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Overview of this presentation

Main themes
— achieving high reliability
— cost of operations and maintenance

— revenue
Presentation topics

— basis of our systems and methods

— show some results
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High Reliability

'

Operational ideal

High reliability

—NO servicing

—NO repair

Achieved in deep space
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Worked towards in oil & gas
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High Reliability

'

How high reliability is achieved

Specification-led design

Definition

— defining what the equipment, operation or service
has to do

Achievement
— designing, operating and maintaining it to do it
Assurance

— finding some evidence that it will “work and keep on
working”
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High Reliability

'

Defining the “20 year turbine”

“what you don’t ask for - you don'’t get”

— Failure Free Operating Periods (FFOP)

e |.e. time without corrective maintenance

e maximum probabi

— Maintenance Free O

ity of premature failure
perating Periods (MFOP)

e |.e. time between

e maximum probabi
maintenance
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High Reliability

'

Achieving the “20 year turbine”

Reliable design

— demonstrated by

Reliability assurance

— based on

Appropriate redundancy

— and

Design basis of functionality, integrity and testing

Managed by specification, certification and
approvals
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High Reliability

'

Assurance of the “20 year turbine”

Reliability cases

Proof and evidence

— reasoned arguments (i.e. proof)
— technical readiness

— evidence of success

— risk of failure

Scrutiny

— evidence subject to scrutiny

— risks subject to mitigation

— peer reviews, red team reviews, hearings, etc.
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High Reliability

'

Its not new!

Rene Descartes

Knowledge should be based on

“Proof and evidence rather than just
faith”

“Nothing should be accepted unless
subject to scrutiny”
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Operations and Maintenance

'

More realistic ideal — the virtuous circle

High
availability at
low cost

BMT Energy
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Operations and Maintenance

'

Threat — the vicious circle

Low
availability at
high cost
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Operations and Maintenance

'

Drivers of operation and maintenance costs

Interaction of
— equipment selected
— Installation methods
— contractual arrangements
— servicing and repair strategies
e preventive and corrective
— effect of operational constraints
e transit times, weather, tide, time of day, etc.
— effect of resource constraints
* ships, people, tools, spares, etc
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Operations and Maintenance

'

Need to understand drivers

BMT Energy
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'

Offshore - everything
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IS linked to weather



System and Method

Created a system - MWCOST

Service Schedule
Failure Analysis Environmental Requiremenfs

Condition Monitoring for Maintenance Tasks

Metocean Environment Resource Requirements fd

Maintenance Tasks

—

Production

Finance
Insurance

Production Distribution

Revenue and Revenue Risk
Cost and Cost Risk

ROCs etc.

- T
— e s
e
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System and Method

Based on proven oil and gas methods

Developed by a Joint Industry Project

— Arco, BP Amoco, Conoco, EIf, Marathon, Mobil, Saga,
Statoil, Total

— used to simulate over 100 million hours of offshore
operations

“whole system” simulation based on Monte Carlo
technigues

models the complex interactions

designed to aid decision support
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System and Method

Inherent in the system — complexities of marine
support

Waiting Taxi

— vessel goes to wind farm, then to turbine, stays at turbine during
service/repair and then returns (or goes to another turbine)

Taxi

— vessel goes to a wind farm, then to a turbine, drops a crew and
returns to port

Day Shuttle Bus

— vessel goes to wind farm, then drops crew at a series of turbines,
waits, picks them up and returns to port

Shuttle Bus

— vessel goes to wind farm, drops crew at a series of turbines and
returns to port, returning later to pick them up

plus combinations and alternatives
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System and Method

Testing and use of MWCOST

Built reference models

— based around a hybrid of location, configuration, equipment and support
vessels (Beatrice)

Links with terrestrial and EO weather data

— linked Earth Observation statistical data into a statistical support model
(European Space Agency)

Round 2 Wind Farm

— sensitivity surrounding selection of 3 or 5MW turbines for a power
constrained site

— availability vs. O&M implications of number and configuration of offshore
Substations

— assessment of the O&M resources required to meet operational
availability targets

Marine Renewables

— financial performance of the Pulse tidal stream generator
Turbines

— through life cost implications of new blade condition monitoring
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System and Method

Simulation example

Working ‘
Failed and waiting minor repair

Failed and being repaired

Failed and waiting major repair
Failed and being repaire]f!

Day/Night
Avalilability
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System and Method

Cost guestions

Strategy

— what are the best preventive, predictive and corrective maintenance
strategies?

Assets

— how many support vessels are needed, where should they be based and
what capability should they have?

Equipment and tooling

— what equipment and tools are needed, how many and where should they
be kept?

Spares

- \IthiCh spares should be carried, how many and where should they be
ept?

Staff

— how many staff are needed and are they needed all year or seasonally?
Support sharing

— can savings be achieved by sharing with other offshore installations?
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System and Method

Risk guestions

Contracts

how should the turbine and O&M contract specification be developed?
what should the contract performance measures be?

Warranties

what is the value of warranty negotiation?
what is the post warranty exposure?

Financial risk management

where should limited resources be focused to give maximum value for
money?

what are the risks associated with periodic net cash flows and debt
coverage?

what are the risks of not achieving financial targets?

what is the risk exposure (due to either project implementation or service
operation)?

what is the optimum corporate risk retention-risk transfer balance?
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System and Method

Stakeholder dimensions

Risk and rewards can be considered for each
stakeholder, stakeholder grouping or project

e.g.
Developer

— what turbine warranty do | need to get financing
Turbine Supplier

— what turbine warranty can | offer to get selected
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Example Results

Example outputs - reliability

Statistical nature of results
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Example outputs — operations and maintenance

Influence of Number of Maintenance Teams

100%

90%
80%

70% -
60% -
50% -

40%
30% -
20% -

Generation Efficiency

Example Results

10%

0%

BMT Energy

2 3 4

5

6

Number of Teams

24



Example Results

Example outputs — operations and maintenance

Influence of Number of Maintenance Teams
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Example Results

Example outputs — operations and maintenance
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Example Results

Example outputs - revenue

 Nominal performance and statistical variation

BMT Energy
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Example outputs - revenue
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Conclusion

1. Methods exist to model the financial viability of
offshore wind farms

2. Methods tried and tested in oil & gas

3. Methods fully include the effect of the weather

4. Viability can be assessed for any stakeholder
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Further Information

In the UK (Fareham) contact Michael Starling
mstarling@bmtrenewables.com

12 Little Park Farm Road, Fareham, Hampshire, PO15 5SU, UK
Tel +44 (0)1489 553100

In the UK (Aberdeen) contact Neil Henderson,
neil.henderson@bmtcordah.com

Scotstown Road, Bridge of Don, Aberdeen, AB23 8HG
Tel +44(0)1224 414 200
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