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Mehoolgy

* Evaluated benchmark Vestas V100 2 MW turbine for costs
at all 4 loco by using NREL design cost and scaling model?;

* Designed a layout of 7 rotor MRA and scaled the baseline
NREL 5 MW single rotor turbine2down to a 0.714 MW,

°* Analysed hourly metocean data for the 50-year period;

*Preapred a FAST add-on tool in Matlab and verified
structural integrity of MRA rotors using aero-servo-elastic
solver FAST ver 8.0 against approved load cases3;

®* Measured performance of the proposed MRA and
compared it to baseline NREL 5 MW turbine.

* RNA of the baseline turbine was Froude scaled to derive mass 4r
of our 1IMRA rotorl;

* Steady-state validation of the scaled rotor model made; ®&——
* Average/extreme sea state from coastDat1 DBT
for location 4:
i' OMean vs./imfl §peed Vave_?0=10.1m/s, extreme Vmaxso_=36.7m/s, \i
1 OMean signific.wave height H,,.,5=1.2m, wave period T,,¢,5s=5.19s,!
i extreme H, . ,:=9.9m, T, 0c=12.3s. J
* Power law wind shear exponer_1t= 0.14 adjusting induction to MRA
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Introduction

* Poland experiences energy shortage at northern parts of the country;

® Polish RES bill significantly limited operations for on-shore wind;

® Gov't plans to support 2-3 shallow off-shore farm locations, but no sight
for overall cost reduction and instigation of local heavy industry;

°* AIM1: explore deep off-shore wind locations such as our idea of
location 4 to show costs can be reduced.

* AIM2: propose floating off-shore wind turbine design in the form of
Multi Rotor Array (MRA) to mitigate cost and technology problems.
AIM3: revitalise Polish shipyard industry around our own MRA concept.
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Fig. 2. Algorlthm for the development ——
and evalution of MRA
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Extreme Operating Gust (EOG load) V,,,=10.1 m/s

Bl_DefOoP Bl_RootMx [KNm] Bl_RootMy [KNm]
{m] INC%[m] NC, MM NRE [VIRA| NREL | %

NWPg,| 045 234 | 336 319 | 3795 4277 290.8 6065 479
NWP,, | 0.81 422 | 531 505 | 75.15 4956 152 | 530.5 9772 @543
NWPo 029 151 | 1.97 187 | 71.49 4929 145 | 2487 5195 479
NTM | 1.04 542 | 6.17 3587 | 1823 5376 3.39 702.7 | 11370 | 6.18
EWM | 1.04 542 | 6.10 580 | 512.1 11190 458 | 503.5 10590 475
EOG | 1.54 802 | 897 | 853 | 153.6 | 5056  3.04 1028 16190 635

* Deep off-shore wind in Polish territorial waters: abundant and
economically sound

* Around 7% overall COE reduction of location 4 as compared to loco 1

® 62% RNA mass reduction when moving from the 5 MW to MRA

* EOG load led to breaching the safety margin by 10.2% and 15.3% of
allowable blade tip clearance for IMRA and NREL designs respectively

°* Proposed MRA rotor withstands other loads by substantial margins



