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Energy from offshore wind: an overview 
Dong-Sheng Jeng and Yun Zheng 
 

Abstract 
Renewable energy has attracted a great deal of attention among 
governments, industries, academics and societies throughout the world 
in recent times. Offshore wind energy is a renewable energy source that 
has great potential in energy markets worldwide as our current 
knowledge of offshore engineering technology makes it ready for 
implementation immediately. In this chapter, offshore wind energy is 
compared with other renewable energy sources, and existing offshore 
wind energy projects throughout the world are reviewed. Current design 
codes of offshore wind energy are outlined and a set of criteria for the 
selection of appropriate sites for offshore wind energy is established for 
Australia. Finally, potential sites in Australia are evaluated and based on 
our analysis, the southern part of Western Australia (WA) is the most 
appropriate site for wind farms. 

Introduction 
Due to the world’s rising energy consumption, limited existence of fossil 
energy sources and dramatic changes to the world’s climate, the 
extension of renewable energy has drawn a great deal of attention from 
governments, industries and academics world-wide. Renewable energy 
has considerable potential and could theoretically provide a nearly 
unlimited supply of relatively clean and mostly local energy. Recently, 
global renewable energy supply has been growing strongly; the annual 
growth for wind energy, for example, has been around 30 per cent 
recently, from a very low base of 6.29 per cent of total renewable energy 
resources. In relative terms, however, the share of modern renewable 
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f c
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En
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U

nl
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e 
th

e 
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in

g 
fo

ss
il 

fu
el,

 w
in

d 
en

er
gy

 d
oe

s 
no

t 
pr

od
uc

e 
ca
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ox
id

e, 
m
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cu

ry
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th
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ir 
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llu
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Fu

rth
er

m
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e, 
w

in
d 
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ne
w
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le 

en
er

gy
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ou
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e 
w
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 p
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ng
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rm
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ne

rg
y 
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w
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 f
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ev
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, d
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in
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e 
m
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d 

fa
rm
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 c
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 f
os

sil
 a

nd
 c
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ra
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th
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 b
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D
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e 
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m
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w
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 b
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in

d 
fa

rm
s i

n 
th
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 o
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ffs
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 o
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ho
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 in
st

all
at

io
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w
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d 
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e 
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ra
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m
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 t
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 f
ac

to
r 

is 
th

e 
am

ou
nt

 o
f 

en
er

gy
 p

ro
du

ct
io

n.
 D

ue
 t

o 
th
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w
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re

 W
in

d 
E

ne
rg

y, 
20

06
). 

Fi
gu

re
 8

.5
 s

ho
w

s 
th

e 
lo

ca
tio

n 
of

 in
st

all
ed

 c
ap

ac
ity

 a
s a

 p
er

ce
nt

ag
e 

of
 th

e 
to

ta
l c

ap
ac

ity
 a

nd
 

by
 c

ou
nt

ry
 (

M
us

ial
, 

Bu
tte

rf
iel

d 
&

 R
am

 2
00

6)
. 

Th
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 d
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ro
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 c
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fir
st

 o
ffs

ho
re

 w
in

d 
pr

oj
ec

t 
in

 I
re

lan
d,

 b
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fir
st

 
co

m
m

er
cia

l o
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t p
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 p
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se
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d 

fa
rm

 in
 th
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U
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m
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 m
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 d
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 p
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eig
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eig
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 m
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at
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e. 
Th

e 
w

in
d 

fa
rm

 w
as

 e
re

ct
ed

 b
y 

th
e 

lea
di

ng
 D

an
ish

 p
ow

er
 

co
m

pa
ny

 E
lsa

m
, w

hi
ch

 h
as

 m
or

e 
th

an
 2

5 
ye

ar
s 

of
 e

xp
er

ien
ce

 w
ith

 w
in

d 
en

er
gy

 p
ro

jec
ts

. T
he

 K
en

tis
h 

Fl
at

s p
ro

jec
t a

lo
ne

 w
ill

 re
du

ce
 e

m
iss

io
ns

 o
f 

ca
rb

on
 d

io
xi

de
 b

y 
ov

er
 4

 m
ill

io
n 

to
nn

es
 o

ve
r i

ts
 2

0-
ye

ar
 li

fe
 ti

m
e. 

N
or

th
 H

oy
le

 

Th
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in

d 
fa

rm
 w

as
 b

ui
lt 

in
 2

00
3 

at
 N

or
th

 H
oy

le,
 

w
hi

ch
 w

as
 th
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 d
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 c
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. D
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 d
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 b

e 
co

ns
tru

ct
ed

 i
n 

de
ep

 w
at

er
. 

In
 t

he
se

 c
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 b
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 c
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w
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 b
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 d
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at
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at
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 c
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ra
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 d
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 c
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 r
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 f
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 d
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w
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 th

e 
ro

to
r. 

Th
is 

de
sig

n 
m

ay
 

lo
se

 s
om

e 
en

er
gy

, b
ut

 th
e 

ad
va

nt
ag

e 
is 

th
at

 th
e 

de
sig

n 
is 

sim
pl

e 
w

ith
ou

t 
th

e 
hi

gh
 m

ec
ha

ni
sm

 c
om

pl
ex

ity
 a

s p
itc

h 
co

nt
ro

lle
d 

tu
rb

in
es

. 
 Pi

tc
h 

co
nt

ro
l 

tu
rb

in
es

 c
an

 g
en

er
at

e 
po

w
er

 w
ith

 f
as

t 
tu

rn
in

g 
bl

ad
es

 a
t 

hi
gh

 w
in

d 
sp

ee
ds

. T
he

 s
ys

te
m

 is
 h

ig
hl

y 
ef

fic
ien

t, 
bu

t t
he

 m
ec

ha
ni

sm
 is

 
m

uc
h 

m
or

e 
co

m
pl

ex
, 

an
d 

th
e 

m
ac

hi
ne

 c
an

no
t 

ad
ap

t 
w

ell
 t

o 
po

w
er

 
flu

ct
ua

tio
ns

 a
t h

ig
h 

sp
ee

d 
w

in
ds

.  
 Ta

bl
e 

8.
7 

gi
ve

s 
de

sig
n 

co
nc

ep
ts

 a
nd

 c
on

tro
l a

bi
lit

ies
 f

or
 w

in
d 

tu
rb

in
es

 
ov

er
 3

.0
 M

W
 fr

om
 th

e 
six

 la
rg

es
t w

in
d 

co
m

pa
ni

es
.  
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Su
bs

tr
uc

tu
re

 o
f w

in
d 

fa
rm

s 
 

In
 g

en
er

al,
 t

hr
ee

 d
iff

er
en

t 
su

b-
st

ru
ct

ur
es

 h
av

e 
be

en
 u

se
d 

to
 s

up
po

rt 
of

fs
ho

re
 w

in
d 

m
ill

s. 
Th

ey
 a

re
: g

ra
vi

ty
 b

as
ed

 c
ais

so
n 

fo
un

da
tio

ns
, m

on
o-

pi
les

, a
nd

 to
rp

id
 fo

un
da

tio
ns

. 

G
ra

vi
ty

 b
as

ed
 c

ai
ss

on
 fo

un
da

ti
on

s 

O
ffs

ho
re

 w
in

d 
m

ill
s 

ca
n 

be
 s

up
po

rte
d 

by
 a

 c
on

cr
et

e 
ca

iss
on

 o
r 

a 
st

ee
l 

gr
av

ity
 fo

un
da

tio
n.

 T
he

 c
on

cr
et

e 
ca

iss
on

s a
re

 u
se

d 
m

or
e 

fr
eq

ue
nt

ly 
th

an
 

gr
av

ity
 f

ou
nd

at
io

ns
 (

H
ou

lsb
ey

 &
 B

ry
ne

 2
00

0)
. 

Si
nc

e 
th

e 
in

cr
ea

se
 i

n 
tu

rb
in

e 
siz

e 
an

d 
to

w
er

 h
eig

ht
, t

he
 s

iz
e 

of
 th

e 
co

nc
re

te
 c

ais
so

ns
 h

as
 b

ee
n 

in
cr

ea
se

d 
to

 s
at

isf
y 

th
e 

de
sig

n 
cr

ite
ria

. 
Th

e 
co

st
 o

f 
th

e 
ca

iss
on

s 
is 

co
ns

id
er

ab
ly 

gr
ea

te
r 

th
an

 
th

e 
m

on
op

ile
 

st
ru

ct
ur

es
. 

St
ee

l 
gr

av
ity

 
fo

un
da

tio
ns

 a
re

 m
uc

h 
lig

ht
er

 th
an

 c
on

cr
et

e 
ca

iss
on

s, 
so

 th
ey

 a
re

 e
as

ie
r 

to
 tr

an
sp

or
t a

nd
 in

st
all

. H
ow

ev
er

, t
he

 c
os

t o
f p

ro
du

cin
g 

th
es

e 
en

or
m

ou
s 

st
ee

l f
ou

nd
at

io
ns

 is
 c

on
sid

er
ab

le.
  

 

T
ab

le
 

8.
7 

D
es

ig
n 

co
nc

ep
t 

an
d 

po
w

er
 c

on
tro

l 
sy

st
em

 u
se

d 
by

 s
ix

 
of

fs
ho

re
 w

in
d 

en
er

gy
 c

om
pa

ni
es

  
 

M
an

u
fa

ct
u

re
r 

w
in

d
 t

u
rb

in
e 

C
on

ce
p

t 
 P

ow
er

 C
on

tr
ol

 

V
es

ta
s 

V
12

0-
4.

5M
W

 
D

ou
bl

y 
fe

d 
in

du
ct

io
n 

ge
ne

ra
to

r c
on

ce
pt

 
Pi

tc
h 

co
nt

ro
lle

d 

R
ep

ow
er

 
5 

M
W

 
D

ou
bl

y 
fe

d 
in

du
ct

io
n 

ge
ne

ra
to

r c
on

ce
pt

 
Pi

tc
h 

co
nt

ro
lle

d 

M
u

lt
ib

ri
d

 
M

 5
00

0 
 P

itc
h 

co
nc

ep
t w

ith
 

sy
nc

hr
on

ou
s g

en
er

at
or

 
Pi

tc
h 

co
nt

ro
lle

d 

E
n

er
co

n
 

E
11

2-
4.

5M
W

 
Pi

tc
h 

co
nc

ep
t w

ith
 

sy
nc

hr
on

ou
s g

en
er

at
or

 
Pi

tc
h 

co
nt

ro
lle

d 

Si
em

en
s 

 
3.

6 
M

W
 

Pi
tc

h 
co

nc
ep

t w
ith

 
sy

nc
hr

on
ou

s g
en

er
at

or
 

Pi
tc

h 
co

nt
ro

lle
d 

G
E

 E
n

er
gy

 
G

E
3.

6 
M

W
 

D
ou

bl
y 

fe
d 

in
du

ct
io

n 
ge

ne
ra

to
r c

on
ce

pt
 

Pi
tc

h 
co

nt
ro

lle
d 

M
on

op
ile

 fo
un

da
ti

on
s 

 

M
on

op
ile

s 
ar

e 
us

ed
 o

n 
m

os
t 

of
fs

ho
re

 p
ro

jec
ts

. A
t 

pr
es

en
t 

m
on

op
ile

s 
ca

n 
re

ac
h 

up
 to

 4
.5

 m
 in

 d
iam

et
er

. T
hi

s t
yp

e 
of

 fo
un

da
tio

n 
is 

su
ita

bl
e 

fo
r 
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m
os

t 
se

ab
ed

 c
on

di
tio

ns
 a

nd
 r

eq
ui

re
s 

a 
sm

all
er

 a
re

a. 
Z

aa
ije

r 
(2

00
2)

 
co

m
pa

re
d 

th
e 

th
re

e 
fo

un
da

tio
n 

m
od

els
, 

na
m

ely
 m

on
op

ile
, 

to
rp

id
 a

nd
 

gr
av

ity
 b

as
ed

. H
e 

fo
un

d 
th

e 
m

on
op

ile
 h

as
 t

he
 lo

ng
es

t 
lif

et
im

e, 
bu

t t
he

 
to

rp
id

 a
nd

 g
ra

vi
ty

 b
as

ed
 s

tru
ct

ur
es

 h
av

e 
co

ns
id

er
ab

ly 
m

or
e 

lat
er

al 
st

re
ng

th
. T

he
 d

isa
dv

an
ta

ge
s 

of
 m

on
op

ile
 fo

un
da

tio
ns

 a
re

 th
at

 it
 re

qu
ire

s 
m

or
e 

tim
e 

an
d 

co
st

 t
o 

co
ns

tru
ct

 a
nd

 p
os

iti
on

 t
he

m
 c

om
pa

re
d 

w
ith

 
gr

av
ity

 f
ou

nd
at

io
ns

, a
nd

 th
ey

 c
an

 o
nl

y 
be

 u
se

d 
in

 s
ha

llo
w

 w
at

er
 o

f 
les

s 
th

an
 3

0 
m

et
re

s d
ee

p.
  

T
or

pi
d 

fo
un

da
ti

on
 

Th
e 

to
rp

id
 f

ou
nd

at
io

n 
is 

de
sig

ne
d 

fo
r 

de
ep

 w
at

er
. 

Th
is 

st
ru

ct
ur

e 
is 

pi
nn

ed
 b

y 
th

re
e-

 o
r f

ou
r-l

eg
ge

d 
st

ee
l j

ac
ke

ts
 to

 s
m

all
 d

iam
et

er
 s

te
el 

pi
les

 
or

 c
ais

so
ns

. T
hi

s 
de

sig
n 

ha
s 

a 
bi

g 
fu

tu
re

 in
 th

e 
de

ve
lo

pm
en

t o
f o

ffs
ho

re
 

w
in

d 
fa

rm
s. 

 
 Fl

oa
tin

g 
of

fs
ho

re
 w

in
d 

fa
rm

s, 
w

hi
ch

 c
an

 b
e 

in
st

all
ed

 in
 d

ee
p 

w
at

er
, a

re
 

an
ot

he
r 

op
tio

n 
fo

r 
th

e 
fu

tu
re

. H
ow

ev
er

, t
he

 m
ain

 d
isa

dv
an

ta
ge

 o
f 

th
is 

co
nc

ep
t 

is 
th

e 
co

st
 (

H
an

se
n 

&
 H

an
se

n 
20

07
), 

w
hi

ch
 c

ou
ld

 b
e 

do
ub

le 
th

at
 o

f 
se

ab
ed

-m
ou

nt
ed

 s
tru

ct
ur

es
. 

A
 p

os
sib

ili
ty

 t
o 

re
du

ce
 c

os
t 

is 
to

 
in

st
all

 t
he

 f
lo

at
in

g 
tu

rb
in

es
 o

n 
of

fs
ho

re
 r

ig
s 

in
 o

il 
or

 g
as

 f
iel

ds
 t

o 
ru

n 
in

st
ea

d 
of

 u
sin

g 
ga

s. 
 

A
na

ly
si

s 
of

 o
ffs

ho
re

 w
in

d 
fa

rm
s 

In
 th

is 
se

ct
io

n,
 w

e 
w

ill
 o

ut
lin

e 
a 

sim
pl

ifi
ed

 m
od

el 
fo

r 
an

 o
ffs

ho
re

 w
in

d 
fa

rm
 u

sin
g 

th
e 

m
on

op
ile

 f
ou

nd
at

io
n 

co
nc

ep
t. 

Fi
gu

re
 8

.7
 i

llu
st

ra
te

s 
va

rio
us

 lo
ad

in
gs

 o
n 

a 
m

on
op

ile
, i

nc
lu

di
ng

 w
in

d,
 h

yd
ro

dy
na

m
ic

 a
nd

 s
oi

l 
lo

ad
in

gs
. 

H
yd

ro
dy

na
m

ic
 lo

ad
in

g 

H
yd

ro
dy

na
m

ic 
lo

ad
in

g 
on

 
an

 
of

fs
ho

re
 

m
on

op
ile

 
co

ns
ist

s 
of

 
tw

o 
co

m
po

ne
nt

s: 
st

at
ic 

an
d 

dy
na

m
ic 

lo
ad

in
g.

 T
he

 st
at

ic 
w

at
er

 p
re

ss
ur

e 
va

rie
s 

on
ly 

w
ith

 o
ne

 p
ar

am
et

er
, w

hi
ch

 is
 th

e 
w

at
er

 d
ep

th
. I

t i
s 

ea
sil

y 
ex

pr
es

se
d 

by
 P

as
ca

l’s
 L

aw
: 

  
gz

p
�

�
, 

 
 

 
 

   
   

   
   

(2
) 
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w
he

re
 �

 is
 th

e 
de

ns
ity

 o
f t

he
 fl

ui
d;

 g
 is

 th
e 

ac
ce

ler
at

io
n 

du
e 

to
 th

e 
gr

av
ity

 
(9

.8
 m

/s
2)

 a
nd

 z
 is

 th
e 

w
at

er
 d

ep
th

 a
t s

om
e 

sp
ec

ifi
c 

po
in

t i
n 

m
et

re
s. 

 D
yn

am
ic 

w
av

e 
lo

ad
in

g 
on

 a
n 

of
fs

ho
re

 m
on

op
ile

 

0
0

0
0

co
sh

(
)

[(
1

)
(

,
)

4
co

sh

2(
1

)
(

,
)]

iw
t

m
i

m
n

m
n

m
n

m
m

m
n

m
n

i
gH

k
z
d

p
e

i
i
Q

r
kd

i
Y

r

�
�

	
	

�

�
	

�






�

�
�






�
�

�
�
�

�
�

�
�







, 
   

   
   

   
(3

) 

w
he

re
 Q

mn
 a

nd
 Y

m 
ar

e  
Be

ss
el 

fu
nc

tio
n 

fo
r 

th
e 

fir
st

-o
rd

er
 v

elo
cit

y 
po

te
nt

ial
, 

w
hi

ch
 a

re
 a

va
ila

bl
e 

in
 Z

hu
 (

19
93

); 
H

i 
is 

in
cid

en
t 

w
av

e 
am

pl
itu

de
; d

 is
 w

at
er

 d
ep

th
; �

 is
 re

fle
ct

io
n 

co
ef

fic
ien

t; 
k 

is 
w

av
e 

nu
m

be
r; 

� 
is 

an
gl

e 
ar

ou
nd

 c
ro

ss
-s

ec
tio

n 
of

 t
he

 c
yli

nd
er

; 
m	

 a
nd

 
n	

ar
e 

co
ef

fic
ien

ts
. 

   

 
F

ig
u

re
 8

.7
 S

ke
tc

h 
of

 lo
ad

in
g 

on
 o

ffs
ho

re
 m

on
o-

pi
le 
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L
at

er
al

 e
ar

th
 p

re
ss

ur
e 

w
it

hi
n 

a 
se

ab
ed

 

Th
e 

so
il 

at
 th

e 
fo

un
da

tio
n 

pa
rt 

of
 th

e 
pi

le 
gi

ve
s 

a 
lat

er
al 

pr
es

su
re

 o
n 

th
e 

co
nc

re
te

 c
yli

nd
er

. I
n 

th
e 

cu
rr

en
t 

st
ud

y, 
on

ly 
th

e 
st

at
ic 

so
il 

pr
es

su
re

 is
 

co
ns

id
er

ed
, w

hi
ch

 is
 o

bt
ain

ed
 b

y 
us

in
g 

th
e 

eq
ua

tio
n 

of
 t

he
 s

oi
l w

eig
ht

 
pr

es
su

re
: 

 
h

p
s

s
�

�
,  

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 (4

) 

w
he

re
 p

s i
s 

th
e 

pr
es

su
re

 d
ue

 to
 s

oi
l w

eig
ht

; �
s i

s 
th

e 
un

it 
w

eig
ht

 o
f s

oi
l; 

h 
is 

th
e 

di
st

an
ce

 f
ro

m
 th

e 
so

il 
su

rf
ac

e 
to

 a
 s

pe
cif

ic 
po

in
t i

n 
so

il 
lay

er
s 

in
 

m
et

re
s. 

 W
in

d 
lo

ad
in

g 

Th
e 

w
in

d 
ve

lo
cit

y 
on

 th
e 

to
p 

lay
er

 o
f 

th
e 

m
on

op
ile

 c
an

 b
e 

af
fe

ct
ed

 b
y 

co
ns

id
er

in
g 

bo
th

 th
e 

in
ve

rs
e 

of
 th

e 
an

nu
al 

pr
ob

ab
ili

ty
 o

f e
xc

ee
da

nc
e 

(R
) 

an
d 

th
e 

he
ig

ht
 (z

). 
Th

e 
fu

nc
tio

n 
of

 w
in

d 
ve

lo
cit

y 
fo

r t
he

 st
ru

ct
ur

e 
w

ith
 a

 
he

ig
ht

 b
et

w
ee

n 
10

 m
 a

nd
 1

00
 m

 c
an

 b
e 

de
te

rm
in

ed
 b

y 
(A

S/
N

Z
S 

11
70

.2
:2

00
2)

 
   

   
   

   
   

   
 

)
)

(
(

)
(

,
2.

11
70

t
s

ca
t

z
d

R
M

M
z

M
M

V
z

V
�

,  
   

   
   

   
   

   
  (

5)
 

w
he

re
 M

d 
is 

w
in

d 
di

re
ct

io
n 

m
ul

tip
lie

r; 
M

s i
s 

sh
iel

di
ng

 m
ul

tip
lie

r; 
M

t 
is 

to
po

gr
ap

hi
c 

m
ul

tip
lie

r; 
M

z, 
ca

t (
z)

 i
s 

he
ig

ht
 m

ul
tip

lie
r 

as
 a

 f
un

ct
io

n 
of

 
he

ig
ht

 (z
) 

  
,

0.
15

ln
0.

00
03

0.
67

z
ca
t

M
z

z
�

�
�

, 
   

   
   

   
   

   
   

   
  (

6)
 

 w
he

re
 z

 is
 th

e 
re

fe
re

nc
e 

he
ig

ht
 o

f 
th

e 
st

ru
ct

ur
e 

ab
ov

e 
th

e 
av

er
ag

e 
lo

ca
l 

gr
ou

nd
 le

ve
l i

n 
m

et
re

s; 
 

In
 (5

), 
V

R 
is 

re
gi

on
al 

3 
se

co
nd

 g
us

t w
in

d 
sp

ee
d 

in
 m

/s
 a

t 1
0m

 h
ei

gh
t 

  
0.

1
67

41
RV

R�
�

�
, 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  (

7)
 

 w
he

re
 R

 is
 t

he
 in

ve
rs

e 
of

 t
he

 a
nn

ua
l p

ro
ba

bi
lit

y 
of

 e
xc

ee
da

nc
e 

of
 t

he
 

w
in

d 
sp

ee
d.
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Th
e 

w
in

d 
pr

es
su

re
 

(p
) 

in
 

Pa
sc

al,
 

ca
n 

be
 

fo
llo

w
ed

 
by

 
th

e 
co

de
 

A
S/

N
Z

S1
17

0.
2:

20
02

, a
s a

 fu
nc

tio
n 

of
 h

ei
gh

t (
z)

: 
  

�
�

dy
n

fig
ai
r

C
C

z
V

z
p

2 )
(

)
5.0(

)
(

�
�

, 
   

   
   

   
   

   
   

   
  (

8)
  

 w
he

re
 �

air
 is

 d
en

sit
y 

of
 a

ir,
 ta

ke
n 

as
 1

.2
 k

g/
m

3 ; 
C d

yn
 is

 d
yn

am
ic 

re
sp

on
se

 
fa

ct
or

, t
ak

en
 a

s 1
.0

; a
nd

 C
fig

 is
 a

er
od

yn
am

ic 
sh

ap
e 

fa
ct

or
 d

ef
in

ed
 b

y 
  

.
1

(
)

(
)

fig
p
b

b
b
p

b
C

C
k
C

�
�

�
�

, 
   

   
   

   
   

   
   

   
   

   
   

   
   

 (9
) 

 w
he

re
 

b�
is 

th
e 

an
gl

e 
fr

om
 th

e 
w

in
d 

di
re

ct
io

n 
to

 a
 p

oi
nt

 o
n 

th
e 

w
all

 o
f 

th
e 

m
on

op
ile

, i
n 

de
gr

ee
s, 

k b
 is

 fa
ct

or
 fo

r a
 c

irc
ul

ar
 c

yli
nd

er
, g

iv
en

 a
s: 

 k b
=

 1
.0

 fo
r 

15.0
1

�
�

p
C

 

1
10

1.
0

0.
55

(
(

)
0.

15
)l
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