Maintenance management for effective
operations mananement at Matimba Power

Station

Oufa Ernest Mutloane
2039, 35

Mini-dissertation submitted in partial fulfilment of the requirements for the
degree of Master in Business Administration at the Potchefstroom Campus
of the North-West University

Supervisor. Mr Henry Lotz
November 2009



ABSTRACT

Effective and efficient operations management is the comerstone of any company's
success. Presently, because of cost-cutting pressures, all investors look out for
companies' operations before making any investment commitment. The South African
Government (through the Department of Public Enterprises), as an owner and investor
in Eskom, is looking at optimising operational excellence within state-owned enterprises

like Eskom.

Eskom is presently experiencing problems with increased electricity consumption which
it cannot meet due to the limited plant capacity it presently has. These challenges are
forcing Eskom to be more efficient and effective in management of the present plant

assets (like Matimba Power Station) it presently operates.

Matimba Power Station has consistently shown improvement in the areas of plant,
financial and operations performance over the last three years. It is presently the
standard bearer for the whole Eskom in terms of plant and operational performance.
Asset management (through maintenance and management thereof), especially
preventative management within a power utility like Eskom, is a critical factor because
supply (generation of electricity) has to meet demand (consumption of electricity)
instantaneously as electricity cannot be saved. The planning, scheduling and execution
of maintenance (through a work management process) to ensure success of business
operations are very critical. An  skom document titled Routine Work Management
Manual emphasised the criticality of preventative management and included a six-step

process of work management within the power generation business.

The Japanese success in ensuring that operations costs are limited by implementing
total productive maintenance (which includes work management) is suggested in the
study as a way to go for operational success at Matimba Power Station. Many of the
research studies done at Eskom in reg:... 1 to maintenance were based on and confir 1
to a sampling poputation of senior staff members like managers, engineers and
supervisors. Experience has shown that progress of implementing change (whether in
systems or structures) is slow if there was no proactive involvement of all participants
and stakeholders, especially employees at lower levels involved in operations. A work

management process, which is one of the pillars of total productive maintenance, was
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recently implemented at Matimba and is currently experiencing teething problems which
are being attended to. Employee involvement in making sure of the success of work
management is critical. The study investigates the implen station of work management
from the employees’ perspective in order to address problems for possible full

implementation of total productive maintenance.

Key words: Operations management; maintenance management; power station; work

management; total productive maintenance; preventative maintenance
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CHAPTER1

NATUR. AND SCOFc OF THE STUDY

1.1 INTRODUCTION

It is the first time in Eskom’s 80 years’ history as a public services utility to attain such
media scrutiny regarding operational performance of its power stations. The January
2008 country-wide load shedding was unprecedented in its scale and impact and has
caught the attention of all in the country. This is, to some extent, good that customers
and the public at large, understand the operational difficulties Eskom Generation

Division face.

The load growth (demand in Megawatt hours) is exceeding the total generation capacity
additions (supply growth), thus forcing Eskom National Control to shed load to balance
the demand and supply. This is also forcing Eskom power stations to be highly effective
in ensuring electricity supply availability. This means that Power Plant needs to be

available for electricity most of the time.

Eskom is presently sweating its plants (power stations) due to shortage and non-
availability of supply capacity (for electricity generation). All _skom plants are presently
operating 90% of the time whereas the international norm is 75%. This leaves littie time
to do effective maintenance on the plant, because maintenance will force equipment to

be taken out of operations thus limiting available electricity for consumption.

The current worldwide economic crisis has added to the challenges Eskom are facing
and this makes Eskom’s situation more critical, because many of its large customers or
wholesale users (for example, high power users like industries and mines), have scaled
down operations thus limiting Eskom’s revenue. The only customer base increasing is
small ~»wer users (for example, domestic users) who are expensive to service uniike
wholesale users. The small power users are also troublesome for Eskom to service due

to continued theft, limited revenue received and injuries sustained due to theft. The



electricity consumption among this user group is also increasing due to the large-scale

electrification project the Government has undertaken.

Maintenance and the effective management thereof within the power stations play a
pivotal role in ensuring availability of plants for generating electricity. Half, or more, of
the resources (such as finance or manpower) used in production, operations and
management in power plants (inciuding Matimba) are maintenance related. Another
factor is that power stations are a capital-intensive (that is, high capital value
equipment) sector that needs maintenance activity to prolong the lifespan of the plant.
The lifespan of a power station like Matimba is more than fifty years, and a maintenance
effort is made to prolong its life in order to get maximum value and repay the initial

capital outlay.

Preventative management (PM) as a stand-alone initiative is also proving to be
problematic, especially in the area of cost saving. The present popular initiative is total
productive management (TPM) which is popular within Japanese companies because of
its cost advantages. Companies like Toyota has used this principle successfully to
enable it to capture the number one spot as the most profitable motor company in the

world.

Addressing maintenance as a stand-alone entity, will not address some of the
operations problems, so a systems approach is looked at to address some of the
integration issues within, involving technical departments at Matimba, but maintenance

remains at a core as the biggest cost contributor at Matimba.

The TPM which includes the Maintenance Work Management (that is, planning,
prioritising and scheduling of work) process as one of its pillars is critical to ensure that
the maintenance objective is reached. The successful implementation of TPM and
involvement and buy-in of all role-players, including all departments and specifically

employees, will ensure that Matimba operations are effective and successful.
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experience on operations management, the supply value chain, procurement and plant
maintenance. The information was scrutinised and evalua ~ to reach a conclusion
about of ations management, mainter 1ce r.gem it 1 TPMct ingth v

forward for Matimba Power Station.

1.5.2 Empirical study

A survey in the form of a questionnaire was employed to understand the impact of
Maintenance Work Management {(a SAP preventative management system) on effective
operations at Matimba Power Station, and also an understanding of TPM for possible
implementation at Matimba Power Station. ..e type of statistical analysis done was
mainly descriptive in nature. ..ie mean values, the standard deviation and the test of
significance were done in the analysis. Tt evaluation of the preparedness of the
Matimba Power Station to launch TPM in order to enhance integration with other
departments can lead to continued operations success at Eskom power stations.
Further than that, a culture and process of continuous improvement need to be instilled

in Matimba to lead to long-term operational excellence.

1.6 LIMITATION OF TF STUDY

The ethnographic research, that is, use of observations and interviews (problems with

bias and subjectivity) was a limit as the author is an active participant in operations at

Matimba Power Station.



1.7 LAYOUT AND STRUCTURE OF THE STUDY

. gure 1.1: _tudy ut (fl_v)

Problem statement
and goals {1)

U

Literature study (2)

1l

Cperations Maintenance Total Productive
management {2.5) Maintenance
(2.4) (2.6)

S @

Empirical analysis (3)

U

Conclusion and
recommendations {(4)

L
(Source: Adapted from :rreira, 2004)

The nature and scope of work is dealt with in chapter 1. The problem description and
identification are explained and also the objectives and scope of the study. The
research methodologies which include the literature study and empirical analysis are
explained in the chapter. The limitation and layout and structure of the study are the last

items in chapter 1.

The literature study is dealt with in chapter 2. This chapter deals with the operations

management literature and possible applications thereof at Matimba Power Station.

Chapter 3 is divided into the research methodology and results. The chapter explains
how the research has been done, _..._ then moves on ! present the results obtained via

the empirical research.



Chapter 4 is the final chapter. It draws the conclusions from the research, and poses

recommendations based on the research conducted.

1.8 SUMMARY

Chapter 1 provided an introduction to the study. It described the problem researched,
the research design and also a limitation of the study. The next chapter provides the
literature scrutiny of the study, laying the foundation for the empirical study, as

discussed in the third chapter.



CHAPTEr 2

"I TERATUR_ STUDY

21 INTRODUCTION

The most important factors for effective and efficient operations are employee
involvement and productivity, maintenance management and quality control (Gaither &
Frazier, 2001:660).

The three factors listed feature prominently in the literature study. The literature study
also concentrates on new thinking in operations management, starting with definitions
and a brief overview of Matimba operations structures, processes and challenges. The
general operations management philosophies that include quality, productivity,
integration, employee involvement, maintenance (including types, tools and methods
thereof) and TPM, together with its five pillars, are discussed to get a broader
understanding of operations issues at Matimba Power Station. The chapter will end with
a discussion of the work management pillar and its implementation at Matimba Power

Station.

2.2 DEFINING OPERATIONS MANAGEMENT

Gaither and Frazier (2001:6) define operations management as the management of the
organisation’s productive resources or its production system, which converts inputs into
the organisation’s products and services. A production system takes inputs — raw
materials, personnel, machines, buildings, technology, cash, information and other

resources — and converts these into outputs, products and services.

Or ionsm_na¢c v itis “~fned -/ Chase ef al. (2002:6) as the design, operation,
and improvement of the systems that create and deliver the firm’s primary products and

services.



In addition, Heiser and Render (2006:4) define operations management as the set of
activities that creates value in the form of goods and services by transforming inputs
0 outputs. Adendorf . (1899:2) ¢ it of ot n - r it as tt
management of the direct resources necessary to create the products and services

supplied or provided by a business.

All the competing companies produce or deliver services by adding particular value to a
service or product. The main difference may be the cost, quality, functionality, brand
and looks (image) of the product or service delivered. Challenges within the business
environment are immense, and competition is severe. Merely manufacturing and
providing goods and services are no longer good enough. Operational efficiencies and

effectiveness will determine whether organistions are in business tomorrow or not.

2.3 BRIEF OVERV'™'V OF MATIMBA OPERATIONS

In a larger Eskom corporate structure, Matimba Power Station falls under the
Generation Division as indicated in Figure 2.1. Matimba is a six pack (six units) power
station which started commercial operations in 1984 when the first of the six units was
commissioned. ich Matimba unit generates 665 MW which totals 3990 MW for total

Matimba generating capacity.

Matimba Power Station is a flagship within Eskom Generation Division’s fleet of power
stations as a result of outstanding performance over the last four years. Matimba is the
lowest cost producer of electricity within Eskom at R18.7/MWhr while the second lowest
power station was at (~24.20/MWhr (refer to figure ~ 9). It also has the highest power
send-out for consumption at 29 000 GW units in 2008. The annual send-out power from
Matimba amounts to approximately 24,000 GWh. Matimba is the holder of the world

record of 80 days for six units on load.






Different departments (and their Heads of Departments) at Matimba Power Station have

different responsibilities as specified in the station responsibility matrix.

LJ
-

Matimba maintenance department responsibilities

The Maintenance department is the biggest department in the Power Station

with more manpower and more budget allocation. As compared to Matimba

Engineering department, which prescribes “What and When” to maintain,

Maintenance department determines “How” to maintain the plant. Its

responsibilities include:

Work planning and scheduling for plant maintenance;

Execution of all maintenance (corrective [unplanned], preventative
[planned], statutory, and more) with all quality control measures (1%
line, 2" line and specialist maintenance);

Determining spares and accountability for Plant spares holding;
Planning and management of General Overhaul (GO);

Provision of Plant work history for Engineering to do plant analysis
Custodian of SAP PM module;

Development and management of maintenance procedures and
standards; and

Safety of the Power Station as the supervisor of machinery in terms of
the Occupational Health and Safety Act 85 of 1994 (General
Machinery ..egulation 2.1 (GMR 2.1) (South Africa, 1994).

Matimba operating department responsibilities

The second biggest department at Matimba after Maintenance is responsible

for operating the Plant, cleaning, water management and chemical process

management (including the laboratory). This department’s duties include:

Responsible for daily 24 hours operation of the plant;

1% line maintenance (inspections);

Custodian of OpslLog system (tracking of daily plant performance) and
Occurrence Management System (OMS) (incic nts recording);

Plant re-commissioning and routine testing;

Development and management of plant operating procedures and

standards; and



e

Piant cleaning, isolations and issuing of permits to work.

Ma nba Engineering dep responsibilit’

Engineering department is responsible for medium to long-term asset care

(asset lifecycle mana :ment) and is also a custodian of the modification

and design of the Plant. Its responsibilities include:

Analysis of performance of the plant components, systems and
management Long-term Plant Health (LTHP) indicator;
Optimisation of technical and economical performance of the Plant;
Development of optimised maintenance philosophy and strategies;
Development of GO scope of work for long-term planned outages;
Technical specification of plant, components and codification of plant;
Investigation, motivation and management of modification;

oot cause analysis of plant failure;
Update of Life of Plant Plan (LOPP) and Technical Plan;
Define Operating echnical  Specification (OTS) maintenance
specification of Plant; and

Plant performance and testing.

Finance department responsibilities

The finance department is responsible for finance management at the

Power Station. The Eskom Electricity Generation license, issued in terms of
the Electricity Regulation Act (No.4 of 2006) (South Africa, 2006), requires

that the licensee (in this regard ..skom), shall keep separate financial

records for each of its Generating Power Stations in each and every

financial year comprising:

1. A balance sheet;
2. An income statement; and

3. Accounting notes to financial statements (in appropriate detail the

amounts of any revenue, cost, asset, liability, reserve _ - provision
which have been charged from or to any other business, together

with a description thereof).

Other finance responsibilities include material management and supply

chain management.















operationally, may not be as good, strategically. Will this lead to effective operations at

Matimba Power Station?

One problem that the skom Board is investigating is the procurement side of the
business. There is a huge support for centralising procurement to ensure that co-
ordination and the overlapping of responsibilities are eliminated. Also, there is a move to
decentralise coal procurement. The coal procurement done at Power Station

{(decentralisation) will change the operations management profile at the power stations.

The stock-out problem is another factor that does not help maintenance. Holman and
Buzek (2009:1) define out-of-stock as being any condition that prevents the consumer
from purchasing a product and leaving the store without making a purchase of that
product. That includes: The shelf is empty; the consumer saw the item, but it was
locked, or the consun  could not procure the item as there was no help available, the
consumer found someone to help, but they could not find the item, the price/offer on the
shelf did not match the advertisement or online price. This broad definition shows that
the SCM employees (under the Finance department at Matimba) should do more to
ensure that the item is ultimately in the hands of the consumer/client. The supply chain
problems are also numerous and need special research, and will not be dealt with

deeply in this study.

2.4 OPERATIONS MANAGEMENT

An earlier description of operations management confined this management science
mainly to the manufacture of physical products or goods; hence, it used to be termed

production or industrial management (Adendorff et a/.,1999:2).

This view limited operations management thus excluding services in a world
increasingly being taken over by the services industry. New sciences like knowledge
management (mainly driven by the booming service industry with the intention of
harnessing the intellectual capacity of a company) and TPM ensure that a new way

thinking emerges in operations management.






The perspective on quality management, as indicated in figure 2.8, is that quality needs
to start from the very beginning of the production process to eliminate any waste or

rework that may accumulate upstream in the process.

World-renowned philosophical leaders of the quality movement (Crosby, Deming and
Juran), all concurred that Total Quality Management (TQM) is a continuous process and
not an event, and teamwork is very important to achieve operational goals (Chase ef al.,
2006:321).

Although the Engineering department at Matimba has produced the Process Quality
Plan (PQP) and Quality Controi Process (QCP) procedures for the station, the quality
structures have not been in place and quality management responsibility lies with risk
management which, according to many managers at Matimba, is a misallocation of
responsibilities. This can be attributed to management focus not being quality

CONSCIOUS.
2.4.2 Production and productivity within operations

As the competition between companies becomes fiercer, companies are seeking ways
to cut production costs. Unit costs are cut by increasing productivity while resources
used for production decrease or remain the same. According to Gaither and Frazier
(2001:698), most companies have installed capital equipment {(new automation

technology) as a substitute for labour to be more productive.

Matimba productivity (and general productivity in South Africa) is a great cause of
concern. The number of public holidays, and inflexible labour laws have been quoted by
many economists as doing disfavour to the country. Internally in Matimba (and at
Eskom in general) many activities are done manually through labour whereas advanced
technology is available. For example, at Matimba stores, inventory management and
counting are done manually, while scanning technology and Radic Frequency
identification (RFID) technology can reduce labour utilisation by huge numbers thus

reducing costs to the Power Station.















Figure 2.10: Behaviour/Performance matrix
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(Source: Army, 2008)

Levery (2008:6), in his study of maintenance personnel’s attitudes, found a belief that
planned work is boring and craftsmen would rather prefer a technical challenge of

sorting out a problem, and that this indicate the behaviour pattern that needs changing.

Rich and McCarthy (2008) identify two common causes of breakdowns as equipment

and human error (table 2.1).






2.5 MAINTENANCE MANAGEMENT

Wilmott (2005) highlights the importance of production asset care (maintenance) by
stating that manufacturing excellence is good only if availability, reliability and
predictability of the manufacturing assets are good. For improvement of maintenance
performance, a correct mix of various improvement tools, techniques and service
providers need to be in place. The maintenance role in power stations’ operations is
slightly different as compared to other industries, because an intangible product
(electricity) is created (unaccustomed customer only realises its presence and quality by

its effects).

2.5.1 Definitions

Corder (1976) defines five key objectives of maintenance as follows:
1. To extend the useful life of assets;
2. To assure the optimum availability of installed equipment for production
and/or services, and obtain the maximum possible return on investment;
To ensure readiness of equipment needed for emergency use at all times;
To ensure the safety of personnel using facilities; and

To guarantee customer satisfaction.

Patton (1988) lists major work tasks to be accomplished in any maintenance
environment as including: inspection, replenishing consumables, troubleshooting,
removal and replacement, repair, adjustment, calibration, functional testing,

refurbishing, and conditioning.

Maintenance management is defined as an organisational function of planning,
organising, directing and controlling activities applicable to maximising time, money,
personnel, equipment and materials that are directed toward the upkeep of an
organisation’s total facility, equipment, services, buildings, and so forth (Kruger et al.,
2005:218).



Eskom Generation’s definition of maintenance management states that all activities of
management determine the maintenance objectives, strategies and responsibilities, and
implements them by means such as .=~ enar ng, n n anc control ar ’
supervision (work management and control), and improvement of methods in the

organisation including economical aspects (Anon., 2007a).

McCall (1965:499) defines PM as the performance of maintenance activities before
faillure occurs. He also defines corrective maintenance (CM) as the performance of
maintenance activites when failure has occurred. The general consensus among
maintenance experts is that PM activities include inspections, replacements and

scheduled repairs.

Design-out maintenance is, according to GGD 1447 (= kom document — reliability
basis), the inspection and maintenance tasks required to prevent the system or
component from affecting the Plant reliability. Engineering departments within power

stations are responsible for the reliability basis (refer to figure 2.12),
2.5.2 Types of maintenance programs

Different types of machinery and equipment demand different approach of maintenance,
and by distinguishing between the right maintenance types to use the maintenance and
engineering personnel, end up developing the right maintenance strategies to use for

different type of machinery.

Gaither and Frazier (2001:743) make a distinction between the costs of repair and PM
activities. They list repair as work done after L. »akdown or after a machine has failed. It
is reactive, and PM is the regular scheduled work done to avoid breakdown (downtime)
of production assets like production machinery and equipment before failure. This
schedule can be after one month, one year, three years or five years, or after so many

operations.



Figure 2.11: Different types of maintenanc- strategies

Maintenance

strategies
[ ]
Design-out Preventative Corrective
maintenance maintenance maintenance
I ]
Time-based Routine services Predictive
maintenance maintenance
L 1
i 1 [ 1
Scheduled Scheduled Condition Inspections
overhau) replacement monitoring
{Source: Coetzee, 2000:2)

Coetzee (2000) describes different strategies as:

Preventative maintenance is maintenance of an item performed to prevent

failure of an item.

Cor

:tive maintenance or failure (wait for failure). Reactive in nature is

maintenance of equipment after it has failed. The run-to-failure strategy is

used in equipment that is cost effective to let to fail before taking any action,

for example, light bulb repiacement.

Breakdown maintenance is corrective maintenance of a failed item normally

subject to, or which should have been subject to, preventative maintenance.

Condition-based maintenance is preventative maintenance of an item

performed when a measurable condition of that item

maintenance is hecessary to prevent failure of the item.

indicates that

Scheduled maintenance is preventative maintenance of an item performed at

fixed time intervals, or at intervals determined by the extent to which the item

has worked.

Run-to-failure is failure of an item, which has intentionally not been subjected

to preventative maintenance.



. Predictive maintenance or condition-based maintenance. The condition of

equipment is measured or monitored.

According to this policy, the choice of maintenance shall be selected so that the
following requirements are met:

. All legal and statutory requirements;

. Customer requirements:

. Sum of lifecycle costs of equipment is minimised;
J Eskom requirements on environment;

. " 3kom requirements on risk;

. Eskom requirements on quality; and

. Eskom requirements on standardisation.

The cornerstone of the Eskom generation {(Matimba) maintenance philosophy is the PM,
like in many organisations, because of the nature of Eskom’s business and the benefits
being brought by PM.

2.5.3 Tools and systems used for maintenance management

The MMIS system (SAP PM) the Generation group is using is embedded within the
ERP system (SAP). The use of SAP PM in Generation is presently limited to
maintenance work management; the resource cost recovery part of the system is

presently not used optimally.

The use of the Computerised Maintenance Management System (CMMS) which is a
computerised maintenance work execution system helping companies/enterprises to
manage work orders, material and purchasing, has made the maintenance
management easier, as companies endeavour to improve its operations. The newer
versions of CMMS also calculate the costs and repair history. The process, as a work
order module, receives maintenance input, creates work orders and tracks work in
progress (process). It also generates reports, like work status and equipment availability
(Vineyard & Meredith, 1992:2649). The inventory module ensures that spares are kept
sufficient and cost effective. It automatically generates reports and issues requisitions
whenever quantities drop below a predetermined level (re-order point). A material

reservation function additionally ensures st...:ient stock is on hand for scheduled
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projects. The purchasing module generates purchase orders (POs) for stocked and
non-stocked items, special orders and services. It tracks open POs and generates a list
of those past due date. If buyers wish, they can access complete supplier and item

order histories on demand (Stagnaro, 2001:105).

The SAP PM module is a CMMS used in Eskom Generation (including Matimba Power
Station), and this module is part of larger SAP Enterprise Resource Planning (ERP)

system used within Eskom.

According to Singer (2002:34), organisations had to make a choice between the best
breed CMMS or software packages that address a multiplicity of business functions

such as an ERP system like SAP.

In a value chain, process-driven organisations like Eskom Power Stations, a department
cannot have a system that is stand-alone without integrating with other departments,
thus the need for SAP. An "P system with all modules include a finance module, SAP
PM (Piant Maintenance) module, material requisition planning module, human

resources module, and others.

The problem with a SAP ERP system is that it was initially a finance module with a SAP
PM module, an add-on feature that was not initially included and it cannot offer better

scheduling and dispatch functionality as pure CMMS systems like MAXIMO offers.

The traditional maintenance effectiveness measurements and KPIs used are:
s Mean Time between Failures (MTBF), which is the mean time that the system
or equipment is in an operative state calculated over a given time period; and the
*» Mean Time To Repair (MTTR), which is the mean of all time periods taken to
repair and restore a failed system or equipment to an operative state calculated

over a given time period.

Consolidating these KPIs per equipment to measure the overall maintenance
performance was cumbersome in Matimba, and in ...any instances was not dor The
new maintenance KPls used to gauge the overall performance of maintenance as a
business is already implemented at Matimba. These KPls are explained further in

section 2.4.4.2 under the work management piliar of TPM.
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2.5.4 Current state of maintenance in Matimba

Matimba has a number of challenges of Plant failures particularly on the Ash and Coal
plant. The Ash and Coal Plant stoppages resulted in spillages which increased the Plant
cleaning costs. The number of plant stoppages was increasing and it has stabilised due

to a maintenance task group formed to address this.

Boiler tube leaks (BTL) remain one of the main failures troubling all Eskom power
stations. This problem is due to the high ash content of Eskom coal which rubs off the
surface of the tube walls due to its abrasive nature. Matimba is presently the leader in
terms of reduced number of tube leaks and other stations are copying what Matimba is
doing: A monthly BTL meeting, where the maintenance and repair strategy of boiler

tubes is discussed and implemented, is held.

As indicated in 2.3.3, high maintenance spare parts (high inventory) hide quality
problems of maintenance. The cost of rework is due to high inventory levels.
Maintenance and materials managers are looking at reducing the stock levels focusing

on non-critical stock not used. The target set for 20% reduction is December 2009.

One of the most challenging problems with regard to employees at maintenance is a
shortage of artisans. At the moment, experienced assis._.ats (utility ...en) are doing the
work supposed to be done by artisans, and labour colleagues (unions) are chailenging

maintenance management on this.

The recognition of prior learning (RPL) is presently investigated to ensure that the
employees doing high level work are properly compensated. The employee relations
improvement at Maintenance is an ongoing venture and problems are addressed at the

Business Unit Forum which is a management and labour forum.



2.6 TOTAL PRODUCTIV MAINTENANCE (TPM)

2.6.1C initions

TPM is a production-driven improvement methodology that is designed to optimise
equipment reliability and ensure efficient management of plant assets. It is a method for
bringing about change. It is a set of structured activities that can lead to improved
management of plant assets when properly performed by individuals and teams
(Robinson & Ginder, 1995:453).

Pomorski (in Chase ef al., 2006:470) defined TPM as a structured equipment-centric
continuous improvement process that strives to optimise production effectiveness by
identifying and eliminating equipment and production efficiency losses throughout the
production system lifecycle through active team-based participation of employees

across all levels of the operational hierarchy.

Lean manufacturing is defined in terms of waste. Waste, according to Toyota's
president Fujio Cho, is anything other than the minimum amount of equipment,
materials, parts, workers, and working time, which are absolutely essential to production
(Chase et al., 2006:472).

Taiichi Ohno (in Liker & Meier, 2006:33) explains the process of lean manufacturing by
saying that, "All we are doing is looking at the time line the customer gives us to the
point when we collect the cash. And we reduce that time line by removing the non-value

adding wastes to the process.”

2.6.2 Background information on TPM

According to Venkatesh (2009:8-10), the origins of TPM can be traced back to 1951
when PM was introduced in Japan (adapted from the United States of America). TPM
started in Japan (to support the TQM strategy) under the auspices of the Japanese
Institute of Plant Management (JIPM). The Japanese realisation was that companies
cannot produce a consistent quality product with poorly maintained equipment. in the
1960s, JIPM established and awarded a prize to compan ; that excelled in

maintenance activities.

e
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The later idea of TPM evolved into a lean manufacturing philosophy which was
championed successfully by Toyota Today, because of
successful results of Japanese companies, many countries are implementing the TPM.
One of the cornerstones of successful implementation of TPM in Japan is respect and
involvement of employees in the process of TPM (Anon., 2009a). Wilmott (2009) noted
that TPM focuses on ensuring that maintenance activities that are carried out on the
equipment are performed in a way that is cost effective. The goal of TPM is important to
lowering of cost of maintenance. Planning, scheduling and backlog control are all critical
to ensure that the low cost maintenance goal is achieved and also ensuring that

unnecessary downtime is to be avoided.

Equipment maintenance history is also important to ensure that decisions taken on
equipment/plant design/purchasing is based on performance history of that particular
equipment/plant. Standardisation of equipment based on historical data also enhances
the plec..t performance. Inventory and spares holding costs can also be minimised due to

standardisation (low stock holding).

In 1960, Nippondenso, which is the first Japanese company to introduce the concept),
realised that PM is becoming a problem as more maintenance personnel were required
and insisted that operators do routine maintenance. Equipment effectiveness was
improved by modifying the plant and later quality circles were introduced. Due to these
improvements, Nippondenso (part of the Toyota group), became the first Japanese
company to receive TPM certification issued by the Japanese Institute of Plant
Engineers (Venkatesh, 2009:13).

The procedures (including reliability centred maintenance (RCM)) are looked at, and its
effectiveness in increasing the availability of equipment is assessed, and
recommendations are made. The idea of TPM is to eliminate waste within operations.
The philosophy of waste elimination has made Toyota the most profitable company in
the world. For example, bringing parts to an assembly line every hour seems wasteful,
yet it supports a principle of c.___1g a flow. Lii and N er (2006:36) hinted that
spending time on developing consensus and getting input from those most affected
seems wasteful, but by short-circuiting this process some of the time, you will short-

circuit it most of the time. The aim of “flow” is to eliminate idle time in any work
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environment. Redesigning work processes to achieve “flow” typically results in products
or projects being completed in cne tenth of the time that was previously required. Flow
is a key to a true continuous improvement process. Creating work load stz " ‘lity is also
important to create continuous improvement. Peaks and spikes are levelled by bringing

in contractors (flexible workers) who are shock absorbers (Liker & Meier, ~706:33).

At Matimba, too much waste (time and resources) is prevalent due to operators doing
only lockouts and isolations, and artisans doing routine work and also more specialised
maintenance. Much time can be saved by letting an operator to also do routine work.
Many operators have long service doing basic routine work. At the moment,
maintenance employees (artisans), after working, leave the workplace dirty expecting
operators to clean on their behalf. The present management philosophy of Maintenance
in Eskom, in general, needs to change due to ageing and an adverse operating regime
for Eskom power stations that have changed dramatically {due low reserve margin, high
continuous plant loading, wet coal, increased capital cost of new plant, and more) so the
maintenance regime also needs to change and TPM will help for overall production

improvement.
2.6.3 Pillars of TPM

Willmott (2008) stated that operationai excellence cannot be achieved without
operational basics being in place. [t is also true with the implementation of TPM that

needs the pillars identified to support it. The pillars are:
2.6.3.1 Autonomous maintenance (operator based maintenance)

According to Heiser and Render (2006:656), interdependency of operator, machine and
mechanic (maintainer) is a halimark of successful maintenance and reliability.
Autonomous maintenance is the operator-based maintenance (1% line) done by the
operating department in the plant. This is in support of the principle of leanness by
eliminating time and labour wastage. According to Baber (2009:5), 40%-60% of

unplanned failures can be eliminated by implementing autonomous maintenance.






components in maintenance. Mostafa (2004) defined PM as the practice that
encompasses all planned, scheduled and corrective actions before the equipment fails.
Kodali et al. (2008:123) describe PM ; a n._,or component in moving f~ 1 reactive to
proactive management through early detection and correction. Kodali (2008:124) also
highlights inspection, which leads to early detection and early correction as the most
important activity in PM and as the reason why most of the industry supports this

philosophy.

Chase et al. (2006:481) indicated that PM is carried out by operators (and not
maintenance personnel), because they are most familiar with their machines. A six-step
process is currentiy in place to ensure that routine work management runs smoothly

Matimba and other Eskom Power Station.
This method is presently facing scrutiny due to cost implications. The main issues
raised are the frequency of some of the activities which stop the normal running plant

and at times introduce unreliability to the Plant reliable before, due to quality problems.

Figure 2.13: Six-step process for work management

(Source: Anon., 2007¢)
2.6.3.3  Focused improvement (reliability basis optimisation) pillar

Heiser and Render (2006:656) stated that reliability is the probability that a machine part
or product will function properly for a specified time under stated conditions. . ne aim of
any maintenance is to improve reliability. Maintenance can be improved by
implementing/improving PM and inc. 2asing the repair capabilt ;, or speed and
reliability can be improved by improving individual components or/and providing

redundancy.






26.3.4 Quality pillar

The quality pillar uses the six sigma tools to identify conditions that affect quality,
establish a baseline for those conditions and create a process for periodic monitoring of

those conditions (Barber, 2009:5).
26.3.5 Training and skills development pillar

Rasmussen (in Villemeur, 1991:410) classifies the human functioning or behaviour in
three types, namely:
e Skills-based behaviour, which is automatic and the operator ‘acts
mechanically’;
¢ Rule-based behaviour, which calls on conscious mental activity and consists
of coordinated execution of tasks,; and
e Knowledge-based behaviour, which an operator acts in less familiar situations

and is based on complex conscious mental activity.

All three these behaviours, can only be enhanced by a proper, and properly

coordinated, training and skills development program.

TPM is a maintenance work system highly dependent on employees for success.
Training of those employees is paramount to achieve business results. Carannante
(2008:24) emphasises the importance of training by saying that companies need to train
to measure performance, train to develop PMs and train and educate all those involved

in TPM for improved business performance.
26.36  Five-S Pillar (Seiri, Seiton, Seiso, Seiketsu, Shitsuke)

This pillar is the five S's because o Japanese words used which start with a letter 'S’






According to Rich and McCarthy (2008), TPM roles include:
. . ! t |

reduce quality defects (naturally, this also produces cost savings);

e Managing the transferring of routine maintenance activities to production
personnel;

¢ Raising standards of technology care and use to optimise process capabiiity and
extend the time between interventions for all personnel;

» Raising standards of maintenance systems including stores, planning, reporting
and analysis to support continuous improvement of operations performance; and

» Early management of maintenance projects to support cross project learning,

knowledge management and the flawless delivery of new assets.

Under a lean maintenance programme, once technology has been brought under
control, the focus shifts from breakdown to quality maintenance. More understanding in
principles of lean manufacturing often leads to Maintenance using their own initiative to
save or reduce waste. There is also a need to increase awareness across Maintenance
to deliver zero breakdowns in order to remove waste and non-value adding activities out
of production, and this will result in optimum operational performance at Matimba Power

Station.
2.6.37 Work management (WM) pillar and its implementation at Matimba

Eskom Generation division did a benchmark study with the Electricity Power Research
Institute (EPRI) in 2005 and WM was highlighted as an area which can improve
operational performance within the business. Matimba Power Station volunteered to be
the pilot site for this WM study, which started in 2007.

The project management phases followed during the process were Concept, where the
six-step process (figure 2.11) was accepted, then the Design phase followed, in which
the understanding, development and proof of the WM was accepted. The Execution
phase followed where changing of structures and support within Matimba Power Station
was implemented. The Finalisation phase was introduced immediately after where
.._provement _.ans were approved in February 2008 and the Power Station Manager

signed the user acceptance. The Eskom policy, directive and procedures governing WM
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identify change management issues that were not handled properly for future full

implementation of TPM.

2.7 SUMMARY

Chapter 2 started with an introduction of the topic which included definitions of
operations management. A brief overview of Matimba explained the operations from
coal input up to electricity production with ash as waste as well as the overview

discussion on structures and operational challenges at Matimba.

An operations management discussion followed which included quality, productivity,
maintenance within operations, operations performance and employees’ involvement in
operations, which are also the focus of the empirical study. The maintenance
management discussion included definitions related to maintenance, types of

maintenance and the current state of maintenance within Matimba.

A new approach to maintenance management, called TPM, was discussed starting with
definitions related to TPM. To help understand TPM, background information was
discussed, together with the five pillars of TPM. Lastly, the WM pillar of TPM was re-

visited so that the objectives of the study can be met.






the respondents were asked to indicate their level of agreement or disagreement with

the TPM pillar of WM implemented at Matimba Power Station.

The study also determined the position and views of Matimba employees in terms of the
implementation of WM, which is one of the pillars of TPM to achieve the secondary
objective. Through this research, the views of Matimba employees in terms of the
implementation of TPM were analysed to improve the thinking towards implementation

in section 3.3.

3.2 SAMPLE SELECTION

The sample for the empirical study of 19 Operating employees and 24 Maintenance
employees (sample total of 43) was randomly selected from 180 operating employees
and 209 maintenance employees, which make a population of 389. From the three
technical departments at Matimba, the only respondents in the research were from
Operating and Maintenance, because only these two departments’ employees will effect
successful implementation of work management. All the respondents were randomly

selected from the employee list of the two departments.

3.3 MEASURING INSTRUMENT

The format of the measuring instrument design is similar to the one developed by
Bisschoff and Fullerton's (2007) research on ethical profiling of students from different
departments. Using this format, the respondents were asked to indicate their opinions
with regard to WM.

In the guestionnaire, the respondents were asked on their views on the implementation
of WM and their perception about the possible full implementation of TPM. They were
also asked if they would participate in any alternative future endeavour to improve
operations at the workplace. The n 1._..2ant: ale was a ba 1ced B-point itemised
rating scale with a median of 3.5. The data were compiled and distributed to Operating

staff (operators) and Maintenance staff (artisans) who responded to the questionnaire.
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3.4 DESIGN OF THE RESEARCH AND QUESTIONAIRE

A total of 43 questionnaires were distributed to respondents. A grand mean calculated
was used as a reference for developing a single aggregate measure by which the views

of 43 respondents could be compared.

The 6-point scale was deliberately chosen so that no-one should be “sitting on the
fence™ they should either agree or disagree and had to indicate the scale of their
agreement or disagreement. On the 6-point scale any question exceeding the mean of
3.5 (that is, a median in a 6-point scale) will be on the agreement side of the scale while

any question lower than the mean of 3.5 will be on the disagreement side.

The questionnaire was mainly used to get the views of two technical departments’ staff
members, namely Operating and Maintenance. This is more appropriate because the
implementation of WM involve only employees from the two department mentioned. The
two departments combined also have a staff compliment of 68% of the Matimba total
thus influencing the majoring view. Engineering department is only affected by the
focused improvement (reliability basis optimisation) pillar of ..M which is still to be

implemented in future at Matimba.

Although the questionnaire was the same for both departments, the answering of it was
totally different in the sense that the insinuation was for operator or artisan to do each
other's jobs, and that received different responses based on the view of each group

towards each other.

The questions in the questionnaire were divided into different groups. Section A of the
questionnaire contained the demographic information for respondents’ profiling. For
example, the age question was important because of the reluctance of the older
generation employees to subscribe to new ways of doing things. Section B was the core

of the empirical study and consisted of 20 questions.

Questions 1 to 3 highlighted communication issues in the implementation of WM.

Questions 4 to 6 measured the performance and effectiveness of employees’ view on

the new implemented system of WM. The team integration view of the employees was
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measured in Question 7. Sharing r*f espc-ibilities of the different depariments’ view

was measured in Questions 8 to 12, and Question 13 measured training. Work

practices within the Power Station were nm  sured in Questions 14 to 15. Experience
and expertise on eguipment and exposure to WM were measured in Questions 16 to

18. Interf~~~nce views on WM were expressed in Question 18 and views on change

were expressed with Question 19. Lastly, the views of continuing on full implementation

of TPM were measured in Question 20.

3.5 STATISTICAL ANALYSIS AND RESULTS

Starting at Section A, which deals with demographics, the racial profiling of respondents
was not necessary in this study. The age of the respondents was deemed necessary as
it has been noted in general perceptions and previous human behaviour studies that
youn :r employees are more adaptable to change than older employees. The average
age of respondents was 37 years for the Operating Depa. .. .tent and 34 years for the
Maintenance Department thus meaning that the average age of Operating is higher
than that of Maintenance. Results show Maintenance employees as more agreeable
(mean = 5.12) to change t 1n O ating employees (mean = 5.05), although Operating
supports full implementation of TPM at a mean of 4.84 versus 4.33, and with minimal
standard deviations from these means. Matimba employees totally agree that things

need to change for effective operation of the power station.

The average years' work experience of the departments are 12 years for Operating and
11 years for Maintenance, meaning that the Operating department has more work

experience on the Matimba plant than Maintenance.
3.5.1 Mean values

The grand mean of the Operating department was 4.36 and the grand mean of the
Maintenance department was 3.81. This result implies that the Matimba departmen

(Operating and Maintenance) are in agreement in general terms of implementation of
WM. The two grand means compared (as in Table 3.1 and figure 3.1) highlight the fact
that the Operating department is more agreeable to the views posed by the
questionnaire than Maintenance. This discrepancy might be due to the fact that the
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the very beginning. Although initial communication with employees took place, active

engagement with employees was not done.
3.6.2 Performance and effectiveness of WM (Question 4-6)

Consensus from both Operating and Maintenance employees is that WM is good for

Matimba although Maintenance is almost on the borderline at a mean of 3.79.

3.6.3 Team integration (Question 7)

In Question 7, the idea of WM improving the team spirit between Operating and

Maintenance employees is asked with both parties agreeing with a mean of 4.27.

3.6.4 Sharing of responsibilities (Question 8-12)

Questions 8 and 9 had different views on the question of whether improvements will be
realised if operators do artisan work. Operating personnel agreed on these questions
while Maintenance totally disagreed at means of 4.1 versus 2.4, and 3.52 versus 2.87
respectively. Question 10 also showed that the Operating department is willing to assist
Maintenance to do routine work at a mean of 4.15, but the Maintenance department
disagreed with the question at a mean of 3.45. Maintenance also disagreed with
question 11 of taking over the responsibilit 3 of plant operating and isotations from their
Operating colleagues at a mean of 3.16 versus 3.73, although in Question 12, they

agreed only to help and not to be permanent maintenance staff (mean of 4.25).
3.6.5 Training (Question 13)

Both the departments’ employees strongly agreed that they are willing to be trained for

either Operating or Maintenance work, at a mean of 4.2.
3.6.6 Work practices within Matimba (Question 14-15)

The two departments also disagreed with the notion that maintenance is done
unnecessarily on the Plant at an average mean of 3.38. This question was brought on

by the fact that some PM is scheduled unnecessarily due to tt  periodic nature of WM.
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CHAPTER 4

CONCLUSION AND RECOMMENDATIONS

41 |l TRODUC ON

Effective operations management in Eskom power stations (including Matimba) cannot
happen without proper maintenance management. Maintenance is the most important
part in the electricity generation industry because of plant high capital costs and
specialty of tasks involved in maintenance. This high capital cost is also due to the fact
that there are less than ten suppliers of power station plant items like boilers, generators
and turbines that Eskom uses worldwide. . or nuclear power plants, there are less than
five suppliers. Most of the Eskom power plants are dependent on these scarce suppliers

for specialist maintenance needs.

Proper maintenance management will help any organisation like Matimba Power Station
in planning, scheduling, and managing work requirements and maintenance tasks-jobs
that are critical to keep the operations going, such as daily, recurring, preventative, and

predictt  maintenance work thus resulting in improved operational performance.

The literature study acknowledge worldwide best practices of operational and
maintenance management experience, mainly based on Japanese experience. The
partial implementation of total productive maintenance (TPM), particularly the work
management process is facing challenges, and employ : input for its success is critical
for Matimba Power Station. nployee involvement in Operations is also highlighted as
critical for success. The full implementation of TPM cannot happen if work management
(WM) is not successful at Matimba, and this will be measured through operational

improvement.

The empirical study conducted with Matimba employees (mainly from the Maintenance
id Operating ¢ tm 1 ¢ participants ic i tt- v kr--- durir~ the
implementation of WM. It also highlighted the non-involvement and lack of

communication during the initial stages of WM.
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4.2 CONCLUSION

e maintenance and effective management within the Matimba Power Station plays a
pivotal role in ensuring availability of the plant generating electricity because of the high
capital investment the Power Station has made in procuring the assets. Although
Matimba Power Station is performing excellently in its operations and maintenance, an

effort is made to ensure the continuous improvement in Matimba operations process.

The bottlenecks and problems within Matimba operations processes were identified and
the solutions were provided in the literature study, and are spelt out for Matimba

management to implement for effective operations.

The empirical study survey in the form of a questionnaire was used to understand the
impact of maintenance work management (a S# PM system) to effective operations at
Matimba Power Station and also an understanding of TPM for possible implementation
at Matimba Power Station. The evaluation of the preparedness of the Matimba Power
Station to launch a TPM in order to enhance integration with other departments to lead
to continued operations success at Eskom Power Stations was done and furtt  than
that, a culture and process of continuous improvement was made during the study, and
the fforts of management will be to instil a culture change in Matimba to lead to long-

term operational excellence.

The results of the empirical study indicate not only the problems in the implementation
of WM but also present the opportunities for further implementation of TPM at Matimba

Power Station.

4.3 ACHIEVEMENT OF THE OBJECTIVES

The objectives of the research were met as illustrated in the literature study by
investigating maintenance integration with otherdep_.. . sfor .. ional succe  at
Matimba Power Station. The objectives of this study have been achieved by doing

research in the following instances:
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e« Chapter Two: A literature study was done and through operations management,
maintenance management and TPM, suggestions are raised on how Matimba
Power _tation of ons ¢ .. be more effecti

s Chapter Three: An empirical study identified problems of WM and involvement of
employees in the implementation of important systems like WM, and

opportunities for further implementation of TPM in Matimba were identified.

4.4 RECOMN DATIONS

4.4.1 Structures and responsibilities

The Eskom Board and Government need to reconsider the long-term coal supply
strategy for Eskom power stations. The present strategy of exporting good coal and
letting low quality coal to be used for domestic purpo s is creating operation problems
for most power stations due to boiler tube leaks as indicated in section 2.3.3, causing

unnecessary plant outages.

The main focus of success measurements is on the short-term achievements involving
Maintenance and Operating Departments. Measurements of gineering department’s
goals and responsibilities especially in terms of long-term , \ant health is critical for long-

term success and it is something that Matimba needs to give attention to.
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4.4.2 Challenges facing Matimba

.he Supply Che:.. Management it . ; identified in the literature study r 1| to t

addressed by Matimba management. Stock levels need to go down to the minimum
thus saving storage and maintenance of inventory costs. The in-efficiencies within
Matimba operations are presently being hidden by high inventory level, and will be
exposed. Investment in new technology like the scanners and Radio Frequency
Identification (RFID) will ensure that the costs of management and upkeep of stores go

down and productivity improves.

4.4.3 Quality management

Matimba management should implement a comprehensive quality management system
that integrates all departments. Maintenance initiative of re-work measurement should
be supported and be included in the quality manar nent system. ..ne absence of
quality management within the structures of Matimba Power Station is the item
management should look at. One department within the structure should be

accountable to ensure that quality processes are adhered to.

4.4.4 Integration between departments

Departments within Matimba Power Station should be discouraged from working in silos
and closer relationship between ¢ )jartments at Matimba will ensure operational
success. Close cooporation and alignment in objectives between department managers
will lead to employee relations between departments improving thus leading to
successful implementation of Total Productive Maintenance. The Power Station
Manager should ensure that intra-company politics within his team of managers should

not interfere with their main, common work of achieving operational excellence.

4.4.5 Employee involvement in change initiatives

The information flow and communication t _ wvee....._..agersai  employ will 1to
better working relations between management and employees. Employees need to
know which direction Matimba Power Station is going so that they can be “active

participants in the journey”.



The trust between management and employees will be enhanced if management values
employees’ inputs in ¢k _ init n 3 like work m Ja¢c r . This empow ng
initiative will ensure that implementation of processes and systems face little resistance

from employees.

4.4.6 State of Maintenance at Matimba

The Engineering Department with Matimba Power Station needs to assist Maintenance
to sort out Ash and Coal Plant problems to ensure long-term Plant health has

maintenance as their key responsibility.

The boiler tube leaks problems will be addressed if Government and the Eskom Board

change their coal procurement strategy.

The present age profile (average 34 and 37 years) and work experience of 11 years
(average) is an indication of the dire need of trained artisans and operators. Matimba
Power Station needs training of artisans and operators to be intensified for future skills

challenges facing Matimba and other Eskom power stations.

4.4.7 Total Productive Maintenance (TPM)

The excellent operational performance of Japanese companies like Toyota is enough
testimony that TPM is critical for success of operations like Matimba. The successful
implementation of TPM will ensure that costs at all levels of operations are minimised.

The TPM should be implemented without a delay, in consultation and involvement with
employees, as the empirical studies indicated. Employee involvement is critical because
TPM involves also a culture change within any organisation. This should be done in

phases to ensure that daily operations are not affected.
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4.5 SUMMARY

The operational succe A F o TR T4 1t
being relaxed or complacent. Basking in past achievement or glories is what have killed
many organisations and being competitive also involves looking at what your

competitors are doing and analyse the best practices globally.

The literature study provided the best practices in terms of operations management and
maintenance management. The empirical study provided the review of Matimba's
internal engagement with its employees and uses this as a base to learn and move
forward to ensure success of its operations by implementing the recommendations of

this study.
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Appendix A

Evaluation for T®M ‘~nlementatior ‘Dperators/Artisans)

The objective of the questionnaire is to gauge the employee engagement and
participation during the implementation of Work Management which is one of the pillars
of TPM. TPM is a methodology used by successful maintenance organisations to
eliminate v._.ste and improve productivity. Tt  idea is to test if Matimba can optimally
use its resources and for Operating department to do routine work and thus releasing
Maintenance department to do more intensive, intrusive and specialist maintenance
work. Please answer the following questions/ statement by crossing (X) in the space

provided.

Procedure for completing the questionnaire
1. «nere is no right or wrong answer. Only tick once if you _ . 2e or disagree with the
statement made.

Example 1
1. Do you agree with the present maintenance philosophy?

1 2 3 4 5 6

Disagree Agree

A. Background Information
This section of the questionnaire refers to background or biographical information. Although we
are aware of the sensitivity of the questions in this section, the information will allow us to
compare groups of respondents. Once again, we assure you that your response will remain

anonymous. Your co-operation is appreciated.

1. Gender

Male
Female

2. Age {in complete years)

3. Ethnicity

Black

White
Coloured
Indian or Asian
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4. Your highest educational qualification

Other

Abet 3

Grade 11 (std 9 )/Trade

Grade 12 (Matric, std 10) / Trade

Post-Matric Diploma or « tificate

Baccalaureate N=~ree

Post- Graduate uegree

5. Department | am working for is

Operating

Maintenance

6. | am presently occupying a position of

Operataor
Artisan

Utility man

Unit Controiler

Technician

Supervisor
Other

7. | have been in this position for (in complete years)

L]

8. | have been working for Eskom for (in complete years)

L ]
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B. Questionnaire/Statements

1. Implementation of Work Management (WM) would have made the difference, considering its
(WM) performance now, if management initially involved employees.
1 2 3 4 5 6

Disagree Agree

2. Management communica 1 with employees during the implementation of Work

Management.
1 2 3 4 5 6
Disagree Agree

3. The consultation with employees would have improved the buy-in from employees on the

new Work Management.

1 2 3 4 5 B
Disagree Agree
4. Success of Matimba is dependent on Work Management.
1 2 3 4 5 6 |
Disagree Agree

5. Work Management will improve performance (add value) at Matimba.

1 2 3 4 5 B |
Disagree Agree

6. Our new Work Management system is effective.
1 2 3 4 5 6

Disagree Agree

7. Work Management will improve working relations (team spirit) between Maintenance and

Operating departments.
1 2 | 3 | 4 j 5 ] 6

Disagree Agree
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8. Improvements will be realised if Operators do artisans’ work.

1

2

3

4

5

Disagree

Agree

9. Operators will be able to do routine maintenance work artisans presently do.

1 2 3 4 5 6
Disagree Agree
10. Operating is prepared to help maintenance to do routine work.
1 2 3 4 5 6
Disagree Agree
11. Artisans will be able to do Operating and isolations in the plant.
1 2 3 4 5 6
Disagree Agree
12. You will help to do routine maintenance / operating and isolations.
1 2 3 4 5 6
Disagree Agree
13. You are keen to be trained to do Operators/Artisans work?
1 2 3 4 5 6
Disagree Agree

14. Maintenance work is being done unnecessarily {i.e. interference with good running plant) on

some equipment.

—

1

6

Disagree

Agree

15. Operators are doing what they are supposed to do (i.e. to improve running of the plant.

1 2 3 4 5 6
Disagree Agree
16. You have the expertise on the plant/equipment you are responsible for.
1 2 3 4 5 6
| Die. . 3 Agree
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17. You fully understand Work Management and its objectives.

| 1 2 3 4 - -
Disagree Agree
18. You see the Work Management as a hassle to your job.
1 2 3 4 5 6
Disagree Agree
19. In order to ensure success of Matimba, things need to change.
1 2 3 4 5 6
| _Disagree Agree

20. Management should fully implement TPM to ensure success at Matimba.

1

2

3

4

5

6

Disagree

Agree

THANK YuU FOR YOUR TIME
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