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LCoE Calculator for MRS:

From Scaling Theory to Cost Evaluation

Anton Czemper, HAW Hamburg, 15.10.2025

nsored by:

WIND

)_\/
. X
e fmere e ——&nBW caTCcHING X+



Introduction and Research Objectives

Background Research Questions
« Master thesis conducted over the 1. Suitability of scaling laws for
last 6 months in collaboration modeling weight & costs

with CC4E and SGRE . .
2. Selection of cost and yield

parameters for reliable

Research Objectives modeling
» Develop and apply a cost & yield 3. LCoE differences between
model (LCoE), based on existing multirotor and single-rotor

HAW-CC4E-tool

« Compare multirotor vs.
equivalent single-rotor concepts

concepts
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Scaling Theory Best Practice

3
., . m D
1. Empirical Scaling Law (f.e. used in INNWIND Cost Myef (Dref)
Model)
> Gearbox_mass=70,94*low_speed shaft torque”0,759 » Up- and Downscaling
Exponents
2. Square Cube Law Approach + Upscaling: 2,6 T

- Downscaling: 3 |

 Reference Turbine

anranral )  Theoretical 3 MW Offshore
‘ Single Rotor from Erich Hau

Image: U. Goeltenbott, ,Aerodynamics of Multi-Rotor Wind Turbine Systems using Diffuser-Augmentation®,
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LCoE Calculation & Challenges in Cost Calculation

LCoE Formula Challenges

no Ay
In +E!‘=1 [:-l +!]t

LCOE =

M.l
E?:‘q]_ +if
I, CapEx: Capital Expenditures
A; OpEx: Operational Expenditures
M,.; AEP: Annual Energy Production

i WACC: Weighted average cost of capital

n Economic lifetime in years

t Year of operation (1,2, ...n)
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Definition of Base Case

--- 20 MW SR
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200 100 0 100 200 200 100 0 100 200 200 100 0 100 200
Width [m] Width [m] Width [m]

20 MW SR 20 MW MRS5 20 MW MRS22 20 MW MRS47

Wind Farm Capacity 1GW 1GW 1GW 1GW

Number of Rotors 1 5 22 47

Power per Rotor 20.000 kW 4.000 kW 909,09 kW 425,53 kW

Rated Power of the Turbine (system) [eloXeloloN " 20.000 kwW 20.000 kW 20.000 kw

Power Denisty 400 W/mA2 400 W/mA2 400 W/mA2 400 W/mA2

Rotor Radius 126,16 m 56,42 m 26,90 m 18,40 m

Operating Lifetime 25 years 25 years 25 years 25 years

Mean wind speed (turbulent) 10 m/s 10 m/s 10 m/s 10 m/s

Sven Stortenbecker, Peter Dalhoff, Rudolf Anselm, 14_X-Rotor: X-Energy - Teilprojekt: X-Multirotor und X-Rotor - Zweiblatt
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CoE-Tool for Multirotor Wind Turbines

[ Advanced Model Selection

Drive TrainModel: DirectDrive
Mass Scaling Law: Clesscsquare-cabelan
Enhanced Scenari

Mean Wind Speed(m/s) Classic
Economies of ScaleLaw:  Generalconservaive

Repayment Duration (year):

WACC (real):

Calculat

SimpleKPI's

2o

‘Companent costs for different trubine types

TurbineDetails
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Turbinginrmason

Number ofromrs

Rowor radius
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Nomaialaied power per rotor
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Windtarm Informaton

Insilled pover

Number ofturbines per windiarm
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CAPEX & OPEX

CAPEX (oneTurbing) 20MWSA

TowlCostper oneTurbine(€) 3794493533
TotalRoor Costs (£) 1059739155
Total Nasefle Cast(€) 2177312251

TotalSubstruciure Cost(€) 557442127

CAPEX Windfarm
TotlCostTurbines (€} 1897246766,
TotalCostBoP (€] 226648996067

Grand ol Capex (€] 418373672738

OpexWindfarm

Totalfix Costs a Year (€] 7065980059

Totalvarisble Costs aYear {€) 38570.960.49

Discounted OPEX for 25 yaars (€) 201821827847

CAPEX & OPEX

AEP foz ane turkine AEP

CostofFinacing (CAPEX anly)

Financ 20MWSA

TosslFinancing Costs o FCAPEX (£}

142897140464

20MWMRSS 20MWMRS22 20MWMRS47 Grang tatal st CAPER 20MW SR 20MW MRSS

44.49414127 3342030447 2860526322
653894944 223834011 4 ,
17.466.02121 1251654122 11.089.868,93
708: 7641138 15.207.054,18
20.189.17062 1764113884 po—

206401749174 155402620962  MeMHa A i

2296489860 67 2266489 96067 Ahid b

436050745243 385051626020 MMM

Total Ope aver 25 years iscounted)

7065980059 7065980059 7085980059

3EBISAELTY 3BATSAS588 3940272695

202310574643 2025691998, AR A A,

20MWSR 20MWMRSS 20MWMRS22 20MW MRS47

AEP per rbine(kWn) 9552699029 96.182.118 50 9756698948

AEP wholeWindfarm (KWh) 77634951461 480910592503 4826439.306,10 487934347384

Grosseg. Fullload hours 480911 482644 487935

Gross Capacily Facior 5490% 55.10%

UnderbingSystem Information
Air Density (for Power Curve Simulaion) 1.23 kg/m*3

Wind Shear, sipha: 010
v_out{m/s) 25mis

Wind Fov Turbulent
N Pover Curve Simulafon Seeds: Average of sseads 26005 fmeseries

20MWMRSS 20MWMRAS22 20MWMRAS47

148570676415 131202266302  MAlMMIRHNE

LCoE-Calculator Dashboard
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Key Results

Single-Rotor

Multi-Rotor

20MW SR

20MW MRS5S
0,0805

20MW MRS22

0,0739

20MW MRS47

0,0707

102,06% 93,61%
Discounted YAEP Mrd. kWh 78,721 79,261 79,547 80,419
% 100% 100,69% 101,05% 102,16%
CapEx Total Mrd. € 4,193 4,360 3,850 3,653
% 100% 103.98% 91.82% 87.12%
apEx Turbines (incl. 2,064
ower & Space-Frame) 108,8%
CapEx BoP Mrd. € 2,296 2,296 2,296 2,296
% 100% 100% 100% 100%
Discounted YOpEx Mrd. € 2,018 2,023 2,025 2,033
% 100% 100,24% 100,37% 100,76%
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Findings

Cost Reduction in CapEx Turbine CAPEX Summary
2,500,000,000.00 €

» Major driver of LCoE
reduction is lower 2,000,000,000.00 €
turbine Capkx

. 1,500,000,000.00 €

» Cost composition
shifts between
components (Rotor, 1,000,000,000.00 €
Nacelle, Tower/Space
Frame)

500,000,000.00 €

» RNA costs decrease
with higher rotor e
number

SR MRS5 MRS22 MRS47

M Total Rotor Cost B Total Nacelle Cost Total Tower and Space Frame Cost
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Findings

Minor Cost Increase in
OpEXx

> Variable & Fix-Cost
Approach from
Fraunhofer ISE for

Single Rotor does not
fit MRS

> X-Multirotor DfM” will
provided more
realistic data that can
be easily included in
the LCoE Calculator

15.10.2025

Sensitivity Analysis 20 MW MRS47
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Conclusion

Multirotor concepts show potential for LCoE
reduction compared to single-rotor designs

« Main driver: turbine CapEx reduction,
especially through RNA cost decrease

» Different cost composition: less rotor-driven,
more tower & space frame

« Methodology provides a transparent
calculation tool for future research & industry
use
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Thank you.

Contact: Anton Czemper, anton.czemper@haw-hamburg.de
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