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Important generation locations
of the EnBW group

Germany Baden-Wiirttemberg

Onshore wind farm
G - T Offsh d f

N oN‘ A 'shore wind farm

: b D Photovoltaic power plant
A R
Rrppactinelen QN ) £ Hydroelectric power plant
e ™ M8 Marach Biomass power plant

8 Conventional power plant

h @, Wendingen - Ba Nuclear power plant

»
2P

‘ o ok a ! Long-term procurement
X ¢ Dan agreements and partly owned
il s power plants are included in
own electricity production.
R power plants. 2 Partially or completely in the
grid reserve (NetzResV).
e ANE 3 At the project planning/
P planning stage.

4 At the project development stage.
5 Currently being dismantled.
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EnBW Baltic 1
EnBW Baltic 2

® EnBW Albatros F%U\
® EnBW HoheSee S

® EnBW He Dreiht \

® Bard Offshore 1
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EnBW Project Name Distance / Depth Turbines

EnBW Baltic 1 16km /18 m 21 Siemens 2,3-93
EnBW Baltic 2 32 km/ 20 -40m 80 Siemens 3,6-120
EnBW Hohe See 90km/40m 71 Siemens 7,0-154
EnBW Albatros 100 km /40 m 16 Siemens 7,0-154
EnBW He Dreiht 85km/40m 119 permitted
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Condition monitoring: What is measured _
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SS o I S5 5
¢ & ‘50(0(’\} (5\06‘90 ot o o 804
S @ AL L LR ST

Company System ATV TS R QYAT Y FghA
Areval/01db-Metravib Drivetrain OneProD v v v v v
Bently Nevada (GE) WT-CMS Adapt.wind v v v v
Beran Instruments PlantProtech v v v v v
Briiel & Kjar Vibro WTAS - Type 3651 v v v v v v
Eickhoff E-GOMS v v v v
Emerson Process Management epro MMS v v v

FAG FAG WiPro v v v v v v
Gamesa SMP-8C v v v
Global Maintenance Technologies E-Senfry System v v ¥ v v
Gram & Juhl TCM® v v v v v v
Holroyd Instruments AE Systems v v v
IGUS ITS BLADEcontrol® v v
Insensys RMS v v v
Priifteknik Condition Monitoring VibroWeb XP v v v v v
Rovsing Dynamics Winergy CDS v v v v
Siemens Wind Power AS FLENDER CM v v v v
SKF WindCon v v v v
Vatron DriveMon Wind v v v
WindSL WT-HUMS Ve v ¥ v v v v
H-SEN 0-Guard® v v v
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11



Bou =@

Signat Time series Avaiable measurements. Fourier transform magnitude of the squared envelope
0012 0.018
EnBW [ |[mr |« i
[Faanet 1000 B . s s A i i s A A o SRR N S SN RN 4
Wing Turbine Condition Monitoring -3 1000_Tr 2013-01-17 20:43.24 -
F— /50007 2013-01-03 10:44:56 0014
. 192816 [Oumarster_pe 118000 2012-12-20 10:24:21
[Oansrater OE: 18 2012-12-03 17:58:20 0012
Wind power plant selection ||| 20121119 173058 .
2012-10-31 19.57.07 Vg %
Buchholr 2012-10-17 192107 o2 2y
Batc 2012-10-03 19:07:28 $ 0008
2012-09-19 153357 g 3
T 2012-09-05 15:19:27
Twtion petecs 2012-08-20 084141 0.006
' 2012:07-27 162028
:vmm wiGos FIwig1s 20120711 174021 b
2012-06-27 13:17:51
wicez [Jwieos Fiwicts 2012-08-13 123222 0.002
WTG 03 w10 @wre1? 2012-05-20 085137 ° 0 L F L L L
wisss Flwien Fiwiats pota0:15 9820 100 200 300 400 500 500
‘ 2012-05-01025020
wices [Iwre12 Flwtc e Sample time 154 (s} 20450448 DAO2OL 0 Frequency [Hz] 51042
WTG 06 WG 13 WTG 20 Graphics selecton Gra ® Linear ©) Log
WTG o7 WTG 14 WIG 21 Charscteristics.
Tme | [TFeetav % @ TSRMS O TSKuross S Skewness Spectral kurtosis trend (full freq. band)
o — Scale — Pt reference mash - =
0\ ® Rendat °
Frequency cre Mask [lext s
9 Linear Amb. conditio g
5
Frequency content dentfication =
Mash volabon 3
. - Damage frea. [] Based on max in range Hermonics i
© Envelope - ICE o
fea Cursor
Info Kurtogram
Last data processed: 2013-01-22
o seiecton —
SS_gear Ne22 w Ceviton Der—
Weal fRerng S Time
TSA
Run Linear prediction Frequancy
Wavelet Res charactenstics eaks
st ® Koross
Close all figures Close GUI Standard dev
-3

10 EnBW A E]E 7R3 2 BEFEE CMS

FLURASEVLER (RS > IRASTE R E IS - DU B B NS AT R
TTHVERE > FEDDA QS 1% > AT DASHEETRAIZS RISy - 0 R R P R B
56 > ZRBEHRIE IR - HEER RS ZIRINYIREN S - 8 ~ HUiErehs ~ RIZEE
PR ATHESIR ] > F5 ESCPT(T R - AR G - 1S DURHE I
[EfEE D

BRI LHIRROK - HREE n] oy Ryl bR Ko ERRS (3% 6) © IR [EI4EE
RS - R ECEIRIKZE EEGHRE » AELL CTV ~ 0SV St & 3 U R i L PR
I JE > B OSV _EAY Walk-to-Work Z &t (ELABIREHIELIREZ £2:8%0) (1B 11) - 3%
e N B AR P THYB IR N I LB SR TN B B8 EEBRIEZE > s8]
M > BV IR FRT ] ARER T R LR E RE A R EAY HAR -

%6

{EH A E#EEAS (CTV > Crew Transfer Vessel )EXE T
% > BEBHIEEER A BRMIIRY -
P EHRSIE > AlER A 2R DL AFRHER -

BE bR

Land based service

12



(s PR IR (OSV > Of fshore Service Vessel)8(H
TH% - BB EREEA B RITEEY -

g _ERR% BRI (OSV > Offshore Service Vessel)fEfiE A2
Sea based service R DAL -
R LS TIREE A - R R A

11 0SV _EAY Walk-to-Work Z4%

B S B R IR NP R B R AR 75 A LT R S i & Y AR RS o
B AR (AR 4R A © HRT EnBW AE] 2 Baltic 1 JESSNERREREE OEaT HAEE G5
K% o e AE FIRFS B > $RECE CTV(Crew Trans fer Vessel ) fHEaziE G A 2 E14E (&
gt s M Baltic 2 PARIDEEIGETE - RlsEBREEE TR H 5% - AEEE -
BRI R AR - B FEE R RUSAAC IR - R A MR R R E - R
AT~ RS RS ELRS BRI SERE DR E I ERERE - DIH PRI IR RIS &
{1 > SRR T > DA SRR R A T SRR - TEE(ERS - B
=N EER S ~ BRI ETEER R DA BU T ASE R ERE (R T) - KA
O A B R BT DA B R A e IR = (AL - A EI5aliT 2
(LSRRI H RN EEREL EnBW A 5] 2 Bal tic | EUGHHIT 2 [ FAR#S (Land based

service)fE= -

13



=7

A B CTV B A s it OSV

(Crew Transfer (Offshore Service EFi
Vessel) Vessel)
48 1 PR A
RAORS 1.5m AR 2.5m
A E[ZE M ] (s FE A% &
RS | EEEREEEEaEA
Accessibility #HEA
(LI=PNEE(S SRR
(EI=PNGIE(S
] EEERFRE
(FOERRAER
492,533 /NIF /| & 7,195 NIF I | 494,015 /NI /B
£ - TRRIRFER
FiTHERE)
S PN =L 12 45 6
MRt mEEPRRE] | <400kg 0 15m MR <3ton ’ 20m FEF TN L
fEr% &7 500 BT/ /N #7980 BT/ /)NHF 472,400 BRoT/ /N

ERE IR L AR rTE R A AR > FH G (A i ] o3 By B
A ~ RIATHEY ~ SRETTHA - HE RS VGG E & SR 2 8BsERs
AFEE > SN TR = A2 BN B2 i h i BT eV E TR -

—ARARER > R Y H AR EOK AT R (Availability) B R B LUK 35 %R
BRE/IME - THEE R - B R T R E S NELE R =X
MNZE (R 8)

%8
TS (Reliability)
e
EIPREES T4EEME(Maintainability)
%EZ M (Logistic supportability) HET 24

14




o R AT SE M T U T URIR R e s THU TR RE AR - 18 & I U BR(F T 22
A A EDZREE SRR ] - M B A SEMMR R A S E - BRI IR - 5B EE ] -
B [ T VR B o o B S 2 R P PR VR - R ISR Z ' DA
PRSP ASEN: © My A SEMEAVFE R — ML R RS (MTBF » Mean time between
failure » BEAL Fy/NIF) » BORLIPHEEEHEEHYEIE - 2 RiiE=R (Failure rate
BRAL Ry 5/ NIy 2 S 2R ) At - A B R R R E E - SRR g I S b
TG T o B — T Ry EL 4R (Bathtub curve) (@ 12)AYRE=C > ERIHA - R RyZeds
EABUSHIRIIE B S R S i - R I5 SR e PR R 2 12 - Bl ] e R B il
o EAIERE SR ERE » ElEERER BT -

2 | |
o | |
a | I
w | | |
| | | hm;’
| | |
\ | |
\ | |
| |
| |
- - T —tf————— ——— . — — —
Burndn | Useful life period ' Wear-oul period
| |
Time

12 JaELHRER

HRAEMAT O 4 - PSRRI (MTTR > Mean time to repair)Zffy
& JFEMEAR SR A A C AR - BLEAth A SEE AT ATiASCH A SR [ - AT
EERFE I E R PR B SR BRI - s Z n 4R R B SR 2
BriERE ~ ATEIEEME (Accessibility) PR B RS IR -

iR S R R EEIME A B SR OR R R R - S A R T T
{E > FERSEUE (AT EE M AR EHE - DA Ez BRI [ 5 o EEkR s - B T R(EA
Z AN - BERE AT ORI P e (g 2 s BN R - L IR E TG KR E R
PR RSB R SR TE R - EFERE ~ R ~ R e RS - A AN EREEE
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JiEl A S B IEE o B L T R AR o R R (E A A
SN RN S B PRI » SRR B RS PR -

SNBSS IR - FEH AR TSR AR D SE R 4 T (RAY e
] B FFIASE CRRER (VT > Mean waiting time) B » EoE1 e T Fi4/ByiEs
H# R (MLDT > Mean logistics delay time) f B BHAEZREERT(ADT > Administrative delay
Uime)RITE - SPAYSESIS R ATR ZORMSE ISR - Lhanpi 2 150 © S RRAERAIS RS
AR AT A RORAFT TR - LLAISE S - A BFERSRIS -

BN R TSR ATYEE VLR R B R EAS R A A BB A S Y
ELE BT - R[S0 R IR » (B B AR R R R (% 9)
BRI M B R R S - ELop—(BIE B el > T e

WEERA = ERESRE + RBHEERE
DURT PRSI A s 2 T PRl U L S TR AOIRC R » RIS BRIR A
e [ ST ARIEEEY - AU S BAT R R IR A - S -
BRI AT - TG AR EBEE e ET S - BREM B A S R IR
AR AT R R AR (] 13) » FPT BRSPS S
REERME - ERTHESEECEEAGR - —TRHOE RS T - iR aE
FERTRAGSHE -

=9
LTS (PRI
JEVFEZR 2145
(Failure frequency) (Downtime)
BRAR
0.064 K /4 105 7]NEF
(Electrical system)
RIS
0.060 X /4 48 /|\i%
(Sensors)
ER A RS
0.053 &/ 4 90 /\Hf
(Blade/Pitch system)
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TR 240
0.051 &k /4 40 7NEF
(Hydraulic systems)
el ENA
0.049 & /4 182 /\HE
(Control system)
FAL e
0.045 K/ 258 /NHF
(Gearbox)
M1 JEVEEL ] 240
0.028 /4 260 /[N
(Yaw system)
S
0.021 &/ 206 /[N
(Generator)
4ERE
0.006 /4 121 /NF
(Structure)
)
0.005 /4 105 /NHF
(Mechanical brakes)
= il B R
0.004 /4 285 /[N
(Main shaft and bearing)
A
0.001 /4 11 /\i
(Hub)

BES M R RS R R B BV IN 2R - B an B E AR > DU PRI AR
BV > FRERE B BRI R BN B ER - &
TAE ~ SFEEME ~ WK > SOSMREE EnBY A EIE IR E GRSy - TR BUREER R IRAY
L Fanbr 1 A DR e A e M R (SR R ] DARR S H AT RSN > SoF IR TR
(Rt e U AR < B Orb s > NI ZS PR A B o TR L R o A Bl e R S
ST -

R {1 R\ 55 R ] AL R P A S A RS R T - g2 BTy S BN R
A BT ARR ) SRR A T TS e o M B AR B Sme 0 L e e A SR e (0 H w47
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A + B = Tolal O&M Cost

O&M Direci Cost (A}

Operating cost

Lost Prod. Cost (B)

Availability

13 pRARELH] AR 7 Bl (%

HEPNEET S B RIS AR B T B n A - BN R IR AN B e
Pl > PURCEAA AT IS RN S 4 - SR b AR Z S5 Nat 5w  {£ EnBW 23
F]Z Y T-PNS/0 B P H B AR SRS T e Bt T Ay E IR - BaBEEIEE - #
TEG RS ER ~ Bl 2B M - GUAMESS LIREUS - R 2P B ZE i
o\ E BB R ~ B R B BN R AT o e BN T e B R A = (P B
JRPEE 2% ~ RS DU B b - M= T S Rce R ER - SR R4
HERAETRHEEEE (R 10) -

%= 10
R E & .
B sERVE RN ILAE R » W= KHE T -
(Risk identification)
J i 2 1] B A
DA e B A S B T TR
(Risk control and evaluation)
RS
TR H R s
(Risk reporting)
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HF ER A EE MR E > RIEEEEPAE RIS A PR - EnBY A Sl $ ERTH H 2
FL& o N —OFEAE T ENTE - St HB RGN G TAER TS R
(Monte Carlo simulation) - Mg HHETTES S - FhlE EN HAEERIE L PRI 2L
FOEA G ISR EERIMNIA - FIRFESRAUE & N EFR 1% B IGEITEHS -

DRI Ry B 6 5 E AR BRSNS BRI ATRIR » 2R HEEE - (E1SORER R 1A
JEPge Y £ BETE > EnBW 26 T-PNS/O B TS5 =7 5 it T PR s L A A P P A A A
HHERORbR(E Ry - (R TRSEL - (REg i E Rk e TR ERS - DU R TAE T i
RRAVIRSS § AR RS - Al 1 RUSAH I HUIRER - DURA nI RIS By b

JE\ 2 i Ll s SR s HEY i TIERYRAE & IE - AEL(EREE EiER
AT FEEARIER o LA AR RS B PR S A B I AT AR AR AR SR B A
Soasat B S AR SRR S AL -

H - BERpEREER I HAREIRBOR

ESEEERT FAETFEA B % ZHRTE 2050 KPR 2= 5788 (GHG > Greenhouse gas)
HERCE RS 80% » WS 2022 FFHIRLEE » LUSCEFIREEBRALILS AT ESE - 8
HITE 2050 AE AT AR AR FR L 80%YEE SRR » I BERG BE IAVER E (L FER I RN RS E
S SANE R ZEHEEISCE TR - HBRICa REFEREFEE BB ET
HNHEFRK > WlicE 2 BE R ER LA 240t 2 E 2R © MRt
FEACR B (B B 2 (L RE - ANELH RS HME F RIS - SRERER R
—HETt o RRERLEE RS LHYEAR - (REIF A RE RS A E RS THERFA 100GW HYK
[HAESEEE ~ 1406W HYE S35 ~ DUREY 6GW #Y/K 138 BB R BC ([ 14)

19



- today - - - 2050 - -
‘ by 1 0 o
=T | ™ AR g | et
w s el T
1 | | |
ol el i =% o |
™ L] BT ) F4
- - .. . B! 7 e o | il ! re
o 1 U O GW o= 1 Z|- O GW 5 26W
]
PV wind energy hydro/pumped storage
100 GW Onshore (27.000)
40 GW Offshore (4.000)
X* 3 )
14 FEEI: 2050 FH RIS B E AR HE
G EEFE(EREIRECED - WE IS RREIR RS ~ BT R LU S5 1 H Y

FHELOBME - EnBV AF ABECA L - bR T EELEE FAHTEAL - AEHRIESE
B e RANE - B 7P R R EGOK T3 E - I IIFE AR se R E ARSI » 55
REEREUY TN BB E e AR AR = B R E i - (H 75 S s Ui - K% A =Y
W AR AR 2L - IR A RE RV B B2 AR S 5% A B 2 AREHHIE ~ B2 -
PTEE BRI FI B (EBITDA > Earnings Before Interest, Taxes, Depreciation and
Amortization)f¢ 2012 4% 2016 £ 2BURFIRFESS - WAE 2016 FEFRAK - (HE
2017 FERIBHAREI - FHHAEL S i L SRR S i A2 RS e 5 T A g - &
FIRF A48 B (18 15) -

Adjusted EBITDA
in € billion
2.5 2 2.40
2.40 0% -+5%"
2.23 217 211 211 0%-+5%
2.0+ 1.94
2012 2013 2014 2015 2016 2017 2018 2019 2020

15  EnBW /A E]FEAE EBITDA K AR TEHH
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2&%%73 HER - IR (R AR E AR
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