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Major institutional investors are partners in DONG Energy's offshore wind projects
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I ——
Software: Advances in control

0930- | Global market Sensing technology and software simulation | New initiatives fo improve
10:45 developments offshore wind health and safety

=S RSI RIS E=1011~1N'

10:45-
11:30 Networking break & poster and exhibition viewing
|
e Advancing
11:30- Share Fair: Winning

technology by _ .
1245 contracts in offshore e Further reducing the cost of capita i
' wind better design N wind incidents

and validation

12:45-
1415 Lunch & poster and exhibition viewing
. | N
Working with your i

141>~ neighbours: cross- Modelling - ) . offshore wind farms &
i Dealing with long-term price risks

15:30 border in the North Sea offshore wind coexstence in
& Baltic increasingly busy seas
15:30- )
Networking break & poster awards ceremany
16:15
[ [
The role of site nnovative
1615~ tendering vs. lecsing In technology for . Using innovation to
1730 - N ) ’ 0O&M game-changers = }
: delivering cost reduction | offshore ' address consenting risk
across Europe turbines
17:30-

1830 Exhibition visiting time and stand parties

18:30- Gaola Dinner Cruise: Cruise the Thames on the Silver Sturgeon. sponsored by JOR

2230 (separate ticket required)

6/8(z )

09.30- Hardware: new technologies for offshore Making floating wind energy ) N

10:45 o - R N - - nstallation challenges & solutions
: energy transmission and connection commercially competitive

10:45-

11:30 Networking break & poster and exhibition viewing

I e
Making the most of synergies

11:30- Design and analysis of
Offshore wind in the UK: a forward look %y; between oll and gos and offshore
1245 : floating wind turbines
g wind
12:45-

1430 Lunch & poster viewing
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Gwynt y Mor 576 MW | Siemens SWT-3.6-107
Humber Gateway 219 MW | MHI Vestas V112 3.0MW
Westermost Rough 210 MW | Siemens SWT-6.0-154
Kentish Flats 2 MHI Vestas V112 3.0MW A&
61]13.1 ats 140 MW 7 - 3 T
Extension MHI Vestas V112 3.3MW
Meerwind Siid Ost 288 MW | Siemens SWT-3.6-120
DanTysk 288 MW | Siemens SWT-3.6-120
Amrumbank West 302 MW | Siemens SWT-3.6-120
Baltic 2 288 MW | Siemens SWT-3.6-120
Borkum Riffgrund I 312MW | Siemens SWT-4.0-120
Butendiek 288 MW | Siemens SWT-3.6-120
Global Tech 1 400 MW Areva M5000-116
obal Tech -'
(Adwen AD 5-116)
Nordsee Ost 2952 MW | Senvion 6.2M-126
Trianel Windpark Areva M5000-116
rianel Windpar 200 MW eva |
Borkum I (Adwen AD 5-116)
Luchterduinen 129 MW | MHI Vestas V112 3.0MW|
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AP AR RMAG - R TR R AL 1KV £ b 4875 QMW
N pERRCE ok E GER 12) 5 T A HERER DN S SRS b
A4 & 3 QMW &2 pF o 1+ 66KV ?@ﬁiﬁ]:‘{ ERFE R REBRFALL 04
3t 33KV 3 4o 88 T2 22 ¥ GERI 13) o Flot > 3R 7 B8~ & I|F R 18
APV AT BMW & b o i * — = TF!'HL?] >R RE B 3300V 2 - = fgljgx/;ﬁ%] vz
TRE 5 66KV -t MR R E 2 H 2T A4y
=
Losses =
MV drive train has an upside effect on (3]
efficieny versus an LV drive train 102.9% E
=
Failures o
IGCT technology and 8D process reduces o
failure rates significantly
Maintenance ﬁ
Components designed for 25 years reduce o
maintenance costs o
V a8 Cabling
7 - MV savings are greater than LV for
p generator, converter, and transformer units ﬁ
Drive Train® o i %
+23% MV is more expensive than LV PR
*} Converter, HEX, Gen. breaker, braking resistor, cooling unit
Drive Train CAPEX Difference y
{Basis LV, cabling plus drive train)
o . . — -’ ‘%ﬁ‘ \
) 4 5 6 = . . I = 5 o :| k
S 200 - —— LV MW Il

Wind Turbine Power [MW]

B 12 - =l ~ RO E A
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111.

* 33kV vs 66kV Collection Grids

Losses
-46% B6kV collection grid has less losses than a
33kV collection grid

\ Cable Installation
-25% 66kY cables are shorter and have smaller
cross sectional area than 33kV cables

Bl 13 /J%‘ﬁ:ﬁ;?]ﬁ?[ﬁgk A
T hSYTE A KD G

TE KRR RTRC AprERSH Y B &R ?]»T-%{* A b 48 B T
DNV GL 7= ¢ * H B % 2. % "6 4% (Turbine. Architect » = 2)# A kX B &
A gnenz Ak #3055 (8MW ~ TOMW ~ 13MW):& i7 = A & 47 > d 30 b F-HHEE K ©
% (500MW~ T 32k & & §) 10 = =~ kiF 40m~ 3 A~ 50m~ T ¥R 5 jacket
35 PR BRI RS2 TRMFEFG o TR AR
g T+ ALCoE)E 2 ¢ o B ts R % o o b #5:E 3% 1< MW
T 1OMW = v > 4%H8 =% 7 = ~(LCoE) » = &_8MW F| 13MW < %+ 3
TR E R AR e TR 7 I FTEH A T IR r AL

AR R EER) -
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61 2220

0 2200
59

2180
58

2160
57
, 2140
5 2120
54 2100

8 13

Turbine capacity (MW)
B LCoE (EUR/MWh) m AEP (GWh/yr)

LCoE (EUR/MWh)

19 B )|

B4 2 RN E 28T 2 A0

TERY A R o BAAR AR PP BRRF T XA K RAaEFR
Pt gl b e 2 TIEHEE B A EH 4o o 2 I3V R B (ES 2
= 210m~ ®EE A 127n > 845 ¢ £ 800T) 5 6 » 1945 DNV GL .17 b 4% %
B FARETA 0 F B A A 120m b & KRS S0m RS 0 T L (T2 b g

TR T B AR A YR AT PERAL TR 2
st 2 PR BE R e o I R R P A B I KT AT KA
oA E S G 4 R A ki B R g b G PRl 4
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current fleet. T | 10
e 140

1400 }t
1200 " 130
l;;:;UUU -,% 120
S 50 S 1o

600 W

]
400 i 100
200 g a0
0 i

8 1
Turhine capacity (MW) 30 40 50 60
Wicetius. WINAmas Maximum water depth (m)

B 15 DNV GL 3R 7 b 8% X4 TR E

322 ¢ Turbine. Architect 5 DNVGL = @ ixdpif 2 KB R 2 G5k B2 2 0
1 ;ﬁd Rt igedr X aEdtisiddh

#(load envelope) @ Bfs #-H 282 2 F A A7 EFE 4424 2 2
RESTE AT LA SAFE TR MR B IRE G v R U R

?‘. °

rating, diameter, ..

Fatigue loads

MY —

Extreme loads

A T ST

~/| M II, pl

Bl 16 R {52 3 & 2t 2 Hqmds

(i
i
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(2) & % jacket A @4k 2 %5 1 % £ B A%

i. jacket A& W & B A4S

ARPAR FFFFF LF RS2 LA R BIERI WAL A H
Yoy 2 R R A E B RS B E RS F N AH
uE A TR HERE jacket F A AAAHA  ERALE B RS R
ZER o Rm A Are AT 52 T o F|p o jacket A#H AN AP
RTER SRS R FHEE A NSRBI ES X FF o jacket
A WAL EFFIZER - P ER PP ERLE AP FAORTRRE
2R e T s FL T k584 & (serial production)jacket
#HoHAFTFE 7 (1) E2 EgFcE o jacket AAHL 7N 4 & (serial
production)z* 3+ #R|(2)4rie s 5|54 4 & (serial production) jacket s #

(3) Tp 8 P KT > jacket RAREF B ehis ¢ 2 BHGER1T) -

B 17 ST3 offshore = @ jacket ,x 7|\ 4 A&

H ¢ 4 jacket AAALIE k3t R L 5% ST3 of fshore 2 7 4 7 » 28

it jacket JAFMAE * A AL R R KFEE R BN 0 2 2 (DEFAA

Behn B p b it e R SRR EFHEFRE K QAR

PRk 7138 4 & (serial production) () Hg#¥ F4 g+ B i1z
Mip % EE R ME g R (LR 18)
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STANDARDIZED JACKET DESIGN

Key design features to allow cost

Top Section: reduction include:
Flexible - Depending X-Joint
on Turbine size - d | bl
1. Efficient industrial assem
- / Leg s i
! ) ‘ from robatically welded
Middle Section: ’ //\ exfsiieaiiag d
Fully standardized / pre.a I'ICEl .e nodes
2. Design utilises standard steel
I\ . pipe available from multiple
“ea steel mills (Salzgitter AG)
| Bottom section: 3. Allows the application of

| Adapted for water
4 depth and seabed
| conditions.

l serial production technigues
during manufacture
‘ Koint | Idea_lly manufa!ctured ina
N marine accessible, lower cost

geography

B 18 jacket A #4E it K3+

ST3 offshore = @« #& &% it o jacket A#H K i e 7 (DL B
L AF R RS R F (OB PR REE 2 A2 o XRFESEAFO)
AR EHRDL(DFHEREE 2 28 2 jacket A# - T2 74 BH ¥
B % point to point jacket % ST3 &% it 3k 3+ jacket A# & (71 427 *

2R A2 i BE PR T ROIART Y GER 19 20) -

Cost comparison June 2015 Cost future prediction

100% 100%

Cost Comparison Jacket vs MP

@ 40m water depth, 80 x 6MW
WTG.

Source - Detailed comparison by
Bilfinger Marine & Offshore
Systems / EPCI scope, North Sea.

Jacket

B 19 B A #2 jacket(Bae/ A d) RS At i
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11.

100%

| -/\ B
% eduction
i B -30% Cost R cti x B
K p | Total Cost Comparison of
>< Point-to-point vs. Standarized
t ) | Jacket Concept by ST3
| > )
k \*
d/ >\‘; Cost Reduction: -30%
Point-to-point fabricated Jacket Industrial fabricated Jacket

- Material Welding / NOT Coating Scaffold / cranes - Logistics / documentation

B] 20 @ % point to point jacket s # £ ST3 & it jacket A# & &t &

ST3 offshore % % — A 44+ p # 1t jacket AA#A B3 1 g > %27 © R
FARME AR K2 1 (Rl T AHEROR 30m b 2 AR 43t
TP FLHEPE LN A A (serial production) 3 & # it th
jacket AKX “f? SPRFTE T b TR o S g H — B 2

M5 1 & A FEE T o
=

¢ 3k 7 11 SALZGITTER MANNESMANN RENEWABLES = & Z G3ip? 1 p w0 A A #
BALEPFEEF P L 44 jacket 22 XL-monopiles A # (77 R
B jacket RA#d 2 EH A B BFE A g FP AN
FERFERERE o F ARG E XK AR e

XL-monopiles A #:& (7§ & 1+ s o

SALZGITTER MANNESMANN RENEWABLES = # jacket sA#erflig (k5 = =

;9i 7 k704 & (serial production) :
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e

CrpECRREE AEB MBS

s MAT O L(RURERE BEZFERF)
s RGTE g R RRR

pobeit & EhE R

- B # %k (jacket AAME % E 1)
CEER B el Wi
cRTPRREET
P p bRz w ik

< L F R g

C B A IURREAR SRR RS O AR

-

¢t ¢k SALZGITTER MANNESMANN RENEWABLES = & » 41 * P(DEEE

f,_l_ . Z A

P K Y XS R g AR AR EREQ)E 2E
BHER I RABFULE S S A MU PR R e F GER
21) -

K, X, Y nodes and beveled standard tubes Long brace with stubs, leg sections

A-frames and/or complete X brace
and beveled tubes

and legs with stubs

%] 21 I‘E'.FAI ;\‘.?‘_ {4 ﬁ@i}f
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s+ » SALZGITTER MANNESMANN RENEWABLES = # % 7= % jacket A # % :d
R e VRE R T A R 22 k5 4 A (serial
production)in 4% » #-¥ > @ % jacket A # @ * gyt gk(point to point)
Wi > 3 30%nEi 7 GER 22) -

100%

-3 %  Costreduction
Logistics/
Documentation —

Scaffold/Cranes

Coating

Welding /NDT [

Material I

[ Highwall thickness
§  Low wall thickness

0%

Common manufacturing Industrial manufacturing
point to point

B 22 B V.S & ¥ jacket AAHHE > 52 o F v KA
3% F s 2% (Mini Jacket)2 %1 % %

MEFA AL SEF R ARARGERGE AP AR 2 £ RS 2
B b Ed o pRANMASLFEFEF v he T ERAAF LI ER
Tl ok p AR E T AH R BRSO Ra 0 B A# e A
UG P W PP BEEF R AR PAR A2 AE K
XL-monopiles A# = 54y » m g eng £ FIH - 8 % d7de x (£ )ik
AHD BN o HRE S KPRAR FEE IR ERET - EEAIATE
WA A eh Ak 2 w1 & R Rt o ] AR F % (Mind Jacket) 2

et L o g3k TND 22 &7 [ A1 E F a4 (Mini Jacket)'f %
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EMAAHBRE R RG RB BAAUBE TR AT L D B AET

FenE bt BEEEE (T AL GRS e g o

3% F a4 4% (Mini Jacket)sg * »* 30m & 40m 2 -ki% » f1* [ 3] %
7 H02% (Jacket Template)® & sdn b enfi AP dn %8 B 20 14 fdddddf 2
R A ARG E ] AR F % (Jacket Template) s Fig 7261 %
£ bt g RS RIES $ (Svaged) B T A B ) 31 % F 50 0% (Jacket
Template) o d v = L A i5ip it 5 8 5 jrﬁﬁﬁ#i Hrck o FpE A
trE M RE TR et B AW R 2 ] AR FSAHEE G B AR
AT e a2 gl ABOT 10T 5 AU P fE ek S B S iEE (GEE) 23) -

¥ B2 jacket A#AR ] A1 E F 7 H7F (Mini Jacket)#-7 ™ 1T 3R A
AEOHALE R 2 WagAgiek o 0t vh o SR a2 Qg o g IR
i W F SR gt w BT LS HT e VAR
;4% (Mini Jacket)» g * ®mEFER Fbi * hFx K L (o 744
XL-monopiles # #F %1 'ﬁ shg Fap) o S e o o) 31 R F S % (Mind
Jacket) e fllig 2 2 + £ 7 "5 M4k * B B4 jacket A# 30~40%7% 1

= NI
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(3) 4B 5% (oAp B HRAT
L IR S X8

pid s £ o 5 BBRSPRE DR F LR G Vitre
Stengrund > Lely > Hooksiel §= Vindeby % b #-(354 7) > @ H4R H» ©
ERTEFET AP BA N o RF 330 5 & g—)’j%ﬁ? b B s B
@%ﬁﬁﬁ%&’@#&%%&igﬁﬁwﬁ%i’a@ﬁ?ﬁﬁwg,+

SEBGA Y B ARF BTSN F A KA A R HE R R 2 ARAR
AAlEPR R o R T R PR e B3] 2035 & 0 K g
2 GW 2 S i o AP b o X R F R RN A D & LR NREF
;?%’fr'l‘ﬁ.lka‘fr“,f A NS AR R AR ii%.'rﬁ“,éf Rf-p AR A AE LD

g ek

EAKBE B R i%-“ﬁ% Rl Eficg Bl P o pow R R H R
FLATERRF2 AP L N8 F R % ITDR B RG RhH L
BRI RAITE R LAT & B KT 0 A kT 2030 £ AL R HARE D
A gk SR A 9y WindBurope #cdyp #rsis o B BB i e
BHFIHE F o TR AR AR A o BB AT DGR HF R
TR E BR SRS E920 £ o BFTHEFRF S 92010 & B4
1 H Ak s FETRE e B T AT R 2020 £ 0 F E XI5 - 14 BR S
HEE o 2 e T0MW e 2k @ 2020 & £ 2025 £ R 0 % - < 3] SR B
(Horns Rev 1 4= Nysted) % # ® UK Round 1 kb 3-3#-F iz;ﬂf o FEE E
"Bt 2000 (100 &R #8) > @ 3 2035 £ Ry A ERG 4106
AR 9 2G6W (500 ¢ b8 RBTISEE FE AN TR
L1 iE o
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#0759 h Bk BN

End of
Turbines / wind farms Country | Number, turbinesize  Foundation  Built | service | Removed
Nogersund/Blekinge/Svante | Sweden 1x220kW Tripod 1991 2004 2007
Yitre Stengrund Sweden 5x2 MW Drilled MPs | 2001 2015 2015
Robin Rigg (2 of 60) UK 2x3MW Mp 2010 2015
WindFloat Portugal 1x2 MW Floating 2011 2016 2016
Hooksiel Germany | 1x5MW Tripile 2008 2011 2016
Lely Netherlands | 4x500 kW MP 1994 2014 2016
Vindeby Denmark | 11x450kW GBS 1991 2016 2017

%8$ﬁ&%ﬁﬁW%&%ﬁﬁﬁ
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BIFALIER o bldr D KPR E VUL fERNAS T Eae it o

TG UERFA SIS AEE o

Moa R iiegv’vx,lrt AL GAH LTl e 1 3 e BB 135V
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$1 0o - ik 4 edrare N Rt EpEpF AR A I p AN
T ndp b odde TR Y Ao o B AT eniB R 3 B Bl T
Ft St fed B blde i P Al AN 2 BE S A E B A RN A Ay

?ﬁ**ﬁﬁmw%%@ﬁ%%%%iﬁﬁﬁﬁﬁﬁﬁyuigﬁ?wﬁ

WA EHBAEF AR ARG L 2FCH ¢ FEAR LN BEE

BAL A Ed NAHE P AR BT A

a) Yttre Stengrund decommissioning b) Lely decommissioning
Credit Vattenfall Credit PVE

§M43$%&1$#&%

PAKT P H BRI ATE L AR T 52 FoofH FE N EAAeE
AP ATA o g AARE I IR T RS AT IRAH AT 3R 4 R
IEATEH ",ﬁi "iflﬁrﬁ;?l NTHI - BAKREEMLIRRA 2 MBI

S ARG R T I S

30 / 33



BB B E AR SR R R AR A AR B AR AR
RS R RBASLHA 0 F LR L KA R A8 4000 F 00 20
R sz pr ety iv ¥z BEL L R AR A A mE s LAk
$ipobma pR iy FEXIHS EORZPE oa R 2 meERe

R SR R RO M T o gl R R

31 / 33



I

=g

4, A
-~ e BIE R

7

WAR TAPMBEFTE 2 BRET LD AR

o

B

REAR 4 FTAPM IR SRS Bk W B T3

=
paty
-
=
A
tal)
\\\?{r
o~
# %

SHRE R YN EL FHOHALS A AR ASE BERAL T LMD}
i

AL 4 BAHTR WA THEEEINE R EPREEFRE Y R
ferig FIRAPMZ RRBRE -BH ARG E DL A RTEE L A
AT b S HTAE R R A RN R s b
waregitp FEE > 23 AIATE S F M(AirPlus) A 5 % 2% GIS &

% (Eco-GIS) A k7r4p§ g4 B~ SF6 § WA Lehig * AT F kA7 -

E=H

BAh HoauEy > BEIAL PR FL BTN L >
» Flptaz 25 1 @ R ROC (Rehearsal of Concept @ #£4 # 30) e
AR pRu e X EERER Y Va2 e FREAFRERS T

1AREIHTZZ >R E LR o

HERA 2314520 X SHBEF RZID KEF MRG0 T
oo BE R R P F oE A& KRB P E R T E % #E (Project
certification) » 23+ % % # (Project certification)® & =3 4 ¢
AR AL EE LT e b Y b H % & E (Project
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