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Lloyd’s Register — A Group Overview

Celebrated our 250 year anniversary in 2010
8,000 employees of 90 nationalities
237 offices globally

Four business divisions:
Marine

= R :{%_"“"‘:?:'\": e
Energy e e
Management Systems L ; >

Transportation
2011/12 turnover £893m
A Registered Charity
Supports the Lloyd’s Register Educational Trust (LRET)
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Energy - Upstream

Example applications:
fixed offshore platforms
pipelines (offshore / onshore)
semi-submersibles / drilling ships
FPSO /FSO /FLNG

Example services:

optimised risk-based inspection

fitness for service

classification guidance

design appraisal

cnformance assessment F
egister
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Energy - Downstream

Example applications:
storage (tank farms, underground gas storage)
petrochemicals
bulk chemicals

Example services:

optimised risk-based inspection
life extension studies

corrosion risk assessment

risk consultancy
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Organisational risk

Overall Risk
Operating a Facility

LINKAGE .@
Organisation Integrity H Asset Integrity

\ /

0 Chemical Company 1
15% “85% of availability losses over previous 5 years were 85%
associated with Mechanical Integrity related failures. “

Oil Company 2

“Approximately one third of all the major and high potential
66% incidents reported in the group are related to integrity management — 33%
in other words, incidents where there has been loss of containment
or failure of an engineering system.”

RS

LIFE MATTERS



... the Issues

Reglte
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Asset Performance Management

1.0 APM Man aging Elements Leadership Commitment to Quality

Quality Process Model
Measurement & Control

Corrective Actions

O
S QA&QC

o
R\ Project Quality Plans

AM Performance Assessment

Functional

2.0 APM Functional Elements Maintenance Objectives
Maintenance Plans & Budgets

3.0 APM Supporting Elem: Work Selection

Application of New Technology

CMMS Reporting

Maintenance & Reliability Improvement
Spares Management

Maintenance Deferral

Reporting

Fitness for Service Assessments

Contractor Management

|1|

Emergency Work _
Register
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Risk based maintenance software for reliability improvement

Risk: the 4™ Generation Approach

Moubrays’ 3 Generations of Maintenance
<

* Maintain it before it
breaks

* Regular, time-
based
maintenance




Why this approach?

Improve critical asset availability
Optimise maintenance costs

Analyse future risks and
maintenance costs

Provide justification for
equipment renewal and repairs

Promotes regulatory compliance
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Knowledge Based Asset Integrity (KBAI™)

)
MED HIG
R

di

MEDIUM
1l

Maintenance and Inspection
Task Plan optimised to the

equipment and the business
(£ impact per event)

Likelihood of Failure
(events per year)

* Equipment type and items used

» Age, usage, environment, etc * Includes industry best practices

» May increase or decrease current

j maintenance

E D C B A
Consequence Ranking
|

Consequence of Failure
(impact per event)

* Equipment condition (based on
visual inspection, past
maintenance, failure causes and 5
condition monitoring, etc) -

Probability Ranking
w

« Disruption to business

« Environmental + Health and Safety impacts

» Reputation — Public/Political l{‘eké?."siiesr
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Case study — Port Cranes

Breakdown duration reduced
Quay Side crane (QS) -24%;

Rubber Tyred Gantry cranes (RTG)
-12%

Maintenance cost savings: QS 17%; RTG
32%

Significant commercial operational
benefits:

Crane efficiency enhanced

Containers handled and related safety
all improved

Equals: Reduced ship delays
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Case study — Oll refinery piping

Pilot study on fixed equipment on eight

process units led to $1.5m in turnaround P

cost savings and $7m in risk reduction D UCTION VALUE = g
EREEE

Fnding this CUl problem was .

Rolled out to 6 further refineries resulting oo o e e v oy o & & & = 4

I.C. Risk Di=tribotion Combined Risk Distribotion

in over $160m in risk reduction and on- 2reuciion was avoided wheh Som c-now mwuon
going savings in turnaround plans. o .

Achieved within 3 years. e ot eomprating the et | =
Key lesson learned is the need to -

continually audit and manage the system ‘ /

to ensure the alignment of people
processes and technology

The small branch connection on the line was found to be corroded nearly
through-wall. Continued operation without finding and repairing the damaged
connection would have resulted in a failure with potentially serious effect.
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Case study — Elevators

511 elevators at Royal Mail Group
Many used to move mail as part of sorting process

Planned maintenance cost savings - 51%

Reduced reactive maintenance events - 60% target on key
elevators

Royal Mai
e

Improved elevator availability and quality of service
For first time, prediction of number of elevator breakdowns

Reduction in consequential losses — estimated £5m per
year
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The Process

‘ Integrate Information
Systems

Identify Assets

‘ Define Organisational
Requirements

e Add New Refurbished
Correct Deficiency
Replace or Refurbish or Replaced
Equipment to KBAI™

Maintenance
Strategies

Repair or Redefine ‘
[ Acceptance Ciriteria U pd ate

[Identify Deficiencies}

\

Business Process Analysis

Gather Asset
Information

[Determlne Criticality

J/Ejj -

'

Plan

Spare Parts
Strategies

[ Training

~ Perform

Evaluate

lovds
egister
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Configuration: Risk Units & Probability Factors are
identified for each asset type

(= http:Harivudemo.kbai.net{CriticalityPage. aspx?bj. pLuyscKh0. pluy7 2wl XT7L4VEaVXN, iZeb4z3aEzpZg - Microsoft Internet Explorer
P g px£h]. pLuys: pLuy g PLg P P

@‘:—v-;r - |g, htkp: [ farivudema kbai.net fCriticalityPage. aspx ?bj . pLuysckh, pLuy 72wl T 7L4VE aVMgyUiZebdz3aEzpZgg . eQl= S |+ | 3| |Live Search |
File Edit “iew Favarites Tools Help
{@) Share Browser WebEx ~ | [
& "1'9‘-' [88]' l @Lloyd's Reqgister Intranst ] @ Arivu Main l @http:,l’,l’arivudemo.kbai.ne... x l l & < E @; - Ij’ Page - .Q Tool:
[ GToupS = factors for WTTFAMUTF (isted as Install or Refurbish date, Base Reading, Criticalty Reading, and Number of Risk Units) are the
minimum =&t of values that must be =&t to determine a Risk Units’ POF. Enter addttional factors as appropriate.
PROBABILITY FACTORS = peree
El- DEFAULT MAIN BEARING
(- Foundation "

- Tower Base Asset Type: Manufacturer C | »

Rotor Module

3]
3]
H
t- Rotor Module Pitch System
3]
3|

Risk Units
~

[~ Calendar Based Information

- Rotor Module Waw System Install Date: — ﬁ
e Module Yaw 5
Refurbish Date (est): |:| s |

oy e ] 1 Probability Factors

_ N\
Kqulred \

/ Overall asset/system | Functienal but minor deterioration N

condition:

e O e O e O e RO e

% Drive Train
- Main Bearing
- Main Shaft

-~ Mechanical Brake

- Gearbox: Gearcase

- Gearbox: Suspension

- Gearbox: Torgue Arm

- Gearbox: Lubrication System
- Gearbox: Internalz
- High Speed Shaft

3 [ Detail Factors
- Generator Coupling
Site intop 30% of IEC61400-3 [N v
- Generator
for wind load, icing, waves
kEIedrical Module &lor current?
Conse(Mtors/ \ [? Is vibration monitoring Nu
fitted?
Errors Panel \ 2
Is automatic lubriaction | Design B (average system) |% |
fitted?
Motes: \
| Cancel Back
About KBM | Contact Copyright ® Lloyd's Register 2013. All Qs reserved.

Famn - 2 "= R S N

2
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Configuration: Consequence factors - Economic, Safet
Environmental & Reputational

calityPage.aspx?b

LuyscKhO. pLuy? 2wl XT7L4¥EaV¥XNgylliZeb4z 3alzpZg - Microsoft Internet Explorer p

@Z—-}r - |g, http:ffarivudemo, kbai. netfCriticalityPage. aspx?bj. pluysckhD, pLuy 72wl T7LAYEavxMgyLiZebdz3aEzpZgg. e0l=

| [#2|| X | |Live Search

File Edit “iew Favorites

o Share Browser  WebEx - |

Tools  Help

ﬁ & [88]' ] @Lloyd's Register Intranet

] @ Arivi Main

l @http:,l’,l’arivudemo.kbai.ne... X l l

Criticality | Task Planning |

Task Status |

Failure History

@' B @'@Pagev-@mt

HUme view AUITHES T auor

Info
| |

2 CONFIGURE CRITICALITY

WindTurbine » Wind Turbine A » Consequence »

Criticalty Date: E =

Groups

Probability Factors

CONSEQUENCE FACTORS

=~ DEFAULT
Economic

Safety

Environmental

Peltical or Reputation

Errors Panel

%

Motes:

About KBM | Contact

Copyright & Lloyd's Register 2013. All rights reserved.

DEFAULT > Economic

SETTINGS |

The Rizgk Unit's undesirable rezults of failure, are entered on this pags and will determine a Rizk Unit's COF. Such Conseguence Factors
include the following: Ecenemic, Environmental, Political or Reputation, and Safety. Note: Although Arivu does not reguire the user to
enter values, it is strongly recommended that Consequence Factors be set in order to get a realistic Criticality calculation.

ECONOMIC

Output interruption severity | £10,000.00 v

(loss/day)?

Output interruption duration
(day)?

Liakilities - i.e, fines, penalty,
etc.?

5100.00
$100.00
51,000.00
510,000.00
£100,000.00
£1,000,000.00

V]

Mitigation: Reduction in
impact due to redundancy,
insurance, etc.?

Cancel | Back |

&
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This year 4 risk units in the asset are medium-high criticality

nd Turbine A - Microsoft Internet Explorer. provided by Lloyd's Register

@@rv |g, http: jfarivudemo. kbai.netfassetpage. aspxhj, pLuysckhO, pLuy 72wlx T7LAYEaVENgyUiZebdz3aEzpZgg.eQl= Wl [*2|[ 2 | |Live Search

File  Edit View Fawvorites Tools  Help
OShare Browser ‘WebEx v| %; >

i} ﬁ'ﬁ [881' ] @ Lloyd's Register Intranet ] @ Ativu Main l @WindTurbine: Win,., 2 [@Arivu Reports I@Arivu Reparts I@CUmpare [wWind+Turb... ] l @ T E @ e |3’ Page ~ :@' Todls ~

L Welcome, DemoAdmin Sign Out

g Home View Administration Report: Help
Criticality | Task Planning | Task Status | Failure History | Info |

i WINDTURBINE DETAILS: WIND TURBINE A ()]0

Summary of Selected Criticality Criticality: M-H Current Driver: Criticality Date: 10/25/2012 Date Created 10/25/2012 10:43 AM

Probability: 3 Conzeguence: B ENF: 1.99 x 102 Compare Driver Crit.  Crit. Date Date Created Created By

I:‘ @ M-H  10/25/2012 10/26/2012 10:43 AM DemoAdmin

|:| O MH  211/2013 211/2013 9:38 AM DemoAdmin

Page 1 of1 (2 kemz)

Probability
Ranking

Shows ni
risk units
criticality

Configure y

About KBM | Contact Copyright @ Lloyd’s Register 2013. All rights reserved. @

Done JFi| & & Internet 100w v
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Next year prediction shows criticality has further changed for one
risk unit — undertake pre-emptive work on this

WindTurbine: Wind Turbine A - Microsoft Internet Explorer provided by Lloyd's Register

LS L |§, hkkp: ffarivudemo kbai.net/AssetPage. aspx?bj. pLuysckho, pluzsCd 3Gy PEp2 GOLSSKUGkm= V| || X |Live Search | P

File Edit “iew Favorites Tools Help
@) share Browser  WebEx v| & -

]@Compare [wind+Turb. .. l_l @ h @ v ik Page - .@' Tools -

Ls» Welcome, DemoAdmin + Sign Out

w [88 ] - ] (& Uoyd's Register Intranet I (& arivu Main l (& windTurbine: Win... [ (& Arivu Reports

] @ Ativu Reports

RIV

CRITICALITY | Task Planning | Task Status | Failure History | Info

Home View

Administration Reports Help

> WINDTURBINE DETAILS: WIND TURBINE A [ [] [] [comeareruns
Summary of Selected Criticality Criticality: [1-H @ Current Driver: Crypmmzma Date Created 2/11/2013 9:36 AM ;ﬂ
Probability: 3 Consequence: B ENF: 2,19 x 10-2 Compare Driver Cri( Crit. Date \ Date Created Created By Cretails

[ ® my 212013 2(11/2013 9:36 AM DemoAdmin I=

® O (@] M-\, 10/26/2012 10/25/2012 10:43 AM DemaAdmin I=

1 SN~—" Date Tor Page 1 0f 1 (2 ftems)

Probability
Ranking

criticality
. calculation
| Criticality
change
-
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Use ‘Reports’ to identify changes required to reduce
iIndividual criticalities and ENFs

Arivu Reports - Microsoft Internet Explorer provided by Lloyd's Register.

@ 2 A |§, http:/farivudemo. kbai.net/ReportPage. aspx rdf IONSONb Tvbhl435 1 IHDBURF 1 eZMbpulPwigsltkalSxo 22 10797665099  Cg= V| +1|| X | | 2|~
File Edit View Favorites Tools Help
0 Share Browser  ‘WebEx - @
i’:? ﬁ'ﬁ [Sgl'lféuoyd's Register Intranetl'_fénrivu Main ]@WindTurbine: Wind T... ]'_fénrivu Reports [@Arivu Reparts x I@Compare [Wwind+Turb... ] l @ T D E@ e I-_:_\‘"Page > f,‘J' Tools -
A A
Criticality Run Detail
Probability Group/Consequence Group Risk Unit ENF Consequence Probability Criticality
EIDEFAULT/DEFAULT 0.021876 B £y I-H
Drive Train==Gearbox: 0.00016 B 5 M
Gearcase
Drive Train==Gearbox: 0.00008 B 5 M
Internals
Drive Train==Gearbox: 0.00003 B 5 M
Lubrication System
Drive Train==Gearbox: 0.00016 B 5 M
Suspension
Drive Trains=Gearbox: Torgue |0.00018 B 5 ]
Arm
| DerrTran = =G =
_ Tain==Generatar 0.00061 B 3 \H\
Drive Trainz==Generator 0.01143 B 3 M-H \'
Coupling
Drive Treme=sidigh Speed Shaft |0.00016 B — 1
Drive Train==Main Bearing 0.00003 B 5 ]
Drive Train==Main Shaft 0.00018 B 5 &l
Drive Train==Mechanical Brake |0.00003 B 5 &l
Electrical Module==Electrical ~ [0.00061 B 5 M
Madule o
Foundation:==Bolts 0.00003 B 5 &l 3
Foundation==Jacking Brackets |0.00009 B 5 M
Foundation==Sub - Structure | 0.00009 B 5 &l
Foundation==Transition Piece [0.00009 B 5 Ll
Macelle Madule Yaw 0.00468 B 4 &l

e I{-elo S
g:SEIer
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ata, feedback etc — modifies

{= WindTurbine: Wind Turhine A - Microsoft Internet Explorer provided by Lloyd's Register

allure history, completed tasks, usage data, condition
orobabilit

@@r - |E, http:fiarivudemo. kbai,net i TaskHistoryPage, aspa?bj. pluysckhO . pluzsCd 30y FHp2 GOLSSKUGExm="%3d=

V| *2|| X |Live Search | -

File Edit Wiew Favorites Tools  Help
gshareBrowser WebEx v|

& -

* e [88 X = ] @ Lloyd's Register Intranet

] @ Arivu Main

Criticality | Task Planning | TASK STATUS | Failure History | Info

l @ WindTurbing: Wind Turbi,.

@ - B @ '@Pagev-@Toolsv

Ly Welcome, DemoAdmin & Sign Out

Help

View Administration Repo

2/ TASK STATUS - WIND TURBINE: WIND TURBINE A

Task Sour Task Type Pr Cc Risk Unit # Ca

Description

Due Date  Date Comph  Due Usage Usage Com Completed Feedback

Recom... Fraventive Maints... Rotor Module Yaw Syste...

Wisual inspection.

10026/2012  2M11/2013 10{Count) 2150{Cou... A Mainte...

Recom... Fraventive Maints... Rotor Module Yaw Syste...

Calibrate anemomster

Recom...  Preventive Mainte... Towrer »> Bolts

Inspect for corrosion, overlo...

Recom... Pi ive Maints. ion >> Baolts

Inspect for fatigue. comosion a...

Recom... Conditicn Monitori e F ion == Baolts

Chede pre-losd of bolts [visusl..

10/268/2015 A Msainte... Acosptable

Recom Fraventive Maints. Rotor Module »= Cosating 1 Visusl inspecticn of coating 10/26/2015

Recom... Fraventive Maints... Rotor Module Pitch Syst... 1 Inzpact system. Undartake bett... -

Recom... Preventive Mainte... Rotor Module Yaw Syste... 1 Inspact system. 10/26/2012

Recom... Preventive Mainte... Electrical Maoduls == El... 1 Visual inspection 10/268/2012

Recom... Preventive Mainte... Drive Train => Gearbox.... 1 Visual inspection.

Recom... Condition Moniteri... Drive Train >> Gearbox... 1 Verify oil pressure monitoring ... 10 A Maints... 44 Count (...

Recom... Cendition Meniteri... Drive Train >> Gearbox... 1 Undertake cil sample analysis 10/268/2012 A Mainte... 95 Count (A...

Recom... Preventive Mainte... Drive Train >> Gearbox:... 1 Monitor vibrstion

Recom... Fraventive Maints... Drive Trein =» Gearbox... 1 Chedk pre-tension between be...

Recom... Condition Menitori... Drive Trein =» Gearbox... 1 Werify il pressure monitoring ... 10/28/2014 A Mainte... 52 Count{...
12 Page 1 of 4 (51 kems)

Abcut KBM | Contact Copyright & Lloyd's Register 2012. All rights reserved.

| Delete | Cancel | Cloze |

g v

Done

F 100 v

e Internet
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Summary — Using Risk Based Maintenance

Structured approach to bring various elements of information and data
together to make more informed maintenance decisions including pre-
emptive change out of components

Improves reliability

Software helps manage the process especially with large volumes of
disparate data

Use to update prediction utilising operational experience

Provide effective failure mode management in response to changing
equipment condition

Operating knowledge is retained even if staff change
Consistent with requirements of PAS 55 (ISO 55000)
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Questions?

Andrew Martin
Technical Manager

Lloyd’s Register EMEA
71 Fenchurch Street
London, EC3M 4BS

T +44 (0)7713 985983

E Andrew.Martin@lr.org
w www.lr.org/energy

Services are provided by members of the Lloyd's Register Group. l{-el‘@é}é?esr
For further information visit www.lIr.org/entities
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http://www.lr.org/entities
http://www.lr.org/energy

