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ABSTRACT

This thesis demonstrates how to implement the TRMnamme on Roxar’s flow loop. Roxar is

a flow measurement technology company and it iaraqgf Emerson companies’ portfolio. Rox-
ar's manufacturing factory is located in Stavaridemway and it includes the flow loop. The flow
loop consists of test separator, reference systenirol system and compressor units and nitro-
gen generator. Emerson management identified ldwslbop as one on Emerson’s critical assets.
Therefore; Emerson management decided to includ®ithe TPM implementation programme.

Emerson/Roxar kicked-off the TPM programme prioth® start of the thesis. Therefore, it was
important to evaluate where Emerson/Roxar is infAs implementation process in order to de-
termine how this thesis can add value. The evalnatidicated that Emerson/Roxar is in an early
stage of the TPM programme implementation.

The objectives of this thesis were set based onthesome of above mentioned evaluation. These
objectives are the following: develop OEE systeayealop equipment criticality analyses; de-
velop methodology to calculate the life cycle aoflshew equipment; suggest an implementation
plan. Throughout the thesis some systems were ajga@lto calculate the OEE and to rank the
equipment with respect to its criticality. Furthenm, the implementation plan and the life cycle
calculation methods were developed. The develsgstéms revealed interesting results, such as
the flow loop big losses and mapping the criticad aerious equipment per each main function

of the flow loop. That said the OEE system isrtiest interesting result because it is a key tool
to identify the potential improvement opportunities

At the end of this thesis, recommendations wereamadrder to enhance the systems which
were developed during the thesis ; enhance thatgpabcess of the data gathering; create a
cross-functional team in order to drive the TPM liempentation in a rapid manner through the
Emerson/ Roxar organization; and finally to improlve operators’ competencies and skills.
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1 Introduction

1.1 Background
TPM originated from Japan as an equipment managestrategy designed to support the total

guality management strategy. TPM is a world-clggg@ach to equipment management that in-
volves many people in the organizations in ordentoease the equipment effectiveness. The
TPM key objective is to continuously enhance thailability and prevent the degradation of
equipment through the continuous developing ofteganaintenance systems.

1.2 Company presentation
According to the Emerson’s official web-site, Enmrsonsists of five business segments which

are Network Power, Process Management, Industutdration, Climate Technologies, and
Tools and Storage. Roxar is a flow measuremenhtdogy company and it is part of Emerson
process management business segment.

Emerson has many factories all over the world. &loee, Emerson management aims to ensure
that customers consistently receive same hightyyaioducts on time; perfect execution is fol-
lowed in all factories worldwide; regionalize thielgal production of the same products in differ-
ent world areas. Emerson management kicked dfagegic initiative called one factory in order
to achieve mentioned goals. The one factory sti@ategiative consists of 6 main pillars which
are (1) Safety Culture is the number one valueT@al Productive Maintenance using eAM (3)
Process Compliance Audits (4) Key Process Expettik]45) Performance Metrics and (6)
Governance Structure.

1.3 Objective
The objective of this thesis is to assist Emerg&wxar in implementing the TPM programme on

the flow loop equipment. Achieving this objectivezjuires the following: develop a system to
capture and visualise the overall equipment effeatss (OEE) and the big losses in order to
identify the improvement opportunities based ornualcand scientific approach; develop equip-
ment criticality analyses in order to rank the flm@p equipment with respect to their impacts on
the availability, performance and quality of thewilloop; develop a methodology to calculate the
life cycle cost of new equipment.; and finally dieyean overall implementation plans which il-
lustrates how to build high-level implementatioaml factors influencing implementation and
suggested project management model.
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1.4 Method
This thesis started with a basic research and stdndyeby | read through many thesis with simi-

lar or closely related subjects and other sourtles.second step was the objectives identification
that is why many meetings were held with exterogksvisor Mr. Jan Inge in order to set clear
objectives and deliverables for this thesis. Theltstep was conducting a site survey on the flow
loop in order to be conscious of the loop equipmstnticture, and operation. The fourth step was
to break down identified objectives into tangiblelachievable sub-objectives. These sub-objec-
tives are the following: developed a system thatwas and visualizes the OEE and seven big
losses; create quantitative analysis to rank th& fbop equipment with respects to their in on

the loop functionality; develop a method to calteine life cycle cost of equipment and imple-
mentation plan. The fifth step was gathering arsdusing the data with Professor Knut and Mr.
Inge. Finally, make a set of recommendations aacttmclusion.

1.5 Delimitations
The duration of this master thesis was around l&kw/and some of these were spent on the the-

oretical research of the topic; developing OEE bigdosses system; developing equipment criti-
cality quantitative analyses; developing life cyctest calculation. Consequently, only collected
four weeks data. The four weeks is very short glegiad insufficient to afford conclusive obser-
vation. That said, the four weeks data revealenhi@nesting observation about installation and
uninstallation time, Therefore, it is recommendeddntinue utilizing the OEE in order to deter-
mine potential improvement opportunities.

There are three parameters which enable compangssdct the most cost efficient maintenance
system. These parameters are equipment criticaliyipment probability failure and cost of pos-
sible maintenance systems. In this thesis, | mahagky to develop the equipment criticality via
guantitative analyses. If time allowed me, | wohéte contacted the equipment suppliers in or-
der to identify failure probability and recommendedintenance systems and it is associated
cost.
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2 Roxar profile

2.1 Background
Roxar is part of Emerson process management bgssegsnent. Most of Roxar products used in

the upstream oil and gas industry and particuliartpe reservoir management. The products
portfolio of Roxar can be found on this link httpaww.emerson.com/en-us/automation/roxar.

Subsea WGM WCM

Figure 1 Part of Roxar Products portfolio

One of the main products for Roxar is the multighthew meter. The multiphase flow meter

used in the upstream oil and gas industry. Thigmeeasures the oil, gas and water flow rates
without physical separation. Roxar produces subsdasurfaces multiphase flow meters. These
products are shown in Figurel. The manufacturioggss of the multiphase flow meter product

is a complex process. Initially, MPFM size deteretitbased on the expected operating condi-
tions , then the necessary material, and partsuped, then mechanical and electronic assembly,
then dry testing, static calibration of the vas@ensors. The last stage in the manufacturing pro-
cess is the dynamic verification of the performakiteFM.
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2.2 Flow loop description.
According to the Roxar internal document numberZg4a.-PAS-FS-F1, the main purpose of the

flow loop is to test Roxar multiphase meters inesrb verify that they are operating according to
their specifications in dynamic conditions. Theaflparameters tested are total liquid volume
flow rate, gas volume flow rate and the water Gie water cut is ration between the water rate
over the total liquid rate.

The Roxar flow loop facility is a closed multiphdeep with single phase measurements. Single
phase measurements mean that the oil, water arghgass are being measured separately in the
reference meter sections using coriolis meterg poibeing mixed and sent through the test sec-
tion.

The flow loop has 3” and 6” sections for measusigle liquid phases, the single gas phase is
measured in either a %" or a %2” section. Pressudgemperature transmitters used for reference
readings are installed in the test section.

The test section has two 3” and one 6” test sestwdmere multiphase meters can be installed, re-
mote operated valves enables switching betweetwih&” test sections making testing of two
multiphase meters in parallel possible. In all sesitions the multiphase flow is passed through a
blind-T upstream of the multiphase meter beingetist

Downstream of the test sections, the multiphagd flaw is separated into single phases in a
gravity separator. The separator tank usually cosit@oprox. 10m3 of each fluid phase.

Gas flow rate is calculated by using the mass flesasurement from the gas coriolis and the
pressure and temperature in the test section.

DeltaV automation system is used for operatinglthe loop and logging data from both the ref-
erence instrumentation and the multiphase meters.

As safety precaution, three emergency stop buitopkced in the plant area. By releasing on of
these the rig will automatically shut down. All pipne valves will go to fail safe positions and
the pumps will stop. XV-3019 will release the separ pressure to atmosphere. When safe con-
dition to restart the rig is regained the emergestaytdown must be reset from DeltaV™ as well.
In the plant area there are four oxygen metewsthir one of these detects an oxygen level lower
than 18,5 % the rig will automatically shut dowrll gipe line valves will go to

fail safe positions and the pumps will stop. XV-904ill release the separator pressure

to atmosphere. When safe condition to restartithis regained the emergency

shutdown must be reset from DeltaV™ as well.
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Figure 3: Real picture of the flow loop

Figures 4 and 5 provide more details about the ftayp such as the location, flow rates capacitgguee and
temperature range, piping material and mechamitaiface and fluid properties.

Location: Stavanger, Norway (indoor facility) Liquid flow range: 2 - 250 m3/h
Test units interface: 3” 150 RF schedule 10  Gas flow range 20 — 260 m3/h
Temperature range: 15 — 35°C (not adjustable Piping material: 316

Pressure range: 4 - 10 bara Gas: 95% Nitrogen, 5% air

Water: Salted tap water (NaCl) Typical density: 1023 kg/m3

Figure 4: Flow loop specifications

Typical salinity: 37 PPT (may be adjusted Typical conductivity: 50mS/cm @ 20°C
Oil: Shell Diesel Typical density: 830 — 850 kg/m3
Typical viscosity: 1.5 - 4.5 cSt/ 20°C Relative permittivity: 2.1 — 2.3

Figure 5: Fluid properties of the flow loop
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2.3 Flow loop operation guideline
According to the Vileiniskis et al (2016, 215-230)e three-phase test separator is a conventual

measurement system that is used in the oil proalugtiatforms. There are many different types
of separators, but the most common ones beingdrdekdue to the ease of maintenance, good
separation quality and low initial set-up costox& has a horizontal separator, this unit is re-
sponsible for separating gas, water and oil. Tiparsion is based on the laws of gravity, allow-
ing a liquid with a higher density, such as wateisettle down in the bottom of the separator,
while liquid with a lower density, such as oil,wasll as gas, to flow on the top of the separator.
After the physical separation, each phase is medsaparately. It is known that the measure-
ment uncertainty in single phase is a lot highantthe uncertainty in the 3 phase.

According to the Vileiniskis et al (2016, 215-23B8)schematic diagram of a typical horizontal
three-phase gravity separator with a weir can bae seFigure 6. The whole vessel can be
roughly divided into three sections.

1. The gravity settling section (or the liquid segteon section), where the separation of water and
oil takes place (the section to the left of thervei

2. The separated oil section, where the separdtéddws from the liquid separation section (the
section to the right of the weir).

3. The remaining space of the vessel is left ferghs phase (separated gas section).

_ _Gasout

Water/oil/gas | w
mixture in 1 O

200

Water out ll"SeBa?at_eJ oilout” ~
Figure 6: Schematic of diagram three-phase separdieiniskis et al (2016, 215-230)
According to the Vileiniskis et al (2016, 215-23B),controller provides a control command to
keep the control valve CV1 at the necessary opesortfat the water oil interface is maintained
at the desired level. The control valve providegag to control the water oil interface level in the
gravity settling section by opening/closing whea torresponding command is received from
the controller LC1
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According to the Vileiniskis et al (2016, 215-23@he pressure transmitter: Measures the pres-
sure in the separator. Provides the informatiorotatrol the pressure inside the vessel for the
safe and efficient use of the separator. Gas mefereMeasures the flow of the gas allowed by the
opening of the control valve CV3 to monitor theftawing gas from the separator. Liquid refer-
ence: Measures the flow of the liquid allowed by tpening of the control valve CV2 to monitor
the outflowing separated oil from the separator.

There is N2 generator and the main purpose of thercess is to extract N2 from the surround-
ing air, compress it in receiver tanks and injeatto the main process line just before the multi-
phase meters installation point. The N2 is fechtorhain process from 62-VK103. If a low gas
flow is required XV-3020 is opened. The gas flovil tien be controlled by a PI control loop
utilizing FV-1023 and calculated N2 flow in the tegction. If a high gas flow is required XV-
3021 is opened. The gas flow will then be contbldg a PI control loop utilizing FV-1023 and
calculated N2 flow in the test section. If the @ss is running in the 3” flow loop N2 is fed into
this pipe line through XV-3022. If the processuaming in the 6” flow loop N2 is fed into this
pipe line through XV-3023.

When the gas passes through the multiphase mettee best unit, it is re-circulated to 62-VK102
receiver via the separator vessel 62-VK104. Noigiasleased to the environment during testing.
It is not possible to start and stop 62-KA01 corspog unit, 62-CV100 nitrogen generator and
62-PBO03 circulation compressor from DeltavV™.
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3 TPM theory

This chapter illustrates the literature contenthig thesis. The coming subchapters provide a

brief description about the development of the rtresiance strategy from its initial run to fail ap-
proach until the TPM approach; describes what BB Ts, describes the initial and the modern-
ized classification of the TPM main pillars, debes the main objectives of the TPM and finally
describes in details some of the key aspects of B such as the 5S, six big losses, and OEE.

3.1 Historical timeline of the maintenance strategiegaopment
The asset maintenance concept or strategy haslegetoped considerably. The early asset

maintenance approach was known as breakdown mairteror corrective maintenance and, in
this early approach, the main target was to biwegetquipment back up and running after it had
broken down. During that time, the equipment oegaiattitude was one of “l only operate the
equipment, it's the job of maintenance stuff toifix The next generation of the maintenance
was the preventive maintenance. In this approaemtenance was based on the understanding
that, if you planned the stopping of equipment padormed regularly scheduled maintenance,
then undesirable breakdowns could be reduced aded@ompletely. The third generation was
perceived maintenance whereby some of the mandabamutomated conditions monitoring
techniques were used to report the equipment' ®paence (Mobley, 2008).

According to Mobley (2008), the next generatiomintenance brings us to TPM (total produc-
tive maintenance). TPM is a world-class approackgqi@pment management that involves every-
one, working to increase equipment effectiveneBM Pprovides a comprehensive life-cycle ap-
proach to equipment management that minimises gwgnpfailures, production defects, and ac-
cidents. It involves everyone in the organisatioom top level management to production me-
chanics and support groups to outside suppliellse &acar for example, the owner (equipment
operator) performs minor maintenance activitieshsas checking the oil, checking the air in the
tires, perhaps even giving the car a tune up. Heweéfvsomething major goes wrong, an expert
auto mechanic (maintenance technician) is called perform the difficult tasks. The important
distinction between this car analogy and producgiquipment is that most traditional organisa-
tions treat their equipment as if it were a rental TPM is often implemented as a standalone
improvement activity. However, it should be doneamcert with the other elements of a world-
class manufacturing system.

3.2 TPM objectives
According to Mauric Brien (2015), TPM has many alijes, such as: (1) continuously enhanc-

ing the availability and preventing the degradatbequipment; (2) developing the existing
maintenance systems and restoring equipment topt@al condition; (3) determining issues as
early as possible and implementing repairs; (4yaving the KPI of the Overall Equipment Ef-
fectiveness (OEE); (5) conducting training to depethe skills of operations and maintenance
personnel; (6) involving everyone and utilisingssdunctional teamwork.
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Achieving these objectives requires strong managesgport as well as continuous use of
work teams and small group activities. Practicdtgse objectives can be achieved by eliminat-
ing or reducing breakdowns, stops and rejects, miaiig the utilisation of the assets and by re-
ducing cycle times by eliminating stops or slownimg of the machine.

3.3 TPM initial structure

According to the (Mobley, 2008), The TPM’s mairusture consists of three main pillars, as de-
scribed below:

First pillar (autonomous maintenance):The operators are more familiar with their equiptnen
than anybody else and they are the ones who d#altvan an hourly basis, so they can quickly
notice any strange performance or behaviour. Caresgty, autonomous maintenance utilises the
machine operators to carry out part of the routi@ntenance tasks, such as the daily cleaning,
inspecting, tightening and lubricating that theipqent requires (Mobley, 2008)

Second pillar (planned maintenance)This is a proactive approach to maintenance. Ridnn
maintenance, also known as preventive maint

nance, is used to replace components before L.y

break down. This approach requires the producitbedule to accommodate planned downtime
to perform equipment repairs and allowing thesairggo be treated as a priority. Figure 7
shows the theoretical trade-off between plannedusipthnned maintenanc(Mobley, 20008).

Total maintenance cosis

Planned maintenance

o Unplanned maintenance

Optimal Point

Trade-off between planned and unplanned maintenance

Figure 7: Trad«off between planned and unplanned maintenance IgytpB008)

Third Pillar (maintenance reduction): This pillar is made up of two concepts. The fashcept

is identifying the equipment specifications durthg design and the second concept is predictive
maintenance. These two concepts are focused oningdilne overall amount of maintenance that
is required, which can be achieved by providingibsek and the knowledge obtained from his-
torical experiencéMobley, 2008).

In a modern organisation, it is recommended tokbdeavn the above three pillars into few more
pillars, because that approach enable the comptmiesse better control on the implementation
process of the TPM and moreover it enable the carepdo measure the implementation pro-
gress more precisely. According to Rodrigues aathkeyama (2006), the definition of the pil-
lars in TPM depends on the organisational strugtumethe company uses. However, in this the-
sis, we use the eight pillars that they suggested
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3.4 TPM modernized structure
According to Rodrigues and Hatakeyama (2006), thmmight pillars of TPM are the following:

1.

Equipment and process improvement: This pillar awonsglentify, resolve and prevent re-
peated problems or issues. The best approach ievadhis is to set up a cross-functional
team which cooperates and proactively achievedaegahancement in equipment operation
without organisational boundaries (Vorne Industties, 2017).

Autonomous maintenance: This pillar gives more oasjbility and rules to the machine op-
erators such as cleaning, lubricating and inspeciibis approach is very beneficial because
the operator’s knowledge level will increase, taipment will be well-cleaned and lubri-
cated and, moreover, the need for specialised srante personnel will be reduced.

Planned maintenance: This pillar aims to plan tléntenance work based on failure predic-

tion. The approach reduces undesired stop timgenddes a slot for maintenance work dur-
ing the planned downtime; these two will bring atbr@markable reductions in the inventory

because the company will have better control ofrvaed tear of parts (Vorne Industries Inc.,
2017).

Education and training: This pillar is very crudmcause, as an example in the TPM, we are
slightly changing the rule of the operators andyrniter to achieve success, the knowledge
gaps have to be filled in. Of course, the traininly not be only for operators, the mainte-
nance personnel will need to be trained in proacivd preventative maintenance. Also,
managers need training on TPM principles (Vornaistdes Inc., 2017).

Early management of new equipment: Ultimately,khewledge gained and the lessons
learned from the experience with existing systegedrto be considered during the acquisi-
tion of new equipment. This experience will contitiddinto modifying the design of the
equipment or choosing alternative designs. Theserscaim to improve the equipment per-
formance and avoid past operational issues. Thergeapproach would be to select equip-
ment that is almost maintenance free (ideal casequires only simple maintenance (Vorne
Industries Inc.,2017).

Process quality management: This pillar aims teatetrror or fault in the production pro-
cess. Sequential actions are needed to prevefduhieccurrence, such as running a Root
Cause Analysis using Ishikawa or the five whys téghie. Obviously, these actions will lead
to further reductions in the goods defects andsequently, will reduce production costs
(Vorne Industries Inc.,2017).
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7. TPM in the office: This pillar aims to seek the essary attention from management or the
administration, which is needed during, for examplder processing, procurement and
scheduling (Vorne Industries Inc.,2017).

8. Safety and environmental management: This pillaissab maintain a safe and secure work-
ing environment. This can be achieved via a sedplesdt of actions that remove expected
health and safety risks.
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Figure 8: TPM'’s eight pillars by Rodrigues and Hie¢yama (2006)
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3.5 TPM key aspects
This subchapter describes in details some of thgeakpects of the TPM such as the 6s, six big

losses, and OEE parameters and calculations.

3.5.1 The 6S steps

The first step in the implementation process of iR program is introducing the 5S or 6S
method. The 5S/6S aims to maintain the workplagedlean, safe, secure and most efficient
mannerThe 5S was the name of a working procedure thatistad of five actions summarized
by five Japanese words - seiri, seiton, seisogt&ikand shitsuke — which, in English, mean sort,
set in order, shine, standardise and sustain, cegply. This procedure was developed further by
adding the safety perspective it to become the @8péadia, n.a.).

\ i STANDARDISE
9

= SORT = SET-IN-ORDER = SHINE STANDARDISE = SUSTAIN = SAFETY

Figure 9: The 6S pie chart

The 6S steps are the following:

According to Brien (2015), the actions 6S procedue the following:

SORT: This action practically means to remove all unnsagsitems from the workplace and to
define the necessary tools to carry out the tasks.

SET-IN-ORDER: This action practically means to organise the sy tools in the best possi-
ble efficient waySHINE: This action practically means to clean the workpland to make sure
that everything is in good ordeé8TANDARDISE: This action practically means to adopt a sys-
tematic manner to perform tasks and proced@ESTAIN: This action practically means to
continue repeating good habits and can be achieyedaintaining updates to the work proce-
dures. SAFETY: This action is very crucial and aims to alert parsl to put safety first when
they determine the item locations.
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Figure 10 illustrates the existing 5S for Roxar

Loop Empty dustbins & segregate waste responsibly
Ensure chemicals are correctly stored and bunded

Tidy up and wipe off workbenches

Tools in and equipment in place
Check floormarking. Repair if necessary
Sweep floor

Figure 10: Roxar 5S system

Note: Roxar is using 5s and it recommended that Roxalifilee existing systems and starts to
use the 6S which include the safety.

3.5.2 Six big losses

3.5.2.1 Standard six big losses

The TPM strategy is considered as a good managemgative which is needed in competitive
markets. The TPM strategy urges companies to takeakctions towards eliminating waste, opti-
mising equipment performance and reducing interoaptor stops of production. The TPM liter-
ature has defined the traditional six big losselsedsw and which are categorised into three main
categories: category 1 is availability losses, gaitg 2 is performance losses and, finally, cate-
gory 3 is quality loss (Brien, 2015).

Downtime/Availability Losses: (1) Equipment Breakdowns and (2) Setup and Adjestm
(Brien, 2015).

Reduced Speed or Hidden/Performances Lossg8) Idling and Minor Stoppages and (4) Re-
duced Speed. (Brien, 2015).

Defects/Quality Losses(5) Process Defects and (6) Reduced Yield. (B2ei5).

Overall Equipment | Recommended Traditional
Effectiveness Six Big Losses Six Big Losses

Unplanned Stops Equipment Failure

Availability Loss

Planned Stops Setup and Adjustments
Idling and Minor Stops
Performance Loss
Reduced Speed
Production Rejects  [HOHSIEENH
Quality Loss
Startup Rejects Reduced Yield
OEE VRSO [N Valuable Operating Time

Figure 11: Traditional six big losses (Brien, 2015)
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As per figure 11, the traditional six big lossesdnheen renamed to what is called the recom-
mended six big losses. The recommended naminghi@eiand more practical and can be easily
understood and captured in any manufacturing imgust

The following section gives more insight about teaning of each loss as defined by Brien
(2015).

(1) Equipment Failure/Unplanned stops:This represents the time in which equipment is
planned for operations, but is stopped becausayofailure.

(2) Setup and Adjustments/Planned Stopsthis represents the time in which equipment is
planned for operations, but is stopped becausastdllation or uninstallation of the new product.
Also, it can represent stops because of adjustiesther equipment3] Idling and Minor
Stops/Small stopsThis represents the time where the equipment stogsshort period, for ex-
ample, a minute or two. This period should not lmeerthan five minuteg4) Reduced
Speed/Slow CyclesThis represents the time when the equipment nomges than the ideal.
Many things can lead to reduced production spaeth as dirty or worn out equipment, bad lu-
brication and otherg5) Process Defects/Production Rejectiorthis quantifies the defective
goods which are manufactured during the steadg-ptaicesst) Reduced Yield/Start-up Re-
jecting: This quantifies the defected goods which manufactaluring startup of the process.

Seven big losses

1 Failure at any of Flow loop equipment
2 Setup and adjustments of the product

3 Calibration of flow loop instrumentatio
4 Test report

5 Faulty MPFM (product issue)

6 Others losses (general power loss)

7 Configuration change

Figure 12: The flow loop seven big losses

Brainstorming sessions were held with the loop ajperand manufacturing engineer in order to
determine the specific big losses for the flow lobpese personnel deal with the loop on a day-
to-day base and are the most sensitive persontiet toperation of the flow loop. These brain-
storming sessions were held twice, with each sedagiing for one and a half hours. The out-
come of these brainstorming sessions was sevdngsgs. These losses are described in detail in
the following section and shown in figure 12:
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Failure at any of flow loop equipment This represents the period in which equipment is
scheduled for operations, but is not running duefaiture.

Setup and adjustments of the productThis represents the time in which equipment is
planned for operations, but is stopped becausestdliation or uninstallation of the new
MPFEM. Also, it can represent stops because of &dgrst to other equipment.

Calibration of flow loop instrumentation: This represents the time used to calibrate and
verify the performance of the reference equipmedi{@ any other instrumentation of the
flow loop.

Test report (Correction and calculation): This represents the time used to write a report of
each test. During this time the operator stopdabp and trends the MPFM data versus the
reference instruments in order to determine angdaimty in the readings.

Faulty MPFM (product issue): This represents the lost time because of any issle®ed to
the tested MPFM.

Others losses (general power loss, operator sickrssThis represents the lost time be-
cause of any other issue, for example, a poweorcather circumstances that lead to the
stopping of the loop

Loss due to configuration changeThis represents the time lost when changing ¢méigu-
ration of the loop. The company runs six differgmies of flow tests. Each test requires some
setup changes in the loop and this is considefeslsa These tests are: top-side MPFM
(standard test); subsea MPFM; rent out the loantither; qualification test of new MPFM;
and qualification test for new software
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3.5.3 Overall Equipment Effectiveness (OEE)
The OEE is a common KPI that is used for measuhegffectiveness of equipment. The con-

cept of OEE is quite simple because it gives admmparison between the best possible OEE
and the actual OEE. The best OEE is achieved byngakly good parts, at full speed, with no
stops. One of the main goals of TPM is to maxinsigeipment effectiveness by reducing the
waste in the manufacturing process. The three fathat determine equipment effectiveness are
equipment availability, performance efficiency andlity rate and are used to calculate the
equipment’s overall equipment effectiveness (OEEasare The OEE is calculated by multiply-
ing the availability by the performance and theliqpaf the equipment.

Al v Al ’
o R
4 = 4 \_

The availability is the ratio between Run Time &mel Planned Production Time, meaning that it
is equal to th&kun Time/Planned Production Time(Brien, 2015).

A good company will try to have the production guuent available for use when it is needed.
Obviously, this doesn’t mean that the equipmenttralygays be available. In some cases, there is
little benefit to having equipment up and runninigen the products aren’t needed. However, if
there is a need to increase the production ragegdliipment must meet the demand increase.

The most common cause of lost equipment avaitglidiunexpected breakdowns which impact
the maintenance personnel who must get the equipnaek to its up and running status as
quickly as possible. Moreover, it impacts the equept operator who needs the equipment to be
repaired to continue working (Mobley, 2008).

One way to minimise the effect of lost equipmerdikability is keeping backup systems availa-
ble. However, this is a very costly approach sihcequires investing in inventory. The company
management must balance between the costs of key@potential utilisation of the equipment
high versus the costs of having inventory. Anotbss of the equipment availability is the time
required to change-over the equipment to run d@iffeproducts. This setup time is often over-
looked, even though it has the potential to elirr@reasignificant amount of non—value added
time (Mobley, 2008).
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The equipment performance is a commonly used mewamnt when evaluating a manufacturing
process. The performance is typically maximisedumning the equipment at its highest speed
for as long as possible (Mobley, 2008).

However, the performance is reduced by the timewthe equipment is waiting for parts to load
(idling) and time lost to make small adjustmentghi® equipment.

Based on this, the performance can be definedeasatio of Net Run Time to Run Time while
the Net Run Time can be calculated by multiplying Ideal Cycle Time by the Total Count.
Consequently, the performance is equal to the plyitig of the Ideal Cycle Time by the Total
Count and is divided over the Run Time (Brien, 2015

It should be noted that the Ideal Cycle Time isfdstest cycle time that the process can be
achieved in optimal circumstances, while the T@talint represent the number of the produced
parts, regardless whether these parts are passegcted through the quality control process

The purpose of the manufacturing system is naimoceiquipment just to keep people busy operat-
ing it; the purpose is to make useful productshdf equipment is available and operating at its
designed speed, but is producing poor quality ptren there is no real value of running the
equipment. In this case, it is better to shut tngmment down to save energy and raw materials
and repair it. Obviously, it is, therefore, impaittédo measure the quality of the equipment
(Mobley, 2008).

The quality considers manufactured parts that donmeet quality standards, including parts that
need reworking. Quality is calculated by dividimg tGood Count and Total Count. The Good
Count is defined as the parts that pass the quadityrol process (Brien,2015).
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During the design of the OEE calculation sheetfollewing have been avoided (Linkedin,

2014):

» Focusing on OEE number, not on the underlying kassEbe OEE number does not help with-
out understanding the underlying losses. Identifyhre losses and the causes of the losses
and the methodology to avoid or mitigate thesedss$s the only way to improve the produc-
tion

» Using the planned production time as the Ideal €Jane, which is longer than the true
Ideal Cycle Time, which is the maximum theoretsadéed of the process.

» Allowing or accepting the loss: A strict procedumeeds to be developed when collecting the
losses and means that everything that makes sasde be included. The objective of OEE
is to help you identify improvement opportunitiéiserefore, management should be very
careful to exclude losses from the OEE calculatiecause visibility will be lost and that
could be an improvement opportunity.

» Collecting too much data: The technician’s joboi®perate the loop not to collect detailed
data.

The flow test of the MPFM is a lengthy process &gl not similar to high volume manufactur-
ing process whereby a machine produces many partdgy. The flow loop is a low volume
manufacturing process; for example, one flow tesbimpleted per week. Therefore, measuring
the performance of this process is very challengiigout breaking down the flow test process.
Thus, the process has been broken down to sevagalss whereby the Ideal Cycle Time and To-
tal Count and the Good Count for each part of tioegss are calculated separately.

Witness Fatory
Internal Factory Acceptance Test
Actual Flow Acceptance Test

Wfact cat cali Test
Dynamic calibra bration

Dynamic cali tion of the capaci-
bration gamma tance sens

Figure 13: The flow test process description

The flow test process consists of several stagpsrasgure 13. The first stage after installation

is the dynamic calibration of the gamma source s#eond stage is the dynamic calibration of the
capacitance sensor and the third is the waterdracalibration, the fourth is the

flow test, the fifth is the internal factory accapte test and the last stage the wit-ness factery a
ceptance test.
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4 Spare parts management

Spare parts planning and management are considenesty critical tasks in asset management
and it is crucial to keep a number of spare pagsnany as needed, in order to minimise down-
time. On the other hand, it should be as low asiptesin order to minimise spare parts holding
costs So, spare parts planning and managementshewlarried out according to a scientific ba-
sis, which will be discussed later.

Several parameters contribute to the decision adich spare parts we should buy and how to
optimise the quantity of spare parts that shoulddagght. The manufacturing procedures are the
main source of information about which part habédought and how many pieces are required
of each part per year.

Once the required spare parts have been identsidzsequently, the number of pieces to be or-
dered straight away should be determined. The idacif keeping a particular spare part mainly
depends on the criticality of the part itself atedgffect on all of the equipment, system, and the
entire facility. So, a criticality assessment shidu carried out in order to classify those pasts a
cording to their significance. Figure 14 showsspare parts risk analysis.

Part Criticality

Frequency of Failure

558588833

‘ (0 LT 8 Moderate Frequent

Figure 14: Spare parts risk analysis (www.lce.c@®i1)

Figures 15 and 16 illustrate the spare parts mdesf criticality level, the lead time level ancth
holding cost curve versus the ordering curve, retsgaly.
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] o i . Figure 16: Holding cost curve versus the orderingve
Figure 15: Spare parts criticality and lead time tmia

Once usage lead times, availability, costs, inteass, storage costs, inflation and chance of
spoilage have been taken into consideration, ecamabwrder of quantities should be determined
and inventory control procedures should be incatsat
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5 Life cycle calculation

Making a selection between various alternativesguiipment that will perform the same func-
tions is one of the most challenging tasks thdtfade the asset managers in the event of replac-
ing or ordering equipment to be changed. It is reglto evaluate that equipment separately with
respect to its capital and operational costs, dsasealeferred production cost. The purpose of
this evaluation is to provide a good estimationultbe equipment cost during the entire lifetime
or a specific number of years. This evaluatiorhim¢ontext of asset management is called Life
Cycle Cost analysis (LCC). LCC is a tool used tmpare between two or more alternatives in
order to select one of them. The selection criteetaveen those alternatives is the cost-effective-
ness, which represents a combination of cost améxpected benefit of each solution. LCC
should be done in conjunction with risk analysistfee sake of ensuring safe and reliable opera-
tion of the selected equipment. The “NORSOK stathd®CR-002" used in performing the LCC
analysis is illustrated in the Appendix
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6 Methodology

6.1 Introduction
According to the J Exp Bot, In February 2002, DdrRumsfeld, the former US Secretary of

State for Defence, stated that'There are known kisovhere are things we know that we know.
There are known unknowns. That is to say, there¢hamgs that we now know we don't know.

But there are also unknown unknowns. There argshive do not know we don't know. | think
Donald Rumsfeld statement is correct because Hrerknown unknowns and unknown un-
known'’s issues and that is why we should do thessary efforts to discover these known un-
knowns and unknown unknowns issues. During thearet and the study of the industrial asset
management programme, | have studied about the@llective mindfulness and about how the
systematic use of these principles enable us twdés known unknowns and unknown un-
knowns issues. These five-collective mindfulnessaiples are: (1) the preoccupation with fail-
ure, (2) the reluctance to simplify, (3) the sawgit to operations, (4) the commitment to resili-
ence and (5) the deference to expertise. Theseiplies can be divided into two main categories;
the first aims to expect unexpected issues, whédesecond group aims to contain these issues.
High reliability companies constantly observe, manicontrol and evaluate failures, near misses
and the indication of problems. Therefore, thepesyof thinking enable companies to expect the
unexpected. Moreover, these companies see thesitgdesenhance routines and seek the help
of expertise in order to plan how to contain suobxpected issues (Aanestad and Jensen, June
2016 pp. 13-27).

Anticipatin Containing
Unexpecte Unexpected

Preoccupation with fai Commitment to resiliens

U= Deference to expertise
Reluctance to simplify

Sensitivity to operations

Figure 17: Five-collective mindfulness principles (Aanestad anusda June 2016 13-27)



Implementation of the TPM on three phase flow loop.

These principles are very important, not only ie idustrial asset management industry but also
in normal life. Any person who applies these piptes is likely to achieve a high percentage of
success over their entire life. According to theghHeartwood Refuge Retreat Center Benefits
of Mindfulness, concerning the advantages of usingdfulness at work, persons will become
more efficient, focus on task, communicate bettigh wolleagues, become a good leader, accept
the criticism and be a better listener, while, dueation, the advantages of mindfulness are in-
creasing the ability learn, enhancing observati@veloping the emotions and enhancing grades
and behaviour Moreover, through the Saybrook Usitethe blog, Mindfulness and The Bot-
tom Line, the use of mindfulness will make persdiess reactive and more proactive, which
converts to better analysis and awareness angbrbwas the quality of decisions. Therefore, in
this thesis, the focus was to build few system#$ siscthe OEE and the seven big losses tracking
system and equipment criticality ranking systen émables the management to take a decision
based on factual and scientific approach.

6.2 Thesis working process.
Figure 18 illustrates the thesis activities flovath This thesis started with a basic research and

study whereby | read through many thesis with sinok closely related subjects and other
sources. The second step was the objectives ibatitin that is why many meetings were held
with external supervisor Mr. Jan Inge in orderaba clear objectives and deliverables for this
thesis. The third step was conducting a site suovethe flow loop in order to be conscious of
the loop equipment, structure, and operation. Doeth step was to break down identified objec-
tives into a tangible, measurable and achievalileobjectives. Therefore, | developed a system
that captures and visualises the OEE and sevdodsgs; | developed a quantitative analysis to
rank the flow loop equipment with respects to theion the loop functionality; | developed an
implementation plan. The fifth step was gatheringd discussing data with Professor Knut and
Mr. Inge. Finally, | developed a set of recommeratat and the conclusion.

o o Setup OEE / Loss
Basic Study Objectlve§ Identifi- Site Survey Sheet
cation o R
quipment Ranking

. Recommendation .
Conclusion Analysis

Figure 18: Thesis working process flow chart.
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6.3 Research on the TPM
Many of the subjects that had been studied duhegrtdustrial asset management master pro-

gram contributed to the research of this thesistinthe operations and maintenance, condition
monitoring, project management and risk assessrhgpént one month reading through the
TPM literature and about companies which specidlisemplementation, such as Productivity
Inc., focusing on the TPM material that Emersondras several meetings with the Roxar opera-
tions director, manufacturing engineer and opesat@re scheduled.

6.4 Evaluating TPM initiative and equipment conditiongRoxar
Two forms developed by a company called Produgtivic. were used in the evaluation of the

TPM initiative and the equipment status.

The first form was used to evaluate the eight gl the TPM initiative and these pillar are the
following (1) equipment and process improvemenkaiZonomous maintenance; (3) planned
maintenance; (4) education and training; (5) eardyagement of new equipment; (6) process
quality management; (7) TPM in the office; and48jety and environmental management. The
scoring criteria of each pillar is described in endetail in the data collection chapter of this the
sis (Productivity IncCTPM progress scgn

The second form was used to evaluate the techstigfls of all the equipment of the flow loop.
This form gives rating to the electrical systentrloation system, workstation, pneumatic sys-
tems, etc. This form is a generic form and thusyadnts sections are not applicable for the flow
loop (Productivity IncCTPM equipment scan

6.5 Developing OEE and seven big losses system
In this section, a system in excel sheet base é&@as theveloped which consists of the following

three main sections: the event stop log sectiabtf losses calculations section; and the OEE
calculation section.

The first section is the stop log which shows tiop slate and duration, and reason of the stop.
More details are given in the data collection chapf this thesis. The second section is about

the big losses which visualises the losses aryppést and the losses percentage with respect to the
overall operating time of the flow loop at this pbof time. More details are given in the data
collection chapter of this thesis. The third sati®the OEE calculation which visualise the three
core parameters of OEE which are availability, perfance and quality of the flow loop. It also
shows the sub parameters used in calculating the i®&n parameters.
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6.6 Ranking and prioritising equipment with quantitatanalyses

The Norsok Standard Z-008Rev. 2 November, 2001ligesva good guide to develop the quanti-
tative analysis which used to rank the flow loopipment. The initial step was break down the
flow lop according to the main functions, thenaldwed by step to determine the equipment of
each of the main functions. The third step wasuatalg how each equipment impacts the avail-
ability, performance and quality of the flow lodfhe evaluation was based on a score from 1 to
5 for availability, performance and quality, whespipment with 1 has the lowest impact and
equipment with has the highest impact. The impadhe availability, performance and the qual-
ity were given the same rating weight. Final stggswo selected the maximum scores in from
each of availability, performance and the qualitg alassified the maximum score into four cate-
gories critical, serious, neutral and minor. Moe¢ails available in the data collection chapter of
this thesis

6.7 Suggested TPM implementation methodology
The project management (PM) discipline has beeeldped in a context of industry activities

and natures. If project goals, tasks, interdepetidsrand sequences are well-defined, then the
common or traditional PM methodology is the best for this project. However, the history of
projects tells that many projects have fuzzinesaiproject goals and solution. Consequently,
the traditional project management that assumesikraand well-defined is not well suited for
these types of projects (Wysocki, 2009).

SOLUTION
Clear Not Clear
Not Clear xPM

GOAL

Cearl TpM | APM

Figure 19: Project Management Models

There are many Project Management Life models, aadhe traditional models (TPM), agile
models (APM), extreme models (XPM) and the «EmeRs@ect Management» (MPX). As

shown in Figure 19, there are two perspectiveshierfuzziness profile. The first is goal fuzzi-
ness, while the second is solution fuzziness. Toerethe choice of the best project management
model depends on the fuzziness profile of the ptsjd-or example, if the goal is clear, but the
solution is not, then the agile model (APM) is teeommended model for this project (Wysocki,
2009).
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In general, the implementation process of the TRdMyamme is a lengthy process and it may
take three years or even more. Furthermore, ibi<lear at the start of the implementation pro-
cess as to the level of preventative maintenantenamous maintenance or the training that
meets the company real needs, which means thabthton is not clear, but the goal to imple-
ment the TPM is clear. Therefore, these factuaéstants push towards utilising the agile project
manage methodology, particularly the adaptive ptay@anagement life cycle, in implementing
the TPM for the flow loop. The agile project managat consists of two methodologies which
are the Iterative Project Management and the Adafitroject Management. The key section cri-
teria of which methodology should be used is umdety or the fuzziness degree of the project’s
solution. It is known that the Adaptive Project Mgement methodology can accommodate pro-
jects with larger degree of uncertainty with regattie project solution.
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7 Data collection

7.1 Evaluating the TPM initiative
The evaluation was performed using a form develdpeBroductivity Inc and this can be found

in Appendix A. In the figure20, the lowest criteaad the highest criteria for each pillar of the
TPM are given. As an example, if we take the fodusgrovement, the lowest score is 1, which
means No OEE data are collected and the highest &b, which means 85 % OEE is achieved
and zero losses are reported (Productivity IncMPogress scan).

Figure 16 below shows the lowest and highest sooreach of the TPM eight pillars.

TPM 8 piller Lowest score (1) Highest Score(5)
1 Maint Improv 90% of maintenance is reactive 90% of maintenampedactive
Auton Maint Operators “run” equipment; maintenance “fixe Operators own 7 steps of Autonomous Maintenance
it are in place
3 Focused Improv = No OEE data collected 85% OEE and Zero Losses tegpor
4  Safety Numerous safety incidents occur annually Safety incident rate is
benchmark for your industry
5 Training No training matrix in place for operators and Training matrix in place; 90hrs/ year for skill en-
maintenance personnel hancement
6 Quality Maint Quiality issues are addressed Sigma level and higher consistently reported (when
by Quality Assurance Dept. incidents occur they are handled at the source
7 Early No life cycle cost data being collected Life cyctst (and cross functional teams) used to
Equipment design/
managt mainat acquire new equipment
8 Office TPM No involvement by Administrative departmen Admin departments participate in TPM activities

in the day-to-day equipment improvement 85% O
Figure 20: Scores weighting TPM eight pillars (Pumtivity Inc., TPM progress scan)

7.2 Evaluating equipment conditions
The evaluation is performed using a form develdpe@roductivity Inc. and is called formPm

SCAN ON EQUIPMENT.This form is filled in together by the loop openaand the manufacturing
engineer. The completed form can be found in AppeBd

TPM Scan PRODUCTIVITY @
Dt !o ng’ 20 .:‘"Ir? Pilant }-_—.—I"rﬁl'.'ﬁ—-" -tb'rrj
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Figure 21: Sample of the form used in evaluatirgltop equipment (Productivity Inc., TPM equiprsaan)
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7.3 OEE and seven big losses system designing
Prior the kick-off if this thesis, there was nostitig system in Emerson/ Roxar to gather data of

the OEE parameters and consequently the OEE waslwoiated. Moreover, there was no
existing system that enables Emerson/ Roxar tdifgieand capture the flow loop losses. Based
on these facts, one of the key objectives of tlesithis to develop a dashboard. The dashboard
has been developed throughout the thesis whichHeshBlmerson/Roxar to captures and
visualises the seven big losses as well as TPMemg@htation progress. Moreover the developed
dashboard Emerson/Roxar to captures, calculatesismalises the OEE and it is associated
three key parameters availability, performance qumality. Figure 20 shows the flow loop OEE
and seven big losses.

7 BIG LOSS
HOW WILL YOUR TPM INITIATIVE DOING

Q

Y A &
<
e 19 V

é &
Week#17  Week#18  Week #19  Week#20  Week#21  Week#22  Week#23  Week #24  Week #25 ‘}V‘\ 'P >

W Failure at any of Flow loop equipment M Setup and Adjustments of the product i Calibration of flow loop instrumentation
Test report ' Faulty MPFM (product issue] 1 Others losses (general power loss)

m configuration change = Operating time

OEE, Availability, Performance and Quality
Actual OEE Versus Maximum OEE 0 1 2 3 4 5 6 7 8 L] 10

60%
0% 50%
50% 40%
40% 30%
0% 20%
b B 1F
0% lII (L] III I o

Week #17 Week #18 Week #19 Week #20 Week #21 Week #22 Week #23 Week #24 Week #25

0 1 2 3 4 5 6 7 B 9 10 N Availability WS Performance W Quality

—a—0FEE  —#— Maximum OEE

Figure 22: OEE/big losses dashboard (Ottosson, 2009
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7.4 Ranking and prioritizing equipment with quantitatianalyses
The Norsok standard Z-008 methodology to identifiaality has been used patrtially in the

critically analysis for the equipment of the flomop. Each plant system should be divided into
several main functions covering the entire systene main functions areharacterised by being

principal tasks, such as heat exchanging, pumpgiggration, power generation, compressing,
distributing, storing, etc.

Main component

Circulation | Ventilation | Nitrogen Crane Separator Control Control Reference
pumps unit unit tank valves system system

Figure 23: Main functions of the flow loop (Norsstkndard Z-008)

Roxar has a premade list of many of the equipmedtirstruments that are located inside the
flow loop. Although the list does not include aligting instruments, it has been used as the
foundation for the criticality quantitative analgsi

There are many criteria-weighting models. Howeirethis application, the following criteria-
weighting, as identified by Wysocki (2009), havebeaised.

The impact of each equipment on the availabiligrfgrmance and quality of the flow loop has
been assessed individually. These three categeeesrated from 1 to 5 where 1 means that the
instrument has least impact and 5 has the maximywagdt on the availability, performance and
quality of the flow loop.

After completing the rating, the maximum rating argdhe three categories has been selected to
represent the criticality of the instrument. Figafeshows a sample of the ranking template. The
detailed template is available in Appendix c.

12.3 Three phase equipment list classified

Critical Equipment

At Nombee | Aves Dieseripan Lacation

Spare paria ity | Critizaliey | Mezimum | Failere Likd

MASCEO | Fiem TypeKame FRGIEE 3001405

MASCE02 | Fiem Type: Kamer FE-2E 006901

MASCE | Cpclons Type Baous 25072 30N-395365360004 Sgpermmm e | N

MAS-CE26 | Deminacpeesior Tope: Bacwrs dquseet CESE 3041067 [

[P NI PR PP
o
v fuw | e w8

MAS-CBT | Fis= TapsEmoocrFald Sa93A

Figure 24: Sample of the ranking template
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8 Evaluation and data analysis

8.1 Evaluating TPM initiative
This exercise is very useful because it evaluateey@the company is in the TPM process. The

evaluation helps considerably in determining theunity level of the TPM process. Moreover, it
helps in determining the true start point for thesis in order to avoid duplicating the already
performed work. (Productivity Inc., TPM progressist

TPM initiative before the thesis

0 I I I I I I I I

Maint Improv Auton Maint Focused Safety Training Quality Maint Early Office TPM
Improv Equipment
managt mainat

o

S

w

N

[y

Figure 25: TPM initiative prior the thesis (Prodinty Inc., TPM progress scan)

In the above stacked column chart (Figure 25 TPlAiive prior the thesisthe blue color
shows Roxar scores in each pillar of TPM, whiledhenge color shows what is remaining and
the summation of both the blue and the orangeusldq 5, which is the overall score range on
each pillar.

The TPM initiative within Roxar can be evaluated@®ws:

(1) Maintenance Improvement: Roxar scored 2 bec@0%eof maintenance is reactive.

(2) Autonomous Maintenance: Roxar scored 1 becapserators “run” equipment, but
maintenance “fixes” it. It must be mentioned thaixBr does not have a dedicated maintenance
personnel for the flow loop and the needed maimtead outsourced.

(3) Focused improvement: Roxar scored 1 becauli® @EE data collected.

(4) Safety: Roxar scored 5 in this pillar becalmedafety incident rate is very close to being a
benchmark for similar industry.

(5) Training and Skill Development: Roxar scored 3.

(6) Quality Maintenance: Roxar scored 3.

(7) Early Equipment Management/Maintenance Pregaridesign: Roxar scored 1 in this pillar
because there was No life cycle cost data beirlgatet.
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(8) Office TPM: Roxar scored 2 because the involeetof administrative departments in the
day-to-day equipment improvement is not very extens

There are two main remarks on this pillar:

» First, Roxar’s existing quality and safety poliegs very good and they are close to being a
benchmark compared to similar industry.

» Second, Roxar has not kicked off the TPM activitrethe five pillars, which are
Maintenance Improvement, Autonomous Maintenanceused Improvement, Early
Equipment Management/Maintenance Prevention DesignOffice TPM.

TPM initiative after the thesis

wv

S

w

N

[

Maint Improv Auton Maint Focused Safety Training Quality Maint Early Office TPM
Improv Equipment
managt

mainat

Figure 26: TPM initiative post the thesis (Prodwdl Inc., TPM progress scan)

In the above stacked column chart (Figure 26 TPNative post thesis) the blue shows Roxar
scores in each pillar of the TPM while the oranigevés what is remaining and the summation of
both the blue and the orange is equal to 5, whi¢he total score on each pillar.

The thesis focused on doing background work forfokie main pillars, which are Maintenance
Improvement, Autonomous Maintenance, Focused Ingreant and Early Equipment
Management Maintenance.

» Maintenance Improvement: the critical equipmenttheen identified and this is a solid
foundation to determine the best possible maintematrategy for each instrument in the
flow loop and as well as the best spare partsegjydor these parts.

» Autonomous Maintenance: Some improvement has lagsnified, likewise scheduling
leakage inspection for the process area and théyyaabi-yearly tightening of the screws
and other connections for the loop.
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» Focused Improvement: There was no OEE gatherirgyséem and procedure have been
developed which is used to calculate and visu#iiséOEE and the seven big losses. In this
system , the main parameters of the OEE, whiclh&ravailability, performance and quality,
have been visualised.

» Early Equipment Management Maintenance: The metlbgg®f the life cycle calculation
has been shown in the recommendation section.m&isodology was developed mainly by
myself in exam report of subject OFF510 Operatiams maintenance VAR 2014. The
methodology was in accordance to the norsok stdrefaad an example was given as to how
to select between two pumps alternatives.

» There is some improvement done on the trainingadince TPM pillars. As shown in the
overall thesis, many meetings have been held bettteemanufacturing engineer and
manufacturing team members. These meetings toumhadhat the TPM looks like and what
will be the future roles for operators and consdenands-on training. Moreover, the
mentioned team, which is likely to be the TPM te&ias been actively engaged in the
programme.

The figure 27 stacked column chart below illusiatee progress of the thesis on each pillar. The
orange columns represent rating post the thesishemnblue represent the rating prior the thesis.

TPM before/after the Thesis

Maint  Auton Maint Focused Safety Training Quality Early Office TPM
Improv Improv Maint Equipment
managt

mainat

m Before [@After

Figure 27: Comparison between the TPM initiativeopand post the thesis
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8.2 Evaluating equipment conditions
In the appendix BB, the actual score on the floeplbas been captured. In this form the TPM

total scan is 177 and number of the used line @é~&cording to the formula that is developed
by productivity Inc., the status score is calcudatg dividing the sum of total score over (the
number of lines multiplied by 10) *100. (Productivinc. TPM equipment scan)

The three phase flow loop achieved the followin@/{I0*27) around 66 %.

re 28: An example of pte I improven

According to Productivity Inc., if the score i©and 85 % then the company has opportunity to
save money and value can be added with TPM. #tierral to assume that Productivity Inc.’s
business is encouraging companies to consult Wwemtregarding the implementation of a TPM
programme. That is obvious when Productivity Inwtsch is 85 %. However, in the flow loop,
the actual scores were around 65 % , which indsciuat there are possible improvement
opportunities that can be achieved, especiallytferpoints which scored 6 and lower.

These points are mainly in the workstation, arotledseparator tank and the electrical system.
As an example, as seen in Figure 28, the wirinp@delta v system is messy, which makes it

very difficult to track which wire goes where anahaplicates the maintainability and increases
the repair time.
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8.3 OEE and seven big losses system designing
In Figure 29, the blue line is measured OEE wii&drange line represents the Ideal OEE, which is

very difficult to be achieved. Only data for 4 wediave been collected and this is not enough to
reach a firm conclusion. A correlation between Feg29 and Figure 30 can give an indication of
what is the most impacted factor on the OEE; thiiciates that the performance is the main driver of
the OEE, because the availability and quality fesctwe relatively stable.

achieved performance. | consider 60 % differersceealy large change. However, if we consider the
availability parameter, it changes between 65% 5% which is fairly stable. If we consider the
quality, it is constant 100 % in the collected data

From figure 30, it is very clear that performaneggmeter has the most impact on the OEE. It is
clear that the yellow line follows the performarmcumns.

Actual OEE Versus Maximum OEE

100 %
r——r———r———
80%
60 %
40%
20%
. £ B ’
0%
0 1 2 3 4 5 6 7 8 9 10

—e— QOEE —e— Maximum OEE

Figure 29: Actual OEE versus Ideal OEE

In Figure 30, the performance was 100% then it piedto 40 % then increased to 75 % in weeks 17,
18 and 19 respectively which means there is 60fférdnce between largest and lowest
The data form weeks 21 till week 25 is not valiteda

OEE, Availability, Performance and Quality

0 1 2 3 = 5 6 7 8 9 10
120% 80%

100% 70%

[ 60%

[+)
80% ‘ v S
60% 40%
’ T | | 1o
20% .. o o o O J o
0% )0 — 0 - . 0%

Week #17 Week #18 Week #19 Week #20 Week #21 Week #22 Week #23 Week #24 Week #25

B Availability == Performance mmmm Quality OEE

Figure 30: Actual OEE, availability, performancedquality
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Figure 31, is the stop event log has been developedier to capture the stop time and /or occurred
availability losses. The log consists of five cohsnwhich are the event sequence, followed by date,
the reason number and stop description and, findléyduration of the stop.

Figure 31 present the stop log for week 17 andavenotice the following

The operator used 90 minutes to write the repdtis,to compressor issue the loop stopped for 30
minutes; there was power shortage and the loopstbfor 120 minutes.

STOP EVENTS LOG

Date Reason Number Description Duration in Minutes
1 24.04.2017 4 test report
2 25.04.2017 1 Commpressor
3 25.04.2017 3 zero cal coriolios
4 26.04.2017 4 test report
5 27.04.2017 6 power failure
il 28.04.2017 4 test report

Figure 31: Stop event log

The seven big losses stacked column chart (figRyeriBualises the percentage of operating time,
failure loss, The seven big losses stacked columant dlustrates the percentage of operating
time, failure loss, setup and adjustment losshcatiion loss, writing test report loss, faulty
MPFM loss, configuration change loss and other.[6be colour coding of each category is
mentioned in the lower section of the stacked colehmart.

The summation of all the seven big losses and pleeating time is equal to the total planned
time, which is a variable parameter. Each colunpmegents operating time and loss of a week.
This stacked chart is good to illustrate the loss @onsequently, the management will take
appropriate action to remove, mitigate or acceptitlss as is. To date, four-weeks data have
been collected, which is a short period and issufficient to reach a firm conclusion.
However, in week # 20 it is clear that the instadla and the uninstallation of the MPFM takes
around two days, which 40% of the weekly operatimg. Obviously, some actions need to be
taken in order to reduce the installation and thiestallation loss.

Seven big losses

100 %
90 %
80 %
70 %
60 %
50 %
40 %

30%

20 %
o .
0% |
Week #17 Week #18 Week #19 Week #20 Week #21 Week #22 Week #23 Week #24 Week #25

change = Others lo

Calibratio strumentation

the product

Figure 32: The seven big losses chart
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8.4 Ranking and prioritizing equipment with quantitati@nalyses
There are three perspectives that should be carsidieiring the execution of the criticality

analysis. The first perspective is how criticalhe equipment, while the second is the failure
probability of the equipment. These two perspestiv@n be visualised in a risk matrix, as in
figure 33, below

Risk Model Failure Probability
Low Medium High Imminent
Critical 3 4
5 Seriou:
S
§ Neutral
Minor

Figure 33: Risk matrix (Aven, 2011)

Some actions need to be taken concerning the eguiprvhich exist in the orange, red and
yellow squares per priority order. These actiomuithe preparing perceived maintenance,
preventative maintenance, frequent visual inspedaiud also stocking up on some expensive
spare parts. These actions have associated cormendnsidered an investment.

That is why the third perspective should be asskesaeefully. This is to carry out a cost benefit
study with sensitivity analysis for these actiohise outcome or the pictures of these three
perspectives will provide a clear picture and Weélp in taking the most cost-effective decisions.
In this thesis, a quantitative analysis has beerldped to answer the following question or
perspective and partially touches on the secondtigune

8.4.1 Equipment criticality
According to the Norsok standard Z-008, the floedas divided into eight main areas and /or

units, which are presented in the table below. Siteequipment of the main areas and /or units
are listed in Figure 34.
Main compmnen Sub equipment
Circulation pumps - Centrifugal pump Type: Grundfos NB80-315/320 E-BQQ
S/N:A98449852P213270003
- Centrifugal pump Type: Grundfos NB125-315/338-E-BQQ
S/N:A98449769P213240001
Ventilation uni - Gas transmitter Type: MSA PrimaX | S/N:a-080&t43
- Temp transmitter Type: Rosemount 248
DXI1D2NSWA3WK1B4Q4K1169 S/N:2547964
- Temp transmitter Type: Rosemount ??? Same as 620D
S/N:2547965



Nitrogen uni

Crange
Separator tar

Control valves

Control syster
Reference syste
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Gas transmitter Type: MSA PrimaX | S/N:08/13t2Q

Filter Type: Kaeser FE-28 S/N:6991

Nitrogen Generator Type: Oxymat NITROMAT N350 ECO
S/N:N2013072

Condensate trap Type: Kaeser Eco - Drain 31 : 12600306
Condensate trap Type: Kaeser Eco - Drain 31 : 1260305
Condensate trap Type: Kaeser Eco - Drain 14 : 12483396
Gantry Crane Type: Demag 2,5t S/N:41-1037

Mixing of Saltwater in FlowLoop

Gas transmitter Type: MSA PrimaX | S/N:08/13%66

Gas transmitter Type: MSA PrimaX | S/N:08/13%62
Cyclone Type: Kaeser ZK072 S/N:398369360004
Pressure transmitter Type: Rosemount 3051
TG3X2B21PWA3WP5B411M5P1Q4Q8 S/N:9452890 Liquid
separator

Temp transmitter Type: Rosemount 648
DX1D1I1IWA3WKIM5Q4XA S/N:2539698 Liquid separato
Actuator valve — Gas line

Actuator valve — Gas line

Actuator valve — Diesel line

Actuator valve — Diesel line

Actuator valve — Water line

Actuators valve -Water line

Actuators valve - Liq mix

Actuators valve - Lig mix

Delta V Guardian Support agreement Model nr: VEXR0200

Condensate trap Type: Kaeser Eco - Drain 14 : 12483396
Coriolis Type: Micro Motion CMFS150M328N2FZNKZZS/N:
12091878

Coriolis Type: Micro Motion CMF300M355N2F6NZZ /i%
14374988

Coriolis Type: Micro Motion CMF300M355N2F6NZZZS/N:
14377776

Coriolis flow meter Type: Micro Motion CMF400M 4BI2F6NZZZ
S/N:14373079
Coriolis flow meter Type: Micro Motion CMF400M 4BI2F6NZZZ
S/N:14283621

Pressure transmitter Type: Rosemount 3051
TG3A2B21BI1M5P1Q4Q8 S/N:9452894 Gas Section

Pressure transmitter Type: Rosemount 3051
TG3A2B21BI1M5P1Q4Q8 S/N:9452891 3 Inc Mix
Pressure transmitter Type: Rosemount 3051
TG3A2B21BI1M5P1Q4Q8 S/N:9452892 6 Inc Mix
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- Pressure transmitter Type: Rosemount 3051
TG3A2B21BI1M5P1Q4Q8 S/N:9568827 3 Inc/ Test #n

- Pressure Transmitter Type: Rosemount 3051 3803040/0699
Old: RFM-774-135 6 Inc /Test unit C

- (Spare) Pressure transmitter Type: Rosemount 2088
G2S22A2S1E504 S/N:9182900

- Temp Transmitter Type: Rosemount Pt100 S/N39857 S/N #2:
03395801 Tag: TT3012 3 Inc/ Test unit A+B

- Pressure Transmitter Type: Rosemount Model 309DBar S/N:
9452893 3 Inc/ Test unit B

- Temp transmitter Type: Rosemount 644 HAILXAJ6MACBIN:
02539695 Gas Section

- Temp transmitter Type: Rosemount 644 HAILXAJ6MACBIN:
02539696 3 Inc Mix

- Temp transmitter Type: Rosemount 644 HAILXAJ6MACBIN:
02539694 6 Inc Mix

- Temp transmitter Type: Rosemount PT100 S/N7@880
(01989788) 6 Inc/ Test unit C

Compresso - Filter Type: Kaeser FFG-28 B S/N:1405
- Filter Type: Kaeser 3034 S/N:9565
- Filter Type: Kaeser 3034 S/N:10185
- Drain separator Type: Kaeser Aquamat CF38 %83
- Filter Type: Kaeser FG28 S/N:N/A
- Kaeser - 4-year Maint. Agreement Standard Pluds8df2.2015
- Compressor Type: Kaeser ASK 32 T S/N:1033
- Compressor Type: Kaeser ESD 352 Sigma S/N:1206
- Condensate trap Type: Kaeser Eco - Drain 30 :128062793
- Condensate trap Type: Kaeser Eco - Drain 14 : 12483427
- Condensate trap Type: Kaeser Eco - Drain 14 :12543997
- Condensate trap Type: Kaeser Eco - Drain 14 :12544018
- Condensate trap Type: Kaeser Eco - Drain 31 : 12487276
- Condensate trap Type: Kaeser Eco - Drain 31 : 12486933
- Dryer Type: Kaeser TF 230 S/N:1071

Figure 34: List of the flow loop equipment

As seen in appendix C, an evaluation study has pedarmed in order to determine the impact
each instrument has on the availability, perforneaawad quality of the flow loop. The Norsok
standard has been partially used in this methogolog example, if the instrument has a
redundancy then the impact of it was not considaigd on the flow loop availability. The rating
data were collected after several meetings withofferator and manufacturing engineer and the
manufacturing manager, who are experts in the ftmp. After giving the rating, we classified

the equipment into four categories.
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These four categories are part of the risk matmitical, serious, natural and minor. All the
equipment that rated 5 were critical, all equipnrated 4 were considered serious, all the
equipment rated 3 were neutral and all the equipmated 1 and 2 were considered minor.

. . Category Number of instruments
Critical Overview
Critical 22
Seriou 13
Neural 19
Minor 4

M Critical ™ Serious Neutral Minor

Figure 35: Pie chart and table of the critical, smus, neutral and minor

From Figure 35, it is obvious that 60% of the equapt is considered critical and serious. This
equipment should be a priority when we design tleegntative maintenance and the
autonomous maintenance.
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Ranking of flow loop equipment per function and criticality

12

10

. | L [ I L [
v v @ = X = » v QU = X = @ VO E S X =w v W = X =2
S5 E2CE5cEce352cE5cEc552c6¢E8cE25825¢E8¢¢
ESBCE2GE8E3E08C22083E08022083E038¢22¢62S8 >3
2 0 >20C > 30 >20C >0 c 30 >20C 50 c 2 o >20C 5o ¢
Q = © 3 @ v o o 9= P @ »W o o 9= 03 Vo o0 9 = 03 v » O o
c o= 2 Q0 < S Q= 2 Qo < S e Q= 2 Qp < S Q= 2 ) = 5
o = o ¥ m© o = o ¥ m© o = o ¥ m© s ©° = o ¥ m©
o £ 2 ¢ S 9 <o mmo £ 2 F S O ®m o E 2 ¢ S 0 =« ®mo £ 2 ¢ S o @®
S 0 = § 2 S 95 S 0 < 5§ 2 C 95 S 0 < § 2 C 9T S 0 < § s C 05
Lo 50 Z 232050 ZgcrEo 50 Z2gc 20 50 Z2 QP oc
= V= UV = D = @
3 O Lun S 3 o Lwn S 3 o Lwn s 3 o L w3
S Q S Q S Q S Q
o =< o I~ o =< o =<
Critical Serious Neutral Minor

Figure 36: Ranking of equipment per main functiand criticality level

Figure 36illustrates the equipment of the flow loop in whitlere are four main categories:
critical, serious, neutral and minor. In each catgd included the main functions, nitrogen unit,
crane, separator tank, control valves, controlesysteference system and the flow loop
compressor. The main purpose from this visualigagdo give an overview of the number of
critical, serious, neutral and minor equipmentachefunction of the flow loop. This overview
provides a holistic picture, based on it, somerfirtsed decisions can be taken with confidence
when implementing the TPM programme. Moreover, thad is good groundwork in designing
the planning phase cycles of the adaptive projestagement methodology that is suggested to
be used during the implementation of the TPM.

A detailed list of the rating of each equipmengiigeen in appendix C. The same classification
was used when we listed all the equipment. Theisbps all the critical equipment, the second is
the serious equipment, the third is the neutralthedast is the minor.

In figure 36 it is clear that the compressor , Wiations pump and reference systems are very
critical equipment in the flow loop. Thereforeidthighly recommended to prioritize the
maintenance systems evaluation for these mainitunsct

8.4.2 Equipment failure probability
There are two approaches to determine failure fmibtya one is to contact the suppliers (OEM)

and the second is to evaluate the failure proligtiased on historical operational experience.
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The analysis of the historical failure record isrieresting exercise which can reveal very
beneficial information. This information can be @ated with the OEM/supplier inputs. The
correlation analysis study will lead to better dems during the selection of maintenance
system.

The contribution of the OEM and/or the supplietted equipment in needed in order to
determine the equipment failure probability. Itesommended to work with the suppliers of all
equipment in the serious and critical equipmerdrater to determine the failure probability of
these equipment. The supplier is expected to peoaittansparent proposal for the best possible
maintenance approaches for this equipment, onewdiias to mitigate or avoid the failure
probability. The proposal should demonstrate thgeeted improvement, risks and associated
cost.

The control system of the three-flow loop has @raetive feature, which is the possibility to
record faults and alarms. In this thesis, the fantt alarm record have been retrieved and quick
guantified analyses performed for the number otioced faults, as shown in the figure 37

In figure 37 FIT, which is a Coriolis meter, hagrsficant failure rate, which is a very interesting
output and needs to be analysed. A root causesasalging, for example, the 5 whys technique,
is highly recommended. The analysis will identthe tpossible fault causes which might be
process-related, design-related or other things.

Based on these statistics, the Coriolis meterhelin square number 8 in figure 33 risk matrix,
because it is serious equipment and has relatiugtyfailure rate.

Name | Occurrence frequency | Start Stop
FIT-1022 | 75 March 2016 July 2016
FIT-1024 | 74 March 2016 July 2016
FIT-2001 @ 72 March 2016 July 2016
FIT-2005 @ 73 March 2016 July 2016
FIT-3001 | 74 March 2016 July 2016
FIT-3005 | 74 March 2016 July 2016
PB-02 April 2016 = May 2016
XX-8001 @ 3 April 2016 = December 2016
XX-8003 | 3 April 2016 = December 2016
XY-1034 @ 3 April 2016 = December 2016
XY3013 | 4 March 2016 December 2016
XY3014 | 5 April 2016 = December 2016
XY3015 | 3 May 2016 December 2016
XY3016 | 5 March 2016 December 2016
XY3017 | 5 March 2016 December 2016

Figure 37: Three phase flow loop fault record
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9 Proposed implementation plan.

This chapter illustrates the proposed implementgtian for the TPM on Emerson /Roxar three
phase flow loop. Prior the development of the Hegtel plan, it was essential to answer some
guestions in order develop a reliable and robust.prhese questions were how to develop high-
level plan which reveal mission, vision and keyivhables of the TPM; should we develop this
plan using top down approach or bottom up approablat can go wrong during the
implementation; and finally, what is the most sdipgoject management model and the
execution phases for the TPM implementation. The sebchapters provide answers for these
guestions

9.1 Developing high-level implementation plan
Productivity Inc. developed a form of 10 questiarisch enables companies to develop the high-

level implementation plan. This form used the botigp approach meaning that form start to
formulate implementation key deliverables first dnaded on these key deliverables, companies
can develop the appropriate vision and missiomefltPM. This form covers the following
points, but not only limited to these points:

Autonomous Maintenance: TPM implementers need to think of how to orgamésens to
perform autonomous maintenance, taking into conaie the current organizational structure
and equipment requirements.

OEE calculation: The TPM implementers should make a simple andstodgstem to measure
OEE performance. This needs to be compatible Wwighmtanufacturing process nature

Communicate TPM vision: TPM implementers need to think of how to commutgidhe TPM
vision because the implementation will only be etifee by sharing the vision and understanding
the TPM process.

Envision the role of changesTPM implementers need to think about the role gearn
managers, engineering, maintenance and the opegdter the implementation of TPM.

9.2 Factors affecting TPM
According to Bamber, Sharp and Hides (1999), tofa affecting successful implementation of

TPM are: (1) the setup of the existing organizaf@nmeasures of performance (3) alignment
with the company mission (4) the involvement of dep(5) an implementation plan; (6)
knowledge and beliefs; (7) time allocation for implentation; (8) management commitment; (9)
the motivation of management and workforce.

It is not enough to evaluate these factors on@s; tieed to be evaluated form to time because the
implementation process is long process and thasstdtthese factors is dynamic and can be
changed.
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9.3 Suggested project management model

The adaptive models fit better the projects withigher level of uncertainty and complexity. As
indicated in figure 38, the Adaptive PMLC model sists of several phases that are repeated in
cycles, with a feedback loop after each cycle. ®temis done just in time. No effort is wasted on
planning the future. The future is unknown and afigrt at planning that future will be viewed
as non-value-added work (Wysocki, 2009).

Version
Scope

Cycle CYCLE
Plan E
- A =
. w Client
& ¥ Checkpoint

Pnnst -version

Rewview

cupe F‘Jan Launch Monitor Close Next Clase
Gycle Cycle & Control Cycle Cycle Project

Adaptive Project Framework (Cycle Plan)

Figure 38: Adaptive Project Cycle Plan

The adaptive project management cycle is very ambid the PDCA (plan-do-check-act)
approach, which is a repetitive four-stage systening for continuous improvement (Cl) in
general for the business process management amidufzaly, in the programme
implementation.

Figure 39: Adaptive Project Cycle Plan

The relation between Figure 38 and Figure 39 ielk®wvs. The plan quadrant is the plan cycle,
while the do quadrant contains the launch, momtpand control and close phases of each cycle.
The check quadrant is the next cycle, where thieweuf the cycle is evaluated. The act quadrant
is either to complete the full implementation of fiPM or start a new cycle of the
implementation.
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9.4 Suggested execution phases
As per figure 40, the recommended implementati@tgsses consist of seven phases. Each

phase is described in the following section. Eddihese phases should have an evaluation
process at the end of the phase, if the phasegtssevaluation criteria, then it can move to the

next phase.
ope Defini- . . Monitor B mtegrate with 1
ﬁ" -‘

Figure 40: Execution phases

9.4.1 Phase | — Initiation
The TPM concept has been already kicked off in Som@s factories and the flow loop has been

defined as a critical equipment. Therefore, Emetsmalready established a TPM Steering
Committee and appointed TPM champions. In this @hth&® TPM manager should assess the
following factors affecting successful implemeraatof TPM developed from the theory.
According to Bamber, Sharp and Hides (1999), tlies®rs are: (1) the existing organisation; (2)
measures of performance; (3) alignment with theaomg mission; (4) the involvement of
people; (5) an implementation plan; (6) knowledge beliefs; (7) time allocation for
implementation; (8) management commitment; (9)lodivation of management and workforce.
Note: these factors are crucial and they need tewsited from time to time because the full
implementation of the TPM is a relatively long pees and takes approximately three to five
years and, in this period, the status of thesefaaan be changed. Consequently, it very
important to re-evaluate these factors before tidue sf each cycle of the TPM implementation.

9.4.2 Phase II- Scoping
In the scoping phase, we define the improvemenbxppities. According to Ahuja and Khamba

(2008), we can define these opportunities by evi@gdhe equipment and management systems,
define the baseline of critical equipment, defime turrent OEE, determine equipment condition
and determine current maintenance performed ordbgment.

9.4.3 Phase Ill planning
In this phase, a full review of what should be awopbtished in each of the TPM eight pillars must

be considered. Clearly, the dependence and irdioelbetween each pillar should be
considered.
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Moreover, at this phase measures of performanagddhe done as well as develop plans for the
planned and autonomous maintenance and develogcin®p procedures for each equipment.

9.4.4 Phase IV lunch
Implementation of the TPM Plan. Project managerntesitniques should be used

9.4.5 Phase V monitor and control
In this phase, the target is to assess the opesadiod maintenance personnel’s experiences dunthgast the

implementation of the process and also to follovthgpprogress of the implementation. This will help
conducting the Gap Analysis which is needed toszsatat is achieved versus what was planned. The
outcome of this phase is to update the lessonddanecord with losses and how to reduce them.

9.4.6 Phase VI cycle closure
In this phase, one of two decisions should be také&her to start a new adaptive cycle or close

the TPM implementation programme and move the matem phase with them to another
system. It is pragmatic to review the success fagteentioned in the initiation section at this
phase because they are critical for the succes®afext cycle

9.4.7 Phase VIl Integrate
Integrate with one factory according to Emersorcedures

9.5 Expected number of cycles to fully implement TPM
One cycle of the implementation is completed thimug the thesis. | think two more cycles are

still needed in order to fully implement a TPM mbtlat meets the maintenance requirements of
the flow loop. The second cycle should aim to impat some of the recommendations of this
thesis. As per the agile methodology, time shouwldhe spent to plan the third and last cycle.
The plans of the last cycle will be defined durthg execution of the second cycle.
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10Recommendations

The recommendations chapter is divided into thuelsapters. The first subchapter illustrates
the organizational and process recommendation® el second subchapter illustrates the
training recommendations and finally, the last sidmter illustrates the quality enhancement
recommendations.

10.1 Organizational and processes recommendations
1. Driving a strategic initiative such as implementthg TPM required a dedicated team in

order to drive it through the organisation and miakeppens. Therefore, it is recommended
to create a cross-functional team that consistsbject manager, manufacture engineer,
and loop operator and this team should report aitdlotted line to the operation director. The
project manager role in the entire implementatiootess is a key role because he will be
responsible for the follow-up of the day to dayhaties and he will be responsible for the
communication up and down within the different gnigation layers.

It is expected that Emerson/Roxar will achieve iy Vegh improvement magnitude in the
TPM implementation in the case of implementing teisommendation. Moreover, the time
required to implement this recommendation is exgretd be a short time.

. The TPM requires the involvement of many employethneé organization and thus it is
recommended to schedule a quarterly review meetitigall involved stakeholders in order
to review the progress and obstacles of the TPMamentation. During this meeting, the
team will review present and future cost and bésiefiimplementing the TPM.

It is expected that Emerson/Roxar will achieve iy ¥egh improvement magnitude in the
TPM implementation programme in the case of impleting this recommendation.
Moreover, the time required to implement this renmandation is expected to be a short time.

It is recommended to develop a physical dashboaidhwillustrates the progress of the TPM
implementation programme. In this dashboard, als® recommended to dedicate a section
for the key equipment pictures when it was in n&ates This enable the operator to visually
correlates between the current and new equipmemlitbons. This recommendation will
improve the autonomous maintenance activities sagdhe 5S.

It is expected that Emerson/Roxar will achieveghhimprovement magnitude in the TPM
implementation programme in the case of implemertiis recommendation. Moreover, the
time required to implement this recommendatiorxizeeted to be an average time.
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10.2 Training recommendations
4. A high reliable organization should invest in deyhg the skills of the employee and the

7.

skills development can be achieved with traininige Training development should not be
limited to the training on new equipment, but ibshl include other training such training on
the collective mindfulness and cross-functionahirey.

Note: The cross-functional training is very beneficiathuse it will avoid and /or mitigate
the risk of production stoppages. Moreover, with ¢hoss-functional training, Roxar can
recover fast in case of employees absence orslimesiry, or other situation which are not
avoidable.

It is expected that Emerson/Roxar will achieve iy Vegh improvement magnitude in the
TPM implementation programme in the case of impleting this recommendation.
Moreover, the time required to implement this reacmmndation is expected to be a very long
time.

It is recommended to continue the ongoing trairiargsecond flow loop operator which may
be a good investment if the Roxar decided to opetha loop for two shifts. Moreover, this
suggestion will enable Roxar to execute parallél/gies such as writing the report while the
other operator runs the loop. As indicated in tiseussion section the operator stops the flow
loop for 30 minutes daily in order to write the oep

It is expected that Emerson/Roxar will achieve iy Vegh improvement magnitude in the
TPM implementation programme in the case of impleting this recommendation.
Moreover, the time required to implement this reamendation is expected to be a very long
time.

It is recommended to train the operators to talees®ary maintenance activities such as
cleaning and tightening of screws and connectiBesause of the current organization
structure, this training should not be limitedhe flow loop operators it should include team
members of another department.

It is expected that Emerson/Roxar will achieveghhimprovement magnitude in the TPM
implementation programme in the case of implemertiis recommendation. Moreover, the
time required to implement this recommendatiorx{geeted to be an average time.

With regards the compressor, Roxar already has\geptative maintenance agreement in
place with the supplier. Therefore, the compresspplier personnel perform the
preventative maintenance on the compressor annitidlyever, it is recommended to
negotiate with the compressor supplier if soméhefgreventative maintenance activities can
be carried out by Roxar personnel. If this recomaladion is practically possible, it will
reduce the preventative maintenance cost as welhak add flexibility to maintenance
scheduling because the preventative maintenancbecaasily scheduled during the
unplanned production time.

It is expected that Emerson/Roxar will achieveghhimprovement magnitude in the TPM
implementation programme in the case of implemertiis recommendation. Moreover, the
time required to implement this recommendatiorxgeeted to be an average time.
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8. The flow loop piping system requires some mainteraaspecially the water piping systems
because of the potential corrosion. It is recomredrwh annually base to perform the
following for the exterior surface of pipe andifiys: visually inspect all threaded, welded,
and flanged fittings, checking for any leaks omrosion. Replace or tighten fittings or pipe as
required. Remove corrosion by acceptable and daitabthod. Bureau of Reclamation (June
2009).

It is expected that Emerson/Roxar will achieveghhimprovement magnitude in the TPM
implementation programme in the case of implemertiis recommendation. Moreover, the
time required to implement this recommendatiorxjgeeted to be a short time.

9. At this stage | would not recommend preventativénteaance for the piping because it is
very costly maintenance strategy. As preventatisentenance may require to partially
disassemble piping which may alter the system ritiegnd fixing the system integrity
require a lot of extensive testing such as thespirestesting. Also, the preventative
maintenance may require to utilize an expensiveraestructive test method to determine
condition of interior surfaces Bureau of Reclanmatidune 2009). At this stage, it is not
feasible what Emerson/ Roxar expected gained lerae® with preventative maintenance of
the piping.

It is expected that Emerson/Roxar will achieveva ilmprovement magnitude in the TPM
implementation programme in the case of implemertiis recommendation. Moreover, the
time required to implement this recommendatiorxjgeeted to be a very long time.
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10.3 Quality enhancement recommendations.

10.In general, the decisions and actions should alwaysased on factual approach and it
should be supported with data and quantificatiov@ysis. Based on this, it is recommended
to continue capturing and visualizing the OEE dreldeven big losses in order to determine
potential improvement opportunities and take neargsactions which definitely will aim to
enhance the availability and prevent the degradatiequipment.

It is expected that Emerson/Roxar will achieve iy Vegh improvement magnitude in the
TPM implementation programme in the case of impleting this recommendation.
Moreover, the time required to implement this reazendation is expected to be short time.

11.Despite only four weeks of the OEE were collectetlibrevealed that the installation and
uninstallation process of the MPFM is a long prec&herefore, it is recommended monitor
this loss for some time and held few brainstornsagsions in order to make the process
leaner and to determine how to reduce the instafi@nd the uninstallation loss. As an
example, developing a simple checklist for theahation and the uninstallation of the
MPFM may make this task more systematic and it redyce installation and the
uninstallation time.

It is expected that Emerson/Roxar will achieve iy ¥eégh improvement magnitude in the
TPM implementation programme in the case of impleting this recommendation.
Moreover, the time required to implement this renzendation is expected to be short time.

12.The quantitative analysis ranked flow loop equipmeto four categories critical, serious,
neutral and minors with respect to the equipmepkich on the overall functionality of the
flow loop. It is recommended to prioritize maintana system development for the critical
and serious equipment. Consequently, Emerson/Rabvedir contact the suppliers of critical
and serious equipment and get their recommenddiiomseventative maintenance,
autonomous maintenance and the training package.

It is expected that Emerson/Roxar will achieveghhimprovement magnitude in the TPM
implementation programme in the case of implemertiis recommendation. Moreover, the
time required to implement this recommendatiorxgeeted to be an average time.

13.Some of Roxar personnel in other department arktwa@ted on the refence system of the
flow loop. It is recommended to check if these perel can perform the preventative
maintenance activities such as calibration andigations of the pressure, temperature and
coriolis meter. This action will reduce the costmdintenance as well as it gives flexibility
because the preventative maintenance can be seledluling the planned stop time.

It is expected that Emerson/Roxar will achieveghhimprovement magnitude in the TPM
implementation programme in the case of implemertiis recommendation. Moreover, the
time required to implement this recommendatiorxjgeeted to be a short time.

14.1t is recommended to perform the calibration andfieation of the instrument in the
unplanned operating time in order to enhance thE.OE

It is expected that Emerson/Roxar will achieveghhimprovement magnitude in the TPM
implementation programme in the case of implemertiis recommendation. Moreover, the
time required to implement this recommendatiorxjgeeted to be a short time.
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15. A strict procedure needs to be developed whenatoilgthe data which means that
everything that makes sense should be includedeldre, it is recommended to develop a
process for gathering, analyzing and reviewingainaity of the data of the existing systems
such as 5S and the OEE. This process should inthuele personnel initiator, checker, and
reviewer.

It is expected that Emerson/Roxar will achieveghhimprovement magnitude in the TPM
implementation programme in the case of implemertiis recommendation. Moreover, the
time required to implement this recommendatiorxjgeeted to be a short time.

16.1t is recommended to perform cost analysis to datex the breakeven point at which the
flow loop operating hour cost will be minimized ati@ OEE is maximized.

It is expected that Emerson/Roxar will achieve @rage improvement magnitude in the
TPM implementation programme in the case of impleting this recommendation.
Moreover, the time required to implement this renzendation is expected to be a long time.

17.Roxar has made a list for many of the flow loopipment and instruments, but this list does
not include all existing equipment and instrumentd it is recommended to modify this list
and make it inclusive for all flow loop equipmemidanstruments.

It is expected that Emerson/Roxar will achieveghhimprovement magnitude in the TPM
implementation programme in the case of implemertiis recommendation. Moreover, the
time required to implement this recommendatiorxigeeted to be an average time.
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10.4 Recommendations prioritization matrix

The prioritization of recommendations was made thasethe following two perspectives: The
expected improvement and the required time to impla these recommendations. The ex-
pected improvement perspective has 5 categorigshigh, high, average, low and very low.

The required time to implement the recommendati@ss5 categories very short, short, average,
long and very long.

The prioritization weighting criteria are subjeetiand based on the writer experience. Therefore,
prioritization matrix is debatable.

Required time

Very Short Average | Long Very
short long
Very high 1,2,10,11 5 4
5 ‘q'c)' High 8,13,14,15 3,6,7,12,17
3 § Average
<9
L 'g Low
Very low

Figure 41: Recommendations prioritization matrix

Based on the above matrix it is recommended taipae recommendations as per the following
sequences 1,2,10,11,8,13,14,15,3,6,7,12,17,5,4d6.a
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11Conclusion

This chapter summarizes the thesis achievementsanelates between these achievements and
the thesis objectives.

Having a system that gathers and visualises the @1Eseven big losses in hands, means that
the first objective of this thesis was achievedsTDEE system needs further development be-
cause it was developed only for one type of flost.t8ince Roxar runs various types of flow
tests, the system should be modified to accommadifiew test types.

The second objective of this thesis was creatiagtigality analysis in order to rank the flow
loop equipment with respect to their impact ondkailability, performance, and quality of the
flow loop. This objective also achieved, becausistaf the equipment that has a critical, seri-
ous, neutral and minor impacts on the flow loopctionality was made and it is available in ap-
pendix C. Furthermore, this quantitative analysigealed the number of critical, serious, neutral
and minor equipment per each main functions oflthve loop.

The third objective of this thesis was achievedvall, becosue a life cycle cost calculation meth-
odology was developed in accordance to the norsoidard specifications. This methodology
calculated the life cycle cost for two pumps fromotdifferent suppliers as illustrated in appendix
D. This exercise proved that the selection catshould be in accordance to the total expected
life cycle cost not the capital cosi.thisexercise, despite supplier A pump has lower chpitst
than the supplier B pump, but the overall costugfier A pump is larger than supplier B pump
in 10 years operating time. That is because theggremnsumption of supplier A is little bite
higher than supplier B.

Chapter 9 of this thesis illustrates tool or formieh leads TPM implementers to develop a high-
level TPM implementation plan. Furthermore, thedgtaf the TPM literature showed that there
is no one TPM programme fits all applications beesdtlhe TPM is expandable. Based on this, it
was concluded that the TPM solution that fits EmefRoxar current organizational setup and
flow loop maintenance requirements is fuzzy. Tfaree the agile methodology was suggested
for the TPM implementation programme. Finally,ande concluded that the last and fourth ob-
jective of the thesis was achieved.

Conclusion summary

This thesis contributed with positive progresshia tollowing TPM pillars: maintenance im-
provement; autonomous maintenance; focused impreneprogress; early equipment manage-
ment maintenance; maintenance improvement; traiampthe office TPM.
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Appendix A - Form used in evaluating TPM initiatiga the flow loop

AN OPERATIONAL EXCELLENCE PROGRESS SCAN

HOW WELL
ARE YOUR TPM
INITIATIVES DOING?

PRODUCTIVITY

FIND OUT —

Productivity Inc.

375 Bridgeport Avenus, 3rd Floor
Shelton, CT 06484
203-225-0451

Wi productviyine.com PRODUCTIVITY
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Complete the Scan by ranking
your progress from level 1 to level
5 In each of the categories, The
scan defines the level 1 and level 5

basealines.
PROCESS/TECHNICAL'

Category Level 1 (lowest) Ranking Level 5 (highest)
Maintenance Improvement 90% of maintenance is 12345 90% of maintenance

reactive is proactive

L . o Operators own the process—

Autonomous Mai Ope &L fub. ip L 12345  the 7 steps of Autonomous

maintenance “fixes it Maintenance are in place

85% OEE and Zero Losses
Focused Improvement No OEE data collected 12345 reported on critical assets; OEE
collected on all assets

Numerous safety incidents Safety incident rate is
Safety occur annually 12345 ponchmark for your indusiry

Neo training matrix in place for

. . p and mai Training matrix in place; 90hrs/

Training and Skill Development personnel; less than 10hrs/fyear 12345 year for skill enhancement

for skill enhancement

. Sigma level and higher consistently
Quality Maintenance S;ﬂg.;:;ﬁ:nﬁdaﬁed 12345  reported (when incidents occur they
) are handled at the source)

Early Equipment - Life cycle cost (and cross
Management/Maintenance E&,‘,’;ec‘gf:&ﬁﬂ data 12345 funclciyonal tean'ss] used to design/
Prevention Design acquire new equipment

No involvement by ) .
Office TPM Administrative departments {2245 Admin departments participate

in the day-to-day equipment in TPM activities

improvement

40 Maximum Points
Productivity Inc.
375 Bridgeport Avenue, 3rd Floor

Pnnnuml“]v Shelton, CT 08484

203-225-0451
www.productivityinc.com

STRATEGIC/SOCIAL’

Categorny Lewvel 1 (lowest) Ranking Leve! 5 (highest)
Key Strategic Objectives Not defined 12346 Focused/Deployed
Standard Work/Adherence Not practiced 12345 All encompassing—Ideal Standards
Leadership Develop it No formal approach 12345 Leaders as Teachers
On-going process B 5 }
improvement training Little, if any 12345 Formalized approach
Continuous Improvement focus No formal approach 12345 Enterprise Wide
Multi-Skill/Multi-Craft Limited 12345 Total Flexibility

. Implemented across
Improvement Results Not Sustained 12345 shifts, lines, facilities
The decision making process Hierarchical 12345 Diffused/quick/good decisions

* Not all-inclusive

MNote: The intent of this Scan is to provide

a macro look at available improvement

opportunities. Absent a score of 80 points,

there is room for improvement!

40 Maximum Points

Total B0 Maximum Points

If your score is:

60-79 congratulations, you're
doing a great job

59-40 you're on the right path, but
there is room for improvement

39 or less, significant
improvement opportunity exists
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Appendix B Form used in evaluating the flow lo@uigpment status

TPM Scan
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Appendix C The ranking of flow loop equipment.
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Critical Equipment

Asset Number | Asset Description Location Spare parts | Impact on availability Impact on performance | Impact on quality | Criticality Maximum | Failure Likelihood
MAS-CB-01 | Filter Type: Kaeser FFG-28 B S/N:1405 Compressor No b 15
MAS-CB-02 Filter Type: Kaeser FE-28 S/N:6991 Nitrogen unit No 5 5 15
MAS-CB-03 | Cyclone Type: Kaeser ZK072 S/N:398363004 Seperator tank | NA b 15
MAS-CB-06 Drain separator Type: Kaeser AquamaB&FS/N:3087 Compressor No b 15
MAS-CB-07 | Filter Type: Kaeser FG28 S/N:N/A Compressor No b 15
MAS-CERT-

010 Delta V Guardian Support agreement ModeV/&9041S0200 Control system g 1p
MAS-KA-01 | Compressor Type: Kaeser ASK 32 T 3083 Compressor No b 16
Circulation
MAS-PB-01 Centrifugal pump Type: Grundfos NB8®B&R20 E-F-K-BQQ S/N:A98449852P213270003 pumps No 5 g 1
Circulation
MAS-PB-02 Centrifugal pump Type: Grundfos NB12B838 E-F-K-BQQ S/N:A98449769P213240001 pumps No 5 s 1!
MAS-PB-03 Compressor Type: Kaeser ESD 352 Sig8i&l:1206 Compressor No b 15
MAS-TR-01 | Condensate trap Type: Kaeser Eco -rb88i S/N:12962793 Compressor No B n
MAS-TR-06 Condensate trap Type: Kaeser Eco -rDtdi S/N:12543997 Compressor No B 1|1
MAS-TR-07 Condensate trap Type: Kaeser Eco -rDtdi S/N:12544018 Compressor No B 1|1
MAS-TR-08 Condensate trap Type: Kaeser Eco -rDBai S/N:12487276 Compressor No B 1|1
MAS-TR-09 | Condensate trap Type: Kaeser Eco -rDBai S/N:12486933 Compressor No B ]]1
MAS-XX-100 | Dryer Type: Kaeser TF 230 S/N:1071 Compressor No b 1M
Actuators valves - gas Contol valve No 5 g
Actuators valves - gas Contol valve No 5 s
Actuators valves — Disel Contol valve No 5| g
Actuators valves — Disel Contol valve No 5 g
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Actuators valves -water Contol valve No 5 4 g
Actuators valves -water Contol valve No 5 4 g
Serious Equipment
Asset Number | Asset Description Location Spareparts | Impact on availability Impact on performance | Impact on quality | Criticality Maximum | Failure Likelihood
MAS-AT-1030 | Gas transmitter Type: MSA PrimaX$/N:08/13-11566 Seperator tank [ No 7 L 8 4
MAS-AT-1031 | Gas transmitter Type: MSA PrimaX$/N:08/13-02662 Seperator tank No ] L 8 4
MAS-AT-1032 | Gas transmitter Type: MSA PrimaX$/N:08/13-02140 Nitrogen unit No 3 4 1 g 4
MAS-AT-1033 | Gas transmitter Type: MSA PrimaX$/N:a-08/13-02143 Ventilation unit | No 3 4 1 9 4
MAS-CV-100 | Nitrogen Generator Type: Oxymat NITRAWMN350 ECO S/N:N2013072 Nitrogen unit No 3 4 1 8 4
Reference
MAS-FIT-1022| Coriolis flow meter Type: Micro Math CMFS050M 313N2FZNKZZ S/N:12093561 system No 3 4 4 1 i
Reference
MAS-FIT-1024 | Coriolis Type: Micro Motion CMFS15@28N2FZNKZZ S/N: 12091878 system No 3 4 4 1 fl
Reference
MAS-FIT-2001 | Coriolis Type: Micro Motion CMF300MBN2F6NZZ S/N: 14374988 system Yes 3 4 4 1L H
Reference
MAS-FIT-2005 | Coriolis Type: Micro Motion CMF300NBBN2F6NZZZ S/N: 14377776 system Yes 3 4 4 1L h
Reference
MAS-FIT-3001 | Coriolis flow meter Type: Micro Math CMF400M 451N2F6NZZZ S/N:14373079 system Yes 3 4 4 11 H
Reference
MAS-FIT-3005 | Coriolis flow meter Type: Micro Math CMF400M 451N2F6NZZZ S/N:14283621 system Yes 3 4 4 1L h
Actuators valves - lig mix Contol valve No 3 4 3
Actuators valves - lig mix Contol valve No 3 4 3

Neutral Equipment

Asset Number | Asset Description Location Spareparts | Impact on availability Impact on performance | Impact on quality Criticality Maximum | Failure Likelihood
MAS-CB-04 Filter Type: Kaeser 3034 S/N:9565 Compressor Yes B B 9 3
MAS-CB-05 | Filter Type: Kaeser 3034 S/N:10185 Compressor Yes B B 9 3
Reference
MAS-PT-1036 | Pressure transmitter Type: Rosem80&1 TG3A2B21BI1M5P1Q4Q8 S/N:9452894 Gas Sactio system Yes 2 3 B
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Reference
MAS-PT-2002 | Pressure transmitter Type: Rosem806L TG3A2B21BI1IM5P1Q4Q8 S/N:9452891 3 Inc Mix system Yes p. B
Reference
MAS-PT-3002 | Pressure transmitter Type: Rosem806L TG3A2B21BI1IM5P1Q4Q8 S/N:9452892 6 Inc Mix system Yes 2 B
Reference
MAS-PT-3011 | Pressure transmitter Type: Rosem806L TG3A2B21BI1IM5P1Q4Q8 S/N:9568827 3 Inc $tTenit A system Yes . B
Reference
MAS-PT-3021 | Pressure Transmitter Type: Rosem806i S/N: 7303040/0699 Old: RFM-774-135 ng /Test unit C system Yes 2 B
MAS-TR-02 Condensate trap Type: Kaeser Eco -rD8ai S/N:12600306 Nitrogen unit No 3 9
MAS-TR-03 Condensate trap Type: Kaeser Eco -rD8ai S/N:1260305 Nitrogen unit No 3 9
MAS-TR-04 | Condensate trap Type: Kaeser Eco -rDtdi S/N:12483396 Nitrogen unit No 3 9
MAS-TR-05 Condensate trap Type: Kaeser Eco -rDtdi S/N:12483427 Compressor No 3
MAS-TRSM- Reference
002 Pressure Transmitter Type: Rosemount Modgl 30-10Bar  S/N: 9452893 3 Inc / Test unit B system Yes 3 B
MAS-TT-1000 [ Temp transmitter Type: Rosemount P481D2NSWA3WK1B4Q4K1169 S/N:2547964 Ventilationit | Yes 3 3 3 9 3
MAS-TT-1001 | Temp transmitter Type: Rosemount3&me as 62-TT1000 S/N:2547965 Ventilation ynit s Ye 3 3 3 9 3
MAS-TT-1026 | Temp transmitter Type: Rosemount B8 D1IIWA3WK1M5Q4XA S/N:2539698 Liquid seperato Seperator tank| Yes B 3
Reference
MAS-TT-1036 | Temp transmitter Type: Rosemount B#1XAJEM4Q4 S/N: 02539695 Gas Section system Yes 3 B
Reference
MAS-TT-2003 [ Temp transmitter Type: Rosemount B¥W1XAJ6M4Q4 S/N: 02539696 3 Inc Mix system Yes 3 B
Reference
MAS-TT-3003 [ Temp transmitter Type: Rosemount B#1XAJEM4Q4 S/N: 02539694 6 Inc Mix system Yes 3 B
Reference
MAS-TT-3019 [ Temp transmitter Type: Rosemount FOr18/N: 03077080 (01989788) 6 Inc / Test unit C system Yes 3 B
MAS-LIFT-
011 Gantry Crane Type: Demag 2,5t S/N: 417103 Crane No 2 g
Minor Equipment
Asset Number | Asset Description Location Spareparts | Impact on availability Impact on performance | Impact on quality Criticality Maximum | Failure Likelihood
MAS-ACTY-
001 Mixing of Saltwater in FlowLoop Seperator tank NA 1
Pressure transmitter Type: Rosemount 3051 TG3XPBRA3WP5B4I1M5P1Q4Q8 S/N:9452890 Liquid
MAS-PT-1027 | separator Seperator tank |  Yes L 1
MAS-TRSM- | Temp Transmitter Type: Rosemount Pt100 S/N30897 S/N #2: 03395801 Tag: TT3012 3 Inc/ Dedtt | Reference
001 A+B system Yes 1 L
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This study has been developed during the operataintenance course by myself and assis-
tance from one of the team member.

In this small study, we have been performed ofLife cycle cost for pumps which is rele-
vant equipment in the flow loop. We have developdite cycle cost calculation sheet ac-
cording to NORSOK Standard. It has been decidedridhe life cycle cost for the single
stage centrifugal pumps. It has been assumed thanp will be used for pumping fresh wa-
ter. This assumption used to simplify the energysconption calculation of the pump. We
have found some difficulties gathering very pre@sees from the pumps suppliers globally,
due some reasons (competitions, confidential inédion etc). The equipment and material
purchase cost obtained from industrial pump lighef2011 (internet). These prices increased
by 5 %, which represent the summation of the actiltion rates from 2011 till 2014.

Hour rate in NOK

Contractor rate 500
Supplier representative A rate 900
Supplier representative B rate 950
Operator rate 700

The man-hours, commissioning and installation caktulation we have used the below listed
rates.

Present Value Method

When calculating the total cost over a time spiis,mecessary to combine outlays spread in
time in an accurate way. The principal method lfies ts called the present value method,
which compares the value of a cash unit todayeovrttlue of that same cash unit in the future,
taking inflation and return rates into account. Dew formula is used for the present value
calculation.

I
=0 (1+x)
Where:

St = Net cost in year t. This can be assumed dquall the years, it can vary according to
production, or it can have some other given vamathroughout the lifetime.

N = The lifetime of the equipment/function to beaated. When the required lifetime of the
equipment exceeds the expected lifetime, the reduife is used.

K = The discount rate/interest rate to be usedHerevaluation.
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In the underneath table shows the pumps A and iesgdbr the 10 years life time. The dis-
count rate was 6.5% and the inflation rate is 1.S%the net discount rate is 5 %.

Year 1 2 3 4 5 6 7 8 9 10
Supplier A 42857,14 40816,33 38872,69 37021,61 35258,68 33579,69 31980,66 30457,77 29007,4 27626,1
NOK
Supplier B 44761,9 42630,39 40600,37 38667,02 36825,73 35072,12 33402,02 31811,45 30296,62 28853,92
NOK

Sensitivity Analysis

In the life cycle cost calculations, we calculatthg expected future cost, where many factors
assumed to be fixed. These assumptions made tdifyithge initial LCC calculation scenario.
These factors same as the inflation rate, inteadst vendor’s rates and KWH tariff are varia-
bles. So running several sensitivity analysesnsadatory, in order to predict many LCC
calculations scenarios. The sensitivities analysrsnally run by increasing and decease these
factors by 40 %. Experts in the related discigit@mmercial, technical) should be used in
running and assessing of the LCC scenarios.

The underneath table demonstrates the overall ofdte capital and operating cost of two
different pumps.

Life Cycle Cost Summary of Supplier A/B

Supplier ANOK  Supplier B NOK
CAPITAL COST

Equipment and materials purchase co 45000 47000
Installation cost 5950 5425
Commissioning cost 3500 2875
Insurance spares cost 9000 9400
Reinvestment cost 56750 56975
CAPX Total (NOK) 120200 121675
OPERATING COST for 10 years
Man hour cost 333416,83 327053,4
Spare Parts Consumption 124615,6 99359,6
Energy Consumption 124820,74 135929,79
Logistic support cost 50000 50000
OPEX Total( NOK) 632853,17 612342,79

Total (NOK) 753053,17 734017,79
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As shown in the above table the supplier A pumpéhelseaper capital cost, but it is more ex-
pensive than supplier B pump in 10 years operdimg. It is also even going to be more ex-
pensive by extending the operation time. So thecseh criteria should be according to the
total life cycle cost not the capital cost.

In the underneath pie charts illustrates the ©&gIx and total Opex of the both A and B
pumps. It is very clear that the total Opex forfbptimps are around 5 times higher than the
Capx. This phenomena is not strange for the LCth@pumps, because it well known that
the energy consumption

Total CAPX vs Total OPEX Total CAPX vs Total OPEX of Supplier B
of Supplier A CAPX Total

17 %

CAPX Total
16 %

OPEX Total
84 %

Capital cost: Capital cost shall be calculated by adding theofwihg cost elements:

- Equipment purchase cost. - Installation cost.
- Commissioning cost. Insurance spares cost.
- Reinvestment cost

The underneath table and pie charts illustratetse breakdown of both pumps.

Supplier A Supplier B NOK

NOK
Equipment and materials purchase cost 45000 47000
Installation cost 5950 5425
Commissioning cost 3500 2875
Insurance spares cost 9000 9400

Reinvestment cost 56750 56975
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Capx breakdown of Supplier A pump
Equipment
and
materials

purchase
. cost .
Reinvestme Ig/stallatlon
37%
nt cost cost
47 % 5%
Commissio Insurance
. \
ning cost —  sparescost
3% 8%

Capx breakdown of Supplier B pump

Equipment
and
materials
Reinvestmen purchase
t cost cost
47 % 39%
Installation
cost
Commissioni — [ 9 Insurance 4o,
ng cost ——  sparescost
2% 8%

Equipment Cost:

This represents the initial cost of the pumps.

Installation Cost:

Installation cost = (Installation man-hours x Masuhrate installation)

Reinvestment:

Reinvestment cost Removal cost old equipment + Purchase cost newpatgnt + Installa-
tion cost new equipment + Commissioning cost navipetent — equipment value after 10

years.

Commissioning cost

Commissioning cost = (Offshore man-hours commisemnoontractor x Offshore man-hour
rate commissioning contractor) + (Offshore man-haperator crew x Offshore man-hour rate
operator crew ) + ( Offshore man-hours vendor xsfdfe man-hour rate vendor )

Operation cost:

Operating cost should be calculated by addingdhewing cost elements:

* Man-hour cost.

* Spare parts consumption cost.
» Logistic support cost.

« Energy consumption cost.
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The underneath table and pie charts illustratestimemary of the Opex cost for supplier A

and B
Supplier A Supplier B
NOK NOK
Man hour cost (annual) 33341,6832 32705,34
Spare Parts Consumption 12461,56 9935,96
Energy Consumption 12482,07398  13592,97857
Logistic support cost 5000 50000
Total per year 63285,31718 61234,27857
Logistic

Opex breakdown of Supplier A pump
support cost

Energy
Consumptio
n
20 %

Spare Parts

Consumptio
n

20 %

Opex break88Wit of Supplier B pump

support
cost
8%

Energy

Consumpti
on
22 % n

Spare Parts ur
Consumpti OSOt
on 54 %

16 %

Man-hour cost calculation:

The man-hour calculation is the summation of theemive maintenance man-hour and pre-

ventive maintenance man-hour.

Thecorrective maintenance(man hour) formula is mentioned below

CMM =AT x 8760 X MTTR X AXx M

Where

CMM = Average annual man-hour cost for correctiva@ntenance

AT = Total failure rate as number of failures. Tinmisludes all failures

8760 = Number of hours in a year

MTTR = Mean Time to repair. The time in hours kda to repair the faulty item back to operating-con

dition

A = number of men required to do the work. Thiaigludes the safety aspect.

M = man-hour rate.

Preventive maintenancgman hour) is calculated according to the belomntda
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PMM = Number of times per year x Man-hours x Manxh@te

Spare Parts Consumption (SPC) calculation

The spare parts consumption (SPC) calculationestimmation of the corrective mainte-
nance SPC and preventive maintenance

Corrective Maintenance
The formula for average annual corrective mainteaapare parts (CMSP) consumption
should be as following:

CMSP= AT x8760 x Average corrective spares
Where:
CMSP = Average annual corrective maintenance sgamsumption.
AT = Total failure rate as number of failures peahd his includes all failures.
Equals to 1 / (Mean Time between Failures).
8760 = Number of hours in a year.
Average annual spares = Average spares needegp@r of the equipment.

Preventive Maintenance

The formula for average annual Preventive maintemapare parts (CMSP) consumption
should be as following:

PMSP = Number of times per year x Average sparéspamsumption per PM routine

Logistics cost calculations

The total logistic cost estimated for the maintex@asupport of the system and /or equipment.
It has been assumed to be fixed cost per year.

Energy cost calculation

Energy cost = Energy pridéOKKW Hr x Power rating of equipment KWHTr x Time of oper-
ation houryear

The energy consumption (KWH) for pump shall be glated using the below formula

- Pn=(@pgh/@gl*n2*@.610) (1)

- Where

- Pn=power (kW) g = flow capacity ()

- p =density of fluid (kg/m) and g = gravity (9.81 n¥s
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- h = differential head (m) #1 = shaft efficiency n2= motor efficiency

The underneath table shows the energy cost fasupplier A and B pumps

Supplier A Supplier B

g = flow capacity (m?h) 25,00 27,00
p = density of fluid (kg/m3) 1000,00 1000,00
g = gravity (9.81 m/s2) 9,81 9,81
h = differential head (m) 20,00 22,00
1n1= pump /shaft efficiency 0,55 0,60
H2 = motor efficiency 0,95 0,95
operation time 6000,00 6000,00
NOK/KWH 0,80 0,8
Energy cost per year 12482,074 13592,97857
Note:

The CO2 emission tax is not included in the eneajgulation because the John Sverdrup is
powered from the onshore.

The KWH price shall be around 0.8 NOK/KWH. The KWadiff for the industrial purpose
has been obtained fromtp://epp.eurostat.ec.europa.dihe revealed price was in Euro and it
was in 2011. So the 0,8 NOK/KWH obtained after gsiarrency conversion and increasing
the rate according to the actual inflation rate.

COST OF DEFFERED PRODUCTION (CDP)

According to the selected pump application, the pd@ailure does not have a direct CDP cost.
It actually might have a non-significant cost.

The CDP is the occurred total cost of deferred petidn due to the probability of failure of
system and equipment. The underneath formula baaled for the CDP calculation

Cost of deferred production (CDP) = E x p x D x CROP
Where:
CDP = Cost of Deferred Production.
E = Average number of critical failures per year.
p = Probability of production reduction.
D = Duration of production reduction. L = Quantitf/production loss per time unit.

CDP = Cost of one hour downtime per year throughivelfifetime calculated as the difference in Net
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Appendix E
Example of tank inspection check list

Tanks Inspection Checklist

This inspection should be completed every 3 months. Place an X in the appropriate box for each
itemn. If any response requires additional elaboration, do so in the Descriptions and Comments space
provided, or on a separate sheet of paper. If you answer YES on any question, describe the
corrective action taken at the bottom of the page.

YES NO CORRECTIVE ACTION
Tank surfaces show signs of leakage

Tanks are damaged, rusted or deteriorated

Bolts, rivets or seams are damaged

Tank supports are deteriorated or buckled

Tank foundations have eroded or settled

Level gauges or alarms are inoperative

Vents are obstructed

Valve seals or gaskets are leaking

Pipelines or supports are damaged

Loading/unloading area is damaged

Connections are not capped/blank-flanged

Remarks:

Signature Date
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Visual Inspection Checklist for Piping Systems

Note: Piping systems also include injection points, pumps, compressors, valves, filters, tubing and tube fittings,
connected mechanical equipment, instrumentation, and pipe support systems

1. IDENTIFICATION

Circuit Unigue ID Number: I Piping Line Mumber/Name: Date:

Piping System Name: Bldg:

Date of Inspection: Work Order Number: Pipe Specification #:

Inspector: | Employee Number: Phone:

Comments:

2. FIELD IDENTIFICATION Yes Location / Comment

Is piping labeled/tagged wiEquipment ID#?

Is pipeline adequately identified?

[ |

Are labels/tags readable?

Do labels/tags need replacing?

Location / Comment

=
|

3. LEAKS

Any leaks from the process?

Any leaks from steam tracing?

Are any valves leaking?

Any leaks at leak repair clamps?

(]|}

Any evidence of past leaks?

4. PIPE SUPPORT Location / Comment

Any shoes off their supports?

Any hangers missing or damaged?

Any spring hangers bottomed-out?

Any problems with support braces?

*Any corrosion of supports?

OOoooQo.

Any loose or broken brackets?

Location / Comment

7
w

3. VIBRATION

Any significant vibration observed?

Any evidence of excessive movement?

Any pipe distortion observed?

>
1]
g O00IFDoooOoolFECoooo|Foooo| g

Location / Comment

s |0O|O

6. INSULATION *

Any physical damage or penetration?

Any deterioration/damage of weather seals?

Any bulging or wet insulation?

Any discoloration indicating leakage?

Any retaining bands missing/broken?

I | o

Any missing jackets, plugs, or insulation?

| I

7. CORROSION * Severe [ Mil Location / Comment

Any corrosion at support points or fixtures?

Any coating or paint deterioration?

Any areas with scale, pits, or rust?

Any corrosion between flanges?

Y
Y
(I =

Any significant corrosion of flange bolts?




