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ABSTRACT

SWOT analysisis an important method for formulating strategic manage-
ment decisions for an organization. An application to strategy formulation
for the selection of optimal maintenance strategy is applied for a leading
European wind turbine gearbox manufacturer. In this research study, an
evaluation of both the organization external and internal analysisisconsid-
ered, with expert input from the organization and condition monitoring sys-
tems manufacturers. The paper concludeswith aconfrontation matrix which
evaluates the best maintenance approach that should be considered given

the organizational strengths and weaknesses.
© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Theacronym SWOT standsfor “strength, weak-
ness, opportunity, and threats.” The SWOT andysisis
one of thekey methods considered by an organization
whileeva udingitsstrategic positioning (strategic man-
agement process) in acompetitive businessenviron-
ment. Themain steps of the strategic management pro-
cessaredescribedin section 2.0424, The SWOT andy-
sisisanimportant step for defining therelevancy of an
organization’s current operational strategy. Through
identification of weaknesses and strength of itscurrent
business strategy, the SWOT analysiscan potentialy
alow theformulation and implementation of new busi-
nessstrategiesand thusallow effectivecompetitionin
the current dynamic bus nessenvironment.
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Studiescarried out on wind farms have shown that
effective maintenance strategy can lead to significant
cost savings on the operation and mai ntenance cost
throughout thelife cycleof thewind turbing®. Thusthe
el ection of an effectivemaintenance strategy could pro-
videan important competitive edge for the manufac-
turer againgt their competitors. Theorganization under
study pursuescorrectivemaintenancepolicy. Thispolicy
issupported by off-line condition monitoring dthoughit
ispursued toalimited extent®,

Inthispaper,aSWOT analysisisconducted for a
|eading European gearbox manufacturer in order to
eval uatethe company’sinternal and external strength
and weakness. Thefirst section of this paper discusses
themain conceptsof the strategic management approach
adopted intheresearch. Theapproachisdividedinto
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six mgjor steps. The scope of thisstudy will however
belimited tothefirst two steps; identifying current mis-
sion, goals, strategies, and SWOT analysis. The sec-
ond section eva uatesthe mission statement and opera
tional strategy (current maintenance strategy pursued
by the service department). Thethird section examines
in-depth, strength, weakness, opportunity and threats.
The SWOT analysisis categorized into two main sec-
tions; external anaysis(opportunitiesand threats) and
interna andysis(strengthsand weaknesses). Thefourth
section describes e ementsof the confrontation matrix
which enablesthe company to evd uateitsstrengthsand

MATERIALSAND METHODS

Resear ch methodology

Themethodol ogy adopted in thisresearchisbased
on the strategic management process. The processcon-
sistsof six major stepsthat encompass strategy plan-
ning, strategy implementation and eva uation. Figure 1
depi ctsthese phases pursued in the strategic manage-
ment process. Thestepsinclude:

1 Identifyingtheorganization’scurrent mission, goas
and strategies

Performing anexternd andysis
Performinganinternd analysis

2
. .-, . 3
weaknesses relative to external opportunities and 4 Formulating strategies
threats. Thelast section concludesonthemostimpor- 5 Implementing theselected Strategies
tant aspectsof the strategic management process. 6 Evauaingthereaults
External Analysis:
Opportunities and Threats
Identify an organization’s |
current mission, goals and | Strategy Formulation Strategy Implementation Evaluation of Results

strategies

Internal Analysis:
Strengths and Weakness

=

l'

Figurel: A schematic representation of the strategic management process!

Thefirst 3 stepsof the strategic management pro-
cessentail collection of dataand aSWOT analysis. In
datacollection, theresearchers conducted in-depthin-
terviewswith ateam of expertsfrom aleading Euro-
pean gearbox manufacturer and from Condition Moni-
toring System manufacturers. Apart fromtheinterview
sessions, relevant dataand documentation pertaining
to adoption of maintenance strategiesfor gearbox mod-
elswasalso evauated. Thereviewsall involved:
= Sitevigtstothe manufacturerspremises
= Comparative analysisof documentsand reportsre-
latingtothe SWOT analysis

= Structured interviewswith theteam of expertsfrom
both manufacturers

= Anaysison historical data, including maintenance
documentation.

Using the data obtained from the review, the
SWOT analysis compared the state of the current
mai ntenance strategy implemented by the gearbox
manufacturer, in thiscase Corrective Maintenanceand

the best maintenance strategies applied inindustry, i.e.
Condition Based Maintenance. The SWOT analysis
resulted in theidentification of strengths, weaknesses,
opportunities and threatsfor the gearbox manufac-
turer with implementation of CM strategy in compari-
son to implementing CBM. Results of the SWOT
analysisisreported in section 2.1.

SWOT analysis

The SWOT Analysisprocedure formsanimpor-
tant step of the strategic management process. The
SWOT Andysisisdivided into two mgjor stepsof per-
forming:

» Anexternd andyss
» Anexternd andyss

Thefundamental ideabehind SWOT Anaysisis
theidentification of appropriate strategiesthat ensurea
drategicfit betweentheexternd environment that afirm
competesin (threstsand opportunities) anditsownin-
ternal environment (strength and weaknesses). After
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identifying the strengthsand weaknesses, an organiza-
tion may proceed on to devel op strategiesthat takes
advantage of thestrengthswhileon the other hand mini-
mizing onweaknesses. Thecompany concernedforin
context of this study is aleading European gearbox
manufacturer. Thechoiceof an gopropriate maintenance
strategy for the company can be seen asreflecting the
ideaof animportant fit linking theinterna environment
withtheexternd environment.

A SWOT andysiswastherefore conducted for the
company and incorporated views and opinionsof dif-
ferent expertswithinthe organization. Thecompaosition
of theteam of expertsincluded personnel from differ-
ent departmentsthat include service, product develop-
ment, root cause analysis, and product design. Addi-
tiona opinion was sought from |eading European con-
dition monitoring systems(CMS) manufacturersand
suppliers?. Discussionsheld with the expertsfocused
onthecurrent operationa strategy (corrective mainte-
nance) pursued by the organization and consisted of
informal interviews. Theteam of expertsgeneratedin-
teresting ideas on what they consider to be the oppor-
tunities, threats, strengths and weaknesses of the cur-
rent operations strategy, and benefits expected from
implementing condition based mai ntenance (CBM).

Expert opinion wasa so sought from ateam com-
posed of CM Smanufacturers. They provided useful
information onthe CM S cost structure, instalation and
operationsof their systems; and further, informationon
theeffectivenessof their systemsin detectionfailurefor
wind turbine gearboxes manufactured by the organi za-
tion and the different monitoring packagesthey offered

for their customers.

All viewscollected from theintervieweeswas com-
piled and categorized into two main divisons, SWOT
andysisfor corrective maintenance, and SWOT andy-
siswith CBM (proposed new operationsstrategy). The
discussonsresultedinatota of 11 opportunities 9threats,
9 strengthsand 7 weaknesses. The SWOT analysisis
discussed intwo broad sections. Thefirst section con-
Sdersthecurrent Stuationinwhichthecompanyisimple-
menting the correctivemaintenance (CM) strategy. Sec-
tion 3.3.1 presentsan in-depth discussion of the SWOT
andysiswith CM. Thenext section consdersaSWOT
anadysisinwhich the company isimplementing CBM.
Thisdiscussonispresentedin section 3.3.2.

RESULTSAND DISCUSSION

SWOT analysiswith correctivemaintenance

Thefirst part of the SWOT analysisconsidersthe
current maintenancescenario (busnessasusud), inwhich
the company i simplementing acorrective maintenance
srategy. Fromtheinformation gathered fromtheinfor-
mal interview sessionswith theteam of expertsand from
the European CM Ssuppliers, alist of strengths, weak-
ness, opportunitiesand threstsiscompiled and depicted
iINTABLE 1and TABLE 2. The SWOT analysiswith
thecurrent maintenance strategy implementedyielded a
tota of 5opportunities, 7 threats, 8 Srengthsand 8 week-
nesses. The SWOT anaysisfirst consderstheexterna
anaysis(opportunitiesand threats). Thisisfollowed by
ananaysisof interna strengthsand weaknesses. The
interna analysisisdiscussedinthenext section.

TABLE 1: Summary of exter nal analysiswith implementation of correctivemaintenance

Opportunities

Threats

Conduct a criticdity assessment to determine the end
consequences of failure for a component. Such an
assessment allows Strategy 1 (CM) to be maintained
on non-critical while Strategy 2 (CBM) may be
considered for critical failures.

o1

Gradua shift in the wind energy market from product
warranty to service level agreement (SLA). This
implies that Strategy 1 is not sustainable on the long
term.

T1

Consgder optimizing off-line condition monitoring
schedule Thismay enabletechniciansto diagnose

Large wind utility companies are more demanding on

02 failure early enough therefore allow for maintenance T2 high product reliability and wind asset avail ability.
actionsto e taken before catastrophic failure ooaurs. Strategy 1 isnot best suited to deal with thisthresat.
Consider outsourcing their maintenance activities Growing competition in the wind turbine gearbox
altogether and concentrate on the core bus ness of business. Several wind turbine gearbox manufacturers

03 o9 T3 are offering maintenance service contracts based on

designing and manufacturing wind turbine
gearboxes.

Strategy 2. Thisnew trend hasthe potentia of
eroding the company's market position.

Snoivonmental Science
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Opportunities

Threats

o4

Maintenance service provides an income
for the company. Thisisthrough repair
and restoration of gearboxes that have
failed after expiry of warranty period.

T4

Reducing profit margins due to strong buyer bargaining position:
Thisimplies optimizing maintenance expenditure through
measures such spare parts inventory management, resource
scheduling.

T5

Insurance companiesrequireingalation of CMS devices on wind
turbines as a precondition for offering insurance cover for wind
turbine. Thisisa potential threat for the company with
implementation of Strategy 1.

T6

Difficulty in providing proof againg warranty daims Dueto lack of
aufficient failureinformation usualy derived from CM S, the company
may be forced to compensate customers even for faluresthat originate
from externa sources (for instance damageinitiated by thewind
turbinerotar).

Theexternal analysis: Opportunitiesand threats

Theexternd anadyssamsat eval uating theexterna
busi nessenvironment and allowsthe company’s man-
agersexaminethe environment in which they arecom-
peting inand to spot changesand trendsinthisenviron-
ment. Further, theanaysisdlowsacritica examination
of opportunitiesthat can be availableto the organiza-
tion through implementing condition based maintenance
(CBM). Ananaysisof theexterna environment en-
ablestheidentification and exploitation of opportunities
that can enhancetheir competitiveness. Theexterna
analysisfurther identified threatsintheexterna (busi-
ness) environment that could adversdly affect their com-
petitiveness.

Fromtheanaysis, acriticality assessment for the
wind turbine gearboxesisidentified asakey opportu-
nity for the company through the current implementa-
tion of correctivemaintenance strategy. The assessment
furthermore enablestheidentification and prioritization
of failurescons dered asmost important intermsof cost
and safety. Assuch critica failuressuch aslow speed
shaft breakage should be minimized through applica-
tion of different maintenance strategy such aspredic-
tiveor preventivemaintenance. Corrective maintenance
may still be explored for non critical componentssuch
asoil leve indicator.

Another key opportunity identified isthe strength-
ening of off-linecondition monitoring. By optimizing
ingpectioninterval sfor off-line condition monitoring,
the company’stechnicians are ableto diagnosefail-
ureinception at early stages and thus carry out re-
pair actions. The gradual market shift from offering
customerswith product warranty to contracts based

on servicelevel agreements(SLA) isidentifiedasan
important threat for the company. A SLA isapart of
aservice contract wherethelevel of serviceisfor-
mally defined. This could be the number of opera-
tion hoursor quantity of kilowatt hours generated on
awind turbine system running on a particul ar gear-
box. Animportant component of SLA isthecollec-
tion of failureinformation with aview of trackingfail-
ure development.

However, CM doesnot providefor collection of
failureinformation at early stages of development in
thewind turbine gearbox. Thisinformationisimpor-
tant in preventing catastrophic failurethroughinitiating
repair actions at early phases of thefailure devel op-
ment. ThusCM makesit difficult to guarantee gear-
box servicelevel availability levelsto clientsand may
lead to lossof businessto competitorswho basetheir
contactson SLA.

Theinternal analysis: Srengthsand weaknesses

Theinternal anaysiswith implementation of CM
reveal simportant informati on on resourcesand capa-
bilities. Theseresourcesand capabilitiesalowsfor ef-
fective handling of threatsin theexterna environment
by maximizing ontheavailableopportunities. TABLE
2 presentsasummary of results of the company’sin-
ternd anadyss.

A key strength identified isthelong experiencewith
CM procedures. Asaresult the maintenance services
department, and personne training areall oriented to-
wardsthe CM strategy. Thereforefamiliarity with the
CM strategy may enable minimization of maintenance
expendituresthrough cost saving measures devel oped
within the servicedepartment. Additiondly by imple-
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menting CM, theorganizationisabletoavoidrisksas-
sociated with adoption of new and unfamiliar mainte-
nance strategiessuch as CBM. Theserisksinclude poor
implementation of dternative strategy, need for change
inorganization structure, re-training personnel andre-
sistanceto change by employees.

Another key strengthidentified isthe company’s
reputation for high service quality. Thishasenabled
continued revenue earningsthrough the sale of service
maintenanceto clients. However, sustaining thisrepu-
tation may bedifficult with continued implementation
of CM. Inaddition, themaintenance servicemarket is
fast growing and thereby attracting for many new com-
petitors. These competitors are adopting alternative

mai ntenance strategies such as preventive and pre-
dictive maintenancethus presenting areal threat on
the company’s market position.
Weaknessesidentified indicatethat CM isconsid-
ered an i nefficient maintenance strategy. By alowing
thewindturbinetoruntofailure, highfalurecostsare
incurred through repairing or replacing thewind turbine
gearbox. These costs can especially besignificant for
off-shoreapplicationsand distant on-shorewind farms.
Moreover, CM may result to ahigher number of fail-
ures compared to the number of in-housetechnicians
resulting in the need to sub-contract mai ntenance ser-
vices(usudly at ahigher cost). Additiond strengthsand
weaknessesaredepictedin TABLE 2.

TABLE 2: Summary of internal analysiswith correctivemaintenance

Strenghts

Weaknesses

Experience in implementing CM and thereby no

Possible increase in costs associated with repair or
replacement of wind turbine gearbox failures.

S1 additional capital investmentsin diagnostic equipment, W1 Thisis especially the case for repairs or
staff training and failure information analysis. replacement that would have been prevented by
alternative maintenance strategies.
Implementing CM may lead to an inefficient use
: L of resources. By failing to plan for maintenance,
2 gﬁg?&?}gﬁ';?gﬁeoﬁqwmd who execute CM w2 maintenance techni cians are deployed based on
9 actual failure occurencesin thefield. Thisisan
inefficient approach.
Reputation for high service quality among clients. This CM prevents optimization of spare parts
0 ornig quality 9 inventory. Thismay lead to long repair lead times
S3  enables continued revenue streams on maintenance w3 ialiv if the required components need to be
services despite implementing CM. especialy | < P
ordered from suppliers.
. - . . Implementing CM may erode reputation for high
1 gg;?%&%ggﬂ?ﬁg 'rr;\égim?;g?;slt?gpl ementation w4 product quality and thus shrinking their market
; ' share Thisisdueto high incidence of unexpected
equipment,..) .
gearbox failures.
Implementing CM prevents collection of gearbox
The company does not incur the full costs of gearbox failure data that would otherwise be useful for
S5 failure within the warranty period. These costs are W5 improving product reliability. Data on failure
shared between with customer. mechanismsis especially useful for reliability
improvement of new gearbox designs.
Long down time hours: wind turbine breakdowns
Implementing CM provides generates additional may occur at inappropriate times (for instance
S6 revenue through servicing failed gearboxes for clients W6 during high winds or stormy weather). This may
after expiry of the warranty period lead to long repair lead times resulting in high
penalty costs.
Extra costs associated with implementing CBM is not Safety and environmental compliance: Sudden
incurred. These costs include failure data analysis, staff gearbox failures can potentially cause accidents
S7 training, maintenance scheduling and setting up W7 (broken components could be thrown off as

communication infrastructure (IT networking, ERP
systems, spare parts management systems,...).

projectiles) or potential environmental damage
(for instance leaking gearbox lubricant,..).

Strong pool of maintenance service technicians. This

S8 allowsthe organization to effectively deploy the

techniciansto respond to failuresin different wind sites.
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SWOT analysiswith condition based maintenance

This section considers SWOT anaysisin asce-
nario where CBM isimplemented. The SWOT analy-
sisisaso based oninformation collected from experts
and CM Ssuppliers. The SWOT andysiswithCBM is
likewisediscussed intwo parts; theexterna anaysis
andtheinterna analysis. A summary of resultsfor both
theexterna andysisandinterna anaysisispresented
inTABLE3and TABLEA4.

Theexternal analyss. Opportunitiesand strengths

Theexterna andyssconsidersthe external envi-
ronment conditionsand how they affect operations. Im-
portant opportunitiesidentifiedincludethe potentia for
reduction on operation and maintenance costsand the
shiftinthewind energy market from product warranty
to servicelevel agreement. Theseopportunitiesaredis-
cussed inthefollowing paragraphs.

Thereductionin operation and maintenance costs
though implementation of CBM is seen asone of the
key opportunity for the company. Thereasonisseenin
thepotentid of CM Sdevicestodiagnosefallureat very
early stageswhich enables optimal scheduling of main-
tenance actions. As such cost savings associated with
secondary damage to other gearbox components or
catastrophic gearbox failure can be prevented. Further-
more, warranty claimsarising dueto gearbox failures
occurring beforethe expiry period can be minimized
resultinginsubstantia cost savings. Additiond cost sav-
ingsopportunities are gained through optimi zations of

gpare partsinventory and mai ntenance equi pment hir-
inglogistics(cranes, diagnostic equipments, boats, .. .).

Theshiftinthewind energy market from offering
product warranty to serviceleve agreementisalsoiden-
tified asakey opportunity. Thisshift isattributed to the
fact that large utility firmsare acquiring largewind as-
setsand thereby reducing the number of playersinthe
sector. Itisthusprojected that thismarket consolida-
tion by thewind energy utility companieswill create
few wind energy cusomerswith hugebargaining power.
Theteam of expertsisof theopinionthat thiswill even-
tualy causeamarket shift towardsserviceleve agree-
ment. Thisopinionissupported by amarket survey on
thewind energy market carried out by*4%,

Inexterna andyss, severd threatswereidentified.
A key threat identified isthe potentia lossof revenueby
themaintenance servicedepartment. Themainrevenue
sourcesinclude servicing broken down wind turbine
gearboxes, replacement of damaged components, lubri-
cationsand cleaning. Much of thisrevenueisgenerated
fromwindturbineswhosewarranty hasexpired. By imple-
menting CM S, the customer isbetter informed onthe
condition of their wind turbinesthrough accesstofailure
andys sreports. Thisinformation dlowsthecustomer to
meakebetter maintenance decisons(for instancewhento
changelubricant, or replacing aworn out component)
and choice of maintenance services (the customer may
decideto sourcefor servicesfrom adifferent mainte-
nance contractor). For these cases, loss of substantial
revenuesthroughimplementing CBM may bepossible.

TABLE 3: External analysissummary with CBM

Opportunities

Threats

Pursue CBM through partnerships with CMS
suppliers and wind turbine manufacturers.
This could provide an opportunity for extend
product warranty or offering contracts based
on SLA.

o1 T1

Potentia revenue loss through customersinitiating
independent maintenance decisions. With installation of
CMS devices, customers are better informed on the gearbox
condition and may choose to all ocate maintenance tasksto
an alternative service provider.

Implementing CBM may enable the company
reduce on claims resulting from gearbox
failures within the warranty period

o2 T2

Loss of revenue due to shift of gearbox service. Clients
may decide to use failure reports from CM S toinitiate ther
own maintenance actions (freedom to choose when and who
to maintain their wind turbine gearboxes).

Implementing CBM may allow for improve on
therdiability of the wind turbine gearbox
through utilizing failure information from
CMS devices.

o3 T3

Several wind turbine gearbox manufacturersare
implementing CBM. Thisresultsin the saturation of
predictive maintenance services and thereby creating strong
competition anong the manufacturers.

Implementing CBM amy provide an
opportunity to increase market share through
enhanced customer confidence,

o4 T4

Decisions regarding sdection and ingtalation of CM S devices
are made by the wind turbine manufacturer and not component
suppliers. Under such an arrangement, it is difficult to decide
on which CMS sysemsto ingtall on gearboxes.
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Opportunities

Threats

Implementing CBM may result in reduced
operation and maintenance expenses (these

Design of CMS devicesisfast evolving. Thisimplies that
the company should negotiate favorable contractual terms

05 include cost of hiring cranes. equipment T5 (CMS upgrades, retro-fits,..) to avoid situations where the
) 9 » EqUIp organization installs CM S devices that soon become
downtime losses, and gearbox replacement) obsolete
. Wrong life predictions for wearing parts in the wind turbine
Implemgntmg CE_’M may a“"V.V fp_r better gearbox: Current CM S systems periodically give out false
scheduling of maintenance activities and s
06 thereby optimize deployment of resources T6 alarms. These alarms may reduce availability (by
X . X unnecessarily shutting down the wind turbine).
required to carry out repair actions . .
T Furthermore, resources may be expended in responding to
(deployment of technicians, cranes, vessels,..) the alarms
Implementing CBM, may allow for Risk of losing intellectual knowledge to competitors
O7 optimization of spare part inventory whichmay  T7 through failure reports sent to customers. Thisinformation

result in significant maintenance cost savings

may be used by competitors on competing gearbox designs.

Theinternal analysis: Srengthsand weaknesses

Theinternd andysiswith CBM providesimportant
information ontheir resourcesand capabilities. These
consist of both tangible and intangibleresources. On
the onehand, tangibleresourcesincludefinancid (cash
inbank), and physica (machinery, manufacturing facili-
ties,...). Ontheother hand, intangibleassetsincludeits
gearbox design knowledge, reputation for quaity and
highly skilled designersand technicians. TABLE 4 de-
pictsasummary of theinterna analysis.

Resultsof theinternal analysisassist managersin
identifying theorganizationd strengthsand wesknesses
Theorganizationd strengthsincludeactivitiesthe com-

pany doesvery well, while organi zationa weaknesses
arethoseactivitiesthat they don’t performwell. TABLE
4 summarizesresultsfor interna andysis.

A strong research and devel opment team wasiden-
tified asakey strength for implementing CBM. The
implementation of CBM isviewed asalong term strat-
egy and requiresadedicated team with theright tech-
nical capabilities. Thisimplementation phaseisusualy
associated with severa technical difficulties(sdecting
theright device, interpretation of failureinformation
and optimal maintenance scheduling). If the CBM
implementation ispoorly managed, the entire strategy
may fail. Thuswith agood team possessing theright

TABLE 4: Internal analysssummary with CBM

Strenghts

W eaknesses

Overcapacity in manufacturing facilities: This

Lack of an own an in-house CMS device. Therefore

S1 enables quick respond to market demand that may W1 toimplement CBM, the company hastorely on
arise from implementation of CBM. partnerships with CMS suppliers.
Strong research and development team: Thisreduces Limited in-house knowledge on CM S devices. This
S2 thelearning curve during early implementation W2 knowledgeis especially critical during selection of
phases for CBM. appropriate CM S devices.
Reputation for high quaity wind turbine gearboxes: CMS devices available in the market are not capable
3 Ingdling CM Sinvalves high upfront investment. Thus W3 of diagnosing all possible failuresthat may occur on
the company may useits strong market reputation to the gearbox. Thislimitation prevents the company
encourage uptake of CMS by their dlients from fully benefiting from implementing CBM.
Strong business relationship with wind turbine Implementing CBM requires high upfront cost. These
o manufacturers: Thisrelationship may enable the wa include CM S ingtall ation costs, setting up condition
company influence the choice of CMSto be monitoring infrastructure and hiring skilled personnel
installed in their gearboxes. to analyze failure data.
Strong business relationship with CMS Optimum selection of CM S systemsrequiresreliable data
S5 manufacturers: This enables a substantial gain in ws O actud field operating parameters (wind speed,
cost savings (bulk purchasing of CMS devices) dynamic forces on rotor,..). However the company lacks
during implementation of CBM. rdiablefailure data on which to basethe CM S sdection.
Strong integrated service department that supports Technica staff lack the necessary skillsand
5 growing service activities. This enables the effective W6 knowledge (for ingance analyzing failure

schedule maintenance and deploy repair personnel to
carry out repair actionsin different wind turbine sites.

information) on CBM. Thisimpacts negatively on the
implementation of CBM.
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technical skillsand knowledge, these difficultiescan
therefore be managed.

A strong businessrdationshipwith CMSsuppliers
and good product reputationswere a so identified as
key strengthsfor the successful implementation of CBM.
Implementation of CBM isusudly capitd intendveand
requiressubstantia financia resources. Thesecostsin-
cludeselection (trial runsand experiments), purchase
of CM Sdevicesand setting up monitoringinfrastruc-
ture. Depending on the contractual agreement (for in-
stancethe CM S supplier may provide monitoring ser-
vices) between agearbox manufacturer and CM Ssup-
pliers, additiona costsmay include establishing moni-
toringinfrastructure, hiring skilled personnel on CMS,
and training of in-house staff. Therefore, agood work-
ing relationship with CM S suppliers may enablethe
organization benefit on CM Stechnological know-how.
Additiond benefitsmay indudefinandd savingsthrough
bulk purchasing and CM Sdevice upgrades (hardware
and software).

Anadditiona important wesknessidentifiedisthe
difficulty in selecting optimum CM Sdevicesfor wind
turbines operating in varying wind regimes. Currently,
the company relieson an in-housetest bench for con-
ductingtria runson different CM Sdevices. However,
thetest bench only smulatesidea environmenta con-
ditionsand doesnot account for dynamic loadson the
gearbox (resulting from varying wind regimes). There-
forefailuresdiagnosed by the CM Sdeviceonthetest
bench may not necessarily represent actud failuresthat
will occur during actual operation of thewind turbine

gearbox. Thismay result in the selection of inappropri-
ate CM Sdevicesfor the gearboxes.

Confrontation matrix

The confrontation matrix is created through com-
bining the strengths, weaknesses, opportunitiesand
threatsof aproduct or strategy (the strategy under con-
Sderaionisimplementingthe CBM policy for windtur-
bine gearboxes)i®. Theconfrontation matrix isused to
answer thefollowing questiong*2:

1 How canthecompany useaspecific strength to take
advantage of an opportunity?

2 To what extent can the company use a specific
strength to anticipate athreat?

3 How canthe company useaweaknessbeimproved
to participatein an opportunity?

4 How canthe company improve aweaknessto de-
fenditsdf from athrest intheexterna environment?

The confrontation matrix isused to devel op stra-
tegic actionsand plans. In the confrontation matrix,
strong and weak points are confronted with external
threats and opportunities. The confrontation matrix
determineswhich strong points, weak points, oppor-
tunitiesand threats shoul d betargeted with anew drat-
egy. Thecelsinthe matrix (which indicate combina
tions of opportunities and threatswith strengthsand
weaknesses) areused for listing risks of different stra-
tegic actionsor options. The strategic optionsare de-
fined through pair-wise combination of strength-op-
portunity, strength-threats, weakness-opportunity and
weakness-threats. These pair-wise combinationsare
illustratedin TABLE 5131,

TABLE 5: Confrontation matrix usng SWOT analysisresultsasstr ategy optionsframewor ki3

OPPORTUNITY

THREATS

How to use a strong point to take advantage of an

How to use a strong point to battle a threat

STRENGTH  opportunity I

Offensive approach Adjusting appr oach

How to improve a weak point so that an opportunity How to improve a weak point so that athreat
WEAKNESS  can be seized can be faced

Defensive approach Sur viving approach

TABLE 6 showstheresults of the confrontation
matrix for the company. The matrix depictsthediffer-
ent strategieswhich can react toin any of thefour ap-
proaches (offensive, adjusting, defensiveand survival).

Thecurrent approach for the company can be de-
scribed as the adjusting approach. Based on the ad-
justing approach, the company isawareof threatsfac-

ingitscompetitive positioninthewind turbinegearbox
manufacturing market. Some of thesethreatsinclude
themarket shift from product warranty to servicelevel
agreementsand the consolidation of largewind utility
companies (this consolidation createsfew buyerswith
huge bargaining potentia and thusdriving downwind
turbine prices). To effectively react to these threats,
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implementing CBM should beconsidered. Thisenables
the organization optimize on their mai ntenance costs.
Implementing CBM createsadditiona benefitsthrough
reduced failures and better component failure predic-
tion(CMSdlowsearlyfalureprediction of theremaining
useful lifeof gearbox components). As part of its CBM
implementation action plan, thecompany isquantifying
the expected gainsthrough implementing CBM. These

studiesinclude determination of total life cycle cost
(LCC) comparing corrective maintenance and condi-
tion based maintenance. Furthermore, in-house experi-
mentson condition monitoring devicesfrom different
CMSsuppliersarebeing considered. Thestudiesare
amed at determining thefeasibility of implementing
CBM. Additiona adjustment approaches currently be-
ing undertaken include new product innovation.

TABLE 6: Confrontation matrix

OPPORTUNITY

THREATS

Offensive approach:

Adjusting approach:

SO1: Harnesstheidle manufacturing capacity and
strong R& D to quickly respond to increased market
demand resulting from implementation of CBM

ST 1: Leveraging reputation for high maintenance service
quality and thereby minimising threat of potential shift of their
customers to other maintenance service providers.

SO2: Explore the possibility of retraining itsin-
house technicians and designers on CBM.

ST2: Technological leadership in geartrain technology can be
combined with CBM to develop high reiability gearbox
designs. Thiswill enable the company to fend off competion
from manufacturers of direct drive wind turbine.

T SO3: Leveragethegrong customer basetopursue ST 3: Position the company so as to take advantage of market
5 partnershipswith wind turbinemanufacturersaimed  consolidation by wind energy utility firms. Implementing CBM
E at gandardisng CM Sfor their gearbox desgns may provide a strong competitive edge.
14 ST4: Condder utilising failure data from CMS devicesto
h  soa Explore possibilities for technol ogical improve on product reliability. This may enable the company
partnerships with CMS suppliers. counter the growing threat from direct drive wind turbine
manufacturers.
SO5: Consider extending warranty periods on ST5: Condder using CBM stratergy to reduce operational
gearboxes or consider offering SLA to large costs. This may enable the company remain profitable despite
wind utility firms. reducing gearbox prices.
assi rgoabf:’r'“”/igj ?ﬂ%’q"p;;ni'ﬁ ngrg:jigmanoe ST6: Pursuetechnological partnerships with CMS suppliers.
reliabili?yy. Further, CBM mayg;m/v pguir)wit maitenance This may allow for abt_atter unQerstanding of CMS devices and
service excellence (world dass maintenance excellence). thus make better selection choices,
Defensive appr oach: Sur viving appr oach:
WOL: Consider partnering with CMS suppliers  WT1: The gradual trend towards service level agreement
as part of implementing CBM, instead of (SLA) is shaping the wind business environement.
developing their own condition monitoring Implementing CBM may enabl e the company take advantage of
device thistrend.
WO2: Technological partnershipswith wind
turbine manufacturers may enable WT2: With growing competition from maitenance service
standardisation of CMS devices on all providers, the company may consider using CBM to further
Q? gearboxes manufactured irrespective of the mprove their maintenance service quality.
41 wind turbine design
E WO3: Weak financial position and high WT3: Market consolidation by largewind utility firmsimply the
ﬁﬁ investment cost for CBM are limiting factorsto  needto to create Srong supplier partnershipswith wind turbine
= aggresively take advantage of high growth in manufacturers This may be through better maintenance service

the wind business

quality resulting from implementation of CBM.

WO4: Explore on improving on knowledge of
their maintenance staff through providing
learning opportunities. Thisis possible through
partnerships established with CM S suppliers.

WT4: Consider outsourcing specific CBM activities for
instance on-line monitoring of wind turbine gearbox and
anaysing failure information. Thiswould reduce the cost
incurred through sustaining these activities (in terms of
personell cost and maintaining monitoring infrastructure).

WO5: Consider hiring in-house experts on
CMS. These expertswould be instrumental on
the implementation of CBM.

WTS5: Utilising the CBM stratergy to achieve product
innovation (with improved reliability) and maintenance service
excellence.
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The offensive approach builds on the existing
grengths. Theoffensvegpproach isconddered themost
appropriates nceit enablestheorganizationtofully take
advantage of theavail able opportunitiesintheexterna
environment. A possible offensive gpproach that may
be cons dered isoffering extended warranty periodsto
clients. Additiona offensiveapproach may includeof-
fering sarvicelevel agreementstolargewind utility com-
panies. Thismay be possiblethrough harnessing the
advantagesresulting fromimplementation of CBM (be-
ing ableto predict remaining useful lifeof gearbox com-
ponents). Such an offensive approach would alow for
anincreasein market share and thereby sustain market
leadership in manufacture of wind turbine gearboxes.
Anadditiond offensvegpproachisthroughusng CBM
toraisetheir maintenance servicetoworld class stan-
dards. Raising their service excellence may enable ef-
fectiveutilization of maintenanceserviceasadrategic
tool for leadership inthe gearbox manufacture market.
Failuredatafromthe CM Sdevicesisimportant inen-
abling product improvement through redesign. Thispre-
sentsan opportunity to further improve product reli-
ability and sustain their market position.

Thedefend ve approach buildson exigting strengths
inorder to fight off threats. The main focus of thede-
fensive approach isto enable the company defend its
market position. Defend ve gpproachesthat may becon-
sderedincludeprovidingtrainingtother technica staff
on CBM. Thisallowsfor development of important
knowledgerequiredto effectively susaintheCBM dra-
egy. Thismay be achieved through in-housetraining
sessions, inviting consultantson CBM, or training by
CM S suppliers. However, CBM should beviewed as
alongterm strategy whose benefits can bereaized on
thelongterm. Therefore CBM implementation programs
should aso bedevel oped for thelong term. Additional
defens ve approachesmay includehiring their ownin-
house experts.

Thesurviving approachisaimed at minimizing ex-
isting weaknessesin order to beinagood positionto
fend off threats. One of themain threatsisthegrowing
market consolidation of largewind utility companies.
These utility companiesare more demanding on prod-
uct reliability and quaity of maintenanceservices. CBM
may be used asatool for improving the maintenance
sarvicelevds. Thiswould enableeffective positioning

of the organizationto take advantage of themarket con-
solidation. Despite having far-reaching effects, part of
the mai ntenance service may be outsourced to specid-
Ist mai ntenance service providerswith thorough under-
standing of CBM. Thisavoidsthe need of havingto
commit resourcestowardsimplementing and sustaining
CBM. Anadditiond surviva approachisthrough pur-
suing product innovation and serviceexcd lence. These
god smay be achieved through implementationand ef-
fectiveapplication of CBM.

CONCLUSIONS

Thewindenergy businessenvironment isfast evolv-
ing. Thisrequiresthat an eval uation of current opera-
tion strategy(s) and their gpplicability inthecurrent busi-
ness environment. The strategic management process
has been applied for aleading European gearbox manu-
facturer to evaluateitscurrent operation strategy (cor-
rective maintenance) and strategic optionsare avail-
ablefor adoption. A SWOT analysisiscarried out to
determinethecompany’spositioningwith respecttoits
internal strengthsand weakness and how capablethe
organization isto face opportunitiesand threatsin the
busi ness environment. Two scenariosare considered
whichincludethe corrective maintenance and condi-
tion based maintenance. Further in order to understand
therequirementsfor future strategic actions, the con-
frontation matrix analysisisapplied.

Thefindingsfrom the SWOT analysisand con-
frontation matrix show that the company is currently
adopting an adjustment approach. This meansthat
the company iswell aware of itsinternal strengths
and externd threatsfacing the organization. By imple-
menting condition based maintenance (CBM) strat-
egy, the company isbetter placed to respond to major
threats such asamarket shift towardsSLA. Theor-
ganization is however not in a good position to
strongly respond to challengesin the business envi-
ronment. Themain reasonsfor itsweak positionin-
clude manufacturing overcapacity and weak finan-
cia position. Despitethese positions, pursuit of part-
nershipswith wind turbine manufacturersand CMS
suppliersisaviable option. These partnerships may
enableleverage of weak financia position and through
implementing CBM.
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