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Capacity No of Turbine Year of
Location Country in MW Turbines | manufacturer | Installation
Vindeby Denmark 5 11 Bonus 1991
Lely Holland 2 4 NedWind 1994
Tuno Knob Denmark 5 10 Vestas 1995
Irene Vorrin Holland 17 28 Nordtank 1996
Bockstigen Sweden 3 5 WindWoeld 1998
Blyth UK 4 2 Vestas 2000
Middelgruden  Denmark 40 20 Bonus 2000
Utgrunden Sweden 10 7 GE-Wind 2000
Yttre Strengung  Sweden 10 5 NEG Micon 2001
Horns Rev Denmark 160 80 Vestas 2002
Arklow Bank Ireland 25 7 GEWE 2003
North Hoyle UK 60 30 Vestas 2003
Nysted Denmark 158.4 72 Bonus 2003
Samso Denmark 23 10 Bonus 2003
Scroby Sands UK 60 30 Vestas 2004
Frederikshavan Denmark 7.6 3 Various 2004
Kentish flats UK 90 30 Vestas 2005
Ronland Denmark 17.2 8 Bonus, Vestas 2006
Barrow UK 90 30 Vestas 2006
Breitling Germany 2.5 | Nordex 2006
EMS-Enden Germany 4.5 | Enercon 2006
Beatrice UK 10 2 RePower 2007
Egmond ann Ze  Holland 108 36 Vestas 2007
Burbo Bank UK 90 25 Siemens 2007
Q7-PA Holland 120 60 Vestas 2008
Thornton Belgium 30 6 Repower 2008
Robin Rigg UK 180 60 Vestas 2008
Lynn Dowsing UK 194.4 54 Vestas 2009
Horns Rev 2 Denmark 209 91 Siemens 2010
Gunfleet Sands UK 172.8 48 Siemens 2010 (plan)
Rhyl Flats UK 90 25 Siemens 2010 (plan)
Thanet UK 300 100 Vestas 2010 (plan)
Alpha Ventus UK 630 175 Siemens 2012 (plan)
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Component % of energy cost| % of installed cost
(Opti-Owecs) {Owecop)
Turbines and tower 34 25
Sub-structure and foundation 24 11
O&M 23 17
Electrical interconnection 15 17
Installation and decommissioning included above 18
Other 4 12
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ENERGY
EMISSIONS Industry (14%)

Power
(24%)

Transport
(14%)

Buildings
(8%)

Total emissions in 2000: 42 GtCOZe.

Other energy
related (5%)

Waste (3%)

Agriculture
(14%)

NON-ENERGY
EMISSIONS

Land use
(18%)

Energy emissions are mestly CO, (some non-CO, in industry and other energy related).
Non-energy emissions are CO, (land use) and non-CQO, (agriculture and waste)

&& 3 &II1 °
& & )*&
Power Generation Grams of CO2 emitted per
Plant KkWh
Coal 815-990
Gas 356-653
Solar 50-95
Wind 5.5-37
Nuclear 6-26
Hvdro 3-18
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OFFSHORE Wind Turbines Failure Rates
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Future Planned Oftshore Wind Turbines
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Average monthly wind energy output in the UK

-
Pa

=
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Proportion of annual wind energy (%)
[2=)
g' =1 1 1 1 : 1

Menth

c3 ! >( )

F % G
*=0 81 (B

(; 81 (B *= G

F % G 2 &

2 & F %. G

F %. G
*= C% . (;D

$$&



F %. G

%

$$



$$(



0-$-0

$/

|
I (& (B




0-$-0-$ *
0 )
FE
| |
!
!
!
0 )
!

#

8!

8 8!

<B

$$>



) 0 !
|
I &/ 1
1
1 0 )
<B
* 0 ) !
!
! °C 3$D
0-$-0-.
0 ) #
!
!
7
8!
!
# << B/
- ¢ &P !
C D H$ & !
Cc 1 # << B/

$3;



c $
- 8 C($/D
$
0 )
!
! C
D (< #
8 ) $ ) & ) 8
7 7 7
C* D C. D C4 D
(< 4 * %
" !
$ & %
n 2 (<|
%
!
0-$-0-0 G#
7 F G
C DI !
+
G .CD
CD

1 # +B$

$8<



; CD
Ch ——
F %
(B
i Decreasing Constant Increasing
Fallure : Failure ' Failure
Rate | Rate : Rate
] ]
1 1
1 1
1 1
]
@ | - Morality” 1 1
= %, Failure i i
= : ﬂunslg;lﬁdlrrlea:dumj :
1 o
] 1
T, 13 !
Time e
(B % | *C
! D
(B
%
+B$ |
! %
+B$
|
I F $ I
II! — / +
($& # *°8

G

C($$D

$$B



( 0 !
$3;
"1
o $3; % C(3&D
0. 04
0. # + B$
58 > C($D
04
% (%/
7 A
T S—
0. 04
(8§
1 (%3 (9 ! 1
) ! |
C1  ($$D N+O#
s/ C($(D

$&/



1

F$%0@G

1

2 (

($>

.CD

4

C($+D

C($>D

C($:D

$&$



G!
| F
F@G

2 (

ll#
# n
0-$-0-1 <#

$&&



(' | |
! 1 $ #
1
Y
1 ($#
Bl _EoryF
ry B fEy -l
f-.w=;(r1 ) e C($;D
#
dH eH fH
(' | |
1
1 ($( C G
$$BD
%
% |
%
Vo]

$&'



)

%

(C B>D

$>+

F % G

C

% %

$>(

(B

)

$>(

(C $3<D

$>(

$&(



%

\

% ]

) 8@

) 8@

%

$>>

$&+



%

$&>



%

. "
. il

=T

BRI | P I G P O AT Sy

vﬁ S)NSY

12pay
Ad1aug
A0,

Teak 1ad spouad
SOURLIAIUTEW T Yila AF21eng
UOTUBAIAN] PAULE]]

wC W

4

mak 1ad pouad
SOURUAUTE | Yila AT2ENS
UoNUSAIAU] pauue]g

wl N

uonasas L5amng
FuBRUAUIE pue uorerado
(T RNUITS PUT AL,

[

\

o



! *=0
FO $G FO &G

)

MO

%

$

0 )
*=()
($%
]
[ !
0 0 K >
!
| |
!
!
)
0% &M 0$ 0&M
#
!
3 )

$&<



| FO $G
F0&G

) FO$G FO& G

)&

$&B



— Initiak=e and =eiect the maintenance strategy SCenano

Intiste Planned Intervention Mamtenance Strategy

Planned Intervention Maintenance Strategy (PM 1)

Planned Intervention Maintenance Strategy (PM 2)

— Inputs
Predefined v
Enter the capacty factor (for 35% erder 0.35) 0.35
Enter the number of turbines: 175
Enter the turbine power rating: 3. (X
Enter the Yessel emissions (in gramskmi 120000
Enter the Helicopter emissions (in grams/km) ‘31200
Enter the project duration: 20 Years
Enter the dizcount rate (for 5% enter 0.03) 005
Enter the number of simulations 1DIIIEIEIEI_.
Enter the Mean Time to repai'" 1 5 Days (mtir)
Enter the Mean Time for Preventive Maintenance for the failed turbines 1 | Days (tor failed)
Erter the Mean Time for Precentive Mairtenance for waorking turbines 1 | Days (working)
— Panel
Run Simulation © Bave Workspace
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Inputs for PM 2: Input parameters from Main-Wind 2, Initiating variables, Setting MTTF
values and allocating component to transportation means

y

Calculate ttr and tpm

!

Interpolation of energy output
with ttf

Start MTTF loop

Start Simulation loop

Initiate random variables

|

Start Number of years loop
Start Number of turbine loop

VES Failed
turbine?

o Internal storage

<«

v

Calculate energy losses, repair
energy losses, cost of O&M, CO2
emissions

3

v
Calculate turbine energy output,
turbine availability

of power-fit
program

»
L g

Update ttf

ﬂerminate Number of turbine loo

o ——

Calculate tpm

v

Interpolation of energy output
with ttf

v

Calculate energy losses cost of
O&M, CO2 emissions

¥

Calculate turbine energy output,
turbine availability

v

Terminate Number of years loop
Annual availability, annual power, annual cost

v

Terminate simulations loop
Total project availability, project energy output,

project LPC

v

Display mean of a set of observations,
statistical error, skewness, kurtosis
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