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Fuels Fuels -- 85% Worldwide85% Worldwide
Lubes Lubes -- 50% Worldwide50% Worldwide

Power 20%Power 20%
America, EuropeAmerica, Europe

Olefins Olefins -- 75% Worldwide75% Worldwide
Butadiene Butadiene -- 35% Worldwide35% Worldwide
Styrene Styrene -- 30% Worldwide30% Worldwide

BM Studies WorldwideBM Studies Worldwide

Pipeline 35%Pipeline 35%
Europe, Latin AmericaEurope, Latin America

Process Plants Reliability and Maintenance WorldwideProcess Plants Reliability and Maintenance Worldwide
Over 1,000 Process UnitsOver 1,000 Process Units



 

Reliability andReliability and
Maintenance StudyMaintenance Study

RefineriesRefineries

OtherOther
RawRaw

MaterialsMaterials

Exploration/Exploration/
ProductionProduction ChemicalsChemicals

TankageTankage
PipelinesPipelines

Reliability and MaintenanceReliability and Maintenance

OtherOther
ProcessProcess

IndustriesIndustries



 

The Benchmarking ProcessThe Benchmarking Process

Factor ValueFactor Value

In
de

x
In

de
x

AA

DiscoverDiscover
Causal FactorsCausal Factors

BB

PopulationPopulation

SelectSelect
PeerPeer

GroupGroup

$ per Year$ per Year

PlantPlant

LeadersLeaders

MeasureMeasure
Opportunity GapsOpportunity Gaps

GapGap

G
ap

s
G

ap
s



 

BenchmarkingBenchmarking

Introduction to BM StudiesIntroduction to BM Studies

BM Study Peer GroupsBM Study Peer Groups



 

Process Peer GroupsProcess Peer Groups
Chemicals and RefineryChemicals and Refinery

Chemical ProcessesChemical Processes
OlefinsOlefins
Olefin IntermediatesOlefin Intermediates
Chlorinated HydrocarbonsChlorinated Hydrocarbons
Primary AromaticsPrimary Aromatics
Aromatics IntermediatesAromatics Intermediates
PolyolefinsPolyolefins
Thermoplastics & ElastomersThermoplastics & Elastomers
Pharmaceutical & AgriculturalPharmaceutical & Agricultural
ChlorChlor--AlkaliAlkali
Utilities and OffsitesUtilities and Offsites

Refinery ProcessesRefinery Processes
Atmospheric DistillationAtmospheric Distillation
Vacuum DistillationVacuum Distillation
Fluid Catalytic CrackerFluid Catalytic Cracker
HydrocrackerHydrocracker
Catalytic ReformerCatalytic Reformer
AlkylationAlkylation
CokerCoker
Distillate HydrotreaterDistillate Hydrotreater
Sulphur RecoverySulphur Recovery
Utilities and OffsitesUtilities and Offsites



 

Process Peer Groups Process Peer Groups 
Pulp and Paper MillsPulp and Paper Mills

Wood YardWood Yard
DigestersDigesters

ContinuousContinuous
BatchBatch

BoilersBoilers
Recycle Paper PlantRecycle Paper Plant

Pulp and Paper Mills ProcessesPulp and Paper Mills Processes

UtilitiesUtilities
RefinerRefiner
Paper MachinePaper Machine

PulpPulp
KraftKraft
BoardBoard
Fine PaperFine Paper



 

Regional Peer GroupsRegional Peer Groups

North America, Canada and AustraliaNorth America, Canada and Australia
Latin AmericaLatin America
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and Asiaand Asia
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Performance IndicesPerformance Indices

Five components of routine and turnaround Five components of routine and turnaround 
Maintenance effectiveness are benchmarked:Maintenance effectiveness are benchmarked:

Lost margin due to outage (valued at 40% of plant Lost margin due to outage (valued at 40% of plant 
replacement value per annum) replacement value per annum) 
Direct costs (craftsmen, contractors and materials) Direct costs (craftsmen, contractors and materials) 
Support costs (supervision, indirects and Support costs (supervision, indirects and 
consumables)consumables)
Interest on spares inventory (valued at 20% of Interest on spares inventory (valued at 20% of 
material replacement value per annum)material replacement value per annum)
Operator work (administration, preparation and Operator work (administration, preparation and 
tasks)tasks)



 

Maintenance CategoriesMaintenance Categories

Electrical equipmentElectrical equipment

Instrumentation and controlsInstrumentation and controls

Rotating equipmentRotating equipment

Fixed plant and civilFixed plant and civil
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Reliability programReliability program

Craftsmen profileCraftsmen profile

ProceduresProcedures

Engineering standardsEngineering standards

Support staffSupport staff

Organization structureOrganization structure

Causal Organization FactorsCausal Organization Factors

Contractor profileContractor profile
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Use of BenchmarksUse of Benchmarks

Establish a plant’s Performance levelEstablish a plant’s Performance level
Measure causal Measure causal Plant CharacteristicsPlant Characteristics
Discover causal Discover causal Organization FactorsOrganization Factors
responsible for performance gaps with Peer responsible for performance gaps with Peer 
Group Better HalfGroup Better Half
Quantify Improvement Opportunities by expense Quantify Improvement Opportunities by expense 
type and maintenance category type and maintenance category 
Provide a Business Case for change programsProvide a Business Case for change programs
Convince personnel of need for new TargetsConvince personnel of need for new Targets



 

Benchmark DeliverablesBenchmark Deliverables
Benchmark tablesBenchmark tables

Performance indices Performance indices –– average, poorer, betteraverage, poorer, better
Causal plant characteristics and practices Causal plant characteristics and practices –– linkslinks

Indices range graphsIndices range graphs
Range of indices and causes illustratedRange of indices and causes illustrated
Plant’s relative position is identifiedPlant’s relative position is identified

Analysis of performance gapsAnalysis of performance gaps
Plant costs compared with Peer Group Better HalfPlant costs compared with Peer Group Better Half
Components of cost gaps are analyzedComponents of cost gaps are analyzed

Plant characteristics and practices profilesPlant characteristics and practices profiles
Range of characteristics and practices shownRange of characteristics and practices shown
Plant characteristics and practices comparedPlant characteristics and practices compared



 

Benchmark Tables Benchmark Tables –– SubjectsSubjects

Reliability loss indicesReliability loss indices
Maintenance cost indicesMaintenance cost indices
Spares holding cost indicesSpares holding cost indices
Process severityProcess severity
Equipment redundancyEquipment redundancy
Maintenance support Maintenance support 
Engineering and investmentEngineering and investment
Reliability organizationReliability organization
Work planning and Work planning and 
schedulingscheduling

Craftsmen characteristicsCraftsmen characteristics
Contracting profileContracting profile
Labor hourly costsLabor hourly costs
Types of maintenance Types of maintenance 
Operator maintenance Operator maintenance 
indicesindices
Labor indicesLabor indices
Materials indicesMaterials indices
Supervisor activitySupervisor activity
Craftsmen teamsCraftsmen teams



 

Rotating equipmentRotating equipment 8181 106106 5757 108108 5757

Fixed plant, pipework and civilFixed plant, pipework and civil 175175 224224 132132 245245 112112

Electrical equipmentElectrical equipment 2929 4040 1818 4343 1616

Instrumentation and controlsInstrumentation and controls 5656 7777 3737 8989 2828

Man Hours per $ MillionMan Hours per $ Million
Plant ValuePlant Value Average    Average    PoorPoor GoodGood PoorPoor GoodGood

StudyStudy ReliabilityReliability Cost IndexCost Index

Benchmark TablesBenchmark Tables



 

Indices Range GraphsIndices Range Graphs

PlantsPlants
Process Pumps (Main) per $B Plant ValueProcess Pumps (Main) per $B Plant Value Company Process Unit DataCompany Process Unit Data

00

100100

200200

300300

400400

500500

600600

700700

800800

900900

33 44

U
n

it
s 

P
er

 $
 B

ill
io

n
 P

la
n

t 
V

al
u

e
U

n
it

s 
P

er
 $

 B
ill

io
n

 P
la

n
t 

V
al

u
e



 

Analysis of Performance GapsAnalysis of Performance Gaps

Thousands US $ per YearThousands US $ per Year
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3,2703,270Your Plant's Maintenance CostYour Plant's Maintenance Cost

2,6002,600
The Maintenance Cost for Equal The Maintenance Cost for Equal 
Plant Replacement Value of the Plant Replacement Value of the 

best half of Peer Plantsbest half of Peer Plants

1,0001,000Labor Cost GapLabor Cost Gap

Your Plant's Maintenance Labor Your Plant's Maintenance Labor 
Performance is poorer than the Best Peers. Performance is poorer than the Best Peers. 
The opportunity is a Million $ per year. Look The opportunity is a Million $ per year. Look 
at the detail Labor Cost Gap Analysis.at the detail Labor Cost Gap Analysis.

1010Support Cost GapSupport Cost Gap
Your Plant's Maintenance Support Costs are Your Plant's Maintenance Support Costs are 
about the same as the Best Peers’. Support about the same as the Best Peers’. Support 
Costs Detail may show opportunities.Costs Detail may show opportunities.

Materials Cost GapMaterials Cost Gap

Your Plant has a Better Maintenance Materials Your Plant has a Better Maintenance Materials 
Performance than the Best Peers. Materials cost Performance than the Best Peers. Materials cost 
a third of a $ million a third of a $ million less less per year. However, per year. However, 
opportunities may be seen in the detail.opportunities may be seen in the detail.

340340



 

Plant and Practices ProfilesPlant and Practices Profiles

Peers RangePeers Range

Plant APlant A

Modifications per M$PRVModifications per M$PRV
per year per year –– 0 to 0.54  0 to 0.54  

Percent of Plant on Risk BasedPercent of Plant on Risk Based
Inspection Method Inspection Method –– 0 to 1000 to 100

Average time from Work RequestAverage time from Work Request
To Completion To Completion –– days 1 to 90days 1 to 90

Percent of Jobs Scheduled onePercent of Jobs Scheduled one
week or more ahead week or more ahead –– 0 to 930 to 93

Number of Craftsmen per Number of Craftsmen per 
Supervisor/Manager Supervisor/Manager –– 4 to 164 to 16

Craftsmen's OvertimeCraftsmen's Overtime
Percent Percent –– 1 to 251 to 25

Percent of Contracts that arePercent of Contracts that are
Hourly Rate/Cost Plus Hourly Rate/Cost Plus –– 80 to 10080 to 100



 

Drill Down Indices CorrelationDrill Down Indices Correlation

Fixed Plant and Civil          10.4Fixed Plant and Civil          10.4 13.713.7 7.37.3 0.980.98

Rotating EquipmentRotating Equipment 10.910.9 14.314.3 7.57.5 0.930.93

ElectricalElectrical 8.38.3 10.510.5 6.26.2 0.700.70

InstrumentationInstrumentation 11.611.6 14.214.2 9.19.1 0.850.85

Craftsmen's Craftsmen's 
Overtime PercentOvertime Percent Average         Poor1/2   Better1/2        a CorrelationAverage         Poor1/2   Better1/2        a Correlation

Study           Maintenance Index         Probability ofStudy           Maintenance Index         Probability of



 

Drill Down of Labor Cost OpportunitiesDrill Down of Labor Cost Opportunities
US $1 Million/Year US $1 Million/Year –– ExampleExample

RotatingRotating
EquipmentEquipment

33% 33% 

InstrumentationInstrumentation
29%29%

ElectricalElectrical
19%19%

TurnaroundTurnaround
15%15%

Fixed PlantFixed Plant
4%4%
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A Relationship Between MaintenanceA Relationship Between Maintenance
and Reliability Indicesand Reliability Indices
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Maintenance IndexMaintenance Index Percent OutagePercent Outage



 

Range Range WithinWithin a Group is Greater Thana Group is Greater Than
BetweenBetween Groups Groups -- Maintenance IndexMaintenance Index

CanadaCanada

United StatesUnited States

Western EuropeWestern Europe

Middle EastMiddle East

Latin AmericaLatin America

AustraliaAustralia

JapanJapan

Asia  (excl . Japan)Asia  (excl . Japan)



 

Success Factors of an ImprovementSuccess Factors of an Improvement
Program Based on BenchmarksProgram Based on Benchmarks

Focus on the largest loss/cost gaps with peers Focus on the largest loss/cost gaps with peers 
Set credible performance targets that can Set credible performance targets that can 
reached based on peer group benchmarks reached based on peer group benchmarks 
Develop KPIs at the individual levelDevelop KPIs at the individual level
Review all maintenance facets: maintainability, Review all maintenance facets: maintainability, 
reliability, inspection, condition monitoring, reliability, inspection, condition monitoring, 
planning, scheduling, supervision and executionplanning, scheduling, supervision and execution
Optimize frequency as well as cost per event of Optimize frequency as well as cost per event of 
all maintenance work studiedall maintenance work studied
Implement with a proven Change processImplement with a proven Change process
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