : Mame: |WastetE |

Technical | Operational

Production unit type |Boi|er | v|

Fuel input(s) |Waste | v|

Power curves

Power Curves Input Power Curves Qutput
Operation Waste input Heat cutput
Performance MW W | MW W
Linear 10,0 10,0
Add line ‘ | Delete line | [ | Enable formulas in power curve

Comments:

rjﬁ 0K ‘ | Cancel
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2.8.12Waste CHP

ePRO tool

W

£ WasteCHP

ame: WasteCHP

- o EN

Page 41

Technical | Operational
Production unit type  |CHP |v
Fuel input(s) Waste | W
Power curves
Power Curves Input Power Curves Qutput
Operation Waste input Heat cutput |Electricit}r output
Performance MW W | MW | v MW |v
Linear 10,0 75 25
Add line ‘ | Delete line | [ | Enable formulas in power curve
‘ B | D E F
Technology
2020 2030 205
ctrl ctrl ctr
Energy/technical data
Generating capacity for one unit [MW_e] 7.96 8,12 83
Electrical efficiency (net, annual average) [] 22% 22% 23¢
Electrical efficiency (net, name plate) [] 23% 23% 248
Cb coefficient (40°C/80°C) 0,29 0,29 0
Cv coefficient (40°C/80°C) 1 1 1
Auxiliary Electricity consumption (share of heat gen.) [] 3% 3% 39
Forced outage [] 1% 1% 1%
Planned outage [weeks per year] 3,33 3,01 2,4
Technical lifetime [years] 25 25 28
Construction time [years] 25 2,5 2%
| Space requirement [1000 m2/MW _e] 2,51 2,46 2,¢
LAl Regulation ability
7] Primary regulation (of full load, per 30 seconds) []
Secondary regulation (of full load, per minute) ] 10% 10% 10¢
Minimum load (of full load) [] 20% 20% 20¢
Warm start-up time [hours] 0,5 0,5 05
Cold start-up time [hours] 2 2 2
VEY environment
B 502 (degree of desulphuring) [] 100% 100% 100
NOX [g/G)_i] 60 40 20
CH4 [g/GJ_i] 01 01 0,1
N20 [g/G)_i] 1 1 1
B Particles [g/G)i] 03 03 0
. AN Financial data
c omments: 1 Nominal investment (*total) [MEUR/MW _e] 110 106 95
Nominal investment (equipment) [MEUR/MW _e] 6,9 6,7 5.¢
Nominal investment (installation) [MEUR/MW _e] 42 39 3¢
Variable O&M (*total) [EUR/MWh_e] 275 27,0 26,
. B Fixed O&M (*total) [EUR/MW_e/y] 437046 406208,4 34870 K ‘ | Cancel
LY Technology-specific data
Heat efficiency (net, annual average) [] 80% 80% 80¢
Heat efficiency (net, name plate) [] 79% 79% 79¢
Nominal investment (*total) [MEUR/MW_i] 25 2,4 2,:
Nominal investment (*total) [MEUR/t_i] 925,1 903,9 818
Nominal investment (equipment) [MEUR/MW_i] 16 16 1.
Nominal investment (installation) [MEUR/MW_i] 0,9 09 0¢
Variable O&M (*total) [EUR/MWh_i] 63 6,3 6,
Fixed O&M (*total) [EUR/MW_i/y] 99319 94214,8 8304
Fixed O&M (*total) [EUR/t_i/y] 36,5 34,7 30,
Steam reheat 0 0 [}
Output of recovered condensate [t/MWh_i] 0,11 0,11 01
Output of recovered condensate [EUR/t_i] 184 184 18,
> EconCat | TechCat | FEnviron | _resultFIG | 06 Gas enaines, natural gas | IAUUISL LA
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2.8.13Solar

ePRO tool

) solar

. : Name: |So|ar

Technical | Operational

Size and Position

Total area of collectors

(Deviation from South)

Select Input Time Series

B LA

Inclination of solar collector EI degree
Orientation of selar collector I{:—| degree
| —

Collector specification

(al) | 273300 wyim?=C)
(a2) | 001600 wy(m? =)

Start efficiency

Loss coefficient

Loss coefficient

Incidence angle medifier

| 421921 e

() Coefficient
(@ Kg at 50 degree

graphics

Collector field specifications

Ambient temperatures

ERASTempe| vl i"C | vl

ﬂ side of heat exchanger

Temnperatures on

Radiaticn on horizontal plane
@ Aggregated Radiation

() Direct and Diffuse Radiation

From collector

!Fon-\rard_temp_solar | v| *C | vI

To collector e | vl

v

!Return_temp

Temperature drop over heat exchanger

Aggregated radiation

ERAS Solar 56_91N 2.| v

Include effects of array shading

100
0| degree
|ﬁeat W

MNumber of rows

Inclination, ground

Output energy type

Losses in pipes in collector field in
percentage of production

4

Distance

between rows Height, units

s v i [

| |
'D| degree

Orientation of ground
(Deviation from south)

Comments:

0K ‘ | Cancel
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3 XTOWNO-4 scenario energyPRO 5.0

B wip-0

€ e (s)s / 2id=% %2FD % jects%2F: 19%620DHC %620-% follower%20cases%2FWP4%20Toolbox%. 62FWP4_Toolbox_... ¥ in} & @

i e s Microsoft 365 O Search this library & @ 2 Nilssecklasen
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This Support DHC energyPRO EXCEL calculation tool offers the feasibility economics
calculation of low-grade renewable energy in existing district heating networks, where heat
pumps are needed to utilise low temperature sources in DH systems. The energyPRO EXCEL
calculation tool purpose is to evaluate the cost-effectiveness/feasibility of the heat pump
compared to other decarbonizing technologies and how the technologies meet the threshold
of criteria for “efficient district heating and cooling” under the revised Energy Efficiency
Directive (EED).

This Support DHC energyPRO EXCEL toolbox consist of 4 energyPRO models combined with
and 4 Excel sheets (DHCXTOWN1.xIsx - DHCXTOWNA4.xIsx) with preconditions and energyPRO
integration of energyPRO standard reports: Cash flow, annual; Energy conversion,
annual; Catalogue of economic assumptions; Catalogue of technical assumptions;
Environment annual. This enable the users to calculate total and specific cost of the involved
technologies (in MEUR and EUR/MWh), CO.e equivalent emissions and how the mix of
technologies meet the threshold of criteria for “efficient district heating and cooling” under
the revised Energy Efficiency Directive (EED).

The Support DHC energyPRO EXCEL toolbox includes the following heat producing units
mainly used for decarbonising EU: Surplus heat, Wood chip CHP, HPNH3, HPCO2, Straw
boiler, Wood chip boiler, Gas CHP, Electric boiler, Gas boilers, wood pellet boiler, Waste boiler,
Waste CHP, Solar.

DHC_XTOWNCase0 4.xIsx Overview EXCEL with Basic data, IRR etc.

Scenarios defined:

DHCXTOWN1.xlsx Scenario1 - Sce2 excl. wood chip CHP - HPNH3 base load
DHCXTOWN2.xIsx Scenario2 - Sce3 excl. SH (surplus heat)
DHCXTOWN3.xIsx Scenario3 - Sce4 excl. waste

DHCXTOWN4.xIsx Scenario4 - all plants active

DHCXTOWNO.xIsx ScenarioO reference
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Scenario XTOWN1  XTOWN2  XTOWN3  XTOWN4
Surplus heat 0,00 0,00 044 0,29 Surplus heat 0 0 87387 58168
Wood chip CHP 0,00 2,96 2,73 2,45 Wood chip CHP 0 91005 72684 48022
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Figure 23 - Overview EXCEL with Basic data, IRR etc.: DHC_XTOWNCase0_4.xIsx

Scenario XxTOWN1 XTOWN2 XTOWN3 XxTOWN4 XxTOWNO

Production Heat MWh Heat MWh Heat MWh Heat MWh Heat MW

Surplus heat 0 0 87387 58168
Wood chip CHP 0 91005 72684 48022
HPNH3 90481 67366 47953 20819
HPCO?2 52731 38427 24581 9398
Straw boiler 45775 37030 31733 24193
Wood chip boiler 44276 36710 32408 9064
Gas CHP 37066 32447 26760 17273
Electric boiler 2860 2680 2291 1850
Gas boilers 61375 28900 8768 20 344444
Waste boiler 0 0 0 75690 0
Waste CHP 0 0 0 70067 0
Solar 9881 9881 9881 9881 0
Total 344444 344444 344444 344444 344444

XTOWN1  xTOWN2 xTOWN3 xTOWN4
HPNH3 26,3% 19,6% 13,9% 6,0%

Figure 24 - Heat production per units/plants - scenario 1-4, 0 (ref.)
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Heat production in MWh
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Figure 25 - Heat production per units/plants

Cost elementsin EUR DHCePRO4xTAX DKK

O&M Fuel Tax NOx++  Elec.Sale Cap.cost Totalcost Heat MWh EUR/MWh DKK/G)
Surplus heat 290840 0 0 290840 58168 50 10,3
Wood chip CHP 607388 1304115 0 15188  -876673 1395420 2445437 48022 50,9 1054
HPNH3 63578 349747 0 754497 1167822 20819 56,1 116,1
HPCO2 43021 148533 0 754497 946050 9398 100,7 208,3]
Straw boiler 584629 503782 0 13961 610137 1712509 24193 70,8 146,5
Wood chip boiler 520535 205127 0 2389 693084 1421135 9064 156,8 324,5
Gas CHP 214840 942186 0 12562 -932485 606149 843253 17273 48,8 101,0
Electric boiler 14472 16169 0 55830 86471 1850 46,7 96,7
Gas boilers 23 582 0 2 607 20 30,8 63,8
Wood pellet boiler 0 0 0 0 0 0 0 0,0 0,0
Waste boiler 1603267 -1377847 0 12339 1467520 1705278 75690 22,5 46,6
Waste CHP 1324526 -1594348 0 14278 -972637 1823074 594893 70067 8,5 17,6
Solar 3269 0 0 375081 378349 9881 38,3 79,2
Total 5270387 498046 0 70719  -2781795 8535288 11592644 344444 33,7 69,6

Figure 26 - Heat production cost - divided per plants in O&M, Fuel, Tax, NOx++, Elec. Sale Cap. cost
Heat production cost calculation based on energyPRO standard report export to EXCEL:

e Cash flow, annual;

e Energy conversion, annual;

e (Catalogue of economic assumptions;
e (Catalogue of technical assumptions;
e Environment annual.
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Figure 27 - Heat production cost - xTOWN4
Cost element: EUR DHCePRO4XTAX Costs elements EUR/MWh EUR/MWh EUR/MWh EUR/MWh EUR/MWh EUR/MWh EUR/MWh
0&M Fuel Tax NOx++  Elec.Sale Cap.cost Totalcost Heat MWh EUR/MWh 0o&M Fuel Tax NOx++ Elec.Sale  Cap.cost Total cost
Surplusheat 290840 0 0 290840 58168 5,0)Surplus heat 50 0,0 00 00 0,0 00 50
Wood chip CHP 607388 1304115 0 15188 -876673 1395420 2445437 48022 50,9|Wood chip CHP 126 272 00 03 -183 291 50,9
HPNH3 63578 349747 0 754497 1167822 20819 56,1{HPNH3 31 168 00 0,0 0,0 36,2 56,1
HPCO2 43021 148533 0 754497 946050 9398 100,7)HPCO2 46 158 00 0,0 0,0 80,3 1007
Straw boiler 584629 503782 0 13961 610137 1712509 24193 70,8|Straw boiler 242 208 00 0,6 0,0 252 70,8
Wood chip boiler 520535 205127 0 2389 693084 1421135 9064 156,8|Wood chip boiler 574 226 00 03 0,0 76,5 156,8]
GasCHP 214840 942186 0 12562 -932485 606149 843253 17273 48,8)Gas CHP 124 54,5 0,0 07 -54,0 35,1 48,8]
Electric boiler 14472 16169 0 55830 86471 1850 46,7|Electric boiler 78 87 00 0,0 0,0 30,2 46,7)
Gas boilers 23 582 0 2 607 20 30,8)Gas boilers 1.2 296 00 0,1 0,0 0,0 30,8
Waste boiler 1603267 -1377847 0 12339 1467520 1705278 75690 22,5|Waste boiler 21,2 -182 00 02 0,0 194 225
Waste CHP 1324526 -1594348 0 14278 -972637 1823074 594893 70067 8,5|Waste CHP 189 228 0,0 0.2 -139 26,0 85
Solar 3269 0 0 375081 378349 9881 38,3|Solar 03 0,0 00 0,0 0,0 38,0 38,3
Total 5270387 498046 0 70719  -2781795 8535288 11592644 344444 33,7|Total 153 14 00 0,2 -81 2438 337
T BricePA TTOWNGaseT 4 XEFIG

Figure 28 - Heat production cost - XxTOWN4 - in EUR and EUR/MWh
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DHCePRO4xTAX Cost elements in EUR/MWh
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Figure 29 - Heat production cost - XTOWN4 - in EUR/MWh

100 - Average heat production cost SupportDHCePRO4XxTAX mmmm Surplus heat
mmms Wood chip CHP

s HPNH3

s HPCO2

mmmm Straw boiler

Wood chip boiler

o Gas CHP

EUR/MWh

[ Electric boiler

= Gas boilers

mmmm Wood pellet boiler

s Waste boiler

Waste CHP

m Solar

Heat production price 33,7 EUR/MWh (9,3 EUR/GJ) ) )
Heat production price an consumer 33,7 EUR/MWh (9,3 EUR/GJ) ===Production price

0, P:\Projekter\23-000\23-075 WIP LIFE-2022-CET-DH\4 Beregninger\Support DHCePROXTAX\[DHC_xTOWNCasel_4.xIsx]INPUTresultFIG

Figure 30 - Heat production cost - XTOWN4 - in EUR/MWh
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Emissions fuels supportbHcePrRO4xTAX CO2ton CH4kg N20kg SO2kg NOx kg PM25kg

Wood chips 23219 ton 673 186 418 17670 1045

Wood pellet 0 ton 0 0 0 0 0

Straw 5906 ton 41 94 4170 10631 94

Natural gas 3142560 Nm3 7102 126 126 63 6851 0

Waste 55451 ton 24981 222 721 4880 46413 166

Electricity 12015 MWh 1502 36 36 1250 1334
Total 32083 2564 1163 9567 82815 2639

CO, equivalent CO,e

1 0,025 0,298
CO,e ton 32494 32083 64 347
Heat delivered MW h 344444 344444
EDHC kg/MW h 94,3 93,1
From 1 January 2035 until 31 December 2044
kg/GJ 26,20 25,87

* EDHC systems definition towards sector decabonisation in 2050-
alternative approach

Applicable GHG emission’s thresholds for efficient district heating and cooling

Threshold for ‘efficient district heating and cooling

Period P
Until 31 December 2025 200 grams/kWh
From 1 January 2026 until 31 December 2034 150 grams/kWh
From 1 January 2035 until 31 December 2044 100 grams/kWh
From 1 January 2045 until 31 December 2049 50 grams/kWh
From 1 January 2050 0 grams/kWh

Figure 31 - Calculation emissions - and efficient DHC factor - xTOWN4

=, a1nw
PRI

Wood chip3.

XTOWN1  xTOWN2 xTOWN3 xTOWN4
|Simple payback time
retum, IRR
Netpresentvalue, NPV MEUR
Average heat price EURMWh
Dif. i EURMWh
Investment MEUR
Investmentindl. subsidy MEUR

Standard report export to EXCEL: n g -
. Cash flow, annual: <=-=-=-=-=EXCEL o Bl ey

ol ableof.co

- Catalogue of techni¢™
- Environment annual
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Figure 32 - Heat production cost - XTOWN4 - in EUR/MWh
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