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Outline

INNWIND.EU Pirbine = 10-20 MW
Dioior = 178-252 m
H = 50 m

water

* Non-contact drive train as compact as
permanent magnet direct drive

Foundation
« Superconducting Direct Drive generators
— MgB, medium and RBa,Cu;0- high

temperature superconductors.
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« Magnetic Pseudo Direct Drive generator
— Magnetic gear + generator
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* Levelized Cost of Energy comparison T é



Contribution to INNWIND.EU WP3 @

e D™
D. Liu & Henk Polinder, Delft University of Technology (NL) DTU
N. Magnuson, SINTEF (N) ““
o

A. Thomas & Z. Azar, Siemens Wind Power (DK / UK)
E. Stehouwer & B. Hendriks, DNV GL (NL) .I’fu Delft
A. Penzkofer & K. Atallah, University of Sheffield (UK) ©

R. S. Dragan & A. Meyers, Magnomatics (UK) .

F. Deng & Z. Chen, Aalborg University (DK) @ SINTEF
D. Karwatzki & A. Mertens, University of Hannover(D)

M. Parker & S. Finney, University of Strathclyde SI EM ENS
Asger B. Abrahamsen (asab@dtu.dk), DTU Wind Energy (DK)
Project website: www.innwind.eu

DNV:-GL

= Tho ‘ (‘ it ] Leibniz
University 7, & - e t ¢; Z Universitat
. N - Of 2 S (0 "\ University of :
o Strathclyde too'4 ] Hannover

Sheffield. Magnomatics ® 26 yave® Glasgow



http://www.innwind.eu/

Electro-mechanical conversion @J
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Superconducting

Direct Drive . .
S Nacelle integration

Magnetic Pseudo Direct Drive



Levelized Cost of Energy (LCoE) of energy plant @J
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Superconducting Direct Drive

—
MgB, RBCO
39K 93K

Fd NBpAS

Fq: Shear force density
B,: Peak magnetic Field
Ag: Armature current load

quivalent

bpper SC: J ~100-330 A/mm2 ,




Topology : MgB,, + Cu + Si steel + G10 ?
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Critical enginering current density

MgB, tape Columbus Superconductors
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Future Scenarios

1) Cost — Ya
2) J, — 4xJ,
3) 1+2

* .
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Liu et al. IEEE TAS 2017



Optimized 10 MW
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* Future?
1: SC cost 14 h
2:SC4xJ,

3:Both1 &2
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Nacelle integration of iron topology (T11)
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D=10.8m
287 ton

D=84mL=13m
m ~ 286 ton
UL (INNWIND.EU D3.41 < mpy ~ 325 ton




Cost and mass breakdown of 10 MW MgB, nacelle @Lu

SC 0.7 M€
Gen 1.0 M€ —
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Levelized Cost of Energy (LCOE) @J
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Conclusions @J

~—

e Superconducting Direct Drive
— lron cored topology most economical now, but not light weight
— Cheaper and better MgB,, can result in other topologies.
— Cryostat and cooling more expensive than MgB,, !
— IOMWMgB,:D=84mL=13m m ~ 286 tons
— MgB,:Race track coil demonstrated ALCOE~+5%
— RBCO: Race track coil demonstrated. ALCOE ~+ 5%
— Removes dependency of Rare Earth Elements

* Magnetic Pseudo Direct Drive
— Superior in term of efficiency and cost. ALCOE ~ -0 %
— Increased Rare Earth Elements dependency

« MgB,scaledto 20 MW:D=10.8mL=2.3m m ~ 650 tons.

* Next focus 13-15 MW (Dong Energy no subsidy bid for offshore wind in
2024).




Mass or cost

How to beat the square-cube law?

//, \\\
T ’ b
Power = —pv3D*C, ~  D* ,/ P=10MW \
8 /' D=178m \

Diameter {78.4 m
Hub height\119 mLAT
\
|

Miypine ~DXwxt ~ D3

3.37m vertlOffset
. —_— 3 2 \ I
Mturb+]acket = ¢, D° +c;D°H \ /
\\ /
\ 89.6}!1/1 (mod. tower)
Add-on of | ™\ Vs
. . Ny
_ innovative
Classic upscale concepts
e Interface
. lAT
SA<3) § ' z=0m
Innovative ; H=50m
: upscale :
REf 10-20 MW = — Mudline
Linear scale (s) 4m  P4.34




SC pole pair demo

”As high operation temperature as possible - HTC”
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