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Agenda & Goals

/

-1 Introduction to weather risks

-{ COAST concept

/

-\ Case study

/

-\ Summary and outlook

Goals:
-{ Introduction to a holistic approach to analyze Transport and

Installation (T&I) strategies using long weather time series

-{ Case study for different locations and a downtime map

-{ Where to apply the analysis method and principles how to
reduce your weather risks
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Weather Risks
Offshore Wind Projects

Example: Project Delays Example: Positive Effects
-{' 2001 Middelgrunden -\ 2010 Thanet
({2004 Scroby Sands -{ 2012 Alpha Ventus (energy yield)

|

2009 Horns Rev 2

2009 Alpha Ventus “Weather conditions delay construction work at sea”
2010 Robin Rigg

2011 Bard Offshore 1

2012 “London Array delay costs Dong millions”

|

|

|

|

|

2012 Greater Gabbard “where weather problems contributed to a $400m loss”

|

2012 “Bad weather causes delay to Sheringham Shore windfarm project”

2012 “DONG Fights Weather Condition During Anhold Wind Turbine Installation”
2013 Meerwind Ost

2014 Amrumbank West

W) Risk Optimization = Cost Reduction Fraunhofer
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Wind Energy Update’s - Market Survey 2015
Offshore Wind Construction and Installation

38.5%

Foundation Installation

General comment of a participant:

38.5%

Subsea Connectivity

Transport & Logistics

Turbine Installation

Balance of Plant

Weather Conditions

Operations and
Maintenance logistics

Question: Where do you see the

greatest risk for offshore construction &

Foundation Design

I I

installation?
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“Purely financially speaking: weather risk management solutions to make budgets workable and

stable”

(300+ participants)
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Introduction to weather risks

COAST concept
Case study

Summary and outlook

Goals:
={ Introduction to a holistic approach to analyze Transport and

Installation (T&l) strategies using long weather time series

-{ Case study for different locations and a downtime map

-{ Where to apply the analysis method and principles how to

reduce your weather risks
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Offshore Wind Farm
Setting the Scene

ENVIRONMENTAL AND BOUNDARY CONDITIONS

Project Area

VESSEL
RESTRICTIONS

ENVIRONMENTAL
CONDITIONS

Harbor A

] —
: .
:r o
1}
D rﬂﬂﬂ . &
b e t
‘ {

Wind Turbine

Substructure

Converter
1
Inner array cable !
1

RISKS

MARINE
OPERATION

Harbor B

Z Fraunhofer
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Wind Farms and Local Weather Conditions

-{ Location:

-{" E.g. Fraunhofer Virtual Reference Wind Farm

-{" Local weather conditions:
-{ Waves (e.g.: significant waves height, peak period, ...)
- Wind ( e.g.: speed, gusts, ...)

Currents, Temperature, Visibility, Clouds, Daylight, ...

/
\
./
AY
-{ Weather Data: (Example)

-{ HZG CoastDat v1
(Helmholz Zentrum Geesthacht)

-{" Time period: 1958 — 2007

Z Fraunhofer
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Individual Vessel Strategy and
Project Schedule

Installation Strategy

Vessel concept

www.hochtief.de

-{ Hg=2,5m; U =15m/s
-{ Costs: 250.000 €/d
-{ Expensiv, lower weather risk

1
2
3
a
5
3
7
8
&

20
21

22
4 [m]

Vorgangsname » |Anfang |10.Jur1 13 |1?.Jun '13 | 24
D[F[s[s [ Mm[D[M[DJ]F[S[S[M[D[M[D[F[S][s][M™
= Project 12WTs Do 06.06.13
= Installation of pin pil Do 06.06.13
port activities Do 06.06.13 =1
outbound trip Do 06.06.13
= drive 48 piles Fr07.06.13 }
drive 4 piles Fr07.06.13
drive 4 piles Sa 08.06.13
drive 4 piles Mo 10.06.13
drive 4 piles Mi 12.06.13
drive 4 piles Do 13.06.13
drive 4 piles Sa 15.06.13
drive 4 piles So16.06.13
drive 4 piles Di 18.06.13
drive 4 piles Mi 19.06.13
drive 4 piles Fr21.06.13
drive 4 piles So 23.06.13
drive 4 piles Mo 24.06.13
inbound trip Mi 26.06.13
= Installation of jacket: Mi 26.06.13
port activities Mi 26.06.13 .
outboundtrip Do 27.06.13 Project Schedule

= installation of 3 ia« Do 27.06.13

Z Fraunhofer

13.10.2015

© Fraunhofer IWES



WEATHER CONDITIONS

Information Profile

P e e e e e e e

[ WEATHER PARAMETERS

-{ Local weather conditions, e.g.
-{ Significant wave heights
-{ Wind speeds
-{ Currents
-{ Temperature
~{ Visibility

WEATHER
TIME SERIES

MEASURED HINDCAST

T&I CONCEPT

PROJECT SCHEDULES

-{ Required T&I processes and
sequences

-{ Project overall project time
schedule

PROJECT
SCHEDULES

13.10.2015
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INSTALLATION STRATEGY

-{ Design of the structure

-{ Location wind farm/ ports

-{ Vessel and equipment concept
-{ Guideline requirements

-{ Contractual agreements

BOUNDARY
CONDITIONS

RESTRICTIONS  GUIDELINES

Z Fraunhofer
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WEATHER CONDITIONS

Information Profile

P e e e e e e e

[ WEATHER PARAMETERS

-{ Local weather conditions, e.g.
-{ Significant wave heights
-{ Wind speeds
-{ Currents
-{ Temperature
~{ Visibility

WEATHER
TIME SERIES

MEASURED HINDCAST

1t

¥

P e e

T&I CONCEPT

_
\

_
\

~
1 |{ PROJECT SCHEDULES

Required T&l processes and
sequences

Project overall project time
schedule

PROJECT
SCHEDULES

13.10.2015
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INSTALLATION STRATEGY

-{ Design of the structure

-{ Location wind farm/ ports

-{ Vessel and equipment concept
-{ Guideline requirements

-{ Contractual agreements

BOUNDARY
CONDITIONS

RESTRICTIONS  GUIDELINES

Z Fraunhofer
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Information Profile

[ WEATHER PARAMETERS ‘: 'PROJECT SCHEDULES ~ INSTALLATION STRATEGY N
-{ Local weather conditions, e.g. :«: -{ Required T&I processes and -{ Design of the structure
-{ Significant wave heights Y sequences ~{ Location wind farm/ ports
-{ Wind speeds » -{ Project overall project time -{ Vessel and equipment concept
-{ Currents schedule -{ Guideline requirements

|
|
|
|
1 {
| 1
| | :
9 Temperature : ! -{ Contractual agreements
&1  { Visibility L
E | | :
| |
i WEATHER LoE BOUNDARY
i el PROJECT
ik TIME SERIES 2! CONDITIONS
=+ | O SCHEDULES
%J: MEASURED HINDCAST E: RESTRICTIONS  GUIDELINES
\ / e b b L , L . Y Y Y
‘ Y
Sensitivity and Scenario Analysis
5 PROJECT DURATION ‘ COST AND RISK
O »
L
4 WEATHER RISK PROFILE ROBUST PROJECT SCHEDULES OFTIMIZATION
LL

Z Fraunhofer
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Information Profile

[ WEATHER PARAMETERS ‘: 'PROJECT SCHEDULES ~ INSTALLATION STRATEGY N
-{ Local weather conditions, e.g. '«: -{ Required T&I processes and -{ Design of the structure
-{ Significant wave heights ! sequences ~{ Location wind farm/ ports
-{ Wind speeds » -{ Project overall project time -{ Vessel and equipment concept
-{ Currents schedule -{ Guideline requirements

) 4

-{ Contractual agreements

|

|

| 1

| |

1 1

| 1 1

1 1 :
9 Temperature =
&'~ Visibility L
S| L
i WEATHER LoE BOUNDARY
° L8 PROJECT
& TIME SERIES 2 CONDITIONS
=+ | Sl SCHEDULES
%J: MEASURED HINDCAST E: RESTRICTIONS  GUIDELINES

\ Vi N e ___________
(_‘ ____________________________________ |
! Sensitivity and Scenario Analysis :
|
| 5 PROJECT DURATION ‘ ! COST AND RISK
| o |
B4 \WEATHER RISK PROFILE I ROBUST PROJECT SCHEDULES | I OFTIMIZATION
;Lo 1
| 1

|

CONTINUOUS ANALYSIS PROCESS — EASY WORK FLOW INTEGRATION F
(- ZRLREOL SAS TR o S o T AL ~ Fraunhofer
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Information Profile

[ WEATHER PARAMETERS ‘: 'PROJECT SCHEDULES ~ INSTALLATION STRATEGY N
-{ Local weather conditions, e.g. '«: -{ Required T&I processes and -{ Design of the structure
-{ Significant wave heights ! sequences ~{ Location wind farm/ ports
-{ Wind speeds » -{ Project overall project time -{ Vessel and equipment concept
-{ Currents schedule -{ Guideline requirements

) 4

-{ Contractual agreements

|

|

| 1

| |

1 1

| 1 1

1 1 :
9 Temperature =
&'~ Visibility L
S| L
i WEATHER LoE BOUNDARY
° L8 PROJECT
& TIME SERIES 2 CONDITIONS
=+ | Sl SCHEDULES
%J: MEASURED HINDCAST E: RESTRICTIONS  GUIDELINES

\ Vi N e ___________
(_‘ ____________________________________ |
! Sensitivity and Scenario Analysis :
|
| 5 PROJECT DURATION ‘ ! COST AND RISK
| o |
B4 \WEATHER RISK PROFILE I ROBUST PROJECT SCHEDULES | I OFTIMIZATION
;Lo 1
| 1

|

CONTINUOUS ANALYSIS PROCESS — EASY WORK FLOW INTEGRATION F
(- ZRLREOL SAS TR o S o T AL ~ Fraunhofer
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COAST - Research Project
Comprehensive Offshore Analysis and Simulation Tool

MunichRE = TN HOCHTIEF
SOLUTIONS AG
'
~ Fraunhofer
IWES
Deutscher Wetterdienst
_ Wetter und Klima aus einer Hand u

BUGSIER \\/ind

www.bugsier.de

Supported by:

* Federal Ministry for the
Environment, Nature Conservation

and Nuclear Safety

lllli

based on a decision of the Partiament E
~ Fraunhofer
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WaTTS — Method
Weather Time Series Scheduling

4 3hProjectScheduIe N —{ Consideration of:
- 5h -{ Task sequence
<1.5m 3h
L szsm O ) -{ Contingencies in guidelines
! -{ Different weather restrictions
-{ Weather forecast error

| —{ Calculation of project durations and
their probabilities

/1 —{ Calculation of installation cycles

5 10 15 20 25 30
Time [h]

N\

Fraunhofer
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Principle of Yearly Simulation

2008

1soA DURATION VS. START DATE
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COAST - Software

Session File Al Help

= [ &=
2014-04-Dd-Project-1IWT simplified xmd o
Task K Finish Duntion [h] Mo Ul wde tm. tpl*
8- drve & piles. 30807 . 30608 =0 00
T - drive & pies FONIE0E . 10610 /O 00
& - drve & piles. 130410 . FAF0ELE O 00— £
- drive & piles HIED . 3063 20 00...
10 - drive 4 ples 2013-06-13 . 2013-06-15 380 00—
11 - drive & paes 30615 130616
12 - drive d piles 003-06-16 .. M13-06-18
13 - drive 4 ples 2130618 .. MI30619 .
14 - drived piles 030619 .. 0130621
13- dlrive 4 pies B2 0130823
16 - drive 4 ples WI06-23 .. 0106
17 - drive 4 ples 130024 . FTI0628
18 « inkeund trip 0826 . 0130526 .
19 nstalation of jckets L0626 .. FIFOTAL
0+ pont activitins 0030626 . 0130637 .
21 - cuthound trip . M13-06-27 _
@ 27 - mstalletion of 3 jackets. . J1306-30 .
B jacket1 . MI3-DE28
28 ekt 7 Ry T2 T D 2

5 ahem 4k |

Wind speed 10m

Tack vt Dunstion. Lart Tin at
.

|7 Pescentile | 100

1¥ear 1956
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E
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O T T T
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Introduction to weather risks

COAST concept
Case study

Summary and outlook

Goals:
={ Introduction to a holistic approach to analyze Transport and

Installation (T&l) strategies using long weather time series

-{ Case study for different locations and a downtime map

-{ Where to apply the analysis method and principles how to

reduce your weather risks
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Fraunhofer IWES
Virtual Reference Wind Farms

-{ Location:
-{ FINO1 (54,0°N 6,6°E)
-{ FINO3 (55,2°N 7,2°E)
-{ NSBIII (54,7°N 6,8°E)

-{ Weather Data:
-{ Approx. Alpha Ventus

-{ HZG CoastDat v1
(Helmholz Zentrum Geesthacht)

-{ Time period: 1958 — 2007
-{ Weather Parameters (used)

-{ Significant Wave Height (hg)
-{ Wind speed (U)

Bremerhaven

Z Fraunhofer
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Case Study:
Installation Sequence

REPETITIVE OPERATIONAL SEQUENCE

INPUT DATA:

Vorgangsname - Anfang . |Fertig stellen - | Mit 01, Jul | Don 02. Jul il
21| 0 [ 3 [ 6 |9 [12[15[18[21 | 0 [ 3 [ 6 | 9 [12 [15fig— 20 Jacket
|1 |~ Installation of 20 Foundations, cable works Mi 01.07.15 Mo 03.07.17 L g =
and WTG 12 > 1.400 Activities

(2 | startofproject Mi01.07.15  Mi0L07.15 4-01.07. T

3 = Installation of Foundations Mi 01.07.15 Mi 24.05.17 a
N = Loop 1: Foundation 01-10 Mi01.07.15  Di02.05.17 v NolGlidelines

5 ~/1. Load of at Baseport Mi01.07.15 Do 02.07.15 v .
s | - LoadOut of 3 sets at Port Mi01.07.15  Mi01.07.15 ¥ considered
7 | Loading Foundation 01 Mi 01.07.15 Mi 01.07.15
EN Loading Foundation 02 Mi0L07.15  Mi0L.07.15
EN Loading Foundation 03 Mi0L07.15  Mi0LO07.15 Sign. Wave Height
10 Loading 9 piles Mi01.07.15  MiO0L07.15
11| Loading Grout Materials Mi01.07.15  Mi0L07.15 Wind Speed
12| Seafastening Mi 01.07.15 Mi 01.07.15
13| Jack DOWN Mi01.07.15  Mi0L07.15
(12| Port Departure Procedures Mi0L07.15  Mi0L07.15 Start Date:
15 | Travel to Offshore Site Mi0L.07.15 Do 02.07.15

[100NM@10kn+1h] Continues Simulation
16 | = Foundation 01 Installation by HUV Do 02.07.15  Di 11.04.17
(17 | Jack UP D002.07.15 Do 02.07.15
13 | Preloading Do 02.07.15 Do 02.07.15
19 | Preparation works Do 02.07.15 Do 02.07.15
20 | - Foundation Installation to D0 02.07.15 Mo 10.04.17
Seabed
21 | Lift Foundation onto seabed D0 02.07.15 Mo 10.04.17
ZF hof

13.10.2015 20 © Fraunhofer IWES



Case Study:
Result FINO1 — Duration vs. Start Day

Duration vs. Start Day

240

230

220

210

200

190

180

170

160

Duration [d]
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Start Day F
~ Fraunhofer
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Case Study:
Result FINO1 — Duration vs. Start Day

Duration vs. Start Day
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Case Study:
Result FINO1 — Distribution Comparison

FINO1: Duration for different starting months
T I T T T

N — .| ~{ Primary weather risk
April
l ==l -{ Secondary weather risk
20
% 15

—
=
T

0 o

1
80 100 120 140 160 180 200 220 240

Project duration [d] % F ra u n h Ofe r
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Case Study:
Result FINO1 — Task vs. Duration

[ Year 1958 [ Task vs. Duration
0
[] Percentile | 100
= 100 N
»= \ \
200
Simulations:  1292/1202 ~
a
1997-05-28 00:00 A 200
1969-04-23 00:00 \
1997-05-14 00:00
1967-05-10 00:00 400

1958-04-09 00:00

1969-05-07 00:00 500 \
1967-04-26 00:00

2003-05-07 00:00 600
1983-04-20 00:00
2006-04-19 00:00
1959-06-17 00:00

1967-05-24 00:00

2003-05-21 00:00 800 \ .
1994-05-04 00:00
1997-06-25 00:00 900 \ .
1986-04-16 00:00 N .
\\ aa
1997-04-30 00:00
\\

Task
/}'

1986-04-30 00:00 1000
1975-06-11 00:00
2003-06-04 00:00 1,100

1972-06-14 00:00 ‘\

1969-05-21 00:00 1,200
1977-04-27 00:00
1996-05-15 00:00

iy - 1,300 \ \

l~
Clear Selection 1,400 \ uy da A a & &

1,500
Show Gantt Chart 0 10 20 30 40 50 60 70 80 %0 100 110 120 130 140 150 160 170 180 190 200

Duration [d]

Save Project Plan... . . 1 a0
- W P5(1996-04-03 00:00) © P50 (1968-02-28 00:00) 4 P95 (1987-09-02 00:00)

Z Fraunhofer
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Information Profile

[ WEATHER PARAMETERS ‘: 'PROJECT SCHEDULES ~ INSTALLATION STRATEGY N
-{ Local weather conditions, e.g. '«: -{ Required T&I processes and -{ Design of the structure
-{ Significant wave heights ! sequences ~{ Location wind farm/ ports
-{ Wind speeds » -{ Project overall project time -{ Vessel and equipment concept
-{ Currents schedule -{ Guideline requirements

) 4

-{ Contractual agreements

|

|

| 1

| |

1 1

| 1 1

1 1 :
9 Temperature : !
&1  { Visibility L
5! N

|
i WEATHER LoE BOUNDARY
o L PROJECT
L TIME SERIES 2 CONDITIONS
=+ | Sl SCHEDULES
%J: MEASURED HINDCAST E: RESTRICTIONS  GUIDELINES

\ Vi N e ___________
(_‘ ____________________________________ |
! Sensitivity and Scenario Analysis :
|
| 5 PROJECT DURATION ‘ ! COST AND RISK
| Q |
B4 \WEATHER RISK PROFILE ROBUST PROJECT SCHEDULES | | I OFTIMIZATION
;Lo 1
| 1

|

CONTINUOUS ANALYSIS PROCESS — EASY WORK FLOW INTEGRATION F
(- ZRLREOL SAS TR o S o T AL ~ Fraunhofer
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Fraunhofer IWES
Virtual Reference Wind Farms

-{ Location:
-{ FINOL1 (54,0°N 6,6°E)
~{ FINO3 (55,2°N 7,2°E)
-{ NSBIII (54,7°N 6,8°E)

-{ Weather Data:
-{ Approx. Alpha Ventus

-{ HZG CoastDat v1
(Helmholz Zentrum Geesthacht)

-{ Time period: 1958 — 2007
-{ Weather Parameters (used)

-{ Significant Wave Height (hg)
-{ Wind speed (U)

Bremerhaven

Z Fraunhofer
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Case Study:
Comparison of Different Locations

240 I.Iocat|o|[1: FINOI1

. WaTSs result
220 + P05
P95 - -~ - b :

=) 180
=
8
I
3 160
hs}
2,
j=t
0 140

120

100

80

| | 1 1 |
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Jan L
~ Fraunhofer
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Case Study:
Comparison of Different Locations

Duration comparison
240 T T P T

— P50 FINO1
P50: FINO3
P50: NSBIII

220 |

200

—
co
o

160 -

Project duration [d]

-
-8
o

120

100 -

80 | | 1 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

~ Fraunhofer
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Case Study:

Comparison of Different Locations

Duration comparison
240 T T T T T P IECTTTITTT 1 T T
— P50: FINOT proseeeens H
P50: FINO3 F : -
220 F P50: NSBIII : PP .
-------- P95: FINO1 T :
menenas PO5: FINO3 i E.........;
=rassses PO5; NSBIII fererneeen
200 - :  A— ]
T 180 prosneess . _l_‘_ ........ .
= [ ‘.
o - N I
E - I . LA
L- lllllll ‘
3 160 - —
° - :
2 : :
[ SS——FPFPPPRPP PP S S
O 140 R S e 1
LI Boereenes Fronnenes
I .
120 -
—
100 o
80 | | | | | 1 1 |
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
Start date
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Maps of Parameters

Mean wind speed

Capacity factor

6
Longitude [°]

Extreme sea states

Z Fraunhofer
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Maps of Project Downtimes

P50 waiting time, month 01 5 P50 waiting time, month 06
T = T
55.5 1
55 55
E =
@ @
h=) b=
=2 2
£ £
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~ _J
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! z [ T
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Introduction to weather risks

COAST concept
Case study

Summary and outlook

Goals:

={ Introduction to a holistic approach to analyze Transport and
Installation (T&l) strategies using long weather time series

-{ Case study for different locations and a downtime map

-{ Where to apply the analysis method and principles how to

reduce your weather risks
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LIMITS

Further Fields of Application
Comparison of Installation Strategies

SZENARIO | SCENARIO |l SZENARIO |l

www.scaldis.com www.hochtief.de www.wordpress.com
~{ Hg=1,5m; U =10m/s ~{ Hg=2,5m; U =15m/s ~{ Hg=1,0m, U =10m/s
~{ Costs: 150.000 €/d ~{ Costs: 250.000 €/d ~{ Costs: 100.000 €/d
~{ Cost efficient, high weather risk ~{ Expensiv, lower weather risk ~{ Cost efficient, high weather risk

Z Fraunhofer
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Fields of Application

/

|

|

|

|

|

|

/

|

|

|

|

|

/

P R L LN

P L L NN

/
A

-\ Transport and Installation

Analysis and optimization of project schedules, costs and risks; overall project plan
Analysis and optimization of vessel and installation concepts; vessel designs

Analysis and optimization of contractual payments, penalties and weather risk distribution
Determination of remaining weather risks during installation

Proof of project progress, delays or working times, claim management

Support to determine insurance cover

—-\ Operation and Maintenance

Analysis and optimization of planned and simple condition based maintenance

Analysis and optimization of large component replacements

Prediction of accessibility

Analysis, comparison and optimization of (seasonal) accessibility strategies
Analysis and optimization of weather risk distribution for vessel clubs

-+ Civil Engineering

All fields of application adapted for Civil Engineering topics

N\

Fraunhofer

10/13/2015
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Summary
RESTRICTIONS iz 3 { 4
-{ Assess the weather risk

ENVIRONMENTA . = MARINE
CONDITIONS MV el  OPERATION , _ .
-\ Combating the weather risk by

scenario investigations

-{ Case studies for different
locations

Z Fraunhofer
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Methods to Forecast
Weather Dependent Activity Durations

WITHOUT YEARLY WEATHER WINDOW WATTS?
WEATHER STATISTICS NN eSS SIMULATION

STATISTICS

=
o
(@)
=
=
o
L
I
=
Ll
=

SIMULATION

Data Processing et = Weather Project
And ) Window Mapping Results
Verification [ | s e Statistics ¢ — L.
—_— Jomeddenn M\Duration mean o
STE - -
Feb 924 219 SN P S L 43: &
| Mar 617 105 I =N [
0 i ;i = :
3 o 3 s e
Data Processing p
And Time Series Prole‘ct
e Mapping Results
Verification — — —
B B N S Date\Duration 25 S0 p5 -
o] 2000/07/01 456 560 625
= 2000/07/02 467 551 657
Fpromeee i""‘i """ 2000/07/03 435 573 638
@« == el EITRE ; ;

1 WaTTS - Weather Time Series Scheduling
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Methods to Forecast
Weather Dependent Activity Durations

WEATHER WINDOW

1 WaTTS - Weather Time Series Scheduling

STATISTICS

SIMULATION

WITHOUT YEARLY WEATHER WINDOW WATTS?
WEATHER STATISTICS NN eSS SIMULATION

F Weather Project
) Window Mapping Results
Statistics : — L]
. " i = i M\Duration mean ¢
ELah [ o
Feb 924 219 S — L 43: &
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3 Tar s
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Verification — —— —
B B N S Date\Duration 25 S0 p5 -
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Simulated Project Plan

Start Date vs. Projecct Duration

COAST — Results

ear Task vs. Duration

D ion ve. Start Day

Duratien [d]

-
1]
()
>
T
()
=
©
—
()
% c
()
) o e s
Duration vs. Start Date ™ #Projects vs. Duration -
> 1%
o e
i c
.. ()
, g-
s Q
. et
Fo 1IN ©
5 | | =
L . - ' ) i
¢ | | =] i
(4] =
=
| T . ' S i
| | | Q L
ol | | i | t "
! { JLA RN RS fy Q e -
| Q
=0 e T = [ = e e e bl Duration [d]
o Egont C Tt .

/

-1 All results can be exported as .csv for further MS Excel use

13.10.2015 42

© Fraunhofer

Z Fraunhofer

IWES




Schedule Risk Analysis
Example

-{ Project plan: including weather influence and project risks

Name

-

Duration | Start | Finish
- -

[o1 July [01september |01 November

[o1 January

[01 March

[01 may [o1 uly

|01 september

[01 November

[o1January

[01 march Jo1]

08.06 | 06.07 | 03.08 | 31.08 [ 28.09 [ 26.10 [ 23.11 | 21.12 | 18.01 | 15.02 | 14.03 | 11.04 | 09.05 | 06.06 | 04.07 | 01.08 | 29.08 | 26.09 | 24.10 |

21.11 [ 19.12 [ 16.01 [ 13.02 | 13.03 | 10.04 |

Jackets 1-3 10,45dys 01.07.15  15.07.15 I0e) ~ o
Jackets 4-6 9,85dys 15.07.15  30.07.15 — i~
Jackets 7-9 10,45 dys  30.07.15  14.08.15 8 g 8
Jackets 10-12 0,8dys 14.08.15  20.08.15 < ~
Jackets 13-15 9,8dys 29.08.15 18.09.15 o (@]
Jackets 16-18 10dys 18.09.15  10.10.15 o ~
Jackets 19-21 9,35dys 101015 08.1115 — N
Jackets 22-24 9,1dys 08.11.15 18.12.15

Jackets 25-27 9,35dys 181215 27.0L16

Jackets 28-30 9,1dys 27.0L16 27.02.16

Jackets 31-33 94dys 27.02.16 22.03.16

Jackets 34-36 9,65dys 22.03.16 11.04.16

Jackets 37-39 0,9dys 11.04.16 29.04.16

Jackets 40-42 9,75dys 29.04.16  15.05.16

Jackets 43-15 10,3dys 15.05.16  30.05.16

Jackets 46-48 9,85dys 30.05.16 14.06.16

Jackets 49-51 10,4dys 14.06.16 28.06.16 =9

Jackets 52-54 9,9dys 28.06.16 13.07.16 =

Jackets 55-57 10,4dys 13.07.16 27.07.16 ==

Jackets 58-60 9,95dys 27.07.16 11.08.16 =

Jackets 61-63 10,3dys 11.08.16 27.08.16 =

Jackets 64-66 9,7dys 27.08.16 14.09.16 =

Jackets 67-69 9,75dys 14.09.16  05.10.16 =

Jackets 70-72 9,35dys 05.10.16  01.11.16 ¥ v W é

Jackets 73-75 9,25dys 011116 10.12.16 s =
Jackets 76-78 9,2dys 10.12.16  20.01.17 ¥ v

Jackets 79-81 0,35dys 200117  22.02.17 - 4

13.10.2015

43

© Fraunhofer

Z Fraunhofer

IWES




Cost Pyramid

C Ipea D
- A4 ~ Project phase cost accuracy — cost pyramid — tolerance area
PROJECT I — . oo
/ -... o
DEVELOPMENT e

II o.. .
, ,"I PPH 1 y— % COST SAVING °+ o a0
- Y . F Project preparation STl . o £20% +40%

PLANNING & O
DESIGN
---------- +15% +30%
\ 4 PPH 2
TRANSPORT & Planning £5% +20%
INSTALLATION
Y
4 N \ :
OPERATION & Executi
MAINTENANCE plannin
£3% +10%
r ¥ N L | PPHA4
DECOMMISSIONING/ \| Execution oo
REPOWERING
Y. Traditional prediction
2 Professional approaches
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