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el Development of offshore wind energy in Europe

Glasgow

2013 2018

» Europe installed 418 new offshore wind » Europe installed 2.6 GW of new
turbines in 2013 offshore wind energy capacity in 2018
 Atotal of 2,080 turbines were installed » €10.3bn of investments made for 4.2
and grid connected accounting for 6.6 GW of additional capacity
GW installed capacity - Total capacity grew by 18% to 18.5 GW
 The average size of offshore wind * 15 new offshore wind farms were
turbines was 4MW completed last year
» Average distance to shore was 30km * The UK and Germany accounted for
and average water depth 20mWorks 85% of the installations: 1.3 GW and
were carried out in 21 wind farms with a 969 MW respectively
further 22 GW of consented new « The average offshore turbine size was
projects 6.8 MW, 15% up on 2017

* The largest turbine in the world was
connected in the UK (the V164-8.8 MW
EUROPE from MHI Vestas Offshore Wind)

http://www.ewea.org/Statistics/
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Haliade* 150-6MW Offshore Wind Turbine

GE Renewable Energy is developing Haliade-X H H -fi i i
o ortinein the Compatible with bottom-fixed and floating foundations

world, with 220-meter rotor, 107-meter
blade, leading capacity factor (63%), and
digital capabilities, that will help our
customers find success in an increasingly
competitive environment.

Gravity Base
Designed for sites with hard and flat seabeds
Material: steel and/or concrete

Weight: 1,000+ tonnes
Depth: 10 to 50 meters
Reference: Fécamp (France)

Floating Base

Integrated solution suitable for high
wind areas, installed on an anchored,
light floating system currently under
development by GE and DCNS.
Depth: 50 to 300 meters

1063 ft
324m
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Monopile
Suitable for shallow waters
and all types of seabeds.
Material: steel

Weight: 500 to 1,000+ tonnes
Depth: 0 to 40 meters
Reterences: Courseulles-sur-
Mer, Saint-Nazaire (France)

Jacket or Metal
Lattice Structure
Designed for deep water sites, suitable for all types of seabeds
Material: tubular steel
Weight: 300 to 1,000 tonnes
Depth: 20 to 50 meters
Eiffel Tower  Haliade-X 12 MW Chrysler Reference: Block Island (USA)

Building

Non proportional scale image. *Trademark of General Electric Company

https://www.ge.com/renewableenergy/wind-enerqy/offshore-
wind/haliade-x-offshore-turbine 4
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ol Uncertainty in cost data
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Review of existing cost models

Model Institution/Owner Year Commercial Software Model output Ref
)s et al CENTEC, Univ. of 2018 No GRIF (Petri Costs, Availability [38]
Lisbon (Portugal) Net)
0&M ECN 2017  Yes Not specified Accessibility [39], [40]
ss
di et al Univ. of Exeter (UK) 2017 No Not specified Costs, [41]
Availability
ihl and Alborg Univ. 2017 No Not specified Cost, [42]
1sen (Denmark) Availability
RCM
al Universities of 2016 No Xpress IVE Costs, [43]
Playmouth, Stirling, Optimal maintenance
Liverpool (UK), and
Le Havre (France)
ko et al Univ. of Hamburg, 2015 No BPMN 2.0, Costs [44], [45]
Bremen Univ. of DESMO-J
Applied Sciences (Java)
(Germany)
erud et al Univ. of Stavanger 2014 No AnyLogic Costs [46]
(Norway) (Java) Availability
Icob NOWITECH 2013 Not specified Costs [36]
Availability
oodie etal Univ. of Strathclyde 2013  No MATLAB Costs [47]
(UK) Availability
etal Univ. of Michigan 2010 No DESJAVA Costs 48]
(USA) Availability
5 DNV 2010 Yes Not specified Net present value [49]
oX Systecon 2010  Yes Not specified Costs [50]
Optimal maintenance
rola tool Iberdrola 2010  Yes Not specified CAPEX/OPEX [51]
Power
OSsT BMT 2009 Yes Not specified Net present value [51]
B ECN 2009  VYes MATLAB Costs [52], [53]
ard et al KTH Chalmers 2009 No GAMS, Costs [54], [55]
(Sweden) MATLAB
el- Alborg Univ. 2008 No Not specified Costs [56], [57]
rez and (Denmark)
1sen
GL Garrad Hassan 2007  Yes Not specified Costs 371
(DNV) Lost production
0&M ECN 2007  Yes Excel @Risk Costs [35], [58],
[59]
adwaj et al  Loughborough Univ. 2007  No Excel @Risk Net present value [60]
TWI Ltd (UK)
awus et al  Robert Gordon 2006 No Excel, Cristal Net present value [61]
Univ. (UK) Ball
JFF-model ECN 2004 No Excel @Risk Costs [62]
ens et al Universite Libre de 2004 No GRIF (Petri Costs [63]
Bruxelles (Belgium) Net) Availability
TOFAX TU Delft 1997  No Excel Costs [35]
(Netherlands) Availability
Power
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el Features of a high fidelity cost/revenue model

Glasgow

« A high-fidelity model should predict the different costs of a typical OW
farm in a lifecycle-phase-sequence pattern, by:

©)

adopting the most up-to-date parametric equations found in the
literature;

developing new parametric equations where latest data are
available;

accurately predicting operation and maintenance costs in
conjunction with latest reliability data through appropriate
engineering models;

Considering the real time of money through accounting for the time
that expenses and revenues have occurred,;

considering uncertainty of key variables in a systematic way and
assigning confidence levels on the expressions of estimated KPIs.
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o || CAPEX Module OPEX Module '
% i/ Input data during: = Latest reliability data :
g l + Vessel weather limits :
. : + Development and Consenting (D&C) * Vesseland personnel cost ]
E o -4 11+ Production and acquisition (P&A) = Cost and duration of repairs !
7] E ? o '+ Installation and commissioning (1&C) :
] o § 5L “: + Decommissioningand disposal (D&D) I
o 8595 : stages of the offshore wind farm O&M tool !
22288 | i
o620 ! |
CEE8F | ’
C : I
% E EEZD ' = Temporal capital costs » Availability, annual repair costs :
. .. il + Total D&C, P&C, P&A, I&C, D&D cost » Annual O&M cost i
Site characteristics Module FinEX Module
Weather distribution, distance from port, Weighted Average Cost of Capital, Inflation
water depth, etc. rate, Equity/debt, Corporate tax

$

Revenue Model

» Net power generation
= Strike price
« Market electricity price

$

— + Netrevenues

Life cycle cost/revenue Output

NPV, IRR
* Cumulative costs/revenues, Break-even point

+ Levelised cost of electricity
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el Production and acquisition phase (P&A)
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e Turbine cost is function of the wind turbine
capacity
« BOP (Balance of the Plant)

o Foundation cost is a function of the wind
turbine capacity (PWT), the water depth (WD), .
the hub height (h) and the rotor diameter (d) Nacell

o Electric system
« Cable costs are functions of the number of
the wind turbines (NWT), the rotor diameter
(d), and the distance from shore (D)
 Array cables —
» Offshore export cables | P
» Onshore export cables /
« Substation cost is a function of number of
the wind turbines, rated power of s

transformer (ATR), the nominal voltage
transformer (Vn) and the wind farm capacity L

(PWF)
o Control system o

+——— Tower

=
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el Installation and commission phase (1&C)

Glasgow

« This phase refers to all activities
involving:
* the transportation and installation of
the wind farm components, as well
as those related to the port,

« commissioning of the wind farm and
* insurance during construction.

* Once a suitable number of components
are in the staging area, the offshore
construction starts with installation of the
foundations, transition piece and scour
protection, followed by the erection of
the tower and the wind turbines.

 Accordingly, the installation of the
offshore substation, the array cables
and finally the export cables and
onshore substation takes place.

10
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Mean time between failures (MTBF)

! Downtime
Active
: ) : Maintenance
Passive Maintenance Time (MTW) Time (MTTR)
Running I I !
1 | |
Mobilization & ! Waiting for weather ! Transport time ! Repair time
Logistics ! window ! [
<= . -+ . - l -
Availability of || |Specification of vessel, | Distance to | Capability of
spare parts, ! regulations for safe ! shore / offshore | technicians,
resources, I laccess ! 'base, vessel I ease of
equipment ! ' specifications ! maintenance
Down I
>
Time Source: Ramboll

11
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O&M module

Failure rate data
(turbines and BoP)

Power data:
+ Power output curve
+  Hub height

/

Unplanned maintenance data
(turbines and BoP)

* Repair times

= Required crew number

*  Required main vessel type

= Required support vessel type
= Spare stock initial

= Spare stock minimum

=  Spare wait time

= Mission organization time

| Reliability Modelling I
|

|
I |
> Failure mode 1

|
I |
-1
: » Mean Time to Failure [4--}
|
ot -

Cost input data
+ Material costs
*  Vessel costs

* Crew costs

/

*  Wind speed
= Significant wave
height

Costinput data
Energy Price
Interestrates

[
[
[

Weather forecast

12

Total downtime

upti 1
ptime | Unplanned I
> maintenance -+

1 downtime |

| |

1 - 1

N Weather window .

| downtime I

1 1

| |
Uptime 3 | Planned maintenance |[_|
| downtime ‘I
I N

Planned maintenance input data
* Maintenance times

*  Subsystem grouping

*  Required crew

*  Required main vessel type

*  Required support vessel type
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Read historic
| wind speed and

O&M module

wave height

data (U29)

Random weighted
sampling of
subsystem that
failed and failure
mode for turbine,
tr (u7)

Insert input data
Failure rates,
subsystems,
failure modes,
required vessels,

crew, etc. (u1) 7
Labstrilves s Lerews  Tabser = tabser
Lspares: Lweatner: +MTTF, (U8)

rorglrrepair‘ Lgem

vy =0
Ir?mate . G ’ ~Have all turbines
simulation for all been simulated?.—
turbines (U2) tr=0 <% 2 o
: U3
yes
v
Initiate
unplanned

maintenance (U9)

Calculation of MTTF

Weather modelling

13

Calculation of unplanned maintenance

Create Markov
- probability - -
Discretise desired matrix (U31) Forecast future wind Simulate future wind
i values speed and wave and wave conditions
(U30) Create wind and height )35 (U34)
wave correlation
Calculate probability
probability of matrix (U32)
failure per
cubsysiemand Required main and R Is th .
failure mode - equired eg Istherea no
(U6) » supportvessel | Y5, Reqlulrbtled‘}crew yef_ e ves I e,
. i available? ire IR e o i e S
RS e available (U149 available? (15 window? (20) i Wantforweather'
e | B - P T [ yes 1 Window, uearner |
Fer P o | . v | | Waitfor spare ! (u21) |
turbine, tr (U5) | maintenance of ! Waittimeformain |, |! Waitforcrew, || | ! ! m i
> o ) g ! ' | parts, tepares T aeme—-- v------ .1 Downtime for '
turbine, tr (U13)| || and support 1 ! Plerew win ! ! el | ¢ T — s\ weather window .+
‘ !|vessel, tyes (U15) } ! . (U19) } 1 | Initiate mission | - WEEHEr ¥INZOW
__no [PRsEmEm o) ! Downtime forvessel { | Downtime forcrew | |Downtime for i ! | Organisation, |
! vy [ evleomy [ \lwevilbMy .4 \aresunavlandty) 5 REIOM. (V7)) |
! |
no \
I Laps,er
Have al = lapser + bves Transit back Are more — X
=0 . turbines been « ‘lorewtlpares o anddemob, <. Workshifts « fivaviaation and |
simulated? + tyeatner + tor required? | repa, Lrepair |
) Laem (U25) ] U23) |
(U10) * trepair (U24) : (22 |
| yes (u26) i Downtime for crew !
E rest, travel and '
\ repair time !
= |‘|:aﬁs endfof" yes | Estimate uptime Calculate R — J
lleme SN UT>—— PAME 5 total 0&M yes t
turbines been and downtime 7 e (v28)
reached? (i)
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« Decommissioning and disposal cost
of the wind farm include:

O

the removal of the wind turbine
(nacelle, tower and transition
piece) as well as the balance of
the plant (foundations, scour
protection, cables and
substations)

the site clearance
the port preparation

the onshore transportation to the
disposal sites

the disposal processes

14

Decommissioning and Disposal Phase (D&D)

Parameter Value
Turbine and foundation removal - Inputs
Remove time per turbine with a self-propelled jack up vessel 15hiturbine
Complete turbines (including foundations) capacity of a Jack Up vessel Sturbines/trip
Mumber of jack up vessels for the removal of the wind turbines 3
Mumber of workboats employed for the decommissioning of the turbines 2
Mumber of technicians per workboat 5
Offloading time of turbines/monopiles Bhiitem
Time to cut the foundation Ghifoundation
Time to lift the item and place on the deck 11hfitem
Turbine and foundation removal - Outputs
Tetal duration of each trip which equals the sum of the travel time to and from site, the 244h
removal ime of turbines and monopile, the loading time and the intra-field movement
time of the jack up vessel
Total time per trip {adjusted to weather and working hours) 28days
Total effective days for turbines and monopiles removal divided by the number of 243days
vessels, Terrocrdays TF—fem
Total cost of hiring technicians and workboats during the decommissioning of the £4.13 million
wind turbines, C..of 44
Total cost for removing all wind turbines with monopiles, Crg a4 £83.5 million
Offshore substation removal - Inputs
Pile diameters of jacket substructure 2.6m
Cutting rate of the pile Thim
Lifting time of topside substructure 23h
Cut ime of topside 12h
Reposition time of vessel to each leg of the jacket substructurs gh
Offshore substation removal -Outputs
Time to cut the 4 piles 10.4h
Total time for the removal of the two substations, Teffecday Subsear —kem 8.7days
Total cost for removing the two substations, Corrouse a4 £1.18 million
Cables removal
Rate of remaval of inner-array cables 500m/iday
Rate of removal of export cables B75miday
Cost of cables removal, Capies 44 £11.9 million
Site clearance

Area = —51.5+ 0.41 -d + 0.65 -y , in km B3.3Tkm?
Total cost for site clearance, €. 44 £5.38 million
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el Revenue module
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* |t calculates the cash inflows  Financial support for offshore
taking into account the following wind in the UK:
factors: | « Contracts for Difference scheme
o Net energy production, o CfD states that the power
o Strike price, producer is paid the
o Market electricity price. difference between a pre-

« Operator sells electricity under a dheterrpined “strikekprice_” and
Power purchase agreement to a the reterence market price
licenced supplier or trader at an o The Low Carbon Contracts

agreed reference market price (LCCC), a government-owned
Company pay the difference

between strike price and the
agreed reference price

o 15 year contract term

o Strike price is set by the
clearing price from an auction.

15
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« WACC and inflation » Real discount rate (or else real
WACC WAAC) integrates the inflation
VE VD adjustment and the discount of
= ROE A+ Rd- (1 —tc) cash flows according to Fisher
- where, VE is the market Value of Equation :
Equity, VD is the market Value of WACC,,; = L+WACC _ o
Debt, V = VE + VD, RoE denotes 1+Rins1
the Return on Equity, and Rd the WACChom — Ringu

interest rate on debt.

16
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Development of a deterministic cost model

y

Identification of key stochastic variables

|
A 4

Identification of key output variables

s

Generalization O&M costs through ANN model

I
ST /A !
SR L 2 N
h Mapping of the model design space b :
] mmmmmmmmm——m—— = — 1
| 1
| jmmm oo ¥ |
: :_ Execution of a finite number of simulations "
lI=-——"—"—="="="="="="="="=-"=-== TS !
1 1 !
I L A |
11 Development of approximation model through ANN | :
U
|

Time dependent variables

Time independent variables

!

.

Develop ARIMA madel

Assign stochastic properties for each variable

.

.

Produce a number of time series for each
simulation

Produce a number of random sets for each
simulation

v

Run a number of Monte-Carlo simulations and
derive joint probability distribution functions

L 4

Interpretation of results and sensitivity analysis

17
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* Total wind farm capacity, Py +=504MW

 Projected operational life of the wind

 Construction years, T,,,st»=0Yyears
* Number of turbines, ny,+=140

« Distance to port, D=36km

- Water depth, WD=26m Site characteristics

« Rotor diameter, d=107m
* Hub height, h=77.5m

- Pile diameter, D,;;.=6m
« Rated power: 3.60MW

« Cut-in speed:4m/s

« Cut-out speed: 25m/s

Wind turbine

18
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ol Case study: Life cycle cost breakdown
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« CAPEX = £1.674 billion (Total
undiscounted)
B C:C cost=

« Annual OPEX = £56.597 million |Eerzscost=

B 12.C costs

* NPV = £284 million at a real %g:g““f

discount rate of 6.15% with an =
IRR=10.3%

« LCOE= 109 £/MWh

Lifecycle costs

CAPEX in kE
Total P&C costs, Cpgs 205,750
Total P&A costs, Cpg4 1,040,230
Total 1&C costs, C;gc 305,742
Total D&D costs, Cpgp 122,860
OPEX in kElyear
Total O&M costs, Cpeyy 56,597

19
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7
6
;q? 5
o
—
E’ 4
> §
E: —%
>3 — —_— ———
2 ——— - - . N,
22 —o
o
o)
Z 1
0
-20% -15% -10% -5% 0% 5% 10% 15% 20%
-1
—eo— Strike price (E/MWh) —e—Return on equity (%)
Interest rate on debt (%) Mean time to failure (h)
—e— Share of Equity (%) —o— Cost of wind turbine (million £/unit)
—e—Inflation rate (%) —e—Technicians shift duration (hours)
—e—\Wholesale electricity prices (E/MWh) —e—Workboat significant height limit (m)
——-Corporate tax (%) —— Cost of foundation (million £/unit)
Jack up vessel dayrate (£/day) Weather adjustment factor
Contingency costs (million £) Depreciation (%)
—a— Cost of offshore substation (million £) Average repair cost (£)
——|nstallation time of transition piece (h) —e— Project management cost (million £)
——Workboat work dayrate (£/day) —e—Fixed annual cost per technician (£/year)

—e—JUV mobilisation /demobilisation cost (£)
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Variable

CAPEX parameters

Cost of wind turbine (million £/unit
Cost of foundation (million £/unit
Technicians shift duration (hours
Weather adjustment factor
Contingency costs (million £

Cost of offshore substation (million £
OPEX parameters

Average repair

cost

£

Mean time to failure (h
Revenue parameters
Strike price (£/MWh
Wholesale electrici
FINEX parameters
Share of Equity (%
Inflation rate (%
Corporate tax (%
Depreciation (%
Return on equity (%
Interest rate on debt (%

prices (E/MWh

General parameters

Workboat significant height limit
Workboat work dayrate (£/da

Jack up vessel dayrate (£/da

JUV mobilisation /demobilisation cost

Fixed annual cost per technician
£/year

g m

distribution

Uniform
Uniform
Normal
Normal
Normal
Normal

Normal
Normal

3 Scenarios
ARIMA

Normal
Normal
Normal
Normal
Normal
Normal

Normal
Normal
Normal

Normal

Normal

Min: 2.85, Max: 3.37
Min:1.14, Max: 2.77
p=11,0=1.1
u=0.85, 0=0.085
p=126.4,0=12.6
U=29.5,0=2.95

p=1,0=0.1
p=1,0=0.1

|1= 30.00%, 0=3.00%
u=2.50%, 0=0.25%
u= 17.00%, 0=1.70%
1=18.00%, 0=1.80%
U= 15.80%, 0=1.58%
u=7.00%, 0=0.70%

p=1.8,0=0.18
u=3,250,0=325
p=112,600,0=11,260
u= 405,000, 0=40,500

11=95,000, 6=9,500

Stochastic inputs/Approximation models

w107 Training: R=1 w107 Test: R=1 w107 All: R=1
@ Data = © Data o © Data
= 5 |—Fit @ 5H—Fit Q@ 5 |—Fit
=} ¥=T k] Y=T 2 V=T
?4 24 T4
g3 &3 &3
- < e
:{2 n2 12
=4 .§L1 éﬂ
(o] a o
1 2 3 4 5 1 2 3 1 2 3 4 5
Target w107 Target Target x107
100 )
e 50% INterval-Forecasted
a0 + Observed Lo
=y
= 80
=
€ 70t
@
2
@ 60r
=
2 50t
©
@
w 40
g
= 20
=
20
10 1 1 1 1 1 1 1 1 J
2002 2005 2007 2010 2012 2015 20 20 2022 2025 2027 2030
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Cumulative probability density (%)

7% o . | o mme——— 100% 0.0 [ 100%
Probability density b Probability density Bt |
6% - = = Cumulative Rl 0% = 0.05 Comuiat N [ 90%
probability density H - . = = = Cumulative ’
! 80% 2 probability density S 188422725 80%
- 9% 0% 5 —_ 70%
b 3 T 004
=
z 60% 2 > 60%
s 50% 8§ £ 003 50%
o :-]
> % a0% § = 40%
£ ] % 0.02 30%
& 2% 30% 2 5
2 5 2
- |
S 20% g & 0.01 . | 20%
10% © 54,985 14 : 10%
0% - : 0% 0.00 g - 0%
80 90 100 110 120 130 140 5.20E+07 5.40E+07 5.60E+07 5.80E+07 6.00E+07 6.20E+07
LCOE (E/MWh) OPEX (Efyear)
8% [ 100%
Probability density p - 00% Cest of wind turbing (Elunit) e
7% — " ri P95%= <3 MTTE () R
Cumulative probability / 1764 300,628 E ot of faundtion (Eni) —
density 80% 2 i
Werking hours [hours)
6% 70% 2 Weather adjusiment factor —1
= 2 Depreciation (%) —
£ 5% 60% : Infaticn rate (%)
= = Fixed annusl cost per technicion (£/year)
g 4% 50% § R on sty (%) e
] -g Cenflingency costs (£)
2 3% 40% & o vaares
= crporate tax
E 30% .g Average repair costiE)
& 2% E JUV mobiisation /demaobilisation cost (£)
e 20% E tcest i o G0t %)
o / i £
1% P5%= 3 Werkboat significant height lirmit {m)
1,600,620,602 10% © UV wgnifcant height ket )
O DUUSNFNFITUITIPRIURANS TRty Y SNNITIIST— | Share of Equity (%)
0% . 0% Werkboat work dayrate (Eiday)
1.4E+09 1.6E+09 1.8E+09 2E+09 Cost of offshore substation (£)
CAPEX (£) 2.00E+08 2.50E+08 3.00E+08 3506408
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Cumulative costs/revenues(£)

2.5

N
(@]

—_

o
)

Cost/revenue profiles of different investo
strategies — BOT investors

«10° BOT Investors
I
l:: -~ ]
n
n
n
| ]
L]
]
L
]
N - - -Cumulative costs (WACC=8%)
i N —— Cumulative revenues (WACC=8%)
N - - -Cumulative costs (WACC=10%)
/ Etlmtry ye —— Cumulative revenues (WACC=10%)
- | | | |
0 5 10 15 20 25 30

Time (years)

23

r

N Exit year =31
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Maximum
prices=£1.55b
- £2.52b

Cost/revenue profiles of different investor

strategies — Late entry investors

w

Cumulative costs/revenues(£)
3] N

—_

©
o

%10°

N
()1 [

= = =Cum. costs (WACC=6%)

= = =Cum. costs (WACC=12%)
Cum. revenues (WACC=6%)
| = Cum. revenues (WACC=12%)

Late Entry Investors
I

N Exit year = 31

NPV=0
(WACC=12%)

Exit year =31
NPV>0
(WACC=6%)



- W Cost/revenue profiles of different investor
Strathclyde strategies — Precomissioning investors

Glasgow
Exit year =5
12 x 108 / Precommissioning investors
| I I I I
Minimum price of | I,f ————————————————————————————————————————————
£1.08b-£1.19bfor | v __ gt i A
]

WACC=15%-12% ,,| I
1]

Cumulative costs/revenues(£)
»
I

— —-Cumulative costs (WACC=12%)
— —-Cumulative costs (WACC=15%)
—— Cumulative revenues

N
I
\-
~—aa_
==

/ lEntry year=1

|

0 | | |
10 15 20 25 30

0 5
Time (years)
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Please Select Wind Turbine Rating Cumulative costs and revenues (£)
(MW):
1 15 — Cumulative Reven
m --- Cumulative Costs
G
m _ o - <
a 2 | o0
g @
Please Select Wind Farm Rating (MW): g
>
50 1,500 g 9
& c %
L 7 S
‘ S 2
o
>
= «©
. & o
Please Select distance from port (km): 2 & -
o
10 (29] 100 3
—— o
o
+ -
& - e
ST \ T T T T T
Please Select the Strike Price 0 5 10 15 20 25 30
(E/MWh): Years
60 121 160
O

26



> <3
University of X

el Conclusions

Glasgow

 This activity develops a high fidelity cost revenue model for offshore
wind turbines.

* The tool will mainly include three functionalities which distinguish it from
what is currently available in literature and commercial applications and
allows a more well informed assessment of life cycle costs, namely:

I. the consideration of costs and revenues and actual time that
transactions occur,

ii. a high fidelity O&M tool to allow for flexible consideration of
variation of maintenance strategies and

lii. stochastic consideration of relevant inputs to allow for confidence
levels to be assigned to the various KPIs that will be considered.

* Next:
* The tool will integrate an LCA module

* It will be validated with real data collected from project partners
* An online tool will be developed
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Deliverable Report

D8.2: Report on Life Cycle

Deliverable Report

D8.1: Review of existing
Assessment of O&M

activities offshore with a
detailed inventory

cost and O&M models, and
development of a high-
fidelity cost/revenue model
for impact assessment
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