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12:30-13:15 Working lunch

13:15-14:30 Meeting part |
14:30-15:55 Coffee and meeting (II)
15:55-16:00 Re ady dadjemdi

16:00-18:00 fAGa-hjemd meet i n
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Agendac Reference Group

1. Meeting opening, welcome, and agenda review during
working lunch

2. New/changed Reference Group member organizations /
changed participants i short introduction by new participants

3. Detailed review of the logistics share of operating
expenditure as well as operations and maintenance

4. Short review of scoping of PhD research project efforts from
first meetings

5. Key activities since last meeting. Focus on:

1. Then s peed bfeo@athesPOh D N Mot her vessel
2. Government relations and tailor-made grants (uorizon 2020)

3. Concurrent dissemination of research results and findings

6. Update on academic progress, ii-month plan, and plans going forward

7. Wrap-up, prepar atgathjemd ome eit i ng, and
date/venue for next meeting
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Changed’hDplanning

. 2013 2014 2015 | 2016 . 2017
| | | | | l>
‘ I
Feb, 2015 2 0 1 &dd-@no
PhD year 2 End Aug T end Nov
Project year 3 Paternity leave
Feb, 2014 May P May, 2017
PhD official start 11, Revised submission
3-year academic project 2016 | 4 PhD thesis
Feb, 2013 Feb, 2016 January 31, 2017
Project start Year 4 Original submission date

Academic upgrading

0 The ydara s PhD thesis
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Intro to new/changed
Reference Group participants

@AH Industries

AQuick personal background

ABrief overview of the activities of your
organization

AExpectations from participation in the
Reference Group and research
project
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Last meeting: Practical O&M

AMaade i 2x 8MW WTGs
incl. O&M

ASubCpartner i O&M with
focus on substructures
and ROVs

AEsvagti SOVs for far
shore offshore wind
farms
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A percentagez ftwhat?!

When working with LCoE, people often answer questions
with a percentage value.

We always a s kPercentage of what?o
The answers are generally VERY different.

Within O&M, this seemed to be more true than for any
other life-cycle phase.

So, we decided to Investigate this furtheré
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Analysis of 1Hifferent studies

Built-in template data based on 400 MW OWF modeled after Danish Anholt OWF. Contains up to 15

2015 VY eg aVi nd 2015 LCoE CaICU Iator OpEX/O&M cost line items with 7 pre-suggested types of which none can be attributed to logistics

Forecast up to 2025 of global OWFs. Defines OpEx as a percentage range of CapEx costs. Breaks

DOUg las-Westwood offshore wind g lobal forecast 2025 OPpEx down into 6 cost items of which 3 can be directly attributed to logistics

500 MW OWF using 6 MW WTGs. Operation, maintenance, and service costs defined as 39% of
014 BVG ASSOClateS U K Su pply Chal n ASSeSsme nt lifetime costs. OMS costs split between minor service and major service with cost items defined but

not further broken down

Extensive study with 3 different sites ranging from 320 to 450 MW OWFs modeled with 4, 6, and 8

2013 P rOg nos and F| Chtl’ler G rou p Germ any cost red UCtion MW WTGs based on distance to shore and water depth. O&M costs modeled for different scenarios

and costs provided per MW per year. Insurance costs are separated

500 MW OWF using 6 MW WTGs. OpEx cost items broken down into 18 line items of which 5 can

ZAiel GL Garrad Hassan offshore wind O&M spend guide for Scottish Enterprise and The Crown EState vy atiuea o gisics. opex provia pe ne tem

Extensive study with 4 different 500 MW sites modeled based on distance to shore, water depth,

»2| The Crown Estate UK cost reduction pathways study including sub-studies in work streams an ind speeds. Operaing coss estimated ai 39% of il LCOE (page 15)

Study considers O&M to be out of scope (page 4)

K Deloitte study on offshore wind competitiveness for Denmark

500 MW OWF using 5 MW WTGs. 5 O&M cost items discussed including operation, maintenance,

ZAil0l BVG Associates UK Renewables Advisory Board offshore wind sector value break-down report e icese fess. one cost tem s por acie. Goss o segmentd it labou, matrls and

other where fiothero includes vessels and crani

The report is largely built based on onshore wind technology and findings except one section on

Z0l0ll European Wind Energy Association report on the economics of wind energy ofshore wind base on 2 MW WTGs and a prk capaiy of 160-200 MW The onshore wind 083

break-down has 5 line items of which none can be attributed to logistics. Offshore wind O&M defined

as a cost per MW/h

30 WTG OWF with 3 MW capacity. 6 OpEx cost items including administration, insurance, lease &

ZA0l0lsN Vattenfall VindKraft third annual technical report for Kentish Flats OWF fent. O&M under varraty from OV, Estimted OpEx costs broken down per ne .
Early study based on 30 WTGs each with 3.6 MW capacity, near shore. 5 OpEx cost items of which
Zi0lord Offshore Design Engineering OW cost study for UK Department of Trade and Investment ‘vere WTG reated and 1 ktd to vessels. OEx csts et 2 apercetage of CapEx.
DEPARTMENT OF MECHANICAL AND ((( ,
MANUFACTURING ENGINEERING Source: Poulsen, Hasager, and Jensen, forthcoming 14
- SHIPPING & LOGISTICS AALBORG UNIVERSITY

DENMARK



LCoEcomponents

ADevEx = Development expenditure

ACapEx = Capital expenditure

AOpEx = Operating expenditure

AADEx = Abandonment expenditure

ind, 201
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Definition of OpEX

A .includes all expenditure occurring from
Immediately after point of takeover,
whether One-time or recurring, related to
the wind farm, measured on an annual basis.

Excluded are expenses inherent to the
operation of the operators business but NOt
directly related to the operation and
management of the wind farmo
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Dimensions of the 11 studies

Simulated or WTG Farm

Study Name Exztrl:\?:es 0: NI‘IE;O Currency Actual Cost Cap? Cap? L“ﬁ:;ye(:e
P Reduction [MW]  [MW] P

Megawind 2015 OpEx 1 EUR Open Open All
Douglas-Westwood 2015 OpEx 1 EUR Simulated N/A N/A All
BVG UK SC 2014 OpEx 1 GBP Simulated 6 500 No de-comms
P+FG Germany cost 5013 oppk 1 EUR Simulated
reduction
Scottish Enterprises
GL Garrad Hassan 2013 O&M 2 GBP 6 500
TCE UK costreduction 2012 OpEx 1 GBP Simulated 4,6 500
Deloitte DK study 2011 N/A N/A N/A Only CapEx
UK RAB 2010 2010 OpEx 1 GBP
EWEAZ2009 2009 O&M++ 1.5 EUR Simulated 2 160-20
KF Vattenfall 2008 O&M++ 1.5 GBP Actual 3 90
ODE UK study 2007 O&M 1.5 GBP Simulated 3,6 108
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Unit of analysis- OpEX

A% of CapEx

A% of total lifetime costs
A% of LCoE per MW/h
APer WTG per year

APer MW/h

AFor total OWF per year
ALine-item absolute costs

MANUFACTURING ENGINEERING Source: Poulsen, Hasager, and Jensen, forthcoming
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Megavind(2015)

A Publically available LCoE calculator
A The LCoOE calculator used Anholt OWF as default
A Breakdowns for wind farm in to 6 major cost items
U Support Structure
Wind Turbine
Export Cable
Offshore Substation
Onshore Substation
U Array cable
A Two scenarios tested
U Spread of 155%!

GLOBAL WIND ENERGY SHIPPING AND LOGISTICS Source: Poulsen, Hasager, and Jensen, forthcoming
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DouglasWestwood (2015)

A OpEx related to CapEx (per MW per Annum)

Type Amount of Annual OpEx

Replacement equipment 51%
Personnel transfer 9%
Skilled technicians 8%
Installation / repair vessels 6%
O&M ports 5%
Grid maintenance, lease & other recurring costs 21%

A Two scenarios tested
U OpEx is 3% of CapEx per annum
U OpEx is 12% of CapEx per annum
A Spread of 400%!
«
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GLGarradHassan ScotExe¢2013)

A Good breakdown of O&M costs

U 18 points from onshore admin, to cable surveys,
to weather forecasting included.

UNoOt perfecté no I nsurance
A Maximum and minimum projected O&M costs
A Spread of 232%!

A Spread reduces to 212% with insurance.

GLOBAL WIND ENERGY SHIPPING AND LOGISTICS Source: Poulsen, Hasager, and Jensen, forthcoming

AAAAAAAAAAAAAAAAA

AALBORG UNIVERSITY  Denmark



OpEX h g a

AO&M can explain approx. 50% of

OpEX

U Early studies on onshore wind
reflected approx. 50%

U Early studies of offshore wind
reflected approx. 60-75%

U Most recent study shows approx.
54% for offshore wind

( Sources: Offshore Design Engineering, 2007;
Blanco, 2009; ORE CATAPULT 2015
MANUFACTURING ENGINEERING
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Non-O&M parts ofOpEXx

Non-O&M variable costs/OpEX

ATransmission assets / grid use of

system charges / payments to offshore
transmission owner

ASeabed rent
Alnsurance
AWeather windows
ALost revenue
AVessel availability
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O&M Inother iIndustrieSacademia

AQil & Gas:

U IMR = inspection, maintenance, and repair
U IRM = inspection, repair, and maintenance
(subsea)

AM&R = shipping, construction, and
electricity industries

Maintenance & repair
Maintenance & renewal
Maintenance & replacement
Maintenance & rehabilitation

DEPARTMENT OF MECHANICAL AND (((

MANUFACTURING ENGINEERING Source: Poulsen, Hasager, and Jensen, forthcoming

- SHIPPING & LOGISTICS AALBORG UNIVERSITY
AAAAAAA



Differences inLCoEcalculations

1. WTG rating = bigger output; less positions;
higher insurance premia

2. WACC = 1% increase in WACC is 6% LCoE
Increase -> O&M key risk factor

3. Distance to shore = near and far shore
offshore wind farms

4., Water depth = foundation types
5

. Initial WTG warranty period = paid for by
CapEx costs; not part of OpEx

6. Variable or linear OpEx costs = change
over time or fixed; repowering; end-of-life

/. Learning curve = savings over time

DEPARTMENT OF MECHANICAL AND (((

MANUFACTURING ENGINEERING Source: Poulsen, Hasager, and Jensen, forthcoming

- SHIPPING & LOGISTICS AALBORG UNIVERSITY
AAAAAAA



Later studies
separate
near and far
shore

A Minimum OpEXx
EUR 62,893
IMW/year.

A Average OpEx
EUR 166,895
IMW/year

A Maximum
OpEx EUR

600,000/
MW!/year
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