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Overview

A Wind Conditions, Turbine Taxonomy & Technology

A Basic reliability
A Wind power Cost of Energy, Availability and Reliability

A What we know about wind turbine Availability &
Reliability Onshore & Offshore

A Conclusions
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Wind Conditions
Turbine Taxonomy
& Technology
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Variation of turbine forces, time & spaSe&Z
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ReliaWind

Geared Drive Wind Turbine, RS0 J=s

18

\l?unmgs_‘l/// 3

',_

R

/

A0

Durham
" University o 35

School of Engineering
and Computing Sc1enccs



ReliaWind
-

Basic Reliability
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The Bathtub Curve
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The Bathtub Curve
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Root Causes & Failure Modes
Example: Main Shaft Failure

Failure Mode

in Shaft Failure A
Why? [ } How?
Root Cause | - SCADA
An aIyS | S Fracture Deformation

Analysis

| | | |
. . . Low Cycle Fatigue or - C M
High Cycle Fatigue Corrosion Misalignment
Overload

& Diagnosis
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Wind Power Cost of Energy,
Capacity Factor and Availability
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Availlability, Inherent
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Availability, Operational
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Avallability & Reliability

A Mean Time To Failure, MTTF

A Mean Time to Repair, or downtime MTTR

A Mean Time Between Failures,
MTBFaAaMTTF
MTBFaAaMTTF+MTTREA ! m
MTBF=MTTF+MTTR+LogisticDelay Time

A Failure rate/ / = 1/MTBF

A Repair ratem mEl/MTTR
A Inherent Availability,

A=(MTBF-MTTR)/MTBF=1-( / / m)
A Operational or Technical Availability,

A=MTTF/MTBF <1-( [/ / m)
A Typical UK values
I Operational Availability 97%,

B I Inherent Availability  98%
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Capacity Factor

A Energy generated in a year= C x Turbine rating x 8760
A Capacity FactorC

A 8760 number of hours in a year

A Therefore:

A C=Energy generated in a year/ Turbine rating x 8760
A Cincorporates the Availabilityd, and therefore the

MTBF, 1//
A Typical UK values
I OnshoreC 27.3%
I Early offshoreC 29.5%
A Typical EU values
AR | Offshore, C 35%
P Durham
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Cost of EnergyCOE

A COE, £/kWh=

(ICCXxFCR + O&M)/AEP
i ICC=lInitial Capital Cost, £
I FCR=Fixed Charge Rate, interest, %
I O&M=Annual Cost of Operations & Maintenance, £
I AEP=Annualised Energy Production, kWh
A COE, £/kWh =

(ICCXxFCR + O&M(1//, I/IMTTR))/AEP(A(Y/, 1/MTTR)}
A Reduce failure raté ,Reliability MTBF 1// improve and AvailabilityA
improve, O&M cost reduces;
A Reduce Downtime MTTR, Availabilitp improve, O&M cost reduces;

A ThereforeCOE, reduces
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Impact of the Reliability oiCOE
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What we know about wind turbine
Reliability
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Sources of Fallure Data

A Eurowin data

A EPRI data from California

A Windstats data from Germany and Denmark

A LWK data from Germany

A WMEP data from Germany

A Data from UK Round 1 offshore wind farms

A Data now coming from RELIAWIND WP 1, see later
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Trend In Turbine Failure Rate SRsZs
with time
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Reliability & Size, EU

LWK average failure rate : period 1993-2004
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Reliability & Downtime & RelWind
Subassemblies, EU

Failure/turbine/year and Downtime from 2 Large Surveys of European WindTurbines over 13 years

‘ ‘ ‘ ‘ \ \ \ \ \
Electrical System !

OLWK Failure Rate, approx 5800 Turbine Years

Electrical Control BWMEP Failure Rate, approx 15400 Turbine Years

Other \—y# OLWK Downtime, approx 5800 Turbine Years
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Reliability & Weather, WS DK Relind
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ReliaWind

Reliability & Time, LWK

LWK, E66, converter
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Reliability & Time, LWK ReliaWind
Generators

LWK, E40, generator LWK, E66, generator
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Figure 4.4: Variation between the failure rates of generator subassemblies, in the LWK
population of German WTSs, using the PLP model.
The upper two are low speed direct drive generators while the lower two are high speed
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Reliability & Time, LWK

Gearboxes
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Reliability & Time, LWK ReliaWind
Electronics

LWK, E40, electronics LWK, E66, electronics
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Figure 4.6: Variation between the failure rates of electronics subassemblies, or converter,
using the PLP model, in the LWK population of German WTSs.
o] | The upper two are I_ow speed _dirt_—:*ct driv_e generators with fully r_ated converters while the lower
Y9 Durham two are high speed indirect drive generators with partially rated converters.
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ReliaWind

Reliability of Power Electronics
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Onshore Availability & Wind speed, World RelaWing

B System Availabilty averaged over all wind farms

— Cumulative % ofenergy delivered (annual mean wind speed =8 m/s)

Cumulative % oftime (annual mean wind speed = 8 m/s)
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Offshore Availability & Winc

Monthly Availability (Percentage)
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