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Excel based inputs

) TNO O&M PLANNER

User inputs

o |nstall / O&M Planner

Search or create project.. ° AIRTuB (O&M) (]
A Projects
Search for inputs. @ & !
Project Name pawp O
X 583994.00
4+ Farm Y 5828458.00
. UTM zone a1y
= Substations
Weather start date 2007-01-01 01:00 GM1
Weather end date 2018-01-01 01:00 GM1
£ Metocean b thodedon
Air Temp (10m) Yes
‘ Subsystems Wind Speed (10m) Yes
Wind Direction (10m) Yes
ﬂ’ Failure Modes Wind Speed (100m) Yes
Significant Wave Height (wind-sea) Yes
§. Vessels Mean Wave Direction (wind sea) Yes
Zero-crossing Wave Period (wind- -
ﬁ Harbours sea)
Significant Wave Height (swell) Yes
fl Equipment Mean Wave Direction (swell) Yes
Zero-crossing Wave Period (swell) Yes
ﬁ Technicians Crraiapead o
Current Direction Yes
[J Storages
Water Level Yes
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TNO O&M PLANNER

Excel based inputs
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Transit time between turbines

User inputs
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TNO O&M PLANNER

Excel based inputs

Metocean hindcast weather data

User inputs
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. . 0000
Project duration vODO
00X
Calendar days
. — | 4 q
Project costs — @

h A
Technician costs Vessel costs Harbour costs Total costs

Wind farm availability T

Period (%) that a wind turbines are available for operation
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) SCENARIO: ROPE ACCESS
'SCENARIO: Ropeaccess  Calculation  TNO O&M Planner (PW)  TNO O&M Planner(3yrs) -

Duration (days) 15 15 19
Personnel costs inspection (k€) 216 216 237,60
Vessel costs (k€) 240 240 264
Total O&M costs (k€) 456 456 501,6
Harbour costs (k€) - 10,75 10,90
Yield based availability (%) - - 99,84

60 wind turbines

4 CTVs

12 technicians Rope access

: technician

|
| Crew transfer vessel
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) SCENARIO: ROPE ACCESS
'SCENARIO: Ropeaccess  Calculation  TNO O&M Planner (PW)  TNO O&M Planner(3yrs) -

Duration (days) 15 15 19
Personnel costs inspection (k€) 216 216 237,60
Vessel costs (k€) 240 240 264
Total O&M costs (k€) 456 456 501,6
Harbour costs (k€) - 10,75 10,90
Yield based availability (%) - - 99,84

60 wind turbines

4 CTVs

12 technicians Rope access

: technician

|
| Crew transfer vessel

f ]




60 wind turbines
2 CTVs
4 technicians

» SCENARIO: 4K CAMERA DRONE

Duration (days) 6 6 9
Personnel costs inspection (k€) 22,50 22,50 28,75
Vessel costs (k€) 48 48 61,33
Total O&M costs (k€) 70,5 70,5 90,08
Harbour costs (k€) - 10,30 10,38
99,94

Yield based availability (%) - -

&,

4K camera drone

Crew transfer vessel
il




60 wind turbines
2 CTVs
4 technicians

» SCENARIO: 4K CAMERA DRONE

Duration (days) 6 6 9
Personnel costs inspection (k€) 22,50 22,50 28,75
Vessel costs (k€) 48 48 61,33
Total O&M costs (k€) 70,5 70,5 90,08
Harbour costs (k€) - 10,30 10,38
99,94

Yield based availability (%) - -

&,

4K camera drone

Crew transfer vessel
il




» SCENARIO: AIRTUB DRONE
'SCENARIO: AIRTuB drone  Calculation  TNO O&M planner(PW)!  TNO O&M Planner(3yrs) -

Duration (days) 6 6 9
Personnel costs inspection (k€) 27 27 33
Vessel costs (k€) 72 72 88
Total O&M costs (k€) 99 99 121
Harbour costs (k€) - 10,30 10,37
Yield based availability (%) - - 99,97

60 wind turbines

1 CTV and 1 SOV ,,é

4 technicians Z  AIRTUB drone

Crew transfer vessel
il




» SCENARIO: AIRTUB DRONE
'SCENARIO: AIRTuB drone  Calculation  TNO O&M planner(PW)!  TNO O&M Planner(3yrs) -

Duration (days) 6 6 9
Personnel costs inspection (k€) 27 27 33
Vessel costs (k€) 72 72 88
Total O&M costs (k€) 99 99 121
Harbour costs (k€) - 10,30 10,37
Yield based availability (%) - - 99,97

60 wind turbines

1 CTV and 1 SOV ,,é

4 technicians Z  AIRTUB drone

Crew transfer vessel
il




) TNO O&M PLANNER FEATURES

 Projects
@ Q

Label May 2007
Sun, 29 Apr - Sat, 5 May Sun, 6 May - Sat, 12 May

= Full Scenario

~ Plan1 - Daily (WO1,2,3,4,5,6,7,8)
wlllﬂlw limits Crew transfer vessels (182)

Team 1(W01,2,3,45678)

Custom limits -

* Plan2 - Daily (W09,10,11)

Wind Speed (100m) - = - 10 myfs X = FEB S

Crew transfer vessels (1&2)

| A Simulations

\Weather parameter - i Value Team 1 (WO11)

Cancel Crew transfer vessels (182)

» Pland - Daily (WO11,12,13,14,15,16,17,18) [}

* Plan5 - Daily (W019,20,21,22) '
Mone -
* Plané - Daily (W022,23,24,25,26,27,28,29) -
Show markers: D = Processes: (1 ldle @ Work and delay @ Mixed/Unknown delay @ Mixed work @ Initial Delay @/ ® Work / Delay @/ @ Transfer / Delay
@/ Transit (or Cable laying) / Delay @/ (De)mobilize / Delay
Turbines/Substations: @ lsolated @ Disconnected @ Operating with issues @ Failed @ Operating
Custom weather limit based on the expert inputs Work order distribution using Gantt charts
Tue, 1 May Wed, 2 May Thu, 3 May Fri, 4 May Sat, 5 May Sun, 6 May Mon, 7 May

Thu, 1 Nov Fri, 2 Nov Sat, 3 Nov Sun, 4 Nov Mon, 5 Nov Tue, & Nov Wed, 7 Nov Thu, 8 Nov Fri, 9 Nov Sat, 10 Nov

Monthly accessibility comparison
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12 wind turbines

i

4 teams (CTVs) each with 3 technicians.

Goal: Visual inspection and repair using AIRTuUB drone with laser scanner.

Block Name ‘ Iteration ‘ Actions Executed Start Time ‘ Total Duration | Core Duration | Permits Delay | Weather Delay | Resource Delay Idle Time ‘ End Time
[date] [h] [h] [h] [h] [h] [h] [date]
—_— Crawford mode! - 1 ¥ 2021-01-01T00:00:00| - 93,05 68,46 000 |~ 2459 |- 000 |~ 0,00 2021-01-04T21:03:.04| ~
) Loop 1 (1).Leap 2 (1).Do work 1 Work 2021-01-01T00:00:00 6.00 6,00 0,00 0,00 0,00 0,00 2021-01-01T06:00:00
> Loop 1 (1).Leap 2 (2).Do work 2 Work 2021-01-01T06:00:00 6,00 6,00 0,00 0,00 0,00 0,00 2021-01-01T12:00:00
@© Loop 1 (1).Loop 2 (3).Do work 3 Work 2021-01-01712:00:00 6,00 6,00 0,00 0,00 0,00 0,00 2021-01-01T18:00:00
o Loop 1 (1).Loop 2 {4).D0 work 4 Work 2021-01-01T18:00:00 2435 6,00 0,00 18,35 0,00 0,00 2021-01-02T18:21:07
— Loop 1 (2).Leep 2 {1).00 work 5 Work 2021-01-02718:21:07 5,70 570 0,00 0,00 0,00 0,00 2021-01-03T00:03:07
[ Loop 1 (2)Loop 2 (2).Do work 6 Work 2021-01-03T00:03:07 5,70 570 0,00 0,00 0,00 0,00 2021-01-03T05:45:07
@) Loop 1 (2)Loop 2 (3).Do wark 7 Work 2021-01-03T05:45:07 5,70 570 0,00 0,00 0,00 0,00 2021-01-03T11:27:07
— Loop 1 (2).Leap 2 (4).D0 work 8 Work 2021-01-03T11:27:07 5.70 5,70 0,00 0,00 0,00 0,00 2021-01-03T17:09:07
© Loop 1 (3).Leap 2 (1).D0 work 9 Work 2021-01-03T17.09:07 542 542 0,00 0,00 0,00 0,00 2021-01-03122:34:01
— Loop 1 (3).Leap 2 (2).D0 work 10 Work 2021-01-03T22:34:01 542 542 0,00 0,00 0,00 0,00 2021-01-04T03:58:55
> Loop 1 (3).Loop 2 (3).Do work 11 Work 2021-01-04T03:58:55 542 542 0,00 0,00 0,00 0,00 2021-01-04T09:23:49
D Loop 1 (3).Loop 2 (4).Do work 12 Work 2021-01-04T09:23:49 11,65 542 0,00 6,24 0,00 0,00 2021-01-04T21:03:04

v

Number of inspections [dataset]

Leaning curve: The trend that measures
the progress of a specific metric based
on the acquired learning dataset.
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12 wind turbines

Goal: Visual inspection and repair using AIRTuUB drone with laser scanner.

4 teams (CTVs) each with 3 technicians.

o ——

Duration [days]

Block Name ‘ Iteration Actions Executed Start Time Total Duration | Core Duration | Permits Delay | Weather Delay | Resource Delay Idle Time ‘ End Time
[date] [h] [h] [h] [h] [h] [h] [date]

Crawford model - 1 |- T 2021-01-01T00:00:00| - 9305 | - 68,46 |~ 000 |~ 2459 |- 000 |~ 0,00 |~ 2021-01-04T21:03.04] ~
Loop 1 (1).Leap 2 (1).Do work 1 Work 2021-01-01T00:00:00 6.00 6,00 0,00 0,00 0,00 0,00 2021-01-01T06:00:00
Loop 1 (1).Leap 2 (2).Do work 2 Work 2021-01-01T06:00:00 6,00 6,00 0,00 0,00 0,00 0,00 2021-01-01T12:00:00
Loop 1 (1).Loop 2 (3).Do work 3 Work 2021-01-01712:00:00 6,00 6,00 0,00 0,00 0,00 0,00 2021-01-01T18:00:00
Loop 1 (1).Leop 2 (4).D0 work 4 Work 2021-01-01718:00:00 2435 6,00 0,00 18,35 0,00 0,00 2021-01-02T18:21:07
Loop 1 (2).Leop 2 (1).D0 work 5 Work 2021-01-02T187f'ﬂ7/ 5,70 570 0,00 0,00 0,00 0,00 2021-01-03T00:03:07
Loop 1 (2)Loop 2 (2).Do work 6 Work 2021-01-0370f03:07 570 570 0,00 0,00 0,00 0,00 2021-01-03T05:45:07
Loop 1 (2) Loop 2 (3).Do work 7 Work 2021,01,03755 45:07 5,70 5,70 0,00 0,00 0,00 0,00 2021-01-03T11:27-07
Loop 1 (2).Leap 2 (4).D0 work 8 Work 2021-01-03 11:27:07 5.70 5,70 0,00 0,00 0,00 0,00 2021-01-03T17:09:07
Loop 1 (3).Leap 2 (1).D0 work 9 Work 2021-01-0fT17:09:07 542 542 0,00 0,00 0,00 0,00 2021-01-03122:34:01
Loop 1 (3).Leap 2 (2).D0 work 10 Work 2021-01-(/3722:34:01 542 542 0,00 0,00 0,00 0,00 2021-01-04T03:58:55
Loop 1 (3).Leap 2 (3).Do work 11 Work 2021-014T0358:55 542 542 0,00 0,00 0,00 0,00 2021-01-04T09:23:49
Loop 1 (3).Loop 2 (4).Do work 12 Work 2021—01’04'(09 2349 11,65 542 0,00 6,24 0,00 0,00 2021-01-04T21:03:04

v

Number of inspections [dataset]

Leaning curve: The trend that measures
the progress of a specific metric based

on the acquired learning dataset.

Crawford model

Loop 1 (total)
Loop 11
Loop 12

Loop 13

i
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) FUTURE SCENARIO

AIRTuB drone

Efficiency

Quality
Speed

Cost

Now

Offshore hub

>
Future

Crew transfer vessel
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