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ARTICLE INFO ABSTRACT

In the present work, the potential and capability of Iran's waters
for acquiring and installing different types of wind turbines is
discussed. For this purpose, various types of offshore wind
turbines such as offshore float as the latest type of wind turbines as
well as various types of base fixed offshore wind turbines were
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Keyword: studied. In addition to reviewing the state of wind turbine
Wind turbine technology in Iran according to oceanographic features,
Floating offshore geographical coordinates, transportation costs and the possibility
Iran's water potential of assembly and ease of installation for the northern and southern
Offshore fixed base seas of Iran, the amount of wind resources, water depth and
Foundation available area were also taken into consideration. Based on the
Wind turbine technology SWOT model, recommendations were made for the use of different

types of turbines. In a part of the research, a comparison was made
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Hajieh Bastami
Email: hbastami@tvu.ac.ir

Sea, the type of traction base of these turbines is not recommended
due to the structural complexity, difficult installation and
transportation and the need for deep water, while monopilic
structures and the third generation of gravity are suitable options
for the shallow depths of lakes. In addition, near the southern coast
of Iran, due to high tides and many changes in water depth during
the day and night and the impact of the tension of the restraint
lines of traction platforms, the use of this structure is not
recommended. Due to the high depth of water in coastal areas and
very good stability in various weather conditions, spar structures
are introduced as a desirable option.

&) ©2021 Technical and Vocational University, Tehran, Iran. This article is an open-access article
rra distributed under the terms and conditions of the Creative Commons Attribution-Noncommercial 4.0
International (CC BY-NC 4.0 license) (https://creativecommons.org/licenses/by-nc/4.0/).



https://creativecommons.org/licenses/by-nc/4.0/
https://karafan.tvu.ac.ir/?lang=en
https://karafan.tvu.ac.ir/article_137268.html?lang=en
https://dorl.net/dor/20.1001.1.23829796.1400.18.3.11.4
mailto:hbastami@tvu.ac.ir
https://orcid.org/0000-0001-6049-6536
https://orcid.org/0000-0002-6301-3672
https://portal.issn.org/resource/ISSN/2538-4430
https://portal.issn.org/resource/ISSN/2382-9796

YeVv-YYo0 ¥ b)lm.s dA 8,93 AERX b
https://karafan.tvu.ac.ir/ :d s (w5

d - :10.48301/K55A.2021.297893.1648

@:20.1001.1.23829796.1400.18.3.11.4

YOFA-FRY - 1 Sy Il sLLS
YRAY-AYAF : ol gLl

M}/" o ;.?c?és'g

ol joliieds Glpl gge g Jlewd gL Jadly oy

RS

o ol by g (dalwlyd jold (ygmliigh b (ol j3 3L o9

¥ ol 4o ) g phen ail

.ul).vl ‘CAM :UL.MJD)S oKl ‘@JW 04Sisly ;d).g @AJW bs)f ;._\.u))l uw\.uf:)ls d}’xu.ul.) -\
bl ol glad s 5 (8 olKild ¢ 5y (wdigs 09)5
ol a5 slab o g (28 olSls g5 glio g Slge sustige 09,8 ozl <Y

LRVLES

Ao WleWb!

el g s sl olpl )52 el el y Jouly ol ey o
Slom,s ol Goliie (med 4 358ce (o) 9 S w0l Slaomy gl
5 &b Slamyy £98 iy lsied oLl it e 5l abye sl
ogdle Cawl 0ad oAb ol (2l yd ool Sl iys sl Griaren
sS4 axg b oolal 0 ool Gmug 6yskd Cendy enn 2
g 5 50 Sl JigJox anje (gldlizr Slatie (oulid gl
5 Lol Gos ool e i lnl oy 5 Job sblys sy s
alizes glgil 5l oslatul gl plaslhiiny (Dlogw Jow ululy 5 95250 colie
558 O Slamliie 55 gy 5l (G25u )3 ool ool Bl eSS a8
£95 o azb,e lp sl adndy O)go dham (nl o 550 layeS L !
JgJer 5 ceal ()3l sl Sazy 4 a2 g b laps il (o8aS b
5 klisige slaoslo 4 Jlo o 055 el o ieos ool 4 5l sy
e azbye ol o5 B3 ln ol sloan S a2l pge Ju
Sl i g0y ae g 532 s @ olnl o9z Jolew (K035 50 Geizeen
bghs 228 ol o38,5)05 5l con g jeald Job 5o Of Gee o
otl 6yt 3555 ood dpogs il gl 5l oslial 25S Al slasSs (5l oo
295 Sl ol 5 Jole 4 Seop (2lei 0 0l VL Gee Jdo 4 2o

205 o0 (Frre ogllas an 5 plyieas Ll slaojlu (SS9 Lulpd 5

VE /- OITY tallie
VE Lo SITE e 6,550
VE B e )y

1Bjly 3

&L ompg
olold ks
ol sl Jesly
ol et b
Ogligh

&b o) 8ygld

L_{GUQAAJ Ao 'J,:.w\o n.w.g,?

S9SN Sy

hbastami@tvu.ac.ir

©2021 Technical and Vocational University, Tehran, Iran. This article is an open-access article
distributed under the terms and conditions of the Creative Commons Attribution-Noncommercial 4.0

International (CC BY-NC 4.0 license) (https://creativecommons.org/licenses/by-nc/4.0/).



https://creativecommons.org/licenses/by-nc/4.0/
https://karafan.tvu.ac.ir/
https://karafan.tvu.ac.ir/article_137268.html?lang=fa
https://dorl.net/dor/20.1001.1.23829796.1400.18.3.11.4
https://orcid.org/0000-0001-6049-6536
https://orcid.org/0000-0002-6301-3672
https://portal.issn.org/resource/ISSN/2538-4430
https://portal.issn.org/resource/ISSN/2382-9796
https://portal.issn.org/resource/ISSN/2538-4430
https://portal.issn.org/resource/ISSN/2382-9796
https://portal.issn.org/resource/ISSN/2538-4430
https://portal.issn.org/resource/ISSN/2382-9796

ool duzxs g g phns aid b YoVoTFO ¥ o lods ((1F+) VA (53,05 sole anliliad

Aodko

Oy 08 ple Sl olizl g (ead slacdgn (Kl jslated pdiauad slac) il elgil 5l ool
Jos ol sl S5 g0l g LY 5V 08,5 o 590 laizas slalo 4 ¢ asseecins; OIS J>
LS (oo oo (S S0l (65 50 & 995 (SlSe = (S SIS g sl g | 0k stz (6551 & el (655
OLlaags (65,0 5l G saiz 09 wallS g ke jlens 3k slagm i ol g 3L (38l ST 052
2 imyg RT3 anle alge ol g)l5e gy b GSen 5 sl 08 bl enil 1) e
“Ooef S ez il ra Bl cegslame alag s ol 035e8 0 e SO B Slsn
sliely 3 3L g)l50 50 (2] 51 58k Camms & 5l 5 e VL Cead izmen Y] oy o0k sl
&y oslr S8 & o Raagh g0nl 5l 09,00 Jledar s )sld Gl (e o )lse Koo Sl dlans (59,8kes 55l
Toae 1y pslid (60l (slagrmys (ngh ol VAYY Jlo 50 T mgaiss po plibg jomdgy okl 09250 &lse a8,
Soy g aiz 45 38 (Bpme |, sunly w5t (53l e e pogde "ol b VAT Jlo o [F] o8
6ol oy 5 o e golaidl 5 b slbaciz w4 VAN 10 0 Sg 0] wsls oo )18 ot LSl SO
S 990 Gloj O 53 ) imsi ol eal 5 Sl (et Slogoge s coloy jolid Spgon oy
a5 bl >lb Il dnwgs aie) jo 1) sladlie ¥ L gie 57 eyl il (Lo lea yo L] ols 13
dole @ bl e 5l eads adgi (65,0 Jl il a5 s, @l b,y g0l gl o,8ee Ss3> (6l
Lo b 5l o sl el ales (5ol (slaim s (8l camlio 43y o3 il 5o 5y il LV] aizsls
2555 1 6390535 gl s IA] o 57 o o35 ¢l 5 (ool Alias 4o lgises | o 51 (226 (sl 5 (S
WoaT (kS YVIY 07 panisS 4l g5 5l g0 90 b1y ez jslid 68b omygs odol YooV Jloo po il
@b g o1 3 o 18] ae T 03, 3l VoA Jlo Gl jo a8 3,8 S o5 WY Goe o 5 LI
a4 etery S50 by SlSe YV o8l b Jled glye po Yoot Jlo o o8 op Mansle gkl
5 208 pleol o b1y Jolul B slasl 5 glsel 531 ollSen 5 V58 s IV 5V ] ) (oo e
gy ol oelgl 3l 658 s 099 VY] o S 2 las Y10 Jlo jo 1 ol ol 5090 (slizye 5 s ls8
b W)l SlglKe B 51 yiias 4 SlgelS Yo 5l g0l oyes 003l Yo VA Jlu o aS 0gr addS jalids (g0l
6ol slacrm g5 o9yl IVF] sy SIS VY e sue a bl ol Yedr Jlo o oS 89,00 Wl [1Y]
OO osliil BB 5 ey Wb (53] b 50 5 Sl dal p 0l s Cannng s @ = Lul3 5 Jlil oL
Soim)s sanaib glaghs, pridel I (S WlabS 1E arg o i 0 Bilas lp o
59 4 SA555b 4 Sl il ol Slagany g Ggemilisd S oo )8 T o 4 Cend (T Gae ull Sl B
<l Gas 53 a8 JEl (yspalaish s )5 2o Yo b o Sl ol Bas 10 45 (Gas o5 Glao] rmliigh g5

! Dai

2 William Heronemus

3 Barltrop

4 MUFOW

5K.C Tong

6 Andrew R. Henderson
7 Minoo H. Patel

8 Blue H Technologies
9 TLP: Tension Leg Platform
10 Hywind

11 perez-Collazo

Y-q



FoV=TYB ¥ o)louis ((VF+0) VA (o531,15 sole aolibuad w2l o9 9 (o Sl 55 Jamiliy w0

St Gos b alocl sl a8 el Groe GlooT sealaish 4 bgype oo g5 5 30 )8 e #e B Y
DYl sjlsop)ls zepe

My Oly bl g Sl T ol ey (Glpl )98S 50 a5 Sl pdvanand 65 S ok 55
&b slagrnyg el cn lp lnl 58S Glacl Sy ol (iagh )0 adbse Lo, 1548 5 pol> b
b Caled )2 5 (o 1ol ol (Sl S 500 5 05790 Sl dacl s ol @l (i (obuly (2l
S5 50 65k Glaimyg g (oS e 9 Sl (65l b golal anlie (o p) (oLl i Condge 4 4z g
02 hyd Simng Shol sl de 5wl wales @l glasliig wile 2 SWOT Jas Jolos
5 shmacan) (SOl oo Sacsgu (o5 Sgame Jds @yl iy lyie 99,5 o )8 Sl ¢ B yme
G 89S pale Jl e g )l S leg ((SaS 50 6ok Slaim g Sanie culae (Sl b S
ilige ol Ceal 6l (T 5 5, 53

&b (i ye

S ySlos og2ui g 1321

S 4y Jlail oy Sgi d gwiwd Gbog gy @l sJeld swlol s3> 005w ol slay
s(o).i) )9.55) 4.;.»; co«.\séﬁ\.:.'.‘?' sL:S)).AsJ‘ l) é.aj&c }Q)J s@»él} s)y‘).’) er.va ‘\QL} ‘5]5;'\@(."' J}“;S ‘u’&l)&”
O JSe) D8 510] cadl oy LS5 55, g ais S ey

Low speed shaft Anemometer

Pitch svstem
Gear box
Wmd vane
Rotor -
Controller
- = Generator
Hub [~
Br{ak Nacelle
High speed shaft
Yaw dnve
Yaw rno(or
Blade
Tower

V8] 50 595 ousds JuSid (sly=l ) JSio

L 'Yaw Control
2 Nacelle
3 Pitch Control

Yy



ool duzxs g g phns aid b YoVoTFO ¥ o lods ((1F+) VA (53,05 sole anliliad

b o (oln S o 28l o 1) (6550 Lewlen Jb aiiles ol (Bj9 (2yme 53 6353 L gis) slaon
S g WIS (0 395 S & ) diS g 39h o0 S5 LAS0S 2loa dS kS B)b Sy 0 g0
4l B a5 ol 60k $9,8 3 S sl S o sS04 85 355 e 59, Gl
5 oo Sy Sy S o el S0 5 S (9,6 S 5 eS0T S0 4 45 05 0 0y oy slr
A Sy S AkBS 50 50 VAt @ VA I 5s, S lsie Dygoa sing iz golaal 005 e g,
Iy 89550 odddm> 4y a5 jgise Jols alyyy o5 > (slooyy il oo o o T gl EVIVWERLA IRV L L o
Sl comebliiogline 5 5515 an0igm G 1y 45155 (Sl 2 S eSS b st M 2o
D9)s0 sPlosghunil Sy 4 0l Wiz Sep 08 o0 ool (S S (G55l 4 (A2 S5 o
Ysare &5 @355 s Slp omlin 3By & |y sl Sy Voo 0g0 a5 5ili5 5l ol (6551 gl sl 5
IR Sl pomge slalaioms )3 @ (Vb Cond 10 493155 5 585, ST WS e oo el S YT -
Sy bl gl S0 5 T 0,8 ol 65y g2 08 Sy i S aLbl 53 (gl sl s o lusl s
ool Sl )l 1) 553, Cae pr JuS aidsg &5 iso cpl 08 o)Ll (T aiiS S @ olgiee b myg
Iy 093 slaosls oS J S cpl S o0 62T 5l> 195, 923l 2552 9 VU S b slasl (2 51 (S50
593 93l G 9 9k Gl g0 5 i8S 350 o e ] (Sl Vsana 5 2 VL 0 85 (il
DAV ans o 2851, J555, 2357 Sty (S Sl (Sl D pg0as ToaiiS 505 S,

s2byd 6ok )y 12

5 Va3l (g )loam 50 5 Canl o ALD (55 00 FST 5 e o0l (855 iy slacssyl e o
LVA] sl o altas ol duge Bl ymed IS diges a5l o a5 )y o (ol eiiS

sl g 59, 9 o slos DUV Jlows )l 4250 o @ gy slogS (R8I o8 e ol ja8
98 2955 Jdo 4 ol Slge Lol (rizmed iS5 10 0500 Bl (nl 53 (6902 )55 (655 5 Wl e (2
ecadls valgs ;908 olaidl gl |y (SIS 4o g asies Jlo)ly (Gl o3 sl Jobe (ales Sl
5 ol Jalse maltis 5l o g5 oo LoolS's 5l 003l 5 92bica VU s (5005 5 rats 4238 5, 0
ol yglid il « olo)S aey 6551 & (bt Sl o SoBN b pisle (B 5l 0T 3 Jaeoma
A0S gl (o ol 505 S Lo o plorl (sla gy e 5 bl gad o tas 10 b 4 ekl (655
Al oV juiz a4 azgi Lol |) Clgle OO oy byl oS cl cale cass o S B VY Ll
5 Sl S (IS 5 e Au3e VL pee Jsbo g plSotinl 4l 50 9 (65 8l a5l ool (rys sloz 2
5 ok o lpl 2 B GBS b bg g diges iz il Sl 5 esk il e (b
o 9 0L 6551 3l 950 g Olie 4 Blate (ST (230 Y SS9 wialsS (sl ale e (sl (il
Tams go s 1y ol jo Jlo G (o (s3u 5 (53,31 51 K505

LLift

2 Drag
SAC

4 Brake

5 Demirtas

el ods gzl Bl (IRENA) im0 ol (dadlom ouiliT 10 85390 S e slital & JSo ) ’

Y\



VoV-TFB Y ojlods ((1F+0) VA (31,5 sale aoliliad w2l o9 9 (o Sl 55 Jamiliy w0

P YA LO2 o5 Ade als 55 wlsi oo 355 00 el 53k s b 31 45 (B ko SliglsS S,
Ive] asl j3e Sl 0,500 g NOX o5 Y5 .SO2

B Hydro/marine 1 Solar mWind ®Bio mGeo
20000

15000
10000
5000
0

013 2014 2015 2016 2017 2018
(Y] GWh s 3 YHIA G Y0¥ (sl Jlo oo o3l 30 59 009055 6l 6551 51 935 Slgh oyl 3o .Y JSCio

&9 5| i o Wil g0 § 05 oo Joo iy 5 s (] Sl Al g5 4 Cend (Lol 8 0l Loy
S52 5 Gy (SO o gupboliniog xS sl 0925 il ay rlges 5 (St 50 @By yo igdh edi (S i
7S el 8 53 S G htess sl 8L gisas Bree sl @ ol slagmyg JEl o]
e (555 3k il (slaojle g laogS dapletslu lge 929 e 4 Grizmen el w35 )15 a5 800
5192 5o FpSTre wuad slasl e 4y Joluld labaze ohiga 5 bl s 5 oS Jlp0 335 o laim s
o a8 bawgs Glpee ) S (Jolold lage,g8 whoe I (2 F B S ygon sy Sl ik slad
Ely ook slaas )50 10 Sl B+ 11 (godss (g 50,5 Jaie b ugilidl g Lol o o & Glkes (b oS
Sl ialdl Jolol s gl slaac e jo DlglKe Ve e 4y Sis o

oo 3 (Fmae So55 laop i slul ol al (2bys ool Slacrg (anmetian; Sute Jalse 5l (S
Ivy] csls anles ol yom 4 1) 4ol )T bl Gialidl ass )0 5 Colayguunlaish oyl

@olaidl oS (B 50 Ll ooliiwl coli 93 b annlie jo il (ool (slagymygi anse oe¥l p
3l 8o i ool Wisi oo Boos SlanT SLLI o e (g8 (a3l eslitd wg el Sl il oo

Of dmulo 0922 9 3 (55 5

Iy 6oL slaymys 5l oads adgi s [VY] 0igS o Tob o j08 b (65,011, Ko 18 1 9290 (5 (5 S0l
e odd adei lgi g ol ce sy alally @olie ()l o el 00,5 7 kas (V) 9 (V) alaf; CJB o Yajjé <l
Ol 5 Gialdl ey YV oo Wilg oo ol ijs ey 50 L8l dopo YV aS glasgSay sl oud ooly lid
Dy9r8 3l 997 a2g 4 Olyier Lougldl 5 byo po ok Cepe LI 4 arg b 005 sud g
8999 S35 3 isn 45 95 5 ol "PT ol Sy 50 05250 (35 (V] s ol 8 jglis (ol (slas
13,5 dloes g oo (V) 5 (V) sloalolas 5l oalaxul L1y 5,8 &l sl "Pa" sl

1 Power Wind
2 Rankine-Froude

Y\Y



ool duzxs g g phns aid b YoV-YYO ¥ o lous c(1F+0) VA (031,05 code aoliliad

1

P=2pAV® \
>P o
1 s

P,=5PAVTC, ™

AM2) L 559, Colun « P L Mg JE> PIW) L o)lo 3929 ol 0 a5 5,08 (V) 3 (V) sloalsles o
Pa (W)L ol crys dawg glyseewl BB g 9 CP T L G151 ol o)lgs co o M(M/S) Lol e jun
OBl Lawgi g 29 ce s pSouil ol Calise slace o plp ;0 CP olgs o [VY] 008 oo dnlns
e VN b o bl oS i ol ol ¥ S5 ol alas ol g 00,5 oo @) Cypty
pb @ 09l (nl g oS Jiad ) ok stz 350 5 e yd BT 5 o Wl ol 3k g8 e &5 285
oS 0SS Jos 4 wlgisnd ok Gy @t 4 el (gl e ST 55 5 0o il el 3 el
Ivol RV PRV R F A

b gladlaie 0 8 M ooy Jobo b (g3l ()8 S5 ool o )95 0odgi (g5 anmlne (ol (g jslaieas
y /¥ g o po oaiilo o8 18 310,50 i 01,1 kg /m® Gl S s VO M/S ok e b
92 28ly> D90 (nl 4 ) (ol (G g5l 00,5 el AL il )y

_ 2

A=rzr , P =0.5x1.1x7853.9816x 7.5
=7z x50 =1822369.168 W P, =182x04
=7853.9816 m? =1.82 MW =0.728 MW

S oy e jeboay gl

b gildl Cao 5l ()] 2 gl 53 53 5l yiil jgliody Camlio (ygmliigh (Lo’ (520

)l 1B Ll o)l 0t j0 a5 Canl wileaygls (6loy5iS n e 5 (2SS Sl (o olpl eaS
by s )b mds ol plie & Cpiz Cas g (GemlS) S35 S azlpe 4 Jled Cons 5l !
(Flods o idy j0 25 6oL mlne 5l a il GlaisSay o)l oldl e Cosdse o)l cwyiws les
AV JS2) abl oo sieo st (295 9 S35 0

2 A5 oS YYON sga Madleps o jlalbinl g2 a4y az g5 b g ol 3 il 4z 50 10 slos j0 Ly mhaw ;o e JB& !
el oS e
2 power Coefficient
il e oSSl g Sanlisog ] il o SilSe glyzl il ol oS 5 clils ¥
4 Albert Betz
Yy



FoV=YTD o los ((1F+0) VA (31,15 sole aoliliad w2l o9 9 (o Sl 55 Jamiliy w0

9993 Bblw 9 o5 60 @il )10 (T g o GbLo) T Blybl g ol H9S (G0 @alio o guai ¥ S
[¥8] (b3 oL @sbo s1ys 30,8

O G GB] 53 105 i 4usd 90 4 (S jsboas |y gl g oo 20 g0l Somg s b

19 5 5T Sl 5 psabstan ol 16yl ans (galdih s s o Ll pglis 5ok sle
90 5l eol e 00 B Y Gae 0 Yabaw §feSe & il T Fan LSS 1ol al eliigd £ oz (GoseS
Sl g0 5l e A B 0. o s Ges (gl 5005 oo ool Wlayb G izl a5 il § g ax LSS yamwlaigd

ooyl daojlosl alaS ya LYA YV 55 o oolital elayl o o8 5 43,5 olas liwl a5 abaw § oS>
S oo ookl ol g zlgel il 510 lg (5950 il 50 05 (g Il Jras jglaie 4y Lol

23 by

0l w3 5 5 sl &S aes e ol ol o lish g ol (sl Sy o 5 azl e ook )
2 S JE Al e VO ok e pe (sl ot (nl (gl (sl e 050 e il 3l
3k ey 5 S0les il oo I 553 Lo (29 5 Sl S A 2 S Slaad 2 Dud & Slej Gl
Ival sy oo b p e V-VIO 4

SFo)l oglite Ll s ledliaal clilsea (] Jsb 078 51 (36 55 slyo 5 ok Sendy S5sS
slge sloeags 3l o gy 35 (sl el ilize (2l (53, 3] 6505 Slse sloagez 52 g5 5 S5
4l )0 i (Al 5 5o 7 -A) 0l e pus (VL polie e (lojlr cizdas 05 slrosgi g lad S s
V] 00,8 oo (gl 5 s ool 318 el (B85 (T &5 alr 105 00 0anline gl 0 zrars
g dueles Sl (gl jolid b ys (ool lagys bys ol sl g, ol )

ol 0 b p e F -0 Gl (65550 (Pl o wted oS ol ey :Silia 535 Sbyo agi S 5
Y10 -F) oy ety eSilin o5 Mo sl 4l 1 20 VIO ¥ 305 giz asS 10 g 4l e VIO -F 3,5
Jyad 3 0030 595,57 b 8z J2low 5 Onl ol Slocl 105 f oy Jolse o (6 5 s

1 Single Point Anchor Reservoir (Spar)
2 Semi-Submersible

3 Tension Leg Platforms (TLP)

4 Monopile

5 Gravity

6 Jacket

" Tripod

YV¥



oolbny dnz> 5 (g has a3 YoV-YYD ¥ o lods c(1F+) VA (031,05 oke aoliliad

O gl o5 Jgad o az S o Gl Jlad 4 oogiz ol S pes (5 Sile S Jad (pzeen Lo 05
07 S p Gsz sleanld GeUsS s o (nlply e Sl iz Jole b bys A5 o ok sy
ol 5 Jlo Jsb 2 3 e filie b S5 g (Sisfr 5 (S5 5 b o ) ol
Ival oo pwlod glis 35 (b o calises

15 g |y O dolow 5555 slys e @ldlaz S 5155 by Gl meip SSIHSL 08 le
YO YD) arige Sl Bt s slasl (Slol s 55 55y 08 e 15 L ol g o b
5 wlagle; 1o (30,0 YO Y4) ojls e ot lads 5 o slaol ()] (Briosix slaise 0 g (aoy
sl ade 535 6bys IS 5 Loy ol slaol dal cnl 5o 03 n (55 3L 25 53 (Sloves Sl oL
Ival (Uslow ;8 00,010 -Y0 4 S s 65 e sty o ase Ve -F)

e bz ol Sage g (aoy Fe=00) Jlods ob Lol (b 2 aaxl 3155 cle 4y ol jgiol 4>l jo
4 by yo a5 (auoyn Ve —F0) conl o568 b Lol gz Ll - S axb jo .cl (0o )0 YO) (B0 Jleds ol
L¥al sl o sloys ~aslosS a5 > g ol gns

LATITUDE

47.0°E 49.0°E 51.0°E S3.0°E 55.0°E
LONGITUDE

[30] KWh/M2 w33 YAF G Yool Jlo 3l a5 9 Siloo j35 yio O gla55l 50 0L (65! (puKileo . F JSCi

Az Lo cpl sy 0 by ool lacrayer 5l eslainl ( oy 55 0 ol abe Glals Lds
bl 93 ol ju8 5 ol b iblie Wl aites alis ol wge (Y] 5 [YY] 5 cosls valgsu ol
ol e b b el oas a8l )) Vs 3l (6 e anlis b baygenilaigh lgil (sl olasleiion walsl 48 5, cnl 3l todlons
Wlgioe ol o il sy S 5 cd lacole i feily 05 SaS 1925 3p el @ b
A3k )P sbyd e Bl plo sl p LeSal) osleiing

Sty 4 5 Srtalin 5 bl 5 A53L alge S (S e ol Goe 135 by ol ac
(PG WIS (o0 poal 4]y 535 by Bleel SIS ganl 45D KB 53 aloe ke ol sy gl ok
Jolgws wls Bos o Veee JIQee ‘535.:_?Lg.loL;.o)'lga,.;)oJ&Iomcélju;;}:_?56}5,aw)oélom
5ol 0395 Carng g Sl 0 &8ly oyl S 0 1 1eghS AYY dgax a8 el JiaghS FYVA laax azl o 0yl
LEV] o )ls )18 ol S o T g e yiaghs YOS« ¢ a5 ol g y0yiaghS YYYY e oo ]

Yo



VoV-YYB ¥ o)loid ((1F+0) VA (81,15 sole aobibad w2l o9 9 (o Sl 55 Jamiliy w0

(191155 sl y os CSudl 5 g g i & JSCs

0357 s odes (i g Wil sl Vo U7 Bes (lls bawgio jsboay 35 (sbjo ol OSSO & azgil
\))‘bmsefo]wju“ """ OB»JML@J‘A\"MG‘)‘Q‘Q‘IJ

ol (2l ol 2850 1y adlige (0932 53 Brb lp (rmlio 4L gabgians il ok Slagmg
@ o JeuSs Gl Gizman 0,5 )18 eolitul 9)50 e B0-Fr S50 GeceS o] o U sjle e 0B 1, ]
o el by 50 oS (il Dlirasi b dliie 5 508 (LS ansa b baojle jees 5 (ol je0 D9 o Jobe
ol T e (o5 o il 5 (lovee Ceand xils culro 51 Ll LYY] ol ygnnlaiod ol sblse 5l g
S i dd glasl 0 9 o 18 G Slabad 56 sl g (Sose5 b cov i ojle a5 o
Lo Ol o g zge £l o9 o e 4 )35 Sbyo B pbogis dihie umes [VF] cuils valys )3 50
Ll 5l g pcmmbio 435 gl (oob lagym,s 5l ookl ojls ol ol ol cryei Sl (el Lasl
ol [0l [o ) 5an 5 alxdS 315, a5 ol oads aidls <l Al b ys ok slagm g ol 5o ol
Alools &l Judos ool 5

S b ) oS wilbe | S 538 slaailyil b e Ll Sy ol (gemdlaigd (- pgabsiany
Jlail ey ooy los Jawgi a5 o)l (050 llg slocygiw Ll cpl 4be8 o i) oo g Il 4 b
i Y] Gl Conss bt (6ol w4 093 40 awle (il 4K b wilg e baygin ol ilazily
ol Jg e 5 Sis o8 S S o byygaboddas olS 5lige ol Jlail Lo £ L Jlslo ol (s oo
a3 o yLis SWOT SisSs b 1 baojl ol # S5 Y] aitly oy oSl S0 2257 S0 Lo

1 Pontoon

Y\#



ool duzs g (g i 4y VoV-YFB Y oylouds ((1F+0) VA (31,15 soke aoliliad

sy JSle o
zloel 4 Colu> ®
950095 %y °
b & 5l (A gyl
Cand lugi (py20 50 °
4dgldlse

399b gL an (yguulaigh b (olwlyd 1oLl (6L (i yel (93 9 (F95° BB 39 & S

9 g By dox 5 cead ()il Sl Sz 4 azgi b oglid (ol slaimg (AT aly (gmslaigh
5 S B3, 45 g e Sleiiy )35 (sby Gres slac] o akb (g yte VA e Grae slacl 4 ) L
a3 oo ls5 |y olorin nl Como i3 (sl (SeiSTss 5 (e Lulpd gy b [YV] o ) Sem

cilie (S Germlaigh b ol il (2b)d (60b Gy (i 53 JPlew SR Ve B P Gee 4 4z L
J&5 g e a0 g S slojle il Lo 4y Jgl Jud (50 O U Y dg0m 1S slaGec 10 09 winles
99 Ot yo Yo B Ve Gos 5l .all adpay (00 (golaidl Llod 516 wis )5 oo slpiion Bes o5 bl slp ¢jladis
ol > ool ol olin 2435 g i sloosls 051 S g kol J&5 5 Jom o @y s 5 o9 i
I¥AL sl oogs 5o ¥ LT (6l oo a3 )5 a0 O Goe 2STas 457 0 o S350 5 WDL3

S5 &SV aihaie 5 6bys oo Gble A8 saneeds b [YA] 0 ) Sen 5 iy
L0 6oL Sloim 55 sl 4l Cn st |y 456 » e £ ok S Silie g e Ve Gos Lol 8 kil s
Jles sy 5o &y U 53k a0 b o3z 535 5byd Sk g g9 oorldl Slaseiia [F2] o Loyl (pizeen
5 5o VY ool gl | Kho il 5 e o 0L ey ko b as 50 ol il 00,5 anlane 1) LSSl o
alie a5 Cosl ond 355 Ul (6 ymasksS TY alols 4y 120 YO b Y0 T Gas 5 5o VY o el o iil
el SlglSo Fo 0 ol o)l b 08 V00 (o0l 450 ol po g Sl i3 sl ps (LS gl gla sl
<byo sl Siemens SWT-3.3-101 Jos (psyg5 10+ oo b o,)LE (g0l ae )50 b aslis 4 [f-] o ol onss
ol 00 oYl by SES VY FNE 65, Vs 0 e e3>

el 00 ey QLQ.G 619.)0‘;7"'9)%5‘“54&9 691“’ 6&’«.5?'}.’.9\

Yy



VoV-TFB Y ojlods ((1F+0) VA (31,5 sale aoliliad w2l o9 9 (o Sl 55 Jamiliy w0

a0 Yoere ol sloal L5V g o oslital Corn 3 Cabs s b glalys slp sl ol 5 5ol 5
SrSsl 5 luly Baim (nSaw laal (ol 28 5 Wgd oo aitle 5 (Sb (Ao 5ol (it S5
Wlos cad g il s dus 55 amnlind ol LEY Y] il 55 anliiod Lo 2

Jesas 3bj 09 8l el Jobo 5 2ligms G el LIS gy il o (ysemliisd £55 Jgl Jud
hnd bl I J&g Lo (sly (ol Sl 2 5 )l 4 Sli ams jo 5 4z hSs g Co wnlr Sl sl
(Y o) [WA] axtes calin Jlos (dolos (g5 5 (o VB ) ST o8 (6,5 (sl S5 aiciass oo

Jos laojl tpl (059 widibige conlin o Vo )5 b =y ¥ oS (LS 6B)5 sl ol (ol ipge Jus
wlge gosbs lagl cead lilas g Jais o 95 ol 5l sl S5l Jo 5l 505 ot « 2loglyg 5 050 392
Y JS2) [YA] i o 00 21l 2l 09 4 5 Wigbsa sl b o Jsho b Lot s e 31 (g

@k & alloe okl desd wnad 5 Jo Sl Job 0 g ol SOy P cgenlaish (ol ipge S
DyS o B Ly s o b (pl & Sl wad o0 RIS (g pRedn jsbay Mg Jem Slhles o 1) VL
S Yo B 615 sl s nl i )l oo sl (Pl (28 03 42 U 99800 p anle b (S 20
&V JSOIYAD sl go 5ad potrcyg o 5 o 99 5 e358 (sl Sg e @ 5 Sl cilie

i LPP] Ul s (ygmslinigh il ol ol asly (25 (59b (SL o397 (ol €95 ygmalaig ¥ U5
(5] pgms Jums ygumligh iz [FO] pgd Junsi ygumliigh

B s sbyo
9 Mg JLa8sS Wi o6y Sy el T ol Lol @'95”591 (o A )""l‘ Cod o) s
3088 el € Lot ol & page o Jled I Al slasl b cow 4l cpl il e i slagaile
5 Zlgel Qd.o" S92 94y el ool oyl S oo loy biled Jlodh Chows 4y 5 03 o0 Sz okl o33 SloCiond
o s & iz it 50l lyinlies § S oo)ls gls lomec] [YA] Wo S e e slacl >
29 Sl @l sy Jobo po ok gz sl ol (SlsyS Sligy o) el 4 90955 ool (g
o i 209 53l (g S e yp 485 Caems 4 S9p8m L g Wiges 28 Soz I3k o9 &S
P A ol Ll wjg00 coiz @ 02 led §f omge slask (luali Jad 5 5 o)l gl Jlod Gblio o
e o3 o sl sl wdlye 000 VO 53 ()l s lyo 10 (5 pboar cnd peJlads 4 G pbogix
b o dibate (>l [91] 00,5 o ool s, Jous el 5 wiS oo Jated 1) )55 5 o Sliloe oS
b o9 oot Sl a5 il sl %o VIPFY 0l o pr iS4l 5 50 Y4 Y ol Sy siSTa>

YA



ool auzs g g yins a9 FoV=TFB ¥ o)louis ((VF++) VA o531,15 sole aolidad

ol e oo Jagite (pSilio g 2o Vo gl )0 0dB g S (leY S5 0 i g [FY] s o Vb 4 xe V- glis)
ey e Yoo gl 30 (g 0y Slbl 4o aS cols lid bl .l odd oy YANE L Y-V L
b LPAL asl o a5t e POVVEVVPAY (gyi0 Ae glis)) o g adl 5 e OA-TFF-AD) ol aVle Lo
Sy g b Slgi o0 65055 5 jeond 5 JBig o> cnal Slilos ilate (nl 4y (g 0057 (035 @ 4y
Dpdy Ojge

YO og0> O‘ U,X;L:.o 5[5)‘)‘ .o)lo @)AJ:A}LS YYFe oo dga> CJQ.»JS L~éf )M9J.5 Yeol Ywu.,)lé C‘l’
LQLQQ)LS 5 U" u,».i:l.:..a ‘;5 0)‘;)):.9 VeO B @lS)JASwl o a5 @‘))‘ 4.:‘; B 01 d.}a.m‘_’.:):d))sj.\.o
LYl 5,51 o ol 3 dilaie (sl 1, (6 5u50b Laoe g oy o (wgmeds 450 B0 b FO 1) Lo bl ;0 45
FGmee ol (o Yo BV 0) (hoenS 5 g adlaio )l 0524l 35 50 oot o)l gl oy &S
0 dilate (p igecnS al 4185 )3 515 5 0 (5 5okS VO 0 a8 58 By yie A o b s alais
LEAL 59 oo oy bolie Jolis a5l o Yo B Ve oo )5 (sl o

50" 55°
Inq \
. — N .
o Persian Gulf .
Bathymetry & Tide Gages
Kumuie
25° 25"

50° 55°
[ I ] _
0 20 40 60 80 200 2500
In Meters

[Fa] loe b0 g 3oy 4K ¢ ) gt ST Goe adidis A S

29ES 5 (Sl @jg0a ol b (e 5 Olz 9 T90 NS G o [o-] 2 e 598 cmnlogs
S ol s Al gy ey gl T s gl sy |y ol sl 5 o (sla g o sSaaliss ]
Sl 00l als WLA 6“3 Ll )‘ u.;)ls c.-.l> ‘5‘)’

695 ol oladls o 13 T (6555 JBla> 5 cyags ol 13 g b gals ol g jerp 455 40 O (698 STa
S5 O 08 el 0 b5 (Jige 655l Hluaipe 31 Al pite 050 A a0 YA Sl G
[ey] adboe Jlo p oo oV bl plo 10 9 Jlo e oo +/VE (b (glls sblie jo Y48

Sheslaul (gl (gmwbio Jonily 5l e £+ 6N ol oS Bos Jdo a4 ol pl o) adies s cdee i
SrmeS Boc oS Jolu a4 o035 lajidy 1o abl oo wwo e Jobo ey culb b Sbys ol slocp e
o 035 o Slpidey blisine o3l Ao 5 152 o 4 55 5 o o ol el BB (28,5 JLai 0 L) Wil

Y4



VoV-YYB X ojlois c(1Fe0) VA (3115 ke aolibiad o) 95 9 o Gl 53 Janiliy oaw

Sl o5 5T (59 (amoins 5 v Syl 5 (D] ol el YF o lul 5 s s bl gige pmdaisd
Groe SOl & BacnS Gloc] 3 1, sl ol olgce hlsige 4l & a8 sl 33,5 adlal L [oY]
TFY] a8 a8 50k (g Sl 4 aomi jo 5 020 alS | o blsise (881 (5 pdydllani b 057 Jiiie

S dbgise [0F507] wijlo 0l e Yo 290> Lagte Bes b olalyo b BeseS (25 0 i blsise
Lol s 4 oy 0550 Jalse S0 5 S oo 395 Lo sy 31 @ a8 cenl F)p b b (soYgd dlglSS
[0 500] w53 ;a8 26 VY b0 Vgone Jolgw 15 39290 sl hlgige 0,5 o,lal asre (6 38 b o § S
G s D) ¥ (> )5 ka8 a4y (L) Vouds silul> Jsbo dB0] sl jia oo 10+ b oo (o)l sl
byl i o 45 aiS o )18, tBew g S sl )Ll lgieas ol s 5 allbce Vol jeS g i (SOLL
LOA50V] el ass o3 5l i

Ol 5eS axilse enlio jo B0 B Y+ S0 )0 Of Bas sl g it (i laojls oS LSl
) e Glaojls ceai 5 colo Pk o oY slhcsloy; dabys 1o 5 5 e glagSe (pils s &
oS wiols @) 1) lassl ol (sl oS (slaojl sleiin p ool [0°] o ) 5an 5 5,8 clogds [FA] ol o
sty canlin baojl ) sl ) GBS g 0 adlate slac]

9 Nedoo Jate (3¥5h ablie (ols 9z b oS Ceal b Jlezr b aw o0V JliSle S osle oS
— o ookl Jogi go¥ed Lsle Ol wosle cpl sl (IS ek e o LSl 4 p9> (Solias! ooy s
(A US) [FY] )l egiio glgil 39

[08] cobb asly (b 3o 0L Gl 155 o ygumlaigh A JSb

JBge> (9 Sm JIs o3l ol pg Juid a0 )8 gl (6l (2295 Sleiioy (oS slaosls
il oo alivs ol e [YV] G [FV] 5o )ls Kinlen o )8 guls GocnS (>l b canlin 5l g oLl
Bl 5l s 4 el aly (2l ook slagmg ol wbaw gaaliigd wld o A B3 B 513 (oS
Sldes g bojle opl oS s @ bl 05 oS owlie 45 ( rdge (Sl J85 4 gl o s> b
woladl aiyo a5l [2] sloge ol Slasle laoe Sy 5l s & Jleds 5 o Jiig s g cast

1 Embedded Length
2 Quter Diameter

Yy-



oolbny dnz> 5 (g has a3 YoV-YYD ¥ o lods c(1F+) VA (031,05 oke aoliliad

Jaie byo s s o KL g wio 5 oo cuad Gl 2 o ome jo abaws ojlu sboalsS isbaw Lsle

Goe o b gl cnl [5 o] aisS o slowl ol slal pln o 253 (Soliesl 5 bl S cnl g oo

I leS Boe 6lp gmlaigh l 09d (6,55l ojles sladly 4 Lo 1S 055 Sl b 09 At e V5l
O IS [ ] e L 1y5 e Yo 5l e g ol o 28 oy e goladl L

Tower
Work platform
Intermediate
platform
Boat landing
Diagonal braces
| |
| |

[Po] b aly (253 60U (SocmtyoF drlduw (ygmmlaigh Ve JSCi

gl (Joluld jslid ol slagms s 3l psabstanss )bl & (o (o) s 85 ol 5
2 s a5 g ISl 055 inly Sy IS sty 5 2t ol a5 Ll ) Jikaes Laosl ool 5
I (559095 5l 65V a4 )] (sl (29 Sl e (938039, St a2 g b g Canl jne (S5
e Slamgol e a ggiz (g 0 oS WS B Rl LB Gla)l 5 (Soy e 0 ojle
S oo Jeted ) T 5 i 7S 5 20l oo ol (Jlasl slal Sl ol cal 5 95 0975 & sloasy
Joy 5 o3l 5o s & ol 5 ol 5 V0 5 An B T e Gl L 5 oo 455 & 0 oo
orl g 5 JaigJom llos 5 aiin o355 (Si5 4 Y Gas 3529 b Gble (al iilos an S e o
S mys il gl by g0l (65,1 croznl slizul ay a8 cils az g Wb Lol oS o ooles jlews | LagSCus
s a4 a8 ol ol e S5 LEV] 05 coley wb Jobe b3 5l ol 0 alols JSlas Ll p sols
SR ol 5 glsel (JBla (5520 50 il (nl 55 (552 Comdy (p ekl o > Ol 0 S Gree (558
e Sl bS5l padle ) s 5o (G bl ally oo Y Jlens LSS £55 (nl (B33k o et 4 025 o0
Ogewliigd cpl sl oolaiul a5 glaline bl wisS o s> ) 595 Jolad g gl cad dig)ly ot zud 4 o>
@ Jesl Sldes a5 col QT Jabs Jaig fom azeii o g ojle pabae s o3l il o el 1) 8 84 s
Sloojle 5ol 5 zoe oyl 5l L 2bys slaglya IYASYEYE] wis o Jlsis olyens 3 1) cua g ol
ol 1) b ol como [PV )5 )Sen 5 Lics el 45 0505 20 VYV 0 3900 (5,050 Bas 5 &yl 36 Lol

.Aj‘o.))f

vy



VoV-YYB X ojlois c(1Fe0) VA (3115 ke aolibiad o) 95 9 o Gl 53 Janiliy oaw

S oo o3l anle 5l og3 (gl sl &5 Cenl lae jlens Holed ailgmal S ol (ygenilaisd cnl sl
(=5 g ok el sloand 35 oo )3 5 50 Ol gl 350 5l S s oibs S8 5550
1y 6ogtds 35 50 5 ailoo (S5 Yoare ol prhaws 4y o0 gl SBgd (slaciand o5 coal Jo o cpl syl
ab wile 5 oS onl (3l les 0928 s polie Ggtw @ and lud lagS (IS jobar ip o0 VU
el ) pabie 455 o s 4 Lol g oo Jlee Lo o sole s o JiS Ll g5 o Lol el s
Iy Bomyg 3l diss ol (6l SWOT Jaw V) UK L% 557] 05 ls o ot by 0 o (5 528 (50l wo3les
a2 o ol

s ojliige el pas ¢
ol Gasay Koy ¢

Shpods 0
olegipymays o
4yl lge cuasd

el gamliigh b (dolul b 59l 6oL (mye¥ (F9x 9 950 GBS g V) S

oles sbyo
0dgaze 10 by Gee iSTas 5 Conl jieghS FYYV sga les sbyo Oyglxe yo olpl dole ba> Jsb
Sglme 53 feskS Yo (Do b ol ol allar e e Vool G b Gl o Ol e sl
ail> o lee byo LY sl o sl (LeaST b 550 50 5165 b 50,0 4S5 50 el s 0905 5 clee 5Ly
B geige (somge slasl (hig (Byre )0 byd (nl &S gysbar )5 1E (65 557 Slapiann Jlod
o 2l sk coge Snd il s (GYsb iz by cnl o (ad Sl o5 bl oS e
D (K ol 539 e 4 MalS 5 s LSS 1> dad p0 lee by 50 O (xaw slac)l > g s S
a5 s sl S & ol s (Sl s by 1 s oz stk o ks b o
Slosl o s b 55 55 Sy s el 4 glas sbs ) (e oz S5 00 ki et
e 53 ples sbyd o wad glasl b oo bz plee by S )5 4 Ol Wigd e oS (Bl camge
Slos sl o 9o 5 )3z el baols o 3l e ot 5 69 Slaole o ool (g ool a5 Wijg e s 5
@ oy oS5 ailas )3 g yie 50 S9a (Bph ASu )0 oS (5 ok el flie ©f A 30 5l g Sel lanal
Sl s> 5 los by ot led 5 oS Ceal glbony I (S ialald sny e s VIO Sg0

L Upwelling
vy



ool duzxs g g phns aid b YoV-YYO ¥ o lous c(1F+0) VA (031,05 code aoliliad

ooldlploay zlgel « B8 S o155 slo Ty cde a4y Hlae sbys Jolo jo a5l ools lid Slalllae .0uig oo E5854
Sz ol B8 b 55 0 idu p0 aip Legldl 4 o tws s 4 Lo cnl L] wlowts ssalie gl 3 o
Sy Sl alols  Sis Bl Gos 9929 b (Jg o)l Ges e YO« + g0

oo )5 s 4 aaSal slagSw olid gk g e S ol 5o YO - B Ve v 0bj Gae Jdo @
G pbin o2l )s Slaglsb 5 glael (om0 658 5 bl g9z Ll 0 Vb b g (bl
2 e w e (b aly ok slagis b avalie )0 by s 3 95 (nl ol plad adgs ayje s 4 S
P 31 5t 45155 n s sl s o ool (il B (35 3 5 atbse S ok sac
o3l (nl 3l oslital (sl Ll 3)ls (093 Sl (slasgly 9 IS OIS 2 o oitS aly ol oy JU) Koo 0L &
Uil 5 e 5 55 Slyasis o 4 a5 A5 30 et oS i Sy 00 55 (gl o 4
[FA] oS 5 L sBolo (g S ool Slaiig cnl ks 50 ol Ao ko 3 IS o (ol 8
s 9 3bj e g 552 s 4 ol o Sl (S5 50 el oad il [YV] ) Sen 5 alnls 315,
al losSr (2l S 5 (il fan bl A2S fime 38,515 il ot 5 ol o o e o e
D9 g oyl Sl cpl Sloolaiul (e YA e Cilin os 099 bl 4y ¢ LS

Ol S @ 50 et STL plejen Sl cnl y3 o ls sl al e (gmmlaisd goi cnl iS4l
iz 45 0)ls Sy ol g o bl nl laS e 5 Ol (Vb G 4 |y T il e bglas g
Al g8 sladle b Seuil slaalg) ¢ i sla LS aslys so bglas ol el 0ol Juog o) 4 i a3
Gl b walss S5 S sy o wote ol & st 5 ol i S ik bsb S ke
S e 6 Selr wigd oe sl Lo Lig > leel Lasgs oS S T 5 2 oS o 5 o0ges oS> 5l WS
95 B S pln 53 graliigd cpl wload Jate SouSh a4 (e slaggil bwg bl (Sl ool o
S8k y jo 4898 slaaly b (o258 o L3S £ 5 Wi o 55 LS e 50 S s Bl oo °‘}ilv‘5"’)9
ol go90e <5 o Uy T ol 35 5a3 48 w3l sl (g ke baosls sl cad ST &y 4y Yoo
SYE] ool 0y Tl Joo 5 Yo VF Lo, ksl pl Joe oy o g by S & a5 il oo
a3 o Lz SWOT Jaws elol 1) 03l ol (slay SS9 VY U [9F

! Heave

2 Roll & pitch
3Surge & sway
4 PelaStar

Yvyy



VoV-YYB X ojlois c(1Fe0) VA (3115 ke aolibiad o) 95 9 o Gl 53 Janiliy oaw

o0y 5315 Sldas
S bl Saly ¢
oy i
BIESSGIE SERWE
Yo,
U0 50 haild jlige
Srnpelde 0 Cudpae

Sl (ygmlaigh b (ALl ol 60U (miys (o 9 (930 GBS 39 VY S

ISl g Vb (sl s a5 0l a5 (glosls Jtisle oy el o5l ¢ c2uiS aly ygmanltioh  ogdle
L¥V] 05,8 o B yme (omlin a5 (lae (sl yo Groe slac] (0 ol Joxe ,o o] 5kige

Al ygabel Ao €98 o i Sl o 31 (oLl 59l (GOb (ymtygf (ygmmiligh gl IY S
[FF] sl 5 linies’

97 5189l b dumlio 30 Gl ! )9S Jamiliy 3 G3b (mtygf (§29L8 Sy
5 ot ol 10 SlglKe Y AUD ggemme cud b b (g3b o5, Y8 slaws 55T Ll sla b )15 (omyp b
Gy oo AYIYF Jade 51 VFer oloyd U ol soollg,s IS w0, ol &5 Canl ool ()15 50500

- “ P K - P \
Ol 55iS Gy 855 890 5 pdazd slassyl el

YVvY



ol > 5 g yhns aid b ToV-TFD ¥ o)leds ((1F+0) YA (o8l soke aolibad
39 Olpl yo el ceal (60l sloymys cudyl QIFVE S Gillae il o ol j5iST j0 eal ade pdiagass

AJ;GA ‘Ji) ‘w‘é.o)o 6OL 6‘.20[?5)4.) G‘J’LQ"")LJ ‘.)‘"5‘)‘""[’(5" u‘jlin\ﬂ" Jde.o 6¢>L~c AR JL.:
el 0aid ol il 5 e by (ol e

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Oler | oy 300

J

3

;1 40%

5

20% I
I

<260 260-420 420-560 560-670 670-820] 8201060
W/m? s b s 33 3k 9.8 Jor

§

g

g

3

e ey S 53 042 ki 3 S5
g

Jomilis (0. Yo G ¥ode Jlo 51 9o o 3 ool 2! 50 00 i (0L (§U w599 o 1 (AINF S
IV g0 Vew @151 30 VG yol iy (sl g3l (sho oKyl T (BIS' (iuds 5 3L (59,08 Iz

S lsieds FYL g pges G Bblie VY S 50 pdianazs glagssl (allim Gl glalel il
P e Ve Ei ) 500k (695 (JBa (JKE tal g IS 50 45T (5 5k g g0 4185 SIS 0 g Sb e
o FY 05 WIM2 Jaie o] 3olis 0oy V-

ABlor Sepiey Jb 50 60k g 69k Olpl 9S8 (Slnl plesiee 5 Gl Raegs A s &
903,5 JLl ) 093 el WYVA Lo jo ailiajsls ;5 ook omysi ozl <858 (gl (lgiedy 950 Lo <550
Lo 095 ()l b o858 cnl icenl 03,5 (age | Sladls (b <855 ) DlaghS 77+ (slacrys (5,2
FIO L F )y b b, 3 oS o s 5 53busnst sie O/F o Jsb b1, glKe YIO b 63l slocyy8
b sl (6598 4 Sbcwss LYY Jlo 5l uSeany o8 18 pizman 350 095 5 sl o 1) SlglKs
5 Lals )5 Sl colo 5 (Pl Culyias 08 LT 055 5 (Gun)ls 5 (msdisgle (s0ses e
KAMI-600 5l (s,3t8 50 [Y+] jo (6 laele ol s ST giluimile <8 18 onge b 5ok (sloolSy
ol 05 e VYAY Lo 5 agk S F v ol ol oS oS

O a5 all e ol o o S8 slagSiw calu (5,5l sl G g i mlie I gaieo o Jody ! jeiS
I Al L 55 60k st 2y ol aly lagsglaish b Laosls

3 sy sloy5iS plsied GLudSil s Gldl oSl (haz S5k (gla)paS aLBiS ams g0 40
b lead ceal (IS eyl ¥V Jlo 0bL B g wlodgr eoe Sl L po (2bys 551 R
95 50 o ceai s0b slan,ei cud b VO S yo [P0] cudl st el SIS YE sgas oL o
oads ool ylid Lo g (Sad isu 90 ;0 VeV B YV Jlo 5l Olle o wedSSH g ledT jgiS
Al oo DIy YO« o 5 DlglKe Foe v e o ey aS ol

! National Renewable Energy Laboratory (NREL)

YO



YoV-YY ¥ oylois «(1F+) VA (031,15 code dolibiad o) 95 9 o Gl 53 Janiliy oaw

25,000

20,000

E so000
15,000
40,
L]
30,000
10
20,000
I I 10,000
0

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Installed Capacity (MW)

§
8

§

Cadybs (Vo Vs B VoY Jlw 51 Olglo o g oylodT 53 ounis i (0 (Gl s g8 e b5 (A1 ND Sl
o (6] g S5 308 (6 pimS15) VoV B VYl 5 Olglo cans p LSS )0 ool cuai (50b (sl yo8
N (bl oo (Kt i sl Sy SS9 by

3 om 0,5 o e oyl SIS Y5 o b 1) by ol Sl 5L e e ol o

3 om sbos, 0 e ga L8 SIS F L oSl g SIS Y L SOk S VO L ails ]
J,8 [#5] ol wgildl jolxe 5 Jlads (Sbys 0 wadicual Slem Cud bl as o e sgas Gl 4 b i §
IAV] el SIS WY byl b Sl Sy ondy92 ooz 2lyd 60k 4830 00 55,3 pel 4 B s o
Bon plh 45 (5 sbas (il malyE Sbyo (50l slap g Cao (S i S 90 Hhizdl glanl e
an g [PAl aas o Ll38l SIlES FO 4 YoTe Jlo o SIS Ve IV Fe Jlo b obyo b sl 1y 055
VLI FA] el 03,5 s YoXe B OIS Yo g YoVY Jloo b obyo ob SlglKS 0 51 slalsly ol Gl
S It 0,5 Glaal g [Ve] ol 085 oo Yo¥ Jlo b1, ol ob SlES Yo Baa 55 10 5l suoxie
P OlEI MY 8 bl Gz by ol as)ie 35S 5 sl Yo o)L FYIY acliyy 5l 5,908 1)y 5 sl
ol S il a0 VIO s )liw b [FV] el 00,8 laig, Yo¥e Jlo b oliw ofoss ol b
A YooY sgam 5 Yo¥e Jlo b SIS YAY 3g05 sl s S odybs 4 Wlgi oo b, ob JRENA
6ol Crmyg &S 58 ¢ Jle (sl ails walen  ite Sl i 5 60l g syt IV Yeae Jlu s
g o 45 Cel SR VY ali e B b 58,50 2byd (50b Gy o (53, Geiw Jl> o Vestas (S el
SlgKe Yo a ans 90 b S 40 Wl o Wi yr ol ] slacd i a4z b IYY] gs e wans o

I#] o

oL S yoi (golail oy
VeV Jlo po celo SlgglST N <NEY 5l IS jabay ol slasl gl s anje Sl S5s nSile
il Sial3d YoVE g ¥o) e 0 LCOE (o opl b sl @iy (2l Yo Yo Lo, el laskiST Vs +/+AF

Hornsea 1
2 Levelised Cost of Electricity (LCOE)

\A 14



ol e g (g iz Al 8

YeV-YYO ¥ o)l c(1F ) VA (81,15 cole aolilad

5 el SlgelST NS VY gl YoV Jlo jo oS wiloads Jite pgees slocl & i bojsp 1) sl
A axlge ad G1elS b ol 5l e g dww, YO F Lo o cels SlgglST Yo /180 g celes

0.30

0.25

0.20

2020 USD/kWh

0.00

2010

2011

2012

2013

2014 2015 2016 2017 2018 2019 2020

(VY] caclis laglesT ¥ o 3 Fo¥o 6 ¥ode Lo 31 6 din 30 Sl (539 cnilon NP JSs

oy VoY Jlo b by ol 6y LCOE Juie (udSl s ool ily eimz aiile 5,y (slo st o

03

2019 USD/kWh
=
~

Fd
—-

00

ool a8l yralS

. Denmark United States
. Germany

. India

. Spain

I nited Kingdom

GYAAF Jlo 3l g oy (slaygis bawgi (Sius 0l 3,4l 036 (gaojg  LCOE 200y39 csSleo Y S

v\ a4

ol o 3o cnl o)l (605 ke juw a0 9 Ceand 3591 0 55 IS @ 9,8 5l i ()b o i jsboas
908 JU 4 bgpo Sl o )gf oaliig daimysi 993 ceai g JBig e clo oz I dlide 5)l9e

Yvy



ToV-FPO (¥ ojlos ((1F++) VA (31,18 sole doliliasd ol ! 25 g o sl 55 Juamiliy (ouyys

Sl iy ES 0 059 (5 T ko js Aje a0 0 ) Jgaz 0 adl e g S Sldes (( SiS 4 oy
sl 00 a3 Wiged Slgisds @ lae pl 51 Sym j0 bl 3 Sl VIO (e

Vo aloll (b Olglo Y/B (g 03Il b (ion €8 3 Cmwd 55 aalS 039 33 (5ol o yaw 40 32 Y Jgur

YAl Jolo 31 yiogls
SIS0y iy 32 JS a3 @330 41 3ld )90 3,lg0
AN &b gloom)
A o 4 Jlail g S0 S slocslan
YA Ogemolaigd
¥ S gisle
Al bay e plo

Ol Al seljo o s g el oo &l Sis 50 DlglKa ¥ oy AVl (6500 000 430 55 ¥ Jgo 50
o OJ:[Q; Q)5Tﬁ S50 YYGvy- ‘ﬁlﬁ)‘j)uy‘k}h‘a

[YA] Slglo ¥ oS 60b oy yg5 a¥lw (6,10 0 0 43 32 ¥ Jguir

Yo el yd o yd o8 A5 oo oy Ly j»

-0 VY G 5 yeass o133

b Yo A0 s gl

Yo-Y.- 5. d (oo

A f.e FER o5 0]

YooY Py o ki ke
Vo XX 9o W55 5) 585

(g locdlo s 5,

Yo -Y- . b -To YL loase IS

sl VL ke cnl azyp 45 00,5 drlms a5 gl Syl ke b s Sl (sl (IS 5l

—a 30 355 wilodds el Sids 50 (53b loelSy i oled aSST 4 axg5 L [¥Al 3,5 (5 peolatdl o3l ¢y 8

Gl sbaza ¥ Jgao o cwl ool apulore (S 0090 ;0 58 Sb (6550 opl (solaidl Gldllas 5 b
IVE] el ons ols (ylas NEW-DEA g, 5l ol b calises (5 59id gets b molSy i (adlis)

! Capacity Factor (CF)

YYA



ool duzxs g g phns aid b YoVoTFO ¥ o lods ((1F+) VA (53,05 sole anliliad

[VF] NEW-DEA gy 3l ooliuw! b caliizen (g 59U oy b bolSg i (23Lw) (oIl sladiy 30 .¥ Jguo

a
3 - } =
- - j — | 3 3 8 X X
E 5 = 4 3 3 by D
=2 3 2 3 2 3 33 P I
v 2 O SN = = 3 305 %
o N 3 a2 ) = 3 . 2 W
i) 3 Y 3 ) 2 2 A Y
; 3 3 2
| = _3
9 2
Voo \idAnd VY\V/EY Yoa . Y¥/O YNY NOF ARRRYAY J.yu,,.s
[dNIN AR7ANS VAN £ . AA NEY . INATAS 8oL
ONA  Y-NA VoY . . VEY A VIFFE YYA EJ [ESPRE. Jyes
YNS A6 Y YWWA - YYYA AL S & (PN R A VL “"'f'" i
&8 omod
YAIS  aUF0 -IN¥ . . £24/0 SAY O BOIVAY YO o5l e

ool (53 (8ly Slacied Slivayy LolSg,05 (Bras Cogu anin (ogasa 55 Cud 3luly]

5 B b gt 535 JugilE Jby Cend 4 S5 by Cend 510 o pdvanos SIS 1) ol by

S92 wilsS 430809 e slms (53L Slool gy «53E SwlS s ol 32 A 9 Vb s a4

4y Jlsl slog) a3l s Gho 8 )lge p ogdle [YO] wloass arusls g b el bl oSy, 90 a5 (5 5bay
Sy s 15wl (5,0 059 0 IS Ve slasd gl 5950l 0 B o))yl 528 IRENA sl

(S 5 ol
L0 6oL (Slarmgi (il 4 o Kaghy ol e 95 )l 3k (59l w3 (sl 5
8L Gy cilizes lgil caas Baa b lpl o] Jowsly ol tagy 5o dal o ol bl 5 (Lol 9)
Elyl W05 () p g Com Sl Jao ol ob Glagm)g el jshiie red 4 g W (omyp (2L
&b G g p9abstdas g L2lS Al Glel (ol gaalaigh aus o (dxlul)d gl ol (ol slasms
Llis b Gekd el alaw 5 oS (S (bligige emelisd ez o drle cul aly by
SR G 050 glgil Sl plaS e slassags g oo b wulee dilie 5 Gl g lpl slol o (oulids ugil Sl
b Sy o7 bl (g (sl o3l (ncanlio 5 il Jll 58 il (Sloogmlaigd (> 285
Gl b (S 4l g ol 5l e o (Byme qealie ey )l le (23l s @ Jlads cuai g Jilg Jo
n.sJSMS))'—’.’)-.")-.’PJ-é;)‘)é):jL"Mﬁoidbﬁ5)%6b&sﬂ°~)§“‘€?“fﬁwdﬁﬂs
2 b g ke 00 6 e 090 B3 L 9l Ty yeabstans g9 BT 0 ab el 2yb Solel JEgde
2 S ol g hligige ojl BeseS G id )0 Al (qwyp Je Greges (lgieds ool 5 byl o 0,95
2 Ol ceal s 4 ligige ojls a5 Wal (Byme Sl aly onslaigd b e B0 BV (gl)5 (gl s 4
B Y oS Bloel (gl Jgl s ¢ oS s s (g 51 g 0 atiasdls canslin 52057 slogos (sl ol VF I a8

Yva



YoV-YY ¥ oylouds «(1F++) VA (031,15 cole aoliliad el e 5 o Gl s Jumailiy oy

b s Folel Jaisdem b ¥e Y Gloel sl pgs s calad 3 5 520 Yo B F b5 pgs i o2 ¥
lp bl 2b)o b lacm )i 5l Ko wius 93 Hlpiedr 55 dbdw 5 8> slaojle ik (Syxe S
s a0 ails sl onlid gl Eom )l Lt plo 5,5 L o b e Ae B 0r b5 L el

O g a8 gaste e a (ool sloolSTg s )l 5 (Jby e Gl 5 S Slaols i (s G e (05 VL
Aloos awsly 5ad pods yg e el 0ds o

9 e Sl g JBgJox anrpe (ldlir Slaiie g (pwlid Gugldl la Sy wluly oletioy by,
Oy )3 4zl bl Cusdes 5 (Shy (epat 0 &5 laallas 4 axg b Sl oad )] ceal Sdggu
JBsde> 5 cead (o ibe Sl Sowzmn @ 425 b o9 (nl (o285 4l £95 S ok plie Jdo 4 288
o el Jloyo (nl 005 o0 ot Bres Sl sl oS s VAt Gres ol 4 O] 5L 5 Jede
S5 50 Grizres s byd (nl 08 665 sl orlie slaan S Lo lS pon Jud 5 blgige slaosle
oo 538,58 p3b o g 5,0l 53 O (Bog 50 Jlon Sl 5 3bj e 5 52 o & ol (g Joloms
Goe bypb 4 ol (S35 50 )3 le cnl ol eslitl (a8 Al slagSw (2l X 5 (5ila o bshas iiS
O Soop 2l o O YU Ges Judo 4 Ll slaosle a5 cel Jl> jo pl 005 cod deogi (e VAL
b alid ogllae slaan 55 (LS (592 Lulrd 53 0o b 5k (Jle

References

[1] European Commission. (2020). Boosting Offshore Renewable Energy for a Climate
Neutral Europe. European Commission. https://ec.europa.eu/commission/
presscorner/detail/en/IP_20_2096

[2] Feldhaus, P., & Vahlenkamp, T. (2010, October). Transformation of Europe’s Power
System until 2050 Including Specific Considerations for Germany Electric Power
and Natural Gas Practice. https://www.mckinsey.com/~/media/mckinsey/dotcom
[client service/epng/pdfs/transformation_of europes_power_system.ashx

[3] Dai, K., Bergot, A., Liang, C., Xiang, W.-N., & Huang, Z. (2015). Environmental issues
associated with wind energy — A review. Renewable Energy, 75, 911-921.
https://doi.org/10.1016/j.renene.2014.10.074

[4] Heronemus, W. E. (1972, Sep. 11-13). Pollution-free energy from offshore winds 8th
Annual Conference and Exposition, Marine Technology Society,, Washington,
D.C. https://ci.nii.ac.jp/naid/10029324950/

[5] Barltrop, N. (1993). Multiple unit floating offshore wind farm (MUFOW). Wind
Engineering, 17(4), 183-188.

[6] Tong, K. C. (1998). Technical and economic aspects of a floating offshore wind farm.
Journal of Wind Engineering and Industrial Aerodynamics, 74-76, 399-410.
https://doi.org/10.1016/S0167-6105(98)00036-1

[7] Henderson, A. R., & Patel, M. H. (1998, January). Floating offshore wind energy.
BWEA Conference,  https://www.researchgate.net/profile/ Andrew-Henderson/
publication/30415925 Floating_Offshore Wind_Energy/links/544d686b0cf24b5d
6c42b522/Floating-Offshore-Wind-Energy.pdf

[8] Henderson, A. R., Watson, G. M., Patel, M. H., & Halliday, J. A. (2000). Floating
Offshore Wind Farms—An Option? Proceedings of the offshore wind energy in
mediterranean and other European seas, Siracusa, Sicilia, Italy, 15.

yy-



https://ec.europa.eu/commission/presscorner/detail/en/IP_20_2096
https://www.mckinsey.com/~/media/mckinsey/dotcom/client_service/epng/pdfs/transformation_of_europes_power_system.ashx
https://doi.org/10.1016/j.renene.2014.10.074
https://ci.nii.ac.jp/naid/10029324950/
https://doi.org/10.1016/S0167-6105(98)00036-1
https://www.researchgate.net/profile/Andrew-Henderson/publication/30415925_Floating_Offshore_Wind_Energy/links/544d686b0cf24b5d6c42b522/Floating-Offshore-Wind-Energy.pdf
https://www.researchgate.net/profile/Andrew-Henderson/publication/30415925_Floating_Offshore_Wind_Energy/links/544d686b0cf24b5d6c42b522/Floating-Offshore-Wind-Energy.pdf

ool duzxs g g phns aid b YoVoTFO ¥ o lods ((1F+) VA (53,05 sole anliliad

[9] Energy Technologies Institute. (2022). Deep Water. Energy Technologies Institute LLP.
https://www.eti.co.uk/programmes/offshore-wind/deep-water

[10] Onstad, A. E., Stokke, M., & Seetran, L. (2016). Site Assessment of the floating wind
turbine Hywind Demo. Energy Procedia, 94, 409-416. https://doi.org/10.1016/].
eqypro.2016.09.205

[11] McPhee, D. (2020). ‘World’s largest’ floating wind farm off Aberdeenshire delayed by
six months. Aberdeen Journals Ltd. https://www.pressandjournal.co.uk/fp/news/
aberdeen-aberdeenshire/2561968/worlds-largest-floating-wind-farm-off-aberdeen
shire-delayed-by-six-months/

[12] Pérez-Collazo, C., Greaves, D., & Iglesias, G. (2015). A review of combined wave and
offshore wind energy. Renewable and Sustainable Energy Reviews, 42, 141-153.
https://doi.org/10.1016/j.rser.2014.09.032

[13] Ye, K., & Ji, J. (2018). The effect of the rotor adjustment on the vibration behaviour of
the drive-train system for a 5 MW direct-drive wind turbine. Proceedings of the
Institution of Mechanical Engineers, Part C: Journal of Mechanical Engineering
Science, 232(17), 3027-3044. https://doi.org/10.1177/0954406217729418

[14] ETIPWind Executive CommitteeAlexander Vandenberghe, W. T., WindEurope,.
(2020). ETIPWindRoadmap. Etipwind. https://etipwind.eu/files/reports/ETIP
Wind-roadmap-2020.pdf

[15] Kaveh, A., & Sabeti, S. (2019). Optimal Design Of Jacket Supporting Structures For
Offshore Wind Turbines Using Enhanced Colliding Bodies Optimization
Algorithm [Research]. International Journal of Optimization in Civil Engineering,
9(1), 129-145.

[16] Ye, K. (2018). A study of the dynamic performance of the multi-system involved in the
offshore floating type wind turbine. https://opus.lib.uts.edu.au/handle/10453/
133157

[17] Aghamiri, S. R., . Ghadami, Farid. (2016). Review of wind turbines and offshore wind
turbines, advantages and limitations. National Conference on Applied
Engineering in Young and Elite Researchers Club, Islamic Azad University, West
Branch of Tehran, Iran. https://www.sid.ir/Fa/Seminar/ViewPaper.aspx?1D=88247

[18] Department of Energy. (2014, June 20). How Do Wind Turbines Work? . energy.gov.
https://www.energy.gov/articles/how-wind-turbine-works

[19] Demirtas, O. (2013). Evaluating the Best Renewable Energy Technology For
Sustainable Energy Planning. International Journal of Energy Economics and
Policy, 3(S), 23-33.

[20] Alamdari, E., . Wasti khabaz, Mahmoud,. Omidi, Hossein. . (2013). wind energy and
construction of wind power plants with iranian technology. 1st national conference
on new and clean energy, Hamedan, Iran. https://civilica.com/doc/210011/

[21] International Renewable Energy Agency. (2011-2020). Data & Statistics. IRENA -
International Renewable Energy Agency. https://www.irena.org/statistics

[22] zeinali, T., Jamil, M., & Najafi, G. H. (2018). Technology of construction and
installation of offshore wind farms for coastal areas of Iran. Conference on Civil
Engineering, Architecture and Urban Planning of the Islamic World, Iran.
https://civilica.com/doc/775571

[23] zafar, U. (2018). Literature Review of Wind Turbines. (Chair of Geotechnical
Engineering Bauhaus Universitat, Weimar, Issue. https://www.researchgate.net/
publication/329680977_Literature Review_of Wind_Turbines

v



https://www.eti.co.uk/programmes/offshore-wind/deep-water
https://doi.org/10.1016/j.egypro.2016.09.205
https://www.pressandjournal.co.uk/fp/news/aberdeen-aberdeenshire/2561968/worlds-largest-floating-wind-farm-off-aberdeenshire-delayed-by-six-months/
https://www.pressandjournal.co.uk/fp/news/aberdeen-aberdeenshire/2561968/worlds-largest-floating-wind-farm-off-aberdeenshire-delayed-by-six-months/
https://doi.org/10.1016/j.rser.2014.09.032
https://doi.org/10.1177/0954406217729418
https://etipwind.eu/files/reports/ETIPWind-roadmap-2020.pdf
https://opus.lib.uts.edu.au/handle/10453/133157
https://www.sid.ir/Fa/Seminar/ViewPaper.aspx?ID=88247
https://www.energy.gov/articles/how-wind-turbine-works
https://civilica.com/doc/210011/
https://www.irena.org/statistics
https://civilica.com/doc/775571
https://www.researchgate.net/publication/329680977_Literature_Review_of_Wind_Turbines

ToV-FPO (¥ ojlos ((1F++) VA (31,18 sole doliliasd ol ! 25 g o sl 55 Juamiliy (ouyys

[24] Chattot, J.-J. (2011). Wind turbine aerodynamics: analysis and design. International
Journal of Aerodynamics, 1(3-4), 404-444. https://doi.org/10.1504/1JAD.2011.
038853

[25] David E. Watson. (2015). Wind Turbine Power Coefficient (Cp). FT EXPLORING
SCIENCE and TECHNOLOGY. https://www.ftexploring.com/wind-energy/wind-
power-coefficient.htm

[26] Climate-Charts. (2021). Wind Speed. Climate-Charts. https://www.climate-charts.com
[World-Climate-Maps.html

[27] Akhila Dharanikota & Suresh Rajendran. (2019, 07/23). Numerical And Experimental
Methods For Offshore Wind Turbine Design-A Review. International Conference
on Computational and Experimental Marine Hydrodynamics (MARHY 2018),
Chennai,India. https://www.researchgate.net/publication/334625059 Numerical
And_Experimental_Methods For_Offshore Wind_Turbine_Design-A_Review

[28] Sangbaad. (2021). Wind Turbin. sangbaad. http://www.sangbaad.ir/cateqory/%D9%
85%D9%82%D8%A7%D9%84%D8%A7%D8%AA/%D8%AT%D9%86%D8%B
1%DA%98%DB%8C-%D8%A8%D8%A7%D8%AF/

[29] Iranian National Institute for Oceanography and Atmospheric Science. (2021). About
INIOAS. Iranian National Institute for Oceanography and Atmospheric Science.
http://www.inio.ac.ir/Default.aspx?tabid=1204

[30] Zereshkian, S., & Mansoury, D. (2018). The Assessment of Offshore Wind Energy as
a source of Electrical Energy for Offshore Oil and Gas Platforms of the Caspian
Sea. Hydrophysics, 4(1), 57-68.

[31] Niknam Germi, H., Hakimzadeh, H., & Madadi, H. (2018). Feasibility Study of
Installing Offshore Wind under Wind and Wave Environmental Loads in Caspian
Sea. Journal of Maritime Transport Industry, 4(1), 4-17. https://doi.org/10.30474/
jmti.2018.64895

[32] Marinepress. (2019, October 4). map and infographic of the depth of the caspian sea
(caspian). Marinepress. https://marinepress.ir/

[33] Wandji, W. N., Natarajan, A., & Dimitrov, N. (2016). Development and design of a
semi-floater substructure for multi-megawatt wind turbines at 50+ m water depths.
Ocean Engineering, 125, 226-237. https://doi.org/10.1016/j.0ceaneng.2016.07.021

[34] Butterfield, S., Musial, W., Jonkman, J., & Sclavounos, P. (2005, October 26-28).
Engineering challenges for floating offshore wind turbines. A National laboratory
of the U.S. Department of EnergyOffice of Energy Efficiency & Renewable
Energy, Copenhagen, Denmark. https://www.nrel.gov/docs/fy070sti/38776.pdf

[35] RazaghiKaljahi, A., LotfollahiYghin, M. A. . (2013). Investigating the performance of
tension base wind turbines against gravity-environmental forces and how to
increase the efficiency of offshore wind turbines in the southeast of the Caspian
Sea. The first National Conference on New and Clean Energy, Hamedan, Iran.
https://civilica.com/doc/210099

[36] Nilsson, D., & Westin, A. (2014). Floating wind power in Norway-Analysis of
opportunities and challenges. CODEN: LUTEDX/TEIE, 1-154.

[37] RazaghiKaljahi, A., LotfollahiYghin, M. A. . (2013). Investigation and evaluation of
the possibility of using different options of offshore wind turbines according to the
environmental and geotechnical conditions of the coasts and seas. The first
National Conference on New and Clean Energy, Hamedan, Iran. https://civilica.
com/doc/210099

vy


https://doi.org/10.1504/IJAD.2011.038853
https://www.ftexploring.com/wind-energy/wind-power-coefficient.htm
https://www.ftexploring.com/wind-energy/wind-power-coefficient.htm
https://www.climate-charts.com/World-Climate-Maps.html
https://www.researchgate.net/publication/334625059_NUMERICAL_AND_EXPERIMENTAL_METHODS_FOR_OFFSHORE_WIND_TURBINE_DESIGN-A_REVIEW
http://www.sangbaad.ir/category/%D9%85%D9%82%D8%A7%D9%84%D8%A7%D8%AA/%D8%A7%D9%86%D8%B1%DA%98%DB%8C-%D8%A8%D8%A7%D8%AF/
http://www.sangbaad.ir/category/%D9%85%D9%82%D8%A7%D9%84%D8%A7%D8%AA/%D8%A7%D9%86%D8%B1%DA%98%DB%8C-%D8%A8%D8%A7%D8%AF/
http://www.inio.ac.ir/Default.aspx?tabid=1204
https://doi.org/10.30474/jmti.2018.64895
https://marinepress.ir/
https://doi.org/10.1016/j.oceaneng.2016.07.021
https://www.nrel.gov/docs/fy07osti/38776.pdf
https://civilica.com/doc/210099
https://civilica.com/doc/210099

ool duzxs g g phns aid b YoVoTFO ¥ o lods ((1F+) VA (53,05 sole anliliad

[38] Esteban, M. D., Lopez-Gutierrez, J., & Negro, V. (2019). Gravity-Based Foundations
in the Offshore Wind Sector. Journal of Marine Science and Engineering, 7(3),
64. https://doi.org/10.3390/jmse7030064

[39] Pourshafie, F., Lashtehneshaei, M. A., & NezamivandChegini, A. H. . (2017).
Feasibility study of installing offshore wind turbines in the southwestern part of
the Caspian Sea. 16th Iran Hydraulic Conference, Ardabil, Iran. https:/civilica.
com/doc/727392

[40]Tabarsa, A. (2017). Feasibility Study of Offshore Wind Turbine Project in Caspian Sea.
International Conference on Macro Science and Engineering Infrastructure
Development., Tehran, Iran. https://civilica.com/doc/730425

[41] Rezaei Monfared, H., . Sedaghat, Aref,. Watani Oskooi, Asghar. (2014). Investigation
of shallow northern and southern parts of the persian gulf for installation of
offshore wind turbines according to environmental conditions. The first regional
conference on sea, development and water resources of the persian gulf coastal
regions, Hormozgan, Iran. https://civilica.com/doc/393396/

[42] Malhotra, S. (2011, April 04). Selection, Design and Construction of Offshore Wind
Turbine Foundations. In D. I. Al-Bahadly (Ed.), Wind Turbines (pp. 36). InTech.
https://doi.org/10.5772/15461

[43] Shrestha, S. (2015). Design and analysis of foundations for onshore tall wind turbines
Clemson]. South Carolina. https://tigerprints.clemson.edu/cgi/viewcontent.cgi?
article=3296&context=all_theses

[44] Esteban, M. D., Coufiago, B., Lépez-Gutiéerrez, J. S., Negro, V., & Vellisco, F. (2015).
Gravity based support structures for offshore wind turbine generators: Review of
the installation process. Ocean Engineering, 110, 281-291. https://doi.org/10.1016/
j.oceaneng.2015.10.033

[45] Aarsleff. (2021). Offshore Wind Turbine Foundations. AARSLEFF. https://www.
aarsleff.com/

[46] Seatowe. (2022). Self-installing foundations optimized for production and logistics.
Seatower. http://seatower.com/home/

[47] Razmjo, A., & Shirmohammadi, R. (2016). Statistical Analysis and Potential
Evaluation of Wind Energy in Dayyer port [Research]. Iranian Journal of Energy,
19(1), 167-179.

[48] Sadeghian, A., Shirzadeh, A. . (2005). A study of location selection methods for
installing wind turbines. 5th National Energy Conference, Tehran, Iran.
https://civilica.com/doc/20191

[49] Persiangulfstudies. (2021). Depth map of persian gulf, strait of hormuz and makran
sea (oman). The persian gulf studies center. http://www.persiangulfstudies.
com/fa/pages/792

[50] Tahmasbi Fard, A., Azarsina, F., & Kazemi, S. (2017). Feasibility study of offshore
wind turbine construction with jacket guard structure in the Persian Gulf region
using SACS engineering software. The first international conference on new
developments in civil engineering, Amol, Iran. https://civilica.com/doc/726970

[51] Junginger, M., Agterbosch, S., Faaij, A., & Turkenburg, W. (2004). Renewable
electricity in the Netherlands. Energy Policy, 32(9), 1053-1073. https://doi.org/10.
1016/S0301-4215(03)00063-6

vy


https://doi.org/10.3390/jmse7030064
https://civilica.com/doc/727392
https://civilica.com/doc/730425
https://civilica.com/doc/393396/
https://doi.org/10.5772/15461
https://tigerprints.clemson.edu/cgi/viewcontent.cgi?article=3296&context=all_theses
https://doi.org/10.1016/j.oceaneng.2015.10.033
https://www.aarsleff.com/
https://www.aarsleff.com/
http://seatower.com/home/
https://civilica.com/doc/20191
http://www.persiangulfstudies.com/fa/pages/792
https://civilica.com/doc/726970
https://doi.org/10.1016/S0301-4215(03)00063-6

FoV=YTD o los ((1F+0) VA (31,15 sole aoliliad w2l o9 9 (o Sl 55 Jamiliy w0

[52] Mingjun, B. (2017). Design Flow of Monopile Foundation for Offshore Wind Turbine.
Southern Energy Construction, 4(S1), 56-61. https://doi.org/10.16516/j.gedi.issh
2095-8676.2017.51.011

[53] 4Coffshore. (2021). Monopiles Support Structures by 4C Offshore. 4Coffshore.
https://www.4coffshore.com/

[54] Ali, H. M., Al-Esbe, I., & Alwan, H. M. (2021). A review of offshore wind turbines:
global added capacity, monopile structure foundations stresses and deflection.
Periodicals of Engineering and Natural Sciences (PEN), 9(2), 712-731.
https://doi.org/10.21533/pen.v9i2.1879

[55] Achmus, M., Kuo, Y.-S., & Abdel-Rahman, K. (2009). Behavior of monopile
foundations under cyclic lateral load. Computers and Geotechnics, 36(5), 725-735.
https://doi.org/10.1016/j.compgeo.2008.12.003

[56] Anaya-Lara, O., Tande, J. O., Uhlen, K., & Merz, K. (2018). Offshore Wind Energy
Technology. John Wiley & Sons. https://www.wiley.com/en-us/Offshore+Wind+
Energy+Technology-p-9781119097761

[57] Peng, J., Clarke, B., & Rouainia, M. (2011). Increasing the resistance of piles subject to
cyclic lateral loading. Journal of Geotechnical and Geoenvironmental Engineering,
137(10), 977-982. https://doi.org/10.1061/(ASCE)GT.1943-5606.0000504

[58] Tomlinson, M. J., & Boorman, R. (2001). Foundation design and construction.
Pearson  education.  https://www.pearson.com/uk/educators/higher-education-
educators/program/Tomlinson-Foundation-Design-and-Construction-7th-Edition/
PGM521364.html

[59] Smulders. (2022). Beatrice Offshore Wind Farm | Jackets. Smulders Group Smulders
is a member of Eiffage Group. https://www.smulders.com/en/beatrice

[60] 4Coffshore. (2021). Tripod Support Structures by 4C Offshore. 4Coffshore.
https://www.4coffshore.com/

[61] Amirinia, G. H. R., Zahbion, B., & Mazaheri, S. (2012). Investigating the effect of sea
currents on the dynamic response of offshore floating wind turbines. 14th Marine
Industries Conference, Tehran, Iran. https://civilica.com/doc/473527

[62] Roddier, D., Cermelli, C., Aubault, A., & Weinstein, A. (2010). WindFloat: A floating
foundation for offshore wind turbines. Journal of renewable and sustainable
energy, 2(3), 033104. https://doi.org/10.1063/1.3435339

[63] Savenije, L., Ashuri, T., Bussel, G., & Staerdahl, J. (2010). Dynamic modeling of a
spar-type floating offshore wind turbine. European Wind Energy Conference and
Exhibition (EWEC), Warsaw, https://www.researchgate.net/profile/Gerard-Van-
Bussel/publication/254852069 Dynamic_modeling_of a_spar-
type_floating_offshore_wind_turbine/links/0deec53bc12eb20025000000/Dynamic
-modeling-of-a-spar-type-floating-offshore-wind-turbine.pdf

[64] Jonkman, J. (2007). Dynamics Modeling and Loads Analysis of an Offshore Floating
Wind Turbine. Nrel. https://www.nrel.gov/docs/fy080osti/41958.pdf

[65] IRENA. (2011-2020). Statistics Time Series. IRENA - International Renewable Energy
Agency. https://www.irena.org/Statistics/View-Data-by-Topic/Capacity-and-
Generation/Statistics-Time-Series

[66]IRENA. (2019). FUTURE OF WIND. IRENA. https://www.irena.org/-
/media/files/irena/agency/publication/2019/oct/irena_future of wind_2019.pdf

VY


https://doi.org/10.16516/j.gedi.issn2095-8676.2017.S1.011
https://www.4coffshore.com/
https://doi.org/10.21533/pen.v9i2.1879
https://doi.org/10.1016/j.compgeo.2008.12.003
https://www.wiley.com/en-us/Offshore+Wind+Energy+Technology-p-9781119097761
https://doi.org/10.1061/(ASCE)GT.1943-5606.0000504
https://www.pearson.com/uk/educators/higher-education-educators/program/Tomlinson-Foundation-Design-and-Construction-7th-Edition/PGM521364.html
https://www.pearson.com/uk/educators/higher-education-educators/program/Tomlinson-Foundation-Design-and-Construction-7th-Edition/PGM521364.html
https://www.smulders.com/en/beatrice
https://www.4coffshore.com/
https://civilica.com/doc/473527
https://doi.org/10.1063/1.3435339
https://www.researchgate.net/profile/Gerard-Van-Bussel/publication/254852069_Dynamic_modeling_of_a_spar-type_floating_offshore_wind_turbine/links/0deec53bc12eb20025000000/Dynamic-modeling-of-a-spar-type-floating-offshore-wind-turbine.pdf
https://www.researchgate.net/profile/Gerard-Van-Bussel/publication/254852069_Dynamic_modeling_of_a_spar-type_floating_offshore_wind_turbine/links/0deec53bc12eb20025000000/Dynamic-modeling-of-a-spar-type-floating-offshore-wind-turbine.pdf
https://www.researchgate.net/profile/Gerard-Van-Bussel/publication/254852069_Dynamic_modeling_of_a_spar-type_floating_offshore_wind_turbine/links/0deec53bc12eb20025000000/Dynamic-modeling-of-a-spar-type-floating-offshore-wind-turbine.pdf
https://www.researchgate.net/profile/Gerard-Van-Bussel/publication/254852069_Dynamic_modeling_of_a_spar-type_floating_offshore_wind_turbine/links/0deec53bc12eb20025000000/Dynamic-modeling-of-a-spar-type-floating-offshore-wind-turbine.pdf
https://www.nrel.gov/docs/fy08osti/41958.pdf
https://www.irena.org/Statistics/View-Data-by-Topic/Capacity-and-Generation/Statistics-Time-Series
https://www.irena.org/Statistics/View-Data-by-Topic/Capacity-and-Generation/Statistics-Time-Series
https://www.irena.org/-/media/files/irena/agency/publication/2019/oct/irena_future_of_wind_2019.pdf
https://www.irena.org/-/media/files/irena/agency/publication/2019/oct/irena_future_of_wind_2019.pdf

ool auzs g g yins a9 FeV=TFB ¥ o)louds ((VF+0) VA (531,15 sode anlibad

[67] Hyonhee Shin. (2021, February 5). South Korea unveils $43 billion plan for world's
largest offshore wind farm. REUTERS. https://finance.yahoo.com/news/south-
korea-unveils-43-billion-102034227.html

[68] Aya Takada. (2020, Des 15). Japan Plans Huge Offshore Wind Expansion to Hit
Climate Goal. Bloomberg L.P. https://www.bloombergguint.com/business/japan-
to-lift-offshore-wind-capacity-fourfold-in-decade-to-2040

[69] Reve. (2020, December 9). Offshore Wind Power in India: Key policy advances can
lead to rapid gains for sector. Evwind. https://www.evwind.es/2020/12/09/
offshore-wind-power-in-india-key-policy-advances-can-lead-to-rapid-gains-for-
sector/78461

[70] Adrijana Buljan. (2021, March 30). US Jumpstarts Offshore Wind, Targets 30 GW by
2030 offshore wind. https://www.offshorewind.biz/2021/03/30/us-jumpstarts-
offshore-wind-targets-30-gw-by-2030/

[71] IRENA. (2021). World Energy Transitions Outlook: 1.5°C Pathway. IRENA.
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/March/
IRENA_World_Energy Transitions Outlook 2021.pdf

[72] Steve Hanley. (2021, February 12). Vestas Unveils World’s Most Powerful Offshore
Wind Turbine. cleantechnica. https://cleantechnica.com/2021/02/12/vestas-
unveils-worlds-most-powerful-offshore-wind-turbine/

[73] IRENA. (2020, June). Renewable Power Generation Costs in 2019. IRENA -
International Renewable Energy Agency. https://www.irena.org/-/media/Files/
IRENA/Agency/Publication/2020/Jun/IRENA_Power_Generation_Costs 2019.pdf

[74] Shakouri.G, H., Kazemi, A., Abdolahpour, S., & Goldansaz, S.-M.-R. (2020). Economic,
Social and Environmental Assessment of Electricity Generation from Renewable
and Gas Technologies [Research]. Iranian Journal of Energy, 23(3), 7-33.

[75] Motahari, S. A. A, Ahmadian, M., Abedi, Z., & Ghaffarzadeh, H. R. (2014).
Economic Evaluation Of Wind Power Development In Iran Considering The
Effect Of Energy Price Liberalization Policy. Iranian Energy Economics, 3(10),
179-200.

Yo


https://finance.yahoo.com/news/south-korea-unveils-43-billion-102034227.html
https://finance.yahoo.com/news/south-korea-unveils-43-billion-102034227.html
https://www.bloombergquint.com/business/japan-to-lift-offshore-wind-capacity-fourfold-in-decade-to-2040
https://www.bloombergquint.com/business/japan-to-lift-offshore-wind-capacity-fourfold-in-decade-to-2040
https://www.evwind.es/2020/12/09/offshore-wind-power-in-india-key-policy-advances-can-lead-to-rapid-gains-for-sector/78461
https://www.evwind.es/2020/12/09/offshore-wind-power-in-india-key-policy-advances-can-lead-to-rapid-gains-for-sector/78461
https://www.offshorewind.biz/2021/03/30/us-jumpstarts-offshore-wind-targets-30-gw-by-2030/
https://www.offshorewind.biz/2021/03/30/us-jumpstarts-offshore-wind-targets-30-gw-by-2030/
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/March/IRENA_World_Energy_Transitions_Outlook_2021.pdf
https://cleantechnica.com/2021/02/12/vestas-unveils-worlds-most-powerful-offshore-wind-turbine/
https://cleantechnica.com/2021/02/12/vestas-unveils-worlds-most-powerful-offshore-wind-turbine/
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Jun/IRENA_Power_Generation_Costs_2019.pdf

