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Earth’s Ccean Height

Figure 1: Tidal Bulge (Image Courtesy of RTS Weather Centre)

1 4 E &
&
9 <* 1!
& 1 &



<*?

1
cCL 1&1
11m=
& &
@ &
L



"™ 56
* &
& 4 nm"™2?1 < 0,B 1
"= & 1/# &
>"K E 4 1 & * 8 @
& 1
0,B - =
4
& 4
* 0& (@ <@ * (@&
0O B F 0
4 & E ? &
I"K < & & ni™ 2| = &
& @ & >K * (@
& & 8!K1 8!K
4 &
% & 1 & & (@ K1
4 > "2 8;8/'?1 *
& 8IK1 L2 4 ) *
% & &
(1- 3, ( ? % &
@ 1



( ) * &
4l 89: 89: ;<
) 0 8#; 8#; .
1) @ 8! # 1889
3 )@ 8:;
- 1- ( o# / 98>
) @ #" /9 8".'
31) @ #89
% 1- #8 .
1) 0O #19 ;19
( 9’ #:19 9>
& CH# >"18 >
I# 4 = ' *>)'$
564 = I &>

Peak Flow - (m/s)

=401 [JLand

3.51-400
3.01-350
2.51-3.00
2.01-250
1.76-2.00
151-1.15

UK Continental sheif
& Channel Island
Territorial Sea Limit

B 1.26 - 150
B 101-125
oF WEO0.76-100
1,, E051-075
P - E0.26-050
=7 EEO011-025
010

!ll +




60 1& )
60
&1
%
&
*
1
0
&

I#K



") 4
- & & &1 &
& * &
& &
F E
* & *
- * E <-*= 6 3 E6 -
* 1 &
« ok 4
< N"'=& & 3 G % C &
* & & @ .,9

!ll _# $ll n % . % II/ % ] !II ! n ) LIP3 0

2 <*

11"#=



%

" #1

4

"% 2"3 $2

1 !llll#:

*

1

"%

2"3$2 0



$ll#

3"

(

* &
& O

< -1"%=

%

60

1

4
& 1

&

E

& 0 &

<@ 01!":= *

88



/1 &1 &
& 2 <&
1 1&

<@ 01) 1=

%
&

9

&
™10 &
c

1&
" (



" #&412 % (+5 $" ! %2 &4 O
$'$"14
~* & 9 &
2 1 & &
* & 1 1 "™o0? & 88
* & &
& % & &1
& *
* F E& *
/! & ! * 8> &
& 19
* 4 1



8IIIIII

%

1 &

8# 9

L&

4

1#$8

& <@
%

89



" 6#2 % (2 + " &4

&
*
<
& &
4 < =
&*
21 &
1 & & &
& & 1
2 &
0

3& 1 2

8/



<@ O
$'$'$4
1 4 -*
1 & & O
@ I=
L & <&
& &0
* 8:
I 4]
& 1 &
& 1
&0
@ 1
* &
&0
& 1&

1&

10m=

&

&

&1 2
&
1&

Mo?



* &
4 & &
4
&
% & &
& 1 &
& % &
% " (
& 21
& (
&
&

<@ 01) 1M/=

880B L

1&

& &

8#



$'& ( 8(:? 4
%
- < -= 60 * 0 & &
& ?
& < & =
&0 60 0
* - 60
$'&" 0
-60 & 60 ( 1 C
1 1 & @ # & *
60 (
& 1 & 4 & 8/ &
4 0 & 911
& 1&
* 60
(
& & & % 1
4 (
1& < 9 =
& 0& 18 &
4 60 < K=
1 0 1 160

8>



ﬁmumwm
Wave lesl centre
© EMEC: Stromness data centre

I" O#)&)4 o= %)&)

* & &
* 1 2
4 1 1 1& 0 &
* &0 &
* & &
& *



$"&"$

*

%

&1

&
18&
4
&
10
*
& &
& * 0
0
) & 18&
21 4
)
< ] =

M &
&1

Ve

1&



$'&"& 4
( & & 1 (
0 & @ ?
10 ./0 1 & 1
1& 0&
* & "4
& & U / " % & &
& % - ) <% -) =
1
* & 6 - 1 6 3
<6 3 1I"™#=* /" 0? & &
@ >1 &

" 7#8 4 " I " * % 8 1*"



(

$'8" 1

Q89 /

1*

<

-1 1"H=

160



&"#
&"!
&
& 4 1 & 1 1 0 %
1 60 <
K= ' & H K < 0,B 1!I"/=
? & 4 & 60
1
1 & < I=
' &
* & &
60 6 1
1& 60 & &
& @ 1
60 4 (
1 &
@
&



&"$"
&g/
6

& 1&

8ll

% & %

%

&

&

@

8|l

%

*

6

& 0
< 36=1!"/=

%

4



&S

*

F OE & & &

@ 1m/s, 0.5m/s
]

2.7m/s

Y.
A 5misy(S ¥ 2
d mt.-!‘;:’{_ Pl i @4_1111.'5, 1m/s

= 2. 1misx1m/s AP 2.1m/s, Tm/s o
" @ ‘9 0 @ 1.8m/s, 1m/s

3.1mis (Sp) @) *

: zw Diamond B
@Dlamcndc @

@Diamcnd E @Diamond D

© 2007 Europa Technologies
Image NASA

“Google

Image ©2007 TerraMetrics

" O#+ "1 O + ' 218 < " * %= )"



@ ; &
& &1 & O & y
& % 4 &
&"$""& (
* 4
1 * &
@ 8 & 4 &
& & <@ 1= &
L & O
& < 6 <6=1!"g=

!ll # & oy $ 5 $Il n & ! 0

* @ 8" &
& L 3& 0
& 4 & <6= ?
L & &0 1 1& 1



& &
& & 6
<61!"#= *
& & & 4
( &
1 & 6 0
0
& 0 4 & &
1
* &
& *
& @ 881 & 1




%

E

11"g=
= ?

41"

*%:

0




(
C

@

&

4

1I"g= =

&
1

0
C & 0<<@
0 &

&

11"™#

&

3&

%



2007 Europa Technologies
Image NASA

\age ©.2007 TerraMetrics ‘ ""G(mgle'
4 .

"mo-# " 2 2 $" %4 "5 41" * %= )"

0 ( <@ 1M"™g= * & @ 89
& 0 < 361!"/=



[©12007 Europa Technologies

007 TerraMetrics

TR 41 % 0= )"

( "
8 /L0

&"$"I"- 3
* .188 +.18:

* @ 8/1



Dumfries
Cx

o Workington

o Whitehaven

Mo#l $ %"+5 41" * %= )"
* 1
6
* 1
& 80R * & 0
& &
& 1
&II$II$4
* & & & &
@ 8/ (
1
& & 4 &



&"$"$"!

3 <@ 8=
& & * %
& @ 81 & * 0
1 - &
8 6 - <6-=

L
"y
-

% .

2 1m/ y 2. 1m/sn1m/s 2.1mis, 1m/s
2.1m/s; 1m/s @ &} @

@
@ Diamond C @ 1

@ Diamond E

©12007 Europa Technologies
ageNASA © 2005 y .
007 TerraMetrics Ll()(jglt

"6# (+ %7 *2l $ 41" ¥ 0= )"



Q

E

2 -

‘g —e— Spring
g —s— Neap
=

o

5

O

1 2 3 4 5 6 7 8 9 10 11 12 13
Time (Hours)
# 4m *o+ 4

Q

E

2 -

‘g —e— Spring
g —s— Neap
=

o

5

O

1 2 3 4 5 6 7 8 9 10 11 12 13

Time (Hours)

# 4! mn * + )




Current Velocity (m/s)
o
[0}

0 e
-0.2
48 Days
=" -# 8+4 4™ + %"?  8+4 0
% & 4 *(E %
) (G %
1 & - 3&
6 -
&3
(& 1
0
&
(&
F OE & &
- 6 - & 0
& "1l Lot & "/l
4



( ) * &

&"$"$"$ 4
1 & 0
( 1
&
* C - 2
& 1
& C ( * 4 &
& - &
3& 1 &1
1 <@ 11"# =
6 & &
& ( 0
% 4- &
& % * &
- % <-%= & & &
& % ( <%( =
& 89 $6 S e % "
3@ Al $H# H#.
*0 6 C
- B @ 6
) B B @ B @
@ B C C
6 B 6 C

#2 " %% $" "&! 0



. “ o
1&
0
( * %
H % @ 8# (
H%

Legend
RY¥A sailing areas
FYA cruising routes
Heawy
Medium

Light

!ll 0# l@$$ 5 * $II n &! 0
( 1
*
2 0 & 4
( /llll 4 5
(& HY% 1 4
&
* /8



( )
&'$'$'E
(

L&

<&

& &
& @

L&

8>

%



© 2007 Europa Technologies

Image NASA

} image © 2007 TerraMetrics 3 '”."G('.‘JOSIE'
" 7#?"5_ A 41" * 0p = )"

* & ) < ) =
& < )1 "=



<@ 1M"#l1=

&"$"& 4 4
3 0 0
% OR</O0O /0=6&

&$
8 L/9T.>E/"C 9T./E."?
L/9T..E#"C 9TI>E>"?
.L/9T.9E."C 9T.;E™?



1&

>0

?

8/0

*

98



(

&"& 3

&"&"
3

4

4

%

%

9!



& Kirkudbright
Bay

" #? 2 (8 "o 41" * %= )"
&"&"$0 4
( 1 1 *
4 * &
0 &
% 0
4 & @
18 & ..0B & 0&
<')E:
* 1 0 1 1
) < Y& 11"™:= (
& L. &
2 4 @ @
+



% & &

a
e - =
e &
....... “ e e
- o ' i
S
Ggrens
o iz ! o
— . P )
P r'::(
——— = e
" S el ;;au_ £
o | —— m&x o Pl 1
o = e ‘
| ATHOUT gy
* 1 [ ™ T
fu, T T g
[ # N T e
J / Tt TG
i e 3 =
o S 1oy . af
oo gda | ) N
¥, . o
% iy wens e
|L=q e { s ) } & N
e B 0 " k3
° L et ¥ SOREE -, s
e
e

& 0 0

0 1 (

& )0 0 #90%
> :0% < )& 11 *

& 0



(

&"&"&

9.™

& 0

&
&
2 89>1™ % 1
0
o * &
& & & & 8"1""$
0 ( < (LrMmy=
& & .81 * F
@ nm & & 0 &
"8 & /K
< @M=
Agruture,
forestry and  Mining, energy &
fiehing wiater
2%
Oither .
Heal‘l:l'u&s:-::alg% Manufacturing
Construction
lesale & retal
Transport &
Finance | Leommunications
2% 9%
+9%"  228&)
) ? ) 1 8J
I# J &

9/



4
881""" &
& " ( & 0& C
% 1@ .
& @K & 0
& < @m=
faestry s g, "™ ST &
n::u:'na'rz:ﬂjl s
Fo Manufacturing
Heaith & mcial vark ) 1%
13% ..
Construction
Education “'-,' 8%
m‘“ 1]
Pulbd:c adeministration
% Whitasale Gratal
18%:
Businass actviies
M
FEDE Hotels B
Transpoet & i E?;:qﬁ
mei:;%gxm5
mo#) * 2 " +Hl%' 228&)
Il ) 2 1 9
& 0 1 / &
%
4
4 4
4 & 60 1
& &
* &
& *
0

(



( ) *

&"&" 0

& *
& (
&
c& & *
1 %L
1
) ?
* 0
&
&
<0 11"g= >
* 1&
'S 11"4=
&"&")
% 1
& 60
&
% & e &
&
1" &l1&

%L

& & 9:"
<? 1!"#=

HM( & &

< )&

o#



3 &1
SCOTLAND @ To Shetiand /#
Islands
0 50 km Orbeney
ATLANTIC — Islands
OCEAN (0] 30mi
Thl.ﬂn.
Lewis
Outer @ Stormowa Hs-c?-.fﬂsﬂ o
b ands
Hebrides y &I%smnd; North
@ Ullapool Sea
#Elgin
Skye Inverness g :
'f"‘i“{sh Lock iw&mom
T ea
s e Aberdeane
Triner SCOTLAND
Hebrides A Ben Nevis
1343m Arbroath
L ]
&5 Andrews
Kirkcaldy g
¥Edinburgh
Tslay Glasgow®
Melrose
Arran e Ayr .
kY
NOR !‘% @ Dumiries
THERN = @ Siranraer
IRELAND k3 ENGLAND
tut Belfast {©) Lonely Planat
" ’# & % 2 LI (3 " 0
#91 & 0 &
0 ' &l 1 #.
& Ot/ <
* &
<* % % <%%:1 !IIII#:

9>



&M 7 /
* . I/OR *

% 0 & 0



% 1&

& &

&""$ ; /I 4

*

& 88 0B



( ) * L&

&""& 4 ( B
6
%

& &

&""$ 3
* &

&"$"4 4 C
% &

88 0B

.. 0B

*

18



)
* ' @ 0 )& 1!":= - 88 0B
.. 0B &0
* & *
1N@) && @
- Qr1™LQ 1™ Q8!"1"™LQ8/ L ™™
6 Q81" L Q."1™I0 Qri™LQ./a" ™o
#4 $ (= A) 0
% & &
& &
* &
<0 = -
&
0 < ./ 8=
&""$"$
* &
& 0 &
* & 4
1 & &
&""$"& C
% &
( 1 1
& (
5 1
% 1
+

/!




@

&0

& 0

I/ <C

tME=

& M



Figure 8.1 - -8
Geneabion
CannecTan
Clpporiunilies

L3

A

I
rr,r_
] e

lay:
. ary Low
o

Lo
up Lo 025G

tadivem:
up e LEGW

Hight
up 1o W

Wery High:
up Lo S

Ro

#4 *% "

B("%"

/19



&

6

&

%
)
) )
6 / ?2V<

/| ? 88

;18 U
E
‘#1 U

)& 11m=

0B

/72

& 0
" 0B

&

&

)



&")
&")"10
% 1
& 0
* &$
( 0
) &
& 0 & 0
( 2
& 6
0 % -1
0 - 0 -
& 4 0
1@ % < @ %=1
* 4 , < 6=
0 & 18&
1 2 0 4 &
2 @ 4 @ 1* %
) <%) =, ) <)=
@ - 0o 1 1 &
1 & 0
4 1 E
- &
1 % 4 < 2

% <?%=11""=



? 0 1
0
& % 1 &
0
& % &
0
( 0
1& & 1 & & * &
( 2 < = &
* ? % <? %=
& 1& &
&")"$
% 2 1 0
( % < (%=
* & $ % < %=
1 & 1 (%
1
1 <?%1!"™1
3 <C3=1!"=

I1#



* $
] 1 ,
&
)
@
<@ 1M"#=
1
< =
1
1& 0
1
2 0
(%E

& < -I"=



Ill#

%

%

19 , #1

& <

1
1
&
& 1 2 &
&
*(1 I"9=
4 1
&

*

*(E



" O0# %"

%

6# $"

%

"%

"o

% (

*

% (C

41"

*%:

X



&1

& &

0 &

3&



Ill$ D
( & & 0 *
4 .1 89 0?2IR 8#/ 0?1 R
& #1 ) @ * 4 & 0
4 && & $
—_ 3
P_yer(u dA) WEX
& $
r & <01Y=
% <R=
< - 1=
? 1
& & ?
1 & &
0 & & 1 &
* & 1
0 4
* & 1
& * 4
1 & &
&
1 &
* & F E 0
& 0 1
& 4 &



& 0 4
< 11m=
g @ @ ;
( 0 4 &
0 & &
* & 0 4
& &

U, = Const% WIX
& $
X 1
&
& & &
< 1m=
( E X
4
& ( & &
4
__ 4 +0oo) .4 2y
& $
1
5 &
z,
* 4 0



Glwd) _ 4 o) 2y

[U ] ~ o7 02" p Y (y+2,)dy WOX
( 4 &

& & 0

< 11m=
"$'$ /
( & ' &

4 2
1 & (

& 1& & 1
@ 1 &l & 1&
- *(E <@ 1=



) * &
" T#HS " 4" %"& %= (*$" 18
&
4 | *
/0
& 0 O 80




" O#

* kg

/II
8IL8.0R

C

"%

1&



( ) *
%
( &
" 1
* &
4 &1
"$"&
3
&
@ 1 % *
& 0 : &
6-<6-11"#=
< 361 !1"/=
e
&
& < 0
@ ."$% * %

%

%

%

<

8" &

&
< 361 §;;!=1
1 0
%

@ "1 &*

361 8;:!=



-1
1 2 < 10 =
1 IL. 0 & &
1 01 O
"/89 ' 9 &
0
E
'g —e— Spring
E —u— Neap
&
5
O
1 2 3 4 5 6 7 8 9 10 11 12 13
Time (Hours)
"H 4 *%' $ + ?
1 0 & &
& @ <. I= & & <8: = *
& 8.1 & 88 | &
0 0 & &
9.K
1 & ' N1
O 881 8!l& o "1 "#1O*
0 9/K




Current Velocity (m/s)

—e— Spring
—s— Neap

"$'8'$

*

1 2 3 4 5 6 7 8 9 10 11 12 13
Time (Hours)
:ll # 4!IIII * %II $ + ?
% - & .181
* 0
.8 1 - *
9, 1 &




g
%\ —e— Spring
§ —=— Neap
2
3
1 2 3 4 5 6 7 8 9 10 11 12 13
Time (Hours)
=" 6#+ %" + 4% " *4"
"$"'&"& I3 4
? L &1 &
& * &
6 -E 0 9"
& &
2 &
* & 1 &
& @ 81 &1 &
& & - & *
% @ . 8118 18:18#, 1.
& 1 & &



" -#$5
& |
&
0
+

11
-/
"1 8."
0
L
%1 ,-

41"

* %

#8



( ) * &
$# 184 $.H
1/ 81/89 | " "l
/ " g1# | N EY "9 |
9> 8 98:. | 1y "-Of: |
# 8+4 %"
% & &
0 &
& 2 *
- * 9&
!ll mn
&
6 - % * 0
* &
& I
& &
+

#l




1.6 +

14 1

1.2 +

0.6

Current Velocity (m/s)

> A ! )v J }' 1 *\ - 22(1)2

04 | ]"A (“/

0.2 +

49 Days

:ll O# n % 4!IIII * ( + 6 2 +

=" T# " % 41" *( + 6 2 +



&

@

41"

*%:

X

&

#9



——14m
——48m

(s/w) AD0j9A UBLND

0

0.2 L

39 Days

*(

4

%

o# "

%

8"1 &

9>

*(

% 4!IIII

#l



& 6- & 1 & & 1
< 1= 3& 1 ' 8 8 &1 8# & &
& 6 -

= #DO (5" % " 5 *( " 6
@ 1
6 - &
& ' 88
WX
$
(Yw)
UX:Const{
h
( 0 & I/ 8
I 1
v7)
3.1:Const1—9
25
* Il & 2
&



*0

%
"

"$")

& &
( &
& 8 &
WIX$
W7)
u =323
25
Z '
& &
[US]WS) = 42 +(D/z)cossin'l 2y u®” (y+z,)dy
D2 -0/ D
< Z8:1[z8., Z!;.=
& 4= V. |
& 811
8IK % 1 &
&
1 0 & 4 0
4 %
11 & &
11m=9
_ f
- 2 WIX
1+29LnA(4/3)
0 4 4 1
&

WOX

4

H#H



0.2

B=
2 981 4000 0.035
1+ 44.39(

4/3)

B =0.085
4 4 &
&1
4
4
1 <"
& *
&
@

> /K

#>



1) ") "% 4
(& 4
& *
& &
c 1
&
/K 8#/ | 8.81 >
2 & &
& 0 &



|||&
"
3 & 4
& 0
& 18&
( & 8! &
0 1 WOX
8 0 &
*0 4
& 4 /K <
-1 0 18; |
0
10 0
< 9 =
* & 11 0 4 10 &
P=2r (U%dA)
A
@ 8! $
P=1"1023 (216°dA)
2 A
\)Z/90?IR
: & 4 & 1
! 4 89021 R & 4
* TES
1 4



81J

8#l I

811 &1 & 0

8>1 7

0

Power (kW)

160000
140000
120000
100000
80000
60000
40000
20000

28 Days

max

W:X$

t
Pdt= (%rvmax3sin3wt)dt WX < 11"=
L't

81J
& ' 8. ( &
& 9821

%

0

>8



Peak Current Velocity (m/s)

28 Days

"&"$ %

(

81J

& &

&

5 % n E !n *

P=%C,pRV? \wax

1

*

$
<I

&1

& 0

1 !llll::

P=" %C,/DRV3, SN’ ut+ P, ,[18625- T,] wsx

&

1&

<I

(
$

1 !IIII::

>|



( C, & 1 r & 1
Vmax 0 T1 & T2 & &
2p
* w=— *
1 1&
* chtin = Vmax Sin Wt 1 &.
T 1 & &
Vrated = Vmax Sin Wt 1 T2
( 0 &
& 6 - & 89
&
0 * +
&$
Viaeq = 16mM/s
Veuin = 0.7m/s
r =102%g/m?
C, =045
R=8m
T =745min
=2P _ 2P _(0084338ad /min
T 74E
Prated = 6OG<W
4 1<% 4 = TL&T, & 0 & 1
)



Energy Captured (kWh)

1200

1000

800

600

400

200

1 9 17 25 33 41 49 57 65 73 81 89 97 105113121
28 Days

Velocity (m/s)

—— Energy
Captured

—— Velocity

A4

' 89 & &

f()rrar

81J

8H

>l

#

)

"% 4 !II

8:/'?

* "

>9




& " * 0
? & IK
W/X &

0
f

T
n
1+ 4(4/3)

005

rt &
& 4 8:9
&
& 8
( 4
9K % &
4
*0
#'? 18; K
<(@= 89
B ' & 8!
0
( 8:K
& ) (G

B=
2 981 1000 0.035
1+ 44.39(

43)

B =0.037
&
&
1 & 4
& *
01
K< 0,B 1!"/= *
& &
% % 1

>/



||||4
& *0 0
& &
* 0 &
& & &
& &
&
@ 1
& /K1
(1
3& 1 "K



60
*(

1&

%
1&

0
3& 1 &
1 2
1
2
1

& &

>H#



@
&
4
0
%
&
&
(
& 0&
&
C
& 0

1&

%

1

60 1&
Q@
&
1
&
9IIII

>>



1,
x18&
- & 0

4
1
&
%
%
% ( %
0
0
1

%

1

&0
1 3
1
2
E <% -)E =
1
1

e

*



( ) * L&
SH#

AEA Energy & Environment for Sustainable Energy Ireland, 2006. Review and
Analysis of Ocean Energy Systems, Development and Supporting Policies.
[Online]. Available at: http://www.iea-

oceans.org/_fich/6/Review_Policies on OES_2.pdf

ABPMer, 2004. Atlas of UK Marine Renewable Energy Resources: Technical
Report. [Online]. Available at: http://www.berr.gov.uk/files/file27746.pdf

Black & Veatch Ltd., 2005. Phase Il UK Tidal Stream Energy Resource
Assessment. [Online]. Available at:

http://www.lunarenerqy.co.uk/Userimages/Phasell TidalStreamResourceReport.p
df

Blunden, L.S., Bahaj, A.S., 2005. Initial Evaluation of Tidal Stream energy
Resources at Portland Bill, UK. Renewable Energy, 31, p 121-132

British Oceanographic Data Centre (BODC), 2007. Current Meter Series.
[Online]. Available at: http://www.bodc.ac.uk/data/online_request/current _meters/

British Wind Energy Association (BWEA), 2002. Best Practice Guidelines:
Consultation for Offshore Wind Energy Developments. [Online]. Available at:
http://www.bwea.com/pdf/bwea-bpg-offshore.pdf

BWEA, 2007. Generating for the UK Electricity System. [Online]. Available at:
http://www.bwea.com/ref/generating.html

Bryden, I.G., Couch, S.J., 2005 ME1-Marine Energy Extraction: Tidal Resource
Analysis. Renewable Energy, 31, p.133-139

Bryden, I.G., Grinsted, T., Mellville, G.T., 2005. Assessing the potential of a
simple tidal channel to deliver useful energy. Applied Ocean Research, 26, p.
198-204.

Bryden, 1.G., Couch, S.J., Owen, A., Melville, G., 2006. Tidal Current Resource
Assessment. Journal of Power and Energy, 221(A2), p.125-135.

Department of Trade and Industry (DTI). 2004. Atlas of Marine Renewable
Energy Resource. [Online] Available at:
http://www.dti.gov.uk/energy/sources/renewables/renewables-explained/wind-
enerqy/page27403.html

Econnect, 2005. Study on the Development of the Offshore Grid for Connection
of the Round Two Wind Farms. [Online] Available at:
http://www.berr.gov.uk/files/file30052.pdf




EMEC, 2005. Environmental Impact Assessment (EIA): Guidance for Developers
at the European Marine Energy Centre. [Online]. Available at:
http://www.emec.org.uk/pdf/EMEC _EIA Guidelines.pdf

EMEC, 2007. EMEC Funding. [Online]. Available at:
http://www.emec.org.uk/general funders.asp

EMEC, 2007. The European Marine Energy Centre Ltd. [Online]. Available at:
http://www.emec.org.uk/

Faber Maunsell for the Scottish Executive, 2007a. Scottish Marine Renewables
SEA: Section C13 Military Exercise Areas. [Online]. Available at:
http://www.seaenergyscotland.net/public docs/ER C13 MilitaryExerciseAreas fi

nal.pdf

Faber Maunsell for the Scottish Executive, 2007b. Scottish Marine Renewables
SEA: Section C14 Disposal Sites. [Online]. Available at:
http://www.seaenergyscotland.net/public docs/ER C14 DisposalSites final.pdf

Faber Maunsell for the Scottish Executive, 2007c. Scottish Marine Renewables
SEA: Section C5 Protected Sites and Species. [Online]. Available at:
http://www.seaenergyscotland.net/public docs/[ER C5 ProtectedSites&Species

Final.pdf

Faber Maunsell for the Scottish Executive, 2007d. Scottish Marine Renewables
SEA: Section C12 Cables and Pipelines. [Online]. Available at:
http://www.seaenergyscotland.net/public docs/ER C12 Cables&Pipelines final.

pdf

Faber Maunsell for the Scottish Executive, 2007e. Scottish Marine Renewables
SEA: Section C15 Shipping and Navigation. [Online].Available at:
http://www.seaenergyscotland.net/public docs/ER C15 Shipping&Navigation fi

nal.pdf

Faber Maunsell for the Scottish Executive, 2007f. Scottish Marine Renewables
SEA: Section C8 Marine Birds. [Online]. Available at:
http://www.seaenergyscotland.net/public docs/ER C8 MarineBirds Final.pdf

Faber Maunsell for the Scottish Executive, 2007g. Scottish Marine Renewables
SEA: Section C9: Marine Mammals. [Online]. Available at:
http://www.seaenergyscotland.net/public_docs/ER_C9 MarineMammals_final.pd
f

Faber Maunsell for the Scottish Executive, 2007h. Scottish Marine Renewables
SEA: Non-Technical Summary.[Online]. Available at:
http://www.seaenergyscotland.net/public docs/ER NTS FINAL MARO7.pdf




Faber Maunsell, Aecom, 2006. Scottish Marine Renewables SEA — Scoping
Report. [Online]. Available at:
http://www.seaenergyscotland.co.uk/Data/20060223/Final%20Scoping%20Repor
t%20V2%20Feb%2006.pdf

Fraenkel, P.L., 2006. Marine current turbines: pioneering the development of
marine kinetic energy converters. Journal of Power and Energy, Vol. 221 No. A2,
pp 159-169.

Gazetteer for Scotland, 2007. Tongland Power Station. [Online]. Available at:
http://www.geo.ed.ac.uk/scotgaz/features/featuredetails8448.html

Grant, A.D., 2006. Tidal Energy Conversion. Glasgow

Hammerfest Stram AS, 2007. The Turbine is Installed. [Online]. Available at:
http://www.e-tidevannsenergi.com/

Kirkcudbright, 2007. About Kirkudbright. [Online]. Available at:
http://www.Kirkcudbright.co.uk/mainpage.htm

Lunar Energy, 2007. Harnessing Tidal Power. [Online]. Available at:
http://www.lunarenergy.co.uk/index.htm

Marine Current Turbines Ltd, 2007. Artist's impression of MCT Seagen pile-
mounted twin rotor tidal turbine. [Online]. Available at:
http://www.marineturbines.com/technical.htm

Martin, J.R., Smith, G., 2007. Munitions Contamination of Marine Renewable
Energy Sites in Scottish Waters: A study for the Scottish Executive. [Online].
Available at:

http://www.seaenergyscotland.net/public_docs/Appendix%20C4 A%20-
%200QinetiQ Munitions.pdf

Ministry of Defence (MOD), 2007. Defence Estates. [Online]. Available at:
http://www.defence-estates.mod.uk/byelaws/Internet/Intro.php

Modern Power Systems, 2007. Seaflow Image. [Online]. Available at:
http://www.modernpowersystems.com/graphic.asp?sc=2037525&seq=3

National Grid, 2007. GB Seven Year Statement 2007. [Online]. Available at:
http://www.nationalgrid.com/uk/sys 07/print.asp?chap=all

Nifes, 2006. Review of Marine Energies — an assessment of sectoral
opportunities. Glasgow



( ) * " &

Open Hydro, 2007. Technology: Development Plan. [Online]. Available at:
http://www.openhydro.com/techPlan.html

Rotary Inernational, 2007. Rotary International district 7150. [Online]. Available
at: http://www.rotarydistrict7150.0rg/GSE-06_Scotland.htm

RSPB, 2007. Reserves by Area. [Online]. Available at:
http://lwww.rspb.org.uk/reserves/areal/index.asp

RTS Weather Station. 2006. New Tide Predictions [Online]. (Updated 18" March
2006) Available at: http://rts-
wx.com/about_us/news/20060318 New_Tide Predictions/

Scottish Executive, 2007. Beauly Denny Inquiry to Proceed. [Online]. Available
at: http://www.scotland.gov.uk/News/Releases/2007/06/29160527

Scottish Power, 2006. Distribution Long Term Development Statement for SP
Distribution Ltd. Glasgow.

South of Scotland Labour Market and Economic Intelligence (SSLMEI), 2007.
The Rural South of Scotland. [Online]. Available at:
http://www.southlmi.org/MiniWeb.aspx?id=132&menuid=2416&openid=2416

SSLMEI, 2005a. Dumfries Settlement Profile Spring 2005. [Online]. Available at:
http://www.southlmi.org/xdocuments/5787.pdf

SSLMEI, 2005b. Stranraer Settlement Profile Spring 2005. [Online]. Available at:
http://www.southlmi.org/xdocuments/5790.pdf

The Automobile Association (AA), 2007. Route Planner. [Online]. Available at:
http://www.theaa.com/travelwatch/planner_main.jsp

The Department of Trade and Industry (DTI) 2006. The Energy Challenge
Energy Review Report 2006. London

The Engineering Business Ltd., 2007. Stingray Tidal Stream Generator. [Online].
Available at: http://www.engb.com/services 09a.php

The Scottish Executive 2003. Securing a Renewable Future: Scotland’s
Renewable Energy. Edinburgh

The University of Edinburgh for the Scottish Executive (2006), Matching
Renewable Electricity Generation With Demand. Edinburgh

The University of Edinburgh for the Department of Trade and Industry, 2007.
Preliminary Tidal Current Energy: Device Performance Protocol. [Online].
Available at: http://www.dti.gov.uk/files/file38991.pdf




United Kingdom Hydrographic Office (UKHO), 1992. Admiralty Tidal Stream Alas
NP256: Irish Sea and Bristol Channel. taunton

UKHO, 2005. Admiralty Chart 2094. Taunton.

Whithorn, 2007. Towns & villages. [Online]. Available at:
http://www.whithorn.info/community/index.html




7T EF






$ 361!



7 EIF



( ) * &
/
@ 8 <
4 Y
mn 8/9' n 8ll|> Diamond B
" ##8 "O:l 16
81!.: ' #48 1'4 .
8 >H> | ">H#H> 1'2 ./\
88."> | "#8: 7 '1
" I:/9 C> 2 08 —e— Spring
"8/91 |"8"I> 2 06 // —=— Neap
">#> | "/89 =
88."> | "#8:: 0.2
8 8>l!! " #8:: 0
8"I> "8:> 3 4 5 9 10 11 12 13
":8:> |" 988! Current Velocity (m/s)
" 8"l> " "/89
@ 8 <
4 Y .
Diamond C

"# " 8/9!

>19 "9l 25
8:/.1 8 "#:9 _
1.8. |85 e °
1 8"#9 8 8>!1 E 15 :
8 .>#> n ##8 § '/-\\ —e— Spring
"/89 TN g 1 —s— Neap
"##8 | " 988! 5 oc \\/‘// \\\
8 :99> "l 3
8 :"8> 8 "#:9 0 L L A
8/:.9 T 4 5 6 7 8 9 10 11 12 13
8..:9 " ##8 Time (Hours)

" /89 "">9




@ 8<
4 7 _
" g/9l "> Diamond D
"o88! | "I 0.0
" ##8 " 088! 0.8 A~
on e | g N A
"#8;. |" ! = 0.6
"ol "# ;E? 0.5 / \ / \‘\ —e— Spring
" 8/9! " g"l> E 0.4 % //j:\ \ —=— Neap
"ol ['U# 5 o] L4 \\ //
R 5 o1 % \F
" ##8 " 988! 0 ———
"> [19o88! 1 2 3 45 6 7 8 9 10 11 12 13
" /89 " Time (Hours)
LA S I < D
@ 8<:
4 7 :
Diamond E
" 8/9! |"8"I>
"#8;. |" 988! 2

89, [">l9 R

8 #o#: | " i#: 2 151 //\\ /\

89" [">l9 > :
THHS | " Ol g —+— Spring
" T 8"lI> %) / \’\ / \ = Neap
TEER & 05

8.9 [">#> 3 / \/ \'

S #O#: | " 0 o T

8 /9! TS 1 2 3 4 5 6 7 8 9 10 11 12 13

" o] Time (Hours)

"> " 1"/




8"8









8"9



8"/



<1 =



7T EF

8"#



w w

ONONON®

1@ %

< @ %=

$ ?%1 !



7T EF



Rated Speed: 1.61 | m/s
Cut in Speed 0.7 | m/s
Period: 745 | mins
Cutin: Max (W/mins) Density: 1025 | kg/m3
Power for
Vmax T1 T2 cycle kWh Cp: 0.45
0.84508 | 115.7377 186.25 | 1664725.118 | 27.74541863 Diameter 16 | m
0.87468 | 110.0077 186.25 1941992.82 32.366547 Angular Velocity: 0.008433806 | rad/min
0.97088 | 95.47738 186.25 | 2929127.864 | 48.81879773 Rated Power 600000
0.93536 | 100.2642 186.25 2547109.47 42.4518245 | Total data
TOTAL
1.19732 | 74.03953 186.25 | 5978228.019 | 99.63713365 GENERATED: 34,551.98 | kWh
1.32904 | 65.77209 186.25 | 8331643.076 | 138.8607179 2 Turbines: 69,103.95 | KWh
1.14552 | 77.95051 186.25 | 5176996.512 86.2832752
1.34828 | 64.72656 186.25 | 8715787.632 | 145.2631272 | Full Cycle
TOTAL
1.27724 | 68.7755 186.25 | 7349763.231 | 122.4960538 GENERATED: 34,551.98 | kWh
1.58804 | 54.12552 186.25 | 14461648.39 | 241.0274732 2 Turbines: 69,103.95 | kWh
1.58804 | 54.12552 186.25 | 14461648.39 | 241.0274732
1.40748 | 61.71984 186.25 | 9966226.744 | 166.1037791 | Full Year
1.58804 | 54.12552 186.25 | 14461648.39 | 241.0274732 Power Generated: 829,247.41 | kWh
1.57768 | 54.50818 186.25 | 14174405.97 | 236.2400995 0.83 | GWh
1.72568 | 49.52401 | 142.5887 | 35105813.98 | 585.0968997
1.60432 | 53.53537 186.25 | 14920561.65 | 248.6760274 GRAND TOTAL: | 3,378,466.49 | kWh
1.80412 | 47.24575 | 130.7405 | 41064092.91 | 684.4015485 3.35 | GWh
1.68424 | 50.82188 | 150.9141 | 31020130.43 | 517.0021739 arrays of 20 67 | GWh
1.9906 | 42.60663 | 111.7065 | 50909957.94 | 848.4992991
1.75528 | 48.63811 | 137.6694 | 37560961.25 | 626.0160208
2.00688 | 42.24552 | 110.3936 | 51599170.42 | 859.9861737
1.8204 | 46.7997 | 128.6788 | 42115750.91 | 701.9291818
2.13268 | 39.65285 | 101.4406 | 56327921.96 | 938.7986994
1.83224 | 46.48071 | 127.2432 | 42850370.14 | 714.1728356
2.09716 | 40.35138 | 103.779 | 55088231.13 | 918.1371856
1.887 | 45.06171 | 121.1911 | 45967248.33 | 766.1208054
2.1904 | 38.56887 | 97.90413 | 58208472.13 | 970.1412022
1.86184 | 45.70246 | 123.8616 | 44588078.04 | 743.1346341
2.0646 | 41.01417 | 106.0453 | 53889780.28 | 898.1630047
1.79376 | 47.53419 | 132.1105 40367539.9 | 672.7923316
2.14896 | 39.34086 | 100.4117 | 56874340.05 | 947.9056675
1.80708 47.164 | 130.3576 | 41259085.47 | 687.6514246
2.00392 | 42.31071 | 110.6293 | 51475371.24 | 857.9228539
1.68424 | 50.82188 | 150.9141 | 31020130.43 | 517.0021739
1.94324 | 43.69404 | 115.7778 | 48780211.03 | 813.0035171
1.6132 | 53.21908 | 178.7805 | 18205291.77 | 303.4215295
1.7612 | 48.46485 | 136.7597 | 38017992.88 | 633.6332146
1.58064 | 54.39827 186.25 | 14256096.77 | 237.6016128
1.6946 | 50.49085 | 148.6259 | 32133699.19 | 535.5616532
1.48444 | 58.22485 186.25 | 11752611.09 | 195.8768515

88"




1.591 | 54.01721 186.25 | 14544400.43 | 242.4066738
1.32608 | 65.93615 186.25 | 8273491.594 | 137.8915266
1.39712 | 62.2245 186.25 9739806.04 | 162.3301007

1.3098 | 66.85433 186.25 | 7958127.944 | 132.6354657
1.22692 | 71.99079 186.25 | 6466542.062 107.775701
1.19732 | 74.03953 186.25 | 5978228.019 | 99.63713365
1.14256 | 78.18783 186.25 | 5133202.176 | 85.55336959
1.06116 | 85.41343 186.25 | 4008925.307 | 66.81542179
1.18104 | 75.22161 186.25 5719214.24 | 95.32023733
1.18104 | 75.22161 186.25 5719214.24 | 95.32023733
0.75776 | 139.6552 186.25 | 871345.4345 | 14.52242391
1.07152 | 84.41093 186.25 | 4143692.788 | 69.06154647
1.07152 | 84.41093 186.25 | 4143692.788 | 69.06154647
1.05228 | 86.29454 186.25 | 3895265.791 | 64.92109652

1.1396 | 78.42675 186.25 | 5089618.525 | 84.82697542

1.1396 | 78.42675 186.25 | 5089618.525 | 84.82697542
0.90724 | 104.4969 186.25 | 2259809.475 | 37.66349125
1.07744 | 83.84994 186.25 | 4221761.867 | 70.36269778
1.21952 | 72.49134 186.25 | 6342334.398 | 105.7055733
1.07744 | 83.84994 186.25 | 4221761.867 | 70.36269778
1.07744 | 83.84994 186.25 | 4221761.867 | 70.36269778
1.17068 | 75.99563 186.25 | 5557853.002 | 92.63088337
1.18696 | 74.78702 186.25 | 5812626.607 | 96.87711012

1.2876 | 68.15148 186.25 7540135.03 | 125.6689172
1.30388 | 67.19504 186.25 | 7845312.408 | 130.7552068
1.32016 | 66.2669 186.25 8157940.92 135.965682
1.40008 | 62.07942 186.25 | 9804164.514 | 163.4027419
1.39712 | 62.2245 186.25 9739806.04 | 162.3301007

1.5096 | 57.17059 186.25 | 12377648.16 206.294136

1.4134 | 61.43534 186.25 | 10097080.87 | 168.2846811
1.52292 | 56.62847 186.25 | 12716960.63 | 211.9493439

1.5392 | 55.98031 186.25 | 13139683.53 | 218.9947255

1.5392 | 55.98031 186.25 | 13139683.53 | 218.9947255
1.62948 | 52.64919 | 167.8975 | 23021350.14 383.689169

1.5392 | 55.98031 186.25 | 13139683.53 | 218.9947255
1.67092 | 51.25415 | 154.134 | 29466154.52 | 491.1025754
1.62356 | 52.85495 | 170.9148 | 21658111.63 | 360.9685271
1.72272 | 49.61443 | 143.1198 34842468.1 | 580.7078017

1.6354 | 52.44509 | 165.3253 | 24198790.66 | 403.3131776
1.70644 | 50.11796 | 146.1964 | 33323972.91 | 555.3995485
1.59988 | 53.69499 186.25 | 14794486.08 246.574768
1.65908 | 51.64485 | 157.3374 | 27936184.13 | 465.6030688
1.57176 | 54.72938 186.25 | 14011929.45 | 233.5321575

1.7168 | 49.79632 | 144.2069 | 34304536.22 | 571.7422704

1.6132 | 53.21908 | 178.7805 | 18205291.77 | 303.4215295
1.65908 | 51.64485 | 157.3374 | 27936184.13 | 465.6030688
1.63244 | 52.54693 | 166.5674 | 23628518.79 | 393.8086464
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1.62948 | 52.64919 | 167.8975 | 23021350.14 383.689169
1.68424 | 50.82188 | 150.9141 | 31020130.43 | 517.0021739
1.55252 | 55.46142 186.25 | 13492163.65 | 224.8693941
1.55252 | 55.46142 186.25 | 13492163.65 | 224.8693941
1.55252 | 55.46142 186.25 | 13492163.65 | 224.8693941
1.59988 | 53.69499 186.25 | 14794486.08 246.574768
1.5688 | 54.84069 186.25 | 13931142.56 | 232.1857093
1.57472 | 54.61855 186.25 | 14093017.06 | 234.8836177
1.49036 | 57.97313 186.25 | 11897823.76 | 198.2970627
1.5688 | 54.84069 186.25 | 13931142.56 | 232.1857093
1.41044 | 61.57724 186.25 | 10031519.64 167.191994
1.53624 56.097 186.25 | 13062165.66 | 217.7027611
1.44 | 60.1904 186.25 | 10698385.41 | 178.3064236
1.36 | 64.10683 186.25 | 8955069.888 | 149.2511648
144 | 60.1904 186.25 | 10698385.41 | 178.3064236
1.4356 | 60.39265 186.25 | 10597403.96 | 176.6233993
1.41044 | 61.57724 186.25 | 10031519.64 167.191994
1.29056 | 67.97542 186.25 | 7595072.285 | 126.5845381
1.29056 | 67.97542 186.25 | 7595072.285 | 126.5845381
1.24172 | 71.01182 186.25 | 6719276.733 | 111.9879455
1.43264 | 60.52951 186.25 | 10529811.05 | 175.4968508
1.184 | 75.00362 186.25 | 5765810.287 | 96.09683812
1.3838 | 62.88632 186.25 | 9453471.202 | 157.5578534
1.0064 | 91.20236 186.25 | 3334434.274 | 55.57390456
1.24172 | 71.01182 186.25 | 6719276.733 | 111.9879455
1.15884 | 76.90196 186.25 | 5376696.958 | 89.61161596
1.21952 | 72.49134 186.25 | 6342334.398 | 105.7055733
1.03304 | 88.2769 186.25 3654769.73 | 60.91282883
1.14848 | 77.71478 186.25 | 5221002.234 87.0167039
1.05228 | 86.29454 186.25 | 3895265.791 | 64.92109652
1.04192 | 87.34913 186.25 | 3764796.898 | 62.74661496
0.89096 | 107.1613 186.25 | 2099044.841 | 34.98408068
1.0804 | 83.5726 186.25 | 4261087.798 | 71.01812997
0.84804 | 115.1281 186.25 | 1692029.992 | 28.20049987
0.97088 | 95.47738 186.25 | 2929127.864 | 48.81879773
0.70004 | 184.9825 186.25 | 20162.39123 | 0.336039854
1.25504 | 70.15503 186.25 | 6951717.115 | 115.8619519
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