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ABSTRACT

Lean engineering is a proven method for reducingtevan a production process and increasing itsieffcy. It
has been successfully employed across a rangelastiies and services but is most associated Wéhptoduction of
discrete products. Lean represents a major adwaraeraditional mass production methods. This pdpescribes work
undertaken to implement lean practices in the ocaptis process sector as represented by cementciood®ne of
the major barriers to lean implementation is primgdevidence of its potential benefit to end-usdfsis work aims to
overcome this obstacle by producing a tool whiah lsa used to easily visualise the benefits of adgpean practices

without requiring disruption to the production emaviment.

This paper describes a methodology for data cdablectknowledge extraction, model creation and
experimentation that combines the use of processpimg, computational simulation and the Taguchi hodt for
Design of Experiments. A detailed description ofteatep of the process is given and is illustrétgdesults from a
case study undertaken during the research. Expetsmperformed to evaluate lean improvements agaiostent
production methods for cement production are geveah clearly demonstrate the utility of the approast have helped

to convey the lean message to industry end-users.
KEYWORDS: Lean Manufacturing, Cement Production, Simulat®racess Improvement
INTRODUCTION

Implementation of lean has helped many organisstion improve their productivity and efficiency. leea
originated in the automobile manufacturing sectat has spread widely within the discrete producti@ustries. The
current challenge is to implement the lean philbgowithin non-discrete production environments sashcontinuous
manufacturing industries and service industrieandigss to the type, size, or mission of the apptiorganisation. This
paper will describe work undertaken investigatige tapplication of lean thinking to a continuous darction

environment, in this instance exemplified by theneat industry.

The cement industry is an ideal example of a captis process industry and it will be used to detnates
that the lean philosophy is applicable outsidert@m of discrete manufacturing. There are numecbafienges facing
the industry in today's competitive environmentsie®f the major challenges is its capability tomdand introduce the
improvement approaches and techniques by whiclotaeall enhancement can be achieved. The neednfroving the
efficiency of the production line is widely acknadbed in order to reduce the downtime rates, aighshigh levels of

market demand for their product.

The undertaken research proposes standard stepscahabe carried out in lean transition. Hence, the
research undertakes a novel step in integratingdetiing system of the production line with Tagu€hthogonal Array
which will investigate the different types of vasikity that can occur within cement production. Tineegrated method

is then used as a developed solution that can fdedpo improve the production line’s performameeasurements; i.e.
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it will help in conveying a message to the decismakers that the industry can be transformethfa traditional

mass production operation into a lean enterprise.
The research aims will be accomplished througheatng the following objectives:

1. Collect and verify the required data that needetuitd-up a simulation model representing cemermtofy.
The simulation model will give a visual image ofetbement production line, highlight the value and-n

value activities, and help in decision making pescerhich improves the line efficiency.

2. Identify variables and factors, which one has great influence or effect on the efficigrof the

production line.

3. Attempt to improve and enhance the performancenpeters through eliminating or reducing wastes withi

the cement production line.

4. In order to achieve (1) and (2) , it is very impmit to identify cement production line performampaeameters

which yield an immediate positive feedback.
5. Use the Taguchi Orthogonal Array to help in impmesit of the cement industry efficiency.

Literature Review: This section summarises the main research ama$véd in the work described in this paper. It
provides a brief explanation of key elements asdedi with lean engineering, including definition wofste,
implementation and modelling. It also provides amrgiew of cement production and a descriptionhef initial raw

milling process which is used to illustrate theegrsh throughout the rest of the paper.

Lean Engineering The key element of the lean strategy is to dgvedolearning system that has the ability to
identify and distinguish between the value added man-value added activities (wastes). The sevein types of

waste as defined by lean thinking are as follows:

Overproduction: It is a process of producing goods either moenttihe needed quantity or before the requested time
An extra inventory and raw materials, unnecessamkwand unbalanced material flow are accounted sy symptom

of overproduction waste (Bicheno, 2000).

Transportation: any unnecessary transfer or movements of compormentsaterials is defined as transporting waste
(Hicks, 2007).

Waiting : Delay time occurs whenever time is not used ffidy. Waiting waste can be determined as theopeof time
when neither movement nor add value activity hashapplied to the component or materials resultirigigh levels of

inventories and Work In progress between workstat{@ersoon et al, 2006).

Inventory: Inventory waste is resulted from accumulating eaassary quantities of raw materials and Work In
Progress to comply just in case logic. Work In Pesg (WIP) can be defined as unfinished productciwis stocked

between different production stages and workststion

According to lean philosophy principles; WIP isyamptom of hidden problems within the imperfect syst
High levels of WIP are should be eliminated or miisied. Unnecessary inventory tends to raise pramucosts
because it requires additional handling and spand, masks the real roots of problems with comptme work-

in-progress and finished product not bgracessed (Carreira, 2005).
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Motion: It is any unnecessary activities (motions) tleg dperator engages in for handling or monitorictipas. These
activities include bending, stretching picking- ugmd moving. Unnecessary motion is classified a=l lof waste

because it influences quality and productivity {i&ino 2000).

Over-Processing High rates of overproduction, defects items, oressc inventory will result in redundancy

operations such as: reprocessing, recirculatiamage and handling (Liker, 2004).

Defects Process of inspection, rework, or repair of ssrsiand products called waste of correction proddsste of
defects can be described by high levels of rewadk scrap, and increase level of rejected and retuproducts.
Correction wastes occur because of poor proddesign, lack of process and quality contrainreliable
equipment and unskilled operators, andbalamced inventory levels. Total Productivitdaintenance (TPM)

is one of methods by which defects and psarastes can be eliminated (Kempton, 2006).
Table 1 illustrates the wastes and non-value adaidities which are associated with the cementisty.

Table 1: Wastes within the Cement Production

The Cement Production Line Wastes

Overproduction Overproduction is clearly presenhimithe cementmanufacturing process
resulting in very high levels of WIPbetween subgesses (Das, 1987).

Waiting Different batch sizes are associated witb tement production line create
waiting wastes which affect flow of materials. Fietmore the unplanned
maintenance can be one of the main sources ofngaitiaste within the
cement industry.

Motion The workers travel long destinations betwdé#ferent workstations.

Transportation Materials need to be transportedaflang journey starting from quarry site
to the cement silos. In addition the layaitthe cement factory may
cause transportation wastes.

Inventory Cement industry is one of the industrigth largest inventories and WIP.
Non-standardisation and batch size verities baramong the causes of
excessive inventories situation.

Over processing Unnecessary long time is spentmiding the hard and largeparticles.

Defects High levels of recirculation (rework) assaciated with the both

raw milling and finish grinding processes.

Implementation of Lean

Lean is a powerful systematic and structunegthodology for finding, solving, and prevegtithe
performance problems through tracking-back appresdah order to find the main hidden roots of erigtivastes. Its
implementation can generate superior operationdlfemrancial improvements within all systems. Thougfiginating
in, and being associated with, the manufacturirdustries it has been implemented successfully witdfferent

organisations worldwide rewarding amazing resutgardless of type, size, and mission of the cabeliggstem.

According to Neely et al (2000) and Harrison ét(E995) different organisations share common att@ristics

which can be summarised as:
Input

Inputs mean resources such as machinery, raw alaterapital, and people.
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Process

Processes become the second element; a propenseqfeactions and steps must be accomplisheddingyvi

product or service that meets customer desaadd expectations.
Output

Organisations are classified according to theipotst The organisation that produces intangibledyrcts
called service organisation such as health carecatin, and insurance companies. While the orgtais that

produces tangible items known as manufacturingrasgsion.

Ahlstrom (2004) has concluded that the journeyngplementing lean philosophy requires great deteatian
and guidance to change toward the better; numeramuks and articles have described several manoersydnaging
lean transformation within organisations. There aremerous approaches of lean implementation. Howelre

research described attempts to propose a gengmadvement path which can be used by all organisatioes.
Modelling of Lean

In recent decades, simulation modelling has becamery popular analysis approach which can be egpli
within a wide variety of disciplines such as seevitomain, production lines, health and care firamsl social sciences
(Dawvis et al, 2007).

Simulation techniques provide the decision-makethwa quick feedback on ideas, result in a faster
convergence of designs and ensure integratiomngmdifferent modules (Dennis et al, 200®owler (2003)
mentioned that a simulation model is able to createsal structures and analyse real-world orgaoigdtbehaviours in

order to identify sources of variation, wastes, prablems that may occur within a system.

According to Law (2005), Wang et al (2005), and iRebn et al (1995) the features of successful sitinr

model can be summarised as:
1) represents the actual activities and processehiefapplicant organisation through using the realdvadata,
2) captures the casual interrelationships betweenrid@nisation components,
3) able to identify specific wastes and problems thay occur within the organisation, and

4) able to validate the corrective actions thgtouanalyse different scenarios and compariegthained

results with the expected or desired once.

Discrete Event Simulation (DES) is a modelling noelflogy which can simulate sub- processes anditetivas a
series of chronological events. Discrete Event &itimn (DES) model can be developed in order toestigate and

identify the causal relationships and hidden rantses of wastes and problems (Banks, 1999).
Cement Production

The cement industry is one of the oldest indusirigke world. The demand for cement has risendtg@ince
the beginning of the 20th century to become themganost consumed substance after water (Karirh 8041). The
industry is characterised by high levels of constionpof raw materials and energy with fuel accongtfor 30-40% of

the production costs.

The currently adopted production system within¢aeent industry is traditional mass production gisimgle-

purpose machines to produce very high volume ofdstalised products within long processing timesgéeebatch sizes
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and silos of finished goods and storerooms for \AiE typical and are another main criterion of asma®duction

system.

There are a number of methods for producing cemepéending on the moisture content of the raw nalteri

used. Mintus (Mintus, 2006) defines these as the seeni-wet, semi-dry and dry processes.

Modern cement production typically uses the drycpes as this is the most energy efficient method

available. Therefore, this research has focussdtiedry process of cement production.

Briefly, the dry process can be summarised int@eghmain production processes: dry raw milling pssce
dry thermo-chemical process, and finish grindingcpss. Dry raw milling is the initial stage in cergroduction and

involves the mixing and preparation of the raw mate used prior to their entry into the cementkil

The dry thermo-chemical process is the heart ofecgrproduction and consists of a long kiln where fed
meal is heated to produce clinker (the activigradient of cement) which is then coolediorprto final
processing. Finish grinding is the final stage obdduction where the clinker is combined with othaaterials (e.qg.

gypsum) and ground in a ball mill to produce timafiproduct.

For the purposes of this paper, the initial proagfsthe dry process, dry raw milling, will be dé¢sl in more

depth and will be the process used to illustrateréisearch methodology and findings.

Dry Raw Milling Process

Verneal
Raller Ml

Feed Machanm

o2

Figure 1: The Dry Raw Milling Process

Dry raw milling involves the mixing and preparatiof the raw materials used prior to their entryinhe

cement kiln. Figure 1 shows the process and theesiilb-processes of which it comprises. These are.
Mill Feed

controls the supply of the blended raw materito different milling machines within the ramilling site.
Feed Mechanism

Mechanical conveying systems are wildly acceptedceément factories rather than pneumatic conveying
systems. Bucket elevators are the main type ofntkehanical conveying systems that used for dryingilprocess
because they represent the most economical andbleelimethod, low operating and maintenance costs$, l@awv

environmental and safety risks.
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Vertical Roller Mill

The Vertical Roller Mill (VRM) system has numb of advantages over other mills. VRM has higher
productivity, low consumption of the energy, andnisre flexible for handling the wide variety of ramvaterials’

specifications such as level of moisture and gabdity (Folsberg, 1997).
The feeder conveys the material into the centtbefotating grinding table forming a bed on tHadasurface.

Constant revolving motion of the table drives rawatenials under the revolving rollers. The rollers aonnected to

hydraulic cylinders providing the pulverizing fosce

High stream of air will dry any moisture within theaw materials and sweep up the fine particles to a

separator, which located on the top of the milt.uni

The fine particles will be separated and conveyedotoduct collector while the coarser particles ege

circulated to the table for regrinding (Simmonsket2005).
Separator

As mentioned above the reason for using the sepasato classify and return the oversize partidéghe raw

materials.
Product Collector

It is a container where fine powder of raw matseriatcumulated before transmitted to the raw midissi

blending and homogenous silos.

The milled raw materials are mixed together in the mill silos forming homogeneous raw meal witle tfequired

chemical compositions. The homogenising procestr@srihe raw meal's quality before fed into thiki

Table 2 shows some of the key properties of the malling sub-process and describes their effect cement

production. Reference sources from the literatesgew carried out are provided where relevant.

In addition, some of the inherent properties of the materials used can have a major impact orrahe

milling process. These are listed in Table 3

Table 2: Raw Milling Process Properties & their Efects on Cement Production

Milling Property Effect on performance / profitability

Material flow rate| A high rate of feed meal intcetprocess leads to a dramatic reductjon
in mixing speed which will increase the overall guotion cycle time.
(Palmeret al, 1998)

Material bed IAn insufficient bed thickness of raw materials #mses the productia
costs and results in high rollers wear ratdowever, excessiV
bed depth minimises the compression force betvia@mrs and results |
increased production costs. Accordingly, the maxmimmill capacity is
proportional to the diameters of the table anderslland number d
rollers used. (Gordon, 2004; Tamashige et al, 1991)

® >

thickness

>

—

Air flow rate Air flow rate should be kept to theimmum value necessary for drying
the raw materials and sweeping up fine particles. miinimise energ
usage, the rate should be limited to that necedsarifiting the grinde
materials to the separator. This also reduces a@parwear rate.
However, the productivity of grinding process iportional to the ai
flow rate. (Roy, 2002; Ito et al, 1997; Brundieka&t1997)
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Table 2: Raw Milling Process Properties & their Efects on Cement Production - Contd.

Milling Property Effect on perfor mance / profitability

Re-circulation  [Typically 15-25% of materials are returned to thél for regrinding.
The rework ratio is proportional to air flow ratedarotational speed of the
separator. It is also dependent on the fineneshefaw material feed.
A high regrinding rate has negative effects on greductivity and
production costs. The optimum recirculation rates érdinary cement
are in range 0f10-30% of the whole feed materi&sisberg, 1997)

Separator The separator rotational speed controls the firerdsthe produce. |
other words there is proportional relationshiigtween the targeted

rate

=)

speed product fineness and separator speed; furtherneparator speed affedts
the amount of the rejected coarse patrticles. {lt, 1997)

Mill pressure The mill loading state is indicatey the differential pressure between
inlet and outlet mill points. Overloading is indied by very high
differential pressure and leads to high levels ejésted. Therefore, the
mill pressure should be maintained to an optimaklleto avoid thig
outcome. However, the feeding process maybe blockdstn the
differential pressure reaches very low readingke differential pressure |s
governed by the flow rates of air and feed materigfamashige et al,
1991)

Table 3: Material Properties & their Effects on Dry Raw Milling Process
Material Effect on performance / profitability
Property

Moisture Energy use and cycle time are proportional to tleéstare content of the raw materials

Content used. Materials with high moisture content will ueg increased time and energy spent
during production. (Brundiek et al, 1997)

Grind-ability Classified as Easy/Normal/Hard, matkrgrind-ability directly affects the amount pf
time and energy required to process the raw migemal exerts a strong influence on fthe
deterioration of production equipment. Hard to drinaterials will cause increased wear
and tear on equipment such as rollers, mill tabtesgrinding media. (Folsberg, 1997

Fineness Represented by the Blaine number, prdiheniess affects product quality, processing
time, separator speed, and regrinding rates. Mddesiith higher Blaine number need the
separator to run at higher speeds. (Touil et &520

Particle Size Increased processing time is needmd gfinding large particles/ Grinding and
blending processes of large particles consume naovergy and longer processing
times. Therefore large chunks of raw materials khde crushed and pre-grinded into
standard sizes. (Gordon, 2004) T

RESEARCH METHOD & RESULTS

The success and validity of any research criticdipends on the research method which is used Itectco
analyse, and interpret data. The undertaken rdseamosists of six steps which are described in fibllowing

sections.

Results obtained for the dry raw milling process mcluded with each step to explain and demotestra

the utility of the approach taken.
Step One: Data Collection

The initial task is to identify the required datsat can help in understanding the process. Onceighe

sources and accuracy levels of the data have betenntined; identifying themethod by which the reedidata will be
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collected becomes the next task. This exploratongettaken research implemented a mixed method ofi bo
guantitative and qualitative data including:

Review of published literature (e.g. Bhatty et 2004; Kizilaslan et al 2003; Bond et al 2000) dising the
role of raw materials and production equipment prtg@s on the product quality, cement productiom [productivity,

and reliability of the machinery.

The research identified different factors that@ssociated with or play an important role in tfieativeness of

the cement production line. Those relevant to tiygav milling process were described in sectichD.

Visits were arranged for data collection of the eamproduction line process from two selected sites
1) Ketton cement factory, Stamford, United Kingh which hold 60% of the of the UK market share
2) Sug-Alkhamis cement factory, Tripoli/Libya

Interviews were made with production line emtors, coaches and production manager of bbth

factors. The obtained data were used to develosithalation modelling elements and validate thexiietd results.
Step two — Developing a Simulation Model

The main purpose of developing the model is to tstdad the process and to highlight the value amd- n
value activities that may occur within the cemembduction line and hence affect its efficiency. TBémul8
software package was selected as the experimeestihg tool for converting the cement productiomeliinto a

simulation model.
The model included the following working areas:

Raw milling working area, which includes raw maétksr store, mill feed building, raw milling worksien, and

raw meal silo.

Thermo-chemical working area, which includes tfle kystem and clinker storage area

Cement grinding working area, which includes fingrinding workstation, packing house, and cemius.s
The simulation model produced had the followingparties:

Run Time: The simulation model runs for 43200 minutegu{ealent to one month (30 days) of real time

operation)
Shift: The plant works on non-stop base, i.e. 24 hoursigg
Results Collection Period:The results will be collected after 43200 minutes.

Schedule maintenance:The factory is planned to schedule maintenancppstge for six weeks per year, i.e. the

Actual Available Time for the three working areasib weeks per a year.
Types of products: No variety of products, i.e. only one type of Pamtl cement is produced.

Probability distribution: Triangular distribution was chosen to be the philiig distribution type within the

undertaken research as it provides an acceptable
trade-off between accuracy results (Khalil et 808).

Step three: Identification of the interrelationships between the different variables.
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The research identified several variables and factehich control and govern the cement productioe. To
investigate the nature of the interrelationsh@gween these factors,

brainstorming sessions were carried out with inguskperts and led to the development of

Cause-Effect matrices identifying non-relationgliiiect-relations, and direct-relations betweenvaeables. During the
brainstorming sessions many creative ideas werergerd and evaluated. This led to an agreed flishast effective

variables, their interrelationships and their effean production.

Subsequent to the determination of variables acibifa that control each process within the cemeatiyction line; all

interrelationships types between these variables vdentified using cause and effect matrices.

Table 4 illustrate the interrelationships betwedre tidentified variables for the dry raw milling pess. For

example;

D1 = direct interrelationship,

DO = indirect interrelationship, and

| = absence of any interrelationships between tr@bles.

Table 4; Raw Milling Process Cause & Effect Matrix

RawMilling  [Air Flow |Temperature |Pressure |Material [Material | Material [Particles [Product [Recircul | Roller | Roller |Mill |separator
AL £ (@) (Psi)  |Grindabil |Moistur |Bed Depth | Size [Finenes ation Number |Radius Tlib Speed
Varaibles | (cm3/mi ity e S Rate
) (cm) m o, | om)
(% of (cm3(gr) | (% of met
weight) feed
Air Flow Rate D1 D1 D1 D1 DO D1 D1 | | | D1
Temperature (C°) | D1 D1 | | | | | | | |
Pressure (Psi) | D1 | D1 | | | | | | DO
Material I D1 D1 D1 D1 D1 I I I I
Material moisture | | |
Material Bed D1 D1 DO | | | D1
Nonth
Particles Size | DO | D1 | DO | | | DO
Product Fineness| D1 D1 D1
Recirlculétio\n Ratg D1 I I D1 I |
Roller Number | | | | | |
Roller Radius (cm) | | | | | |
Mill Table DO
separator Speed| D1 | DO | | D1

Step four: Developing a connectivity matrix to minmise the number of variables

It was not practical to carry out experiments idahg all variables that influence the performandesach
process within the cement production line. Thefaonnectivity matrices were developed for eaclthefthree main
processes in order to identify the most criticadl amfluential variables. This was achieved by reimgvall the non-
direct relationships for the cause-effect matriged then adding a column representing the summati@il remaining

direct relationships for each factor.
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The factors with the highest totals of direct relaships were then identified as those key to thecess.
These key factors identified in the resultant catimgy matrix were then used in the developmentthef different
simulation model experiments (see step 5). Onlywéables that have the highest score of dirdetiomships were
used. To illustrate this step, the connectivitynwgiroduced for the dry raw milling process issian Table 5.

In terms of the dry raw milling process, the sewwost influential factors (i.e. those with a direct
interrelationship with four or more other factorggre identified using the connectivity matrix (hiighted in green in
Table 5).

These seven factors were then used in the desigrperiments for the simulation model as descrilmethe
following section (step 5 of the method).

Table 5: Connectivity Matrix for Raw Milling Process

IAIr Flow Rate
TemperaturgCY)
Pressure (Psi)
Waterial

Material moisture DI

et BédDepth D1
ParticlesSize

Product Fineness D1
RecirculationRate D1

Roler Number
Roller Radius(cm)
il Table Diameter
Separator Speed D1

I

Step five: Using Taguchi Orthogonal Array

The Taguchi method for Design of Experiments (Dag)a proven approach to assess the impact of
variations to key parameters on a production pocisuses Orthogonal Arrays (OA) to organise themmeters and
represent the levels of their variation. The TagudbE is an efficient method for testing which fart most affect a
production process with the minimal number of ekpents required. It is therefore an ideal methoduse in this
research.A L27 orthogonal array (suitable for eang 32 - 313 cases) was selected to be used snwdik. Table 6
shows the seven factors used for the dry raw miliimocess and the three levels of variability usedhe DoE
and Table 7 shows the Orthogonal Array that thoslpced.
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Table 6: Dry Raw Milling Process Variable Levels

Raw Milling ProcessFactors Level 1 |Level 2|Level 3
7100 | 7200| 7300

Air flow rate (crr13/min)

Recirculation rate (% of feeding rate) 15 2( 25
Material moisture content (% of weight)) 12 16 20
Material grind-ability Easy |Norma| Hard
Material bed depth (cm) 4 5 6

Product fineness (c3n‘g) 3900 | 3950| 4000

Separator speed (rpm) 60 65 75

Table 7: Taguchi L27 OA - Thermo-Chemical Process

Air flow Rate[Redrculation |[Material [Material Material Bed | product ([Separator
(c3m/min) |Rate Moisture  |Grind-abiity  [Depth (cm) Fineness |Speed
(Yoweight ) (cm3/gr) |(rpm)
710(C 0.1t 12 Easy 4 390( 60
7100 0.15 12 Easy 5 3950 65
7100 0.15 12 Easy 6 4000 75
7100 0.2 16 Normal 4 3900 60
7100 0.2 16 Normal 5 3950 65
7100 0.2 16 Normal 6 4000 75
7100 0.25 20 Hard 4 3900 60
7100 0.25 20 Hard 5 3950 65
7100 0.25 20 Hard 6 4000 75
7200 0.15 16 Hard 4 3950 75
7200 0.15 16 Hard 5 4000 60
7200 0.15 16 Hard 6 3900 65
7200 0.2 20 Easy 4 3950 75
7200 0.2 20 Easy 5 4000 60
7200 0.2 20 Easy 6 3900 65
7200 0.25 12 Normal 4 3950 75
7200 0.25 12 Normal 5 4000 60
7200 0.25 12 Normal 6 3900 65
7300 0.15 20 Normal 4 4000 65
7300 0.15 20 Normal 5 3900 75
7300 0.15 20 Normal 6 3950 60
7300 0.2 12 hard 4 4000 65
7300 0.2 12 hard 5 3900 75
7300 0.2 12 hard 6 3950 60
7300 0.25 16 Easy 4 4000 65
7300 0.25 16 Easy 5 3900 75
7300 0.25 16 Easy 6 3950 60

Step Six: Performance Measurements Identification

A successful implementation of lean must identife tright performance measures which give immediate

positive feedback. Performance measurement islamuoh can inform whether the system in right pairachieve the
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objectives or not. Three parameters were chosebetdhe performance measures for the cement indastdy are

described in the following sections.

These parameters were chosen because any impravantgenhancement within these three parametees giv

an immediate positive feedback which is easily gpised and reflects on the whole production line.

Reduction of the cycle time and improvement of theughput and machine utilisation can be trandlatto

increased customer satisfaction and overall pedioo® (Lynes et al, 1994).
Cycle Times

Based on the work of (Browning, 1998) the cycleetiis one of the most essential elements within any
organisation. Any reduction of the cycle time cimites to improve overall performance by incregstustomer

satisfaction, reducing production costs, and piiogidey competitive advantages.

The reduction of the cycle time can be obtainedebminating or minimising all kinds of wastes andn-

value added activities within the given system é3oet al, 1999).
Equipment Utilization

Machine utilisation can be defined as the amountimé which is spent on productive activities verghe
available time for the machine to perform a workerefore, eliminating or minimising wastes is esisérin order to

increase the equipment utilisation (Jambekar, 2008 et al (1994) have identified the equipmeitisation as:

Awvailahle Time — lInnsed Time
¥y Utilisation = ( , , ) =100
Available Time

Where
Available Time = Monthly Available Time(MAT) (43200min),

Unusea Time = PMT + BT,
BT = Breakdown Time (min).

FMT = Planned Maintenance Time (min),

Therefore the percentage of machinatilisation can be determineds:

MAL - (PMTEEYY 100 (1)
MAT

oM achine Utilisation = (

Throughput rate per a working area

The throughput is the amount of product that a rinecban produce in a given time period. Itis uguaked as

a basic determinant of the equipment efficiencya{@n et al, 1996). Based on Little’s law that

TH= (?] (ton)
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Where
Tl = Throughput (ton)
WIP = Work In Pragress, and

mz’nj

CT = Cycle Time (

ton

However based on Hopp et al, (2001) that the WiRldecan be measured either in units of jobs oe.tim

Therefore, the throughput is calculated as:

rSRT — T -
TH = 1-.. T )I:I'Dﬁ:] (2]

Where
SRT = Scheduled Running Time (min) BT = Breakdown Time (min).

mz’nj

CT = Cycle Time (

ton

EXPERIMENTAL RESULTS — IMPLEMENTING LEAN IMPROVEMEN T

The literature review and data collection carriet bad shown that the cement industry is charasérby
high levels of WIP. As highlighted in section 2riany problems and root causes of performance io&rf€ies can be
shrouded and buried behind high levels of WIP.

Therefore, the initial priority of implementing Leavithin the cement industry is to eliminate or miise the
WIP levels.One of the main reasons of high WIP Iiei& the non-optimised batch size. To examineirfpact of lean
improvements on cement production, all workstatiapacities were reduced by 10% in order to minintlse WIP

levels.

Experiment were devised using the reduced WIP dguand the simulation was used to examine theteffec
of this lean change on the overall cement prodogiimcess in terms of the three performance measigblighted. The

WIP reduction experiments undertaken demonstrategotential benefits possible applying lean pples in cement.

Figure 2 to Figure 4 illustrate the improvementthe three identified performance measures (tput,
machine utilisation and cycle time) before afigr reducing the WIP within the raw milling prasefor all of the
designed experiments. It is clearly evident that tfiroughput, machine utilisation and cycle time emproved as a

result of WIP reduction.
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Similar results were found for the effects of radgcWIP for the rest of the cement production licarly

demonstrating the potential efficiency gains thatild be made by implementing lean in the cemenistrg.

CONCLUSIONS

The research succeeded in conveying the messate tadustry stakeholders that the lean philosapmot
limited to specific organisations; however procéssdustries and different organisations can rewamhzng results

through adopting lean thinking.

The research used cement production, a typical glearof a continuous process industry, where mass
production is currently adopted using inflexibledaexpensive machines to produce, transport, andnadate large
amounts of materials within each working area. Restom the simulated experiments carried out sthliow lean

changes could produce significant positive benéditkey performance measures and were validateddustry experts.

The research has proposed standard steps whichbe€ansed as road map for implementing the lean
philosophy within continuous industries and othegamisations. The proposed transition steps arglsjndirect, and
understandable by the all people at the differegamisation levels. The proposed transition stepge the answer to
the possible questions and requests of the decisiakers within the cement industry or other orgaiss. The

proposed transition steps can be summarised as:
1) Achieving a fully understanding of the systahtough applying of the process mapping tephe
2) Identifying the main variables and factors thattoarthe system.

3) Identifying different types of interrelationshipettveen the variables and their effects on the pmefoce

parameters.

4) Validating the obtained results. The main novelfyth® proposed steps is the combination of the Isitiaun

model with the Taguchi Orthogonal Array with thenaf improving the cement production line’s efficty.
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