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Introduction and Drivetrains

Introduction

- How do you choose between different competing wind turbine
models when planning an offshore wind farm?

4 Drive Train Types Analysed

Turbine Type 1: 3 Stage, DFIG, PRC Turbine Type 2: 3 Stage, PMG, FRC
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- Many turbine types available

| Power Converter [

Turbine Type 3: 2 Stage, PMG, FRC Turbine Type 4: DD, PMG, FRC

Generator (PMG) Transformer

- Drive train biggest differentiator
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- This work shows how the drive train choice effects the CoE of e T T 4
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offshore wind farms
- 3 hypothetical Sites located at different distances from shore

- Each site has one of four different drive train types

Method, CoE Equation, Models and Hypothetical Sites

2. CoE Equation &
Input Models Used.: _

(Initial Capital Costs x Fixed Charge Rates)+(0&M Costs) - 4 at 10km, 4 at 50km, 4 at 100km
Energy Production

Method 3. Hypothetical Sites:

12 Wind Farms
1. Obtain or create required models

100 modern MW offshore wind turbines of the same

- Initial Capital costs: Turbine costs, BoS (Port, foundation, electrical £
rated power

__ infrastructure etc.) Other Capital Costs (contingency, decommissioning etc.)
2. Secure empirical data

- Each of the 4 at 10km will have one of the 4 turbine

- O&M costs include the staff costs, repair costs and transport _ :
types described earlier

costs.

3. Adjust empirical data. REMM, Cost,
Power Curve

- FINO climate and sea state data used

Model and Output Inputand source ofinput

O&M Cost Model. The O&M cost modelusedin this  Empirical failure rates, repair times, no. of

Output: O&M costsfor work was the AM02 modelcreated technicians required forrepair, repair costs and so
eachdrive traintype at at the university of Strathclyde [1]  on, froma population of ~350 offshore modern multi
each site MW turbines from between 5-10 offshore wind farms
throughout Europe.

- FINO representative of a North Sea Site

Energy Production Model.
Output: Energy produced
by each turbinetype at
each site.

The energy productionmodelused Empirical power curves fromwind turbines with

in this work was the AMO2 model  differentdrive train types, wind and wave data from
created at the University of a north sea site

Strathclyde [1]

4. Combine all models and input data to
work out CoE for 4 drive train types

BoP Model The balance of plant model from Costs of: ports, staging, substructure, foundation,

oTlis[FE- N R g1 N which results were obtained was electrical infrastructure, assembly, installation, ; 10km: 4¥;im_'.:h - S0km: 4“':in'_":h 100km: 4 wi n_d
turbine type at each site created by NREL[2] development, engineering, management and aIms CaC S SRR ASMCN T8 fe?rms Eath w:'th
. iy differentturbine differentturbine differentturbine
5. Compare results and draw conclusions commissioning. Model populated by Garrad Hassan types types types

Provided by a leading wind turbine manufacturer
who was the PhD industrial partner to the author

Other outputs: Wind Turbine Costs for different
turbine types. Component cost for
differentwind turbine types.

Results and Conclusions

Energy production for each drive train type at each site BoP costs for each drive train type at 50km site CoE Inputs for each drive train type and each site
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