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Onshore v. Offshore Wind
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Onshore wind economics are driven by turbine cost.

74598, « Offshore wind economicsare driven by O&M and
https://www.nrel.gov/docs/fy200sti/74598.pdf infrastructure costs.
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Why Turbine Size Matters in Offshore Wind
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First Principles: Power, Torque and Radial Forces

Energy Conversion Principles Torque Density, Efficiency
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Volumetric torquedensity requires high shear

Voltage, Speed, stress; High efficiency requires high magnetic
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Here D is the diameter of the armature yoke, L is

the yoke length
Higher magnetic loadingincreases requirement

on handling radial forces

Thermal: Heating from current
» Insulation Materials
» Cooling systems

Kinetic: Material Strength
» Machinearchitecture
» Magnetic /Structural Materials

Increasingmagnetic utilization drives
increased efficiency and reduced volume, but
haslargeimpactonradialforces
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Some Representative Numbers

Fora 15MW wind turbine;

* Rotationalspeedis~8r/min

e Shafttorqueis~18 MNm

 Numberofpole pairsto produce 60 Hz: 900!

* If N, =120, the fundamentalfrequencyis 8 Hz

A power converteris necessary for frequency conversion

The high pole countfavors synchronous generators over asynchronous generators, using the power
converter to supportvariable speed operation
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Superconductors

« Temperature, currentdensity,and temperature

determine conductivity:

current density
(A/em?)

Under the critical surface conductoris superconducting with

no dc loss critical J-H-T
surfaee

Outside the critical surface conductoris normally conducting
with resistive loss

* NbTiisthe superconductingwire usedfor MRI machines;
itis commercially available in adequate quantitiesand at
acceptable cost

 NbTiisalowtemperaturesuperconductor

temperature  Saturation temsperature of magnetic field

(K) He @ standard pressure (M

* Hightemperature superconductors exist,butare not
appropriate foracommercial generator 1 A/cm? = 104 A/m?
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Keeping the Superconductors Cold

e Usevacuum asthermalinsulationto preventthermal conduction

« Limitradiationheattransfer using emissivity control

e Limitthermal conductionthrough the torque-reacting structure

Cold mass (4K)

P = ecAT*
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Superconducting Generators

Vacuum vessel - green wire

= Thermal shield - blue wire

* Thesuperconductingfield winding
produces the magneticloading

 Thearmature windingproducesthe Armature
electricloading winding

 Armaturewindings may need to be
integral slotto reduce lossesin the
coldregionswhere itis expensive to
reject heat

Armature yoke

Armature

* Thethesisisthat the higher support
magnetic loading buysincreased
efficiency with less mass
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Superconducting Generators

 Thefieldisstationarytoeliminatea
rotating cryogenic coupling

 Thearmaturerotates,poweris | _ | Cryogenic Cold Box
passed to the stationaryframe 0"

through brushes, sliprings | i | Stationary Field
Rotating Armature

 Armature windings are integral slot
to reducelossesin the cold regions
whereitis expensive to reject heat

* Thefieldleveragesdevelopmentsin
superconducting magnets for MRI
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Implementation Challenges

* Design
Structural support of field coils
Minimization of heat entering low temperature zones
« Manufacturing
Large, thin cylindrical shells
Precision winding of racetrackfield coils
 Assembly
Nesting of temperature zones within field assembly

Integration of cold box
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Summary

« Offshorewind economicsare driven by OPEX
* Increasingturbine ratingdrives down LCOE

» Drivetrainsrely on full power conversionto supportvariable speed operation

* Generatordesignisseeking highmagneticloading for high efficiency and high torque density

« Superconducting generators have the promise of providing high magnetic loading without rare earth
elements
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