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ABSTRACT 

Plant turnaround maintenance is a crucial asset management that is practiced in large 

process-based industries. The unprecedented large and expensive maintenance event is 

carried out to revitalize, maintain, and improve the plant Facilities for optimal and 

efficient performance. The event is characterized by a multi-facetted business process 

comprising engineering, business, and organization. Typical problems that are linked to 

the dismal performance of the plant turnaround maintenance include schedule slippage, 

work scope growth, cost over run, concerns on regulatory compliance, inadequate 

resources, and startup problems. These depictions imply that the turnaround 

maintenance event requires efficient organization, coordination, and control of the 

turnaround organizational resources to ensure its successful implementation. 

The present study examines the effect of congruent relationship between plant 

technology, organizational size, and structuring processes on the performance of plant 

turnaround maintenance of process-based industries in Malaysia. The study was based 

on quantitative data collected from 54 companies using questionnaire-aided survey. A 

research framework is developed and 25 research hypotheses are put forth, which 

suggest the relationship of plant technology, organizational size, structuring processes, 

and organizational performance of turnaround maintenance. 

The findings indicate that the congruent relationships between organizational size and 
level of for111alizatloll and centralization in the organization of turnaround maintenance 

contribute to high le\ei of' organizational performance. Establishing the appropriate 
level of formalization and centralization that commensurate with the organizational size 

of the turnaround is pertinent to the turnaround maintenance performance. It ofli; rs 

organizational theorists and managers with a prescription of' strategic organizational 

choice in managing one of the factors of production of the companies in the process- 
based industries in Malaysia, namely plant technology. 
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CHAPTER I 

INTRODUCTION 

1.0 Background 

A poignant statement in Adam Smiths Wealth c? f' Nations is the conviction that 

"economic power stems from the ability to produce" (Smith, 1937 in Alcorn, 1997). A 

viable economy depends on the ability of the nation to maintain and develop this 

capacity. An economy experiences growth through industrial development that called 

for investments in the means of production namely plants, equipment, human resource, 

information technology, and others. This tenet has placed the importance of technology 

in the economic structure of a nation. Technology is one of the key attributes in 

developing and supporting the economy of a nation (Alcorn, 1997). In the case of 

Malaysia, the country has seen rapid industrial development during the last four decades 

in her effort to move towards an advanced industrial country. 

The industrial sector has spearheaded the transforniation of the Malaysian economy 

since 1960s. The first phase of the industrial development during the 1960s was aimed 

at import-substitution. This was followed by the development for export-oriented 

industries during the 1970s which also witnessed the establishment of Free Trade Zones 

to encourage direct investments from foreign multinationals. In the 1980s the 

government gave further emphasis to import-substitution industries. During this period, 

Malaysia has seen rapid economic growth. Largely, the growth was linked to the 

increasing role of the manufacturing sector. Further industrial expansion was steered by 

the Fourth Malaysia Plan (1981-1985) that saw greater efforts by the private sector, 

both local and foreign, investing in heavy industries. The economic transformation 

brought by the industrial sector has resulted in significant structural changes in the 

composition of gross domestic product (GDP) of Malaysia in the period between 1970 

and 2000. The manufacturing sector has become the largest contributor to the 
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Malaysian GDP. In between that period, the share to GDP of manufacturing sector has 

grown From 13.7 percent to 37.2 percent (Anuwar, 1994). 

Since the 1980s, the industrial sector saw a move to more capital and technology- 

intensive industries. Under the Industrial Master Plan (Sixth Malaysia Plan, 1991-1995) 

12 industry groups were identified including, among others chemical and petroleum 

industry, palm oil products industry, non-metallic mineral products, rubber products 

industry, and food processing industry. In line with this expansion plan, there was 

increased demand for electricity by these industries. As a consequence, Malaysia 

experienced the need to increase the supply of electricity at a rapid rate. As such, the 

nation saw the emergence of' new electric power generating plants to meet the ever 

increasing demands. The consequence of the oil price increase has further promoted 

significant development in the chemical and petrochemical industries in Malaysia. 

The upshot of the rapid economic development experienced by Malaysia in the last four 

decades is the proliferation of plants in the manufacturing sector. There were 

unprecedented heavy investments in capital intensive technology by local and foreign 

investors during the period. These technologies have to he managed to ensure reliable 

and efficient operations to generate sustainable return to the investors. The management 

challenge was made more complex in the light of competitive global market. Reliable 

and efficient operations of these technologies, in the form of plants, entail systematic 

maintenance management. These include routine servicing such as cleaning, fueling, 

lubricating, as well as periodic inspection and calibration. The following approaches to 

maintenance were adopted by the various manufacturing plants (Kelly. 1997): 

" First-line maintenance work that is performed on a daily basis. It consists mainly 

of the emergency corrective work, jobs that have to be carried out immediately 

or with minimum delay due to safety or economic reasons. 

" Second-line maintenance work that can be planned and scheduled in the long 

term. This consists of deferred corrective work and preventive work. 
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" Third-line maintenance work comprised of major shutdown plant overhaul, 

capital projects and modifications. 

By and large, the heavy industries in Malaysia placed a high reliance to the third line 

maintenance work. Largely known to the engineering circle as plant turnaround 

maintenance, the activity is unique to the process-based industries that include 

chemicals and petrochemicals, palm oil refineries, cement plants, fertilizer plants, and 

electric power generating plants, to name a few. However, the plant turnaround 

maintenance activities in the petroleum-based industries that include petrochemical 

plants and oil and gas refineries are more overwhelming. Depending on the technology. 

the plants in the process-based industries operate continuously for a long periods 

between six months to three years. Hence, bulk of the major maintenance works are 

planned during the plant scheduled shutdown. 

1.1 Plant Turnaround Management 

Plant technology, in the form of machines, equipment and other facilities demands 

maintenance work to be carried out. The plant technology of large process-based 

industries is a case in point. Process industries employ various types of plant technology 

to extract raw materials and convert them into other products by means of physical, 

mechanical or chemical processes. Some of the process-based industries that are 

operating in Malaysia include petrochemical plants, oil and natural gas refineries, 

electric power generating plants. cement plants, basic chemical plants, and palm oil 

refineries. Basically, the processes can he classified into batch and continuous. The 

former involves the production of a given amount of product in batches while the later 

transforms big amounts of raw materials in a continuous steady state process. 

In process-based industries, maintenance work called plant turnaround maintenance is a 

crucial asset management activity aimed to protect the reliability of the plant. Reliable 

plant denotes a plant that is available when required and capable of performing to 
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designed specification, economically and safely. It is carried out to revitalize, maintain, 

and improve the plant facilities for optimal and efficient performance. Plant turnaround 

maintenance is a multi-facetted process comprising three broad elements of 

engineering, business, and organization (Lenahan, 1999; Levitt, 2004). Plant turnaround 

maintenance is the focus ofthe present study. 

Plant turnaround maintenance activities, from the engineering point of view, involved 

the replacement, repair, or refurbishment of worn, damaged or malfunctioning plant 

parts. The event is normally carried out during a planned plant shutdown and covers 

activities such as inspection, overhaul, modification of existing equipment, and the 

installation of new equipment. It is not uncommon for plant turnaround events to 

include project works such as the installation of new parts or equipment. Other activities 

which could not be performed when the plant is in operation are also carried out during 

the shutdown period. These include tests and inspections, preventive maintenance, 

corrective maintenance, and major plant cleaning. The turnaround event is duration 

driven and the frequency is largely determined by variables such as plant technology, 

the required level of plant reliability, and the legal requirements associated with the 

operation. Cement plants in Malaysia, fur instance, perform the event twice-a-year. On 

the other hand, oil and gas refineries perform the events once in three years. In 

Malaysia, the event must conform to the statutory requirements of the Department of 

Safety and Health (DOSH) and the Department of Environment (DOE). 

The scope of work involved in turnaround exhibits considerable variations among 

plants. It is dependent upon, among others, the age and type of plant technology. 

Perhaps, the most distinctive aspect of turnaround is that the scope of work remains 

uncertain until the actual activities begin. Despite series of inspections and assessments 

that were carried out prior to the turnaround event, the actual condition of the 

equipments simply could not be determined until they are actually opened and 

inspected. Consequently, the situation harbors risk of uncertainties with respect to 

increase of the work scope leading to the lengthening of the turnaround period and 
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escalation of costs. The duration of turnaround event is short and utilizes large 

manpower resource that include plant and maintenance personnel, technicians, 

craftsmen, skilled and specialist contractors. The enormous magnitude of inter-related 

activities of the turnaround event requires stringent control and coordination. 

Depending on the size and complexity of the turnaround tasks, substantial effort and 

time are allocated for planning and work scheduling. The monetary loss due to 

production stoppage is often huge if'the planned duration of'the shutdown is exceeded. 

Viewing from the business perspective, plant turnaround maintenance affects a 

company's business operations in more ways than one. The successful implementation 

of' the plant turnaround maintenance contributes to the profitability of the company 

(Lenahan, 1999; Murthy et cil., 2002). There are a number of facets to this connection 

that will serve to set the turnaround maintenance in a business context. Firstly, assets 

are critical for business success in the fiercely competitive global economy (Murthy et 

al., 2002). Rapid changes in technology have resulted in equipment becoming more 

complex and expensive. Businesses incur heavy losses when their equipment is not in 

full operation, hence, the need for availability and reliability of assets. Financially, the 

turnaround event is expensive to execute and it is not uncommon for the activity to be 

funded by the company's retained earnings. Furthermore, as the event entails plant 

shutdown, loss of production is unavoidable. Company's revenues are negatively 

affected and consequently its profits. As a matter of fact, the event has negative impact 

on the profits of the company in the year the turnaround maintenance is performed. 

Secondly, plant turnaround maintenance also has a peculiar impact to the business Of a 

company. The event poses potential hazard to plant reliability, safety, and has the risk 

of cost overruns and schedule slippage due to technical uncertainties. In addition, the 

turnaround maintenance requires large number of personnel (maintenance and support) 

and needs other costly resources in large quantities such as spare parts, machines. tools, 

and equipment. These requirements reach the highest level at the peak of' the 

implementation stage. Cumulatively, the event drains offcompany resources. 
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Therefore, plant turnaround maintenance is very much a business process and is 

increasingly explored as an area that can be enhanced to increase productivity and 

sustain competitiveness of the company. Plant turnaround maintenance is considered as 

a value adding investment. Due to the huge turnover of the operation and massive 

capital investment of the assets, it is increasingly regarded as one of the business 

strategies of a company in the highly competitive business environment. How asset and 

maintenance management makes good business sense has of late, become an important 

management issue that has drawn attention from various parties of business and 

industries (Liyanagc and Kumar, 2003). 

Plant turnaround is an event that demands huge manpower from internal and external 

sources on temporary basis to execute the maintenance activities. This is essential due 

to the large amount of work that needs to be carried out in the face of extreme time 

constraints. The turnaround organization brings together groups of personnel who are 

mostly unfamiliar with each others' skills, but have to work interdependently in 

complex tasks. Plant turnaround maintenance involves large volumes of maintenance 

work that can he classified into three major categories. The first category known as 

major tasks require engineering inputs such as overhauling of large boilers and air 

compressors, re-traying of large distillation column, replacing refractory linings of 

cement kiln, and replacing catalysts. The second category of task labeled as small tasks 

includes cleaning and inspection of machine and equipment. The third category of tasks 

refers to bulk work where overhaul of large number of small items such as valves, 

pumps, and motors are carried out. All the above activities require large number of 

human resource, since they have to be completed within a very short duration of 

between 10 to 14 days. Also, it is not uncommon for the turnaround event to involve 

project work that can only he implemented when there is a complete shutdown of the 

plant. Projects refer to work packages that are implemented to improve the plant 

perlornlance or fulfill statutory requirements. Project work increases the complexity of 

the turnaround maintenance and places further demand on organizational resources 

especially manpower. Hundreds. even thousands of maintenance man-hours are 
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required depending on the volume of work and the window of opportunity available. 

Adding to the complexity, the event consists of multiplicity of inter-related activities, 

performed at the same time, in the same place, and at times on different levels of the 

plant. Area congestions increase the chances of potential accidents, conflicts, errors, and 

confusion that are greater compared to normal maintenance environment. These 

depictions imply that manpower is the most important input to the turnaround 

maintenance organization. Undeniably. to contend with the organizational environment 

and context, turnaround activities require efficient organization, coordination, and 

control to ensure its successful implementation. This is attainable through the 

appropriate organizational structure and structuring processes. As such. organizational 

structure and especially the structuring processes arc very relevant to the turnaround 

maintenance and it is sensibly natural to attribute plant turnaround performance to the 

qualities of its organizational structure. 

The organizational structures commonly associated with turnaround maintenance 
include the project, matrix, and functional types (Levitt, 2004). Under the project 

driven organizational structure, the personnel in the organization become members of' 

the turnaround team and report to the Turnaround Manager. During the turnaround 

period, they leave their normal jobs when they arc needed to perform turnaround 

activities. In contrast, the main feature of the (matrix type is that personnel in the 

organization have dual reporting relationships. They report to both the turnaround 

manager and their functional manager. The function-driven organizational structure is 

characterized by personnel who report strictly to their functional manager and handle 

the turnaround maintenance responsibilities as part o} their normal work. Scholars are 
divided over the best type of' organizational structure governing turnaround activities. 

Levitt (2004) and Lenahan (1999) concurred that the project-driven type of' 

organizational structure is best suited for turnaround maintenance. Others took a 
different view. Kelly (1997), fur instance. highlighted the matrix type of organizational 

structure adopted by some electric power generating plants as the preferred 
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organizational structure for turnaround activities. At this juncture, no single 

organizational structure is deemed appropriate to fit all instances of turnaround 

maintenance. Additionally, depending on the technology and size of the organization, 

the appropriate level of' structuring processes such as centralization and formalization 

are necessary. Decision-making authority, rules, regulations, procedures, standards, and 

specifications are essential to align and hold the various components and members of 

the organization together in pursuing the turnaround organizational objectives. 

Plant technologies are becoming intricate, both from its related engineering and 

maintenance aspects, and organization and management dimensions. Apart from the 

increasing needs for new techniques and systems, the situation is also driving the need 

for more effective and efficient management (Philbin, 2008). In fact, failures in 

engineering projects are frequently associated to both technical and social causes. This 

is especially true for project involving intensive technologies (Ivory and Alderman, 

2005). Plant turnaround maintenance is no exception. The apparent conflicting 

objectives of the turnaround maintenance between cost and duration, and duration and 

safety, for example, leads to conflicting demands for organizational resources in the 

process of executing the turnaround maintenance activities. The diversity of 

performance objectives, the highly regulated operational environment, the need for 

integration and the coordination of multiple interfaces across the turnaround 

maintenance activities further suggest the critical importance of suitable organizational 

structure and the organizational structuring processes. Ironically, the turnaround event 

can diminish plant reliability. This, of course, stand in stark contrast to the basic 

underlying reasons for its implementation. Plant reliability is impeded iftlte turnaround 

event is not properly planned, prepared and executed. Dismal outcomes may he due to 

ineffective organization of the turnaround, inefficient managcnlent, lack of'control and 

coordination, and inferior quality of materials and workmanship. In view of the above, 

it is of' paramount importance that organizational cffectiveness and efficiency be 

accorded the necessary priority in the management ofthe event. 
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The demand placed on management functions such as planning, organizing, and 

controlling is overwhelming in comparison with those found in "normal" business 

operations. Essentially, at least three major aspects of the organization and management 

of turnaround maintenance differentiate it from ongoing business operations. Firstly, 

turnaround maintenance is usually carried out with the singular objective of restoring 

plant reliability and production processes and the result is realizable in a short time 

period. On the contrary, ongoing business operations often have multiple objectives and 

some will only be realized in the future. Secondly, the manpower requirement for 

turnaround maintenance varies greatly from ongoing business operations. Initially, a 

turnaround event requires only a few key personnel for a short period to identify and 

finalize the scope of work of the turnaround. The requirement and number of personnel 

steadily increases as the event progresses to the planning and preparation stage. The 

number of personnel reaches its peak during the execution stage. whereby the 

manpower requirement may reach to a level of 1.000 or more maintenance personnel 

depending on plant size, plant technology, and the scope of work. Subsequently, the 

number of' personnel tapers off at the tail end (termination stage) of' the turnaround 

event. Such a scenario difTers greatly from ongoing business operations where the 

manpower requirement is relatively stable due to the consistent level of activities over a 

considerable period of' time. Finally, the temporary nature of' the turnaround 

maintenance organization is another distinct feature in comparison to ongoing business 

operations. In the organization of turnaround maintenance a team is assembled for the 

planning. preparing, and executing the event. Depending on the size of the turnaround, 

the team may consist of' plant personnel, hired specialists and skilled tradesmen. The 

majority of' the personnel involved may he sourced from contractors. The team is 

disbanded after the successful completion of the turnaround event. However, it is not 

uncommon for the larger concerns to retain a few key personnel to plan and prepare for 

the next cycle of turnaround event. The temporary nature of the organization is certainly 

not the case for ongoing business operations that place heavy reliance on relatively 

permanent and stable organizations. 
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Turnaround maintenance management has the elements of engineering project 

management. However, there are a number of features that make it distinctly 

exceptional (Lenahan, 1999; Levitt, 2004). Turnaround maintenance has many 

unrelated jobs and contains many unknowns that pose greater probabilities for 

emergency work. On the other hand, normal project consists of many related jobs with 

logical steps that are interrelated to the end results. The scope of work of turnaround 

maintenance is not always clear right up to the beginning of the plant shutdown. Much 

of the turnaround maintenance work is hidden until the machines and equipment are 

dismantled or disassembled. I fence, there is high possibility that the scope of work will 

change at the eleventh hour. On the contrary, project work scope is usually clear and 

visible. As such, the work scope can he firmed up at the very early stage. Both the 

project and turnaround maintenance management rely heavily on planning and 

scheduling. However, turnaround planning has to wait until the scope of work is 

finalized and approved; that takes place quite sometimes after the initiation (flagged off) 

of the turnaround. In contrast, project planning is done well in advance because the 

scope of work is finalized early in the project life cycle. The staffing levels vary widely 

during the life cycle of the turnaround maintenance. The resource leveling is one of the 

challenging functions of' the management process. Comparatively, the staffing 

requirement for project can be considered more stable. Turnaround maintenance is 

carried out at a certain interval or frequency depending upon the technology of the 

plant, statutory requirement, and the maintenance strategy of the organization. Once 

executed, the turnaround has to be completed within a stipulated time frame. The span 

of time is measured by the hours and shifts and delays are intolerable. On the other 

hand, project is highly independent. Even though. there is a time frame for project 

completion, any unexpected delays are more tolerable. The time span for project is 

measured in weeks or even months. The above comparisons provide ample evidence 

that despite some similarities with project management. plant turnaround maintenance 

is in many ways, diflcrent. 
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It must be borne in mind that turnaround maintenance, first and foremost, is an 

engineering activity responding to technological demand. The turnaround maintenance 

event moves through a predetermined Iife cycle. The actual execution of the turnaround 

maintenance is relatively short in duration and represents a segment of a four-phase 

cycle. The turnaround maintenance cycle starts with the initiation phase, tollowed by 

planning and preparation phase, the execution phase, and finally the termination phase. 

Each phase of the turnaround features a specific set of critical issues and activities that 

depend on the complexity of the plant technology and size of the turnaround event. 

Even though the time span of' the execution phase is relatively short, it comprises the 

highest level of activities in the turnaround maintenance cycle. It is featured by the 

performance of voluminous tasks by large number of specialists and tradesmen from 

various engineering disciplines. As such, control and coordination of the workforce and 

work activities are crucial. Literally, the planning and preparation that were carried out 

in the earlier phase are put to a reality test during the execution phase. Effective and 

efficient management process throughout the cycle of the turnaround maintenance is of 

paramount importance to ensure the successful performance of turnaround maintenance. 

1.2 The Turnaround Maintenance Cycle 

The various phases and critical activities in the plant turnaround maintenance cycle are 

illustrated in Figure 1.1. Fundamentally, the turnaround maintenance cycle consists of 

four major phases namely Initiation, Planning, Execution and Termination. Kelly 

(1997), Lenahan (1999), Levitt (2004), Roup (2004), Del3akcy ut el. (2007), Gandolfo 

and Vichich (2007), DeBakey (2007). and Vichich (2007) concurred that irrespective of 

plant size and technology used, all turnaround maintenance activities follow the phases 

noted above. Also, the practice is found in Malaysian process-based industries. For 

instance, MLNG Sdn Bhd, the second largest natural gas processing plant in the world, 

adopts very similar four-phase cycle as illustrated by their Shutdown Process Model 

shown in Appendix 1. The model outlines the critical issues and activities through out 
the four phases of the turnaround. 
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Initiation phase: 
" Setting objectives 
" Formulating policies 
" Appointing planning and preparation 

team 
Duration: Fear iti reks (small 1: 1) 

I-2 mouths (lar'c T. 4) 

Termination phase: 
" Final site inspection 
" Post-mortem debrief' 
" Close-out turnaround report 
Du atiw,: Fri' weeks (small TA) 

12 rnotttlis (large TA) 

Z:: 
ý) 

Planning phase: 
" \Vork scope optimization 
" Turnaround preparation 
" Pre turnaround execution 
Duration: 3-6 months (small T-I) 

12 - 36 months (large 1: 1) 

Execution phase: 
" Plant shutdown n and handover to 

turnaround team 
" Turnaround maintenance execution 
" Plant start-up and handover to plant 

operation team 
Duration: 10 14 days (small TA) 

14 30 dais (large TA) 

Figure 1.1: Turnaround Maintenance Cycle 

Each of' the phases has a specific duration that varies according to the size of' the 

turnaround and the technology of the plant used. The phases are not discrete. It would 

not be far off it' the plant turnaround maintenance phases are considered as 

interconnected and overlapping activities as illustrated in the Figure 1.2. 

i? 



Execution 
14-30days 

\\ indou ot 
opportunity 

Figure 1.2: Phases of Turnaround - Level of Activity and Timing 
Source: adapted from Levitt (2004) 

(fine) 

Based on his study of mid-size refining companies in the United States, DeBakey 

(2007) identified that the turnaround management process brings about high level of 

certainty and control to the turnaround maintenance event. A well established 

management process provides reasonable assurance of meeting the budgeted costs. 

cycle-time, quality targets, and safety targets. 

1.2.1 Initiation Phase 

Turnaround events are normally initiated by the senior manager or equivalent of' the 

plant or company. The event is an expensive and large undertaking in comparison to the 

normal business operations, and involves every department in the company. Obviously, 

it demands significant attentions from the senior manager of the plant or company. In 

large companies, the complexity of' the event renders the senior manager to appoint a 
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turnaround policy team to assume the responsibility to ensure that the event is carried 

out successfully. The members are drawn from managers of the plant, production, 

marketing, engineering, and projects departments. They are the stakeholders of the plant 

turnaround maintenance whose operations are affected by the event. They are entrusted 

by their company the authority to make decisions pertaining to the strategic issues of the 

turnaround such as allocation of funds for the turnaround event, objectives, and policies. 

The strategic decisions set the framework within which the turnaround activities will be 

performed. Similar organizational arrangement is practiced by large petrochemicals 

industries in Malaysia such as MLNG Sdn Bhd, Petronas Penapisan (Melaka) Sdn Bhd, 

ASEAN Bintulu Fertilizer Sdn Bhd, and ESSO Refinery. Apart from formulating the 

master plan of the turnaround, the turnaround policy team is responsible in controlling 

the turnaround event by conducting regular review process during the life-cycle of the 

turnaround event to confirm whether the original strategy remains valid or necessary 

adjustment is required to reflect the changing conditions, both internally and externally. 

The lists of responsibilities of the turnaround policy team of the Shell Chemicals Seraya 

Pte. Ltd., a petrochemical plant is shown in Appendix 2. However, in companies with 

relatively smaller turnaround, for instance Perak Hanjoong Cement, the event is 

initiated by the plant manager and he is responsible to ensure the success of the event. 

Depending on the complexity of the turnaround activities, the initiation phase stretches 

over a period of a few weeks. The turnaround master plan is formulated that include a 

set of objectives and policies of the turnaround maintenance. The turnaround objectives 

are targets pertaining to the scope of the turnaround maintenance work to he 

implemented and the resources that are required. the timing and duration of the event, 

the costs of the turnaround event, the level of duality of' workmanships, and the risk 

tolerance level relating to health, safety and environment. The turnaround policies guide 

the course of actions of' the turnaround organizational members in achieving the 

objectives. Following the lörmulation of' the turnaround master plan. the turnaround 

policy team organizes the resources for developing the operational plan of the 
turnaround maintenance by appointing a turnaround management team that is headed by 
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turnaround manager. Their respective roles and responsibilities are assigned. 

Essentially, the roles of the team are planning and organizing for the turnaround event. 

The size of the team depends on the size and complexity of the event (Lenahan, 1999). 

The foregoing discussion reflects the initiation phase of' a large scale turnaround event 

that is similarly practiced by MLNG Sdn Bud. For smaller events, as in the case of 

Malay-Sino Chemical Industries Sdn Bhd or Perak Hanjoong Cement, the 

responsibilities for planning and organizing the turnaround are entrusted to the 

maintenance manager of the plant and his plant-based maintenance personnel. 

The initiation for the turnaround event takes place well in advance before the actual 

event starts. This is to allow for sufficient time for the planning and organizing of the 

event such as the need to purchase long delivery items, design and procurement of pre- 

fabrications. In large petrochemicals companies in Malaysia like MLNG Sdn Bhd, 

Petronas Penapisan (Melaka) Sdn Bhd, ASEAN Bintulu Fertilizer Sdn Bhd, and ESSO 

Refinery, the decisions to initiate the turnaround are made one to three years prior to the 

actual turnaround events. However, the initiation phase among the smaller companies 

like Perak I lanjoong Cement and Malay-Sino Chemical Industries Sdn Bhd takes place 
between three to six months before the event. 

1.2.2 Planning Phase 

Immediately following the initiation phase the turnaround maintenance cycle progresses 

to the planning phase. The planning phase may take between three to six months for 

smaller turnaround events and between one to two years in larger events. Primarily, this 

phase is concerned with turnaround work scope optimization. turnaround preparation, 

and pre turnaround execution. Firstly, operational plan 101- the turnaround maintenance 
is drawn. It relates to the planning, acquiring, and organizing the necessary resources 
for the turnaround event, namely manpower and materials. All the resources that will 

make the turnaround successful must be made available in the right quantity, 

satisfactory quality, at the right place. and timely. Secondly. the manpower has to be 
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organized. Their roles and responsibilities have to be identified and assigned. The 

organizational design that includes organizational structure and the structuring 

processes for the turnaround maintenance are established. The turnaround maintenance 

policies, procedures, and techniques have to be defined. Thirdly, the plan for the control 

of the turnaround event is laid down so that every activity conforms to the turnaround 

maintenance objectives. 

Based on the objectives that have been set by the policy team, a work scope of the 

turnaround maintenance is established. Long lists of work proposals are compiled by 

the turnaround management team. The work proposals are generated by the various 

departments in the plant such as production, maintenance, engineering, and projects 

departments. Through a series of meetings, the work proposals are deliberated, 

reviewed, and validated by the turnaround management team to ensure that the work 

scope is optimized. The optimized work scope contains the minimum amount of work 

necessary to revitalize, maintain, and improve the plant facilities for optimal and 

efficient performance between the current and next turnaround. The work scope 

together with cost estimates are then forwarded to the turnaround policy team of the 

company for approval. 

Based on the approved work scope the turnaround management team moves on to the 

turnaround preparation stage. Large amount of* efforts is focused on planning and 

organizing the resources for the turnaround maintenance execution that include contract 

and tender, material preparation. logistic, turnaround schedule and cost profile, asset 

development, and turnaround execution plan. Voluminous amounts of' activities are 

executed by the plant-based personnel and contractors. Internal and external work 

packages are prepared. The size of' internal work packages depends on the availability 

of plant-based personnel. Proposal on the corresponding contract work packages and list 

of contractors are prepared by the turnaround management team for approval. As a 

management control strategy, for instance in MLNG Sdn Bhd, contract work packages 

that are worth less than RM200,000 are within the authority of'the turnaround manager. 
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On the other hand, tenders are invited from the contractors for work packages worth 

more than RM200,000 and approval from the tender board of the company is required. 

The contract work packages are awarded at least three months prior to the 

commencement of the work to allow for sufficient time for contractors to plan and 

organize their resources. 

At the same time, the turnaround manager initiates the procurement and organizing 

processes of the materials required fur the turnaround execution. Material procurement 

plan is established. The necessary materials such as spares, tools and equipment, 

utilities, special services, pre-fabricated items, and long delivery items are identified 

and procured. For large turnaround event like MLNG Sdn Bhd, logistic of' the 

turnaround is a major concern. Accommodation (that include offices, restrooms, stores, 

and others) and facilities (such as canteen, washrooms, and others) are prepared and 

made available before the actual turnaround event is executed. For large turnaround 

events, there are massive number of'equipment and parts that are required in performing 

the turnaround activities. The logistic of'these items is equally important to ensure work 

progress as planned and to avoid delays. Hence, appropriate sites for receiving, storing, 

maintaining, mobilizing, and disposal is carefully planned, prepared, and documented. 

Similar logistic arrangements are required for small turnaround event. However, the 

scale ofthe planning and organizing of'the logistic is relatively less complex. 

Based on the approved work scope, the turnaround management team develops work 

schedules that include details of' activities of plant shutdown, the turnaround execution, 

and plant start-up. Computer software is commonly used to läcilitate the development 

of' the turnaround schedule due to the large volumes of' activities involved. This is 

common in large turnaround undertakings as seen in companies such as MLNG Sdn 

Bhd and TNB Janamanjung Sdn Bhd. On the other hand, the turnaround schedule is 

developed manually if the turnaround event is small as found in Perak Hanjoong 

Cement and Malay-Sino Chemicals Industries Sdn Bhd. In order to meet the policies set 

up by the turnaround policy team, a Icw execution plans are established. They include 
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the environment, health, and safety plan, quality plan, shutdown and start-up plan, and 

engineering plan. 

Prior to the turnaround maintenance execution, the turnaround manager establishes 

turnaround organization, appoints the organizational members, assigns their tasks, and 

defines their responsibilities for executing and controlling the turnaround maintenance. 

Induction and training are conducted for the organizational members. The training 

arrangements are common in large turnaround events especially in petrochemicals 

industries due to the potential risks inherent in the turnaround activities. Following that 

environment, health. and safety briefing and safety training are conducted for the plant- 

based personnel and the contractors' maintenance personnel. The relevant authority 

such as DOSII and DOE are formally informed of the turnaround activities. Formal 

request for DOSH testing and inspections are issued. In large turnaround event for 

instance, conducted by MLNG Sdn Bhd, the final preparation begins as early as three 

months prior to the turnaround execution. This is to ensure the necessary planning and 

preparation works are completed before the execution starts. 

1.2.3 Execution Phase 

The execution phase begins with the shutting down of' the plant by the plant operation 

personnel with the help of turnaround maintenance team. Immediately after that the 

plant is handed over to the turnaround maintenance team. The plant is decontaminated. 

cooled down, and isolated before the machines and equipment are dismantled and 

disassembled for the turnaround maintenance works to be performed. Irrespective of the 

size of the turnaround. the execution phase is characterized by the performance of large 

volumes of maintenance activities that is substantially greater than the normal 

maintenance setting. Large number of' maintenance personnel work under 

uncompromising targets. Coordination and control of the turnaround activities are vital. 

Apart from the supervisory control, the execution plan, work systems, engineering work 

procedures, standards, and specifications that were prepared during the planning phase 
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are used as alternative forms of impersonal control and coordination. The aim is to 

generate predictability and regularity in the workman ships and behavior of the 

turnaround maintenance personnel. These forms of control and coordination are highly 

feasible in the turnaround maintenance environment due to the high engineering content 

of the activities. The organizational structure and structuring processes that have been 

established further shape the coordination and control of the behavior of the turnaround 

maintenance personnel. 

Upon completion of the tasks that have been planned, the turnaround manager has to 

organize the necessary test and inspections on certain works, machines and equipment 

to meet the statutory requirements imposed by the DOSH. These include inspections on 
high pressure welding works, tired and unfired pressure vessels, registered pipe work. 

machines, registered non-return valves, protection devices, and lifting equipment. Some 

of the techniques used in the inspection include visual inspection, dimensional 

measurement, water pressure test, dye penetrant, ultrasound, radiography, thermal 

imaging and other specialized methods. Accept for the first four techniques, the others 

require the services of external specialized and certified inspectors. Upon satisfactory 
inspections, the machines and equipment are certified tit fbr operations by the DOSH's 

officers until the next scheduled statutory inspections. The range of the test and 
inspections depends on the plant technology. For instance, MLNG Sdn Bhd requires 

larger scope of' tests and inspections as compared to the basic chemicals or cement 

plants. 

Following this, the machine and equipment are reassembled for pre-operation test and 

commissioning. A few tests are conducted by the plant-based personnel that include 

pressure tests, system tests, loop checks. and alarm test. Upon satisfactory results of the 

test and commissioning, the plant manager and his team With the help of turnaround 

maintenance team will organize for the plant start-up. The start-up process may require 

a few hours to a few days depending on the technology of the plant before the plant is 
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back to normal productive operations. Upon successful start-up, the turnaround manager 

hands over the plant to the plant manager. This marks the end of the execution phase. 

1.2.4 Termination Phase 

Three important aspects of the plant turnaround termination phase arc final site 

inspection, post-mortem debrief, and close-out report. By this time, the turnaround 

manager organizes for the demobilization of the turnaround maintenance resources from 

the turnaround site. These include turnaround maintenance personnel (plant-based and 

contractors), scaffoldings and other temporary structures, equipment and services. 

accommodations and facilities, materials, spares and wastes. Concurrently, the 

turnaround manager organizes for post-mortem debrief to analyze the turnaround 

performance and to capture lessons learnt for future development and improvement. 

Based on the information gathered from the post-mortem debrief, a close-out 

turnaround maintenance report is generated which florins the link between the recent 

turnaround and the next event. The preparation of the close-out report may takes 

between one to two months depending on the size of the turnaround event. The above 

procedures are common in companies that perform large turnaround event, for instance 

petrochemicals plants and large electric power generating plants. On the other hand, the 

maintenance managers of a cement plant and a basic chemical plant indicated that they 

did not have normal procedures for post-mortem and close-out report. This is due to the 

fact that their turnaround activities arc relatively small and less complex as compared to 

the turnaround in the petrochemicals plants. 

Ultimately, the objective of the turnaround maintenance is the delivery of' the 

maintenance event on time, meeting the budgeted costs, and designated specifications. 

This requires the effective and efficient management of the companies' resources. By 

and large, the major functions of' management namely planning, organizing, directing, 

and controlling (Cleland and Ireland, 2007) spread through the plant turnaround 

maintenance cycle. Irrespective of the size of the turnaround event, the management 
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processes of' planning, organizing, directing. and controlling are carried out at varying 

intensity in all the four phases of the turnaround maintenance. For instance, the 

management activities of'planning and organizing are relatively intense in the planning 

phase of'the turnaround maintenance than in the initiation phase. The level of directing, 

coordinating, and controlling activities in the execution phase is higher in comparison to 

the other three phases of the turnaround maintenance. 

1.3 The Research Problem 

Notwithstanding the abovemcntioncd distinct characteristics of the turnaround 

maintenance, its organizational aspect, especially organizational structure and 

structuring processes is a scarcely understood and explored subject in management 

circles. In spite of the extensive body of research on organizations and management in 

the manufacturing and services environment, very limited studies are available on 

organizational dimensions of turnaround maintenance. The situation is more acute when 

one observes that the current dearth in knowledge and information regarding turnaround 

maintenance stood in stark contrast against the backdrop of the mushrooming of plants 

in the manufacturing sector of'the rapidly expanding Malaysian economy notably in the 

past four decades. Indeed, numerous studies in practically all aspects of management 

and business both by local and foreign scholars have failed to attract organization of' 

turnaround maintenance as a topic worthy of research enquiry. In comparison to the 

accrued knowledge on turnaround maintenance from the engineering perspective, rather 

limited knowledge is available with respect to the organization of one of' the most 

important and critical activity in plant management. 

Currently. whatever studies available on turnaround maintenance are descriptive and 

highly narrative in nature. Written by former engineering consultants and those tämiliar 

with the technicalities of the turnaround processes, their reports are descriptive in nature 

and did not go beyond their individual experience pertaining to turnaround 

management. Notable writings of' this nature includes Kelly (1997), Lenahan (1999), 

Levitt (2004). Duffuaa et a!. (2004), Roup (2004), DeBakcy et a!. (2007), Gandollb and 
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Vichich (2007), DeBakey (2007), and Vichich (2007). The central theme to their 

writings focused on the methodology of the turnaround maintenance that they have 

developed over the years. The lack of empirical research on the organization of 

turnaround maintenance especially relating to the organizational structure and 

structuring processes is highly prevalent. Understandably, there is the dire need to fill 

the vacuum in empirical studies on the organizational structure and structuring 

processes of'turnaround maintenance. 

As put firth by Gondolib and Vichich (2007, p. 4), "The organization structure 

necessary, both in terms of numbers of' resources and the composition of' players for 

high complexity turnaround is typically not well understood". The statement From the 

two prolcssionals of plant turnaround maintenance in the petrochemical industry in the 

United States implies the pressing need to address the gap in the knowledge and the vast 

opportunity fir research and studies on organizational structure of turnaround 

maintenance. 

Plant turnaround maintenance is increasingly viewed by companies as one of the 

important business processes and an area that can be enhanced to sustain their 

competitiveness. The complexity of the event and the influence of turnaround 

maintenance on the business have demanded the close attention of senior management 

of the business entities. It is incumbent upon the management of the company to ensure 

the turnaround maintenance events are planned and executed successfully. Indeed. 

performance of turnaround maintenance is one of the pressing and challenging tasks 

faced by the turnaround and maintenance managers. Roup (2004), DeBakey et a!. 

(2007), Gandollb and Vichich (2007), DeBakcy (2007), and Vichich (2007) highlighted 

the concerns of many practitioners in the petrochemicals industries in the United States 

pertaining to the organizational performance of their turnaround maintenance. Based on 

their studies, they observed that by and large, turnaround maintenance events 

experienced 35 percent schedule slippage, 25 percent cost overrun. 40 percent labor- 

hour growth, and approximately 10 percent scope growth. Similar concerns are seen 
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among the process-based industries in Malaysia namely MLNG Sdn Bhd, TNB 

Janamanjung Sdn Bhd, Lumut Power Plant Sdn Bhd, Perak Hanjoong Cement, and 

Malay-Sino Chemical Industries Sdn Bhd, to name a few. The highly competitive 

business environment has further raised the degree and level of interest. This is due to 

the direct relationship that can be drawn between profitability of the company and the 

successful implementation of its plant turnaround maintenance. 

It has been pointed out that successful implementation of' turnaround maintenance 

ensures availability and reliability of' the plant and processes (Lenahan, 1999), and 

profitability of the company (Murthy cat al. 2002). Businesses, particularly those in the 

process-based industries, incur heavy losses if their plant is not in full operation. The 

need for availability and reliability of assets is compelling. Taking all the above 

mentioned issues into consideration, successful perfönnance of the turnaround 

maintenance event is an absolute necessity. In the oil and gas industries in the United 

States, fur instance, Roup (2004), DeBakey et al. (2007), and Gandolfo and Vichich 

(2007) observed that the high performing companies have been able to manage and 

organize their turnaround event successfully by establishing effective management 

system, robust work processes, measurement system that keeps processes in control, 

organizational memory, and adequate organizational structure. Therefore, it is 

appropriate to put at the outset that organizational structure is one of the factors that 

influence the turnaround maintenance organizational performance. However, this claim 

is primarily based on consultants' observations and experiences without the support of 

empirical studies. Therefore. the present study tries to examine the organizational 

structure and performance relationship in the Malaysian context. 

Despite the significance of successful performance of turnaround maintenance to the 

business of the companies, little consideration has been given to the study of the 

organization of turnaround maintenance notably the organizational structure and 

structuring processes. One explanation for the apparent lack of interest is that data and 

other relevant information are difficult to obtain. Another reason and the more pertinent 
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one is that turnaround maintenance is only known in the engineering circles whereby 

the research interests are on the technical domains rather than organization and 

management dimensions. Focusing on technology, technical systems and techniques in 

achieving high turnaround maintenance organizational performance is required, but 

rather limited. Equal attention to the organizational dimension in the turnaround 

maintenance is compelling. The deployment of new technology, compounded with the 

growth in technical complexity, leads to elaborate division of labor, and require large 

organization of manpower for the turnaround maintenance. The situation augmented the 

challenges in coordination and management control. Irrefutably, the organizational 

issues demand equal attention to enable high organizational performance. The present 

study is an attempt to fill the gap in the dimension of organizational structure and 

structuring processes of' the turnaround maintenance in the process-based industries in 

Malaysia. 

Most works of organizational theorists have noted that organizational performance 

hinged on the congruent relationships between organizational structure and the 

organizational contextual factors. They followed the approach of' Structural 

Contingency Theory that suggests organizations adopt varying organizational structure 

and structuring processes that suit their organizational contextual factors in the effort to 

achieve successful perlormance (among others. Lawrence and Lorsch, 1967. Child, 

1975). Therefore, the study of organizational performance entails the investigations of 

the contingent relationships between the organizational contextual factors, 

organizational characteristics, and organizational performance. The Contingency 

Theory approach were used by a number of' previous organizational theorists, among 

others, Woodward (1965), Pugh et ul. (1969), Lawrence and Lorsch (1986), Rumelt 

(1986), lttncr and Larcker (1997), Abernethy and Brownell (1997), Davila (2000), and 

Rejc (2004). They have investigated the contingent relationships among various 

organizational variables such as technology, size of the operations, strategy, 

organizational structure, and structuring processes such as formalization and 

centralization. The present study follows a similar contingency approach. 
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High organizational perfomnance of' turnaround maintenance has been the major 

concerns among the senior managers in the process-based industries such as the 

refineries and petrochemical sectors, particularly in the United States. In the effort to 

maintain a high level of performance, priorities were accorded to the technology and 

technical systems. However, the organizational aspect of the turnaround event was not 

given the necessary attention. It has been amply demonstrated in the previous sections 

that the organizational aspect of'the turnaround maintenance has not been able to draw 

researchers let alone attract the organization of the event as a topic worthy of research 

enquiry. Therefore, there is a need to close the gap in knowledge on the turnaround 

maintenance organization. Furtherniore, the evidence of low turnaround performance 

experienced by some of' the companies in the United States as indicated by Roup 

(2004), DeBakey cal al. (2007), and Gandolfo and Vichich (2007) has made the issues of 

organization and performance an intriguing topic. 
. aa 

1.4 Research Objective and Research Questions wz 

to 
The primary objective of the present study is to demonstrate that the congruent 

relationships between organizational context (namely plant technology and 

organizational size of turnaround maintenance) and organizational structuring processes 

(centralization and formalization) leads to high plant turnaround maintenance 

organizational performance among the process-based industries in Malaysia. More 

specifically. the study addresses five research questions. Firstly. does organizational 

size of turnaround maintenance relates to the plant technology? Secondly. do the 

organizational structure and structu1'111g processes of the turnaround maintenance relate 

to plant technology and size of the turnaround maintenance? Thirdly, do structuring 

processes Influence the organizational performance of turnaround maintenance? 

Fourthly does the congruent relationship between plant technology and organizational 

structuring processes affect the organizational performance of turnaround maintenance? 

Finally, does the congruent relationship between organizational size and the 

organizational structuring processes affect the organizational performance of turnaround 

I. ý 
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maintenance? The answers to these questions form an array of understanding of the 

relationships between the organizational contexts, organizational properties, and 

performance of turnaround maintenance in the process-based industries in Malaysia. 

1.5 Significance of the Study 

The present study examines the effect of congruent relationships between organizational 

contexts and organizational characteristics on the performance of plant turnaround 

maintenance among the process-based industries in Malaysia that were barely explored 

by the previous organizational theorists and researchers. The findings of the present 

study provides useful insights on how and why organizational structure relates to the 

organizational performance of turnaround maintenance. The acquired knowledge and 

research findings provide indispensable guide for managers and engineers alike in 

organizing and managing for successful plant turnaround maintenance in large scale 

process-based industries in Malaysia. It contributes pertinent input to the organizing 

function of the workforce with irregular assignments, complex and discontinuous events 

especially in the field of engineering such as plant turnaround maintenance. It also 

identifies the variations in the organizational structuring processes that contribute to low 

turnaround maintenance organizational performance. 

Certainly, the findings will contribute knowledge in the field of management in 

Malaysian context, particularly the area of asset management in heavy industries. 

Furthermore, the findings complement the current project management texts as the 

turnaround maintenance has all the dimensions of project management. Nevertheless, 

turnaround maintenance management has few distinct characteristics that make it a 

"unique" project management. The low tolerance level of the higher management 

towards delays in turnaround maintenance is incomparable to other project 

organizations in the business environment. Delays in turnaround maintenance are very 

costly. 
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The present study marks the beginning of further empirical works on organization and 

management of plant turnaround maintenance that was not accorded the necessary 

priority before. The Findings of the present study, for instance centralization and 

fornmalization, contribute to the knowledge of human resource strategy in temporary 

organization settings. Furthermore, the measurement and operationalization of 

centralization and formalization that are used in the present study are another 

contribution to knowledge. Even though the two are mostly cited dimensions for 

organizational structuring processes in numerous organizational studies, the present 

study put forth new item scale as proxies to both the dimensions. The present study also 

expands the frontier of application of structural contingency theory to the turnaround 

maintenance environment. 

1.6 Chapter Outlines 

This section outlines the plan of the chapters for the thesis. Following Chapter 1, the 

relevant literature which fornl the reference of the present study are reviewed in Chapter 

2. Based on this, a research framework is proposed and 25 research hypotheses are put 
forth. Next, the research methodology of this study as discussed in Chapter 3 addresses 

the operational measures of the variables, sampling plan, method for data collection, 

development of' questionnaires and procedures for data analysis. Chapter 4 provides 

descriptive analysis of the companies included in the study, along with the salient 

characteristics of their plant turnaround maintenance. Following that. Chapter 5 presents 

the results and quantitative analysis of' the plant technology. organizational size, 

structure, and perl'0rnlance of the turnaround maintenance. It also examines the 

relationship of the organizational context, structuring processes, and organizational 

performance of the turnaround maintenance. Subsequently. Chapter 6 contains the 

discussion on the findings of the present study. Finally. Chapter 7 offers discussion on 

the implications of the research findings, both theoretical and managerial. It also 
highlights the limitations of the study and recommendation for future research. 
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1.7 Summary 

Plant turnaround maintenance is important asset management and unique to the process- 

based industries. It is an activity that is aimed to revitalize, maintain, and improve the 

plant facilities for optimal and efficient performance. Plant turnaround is characterized 

by a multi-facetted business process comprising three broad elements of engineering, 

business, and organization. The event caused significant impact to the bottom line of the 

company due to the production shut down. It demands huge manpower from internal 

and external sources on temporary basis to execute the maintenance activities. 

Notwithstanding the above, its organizational aspect is a scarcely understood and 

explored subject in management circles. As put forth by Gondolfo and Vichich (2007, 

p. 4), "the organization structure necessary, both in terms of numbers of'resources and 

the composition of' players for high complexity turnaround is typically not well 

understood As such, very limited studies are available on organizational dimensions 

of turnaround maintenance. 

In addition, plant turnaround maintenance practitioners and consultants in the United 

States have highlighted a number of problems that are typical to this event. They 

include, among others, schedule slippage, work scope growth, cost over run, issues on 

compliance, inadequate resources, and startup problems. 

These depictions imply that the turnaround maintenance require efficient organization 

to ensure its successful implementation. This is attainable through the appropriate 

organizational structure and structuring processes. As such, it is sensibly natural to 

attribute plant turnaround performance to the qualities of' its organizational structure. 

The apparent conflicting objectives of' the turnaround maintenance between cost and 

duration, and duration and safety, for example, leads to conflicting demands for 

organizational resources in the process of executing the turnaround maintenance 

activities. The diversity of performance objectives, the highly regulated operational 
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environment, the need for integration and the coordination of multiple interfaces across 

the turnaround maintenance activities further suggest the critical importance of suitable 

organizational structure and the organizational structuring processes. 

Therefore, there is a need to close the gap in knowledge on the turnaround maintenance 

organization. The primary objective of the present study is to examine the thesis that the 

congruent relationships between organizational contexts (namely plant technology and 

organizational size of turnaround maintenance) and organizational structuring processes 

(centralization and formalization) influence the organizational performance of plant 

turnaround maintenance of the process-based industries in Malaysia. 

The study provides an indispensable guide for managers and engineers alike in 

organizing and managing for successful plant turnaround maintenance in large scale 

process-based industries in Malaysia. It contributes pertinent input to the organizing 

function of the workforce with irregular assignments, complex and discontinuous events 

especially in the field of' engineering such as plant turnaround maintenance. Certainly, 

the findings will contribute knowledge in the field of' management in Malaysian 

context, particularly the area of asset management in heavy industries. Furtherniore, the 

findings complement the current project management texts as the turnaround 

maintenance has all the dimensions of project management. The findings of the present 

study, for instance centralization and formalization, contribute to the knowledge of 

human resource strategy in temporary organization settings. In addition, the 

measurement and operationalization of plant technology, organizational size, 

centralization, formalization. and organizational performance used in the present study 

constitute a significant contribution to the current body of knowledge. 
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CHAPTER 2 

LITERATURE REVIEW 

2.0 Introduction 

Available studies on business organizations center on investigating and understanding 

the means of achieving high organizational perfbrniance. The studies were undertaken 

from various fields of discipline such as sociology, organization, economics, 

psychological, and social-psychological nature. The present study focuses on the 

organization of plant turnaround maintenance among the process-based industries in 

Malaysia. It examines the organizational structure and structuring processes that are 

designed and established for the purpose of accomplishing the objectives of the 

turnaround event amidst the constraints posed by the organizational environments. This 

chapter discusses some of the literature pertinent to the subject of the present study. 

However, the literature on organization and management of plant turnaround 

maintenance is unavailable due to very limited empirical study. Available studies were 

purely based on the experience and observations of turnaround maintenance 

consultants. Unavoidably, the references for the present study are drawn from 

organizational studies done in the manufacturing environment. Following that, a 

research framework is proposed based on the structural contingency theory advocated 

by Pennings (1992). A total of 25 research hypotheses are put forward that outline the 

expected relationships between the organizational context, organizational 

characteristics. and organizational performance of plant turnaround maintenance. 

2.1 Organizational Performance of Turnaround Maintenance 

In spite of the increasing demand of' petrochemicals output in the last decade, no 

significant increase in the refining industry capacity was recorded in the United States 

(DcBakey, 2007). The situation was largely related to the dismal turnaround 
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maintenance organizational performance. DeBakey cited the prevailing occurrences of 

high percentage of cost overruns, schedule slippages, and poor plant reliability that 

caused outages in the US petrochemicals refining industry. There are other challenges 

that add to the dismal turnaround maintenance perfornance which include declining 

numbers of skilled turnaround maintenance personnel, rising costs of labor and 

materials, growing complexity in the turnaround maintenance due to the advancement 

in plant technology and longer production runs between turnarounds, and the pressure 

for shorter turnaround execution period due to high demand (Gondolfo and Vichich, 

2007). The rising awareness towards safety and environment further raised the public 

expectations for the turnaround to be executed with minimal negative impact to the 

surroundings. 

Further challenge is compounded by the expectations of the stakeholders to see the 

event is delivered precisely to costs, duration, quality, reliability, and environment. In 

mitigating this situation, Gondolfo and Vichich (2007) suggested for effective 

organizational structure to he in placed to ensure successful performance of turnaround 

maintenance that acts as enabler and coercer that permit the turnaround organization to 

move together in executing the complex event, while at the same time maintaining the 

responsiveness in adapting to internal and external changing conditions. The effective 

organizational structure includes management system, robust work processes, 

measurement system that keeps processes in control, organizational memory, and 

adequate organizational structure as illustrated in Figure 2.1. 

Managing organizational performance requires the understanding and efficient 

management of organizational activities in the lace of constraints posed by the 

organizational context and environment (Lewin and Minton, 1986). A rather similar 

situation applies to managing a plant turnaround maintenance organizational 

performance. Irrespective of' the type of' process-based industries, the performance of 

the plant turnaround maintenance is influenced by many Factors. 
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Current Reality 
" Decline in availability of skilled personnel 
" Inflationary force on costs of labor and materials 
" Turnaround maintenance complexity 
" Shorter turnaround execution 
" Lean plant personnel to assist turnaround 

maintenance preparation 

Expectations of society 
" Expectation towards safety and environment 
" Pressure for precise delivery of turnaround 

Efficient Organizational Structure 
  Management System 
  Robust Work Processes 
  Measurement System to keep 

processes in control 
" Organizational Memory 

" Adequate Organizational Structure 

Turnaround 
Maintenance 

Organizational 
Performance 

Figure 2.1: Environment, Structure, and Performance of Turnaround Maintenance 

Source: Gandolfo and Vichich (2007) 

Vichich (2007) highlighted that the two major factors which influence turnaround 

maintenance performance are the inherent characteristics of the turnaround maintenance 

activities and the level of readiness (preparedness) of the turnaround maintenance team 

in executing the turnaround activities. Figure 2.2 illustrates the factors that influence the 

plant turnaround maintenance performance. 
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Inherent Characteristics (limited control) 
" Size of turnaround 
" Turnaround complexity 
" Percentage of capital projects 
" Availability of qualified and skilled labor 

" Area congestion 
" Material conditions, etc. 

Level of Readiness (controllable) 
" Organizing of resources 
" Work scope definition and control 
" Contract strategies 
" Planning practices 
" Schedule integration 

" Costs estimation, etc. 

Performance 

" Safety 

" Schedule 
" Cost 

" Operability 

Figure 2.2: Factors that Influence Plant Turnaround Maintenance Performance 

Source: Vichich (2007) 

The inherent characteristics include size of the turnaround, complexity of the 

turnaround activities, the volume of capital projects, the availability of qualified and 

skilled labor, equipment congestion that constraints the working areas, and uncertain 

conditions of the machines and equipment. These characteristics reflect the overall 

complexity of' the turnaround maintenance activities and influence the management 

processes in all the phases of the turnaround cycle. The situation is rendered more 

complex due to the fact that the turnaround maintenance team has limited control on 

these inherent characteristics (Viehich, 2007). The possible negative impact of these 

factors on the turnaround outcomes is a cause for concern to turnaround practitioners 

and researchers alike. Accordingly, the turnaround maintenance event with a high level 

of complexity risks cost overrun by an average of around 20 percent. Turnaround events 
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of medium complexity risks cost overrun by about 15 percent, while those with low 

level of complexity does not have significant risks of cost overrun (Vichich, 2006). 

Similarly, high level turnaround complexity risks 30 percent probability of schedule 

slippage while medium and low turnaround complexities have the probabilities of 20 

percent and 10 percent schedule slippage respectively (Vichich, 2006). As such, 

understanding of these inherent characteristics could lead to the identification of 

suitable mitigating factors that would be able to lessen the associated negative impact to 

the turnaround outcomes. This suggests the importance of management processes such 

as planning. organizing, and controlling to alleviate the risks posed by the inherent 

characteristics. 

Ilowcvcr, there are a number of factors that are within the control of the turnaround 

maintenance team. These include for instance, organizing of turnaround resources, work 

scope definition and control, contract strategies. planning practices, schedule 
integration, and costs estimation. Similar to the inherent characteristics of the 

turnaround, these factors also significantly influence the end results of the turnaround 

event. Vichich (2007) categorized these factors as the level of readiness. In turnaround 

event that is pictured by high level of complexity, managing the turnaround resources is 

predominantly the influential factor on turnaround performance. The best executed 

turnaround maintenance is not only well-planned but well-organized too. In fact, these 

two management functions are the fundamental building blocks for high performing 

turnaround maintenance. 

Turning to the Figure 2.2, the inherent characteristics of the turnaround maintenance 

can he categorized into two. First category refers to organizational context that includes 

the size of the turnaround event, complexity of the turnaround activities, the volume of 

capital projects, equipment congestion that constraint working areas, and uncertain 

conditions of the machines and equipment. The second category relates to the 

environment of the turnaround organization such as the availability of' qualified and 

skilled labor. On the other hand, the indicators that relate to the level of readiness are 
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connected with the management of the turnaround maintenance resources. The 

management functions include, planning, organizing, directing, coordinating, and 

controlling permeate the whole cycle of the turnaround maintenance. Vichich (2007) 

advocates that, "the inherent characteristics, the level of turnaround readiness and the 

amount of scope can work together to deliver turnarounds that are predictable and 

competitive" (p. 52). His statement implies the matching of the inherent characteristics 

and the level of turnaround readiness in determining the performance of the turnaround 

maintenance. It is quite evident that his line of thought is in accordance to the structural 

contingency theory put forth by Pennings (1976) and Pennings (1992). 

Diagrammatically, the concept of structural contingency is illustrated in Figure 2.3. 

Organization structure 
- Standardization 

- Formalization 

- Centralization 

- Flatness 

f Congruence 

Organizational Environment 

- Uncertainty 

- Complexity 

- Volatility 

Organizational effectiveness 
- Efficiency 

- ROl 

- Customer satisfaction 

Figure 2.3: Illustration of the Concept of Structural Contingency Theory 

Source: Pennings (1992 ) 

As evident from Figure 2.3, the three core elements of the structural contingency theory 

are the organizational environment, the organizational structure, and organizational 

performance. The organizational environment represents the surrounding environment 

of the organization and the organizational context. The variables, among others, include 

uncertainty, complexity, volatility, technology, and organizational size. The 
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organizational structure describes the design of' the physical configuration of' the 

structure and its structuring processes that include standardization, formalization, 

centralization, and levels of hierarchy. The diagram suggests that the dimensions of' 

organizational structure and organizational environment have to be congruent in order 

to achieve high organizational performance. 

Organization depends on some degree of' relationships with organizational contextual 

factors. This dependency raises some constraints to the process of' managing and 

organizing. Child (1972a) explained that organizational contextual factors constraint the 

choice of'of fective structural forms of organization. The various forms of organizational 

structures illustrate the organizations strategies in accommodating the different 

environmental situations and organizational relationships with external parties (Child, 

1972b) with the aim of attaining a high level of organizational performance. In 

structural contingency theory, the contextual factors that predominantly influence 

structural forms include the technology and organizational size. In the case of the 

present study, turnaround maintenance organization has to bow to these inherent 

characteristics. Even though it is a sub-unit within a bigger organization, the pervasive 

effects of the organizational technology and size are quite evident. For instance, a high 

degree of division of labor and specialization in the turnaround maintenance 

organizational structure are inevitable as the consequent of the complexity of the 

technology and size of the turnaround maintenance activities. These constraints are 

mitigated through the design of' the organizational structuring processes of the 

turnaround maintenance and the physical configuration of the organizational structure. 

Pennings (1992, p. 4) stressed "structural contingency theory holds that the 

effectiveness of the organization is contingent upon the amount of congruence or 

goodness of fit between structural and environmental variables ". Based on the structural 

contingency theory, there is no consistent way to organize an organization, division, or 

department. For instance, depending on the organizational environment, the 

organizational properties such as structures and structuring processes may be different 
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among the organizations, yet they may show evidence of comparable level of 

perlonnancc. In other words, the organizational performance can be explained by the 

variations in the organizational environment and organizational structure. 

2.2 Environment, Structure, and Performance Relationship 

As noted earlier, due to the limited literature on empirical research in organization and 

management of plant turnaround maintenance, the literature in this section is primarily 

drawn from organizational studies conducted in manufacturing backgrounds which is 

the closest to the plant turnaround maintenance environment. 

This section considers the pertinent organizational studies in the manufacturing 

environment with the focus on the relationships between organizational context and 

organizational environment that explains the high level of organizational performance. 

It has been consistently shown that the successful performance of an organization 

depends on the contingent relationships between external and internal environmental 

factors of the organization. This is the fundamental thesis put forth by numerous 

scholars such as Burns and Stalker (1961), Woodward (1965), Van de Ven (1976), 

Pennings (1976), Pennings (1987), Child (1977), Lenz (1980), Weiner and Mahoney 

(1981), Fry (1982), Fry and Slocum (1984), Lawrence and Lorsch (1986), Ruinelt 

(1986), Ittner and Larcker (1997). Abernethy and Brownell (1997), Smith (1997), 

Davila (2000), Anthony and Govindarajan (2004), and Rejc (2004). Essentially, they 

claimed that high performing organizations were those organizations that have 

established appropriate organizational structures favorable to their organizational 

context, such as the size of their operations and the plant technology used. According to 

Zwcrman (1970), Dalton et al. (1980). Lenz (1980) and Keats and Hitt (I 988), the 

characteristics of' the organizations is better understood by investigating the linkages 

among the contextual variables (such as size and technology), organizational 

characteristics (such as centralization, formalization, specialization, horizontal and 

vertical differentiation) and performance outcome variables. 
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Burns and Stalker (1961), as discussed by Cole (1996), put forward the thesis that 

organic organizational structures are more successful in dynamic organizational 

environments whereas mechanistic structures prevailed in stable organizational 

environments. They conducted a study of the environment-structure relationship and 

found that if the organizational tasks are certain and repetitive (stable environment), the 

organizations are structured with a high degree of centralization and formalization 

(mechanistic structure). In addition, such organizations also feature a high level of 

centralized decision making and planning, tightly defined roles, and rules. Evidently, 

these features lead to higher organizational performance because tasks can be 

accomplished efficiently with high command and control. In situations where the task 

environments are stable and certain, mechanistic structure (characterized by tightly 

defined roles, rules, centralization and hierarchy of authority) would be a better option 

for superior results. On the contrary, large volumes of information have to be processed 

and skilled employees are needed if the tasks are relatively uncertain (dynamic 

environment). In this instance, accurate planning or precise job descriptions are not 

pragmatic options but decentralization, minimal formalization, and greater emphasis on 

teamwork and empowerment are more relevant. 

Woodward (1965) investigated the implications of three types of production technology 

on the organizational structures of 100 manufacturing firms in South East Essex, 

England. She examined three organizational variables, namely the organizational 

performance, the production technology, and dimensions of' structure. Technology 

refers to the production methods used by the firms. She identified unit or small batch 

production (that correspond to low technical complexity), large hatch or mass 

production (intermediate technical complexity), and continuous flow or process 

production (high technical complexity). Woodward arrived at two major findings. 

Firstly, there is a significant hivariate relationships between technology and some 

aspects of' organizational structure such as ratio of managers to total personnel, 

hierarchy of' authority, and span of' control of first line supervisors. The link between 

structure and technology were obvious whereby firms that were in the same category of 
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technology have similar organization structures. Her research findings have recognized 

the dominating role of technology in predicting organizational characteristics. 

Technology was a critical determinant of organizational structure. Secondly, it was 

amply shown that technology, structure and performance were related. It implies that a 

given technology demands a particular structure and tinns that complied with this 

technology imperative achieved a high organizational performance. Organizations with 

the appropriate organizational structure that "fit" the production technology are likely to 

he successful. 

Building on Thompson's (1967) and Woodward's (1965) work, Lawrence and Lorsch 

(1967) found evidence on the significant influence of the environment and structure in 

dealing with the various market situations. They conducted a comparative study on the 

internal functioning of six plastic firms (in diverse and dynamic environment), two 

container firms (very stable environment) and two packaged food firms (with moderate 

rate of change). The key structural variables employed were differentiation and 

integration. Differentiation was defined as the division of' labor or specialization while 

integration was evaluated by the way conflict is managed in the organizations. They 

found that the successful firms in the more dynamic and diverse environment were 

featured by high levels of differentiation and integration. It is implied in their study that 

the more differentiated the organizational structure, the more difficult it is to manage 

conflict, and hence a high level of integration is necessary. However, in uncertain 

environments, integrating functions were delegated to the middle and lower level 

managers. In the more stable environment, the integration functions were concentrated 

at the top end of' the management hierarchy. Hence. in uncertain environments. the 

organizational structures are less centralized. On the contrary, stable environments are 

featured by high levels of' centralization. Pugh et a!. (1968) reported that successful 

companies in the environment of fast changing requirement improve their adaptation by 

avoiding heavy reliance on fornlal standards and systems. On the contrary, fast growing 

companies operating in relatively stable environment exhibited higher level of 

formalization in their activities than companies experiencing slower growth rate. 
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Child (1972h), Reimann (1974), Randolph (1981). and Robbins (1990) investigated the 

relationship between company's perfbrmance, organizational structure, and technology. 

It was found that organizational performance is enhanced if organizational structure is 

designed to suit the established technology employed by the organization. In other 

article, Child (1974) identified factors such as formalization, centralization, 

specialization, and organizational structure to enable organizations to attain high 

performance. He observed that large successful companies are featured with high level 

of specialization, high level of formalization but low level of centralization. He 

indicated the dominance of organizational size as the contingent factor that affects the 

organizing process. The congruent relationship between organizational context and 

organizational structure and structuring process was crucial in attaining high 

organizational performance. 

Pugh and I lickson (1976) investigated the various aspects of structure, technology and 

environments among 52 manufacturing organizations in Birmingham, England (also 

known as the Aston Study). They found that the structure profiles of the effective 

organizations were related to the organizations' contextual factors. Large successful 

organizations were featured by high levels of specialization, standardization, and 

formalization but low level of centralization. Smaller high performing organizations 

were featured by low levels of specialization, standardization. and formalization but 

high level of centralization. Since the organization is small, personal control on 

subordinates' behaviors and activities is manageable. l fowever, when the organization 

is large, other ferns of impersonal control are more effective. 

The findings show that there is agreement among the organizational scholars that 

companies have to design and establish suitable organizational structure and structuring 

processes to mitigate the various constraints imposed by their immediate environment. 

The implication is that companies have limited control over their organizational 

environment. 1-lowever, the managers have the options of formulating and establishing 

the most appropriate structure and structuring processes. 
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2.3 Organizational Performance 

The issues pertaining to organizational performance constitute a popular line of enquiry 

among organizational researchers since Frederick Taylor in the 1900s (Lewin and 

Minton, 1986). This is evident from the writings of many organizational theorists 

including Woodward (1965), Weiner and Mahoney (1981), Lawrence and Lorsch 

(1986), Rumelt (1986), lttner and Larcker (1997), Abernethy and Brownell (1997), 

Davila (2000), and Rejc (2004). The highly competitive business environment has 

further raised the need for organizations to establish satisfactory performance for their 

survival and continuous viability (Hitt and Middlemist, 1979). A high level of 

performance is imperative in the organization of plant turnaround maintenance. The 

costs associated with the turnaround activities are very expensive and the consequential 

monetary loss due to production stoppage is often huge in the event the planned 

duration of the shutdown is exceeded (Lenahan, 1999). 

Organizational I erfonnance has been measured in many ways. Treated as a dependent 

variable by most researchers, indicators of organizational performance include 

efficiency, profits, rates of return (Child, 1973), employees satisfaction (Dewar and 

Werbel, 1979), rate of- innovation (Rage and Dewar, 1973), and effectiveness (Scott, 

1987; Ostroff and Schmitt. 1993). In studying project organizations, Davila (2000) 

suggested the organizational performance dimensions to include compliance to 

specifications, cost, time, and budget; improvement in the market share. new market 

development; new product development; and meeting customers needs. Rejc (2004) 

proposed performance measures to include financial indicators, employee satisfaction 

indicators, and duality performance indicators. lie further identified the power of the 

trade unions, technology, and corporate strategy as the contingent factors that influence 

companies' performance. 
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Two primary issues confront the researchers in the area of organizational performance. 

Firstly, there is no consensus on the common criteria that can be used as indicators for 

organizational performance. One primary reason leading to such a situation relates to 

the numerous factors that affect the performance of organizations (Child, I974). The 

dearth of commonality in the measurement of performance is further compounded as 

organizations operate in multiple spheres of influence. They need to satisfy diverse 

demands from various stakeholders namely shareholders, employees, customers, 

suppliers, regulatory agents, government, and the community as well. On top of that, 

each organization faced different environments, employed different technology, and 

pursue different goals (Hitt, 1988). The need for a common definition and measures of 

organizational performance will undoubtedly facilitate the conduct of comparative 

studies of organizational properties. Furthermore, important relationships between 

organizational variables and organizational performance can be investigated (Steers, 

1975; Hitt and Middlemist, 1979). In order to break the deadlock some researchers had 

advocated the use of organizational objectives as indicators of performance (Child, 

1974; Steers, 1975; and llitt and Middlemist, 1979). This is preferable when the 

outcomes of the activities are visible and easily identifiable (Campbell, 1977, Cameron, 

1981). Most relevant to the present study are the theses put forth by Etzioni (1964) and 

Campbell (1977) as cited by Hall and Tolbert (2005) who stressed that organizational 

performance is related to the ability of the organization to accomplish its goals. 

The second issue is related to the single indicator of organizational performance such as 

productivity, employees' satisfaction. profit, and rate of return. There have been various 

criticisms to the simplistic nature of univariate indicator of performance (Stccrs. 1975). 

A single indicator can be misleading. The use of' multiple criteria is preferable to 

provide a balance measure of organizational performance (Oliver, 2002). As an 

alternative, a number of researchers suggested the use of multiple criteria indicators 

(Webb, 1974; Stccrs, 1975; Oliver, 2002; Vichich, 2007). For instance Lenahan (1999), 

Oliver (2002) and Vichich (2007) highlighted four indicators that are commonly used in 
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the turnaround maintenance circles. These include cost, schedule, operability, and safety 

that are connected with the objectives of the turnaround maintenance events. 

In the present study, the turnaround maintenance objectives are used as the indicators of 

organizational performance. The indicators include the degree of compliance to 

budgeted cost, quantity of work, quality of workmanship, scheduled duration, safety 

and environment. These are subjective measures based on the respondents' evaluations 

of their turnaround maintenance organizational performance. The reliability and validity 

of such measure are acceptable. This is supported by a study conducted by Lawrence 

and Lorsch (1967) as cited by Hall and Tolbert (2005), which highlighted the subjective 

measures, were highly correlated with objective measures of the organizational 

performance. 

2.4 Organizational Structure 

Two significant patterns or research were observed from studies dealing with 

organizational structure. The first group of studies centers on investigating the various 

forms of organizational structure. Essentially, the researchers were investigating the 

various types of organizational structure, empirical taxonomy of organizations, and the 

way how coordination and compliance were designed and established in organizations. 

The other group of studies focuses on the relationship between organizational structure 

and the influences of organizational context and environment. Major contributors to the 

first trend of research include Etzioni (1964), Blau and Scott (1962), Woodward (1965). 

Pugh cat a!. (1969). and Mintzherg (1979). Main efforts relating to the second trend of 

research were seen from Burn and Stalker (1961 ), Lawrence and Lorsch (1967), Pcrrow 

(1967), 1-lage and Aiken (1967), Child (I972a), and Pennings (1992). The pertinent 

references of the present study are drawn primarily upon the literature from the second 

group of'research. Pennings (1992) highlighted the agreement among scholars that there 

is no uniform way of organizing organizations. Depending on the organizational context 
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and environment, organizations are established with different organizational structures 

and structuring processes. 

As depicted in Figure 2.1, an organizational structure is central in enhancing an 

organization's capacity to cope with uncertainty issues stemming from its environment 

(Pennings, 1992). An organizational structure therefore, constitutes a "map" of how 

organizational activities and processes are arranged. It is an indication of the 

management process (Gerloff, 1985) and portrays the pattern of relationships among the 

components or parts of the oryganization for the accomplishment of common goals (Kast 

and Rosenzweig, 1985; Flippo, 1984). In other words, organizational structure, refers to 

"the formal allocation of work roles and the administrative mechanisms to control and 

integrate work activities including those which cross formal organizational boundaries" 

(Child, 1972b, p. 5). The organizational structure reflects the divisions of labor (Gerloff, 

1985; Mintzberg and Quinn, 1991) that creates horizontal differentiation, vertical 

differentiation, and specialization. As such, the situation demands various forms of 

regulating, directing. and coordinating efforts of organizational members. The above 

views infer that the organizational structure is vital in holding the organizational 

members together in pursuit of common organizational objectives. 

At this juncture, few relevant points can be drawn from the descriptions of 

organizational structure discussed above. Firstly. an organizational structure serves 

three basic functions. It is intended to effectively and efficiently produce outputs in line 

with the organizational objectives and goals. Also, it is a form of organizing the human 

resource with the aim at enhancing the predictability of their behavior. As a consequent, 

possibilities of unreasonable deviations from sets of rules and conflicts among 

organizational members are mitigated. Secondly, two elements of organizational 

structure can be drawn from the above descriptions namely the physical and process 

components. The physical components display the division of labor and pattern of 

relationships among the organizational members as reflected by the organizational 

chart. The processes components. on the other hand refer to the organizing of activities 
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in the organization that control the actions and behavior of its members. Organizational 

leaders have the flexibility (choices) to design (organizing function) the physical 

structure and processes to suit their environment and context. In other words, it 

constitutes a strategic decision by the leaders to balance the constraints that they faced 

in meeting organizational objectives. Previous organizational studies have demonstrated 

that organizational structures were influenced by the organizational environment and 

context that include among others, organizational strategy, age and size of the 

organization, technology, organizational climate, and management style (Burton and 

Obel, 2004). 

2.4.1 Dimensions of Organizational Structure 

The differences in the way organizations manage their resources are observable by 

examining the various dimensions of their organizational structures. These dimensions 

include centralization, standardization, formalization, specialization, complexity (Pugh 

et al., 1968; Van de Vcn, 1976; Walton, 1981; Kaufteros and Vonderembse (1998); 

Wetzel and Buch, 2000), uncertainty reduction, differentiation, and integration 

(Lawrence and Lorsch, 1967; Miller and Friesen, 1987; Miller et al. 1991). Similarly, in 

the Malaysian context, Elashim et al. (2005) used work specialization, span of control, 

complexity, formalization, and centralization as the dimensions of organizational 

structure. Johanim and Khulida (2009) advocated that organizational structure namely 

centralization and formalization have direct effects on employees' performance. 

Mohamed et al. (2003) investigated the influence of organizational structure and culture 

on innovation among the lºnns in Malaysia. The structural variables are represented by 

centralization and formalization. Islam et al. (2008) explored the influence of 

organizational, Cultural, and structural characteristics on the knowledge management 

practices and organizational effectiveness among multinational companies in Malaysia. 

Similarly, they used centralization and formalization as the measures of the 

organizational structure. Ibrahim and , 
luhary (2005) examined the effects of the 

interaction of technology, structure, and organizational climate on job satisfaction in 
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power generation plants in Malaysia. The organizational structure variable was 

represented by formalization, centralization, and specialization. Another intriguing 

management study was conducted by Pearson and Entrekin (1998). They investigated 

the degree of adoption of Western style of management in the context of Asian business 

organizations in particular Malaysia and Singapore. The properties of organizational 

structure, work practices, and control mechanisms were examined and their study 

demonstrated that the Western managerial ideas are increasingly adopted in the 

Malaysia and Singapore work settings. In the study, centralization and formalization 

were used as the measures of organizational structure. 

It is amply demonstrated that centralization and formalization are the two most cited 

dimensions of structure in organizational studies in the Western and Malaysian 

contexts. It implies a convergence viewpoint that business organizations adopted similar 

structural dimensions and coordination mechanisms in organizing their organizational 

resources irrespective of the differences in the contexts, work settings, and culture 

(Pearson and Entrekin, 1998). The members of an organization are held together by the 

level of formalization established in the organization namely systems, rules, and 

procedures. Formalization enables continuity and clear codes for behavior among the 

organizational members. In addition to the fornalization, organizational members are 

held together by the established level of centralization (Goffee and Jones, 1998). 

Comparable views were obtained from the plant turnaround managers/engineers. They 

stressed the importance of organizational dimensions namely centralization and 

formwlization apart from the technical dimensions that are necessary to ensure 

successful implementation turnaround maintenance. I lowever, it is noteworthy that the 

degree of centralization and formalization and the combination of these dimensions 

differs among the organizations due to the varying influence posed by the 

organizational context and environment. Pugh el al., (1968) revealed the difterenccs of 

organizational structure among a large number of diverse organizations. The five 

dimensions of' organizational structure that they identified are specialization. 

standardization, formalization, centralization, and configuration. Their findings point to 
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the tact that there is no one best organizational structure that fits all types of 

organizations because managers manage their internal and external environments 

dificrently. 

It is evident from the discussion thus far that organizational environment and context 

influence the way organizational resources are aligned and used to accomplish 

organizational goals. Table 2.1 summarizes the dimensions of structure used by a 

number of organizational theorists. The various dimensions of the organizational 

structure shown in the table reflect the various organizing functions, aimed at managing 

the activities of the organizational members. 

Table 2.1: Dimensions of Structure Used in Previous Studies 

Dimensions of Organizational Structure 
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The dimensions of organizational structure can be categorized into two main categories. 

The first category relates to the structuring of the activities in the organization that 

includes configuration, differentiation, specialization, and complexity. These 

dimensions reflect the formal inter-relationship among the individuals or groups of 

individuals within the organization. The second category is the organizational 

structuring processes which include centralization, standardization, formalization, and 

integration. These dimensions are designed and established to shape or influence the 

behavior of' the organizational members. The extent of each dimension is different 

among the various organizations. The differences reflect the way the resources are 

organized to suit the organizational environment and context. 

Previous organizational studies suggested the existence of relationships among the 

various dimensions of the organizational structure (Pugh et al., 1968; Hinings and Lee, 

I971). As an example, differentiation and complexity are related to specialization. 

Essentially, differentiation is the consequences of specialization created by the division 

of labor. Differentiation causes organizational split horizontally and vertically. In order 

to achieve coordination, integration is required. This is accomplished through 

formalization and standardization. A high degree of consensus among researchers 

centers on the point that formalization and centralization represented the most important 

dimensions of organizational structure (Hage and Aiken, 1967; Pugh et al., 1968: 

Hinings and Lee, 1971; Van de Ven, 1976; Dalton et al., 1980; and Walton, 1981). 

Formalization indicates the extent to which rules and procedures are used to prescribe 

behaviors of the organizational members and centralization refers to the concentration 

of authority for decision-making in the organization. They are forms of impersonal 

control mechanisms that are designed and established in organizations. Depending on 

the organizational context and environment, these two dimensions of organizational 

structure are featured at varying levels of'intensity in organizations. 
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(i) Centralization 

Centralization is synonymous to decision-making process. In an organization, a group 

of people consciously coordinate their activities to pursue common objectives. In this 

process of coordination, decision making is imperative. If the authority to make 

decision is confined to certain individuals at the top of the hierarchy, the organization is 

said to be highly centralized. On the other hand, if the authority is delegated to the 

lower level individuals, the organization is said to have low level of centralization or 

decentralization. I lowever, the authority has limits. Various mechanisms are established 

to this effect such as division of labor and the use of standards and procedures. Child 

(1985) advocated that centralization is an organizational control strategy established for 

the purpose of coping with the environmental demands faced by the organization. Hage 

and Aiken (1967), Pugh et al., (1968), and Miller and Salkind (2002) posited that 

centralization reflects the concentration of authority to make decisions. Van de Ven 

(1976) used the term discretion to reflect the degree of authority of a person to make 

decisions. A high degree of centralization is a situation where power to make decision is 

concentrated on an individual or a small group of individuals at the top of the hierarchy. 

On the contrary, a low degree of centralization reflects a situation where power to make 

decision is delegated to individuals or group of individuals at the lower level of the 

organization (Wetzel and Buch, 2000). 

Generally, strategic decisions in business organizations are made at the board and/or 

chief executive levels. On the other hand, operational decisions are considerably more 

delegated, usually to the lower levels (Child, 1985). Previous studies of organizational 

structure have identified a number of variables that influence the level of centralization 

of an organization. Among others, they include the level of significance of decisions to 

be made, size of the organization, degree of conformity. the level of coordination 

required in the tasks and operations, the level of planning and control systems, and the 

plant technology. 
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(ii) Fortnalization 

Formalization is defined as the extent to which rules, procedures, instructions, and 

communications were written down (Pugh et al., 1968, Child, 1972a). Formalization 

and standardization often carry the sank meaning referring to the degree to which work 

or activities in an organization were directed by rules, procedures, documentation, and 

methods (Child, 1985; Donaldson, 2001; Miller and Salkind, 2002). There are 

numerous descriptions of' formalization put forth by researchers. Indicators of 

formalization include clear definition of roles, job descriptions, written channels of 

communication, codified and written rules and policies, and procedures on systematic 

socialization of'organizational members (I fall et u!., 1967, Ford et at., 1988). Minlzbcrg 

(1979) explained that formalization is an alternative mechanism of' controlling the 

behavior and performance of organizational members. It is also used as guide in their 

planning. 

Similar to centralization, lormalization is institutionalized through the organizational 

structuring process. Formalization is one of the control mechanisms that are established 

by organization in influencing the behavior of employees towards achieving the 

organizational goals and objectives. It also reduces the supervisory burden caused by 

the large organizational size and lessens the constraint of knowledge and ability of the 

managers to lead subordinates. Formalization enhances consistency of' the employee's 

behavior and efficiency, clarifies job expectations, and creates organizational memory 

in the forms of values and belief' that will influence future behavior and performance 

(Ford et al., 1988). As a result, it contributes to the performance of the organization. 

Previous studies have examined the relationships between formalization and other 

organizational dimensions. Evidently, formalization has negative relationship with 

centralization (Pugh et al., 1968: Hage and Aiken, 1967). This supports the notion that 

decentralization and delegation of' authority is complemented by high degree of 

formalization. Delegation entails the transfer of power or authority for decision making 

to subordinates. In order to maintain control, appropriate level of' formalization is 
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introduced. Empirical investigations have shown that formalization has positive 

relationship with size of organization (Pugh et al., 1968). As the organization grows, 

centralized control in the form of direct supervision becomes less effective leaving 

management with no option but to decentralize. Formalization helps to establish an 

arrangement of impersonal control such as rules and systems that facilitates 

decentralization. Organizations with high volumes of routine activities tend to feature a 

high degree of formalization (Hage and Aiken 1967). The degree of organizational 

formalization reflects the amount of variation that is tolerated by the organization (Hall 

et al., 1967). A low degree of tolerance of' variations is featured by a high degree of 

formalization in the work activities. 

2.5 Organizational Context 

Despite the immense range of variables previous works have shown that technology and 

organizational size constitute the two most studied dimensions of the organizational 

context. In the course of formulating explanatory predictive propositions about 

variations in organizational structure, technology (Harvey, 1968; Carlisle, 1973) and 

size (Ford et al., 1988; Burton and Obcl, 2004) are the factors that must be accorded 

due considerations due to their influences on management processes especially in 

organizing the human resource. 

2.5.1 Plant Technology 

The need for turnaround maintenance is driven by plant technology. 1-fence, plant 

technology is one of the dominant variables considered in the present study. This 

section reviews the most cited dimensions of technology drawn from various 

organizational studies. There are various connotations to technology that are used by the 

previous organizational researchers (Jackson and Morgan. 1982). Technology may refer 

to an organization's physical capabilities, attributes, and knowledge. Burton and Ohel 

(2004) summarized technology as the information, equipment, techniques, and 
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processes necessary for an organization to alter its inputs into outputs. In other words, 

technology relates to the process of conversion of raw materials to finished products. 

There are also researchers that used economic measures as proxies to technology. 

Weiner and Mahoney (198 1), for instance indicated that a high level of mechanization 

is featured by intensive fixed capital investment. Here, the capital-labor ratio was used 

as proxy of technology. This concurs with the findings that automation and 

mechanization showed positive significant correlation with fixed assets per employee 

(Hull, 1977 as discussed in Marsh and Mannari, 198 1). Table 2.2 summarizes some of 

the most cited dimensions of technology drawn from the previous organizational 

studies. 

It is highly discernible from the previous studies that organizational theorists looked at 

technology from various perspectives. Technology involves techniques and value 

adding processes that change the organization's inputs into its outputs. As such, it is the 

operations technology used by organization involving the level of mechanization, 

workflow integration, conversion process, end-products, and perceived workers' tasks 

such as tasks diversity and tasks routineness (Woodward, 1965; Harvey, 1968; 

Khandwalla, 1974; Amber and Amber, 1962 as discussed in Marsh and Mannari, 1981; 

Weiner and Mahoney, 1981; and Kast and Rosenzweig, 1985). This is indicative of the 

pervasive nature of technology in most aspect of the organization and management 

processes. In many ways, technology has been treated as a forni of impersonal force that 

influences the organizing process. 

The proponents of the structural contingency theory advocated technology as one of the 

critical determinants of organizational characteristics such as the structure and 

structuring processes. Each technology demands a particular form of organizational 

structure (Donaldson, 2001). For example, routine technology (such as assembly line) 

and engineering technology (made-to-order machines) are characterized by analyzable 

tasks that placed heavy reliance on careful planning (Perrow, 1967). These types of 

technologies worked well in organizational structure that is highly centralized. On the 
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contrary, craft technology (such as production of fine glassware) and non-routine 

technology (such as marketing, research, strategic planning) are featured by 

unanalyzable task (Perrow, 1967). Considerable level of discretion and adjustment are 

required rather than careful planning. In this situation, decentralized organizational 

structure prevailed. 

Table 2.2: Dimensions of Technology Used in Previous Studies 

Researchers Dimensions of Technology 
Woodward (1965) Three scales of technical complexity: 

Unit (custom) or small batch production 
Large-hatch and mass-production 
Process (continuous) production 

Rage and Aiken (1967) Task routineness of individual jobs 

Perrow (1967) Four type of technology based on problem-solving activities: 
Craft. Non-routine, Routine, Engineering 

Thompson (1967) Three types of technology: 
Mediating (like banks), Intensive (like hospital) 
Long-linked (various operations are linked in sequence) 

Harvey (1968) Technology diffuseness (many product changes in 10 years) 
Technology specificity (few product changes in 10 years) 

I Iickson el al. (1969) Workflow integration (operation technology): 
Automated workflow, Interdependent workflow 
Measurable workflow, Adaptable to other purposes 

Mohr (1971) Manageability of tasks and materials of individual jobs: 
Uniformity, Complexity, Analyzability 

Negandhi and Reimann Used Woodward's three scales of technical complexity 
(1973) 
Khandwalla (1974) Mass output orientation of technology based on Woodward's 

classification: 
Custom, Small-hatch, Large-batch, Mass production, 
Continuous process 

Blau et al. (1976) Three aspects of technology: 
Degree of Mechanization 

Woodward's scale 
The usage of computers 

Van de Ven (1976) Task routineness 
Dewar and I lage (1978) Task scope: Variety and Variability of tasks 
Ahdel-Aal er al. (1992), Finished products produced 
Watermeyer (2002) 
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Woodward (1965) was among the earliest organizational theorists that demonstrated the 

relationship between technology and organizational structure. In her research, 

technology grouping was carried out according to the methods and processes of 

manufacture that include unit and small-hatch production, large-batch and mass 

production, and continuous-process production. She concluded that technology has an 

influence on the design of effective organizational structure. More specifically, the 

organizational operation, planning and ordering of work, managerial control and 

administration are largely influenced by the technology used. 

It is clear in the literature that technology could explain the variations in the 

organizational structures and performance. Essentially, the technology used in the 

process-based industries resembles one of the three typologies put forth by Woodward 

(1965) explained earlier, namely the continuous process industries. Even though the 

technology in process-based industries is comparable to the continuous process 

industries, there are marked differences in the technology among the plants. Plant 

technology in petrochemical companies for instance, differs distinctly from that of 

cement plants. Such differences suggest for other reliable dimensions capable of 

reflecting the variations in the technology employed by these companies. A possible 

alternative is to draw on finished products as the dimension for technology. Indeed, the 

function of a process plant is to transform raw materials in hulk to finished products. 

Generally, the plants consist of the process equipment that transform raw materials 

physically or chemically, the materials transport and handling devices through which 

the materials and effluents are transferred between the process equipment, material 

storage facilities, process utilities to provide compressed air, steam, and water at various 

parts of the plant for powering pneumatic actuators, heating, cooling and blanketing, 

systems to provide reagents and catalysts, electrical power reticulation and 

instrumentation, and other auxiliary buildings such as substation, laboratories, control 

rooms, operation and maintenance facilities, and administration offices (Watermeyer. 

2002). 
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In this context, Abdel-Aal et a!. (1992) explained that the designs of the process plant 

are influenced by the end products. The degree of process complexity varies from 

simple to fully integrated-process depending on the number of products produced by the 

plant. The two differentiating features of process plants as proposed by Watermeyer 

(2002) and Abdel-Aal et al. (1992) are the nature of materials to be processed (fluids or 

solids, hazardous or non-hazardous, minerals, bio-matter or water) and the types of final 

products (fuels, chemicals, metals, and foods). 

Watermeyer (2002) further added that the processes may be classified according to the 

complexity of' the process that are usually measured and quantified by the number of' 

items of process equipment, the severity of the associated physical conditions such as 

pressure, temperature, and corrosiveness that impact the degree of hazard. whether there 

is a continuous or batch process, and the state of evolution of technology employed. 

Considering the above argument, it is possible to conclude that finished product as the 

dimension of technology is valid and appropriate for the present study. In view of this, 

the companies in the process-based industries are grouped into few distinct typologies 

of plant technology on the basis of the finished products produced. 

2.5.2 Organizational Size 

Size is an essential characteristic of an organization that is considered in explaining the 

variations in organizational structures among business organizations (Ford et al., 1983). 

Indeed, size has been considered as one of the major contingency factors in many 

organizational studies. It is evident from past studies that organizational size has been 

evaluated in more ways than one. These include, among others, the number of 

employees, number of products, volume of total sales, total revenues, net assets, profits, 

and the number of divisions (Burton and Obel, 2004). Content analysis of the literature 

revealed four distinct components of organizational size. The first relates to the physical 

capacity of the organization such as the number of products that it can produce. The 
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second component is the number of employees in the organizations. The third is 

concerned with the organizational inputs and outputs. Here, it primarily refers to the 

volume of total sales and total revenues of the organization. The final component relates 

to the financial resource of the company in the form of net assets or paid-up capital. 

Shilling to plant turnaround maintenance organization, the appropriate dimensions of 

size include the duration of planning, total costs of the turnaround maintenance event, 

and number of workers involved in the turnaround maintenance event. 

Size as the determinant of organizational structure was suggested by numerous scholars 

including Pugh cat al. (1968), Child (1973), and Marsh and Mannari (1981). The 

prevalence of the various dimensions of organizational structure such as specialization, 

formalization, and centralization which were noted by Weber (1978) lound 

reconfirmation more recently by Pugh ct al. (1969). Blau (1970) found that the 

increased in organizational size caused structural differentiation that consequently 

increased the size of administration. He further suggested that organizational size is 

positively related to the level formalization. In large organization, impersonal forms of 

coordination and control prevailed. At the same time, centralized style of management 

may deem inappropriate. Hence, the management establishes a more decentralized style 

of management, especially at the operational level. 

It must be borne in mind that the need to cope with organizational size may impose 

constraints upon the choice of certain structural dimensions. Nonetheless, the 

organizational activities can he adapted through the application of' technology and 

various managerial systems to minimize the problem. Similar argument can be put forth 

in the organization of turnaround maintenance. The managerial load of large turnaround 

maintenance activities is facilitated by information and communication technology such 

as computerized planning and scheduling, electronic mail, and mobile phones. 
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It is noteworthy at this juncture to touch upon the two opposing trends among 

organizational theorists in explaining the variations of the organizational properties. The 

proponents of the technology-imperative view advocated the dominating role of 

technology in influencing organizational structure. On the other hand, the size- 

imperative theorists support the argument that organizational size determines structure. 

Indeed, the apparent contradicting views could be attributed to the following 

probabilities (Hickson et al., 1969; Child, 1972a). 

Organizational size of plant or operating unit is often associated with the nature of the 

operations technology. For example, the organizational size of maintenance unit is 

driven by the technology of the plant that is used in the production processes. It depends 

upon issues that include among others, the structure of the operating systems, the type 

of the equipment involved, and the size of the maintenance activities. Based on these 

issues, the appropriate size of the maintenance organization is designed which involved 

the required numbers of maintenance personnel, the necessary specialization to carry 

out the maintenance activities, the size of maintenance logistics, and the organization 

and management for planning, scheduling, and control, to name a few. However, the 

total organizational size is far likely to be associated with technology. The 

organizational functions such as accounting and finance, legal, human resource, sales 

and marketing are away from the central workflow functions that are influenced by 

technology. For instance, the primary activities of the human resource function include 

among others staffing, training and career development, rewards and compensation, 

employees relations, communication, and safety and health. These activities are directly 

or indirectly influenced by the government legislation. labor unions, and the dynamic 

environment of the organization (DeCenzo and Robbins, 2007). 

Based on the above argument, the views of the technology-imperative and size- 

imperative proponents are not in contradiction, but rather supplementing each other. 

The relative degree of' influence of organizational size and technology on the various 

organizational areas are different. A reconciliatory explanation by Child (1972a) noted 
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that the studies of the technology imperative researchers are concentrated on the core 

activities of the organizations while the size imperative researchers tended to focus their 

attentions on the total organization. 

With the abovementioned discussion, size of the operating unit, namely plant 

turnaround maintenance is certainly one of the main variables included in the present 

study. Since turnaround maintenance is a task-oriented event, a more appropriate 

indicator of organizational size is the number of employees (Ford et al., 1988). Other 

determinants include the duration of planning and total cost of' the turnaround 

maintenance. 

2.6 Research Framework 

It is the primary intention of this study to look at the organizational dimensions of the 

turnaround maintenance and to examine the thesis that the matching relationship 

between plant technology, organizational size, and structuring processes influence the 

organizational performance of turnaround maintenance. A framework of relationship 

between organizational context, structure and perl'onnance is proposed as shown in 

Figure 2.4. 

The framework is based on the model of Structural Contingency Theory proposed by 

Pennings (1992). Central to this framework is the influence of organizational contexts 

on the organizing processes of' the resources to achieve high organizational 

performance. The operationalization of' the variables used in the present study are 

largely based on the descriptive studies of plant turnaround maintenance by Kelly 

(1997), Lenahan (1999), Levitt (2004), and Duffua et al. (2004). The dimensions of 

organizational structuring processes include centralization and formalization, while the 

organizational context attributes include the plant technology and organizational size of' 

the turnaround maintenance. 
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Figure 2.4: Research Framework - Context, Structure, and Performance 

2.7 Research Hypotheses 

The research framework shown in Figure 2.4 suggests a number of hypotheses to be 

tested in the present study. Four general hypotheses outline the expected relationships 

between the organizational context, organizational characteristics, and organizational 

performance. Firstly, the size of the plant turnaround maintenance organization relates 

to the plant technology. Secondly, organizational structuring processes are shaped by 

the plant technology and organizational size. Thirdly, organizational structuring 

processes influence the organizational performance of turnaround maintenance. Finally, 

the congruent relationship of plant technology, organizational size and structuring 
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processes influences the organizational perfonuance of turnaround maintenance. On 

overall, a total of 25 sub-hypotheses further suggest the various relationships. 

2.7.1 Plant Technology, Size, and Organizational Structure 

The framework suggests the influence of plant technology and organizational size on 

the organizational structuring processes of the turnaround maintenance. High 

organizational performance is possible if the organizational structuring processes match 

the plant technology and the organizational size of the turnaround maintenance. Based 

on the framework shown in Figure 2.4, the following hypotheses are put forth. 

As advocated by Hickson et al. (1969) and Child (1972a), the operational size of the 

operating unit is often related to the nature of the operation technology. Hence, it is 

suggested that organizational size of the plant turnaround maintenance is positively 

related to the plant technology used by the companies in the process-based industries. 

As such, the following hypothesis is suggested. 

Hypothesis H 1: The size of the plant turnaround maintenance is positively related to 

the plant technology. 

However, the organizational size of the turnaround maintenance is characterized by the 

cost of' the turnaround maintenance event, the extent of' duration of' planning for the 

turnaround, and number of workforce involved in the execution of' the turnaround 

activities. Therefore, the following sub-hypotheses are recommended. 

Hypothesis Hl ii: The cost of the turnaround maintenance activities is positively related 

to the plant technology. 

I1)"pothesis HIb: The duration ol'planning for the turnaround maintenance activities is 

positively related to the plant technology. 
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Hypothesis Ille: The numbers of workforce involved in the turnaround maintenance 

activities is positively related to the plant technology. 

The way organizational resources are managed among the business organizations are 

different due to the variations of the technologies that are employed and the size of the 

organizations. Two schools of thought are central to this contention. The first group of 

scholars is contented with technology as a determinant to organizational structure. 

While the second group advocates that organizational size is more dominant in 

explaining the variations in the organizational structure. Similarly, the present study 

proposes that the organization of resources of the turnaround maintenance event among 

the various process-based industries is different due to the variations of the plant 

technologies that are employed and the organizational size of' the turnaround 

maintenance. This is reflected by the varying features of' organizational structure and 

characteristics of the structuring processes of the plant turnaround maintenance as 

discussed by Kelly (1997), Lenahan (1999), Levitt (2004), and Duffua et ul. (2004). 

Therefore, based on the technology proponent, the following hypotheses are suggested. 

Hypothesis 112: The configuration of organizational structure of turnaround 

maintenance is positively related to the plant technology. 

Hypothesis H3: The organizational structuring processes of turnaround maintenance 

are positively related to the plant technology. 

The dimensions of' the organizational structuring processes that are of' primary interest 

are centralization and formalization. Turnaround maintenance is huge and first track 

undertaking. The activities vary from the simplest and routine tasks to conlplex types of' 

maintenance work. There are a number of critical activities that are contingent on the 

technology of' the plant that have to be managed and organized. They include among 

others the setting of the turnaround maintenance objectives (in teens of duration of 
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turnaround, quantity of work, quality of workmanships, costs, and safety), approving 

the scope of work, formation of turnaround organization, approval of funds, 

appointment of specialist, contractors, and service providers, control and monitoring. 

The decisions relating to these activities are related to the business strategy of the 

company. Obviously the authority to make those decisions rest on the managers at the 

higher level of the hierarchy (Lenahan, 1999 and Levitt, 2004). Therefore, it is expected 

that the organizational structure of plant turnaround maintenance is featured by high 

level of centralization. As such the following hypothesis is put forth. 

Hypothesis H3a: The level of centralization is positively related to the plant 

technology. 

It is expected that the organizational structuring process of plant turnaround 

maintenance is featured by high level of formalization even though it is highly 

centralized. The high level of formalized rules and procedures in plant turnaround 

maintenance is possible since majority of the tasks have high level of clarity and 

predictability. Formalization facilitates the reduction of supervisory burden (Child, 

1972b and Mintzherg, 1979) otherwise caused by the huge volume of maintenance 

work of the plant turnaround maintenance. 

Turnaround maintenance activities harbor potential safety hazard to people, property, 

and environment. As such clear rules. procedures, and instructions (fonnalization) are 

necessary to mitigate this uncertainty. This explains the high level of tornmalization in 

turnaround maintenance environment. With that in view, the following hypothesis is 

suggested. 

Hypothesis 113b: The level of formalization is positively related to the plant 

technology. 
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Following the size proponents organizational theorists namely Pugh et al. (1968), Child 

(1973), and Marsh and Mannari (1981), the present study suggests the relationship of' 

the organizational size and structure ot'the turnaround maintenance. 

Hypothesis H4: The configuration of organizational structure of the turnaround 

maintenance is positively related to the size of the turnaround maintenance event. 

Since size of the turnaround maintenance is characterized by the number of workforce 

for the turnaround activities, duration of planning, and cost of the turnaround 

maintenance event, the following sub-hypotheses are put forth. 

Hypothesis 114a: The configuration of' organizational structure of the turnaround 

maintenance is positively related to the cost of the turnaround maintenance. 

Hypothesis H4b: The configuration of organizational structure of the turnaround 

maintenance is positively related to the duration of planning for the turnaround. 

Hypothesis H4c: The configuration of organizational structure of the turnaround 

maintenance is positively related to the number of workforce involved in the turnaround 

maintenance activities. 

The proposed framework also suggests the relationship of turnaround size and 

organizational structuring processes. This is based on the views advocated by Pugh et 

at. (1969) and Blau (1970). The size of the turnaround maintenance is characterized by 

the number of workforce employed for the turnaround activities, planning lead-time, 

and cost of'the turnaround event. The following hypothesis is suggested. 

Hypothesis 115: There is a positive relationship between size and organizational 

structuring processes of turnaround maintenance. 

63 



It is proposed that the organizational size of the turnaround maintenance is positively 

related to centralization and formalization. The organization of turnaround maintenance 

is a blend of plant personnel, turnaround personnel, technical personnel, specialists. and 

contractors. Depending on the size, the workers strength can be close to one thousand 

personnel. Increase in size generates greater propensity for a more formalized pattern 

of administrative control due to the need to cope with the increased complexity and 

greater possibility of internal confusion. So management turns to rules, procedures, job 

descriptions, and all devices that formalize behavior. Furthermore, the greater 

specialization of the personnel involved in the turnaround leads to more differentiation. 

Hence, there is greater need for coordination by formal means, and greater use of formal 

communication. As such, the following sub-hypothesis is suggested: 

Hypothesis 115x: The level of formalization is positively related to the cost of 

turnaround maintenance. 

Hypothesis 115b: The level of formalization is positively related to the planning 

lead time of turnaround maintenance. 

Hypothesis 115c: The level of l )nasalization is positively related to the number of 

workforce of'turnaround maintenance. 

The high volume of tasks of' the turnaround maintenance has to be completed within a 

short window of opportunity. Conformity and coordination in the execution of the 

turnaround maintenance activities are important. 1-knee, centralization of authority is 

mandatory. The turnaround maintenance is a costly event and is a drain on company 

resources. It involves large costs that include labor, material. and the loss of revenue 

during the plant shutdown. Therefore, it is absolutely necessary that the turnaround is 

aligned with business goals of'the company. For that reason, decision-making authority 

on the operations, budget, recruitment of personnel, and buying decisions (material, 

equipment, specialists, and services) are concentrated at the top of'the hierarchy. Due to 
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the nature of their responsibilities and their perspective from the top, higher level 

managers have broader consideration to the interests of the whole organization. 

Therelbre, the following sub-hypothesis is suggested: 

Hypothesis H5d: The level of centralization is positively related to the cost of 

turnaround maintenance. 

Hypothesis 115e: The level of centralization is positively related to the planning 

lead time of turnaround maintenance. 

Hypothesis H5f: The level of centralization is positively related to the number of 

workforce of turnaround maintenance. 

2.7.2 Organizational Structure and Performance 

Achieving high organizational performance formed the core management function of' 

any business organizations as they respond to their environment and global competition. 

As discussed earlier, plethora of' läctors determine the success of an organization. As 

such it is imperative for managers to understand the determinants that play pivotal role 

in determining their organizational performance so that organizational resources are 

appropriately organized and managed. One of the ways to identify these determinants is 

by analyzing the relationships between organizational characteristics and perlormancc 

(Davila, 2000). Other than structural configuration, past researches found the 

fundamental importance of centralization and formalization to organizational 

performance (Hage and Aiken. 1967: Pugh et al., 1968: Child, 1973). The present study 

looks at these two organizational structuring processes and ascertains their relationships 

with the organizational performance of'plant turnaround maintenance. 
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There are two opposing views relating to the relationship of formalization and 

organizational performance. Researchers that advocated positive effect of fonnalization 

on organizational performance include Schwenk and Shrader, 1993; Adler and Borys, 

1996; Adler, 1999). They suggested that formalized planning and formalization of 

routine organizational activities enhanced the performance of organization. 

Formalization of management systems and standards such as Total Quality 

Management (TQM), ISO 9000 Quality Management System, and ISO 14000 Safety 

and Environment Standards ensure compliance and consistency of work behavior that 

promote organizational performance (Scott, 1987). Formalization reduces the possible 

conflicts and confusion due to role ambiguity. Formalization promotes the 

establishment of organizational memory of routine tasks that prevent lost of valuable 
learning and experience of employees. 

On the contrary, there were researchers that suggested the opposing views. Their studies 

provided evidence of the adverse effect of formalization on performance of organization 

especially if the environment of the organization is dynamic. Formalization was viewed 

as inhibitors to flexibility, adaptability, and rapid response to competition 

(Khandawalla, 1977; Fredrickson and Iaquinto, 1989). 

The divergence of views pertaining to the formalization-performance relationship is 

better understood if formalization is viewed as having two functions namely enabler and 

coercive as advocated by Adler and Borys (1996). Formalization acts as an enabler 

when it facilitates the employees' tasks. On the contrary, formalization is established as 

a mean to coerce the behavior of the employees. 

Organizational systems, procedures, and documentation if appropriately designed will 
be enabler to employees and facilitate them to deal effectively with the inevitable 

contingencies of the organizational environment. Formalization established 

organizational ºnemory that captures lesson learned from experience (Levitt and March, 

1988; Walsh and Ungson, 1991) and codifies best practice routines that can be used as 
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metrics that assist employees to evaluate their performance against standards that will 

ultimately enhance the organization's capabilities (Adler and Borys, 1996). Those work 

scope, work specification, job description, formal working arrangements (Craig, 1995), 

guidelines, among others, afford the employees understanding of their task and how the 

tasks fit into the whole organization (Adler and Borys, 1996). These forms of 

formalization contribute positively to organizational performance. 

On the contrary, rules, stringent operating procedures, and strict communication 

channels arc established to coerce effort and compliance of' employees. As example, 

coercive formalization prevails in the organization of plant turnaround maintenance. 

The organization is highly regulated and heavy pressure (Damanpour. 1991) is placed 

on meeting datelines, financial budget, quality, and safety requirements. As such, the 

presence of high level of coercive formalization is inevitable. Depending on the internal 

and external organizational factors, balance between enabling and coercive 

formalization could be one of the recipe for successful performance of organization, in 

particular the plant turnaround maintenance activities. As such, the present study 

proposes the following hypothesis: 

Hypothesis H6a: Organizational performance of plant turnaround maintenance is 

positively related to the level of formalization. 

As discussed earlier, centralization refers to the concentration of authority in an 

organization (Hage and Aiken, 1967). A centralized organization is reflected by high 

degree of hierarchical authority related to decisions on policy and resources, whereas, a 

decentralized organization is distinguished by low degree of hierarchical authority. The 

present study has identified policy-related decisions and operational-related decisions as 

the two components of centralization. 

67 



Past researches revealed mixed effect of centralization on organizational performance. It 

has been suggested that centralization enhanced performance of large bureaucracy 

(Ouchi, 1950) by facilitating fast decisions especially policy-related matters, providing 

rigid command and purposes, establishing clear line of authority thereby avoiding the 

detrimental consequences of internal conflict among the employees (Andrews et (it., 
2007). On the other hand, there were views that suggested decentralization of 

operational-related decisions inspired employees' motivation and this has resulted in 

improvement of performance (Schminke et al., 2000). The beneficial effects of 

centralization of policy-related decisions and decentralization of operational-related 
decisions have received attention from organizational theorists (Adler and Borys, 1996, 

Jung and Avolio, 1999). 

Adler and Borys (1996), and Jung and Avolio (1999) revealed that performance of 

organizations improved with centralization in the policy-related decision since it 

Facilitates greater coordination through central direction and uniform policies. 
Centralization promotes faster decisions by minimizing time-consuming negotiations to 

achieve consensus (Baum and Wally, 2003; Lin and Germain, 2003; Child, 1985). On 

the contrary, there were past researches that suggest the negative effect of centralization 

on organizational performance. Centralization discourage independent decisions by 

lower level employees, thrives on inflexible rules and procedures that lead to 

inflexibility, and restraint reactions to changing environmental conditions (Andrews ei 

(it., 2007). 

Organizations that practiced participative-style management, in particular in conditions 

of high uncertainty, performed successfully (Burn and Stalker, 1961. Lawrence and 
Lorsch, 1967; Bourgeois and Eisenhardt. 1988). Participative-style management is 

essentially centered on consensus and achieving consensus is time-consuming. In 

condition of high velocity where quick decisions are imperative, a highly centralized 

management is more appropriate, instead. Baum and Wally (2003) posited that high 

performing organizations is featured by their ability to make quick decisions. The 
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power to make policy-related decisions rest at the top level management. Nevertheless, 

Bourgeois and Eisenhardt (1988) revealed that the better pcrlonning organizations 

delegated operational-related decisions to their functional executives. 

At this juncture, it is obvious that there was no consensus in concluding a consistent and 

substantial relationship of centralization and organizational performance (Dalton et al., 

1980). The divergence views suggest that centralization may have unpredictable, 

conflicting, or even no meaningful consequence on organizational performance 

(Andrews et a!., 2007). However, it is plausible to suggest here that high performing 

organizations are featured by the ability to operate with both pattern of decision making 

simultaneously, namely highly centralized on strategic-related matters, and 

decentralized on operational-related issues. 

Turnarounds are temporary activities. Hence, the turnaround maintenance teams are 

temporary in nature too. The available time of execution is short. A turnaround manager 

of a natural gas refinery said that the members of the turnaround team have to achieve 

their turnaround objectives without the luxury of second chance or prolonged learning 

curves. The turnaround teams need to develop a sense of unity, purpose, and identity 

fairly quickly to function effectively and efficiently. Hence, the system of authority is 

important in influencing the behavior of the temporary organizational members. It refers 

to the hierarchy of the organization that relates to the number of levels of authority and 

control and where decisions are made. The organizational members and the way they 

are led are pertinent in making turnaround organizations work. The present study 

proposes that the organizational performance of the turnaround maintenance is 

enhanced with centralization in the decision making. With that in view, the following 

hypothesis is put forth: 

Hypothesis 116b: Organizational perfl)rmancc of the turnaround maintenance is 

positively related to centralization. 
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2.7.3 Plant Technology, Size, Structuring Processes, and Performance 

Following the view put forth by Pennings (1992), the present study postulates that high 

organizational performance is contingent on the congruent relationships between the 

structuring processes and organizational contexts. 

A key feature of plant turnaround maintenance is that it is temporary; it has a short life 

cycle starting with initiation, planning, execution, and ends with termination. Similar 

life cycle is repeated at an interval contingent on the technology, statutory regulations, 

and maintenance strategy of the company. The turnaround maintenance organization is 

a unit within a larger organization that is established for the purpose of revitalizing, 

maintaining, and improving the plant reliability for optimal and efficient performance 

that support the business operations of the organization. The way the turnaround 

maintenance organization is designed depends on the plant technology, size of the 

turnaround maintenance activities, and how it interacts with the external organizations 

such as government agencies (example DOE and DOSH) and contractors. It also 

depends on the flexibility, speed at which the turnaround maintenance has to be 

completed (window of opportunity), the planning and procedures, and the amount of 

fund available. Central to the organization of the turnaround maintenance is the creation 

of an organization structure and structuring processes to organize the resources for the 

turnaround. This organizing process puts in place the roles of organizational members, 

hierarchies of' authority, communication, coordination, and control mechanisms. Large 

turnaround tends to operate with extensive systems of rules and regulations to manage 

the turnaround maintenance activities. Smaller organizations may have lesser rules and 

regulations. The best structure and structuring processes to be established in organizing 

the resources for the turnaround maintenance are dependent on the organizations 

particular context and environment. 
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In view of'the above, the following null hypotheses are put forth. 

Hypothesis 117a: The organizational performance of plant turnaround maintenance is 

positively related to the congruent relationship between plant technology and 
fonnalization 

Hypothesis H7b: The organizational performance of plant turnaround maintenance is 

positively related to the congruent relationship between plant technology and 

centralization 

Hypothesis 118a: The organizational pcrformance of plant turnaround maintenance is 

positively related to the congruent relationship between cost of the turnaround 

maintenance and fornialization 

Hypothesis H8b: The organizational performance of plant turnaround maintenance is 

positively related to the congruent relationship between number of workforce for the 

turnaround maintenance and formalization 

Hypothesis 118c: The organizational performance of plant turnaround maintenance is 

positively related to the congruent relationship between the planning duration of the 

turnaround maintenance and formalization 

Hypothesis 119a: The organizational pertonnance of plant turnaround maintenance is 

positively related to the congruent relationship between cost of the turnaround 

maintenance and centralization 

Hypothesis 119b: The organizational performance of plant turnaround maintenance is 

positively related to the congruent relationship between number of workforce for the 

turnaround maintenance and centralization 
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Hypothesis H9c: The organizational perl'onnance of plant turnaround maintenance is 

positively related to the congruent relationship hctween the planning duration of the 

turnaround maintenance and centralization 

2.8 Summary 

This chapter has highlighted the pertinent literature of previous organizational studies in 

manul'acturing environment. The studies demonstrated that organizational performance 

is subjected to the congruent relationship between organizational environment and 

organizational structure. This is in line with the structural contingency theory put forth 

by Pennings (1992). Similarly, the study of organizational perfonnance of turnaround 

maintenance entails the understanding of its contingent factors namely environment and 

structure. Due to the very limited literature on organizational studies of turnaround 

maintenance organization, the pertinent references are drawn from organizational 

studies conducted in the manufacturing backgrounds. 

It is a consensus among organizational scholars that organizational performance 

depends on some degree of relationship with its contextual factors and structure. It has 

been consistently shown that in many organizational studies, the common variables that 

are employed include technology, organizational size, organizational structure, 

structuring processes, and performance. Ilowever, there are debates among 

organizational researchers over the criteria of measurement of these variables. For 

instance, various indicators of organizational perfonmance were used by researchers due 

to the fact that organizational performance is influenced by plethora of' factors. In 

addition, there are issues on single criterion and multiple criteria indicators of 

performance. However, most researchers agree that the use of' multiple criteria is 

preferable to avoid partiality in measurement. For the present study, the turnaround 

maintenance objectives are used as the indicator of- organizational performance. The 

indicator include the degree of compliance to budgeted cost, quantity of' work, quality 
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of workmanship, scheduled duration, safety and environment. The used of multiple 

criteria alleviate the shortcomings of univariate indicator of performance. 

Similarly, researchers were not able to identify a common measure of'technology. They 

viewed technology from various perspectives that suit their particular research interests 

to explain the variations in the structure and pert )nnance. Technology were considered 

among others, as operation technology, level of technical complexity, level of variety 

and variability of tasks, type of finished products, and degree of automation, to name a 

few. For the present study, the process-based industries are grouped into few distinct 

typologies of plant technology on the basis of the finished products produced. 

Organizational size has been evaluated by researchers in more ways than one. They 

relate size to physical capacity, the strength of human resource, total sales and revenues, 

and the financial strength of the organization. As turnaround maintenance is a task- 

oriented event, size is indicated by the number of employees, duration of planning and 

total cost of the turnaround event. Following a high degree of consensus among 

organizational researchers and practitioners, the present study employed formalization 

and centralization to represent the dimensions of organizational structuring processes. 

Even though this study is laced with limited availability of literature, sufficient 

reference on the pertinent variables of organizational environment, structure, and 

performance were drawn from organizational studies conducted in the business and 

manufacturingg backgrounds. These variables are adopted to explain the variations in the 

organizational performance of turnaround maintenance. Based on the structural 

contingency theory, a framework of relationship between organizational context, 

structure and perlörmance is proposed. A total of 25 research hypotheses were put forth 

that suggest the various relationships among these variables. 
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CIIAPTER 3 

RESEARCH METHODOLOGY 

3.0 Introduction 

This chapter discusses the research methodology adopted in this study. The 

operational measures of the variables that are used which include plant technology, 

organizational size, formalization, centralization, and organizational performance 

are explained. It gives details of the population of the study that involves companies 

in the large process-based industries in Malaysia which perform plant turnaround 

maintenance. The construct of the sampling frame is briefly discussed. The 

adequacy of the sample and its representativeness of the population that is under 

study are elaborated. Also, the chapter discusses the strategy and method for data 

collection to ensure sufficient respond in the most economical way. It also explains 

the development of survey questionnaire that is used as the primary instrument of 

information gathering. Finally, it describes the framework of procedure for data 

analysis that is used to test the research hypotheses. 

3.1 Operational Measures of Variables 

The importance of both the contextual variables and organizational structure to the 

performance of the turnaround maintenance has been amply discussed in the 

previous chapter. The following sections discuss the operational measures of the 

primary variables that are used in the present study. 

3.1.1 On Plant technology 

As noted in the previous chapter, there are various connotations to plant technology 

that are used by researchers. It all depends on the appropriateness of the technology 

measurement in explaining the differences in the organizational structure and 

performance. With this in view, the complexity of plant technologies employed by 
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the process-based industries covered in the present study is based on the final 

products being produced (Abdel-Aal et al., 1992; Watermeyer. 2002). In the 

descriptive analysis, the companies are classified into six categories namely 

manufacturers of petroleum-based products, manufacturers of fertilizers and 

nitrogen compound, electric power generating plants, manufacturers of cement, 

manufacturers of basic chemicals, and manufacturers of vegetable oils and fats. 

Statistically, these companies are further grouped into two broad categories of 

petroleum-based and non-petroleum-based companies. This is to alleviate constraint 

in statistical analysis due to the small sample size. Further explanation is provided in 

Section 3.6. The petroleum-based industries include manufacturers of petroleum- 

based products and manufacturers of fertilizer and nitrogen compound. The non- 

petrolcum-based industries include electric power generating plants, manufacturers 

of cement, basic chemicals, and vegetables oils, palm oil and fats. 

3.1.2 On Organizational Size 

Size is an essential characteristic of all organization (Ford et al, 1988) and it has 

been considered as one of the major contingency factors in many organizational 

studies (Pugh et al, 1968; Child, 1973; and Marsh and Mannari, 1981). 

Organizational size has been measured in many ways. Size is certainly one of the 

important variables in the conceptual framework of the present study. Size of the 

plant turnaround maintenance is determined by the total cost of the event, the 

planning duration, and the total number of workers employed to execute the 

turnaround maintenance work. 

(a) Total Cost of Turnaround Maintenance Event 

Cost of turnaround maintenance generally include turnaround planning and 

management; local labor that covers companies' plant personnel; contractors, 

specialists; spare parts and materials to repair defects or replacement; equipment 

purchase and hire; logistics that include temporary stores, workshop, 

accommodation, mess room, changing rooms, and site offices; utilities, and other 
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contingencies. In the present study, the cost is categorized as 'large-scale (more 

than RM 5,000,000), 'medium scale' (RM 500,001 to RM 5,000,000), and 'small 

scale' (RM 500,000 or less). 

(b) Planning Duration of Turnaround Maintenance 

The complexities associated with turnaround maintenance require substantial effort 

and time on planning and preparation to ensure smooth execution and timely 

completion. In tact, planning is the major phase of the turnaround maintenance 

process. Stretching the planning duration of the turnaround to two or three years is 

not uncommon in industrial circles. Nevertheless, the duration of planning differs 

amongst the companies. To reflect the differences, Five categories of planning 

duration is established, namely. Category 1 (six months or less), Category 2 (seven 

months to 12 months), Category 3 (13 months to 18 months), Category 4 (I 9 months 

to 24 months), and Category 5 (25 months and more). 

(c) Number of Workforce for Turnaround Maintenance Event 

Plant turnaround maintenance involves voluminous maintenance work that requires 

large number of workforce. since the work has to be completed within a very short 

duration. In addition, it is quite common for a turnaround event to include new 

projects that can only he implemented when there is complete shutdown of the plant 

adding further demand on human resource. Hundreds, even thousands of 

maintenance man-hours is required depending on the volume of the work. In the 

present study. the number of workforce is measured by the total number of workers 

involved in the execution of the turnaround work. 

3.1.3 On Formalization 

The scale employed to measure the level of formalization is adapted from Dul'tüaa 

and Ben Daya (2004) that consists of a 19-item scale. Using factor analysis (Coakes 

ct al., 2006), the items are reduced to three factors that summarize the essential 
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characteristics of formalization in the plant turnaround maintenance. The factors are 
formalization of behavior, formalization of action planning, and formalization of 

performance control. The respondents are required to indicate the level of 
formalization of their turnaround maintenance organization in a possible scores of 1 

(SDA-strongly disagree), 2 (DA-disagree), 3 (N-Neutral), 4 (A-Agree), and 5 (SA- 

strongly agree). The level of formalization in the organization of turnaround 

maintenance is represented by the mean response across all the 19-item scale; with 1 

represents low level of formalization and 5 indicates high level of formalization. 

3.1.4 On Centralization 

The scale that is used to measure the level of centralization is adopted from Kelly 

(1997) and Lenahan (1999). The scale consists of 13 items related to the allocation 

of personnel, financial expenditures, and procurement. Respondents are required to 

indicate the level of hierarchy in their organization of turnaround maintenance, 

where decisions for each of the 13 activities are made. Using factor analysis (Coakes 

et al., 2006), the items are reduced to two factors that summarize the essential 

characteristics of centralization in the plant turnaround maintenance namely 

operational-related decisions and policy-related decisions. A decision made by the 

Managing Director/Chief Executive Officer/ General Manager will obtain a score of 

5, a decision taken by the turnaround manager/engineer is given a score of 4, a 

decision taken by the area engineer/coordinator is given a score of 3, a decision 

taken by the supervisor is given a score of 2, and a score of I for a decision made by 

the tradesmen technicians at the work level. The centralization scale for the 

turnaround maintenance organization is represented by the mean response across all 

13 activities; with I indicates low level of centralization and 5 shows a high level of 

centralization. 

77 



3.1.5 On Organizational Performance 

It is important to recognize at the outset that numerous factors influence the measure 

of performance of organizations. As discussed in Chapter 2, previous studies showed 

no consensus on the common measure of organizational performance. 1-lowever, a 

number of organizational theorists have highlighted the use of organizational 

objectives as the point of reference for the performance indicators (Child, 1974; 

Steers, 1975; Campbell, 1977; I-litt and Middlemist, 1979; Cameron, 1981; and 

Cameron 1986). This is in line with the concept of goal model of effectiveness by 

Etzioni (1964) who suggests that an organizational effectiveness is measured by the 

level of achievement of goals. Following this view, the level of performance of the 

plant turnaround maintenance organization is measured using multiple criteria of 

five-item scale. The items are related to the objectives of the turnaround 

maintenance and they are as follows: 

1. Completing all the planned and scheduled maintenance work within the 

approved shutdown time. 

2. Completing all the work within the approved financial budget. 

3. Controlling the quality of the maintenance work to ensure that there will be 

no rework during the I st month after plant start-up operation. 

4. Putting the plant back to normal operation and stable quality production on 

time as scheduled. 
5. Compliance to the Health, Safety, and Environmental procedures and 

standards. 

The respondents are required to indicate the level of pertirrmance for each item in a 

possible scores of I (SDA-strongly disagree). 2 (DA-disagree). 3 (N-Neutral), 4 (A- 

Agree), and 5 (SA-strongly agree). The level of organizational performance of 

turnaround maintenance is represented by the mean response across all the five-item 

scale. The mean value ranges from 1.0 that represents low level of performance to 
5.0 that indicates high level of performance. 
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3.2 Population of the Study 

A population is defined as group of elements of interest that a researcher wishes to 

investigate and make inference (Hair ei al., 1998; Sekaran, 2000; Short el al., 2002). 

For the present research, the population from which the sample was drawn involved 

companies in the large process-based industries in Malaysia that perform plant 

turnaround maintenance. Based on the definition given by Small and Medium 

Industries Development Corporation, Malaysia (SMIDEC), large companies are 

those with annual sales turnover exceeding RM25 million or employing more than 

150 full time staff (SMI Business Directory 2007). Hence, these two measures are 

adopted in the present study to differentiate the large companies from other small 

and medium sized companies. Small and medium sized companies are not included 

in the study since they do not have significant plant turnaround maintenance 

activities. 

3.3 Sampling Plan 

Sampling design is an important issue in research as the sampling decisions 

influence results of the study (Short el al., 2002). Representativeness of the sample 

to its population, sampling techniques, and adequacy of the sample size are 

addressed as a priori. 

3.3.1 Representativeness 

A well designed and appropriately drawn sample that is representative of the 

population of interest is important as it influences the accuracy of the estimates and 

subsequently the accuracy of generalization of relationships of the population. 

The population of the present study comprised of large process-based companies in 

Malaysia. They are derived from the Federation of Malaysian Manufacturers 

(FMM), the Palm Oil Refineries Association of Malaysia (PORAM), the 

Association of Independent Power Producers of Malaysia (AIPPM), and also from 
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the list of electric power generating plants of Tenaga Nasional Berhad (TNB). The 

list of large oil and gas refineries and process plants from the petrochemical industry 

are drawn from the Malaysian Development Authority (MIDA). A total of 110 large 

scale companies are included and they are categorized into six manufacturing 

activities based on the finished products that are produced. The six categories 

include manufacturers of petroleum-based products, manufacturers of fertilizers and 

nitrogen compounds, electric power generating plants, manufacturers of cement, 

manufacturers of basic chemicals, and manufacturers of palm oil, vegetable oil and 

fats. The diverse mix of companies is representative of the industries and enhances 

the external validity of the study that will allow generalization of the research 

findings across the large process-based industries in Malaysia. 

3.3.2 Adequacy of the sample 

Sample size (n) is crucial in the conduct of statistical tests. Inadequate sample size 

leads to sample bias and inhibit generalization of results. On the other hand, huge 

sample can be wasteful in terms of effort, time and resources. It can lead to trivial or 

irrelevant "significant" findings (Hair et al., 1998). Hence, an appropriate sample 

size is imperative and a priori. Various considerations were put forth to determine 

the appropriate sample size for statistical analysis. Some researchers suggested that 

sample size should be based on a predetermine amount of error or cost (Short et al., 

2002). There are others that specify a minimum ratio of five observations for each 

estimated variables, with a ratio of 10 considered most appropriate (Hair et al., 

1998). 

There are five variables in this study that include plant technology, size of the plant 

turnaround maintenance, organizational structure, structuring processes, and 
performance of plant turnaround maintenance. Hence, by taking a minimum ratio of 

five observations for each variable. 25 observations are needed to meet the minimum 

requirement. Considering a survey response rate of 30 percent in social science 

research (Hair et al., 1998), a minimum of 83 sets of questionnaire have to be sent 

out in order to achieve the required sample size of 25. However, 1 10 companies that 
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were drawn above are adequate to meet the minimum response rate of 30 percent. It 

is worthwhile to note that the variables used in the present study that include plant 

technology, organizational size of turnaround maintenance, organizational structure, 

structuring processes, and organizational performance of turnaround maintenance 

are considered as organizational-level variables (Venkatraman and Grant, 1986). 

Hence, a single respondent from the senior manager or equivalent level of each 

company has the ability to provide accurate information. 

3.4 Strategy and Method for Data Collection 

In the conduct of the present study and the nature of the analyses involved. 

questionnaire-aided survey is used as the primary method for data collection. It 

permits the gathering of the necessary information from large number of respondents 

in a most economical way. Questionnaire-aided surveys can he handled in several 

different ways. The questionnaire can be hand delivered or mailed to the 

respondents. However, both alternatives are time consuming and costly to 

administer, particularly the former. Taking the advantage of the electronic facilities, 

the survey questionnaires are delivered to the potential respondent through facsimile. 

This is possible for the present study since the researcher and the respondents have 

the access to facsimile technology. It is noteworthy at the outset that most of the 

respondents have specifically requested the questionnaires to be sent to them via 

facsimile. 

Facsimile technology has been a feasible means to collect data from various 

respondents such as industrial, commercial, and institutional (Dickson and 

MacLachlan, 1992; Vazzana and Bachmann, 1994). They claimed that facsimile 

survey provides quicker responses, lower cost, require less man-hour, and generate 

good response rate comparable to the conventional mail surveys. As explained by 

Dickson and MacLachlan, the higher response rate was due to the fact "that fax is 

simply more salient and hence is more likely to be noticed and give attention" (pg. 

26). They also highlighted the absence of significant different in quality of the 

content of the responses between the two means of data collection. 
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In order to ensure an acceptable response rate, telephone calls were made to the 

General Manager, Plant Manager, or Maintenance Manager of the 110 identified 

companies in the large process-based industries in February 2008. The aim was to 

explain the objective of the present study and to obtain their approval to participate 

in this research. As noted by Fox et al. (1989), prenotification increases response 

rate. It provides earlier notice to the potential respondents of the forthcoming survey 

and establishes authenticity of the survey. Furthermore, this is a first step towards 

building a kind of relationship with these companies which would enable or 

facilitate further information gathering at the later stage of the research, if necessary. 

Out of the 1 10 companies, a total of 95 companies agreed to participate. 

Following this, a letter with a set of questionnaire was sent via facsimile to the 

General Manager, Plant Manager, or Maintenance Manager of each of the 

participating companies. By the end of March 2008,30 companies responded to the 

questionnaire. Subsequently, follow-up calls were made to the remaining companies 

and by the end of May 2008 responses from another 31 companies were received. 

This makes a total of 61 respondents. However, due to missing data, three 

respondents were excluded. leaving a balance of 58 companies. This constitutes 

approximately 60% of the total companies identified from the large process-based 

industries. As such, the size of the sample is adequate for the present study as 

discussed in Section 3.3.2. 

The questionnaire-aided survey is supplemented with information obtained through 

interviews with four maintenance managers from MLNG Sdn Bhd, a liquefied 

natural gas refinery: TNB Janamanjung Sdn Bhd, an electric power generating plant: 

Malay-Sino Chemicals Industries Sdn Bhd, a basic chemical plant, and Perak 

Hanjoong Cement, a cement plant. These interviews involve unstructured open- 

ended questions with the objective of acquiring further information pertaining to the 

issues of the research (Creswell, 2003; Berg, 2004). 

82 



3.5 The Development of the Questionnaire 

The questionnaire comprised six main sections as shown in Appendix 3. Firstly, 

Section A seeks to obtain some details about respondents' organization including the 

main activities of the companies, organizational size, and total number of years of 

operations. Secondly, Section B consists of details about respondents' plant 

turnaround maintenance. It covers size, frequency, and scope of work of the 

turnaround maintenance. The third section (Section C) focuses on the respondents' 

turnaround maintenance organizational structure. Following that, Section D 

investigates the performance of the plant turnaround maintenance. The next two 

sections (Section E and Section F) investigate the structuring processes that were 

designed and established in the respondents' turnaround maintenance organizations. 

These sections focus on the decision-making authority (centralization) and the extent 

to which rules, procedures, instruction, and communication are written down 

(formalization). A total of 62 questions are developed and refined based on the 

following steps: 

" Review of the previous research on organization and management and adopt 

or adapt the operational measures appropriate for the present research. 

" The preliminary draft of the questions is discussed with scholars, research 

supervisor, and industry experts to assess the content validity of the 

questions. 

" The questionnaire is pre-tested with five plant turnaround 

managers/engineers to seek their views pertaining to the clarity and 

relevance of the questionnaire to this research. They were from MLNG Sdn 

Bhd, TNB Janamanjuiig Sdn Blid. Malay-Sino Chemical Industries Sdn Bhd. 

Perak Hanjoong Cement. and OGP PETRONAS. The turnaround 

managers/engineers were requested to fill out the questionnaire-aided survey 

and to comment on the appropriateness of the wording and length of the 

questions. 
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3.6 Procedures for Data Analysis 

This section discusses the relevant statistical techniques and analyses that will be 

used to test the research hypotheses that include reliability analysis, factor analysis, 

Spearnian's rank-order correlation, and multiple regression. 

3.6.1 Reliability Test 

Representative results can only be obtained by using reliable measurement. 

Essentially, reliability refers to the consistency of the multi-item scale employed in 

measuring the variables of concern (Hair et al.. 1998). There are few ways of 

reliability analysis, among others, Cronbach's alpha, split-half reliability, and 

Guttman. However, Cronbach's alpha is used in the present study because it is most 

commonly used by researchers. Cronbach's alpha is represented as a coefficient 

ranging in value from 0 to 1. As a guide, Nunnaly (1978) posited Cronbach's alpha, 

u of 0.7 as the minimum coefficient for reliability. 

3.6.2 Factor Analysis 

Factor analysis is a method that reduces large number of item-scale of a variable to a 

smaller set of underlying components that represent the essential information 

contained in the variable (I lair cat cil., 1998 and Coakes, 2006). In the present study, 

two structuring processes variables, namely centralization and formalization, are 

subjected to factor analysis. The components extracted from these variables are used 

to illustrate differences in the organizational structuring processes among the 

sampled companies. 

3.6.3 Correlation Analysis 

The present study, among others, tries to examine the bivariate correlations among 

the variables. The degree and direction of the correlation is represented by a 

statistical value known as correlation coefficient. The first method is the Pearson 
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product-moment correlation coefficient, which describes the relationship of two 

continuous variables. The second method is the Spearman's rank-order correlation 

coefficient that indicates the relationship of two categorical variables. The 

coefficient has a range of possible values from -1 to +1. The value indicates the 

strength of the relationships between the two variables. The sign indicates direction, 

whereby (+) shows a direct relationship, while (-) illustrates an inverse relationship. 

Cohen (1988) defined a small correlation coefficient as having an absolute value of 

approximately 0.1, a medium correlation as 0.3, and a large correlation as 0.5 or 

greater. The present study uses Spearman's rank-order correlation to compute the 

correlation coefficients among the variables for Hypotheses H4a, 1-14b, and 1-14c. 

Since the measures are, at best ordinal, this non-parametric correlation method is 

expected to provide better indication of bi-variate relationships among the variables. 

Moreover, a comparison of the parametric (Pearson's product-moment) correlation 

coefficients with the non-parametric (Spearman's rank-order) correlation 

coefficients give nearly identical results (Negandhi and Reimahn, 1973). On the 

other hand, Hypotheses H5a, I-15b, H5c, H5d, H5e, H5f, H6b, and 116e are tested 

using Pearson correlation since the measurement for the organizational size is 

interval. 

3.6.4 Kruskal-Wallis test 

As discussed earlier, correlation looks at the relationship between two variables. 

However, it does not illustrate any possible differences between two or more groups 

in the variables. For the present study that involves categorical variables, two non- 

parametric techniques are used to conduct this analysis. Firstly, Chi-square test for 

relatedness or independence is used to test Hypothesis H2 that analyze the 

relationship between two categorical variables namely plant technology and 

organizational structure. Both the variables are categorical, as such Chi-square test is 

appropriate. Secondly, Kruskal-Wallis test is employed that permits the analysis of 

possible differences between two or more groups among the variables. Essentially. it 

is used to test the I lypotheses H1, H3a, H3h, H3c, H4a, H4h, H4c, and H6a. 
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There are three statistical assumptions that have been considered prior to conducting 

the tests (Coakes et al, 2006). The present study met these assumptions: 

" Observations are randomly sampled from the population of all possible 

observations. 

" Each observation is generated by a different subject and no subject is 

counted twice. 

" The lowest expected frequency required for a chi-square test is five. 

3.6.5 Regression Analysis 

Regression analysis is a statistical technique used to explore relationship between a 

single metric dependent variable and a set of metric independent variables. The 

regression analysis provides a mean to simultaneously gauge the magnitude and 

direction (positive or negative) of statistical relationship between each independent 

variable and the dependent variable (Hair et ul., 1998). 

The technique of multiple regression analysis is also used to analyze the variance of 

interaction and moderation effects of independent variables (Cohen ad Cohen, 

1975). There are three major regression modes namely simultaneous, stepwise, and 
hierarchical regression. Essentially, in this study, hierarchical regression analysis are 

chosen as the method of testing the contingent effect of the congruent relationships 
between environmental variables (plant technology and organizational size) and the 

organizational structuring processes (formalization and centralization) on the 

organizational performance. This technique is chosen over others namely logistic 

regression and structural equation modeling (SEM) to name a few, due to its 

simplicity (Kenny 2008). A major advantage of hierarchical regression analysis is 

that it allows a unique partitioning of the total variance in the dependent variable 

that is accounted for by each of the independent variables. As such, the effect of 

each independent variable, whether interacting or moderating, towards the 

dependent variable can he analyzed. The hierarchical regression technique is better 

than the other techniques in a situation where the independent variables are highly 

correlated (Cohen and Cohen, 1975). Problem relating to multicollincarity can he 

86 



avoided since the previous independent variable has been partialed from the 

relationship between each independent variable and dependent variable. Hence, the 

hierarchical regression technique allows for the evaluation of the contribution of 

each independent variable without losing the importance of each variable towards 

the regression model. 

3.6.6 Procedure to Test Hypotheses H1, H2, H3, H4, and 115 

Hypotheses Hl, 1-12, and H3 suggest the relationships of plant technology on 

organizational size, structure, and structuring processes of turnaround maintenance. 

While, Hypotheses H4 and H5 put forward the relationships of organizational size 

on structure and structuring processes of the turnaround maintenance. Firstly, 

Spearman's rank-order correlation tests are carried out to examine the strength of the 

bi-variate relationships. Following that, chi-square test and Kruskal-Wallis test are 

carried out to examine the significant differences of the organizational size, 

structure, and structuring processes of turnaround maintenance across the six plant 

technologies. 

3.6.7 Procedure to Test Hypotheses H6 

Hypotheses 116 suggests the relationships of organizational performance, structure, 

and structuring processes of turnaround maintenance. Kruskal-Wallis test is carried 

out to test 1-Hypothesis 6a that suggests organizational performance of the turnaround 

maintenance is positively related to the structural configuration of the turnaround 

maintenance. The test examines significant differences in organizational 

performance among the various configuration of organizational structure. 

Spearman's rank-order correlation tests are carried out to examine the strength of the 

bivariatc relationships between pertoi-mance-centralization and pertorinance- 

formalization as stated by Hypotheses 1-16b and H6c respectively. 

87 



3.6.8 Procedure to Test Hypotheses 117,118, and H9 

The present study postulates that high performance is contingent on the congruent 

relationships between the structuring processes and organizational context. It tries to 

detennine the contextual variables that interact with the structuring processes and 

that the interaction has significant effect to the organizational performance of 

turnaround maintenance. Lazarsfeld (1958) as discussed by Pennings (1992) 

associated contingency with interaction. Schoonhoven (1981) as discussed by 

Pennings (1992) advocated "explicit recognition should be given to the fact that 

contingency arguments produce interactive propositions" (pg. 16). These views 

implied the existence of interaction between the structuring processes and 

organizational context. As discussed earlier, hierarchical regression analysis 

technique is employed to test the null hypotheses H7a, 1-17b, H8a, 1-18b, 1-18c, H9a, 

H9b, and H9c. The congruent effect is represented by the multiplicative interaction 

term, that is, the organizational context variable multiply by the structuring 

processes variable. Organizational performance is regressed onto this interaction 

tern to see the magnitude of the coefficient. For example, the structural equation 

that represents the congruent relationships between planning duration (PLANDU) 

and formalization (FORML) that affect the organizational performance of 

turnaround maintenance (PERF) is as follows: 

PERF =a+b, (FORML) + bý (PLANDU) + b3 (FORML*PLANDU) +c 

If b, and b2 is not zero, the variables formalization and planning duration 

independently has direct effect to the organizational performance of turnaround 

maintenance. lfb3 is not zero, it indicates that the congruent relationship between the 

planning duration and formalization variables has a significant effect on the 

organizational performance. In other word, the expression FORML*PLANDU 

represents interaction between the formalization and planning duration variables, 

and the product of the interaction of the two variables significantly affects the 

organizational performance variable. 
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Table 3.1 shows the structural equations fbbr hierarchical multiple regression analysis 

to test the null hypotheses H7a, H7b, H8a. H8b, H8c, H9a, H9b, and H9c. The null 

hypotheses arc tested by examining the significance of the t-value of the partial 

regression coefficient. A significant t-value and a positive partial regression 

coefficient statistically indicate that the congruent relationship between the 

contingent variable and structuring process variable affects the organizational 

performance. Hence the hypothesis is not rejected. On the other hand, a t-value that 

is not significant and a negative partial regression coefficient indicate the hypothesis 

is rejected. A significant level of 0.05 is used in the hypotheses testing. 

Table 3.1: Structural Equations for Hierarchical Multiple Regression Analysis 

Structural equations for hypothesis testing Hypothesis 

Congruent relationships between plant technology and structuring 
processes affect the organizational performance of turnaround 
maintenance 

PERF =a+b, (FORML) + b, (TECH) + h3 (FORME*TECH) +e H7a 
PERF =a+b, (CENTR) + b-, (TECH) + b3 (CENTR*TECH) +e H7b 

Congruent relationships between organizational size and structuring 
processes affect the organizational performance of turnaround 
maintenance 

PERF =a+h, (FORML) + b, (COST) + b3 (FORML*COST) +e H8a 
PERF =a+b, (FORML) + b7 (WORKF) + b3 (FORML*WORKF) +e H8b 
PERF =a+b, (FORML) + b2 (PLANDU) + b3 (FORML*PLANDU) +e H8c 
PERF =a+b, (CENTR) + b2 (COST) +b (CENTR*COST) +e H9a 
PERF =a+b, (CENTR) + b, (WORKF) + b3 (CENTR*WORKF) +e H9b 
PE RF =a+b, (CENTR) + b2 (PLANDU) + h3 (CENTR*PLANDU) +e We 

Notes: 

PERF = Organizational performance 
FORML = Formalization 
CENTR = Centralization 
TECH = Plant technology 
COST Cost of turnaround maintenance event 
WORKF = Number of worktbrce for turnaround maintenance event 
PLANDU = Duration of planning for turnaround maintenance 

89 



For the purpose of comparison, another method called sub-group analysis can be 

employed to demonstrate the effect of congruence relationship of contingent- 

structure variables on organizational performance (Donaldson, 2001). For the sub- 

group analysis method, the mean (average) value of organizational performance is 

used to divide the sample of organizations into two sub-groups. This method of 

splitting the sample follows Khandwalla (1973) and Child (1975) as discussed in 

Donaldson (2001). Typically, one group is featured by high performance as a result 

of the effect of congruence relationship of contingent-structure variables. The 

second group comparatively has lower performance due to the incongruence 

relationship of contingent-structure variables. The sub-groups can be compared 

statistically by correlations coefficient. In the present study, Speanman's rho 

correlation test is adopted. The correlation coefficients between the contingency 

variables and structure variables for each sub-group are determined. It is anticipated 

that the high performance sub-group shows significantly higher value of correlation 

coefficients than the low performance sub-group. However, Donaldson (2001) 

offered a caveat with sub-group correlation analysis. Statistically, there is the 

possibility of higher value of correlation coefficients from the lower performance 

sub-group. In such a situation, Donaldson suggested for the sub-group correlational 

analysis to be supplemented by sub-group regression analysis. The following 

discussion illustrates how sub-group regression analysis is employed to show the 

relationship of contingent-structure variables and performance. 

The regression line of the high pert nning sub-group is compared with the 

regression line of the low performing sub-group. The hypothesis is the regression 

lines are significantly different. Child (1975) used this method in illustrating the 

significant different in regression lines of specialization on size bet een low 

performing and high performing sub-groups. Ile observed marked differences in the 

slope ofthe regression lines. 
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3.7 Summary 

This chapter has provided an outline of the research methodology for the study. A 

description of live variables to he used in the analysis and their operational measures 

was given. The sampling frame was constructed by listing from FMM, PORAM, 

AIPPM, TNB, and MIDA. It covers the large process-based that perform plant 

turnaround maintenance. A total of 58 companies that constitutes approximately 

60% of the total companies in this industry form the sample for the present study. 

Questionnaire-aided survey is used as the primary method for data collection. The 

survey questionnaires are delivered to the potential respondent through facsimile. 

Pre-notification through telephone calls were made to the General Manager. Plant 

Manager, or Maintenance Manager of the identified companies explaining the 

objective of the study and to obtain their approval to participate in the research. 

Upon approval, a letter with a set of questionnaire was send via facsimile. Follow-up 

calls were made to the non-responding companies to encourage their participation. 

A total of 62 questions are developed to measure the five variables used in this 

study. Some of the questions were adopted from the operational measures found in 

previous organizational studies, while some adaptations were made to the balance of 

the questions. The preliminary draft of the questions is discussed with scholars, 

research supervisor. and industry experts to assess the content validity of the 

questions. Following that, the questionnaire is pre-tested with five plant turnaround 

managers/engineers to seek their views pertaining to the clarity and relevance of the 

questionnaire to this research. 

Apart from the descriptive statistics to explore the survey data collected, a number 

of' other statistical techniques and analyses are used to test the 25 research 

hypotheses that have been proposed. They include reliability analysis, tactor 

analysis, Kruskal-Wallis test, Spearman's rank-order correlation, hierarchical 

regressions, and sub-group analysis. 
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CIIAPTER 4 

A DESCRIPTIVE ANALYSIS OF COMPANIES STUDIED 

4.0 Introduction 

This chapter provides descriptive analysis of the organizational context, structure, 

structuring processes, and organizational performance of the turnaround 

maintenance of the companies that are included in the present study. It gives a brief 

account of the background of the six groups of companies that are identified by their 

manufacturing activities, the overall size of the companies, and the number of' years 

they have been in operations. It also describes the size of the turnaround 

maintenance events that is represented by the cost of the turnaround, its planning 

duration, and the number of workforce required in executing the event. Based on the 

survey data, it uncovers the salient characteristics of the plant turnaround 

maintenance, for instance the typical scope of work of the turnaround maintenance 

work, the frequency of turnaround maintenance, duration of the turnaround, and the 

way the companies organize their turnaround events. The various turnaround 

organizational structures and the number of levels of hierarchy that are established 

among these companies are highlighted. This chapter also provides a brief account 

on the use of contractors in implementing the turnaround maintenance activities. 

Finally, the level of centralization and formalization that are established in the 

organizational structuring processes and the level of organizational performance of 

the turnaround maintenance are explained. 

4.1 Data Screening, 

It is important to ensure that there is no error in the analysis of the present study. 

Errors can be detected by observing the frequencies of the individual variable or 

item-scale that are used in the analysis. The score of the individual item-scale should 

be within the expected range of the Likert's scale of I to 5. For instance, the score of 

item that measures the authority for approving the required number of employees for 
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the turnaround event is summarized in Table 4.1. It shows that the frequency is 58 

and there is no missing data. The scores of all cases are within the expected range of 
I to 5. Other items arc also within the expected range of the Likert's scale. The 

scores and frequencies of the other variables and item-scale used in the analysis are 

shown in Appendix 4. 

Table 4.1: Frequency Distribution of Number of Employees for Turnaround 

Scores based on 
Likert's scale 

(I to 5) Frequency Percent Valid Percent 
Cumulative 

Percent 

2 1 1.7 1.7 1.7 

3 11 19.0 19.0 20.7 

4 33 56.9 56.9 77.6 

5 13 22.4 22.4 100.0 

Total 58 100.0 100.0 
Source: Survey data 

Similarly, it is useful to ensure that the distributions of scores for the variables and 

item-scale that are used in the analysis are normal. The assumption of normality is 

necessary for the statistical analysis covered in the present study. Histogram is used 

to assess the normality of each variable and item-scale. For example, the distribution 

of scores that indicate the authority for approving the required number of employees 

for the turnaround event is illustrated in Figure 4. I I. It is observed that the shape of 

the distribution is normal. Histograms that illustrate the distributions of scores of the 

other variables and item-scale are shown in Appendix 5. 
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Figure 4.1: Histogram - Distribution of Scores of the Authority for 
Approving the Required Number of Employees for the Turnaround Event 
Source: Survey data 

4.2 Background of the Companies 

The 58 companies that are included in this study are located in the various states of 

Malaysia. As shown in Table 4.2, a great majority (close to 90.0 percent) of the 

companies are located in Peninsular Malaysia while the remaining companies are 

found in East Malaysia: namely Sarawak and the Federal Territory of Lahuan. These 

companies differ not only in the plant technology that they employed in conducting 

their business operation, but also in other prevailing characteristics that include, 

among others, the size of manpower, the number of years in operation, the frequency 

of their turnaround maintenance, costs of the turnaround, planning duration of the 

turnaround, and duration of the turnaround events. 
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Table 4.2: Location of the Companies by States (n=58) 

State Frequency Pcrcentage 

Johor 11 19.0 

Perak 11 19.0 

Teren = ganu 10 17.2 

Melaka 6 10.4 

Pahang 5 8.6 
Negeri Sembilan 5 8.6 

Selangor '? 3.4 

Kedah 3 5.2 

Sarawak 2 3.4 

Labuan 2 3.4 

P. Pinang 1 1.7 

Total 58 100.0 
Source: Survey data 

These companies are classified into six categories based on their main 

manufacturing activities, vis-ä-vis the final products that they produced. These 

categories represent various plant technologies employed by the companies. As 

evident from Table 4.3,43.1 percent of the companies covered in the study consist 

of manufacturers of petroleum-based products. This is followed by eight electric 

power plants that form 17.4 percent of the sample. The manufacturers of cement, 

basic chemicals, vegetable oils and fats each form 10.3 percent of the sample 

respectively. The remaining five are manufacturers of fertilizers and nitrogen 

compound that represent 8.6 percent of the sample. 
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Table 4.3: Activities of the Companies (n=58) 

Activities of Companies Frequency Percent 
1 Manufacturer of petroleum-based products ?5 43.1 

2 Manufacturer of fertilizer and nitrogen compound 5 8.6 
3 Electric power generating plants 10 17.4 

4 Manufacturer of cement 6 10.3 
5 Manufacturer of basic chemicals 6 10.3 

6 Manufacturer of vegetables oils. palm oil and fats 6 10.3 

Total 58 100.0 

Source: Survey data 

The companies included in the present study are also categorized into two groups of 

almost equal numbers, namely petroleum-based industries and non-petroleum-based 

industries as shown in Table 4.4. The petroleum-based industries include 

manufacturers of petroleum-based products and manufacturers of fertilizer and 

nitrogen compound with huge investments in oil refineries, natural gas processing 

plant and petrochemical plants. These companies are established to take the 

opportunity of the availability of oil and natural gas in the East Coast of Peninsula 

Malaysia (state of Terengganu) and East Malaysia (states of Sabah and Sarawak). 

These companies have large production capacity to obtain the benefits of economies 

of scale. The size of the production facilities ranges from the world's largest to 

comparatively smaller ones based on the final products being produced. While the 

non-petroleum-based industries are made up of electric power generating plants, 

manufacturers of cement, basic chemicals, and vegetables oils, palm oil, and fats. 
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Table 4.4: Plant Technology - Type of Industries (n=58) 

Type of Industry Frequency Percent 

Petroleum-based industries 30 51.7 

Non-petroleum-based industries 28 48.3 

Total 58 100.0 
Source: Survey data 

The oil refineries are industrial process plants that are featured by large industrial 

complexes with extensive piping carrying streams of fluids between large chemical 

processing units. Refineries utilize many types of equipment such as compressors, 

cooling towers, crystallizers, distillation towers, pressure vessels, electric power 

generators, transformers, electric motors, electrolysis cells, evaporators, filters, 

furnaces, gas flares, monitoring and control systems, piping and valves, pumps, 

steam generators, steam turbines, gas turbines, storage tanks, and wastewater 

treatment facilities. The oil refineries convert the crude oil into a variety of gasoline, 

diesel, asphalt, naphtha, kerosene, and liquefied petroleum gas. The configurations 

of the refineries depend on the range of crude oil gravity that they process and the 

final product mix they are designed for. These refineries also produce and supply the 

feedstock (raw material) to the downstream petrochemical plants that are operating 

at the various locations in Terengganu, Pahang, Johor, Sarawak, and the Federal 

Territory of Lahuan. Similarly, natural gas processing plant purifies and converts 

raw natural gas into residential, commercial and industrial fuel gas, and also 

recovers natural gas liquids (NGL) such as ethane. propane, butanes and pentanes. 

The petrochemical plants are situated in integrated complex to take the advantage of 

centralized utilities, efficient storage services, and transportation network. In these 

plants, the feedstock from the refineries is converted into fertilizers, other 

intermediate and final products such as olefins, adhesives, solvents, fibers, polymers, 

resins, and others. The petrochemical plants are featured by variety of configurations 

depending on the products being produced. The major categories, among others arc 

ethylene plants, fertilizer plants, and methanol plants. However, there are a handful 
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of smaller plants that are producing basic chemicals such as acetylene, butadiene, 

sulfuric acid, nitric acid, chlorine, ethylene oxide, and ethylene glycol. 

The present study also includes ten power plants that are considered as industrial 

facilities to generate electricity. In Peninsular Malaysia, electricity is primarily 

generated and distributed by the government-linked corporation Tenaga Nasional 

Berhad (TNB) and a number of independent power producers (IPP), as they are 

known. TNB was established in 1990, through the corporatization of the National 

Electricity Board. The Malaysian government, through the Ministry of Finance. 

continues to hold the majority stake in TNB. Currently, TNB supplies approximately 

55 percent from the total capacity of 19,000MW of the power-generation industry 

through three major hydroelectric schemes and six thermal power plants (Tenaga 

Nasional Annual Report 2007). The three hydroelectric schemes are located in the 

state of Perak, Terengganu and Pahang while the six thermal power plants are found 

in the states of Pulau Pinang, Perak, Selangor, Negeri Sembilan, Johor, and 

Tcrengganu. 

In line with the privatization plan for electricity utility in Malaysia in 1990, licenses 

were granted by the Government to a few companies to built and operate power 

plants and sell electricity to TNB. At present, the installed capacity of these 

independent power producers (IPP) contribute about 45 percent of the total industry 

capacity through their thermal power plants at various locations in Peninsular 

Malaysia (Tenaga Nasional Annual Report 2007). Among the major IPPs includes 

YTL Power Generation Sdn. Bhd.. Powertek Sdn. I3hd., Malakoff Corporation Bhd.. 

and Genting Sanyen Power Sdn. 131u1. 

The important clement of these power plants is generator that is a rotating machine 

to convert mechanical energy into electrical energy. The size of the power plants 

that are included in this study ranges from 330 MW to 2,420 MW. These electric 

power generating plants consist of two hydroelectric power plants and eight thermal 

power plants. Thermal power plants are classified by the types of fuel used that 

include fossil fuel and natural gas. It can also be classified by the type of the prime 
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mover installed to turn the generator namely steam turbine, gas turbine or combined- 

cycle turbine. 

Another sector of the process-based industries included in this study is six cement 

manufacturers that form 10% of the total companies. These companies are among 

the major producers of Portland cement, white cement, and lime in Malaysia. The 

manufacturing process consists of many simultaneous and continuous operations 

using some of the largest moving machinery in manufacturing. The major equipment 

includes limestone crushers, huge silos, large kiln, and grinding mill that is large 

revolving cylinder containing tonnes of steel balls that is driven by a huge electric 

motor. 

Manufacturers of vegetables oil, palm oil and fats represent another group of 

process-based industry that is included in this study. Six companies form the sample 

of this sector of the process-based industry. Two of them are palm oil refiners and 

the others are manufacturers of wide range of processed palm oil products such as 

refined palm oil, palm olein, palm stearin, cocoa butter substitute. cooking oils, 

specialty products and oleochemicals. 

Six manufacturers of basic chemicals represent another group of process-based 

industry that is analyzed in this study. The six companies are among the leading 

producers of chloro-alkali products, sulphuric acid, sulphur derivatives and other 

industrial chemicals with large scale plant capacity. The processes include chemical 

transformation and separation techniques using membrane technology. These 

chemical processes are in continuous operation with raw material feeding and final 

product removal take place simultaneously and continuously. These chemical plants 

are featured by the installation of large vessels that are interconnected by piping and 

other material transport equipment to carry streams of material that include solids, 

gas, and liquid. 
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4.3 Overall Size of the Companies 

One of the indicators of organizational size is the total number of employees in the 

organization (Hall and Tolbert, 2005). Similar indicator is used to represent the 

overall size of the individual company included in the present study. Based on the 

survey data, the size of companies varies in the range of 60 to 1200 employees. The 

mean number of employees is 342 and the standard deviation is 304 employees. 

Table 4.5 indicates an overwhelming 84.3 percent of companies employ 500 or less, 

including 43.9 percent that employ 100 to 300 people. The remaining 15.7 percent 

of the companies have more than 500 employees including one company that has 

staff strength of more than 1 100 people. Except for the manufacturers of petroleum- 

based products, the other industries employ 500 or less people. The manufacturer of 

basic chemicals, vegetable oils, and palm oil refineries are in the lower category 

with 300 or less people. 

Table 4.5: Overall Size and Activities of the Companies (n=57) 

Number Activity of the companies* 
of 1 2 3 4 5 6 

Employees Number of Companies Freq. 
Less than 100 2 - 2 1 3 1 9 15.8 

100 - 300 9 1 6 3 2 4 25 43.9 
301 - 500 6 4 2 2 - - 14 24.6 
501 -700 - - - - - 1 1 1.7 
701 -900 2 - - - - - 2 3.5 

901-1100 5 - - - - - 5 8.8 
More than 1 100 1 - - - - - 1 

- 
1.7 

Total 25 
I 

5 10 6 5 6 57 F 100.0 
Mean: 342 emnlovees_ Standard deviation: 304 emnlovees_ Ranie: 1 140 emnlovees 
Source: Survey data 
*I- Manufacturer of petroleum-based products 

2- Manufacturer of fertilizer and nitrogen compound 
3- Electric power generating plant 
4- Manutacturer of cement 
5- Manufacturer of basic chemicals 
6- Manufacturer of vegetables oil, palm oil, and fats 
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The differences in the overall size of these companies arc also analyzed by grouping 

the companies in the process-based industries into two categories of plant 

technology, namely petroleum-based and non-petroleum-based. As illustrated in 

Table 4.6, size of companies in the petroleum-based sector ranges from small with 

less than 100 employees to large size that employs more than 1100 people. A total of 

22 companies that constitutes 73.3 percent employ 500 or less people. There are two 

companies (6.7 percent) that employ less than 100 people, 10 companies (33.3 

percent) employ between 100 and 300 people, and another 10 companies (33.3 

percent) employ between 300 and 500 employees. On the larger end, two companies 

(6.7 percent) have between 700 and 900 people, five companies that form 16.7 

percent employ in the range of 900 to 1100 employees, and one company (3.3 

percent) has more than 1 100 employees. 

On the contrary, all the 27 non-petroleum-based companies included in this study 

employ less than 700 employees; with majority of them (slightly more than 80 

percent) have 300 or less employees. Most of them which constitute 15 companies 

that form 55.6 percent employ between 100 to 300 people, while seven companies 

(25.9 percent) employ less than 100. There are four companies (14.8 percent) that 

have in between 300 and 500 people, and one company (3.7 percent) employs 

between 500 to 700 employees. Based on the survey data, non-petroleum-based 

companies employ less people in comparison to the petroleum-based companies. 

Relatively, the business operations of non-petroleum-based companies are smaller in 

comparison to the petroleum-based companies. 1-fence, smaller size of employment 

prevailed in non-petroleum-based companies. 
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Table 4.6: Overall Size and Plant Technology (n=57) 

Plant Technology 
Number 

of Petroleum-based Non etroleum-based 
Employees Number of Companies Freq. % 

Less than 100 2(6.7%) 7 (25.9%) 9 15.8 
100 - 300 10(33.3%) 15 (55.6%) 25 43.9 
301 -500 10 (33.3%) 4 (14.8%) 14 24.6 
501 -700 - 1 (3.7%) 1 1.7 
701 - 900 2 (6.7%) - 2 3.5 
901 - 1100 5(16.7%) - 5 8.8 

More than 1100 1 (3.3%) - 1 1.7 
Total 30(100.0%) 27 (100.0%) 57 100.0 

Mean: 342 employees, Standard deviation: 305 employees, Range: 1140 employees 
Source: Survey data 

4.4 Number of Years in Operations 

The plants used by the companies have been in operations for a number of years 

ranging from 2 years to 44 years. The mean value is 16.9 years and the standard 

deviation is 9.9 years. From the survey data shown in Table 4.7,36 companies that 

form 63.2 percent have been in operation for 20 years or less. It is reported that 19 

companies that constitute 33.4 percent were in operation for less than 10 years. On 

the other hand, 21 companies that made up of 36.8 percent have been in operation 

for more than 21 years. It is shown in Table 4.7 that 29.8 percent or 17 companies 

ere in operation since the last 21 to 30 years, while the balance four companies or 

seven percent have been operating for more than 30 years. Majority of these plants 

were local and foreign owned investments that were established since the Fourth 

Malaysia Plan (1981-1985). The latter groups of plants (more than 21 years) reflect 

the ageing facilities and assets they are using in conducting their manufacturing 

activities. Most of these facilities are normally designed to last for 25 to 30 years. In 

view of the aging facilities, turnaround maintenance plays more prominent role in 

revitalizing and maintaining the plant facilities for optimal and efficient production. 

It is common to see programs of rejuvenation or replacement and upgrading of the 

plant facilities are carried out during the plant turnaround maintenance among these 
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companies. The huge investment in rejuvenation is aimed at restoring the facilities 

and assets to their original capacities. The plants and facilities used by the 

manufacturers of fertilizer and nitrogen compound, electric power generating plants, 

manufacturers of cement, manufacturers of basic chemicals, and manufacturers of 

vegetables oil, palm oil, and fats have almost equal numbers of old and new 

installation. However, 18 plants that constitute 72.0 percent of the plants in the of 

petroleum-based products sector are about 20 years or less, while the balance seven 

plants which comprise of 28 percent have been in operations for more than 21 years. 

Table 4.7: Years of Operations and Activities of the Companies (n=57) 

Activity of the com anies* 
Number 1 2 3 4 5 6 

of 
Years of O Aerations Number of Companies Freq. ro % 
Less than 10 years 7 3 3 3 2 1 19 33.4 

10 to 20 years 11 - 2 1 1 2 17 29.8 
21 to 30 years 6 2 4 1 1 3 17 29.8 

More than 30 years 1 - 1 1 1 - 4 7.0 
Total 25 5 10 6 5 6 57 100.0 

Mean: 16.9 years, Standard deviation: 9.92 years, Range: 42 years 
Source: Survey data 
*I- Manufacturer of petroleum-based products 

2- Manufacturer of fertilizer and nitrogen compound 
3- Electric power generating plant 
4- Manufacturer of cement 
5- Manufacturer of basic chemicals 
6- Manufacturer of vegetables oil, palm oil, and fats 

The differences in the number of years of operations among these companies are 

also examined by the two categories of plant technology, namely petroleum-based 

and non-petroleum-based. As illustrated in Table 4.8,21 companies that form 70 

percent of the petroleum-based sector have been in operations for less than 20 years, 

while nine companies that constitute 30 percent started their operations more than 20 

years ago. In the non-petroleum-based sector, 15 companies (55.5 percent) have 

been in operations for less than 20 years. Another 12 companies (44.4 percent) 

started their operations more than 20 years ago. On overall, 21 companies or 36.8 
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percent have aging plants and facilities that require greater effort on maintenance, 

particularly plant turnaround maintenance. 

Table 4.8: Years of Operations and Plant Technology (n=57) 

F f Plant Technology 
requency o 
turnaround Petroleum-based Non-petroleum-based Freq. % 

Number of Companies 
Less than 10 years 10(33.3%) 9(33.3%) 19 33.4 

10 - 20 years 11 (36.7%) 6(22.2%) 17 29.8 
21 - 30 years 8 (26.7%) 9 (33.3%) 17 29.8 

More than 30 years 1 (3.3%) 3 (11.1%) 4 7.0 
Total 30(100.0%) 27(100.0%) 57 100.0 

Mean: 16.9 years, Standard deviation: 9.92 years, Range: 42 years 
Source: Survey data 

4.5 Scope of Work of Turnaround Maintenance 

It has been discussed earlier that the aim of plant turnaround maintenance is to 

revitalize the plant efficiency and reliability. Since the plant is shutdown for 

turnaround maintenance, the companies take the opportunity to carry out other 

works as well. The reported typical work scope of turnaround maintenance that are 

performed by the companies in the process-based industries include maintenance of 

facilities for statutory inspection, plant preventive maintenance, plant corrective 

maintenance, plant cleaning, safety and quality initiatives, and project works for 

plant replacement or plant improvement. Table 4.9 summarized the work scope of 

turnaround maintenance based on the multiple responses gathered from the survey. 
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Table 4.9: Work Scope and Activities of Companies (n=58) 

Work Scope of Activity of the companies* 
Turnaround 1 2 3 4 5 6 f Maintenance 

Number of Companies 
rey . Rank 

Statutory Inspection 

requirements (DOS! I, DOE) 24 4 9 6 6 7 56 1 
Preventive Maintenance 14 3 10 5 6 6 44 3 
Corrective Maintenance 16 4 13 6 4 6 49 2 
Plant Cleaning 11 1 7 5 3 5 32 6 
Safety and Quality 
Initiatives 17 2 7 5 5 3 39 5 

Project or Plant 
Improvement 4 7 4 4 3 44 4 

I ()till 104 1S 53 31 28 30 264 100 
Source: Survey data 

*1- Manufacturer of petroleum-based products 
2- Manufacturer of fertilizer and nitrogen compound 
3- Electric power generating plant 
4- Manufacturer of cement 
5- Manufacturer of basic chemicals 
6- Manufacturer of vegetables oil, palm oil, and fats 

It is observed that the maintenance work that is organized for the purpose of meeting 

the requirements of statutory inspection enforced by the Department of Safety and 

Hygiene (DOSI-l) and Department of Environment (DOE) is ranked the first. This is 

followed by corrective maintenance works that include repairs and replacement of 

machines, equipment, and their components. Preventive maintenance work is ranked 

the third in the reported list of work scope of the turnaround maintenance. As 

explained in the earlier chapters, the companies take the opportunity of' the 

temporary shutdown period to implement project or plant improvement initiatives 

and apparently this category of work ranks fourth. The companies also organized 

works that are related to safety and quality initiatives which is ranked the fifth and 

finally the plant cleaning work is ranked the sixth. 
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Table 4.10 summarizes the work scope against the two categories of plant 

technology used by the companies in the process-based industries. It provides an 

overview of the different priorities given by the companies in the process-based and 

the non-process-based industries towards the various turnaround maintenance work 

scope. 

Table 4.10: Work Scope and Plant Technology (n=58) 

Work Scope of Activity of the companies* 
Turnaround 
Maintenance Petroleum-based Non-petroleum-based 

Number of Companies 
Freq. 

Statutory Inspection requirements 
Uo1. ) (nOSI I 28 (rank 1) 28 (rank 2) 56 

Preventive Maintenance 17 (rank 5) 27 (rank 3) 44 
Corrective Maintenance 20 (rank 3) 29 (rank 1) 49 
Plant Cleaning 12 (rank 6) 20 (rank 4) 32 
Safety and Quality Initiatives 19 (rank 4) 20 (rank 5) 39 
Project or Plant Improvement 26 (rank 2) 18 (rank 6) 44 

Total 122 142 264 
Source: Survey data 

It is observed that among the companies in the petroleum-based sector, maintenance 

work that is organized for the purpose of meeting the requirements of statutory 

inspection enforced by DOSH and DOE is ranked the first. This is followed by the 

project or plant improvement works that can only be implemented during plant 

shutdown. Following that, corTective maintenance work and work related to safety 

and quality initiatives ranked third and fourth respectively. Preventive maintenance 

is ranked filth among the work scope of turnaround maintenance in the petroleum- 

based sectors and finally the plant cleaning work is ranked the sixth. On the other 

hand, among the non-petroleum-based companies. corrective maintenance work is 

ranked the first in the list of turnaround work scope. This consists of deferred 

corrective work that can only be implemented during a shutdown. Corrective 

maintenance is top of the list because the less emphasis given to reliability-based- 

maintenance among the non-petroleum-based sector, with the exception of a few 

large electric power generating plants. This is followed by the maintenance work to 
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meet the requirements of statutory inspection enforced by the DOSH and DOE, and 

work scope related to preventive maintenance. Plant cleaning work and safety and 

quality initiatives ranked fourth and fifth respectively, while project or plant 

improvement work is ranked sixth. 

The abovementioned discussion highlights that turnaround maintenance work 

comprised of major shutdown plant overhaul (corrective maintenance), capital 

projects and modifications as put forth by Kelly (1997). Notwithstanding the nature 

of plant technology, the focus on project and plant improvement works during the 

turnaround increases the complexity of the turnaround event. As shown in Table 

4.10, project or plant improvement work is ranked second in companies of' the 

petroleum-based sector while, it is ranked sixth in the non-petroleum-based 

companies. As discussed earlier, project or plant improvement initiatives place high 

demand on organizational resources that increases the complexity of the 

management and organization of the event. Hence, it is discernible that the 

turnaround events among the petroleum-based industries are more complex than 

those events in the non-petroleum-based sector. 

4.6 Frequency of Turnaround Maintenance 

The large companies in the process-based industries utilize multi-million dollars 

facilities and assets to conduct their business. These facilities demand continuous 

maintenance and upkeep including periodic shutdown for turnaround maintenance. 

The survey data unveils the various frequency of turnaround maintenance adopted 

by the companies in the process-based industries. The statistics shown in Table 4.11 

uncover that the frequency of the turnaround maintenance events among these 

companies varies from twice a year to once in six years. It is observed that 50 

companies that made up of 86.1 percent of the total sampled companies conduct 

their turnaround maintenance once in thee years or more frequent. The balance eight 

companies (13.9 percent) perform the event once in five years or once in six years. It 

is reported that 22 companies (37.9 percent) perform the turnaround maintenance 

once a year. These are manufäcturers of vegetables oil, palm oil, and fats, basic 
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chemicals, cement plants, electric power generating plants, and few of the 

manufacturers of petroleum-based products. Another 18 companies (31 percent) 

plan the event once in three years. Majority of them are petrochemical plants that 

manufacture petroleum-based products, fertilizer and nitrogen compound, and large 

electric power generating plants. There are six companies (10.4 percent) that 

perform the event twice a year. On the contrary, six manufacturers of petroleum- 

based products (10.4 percent) reported a longer interval between each turnaround 

event that is once in every five years. Companies that perform turnaround 

maintenance once every two years and once every six years constitute 6.9 percent 

and 3.4 percent respectively. No companies covered in the study reported 

conducting their turnaround activity once in four years. 

Table 4.11: Frequency of Turnaround and Activity of Companies (n=58) 

Activity of the companies* 
Frequency of 

d 
1 2 3 4 5 6 F turnaroun 

Number of com anies 
rcq % 

Twice a year - - 3 2 1 - 6 10.4 

Once a year 4 1 3 4 4 6 22 37.9 
Once in 2 years 2 - 2 - - - 4 6.9 
Once in 3 years 11 4 2 - 1 - 18 31.0 
Once in 4 years - - - - - - - - 
Once in 5 years 6 - - - - - 6 10.4 
Once in 6 years 2 - - - - 2 3.4 

Total 25 5 10 6 6 6 58 100.0 
Source: Survey data 

*1- Manufäcturcr of petroleum-based products 
2- Manufäcturcr of fertilizer and nitrogen compound 
3- Electric power generating plant 
4- Manufacturer of cement 
5- Manuläcturcr of basic chemicals 
6- Manufacturer of vegetables oil, palm oil, and fats 

The variations in the frequency of turnaround among the process-based industries 

are also examined by the two categories of plant technology, namely petroleum- 
based and non-petroleum-based. As illustrated in Table 4.12,15 companies (50.0 

percent) in the petroleum-based sector implement their turnaround maintenance once 

in three years. There are eight companies (26.7 percent) that plan their turnarounds 
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once in five years or longer interval. They are large petrochemical plants, refineries 

and natural gas processing plants. However, the survey data shows that there are 

companies in the petroleum-based sector that perform the event more often. For 

instance, five companies (16.7 percent) planned their turnaround once a year and 

two others carried out the event once in two years. 

The opposite pattern in turnaround frequency is seen in non-petroleum-based 

companies. These companies perform their turnaround once in three years or more 

often. As an example, majority of them which consist of 17 companies (60.7 

percent) perform the event once a year. There are six companies (21.4 percent) that 

implement the turnaround as often as twice a year. They include companies that 

perform relatively small turnaround maintenance such as hydro electric power 

generating plants, manufacturer of cement, and manufacturer of basic chemicals. 

Longer intervals between turnaround events are observed in this category of plant 

technology. There are three companies (10.7 percent) that perform the event once in 

three years and two companies (7.2 percent) that plan the event once in two years. 

They planned the event once in three years. They are large electric power generating 

plants that perform relatively sizeable turnaround maintenance. 

Table 4.12: Frequency of Turnaround and Plant Technology (n=58) 

Plant Technology 
Frequency of Petroleum-based Non-petroleum-based 
turnaround 

Number of Companies 
Frcq. % 

Twice a year - 6 (21.4%) 6 10.3 
Once a year 5 (16.6%) 17 (60.7%) 22 37.9 

Once in 2 years 2 (6.7%) 2 (7.2%) 4 6.9 
Once in 3 years 15 (50.0%) 3 (10.7%) 18 31.0 
Once in 4 years - - - - 
Once in 5 years 6 (20.0%) - 6 10.4 
Once in 6 years 2 (6.7%) - 2 3.5 

Total 30(100.0%) 28 (100.0%) 58 100.0 
Sourcc: Survey data 
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4.7 Duration of Turnaround Maintenance Event 

The plant turnaround is a major maintenance activity that takes place within the 

constraints of business performance, market circumstances, customers, competitors, 

the local community, available technology, legal requirements, health, safety, 

environment, availability of contractors, and even the weather. The constraints are 

often conflicting and have to be balanced. A case in point is the duration of the 

turnaround maintenance (window of opportunity). It is a consensus among the 

maintenance managers that were interviewed for the present study that the duration 

of turnaround is a policy matter that is decided by the top management of the 

companies. It is set with reference to other important parameters namely quantity of 

work to be carried out, the number of workforce to be used, the acceptable level of 

investment (total cost) of the turnaround event, and market demands to name a few. 

The duration of the turnaround maintenance event is dependent upon the work 

scope. The latter is almost always constrained by the demands on the production and 

the availability of sufficient funds to finance the event. In view of these constraints, 

the shutdown period must allow for a minimum scope of turnaround maintenance 

work to he performed on the plant facilities to ensure the continuous optimal and 

efficient plant performance. Based on the information gathered from the survey, the 

mean duration of turnaround is 22 days and the standard deviation is 11 days. The 

range of duration of turnaround maintenance among these companies is 53 days. The 

survey data shows that 49 companies (84.5 percent) allocated 30 days or less for 

implementation of their turnaround maintenance activities. However, most of the 

companies that constitute 32.8 percent allocated 11 to 20 days for the execution of 

the event, while 18 companies (31 percent) implement the turnaround activities 

within 21 to 30 days. They include large number of petrochemicals plants that 

manufacture petroleum-based products, electric power generating plants, cement 

plants and also basic chemicals plants. There are 12 companies (21 percent) that 

implement the turnaround in 10 clays or less. They include electric power generating 

plants, a cement plant, few basic chemical plants, and manufacturers of vegetables 

oil, palm oil, and fats. It is reported that seven companies (12.1 percent) require 
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between 31 to 40 days for the turnaround. These are petrochemicals plants that are 

involved in the manufacture of petroleum-based products, fertilizers, and nitrogen 

compound and a large electric power plant. The remaining two companies (3.7 

percent) consist of power generating plants that require more than 40 days executing 

their turnaround activities. 

Table 4.13: Duration of Turnaround and Activity of Companies (n=58) 

Duration of 
Activity of the companiec* 

Turnaround 1 2 3 4 5 6 
Number of companies Frcq. % 

10 days or less - - 2 1 3 6 12 20.7 

1 1- 20 days 10 2 2 4 1 - 19 32.8 
21 -30days 10 2 3 1 2 - 18 31.0 

31 - 40 days 5 1 1 - - - 7 12.1 

41 -50 days - - 1 - - - 1 1.7 

More than 50 days - - 1 - - - 1 1.7 
Total 25 5 10 6 6 6 58 100.0 

Mean: 22 days, Standard deviation: 11 days, Range: 53 days 
Source: Survey data 

*1- Manufacturer of petroleum-based products 
2 Manufacturer of fertilizer and nitrogen compound 
3- Electric power generating plant 
4- Manufacturer of cement 
5- Manufacturer of basic chemicals 
6- Manufacturer of vegetables oil, palm oil, and fats 

It is evident from Table 4.13 that the duration of turnaround maintenance varies 

among the companies. By and large, the manufacturers of vegetables oil, palm oil, 

and fats, cement, and basic chemicals shut down their plants for 20 days or less for 

executing the turnaround maintenance activities. However, the turnaround events are 

carried out once a year or more often. For instance, Malay-Sino Chemical Industries 

Sdn Bhd conducts their turnaround once in a year, in between 10 to 15 days. using 

approximately 50 workers. On the contrary, many companies in the petroleum- 

based, fertilizer and nitrogen compound sectors and majority of the electric power 

generating plants shut down their plants for more than 20 days to implement the 

turnaround activities. However, the interval between each turnaround is once in two 
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years or longer. Obviously, the intervals between their turnarounds are not that 

frequent in comparison to the non-petroleum-based groups of companies. A clear 

example is PETRONAS Penapisan (Melaka) Sdn Bhd that implements their 

turnaround once in five years, utilizing close to 1,500 workers for duration of about 

18 days. 

The variations in the duration of the turnaround event are also examined by grouping 

the companies among the process-based industries into two categories of plant 

technology namely petroleum-based and non-petroleum-based as illustrated in Table 

4.14. Except for three electric power generating plants (10.8 percent) that perform 

their turnaround maintenance for more than 30 days, other non-petroleum-based 

companies which constitute 25 companies (89.2 percent) perform their turnaround 

maintenance in less than 30 days. Majority of them (12 companies or 42.9 percent) 

have only 10 days or less window of opportunity. Seven companies (25 percent) 

carry out the event between 11 and 20 days, and six companies (21.4 percent) 

require in a range of 2I to 30 days. On the contrary, longer duration of turnaround is 

observed in 30 petroleum-based companies (100 percent). Among them, there are 12 

companies (40 percent) that allocate 11 to 20 days and another 12 companies (40 

percent) carry out the event between 21 and 30 days. While six other companies (20 

percent) implement the events between 31 and 40 days. 

Table 4.14: Duration of Turnaround and Plant Technology (n=58) 

Duration of Plant Technology 
Turnaround Petroleum-based Non- petroleum-based 

(days) Number of Companies Freq. % 
10 (lays or less - 12(42.8%) 12 20.7 
11 - 20 days 12 (40.0%) 7 (25.0%) 19 32.8 
21 - 30 days 12 (40.0%) 6 (21.4%) 18 31.0 
31 - 40 days 6(20.0%) 1 (3.6%) 7 12.1 
41 - 50 days - 1 (3.6%) 1 1.7 

More than 50 days - 1 (3.6%) 1 1.7 
Total 30(100.0%) 28(100.0%) 58 100.0 

Mean: 22 days, Standard deviation: 11 days, Range: 53 days 
Source: Survey data 
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4.8 Organization of Turnaround Maintenance 

Variations in the organization for the plant turnaround maintenance activities among 

the companies in the process-based industries are observed. Evidently, Table 4.15 

shows that 31 companies (53.4 percent) established separate temporary turnaround 

organization to manage and execute their plant turnaround maintenance while the 

balance 27 companies (46.6 percent) used their plant-based maintenance personnel. 

A separate temporary turnaround organization is common among large scale 

turnaround events in petrochemical industries, manufacturer of fertilizer and 

nitrogen compound, and the larger electric power generating plants. On the contrary, 

relatively smaller turnaround events that are performed, for instance, by the 

manufacturers of basic chemicals. cement plants. and manufacturer of vegetables 

oils, palm oil and fats rely on their plant-based maintenance personnel to manage 

and execute the events. 

Table 4.15: Organization of Turnaround and Activity of the Companies (n=58) 

Activit of the com anies 
Organization of Turnaround 123456 Total 

Maintenance Number of companies 
Plant-based maintenance 

department 5 1 6 4 5 6 27 46.6 

Separate turnaround 
maintenance organization 20 4 4 2 1 0 31 53.4 

Total 25 5 10 6 6 6 58 100.0 
Source: Survey data 
*I- Manufacturer of petroleum-bascd products 

2- Manufacturer of tcrtilizer and nitrogen compound 
3- Electric power generating plant 
4- Manufacturer of cement 
5 Manufacturer of basic chemicals 
6 Manufacturer of vegetables oil, palm oil, and fats 
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Table 4.16 shows different ways turnaround maintenance events are organized 

among the two categories of plant technology. It is reported that the turnaround 

maintenance events of 24 companies (80.0 percent) in the petroleum-based sector 

are managed by a separate units that are solely dedicated for the accomplishment of 

the events. However, there are six companies (20.0 percent) in this category utilize 

their plant-based maintenance personnel to manage and organize the event. These 

companies have relatively smaller turnaround events. Hence, the events are 

manageable by the plant-based maintenance personnel. On the other hand, large 

proportion of the non-petroleum-based companies that consists of 21 companies 

(75.0 percent) uses their plant-based maintenance personnel to manage their 

turnaround maintenance. While, seven companies (25.0 percent) establish separate 

turnaround maintenance units due to the large size of their turnaround events. 

Hence, separate teams that are solely dedicated to the turnaround are found to be 

more appropriate. As illustrated by Table 4.16. it is obvious that turnaround 

maintenance events are organized differently among the companies in the process- 

based industries. 

Table 4.16: Organization of Turnaround and Plant Technology (n=58) 

Organization of Plant Technology 
Turnaround Petroleum-based Non- etroleum-based Freq. % 
Maintenance Number of Companies 
Plant-based 
maintenance 6 (20.0%) 21 (75.0%) 27 46.6 
department 

Separate turnaround 
maintenance 24(80.0%) 7(25.0%) 31 53.4 
organization 

Total 100 30 28 58 . 0 
Source: Survey data 
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4.9 Organizational Structure of Turnaround Maintenance 

The survey data of the present study reveals that there are three types of 

configurations of organizational structures that are established for organizing 

turnaround maintenance among the process-based industries. The organizational 

structure of the individual turnaround maintenance organization has close 

resemblance to one of the three models namely Model A, Model B. and Model C as 

shown by Figure 4.2, Figure 4.3, and Figure 4.4 respectively. 
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Figure 4.2: Model A: Organizational Structure of Small Plant Turnaround 

Maintenance 

Source: Survey data 
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The three models indicate the extent of division of labor in the turnaround 

maintenance activities of the various plants. Based on the survey data summarized in 

Table 4.17, Model A is common among 16 companies that carry out relatively small 

turnaround events. They tbnned 29.6 percent ofthe total sampled companies. This is 

followed by Model B that is established in nine companies which constitutes 16.7 

percent, and Model C that is featured among 29 companies that takes up the balance 

53.7 percent. Model C is commonly established among the companies that 

performed large turnaround such as petrochemical plants. refineries, and electric 

power generating plants. 

Table 4.17: Organizational Structure and Activity of the Companies (n=54) 

figuration of Coil 
Activity of the companies 

- Organizational Structure 1 2 T 74 56 Total % 
of Turnaround 
Maintenance 

Number of companies 

Model A - 1 4 2 4 5 16 29.6 

Model B I - 4 2 2 - 9 16.7 

Model C 22 4 1 2 - - 29 53.7 

Total 23 5 9 6 6 5 54 100.0 

Source: Survey data 
*I Manufacturer of petroleum-based products 

2 Manufäcturer of fertilizer and nitrogen compound 
3- Electric power generating plant 
4- Manufacturer of cement 
5- Manufacturer of basic chemicals 
6- Manulhcturcr of vegetables oil, palm oil, and fats 

Alternatively, Table 4.18 shows the configuration of organizational structure of 

turnaround maintenance when the companies among the process-based industries are 

grouped into two categories of petroleum-based and non-petroleum-based sectors. It 

is observed that 26 companies which constitute about 93) percent of the total 

companies in the petroleum-based sector establish their turnaround organizations 

resembling Model C. On the other hand, 15 companies (close to 58 percent) in the 

non-petroleum-based sector organize their turnaround in line with organizational 

structures that are similar to Model A. There are eight companies that organize the 

118 



I 
event according to Model B, while the balance three companies in the non- 

petrolcum-based sector organize according to Model C. 

Table 4.18: Organizational Structure and Plant Technology (n=54) 

Configuration of 
i ti l O Plant Technology % rgan za ona 

Structure of Petroleum-based Non-petroleum-based 
Turnaround 
Maintenance Number of Companies 

Freq. 

Model A 1 (3.6%) 15 (57.7%) 16 29.6 

Model B 1 (3.6%) 8(30.8%) 9 16.7 

Model C 26(92.8%) 3 (11.5%) 29 53.7 

Total 28(100.0%) 26 (100.0%) 54 100.0 

Source: Survey data 

4.10 Levels of Hierarchy 

The present study shows that the turnaround organizations among the process-based 

industries are structured with different levels of hierarchy, ranging from three levels 

to six levels. As evident from Table 4.19,39 companies (69.6 percent) designed 

their turnaround organizational structures with three or four levels. While 17 

companies (30.4 percent) are organized with five or six levels. Based on the survey 

data, 22 companies (39.3 percent) are structured with four levels and 17 companies 

(30.3 percent) with three levels of hierarchy. Another 14 companies (25.0 percent) 

established live level of hierarchy in their turnaround organizational structure. The 

balance three companies (5.4 percent) are organized with six hierarchical levels. 

Obviously, taller organizational structures prevailed in larger turnaround events 

carried out by the manufäcturer of petroleum-based products, manufacturers of 

fertilizer and nitrogen compound. and a number of large electric power generating 

plants. Lean turnaround organizational structures arc observed among the cement 

plants, manufacturer of basic chemicals, and manufacturer of vegetables oil, palm 

oil, and fats. 
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Table 4.19: Levels of Hierarchy and Activity of the Companies (n=56) 

L l f Activity of the cornpani s* eve so 
Hierarchy 1 2 3 4 5 6 Freq. 

Number of companies 
% 

3 4 2 3 1 3 4 17 30.3 
4 7 1 5 4 3 2 22 39.3 
5 10 2 1 1 - - 14 25.0 
6 3 - - - - - 3 5.4 

Total 24 5 9 6 6 6 56 100.0 
Source: Survey data 
*1- Manufacturer of petroleum-based products 

2- Manufacturer of fertilizer and nitrogen compound 
3 Electric power generating plant 
4- Manufacturer of cement 
5- Manufacturer of basic chemicals 
6- Manufacturer of vegetables oil, palm oil, and fats 

As an alternative, Table 4.20 illustrates the differences in the number of levels of 

hierarchy in the organizational structure of turnaround maintenance when the 

companies among the process-based industries are grouped into two categories of 

petroleum-based and non-petroleum-based sectors. As evident from the survey data, 

most of the companies in the petroleum-based sector (41.4 percent) are designed 

with five hierarchical levels. It is reported that 20 companies (69.0 percent) of the 

petroleum-based sector are designed with four or five hierarchical levels. Leaner 

structures are seen in six companies (20.7 percent) of the petroleum-based sector. 

On the other hand, taller structures arc established in three companies (10.3 percent). 

On the contrary, leaner structures are largely seen in the turnaround organizational 

structures of non-petroleum-based companies. Most of the companies (51.9 percent) 

reported having four levels of hierarchy. Another 11 companies (40.7 percent) are 

organized with three levels, while the balance two companies (7.4 percent) are 

having five levels of hierarchy. None of the companies in the non-petroleum-based 

sector reported having six levels of hierarchy. 
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Table 4.20: Levels of Hierarchy and Plant Technology (n=56) 

Le l f Plant Technology 
ve so 

Hierarchy Petroleum-based Non-petroleum-based Freq. 
Number of Companies 

% 

3 6 (20.7%) 11 (40.7%) 17 30.3 
4 8 (27.6%) 14 (51.9%) 22 39.3 
5 12 (41.4%) 2 (7.4%) 14 25.0 
6 3(10.3%) - 3 5.4 

Total 29(100.0%) 27 (100.0%) 56 100.0 
Source: Survey data 

4.11 Contractors in Turnaround Maintenance Organization 

Depending on the plant technology and size of the turnaround event, a large portion 

of the turnaround maintenance tasks is outsourced to contractors. Outsourcing is a 

common method of organizing for human resource in turnaround maintenance, 

notably in large scale turnaround undertakings. All the companies included in the 

present study reported the use of contractors to execute their turnaround 

maintenance activities. However, the level of usage of these external workers highly 

depended on the scale of their turnaround activities. On the average, the companies 

recorded employing 646 external workers and the standard deviation is 752 workers. 

The range is 2990 workers. Table 4.21 shows the number of temporary external 

workers used among the six categories of process-based industries covered in the 

study. Close to one-half (46.5 percent) of the total companies use less than 200 

external workers supplied by contractors. They include electric power generating 

plants. cement plants, basic chemical plants, and also manufacturers of vegetable 

oils, palm oil, and fats. While on the other extreme. 15 companies (25.9 percent) 

used more than 1,000 external workers. These companies are found in the 

petrochemicals industries. Another seven companies (I 2 percent) reported using 

between 200 and 400 external workers. The balance nine companies (15.0 percent) 

recorded employing in between 600 to 1,000 temporary workers to execute their 

turnaround maintenance activities. Majority of them are in the petrochemicals 

sector. 
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Table 4.21: Number of External Workers and Activities of Companies (n=58) 
Activit of the com anies* Number of 

External Workers involved 12 3456 Freq. o 

in the turnaround maintenance Num ber of companies 
Less than 200 2 1 7 5 6 6 27 46.5 

201 -400 6 0 0 1 0 0 7 12.1 

401 -600 0 1 1 0 0 0 2 3.4 

601 -800 3 0 0 0 0 0 3 5.2 
801 - 1000 2 1 1 0 0 0 4 6.9 

More than 1000 12 2 1 0 0 0 15 25.9 

Total 25 5 10 6 6 6 58 100.0 
Mean: 646 workers, Standard deviation: 752 workers, Range: 2990 workers. 
Source: Survey data 
*1- Manufacturer of petroleum-based products 

2- Manufacturer of fertilizer and nitrogen compound 
3- Electric power generating plant 
4- Manufacturer of cement 
5 Manufacturer of basic chemicals 
6- Manufacturer of vegetables oil, palm oil, and fats 

The number of outsourced temporary external workers for turnaround maintenance 

is also analyzed according to the two categories of plant technology namely 

petroleum-based companies and non-petroleum-based companies. It is evident from 

Table 4.22 that majority of the petroleum-based companies engaged large number of 

external workers, while those in the non-petroleum-based sector recorded relatively 

smaller numbers. Close to one-half (46.7 percent) of the companies in the 

petroleum-based sector used more than 1000 temporary external workers. It is 

reported that 10 companies (33.0 percent) used less than 600 workers including three 

companies (10.0%) that engaged less than 200 workers. Another six companies 

(20.0 percent) employed in between 600 to 1000 external workers. 

Among the companies in the non-petroleum-based sector, 24 companies (85.6 

percent) engaged less than 200 external workers in executing their turnaround 

events. There are two companies that engaged between 201 and 600, and another 

two companies that used more than 800 external workers. 
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4.12.1 Cost of Turnaround Maintenance 

A turnaround maintenance manager of Shell Chemicals Seraya Ptc Ltd, a 

petrochemical refinery, classified his turnaround maintenance costs into four major 

categories that includes (1) administrative and overheads, (2) labor, (3) equipment, 

shops fabrication, materials, and (4) contingency as indicated in Table 4.22. The 

maintenance manager of TNB Janamanjung Sdn Bhd, on the other hand, highlighted 

that the major elements which constitute cost of the plant turnaround maintenance of 

his power plant are costs of services and materials. Cost of services includes, among 

others, the cost of turnaround planning and management, cost of labor that covers 

companies' plant personnel, contractors, and specialists. The cost of materials 

include spare parts and materials to repair defects or replacement, equipment 

purchases and hire, logistics that consists of temporary stores, workshop, 

accommodation, mess rooms, changing rooms, site offices, utilities, and other 

contingencies. The two turnaround maintenance professionals agreed that the total 

cost is directly linked to the size of the turnaround event. Large events are portrayed 

with more extensive cost profile due to the extensive volume of maintenance work 

such as the case of TNB Janarnanjung Sdn Bhd. Based on the list of maintenance 

work activities of a planned shutdown (turnaround) carried out for a duration of 12 

days in November 2006, close to 500 different kinds of maintenance activities were 

performed (refer to Appendix 6). 
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Table 4.23: Cost Profile of Large Plant Turnaround Maintenance 

Phases of Turnaround Cost categories Details 

Planning and preparation Administrative and 
overheads 

Work preparation, planning and management 
carried out by own staff and contract staff 

Labor Prefabrication work 
Equipment, shops and 
materials 

Purchases of bulk materials such as valves, 
pumps, motors, and lone delivery equipment. 
Rental of Scaffold. 

Execution Administrative and 
h d 

Management and coordination 
over ea Engineering support 

Health, safety and environment, and security 
Temporary facilities: buildings. warehouse. 
accommodation, infrastructure (IT. electricity, 
water. etc) 
General: fuel, catering, etc 
Logistics: transportation etc 
Waste handling and disposal 

Labor Field supervision 
Scaffold yard management 
Tool rooms attendants 
Mechanical works: columns, reactors. furnaces. 
vessels, exchangers, piping and valves. etc. 
Scaffolding installation and removal. 
modification and repair during turnaround 
Electrical works 
Instrumentation works 
Rotating equipment: compressors. turbines, 
pumps, etc 
Cleaning. insulation. painting 
Civil works 
Crane and equipment operation 
Refractory removal and installation 
Non destructive testing and inspection 
Specialists: heat treatment, bolt tensioning. 
onsite machining, 
General labor: support 

Equipment, shops and Bulk materials and consumables 
ºnaterials Fabrication and overhauls 

Crane, scaffold and equipment rental 
Contingency Contingency. emergent work. additional work 

Termination Administration and 
overheads 

Post turnaround and close out by staff and 
contractor 

Labor Dismantling and demobilization. etc 
Source: Shell Chemicals Seraya Pte Ltd 
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The costs are divided and identified according to the three major phases of 

turnaround namely planning and preparation, execution. and termination. The cost 

details demonstrate some of the core functions of turnaround maintenance 

management that include planning, organizing, and controlling. It is explicitly clear 

that large proportion of the cost is focused on organizing resources (human resource 

and materials) of the turnaround maintenance activities. 

In the present study, the costs of the turnaround maintenance are classified into three 

categories namely small scale (less than RM500,000), medium scale (RM500,000 up 

to RM5,000,000) and large scale (more than RM5,000,000). The mean value of total 

cost of the turnaround is RM18,035,000. The standard deviation is RM21,750,000 

and the range is RM89,950,000. The results of the survey shows that more than one- 

half (55.1 percent) of the companies covered in the study belong to the large-scale 

category of plant turnaround maintenance. They include 24 petrochemical plants that 

are involved in the manufacture of petroleum-based products, fertilizer and nitrogen 

compound, and three electric power generating plants. The remaining 44.9 percent 

of the companies are split into medium-scale and small-scale turnaround 

maintenance. This is illustrated by Table 4.24. Medium-scale turnaround events 

conducted by 12 companies (24.5 percent) are found in all types of process-based 

industries. However, majority of the medium-scale events (66.7 percent) is found in 

five cement plants (41.7 percent) and three power plants (25.0 percent). Small-scale 

turnaround events are reported by 10 companies (20.4 percent), whereby majority of 

the turnaround events (90.0 percent) are carried out by five manufacturers of 

vegetables oil, palm oil, and fats (50.0 percent) and basic chemical plants (40.0 

percent). 

It is evident from Table 4.24 that large scale turnaround maintenance events are 

largely found in manufacturing sectors of petroleum-based products, fertilizer and 

nitrogen compound and few large power plants that are using steam turbine, gas 

turbine or combined-cycle turbine. Cement plants are characterized by medium scale 

turnaround maintenance events. On the contrary, the manufacturer of basic 
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chemicals, vegetables oil, palm oil, and fats implement comparatively smaller 

turnaround events. 

Table 4.24: Cost of Turnaround and Activities of Companies (n=49) 

C t fT d Activity of the companies* os o urnaroun 
Maintenance 123456 

% Number of companies Freq. 
Small Scale I - 4 5 10 20.4 

(RM500,000 or less) 
Medium Scale 1 1 3 5 1 1 12 24.5 

(RM500,001 to RM 
5,000,000) 

Large Scale 21 3 3 27 55.1 
(RM5,000,001 or more) 

Total 22 4 7 5 5 6 49 100.0 
Mean: RM 18,035,000, Standard deviation: RM21,750,000. Range: RM89,950,000 
Source: Survey data 

*1- Manufacturer of petroleum-based products 
2- Manufacturer of fertilizer and nitrogen compound 
3- Electric power generating plant 
4- Manufacturer of cement 
5- Manufacturer of basic chemicals 
6- Manufacturer of vegetables oil, palm oil, and fats 

Table 4.25 shows descriptive analysis of the costs of turnaround maintenance based 

on two categories of plant technology namely petroleum-based and non-petroleum- 

based. Large scale turnaround events are carried out by the majority (about 92.3 

percent) of the petroleum-based companies. Only two companies (7.7 percent) in 

this sector perform medium scale turnaround. None of the company is found in 

small scale category. On the other hand. the majority of the non-petroleum-based 

companies conduct small and medium scale turnaround maintenance. For instance, 

10 companies (43.5 percent) spend less than RM500,000 (small scale) and similar 

number of companies spend in between RM500.000 and RM5,000,000 (medium 

scale) for their turnaround maintenance events. However, the survey data shows that 

three companies (13.0 percent) in the non-petroleum-based sector performed large 

scale turnaround maintenance. They are large power plants that are using steam 

turbine, gas turbine or combined-cycle turbine. 
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Table 4.25: Cost of Turnaround and Plant Technology (n=49) 

Cost of Turnaround 
Maintenance Plant Technology Freq. 0 

Petroleum-based Non-petroleum-based 
Number of Companies 

Small Scale 
(RM500,000 or less) _ 

10 (43.5%) 10 20.4 

Medium Scale 
(RM500,001 to RM5,000,000) 

2 (7.7%) 10(43.5%) 12 24.5 

Large Scale 
(RM5.000,001 or more) 

24 (92.3%) 3 (13.0%) 27 55.1 

Total 26(100.0%) 23 (100.0%) 49 100.0 

Source: Survey data 

4.12.2 Planning Duration of Turnaround Maintenance 

The complexities associated with turnaround maintenance and possibilities of 

consequential monetary loss due to duration overrun have placed planning and 

preparation a precondition to ensure smooth execution and timely completion. In 

fact, planning is the major phase of the turnaround maintenance process. Stretching 

the planning duration to two or three years is not uncommon in process-based 

industries especially the petrochemicals sector. Nevertheless, the duration of 

planning for the turnaround maintenance differs among the companies. This is 

reflected by Table 4.26 which shows the variations in the turnaround planning 

duration among the companies involved in the present study. The mean duration of 

planning for turnaround maintenance is 9.8 months and the standard deviation is 7.5 

months. The planning duration among the companies included in the present study 

ranges from one month to 36 months. The majority of the companies (69 percent) 

require a planning duration of 12 months or less including 27 companies (46.6 

percent) with planning duration of six months or less. One and a half years of 

planning time were reported by 14 companies (24.1 percent) covered in the study. 

The remaining four companies (6.9 percent) require more than 18 months including 

one company (1.7 percent) with a planning duration of more than 18 months. 
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Table 4.26: Planning Duration and Activities of Companies (n=58) 

Planning Duration Activity of the cornpanies* 

(month) 1 2 3 4 5 6 

Number of companies Freq. % 

6 or less 3 1 8 4 5 6 27 46.6 

7-12 7 1 2 2 1 - 13 22.4 

13-18 11 3 - - - - 14 24.1 

19-24 3 - - - - - 3 5.2 

25 or more 1 - - - - - 1 1.7 

Total 25 5 10 6 6 6 58 100 

Mean: 9.8 months, Standard deviation: 7.5 months. Range: 
Source: Survey data 

*I- Manufacturer of petroleum-based products 
2- Manufacturer of fertilizer and nitrogen compound 
3- Electric power generating plant 
4- Manufacturer of cement 
5- Manufacturer of basic chemicals 
6- Manufacturer of vegetables oil, palm oil, and fats 

35 months 

The survey data indicates that plant technology influences the length of planning 

duration of plant turnaround maintenance. Large turnaround events in the petroleum- 

based industries and fertilizer and nitrogen compound industries require longer 

planning duration of more than 12 months. For example, on the average MLNG Sdn 

Bhd and PETRONAS Penapisan (Melaka) Sdn Bhd allocate 15 months for the 

planning and preparation of their turnaround maintenance. On the contrary, electric 

power generating plants. cement plants. manufacturers of basic chemicals, 

vegetables oil, palm oil, and fats require 12 months or less to plan and prepare for 

their turnaround event. For instance, TNB Janamanjung Sdn Bhd and Malay-Sino 

Chemical Industries Sdn Bhd allocate three months, while Perak Hanjoong Cement 

allocates a month for the planning. 

Table 4.27 illustrates obvious differences in the duration required for the planning of 

the turnaround maintenance activities when the comparisons are made between 

petroleum-based and non-petroleum-based companies. Most of the petroleum-based 
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companies (46.7 percent) allocate between 13 and 18 months of planning for their 

turnaround events. Eight companies (26.7 percent) require seven to 12 months, 

while four companies (13.3 percent) require less than six months for the planning 

work. There are fiiur companies (13.3 percent) that require longer duration of 

planning that include three companies (10.0 percent) with 19 to 24 months planning 

and one company (3.3 percent) that requires more than two years planning for its 

turnaround event. On the contrary, all the non-petroleum-based companies require 
less than a year to organize and plan their turnaround events. For instance, 23 

companies (82.1 percent) plan their turnaround in less than six months, while five 

others (17.9 percent) need between seven months to a year. 

Table 4.27: Planning Duration of Turnaround Maintenance and Plant 

Technology (n=58) 

Planning Duration Plant Technolos, 

(month) Petroleum-based Non-petroleum-based % 
Number of Companies Freq. 

6 or less 4 (13.3%) 23 (82.1%) 27 46.6 

7-12 8 (26.7%) 5 (17.9%) 13 22.4 
13 - 18 14(46.7%) - 14 24.1 
19-24 3(10.0%) - 3 5.2 

25 or more 1 (3.3%) 
- - - 

1 1.7 
Total 30000.0%) 28 (100.0%) 

ý 
58 100.0 

Source: Survey data 

4.12.3 Total Number of Workforce for Turnaround Maintenance 

Turnaround maintenance involves voluminous maintenance work that requires large 

number of manpower, since the work has to he completed withal a very short 

duration. In addition, it is quite common for a turnaround event to include new 

projects that can only he implemented when there is complete shutdown of the plant 

adding further demand on human resource. Together. thousands of maintenance 

man-hours are required depending on the volume of the work. On the average, the 

companies recorded employing 715 workers and the standard deviation is 812 

workers. The range is 3480 workers. Comparing the number of workforce required 
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for turnaround maintenance among the companies included in this study, two 

significant groups are observed. At one extreme, 20 companies (34.5 percent) 

require less than 100 workers to execute the turnaround maintenance while at the 

other extreme, 22 companies (37.9 percent) need more than 600 people for their 

turnaround event. In between these two extremes, five companies (8.6 percent) 

employ in a range of 100 to 200 workers for their turnaround maintenance events, 

eight companies (13.7 percent) have manpower size of between 201 to 500, and 

three companies (5.2 percent) employ between 500 to 600 maintenance workers. 

Table 4.28 shows that the number of workforce required for turnaround maintenance 

varies among the various companies in the process-based industries. At a glance, 

there is a pattern that relates number of workforce for turnaround maintenance to the 

plant technology. 

Table 4.28: Total Number of Turnaround Workforce and Activity of 

Companies (n=58) 

Activity of the com anies* 
Number of Workforce for 

1 2 3 4 5 6 
Turnaround 

Maintenance Number of comp anies Freq. % 

100 or less 1 1 6 2 4 6 20 34.5 

101 to 200 - - 1 3 1 - 5 8.6 

201 to 300 1 - - - 1 - 2 3.5 

301 to 400 5 - - - - - 5 8.6 

401 to 500 1 - - - - - 1 1.7 

501 to 600 - I 1 1 - - 3 5.2 

More than 600 17 3 2 - - - 22 37.9 

Total -) - 5 10 6 6 6 58 100.0 

Mean: 715 workers, Standard deviation: 8 12 workers. Range: 3480 workers 
Source: Survey data 

*I Manufacturer of petroleum-based products 
2- Manutäcturer of fertilizer and nitrogen compound 
3- Electric power generating plant 
4- Manufacturer ofcement 
5- Manufacturer of basic chemicals 
6- Manufacturer of vegetables oil, palm oil, and fats 
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Table 4.29 illustrates the presence of certain degree of variations in the number of 

workforce required for the turnaround maintenance activities when evaluation is 

made between petroleum-based and non-petroleum-based companies. It reveals that 

20 companies (66.7 percent) in the petroleum-based sector used more than 600 

workers to implement the turnaround activities. There are eight companies (about 

26.6 percent) that used between 200 and 600 workers to execute their turnaround 

maintenance activities. On the other extreme, only two companies (6.7 percent) 

require 100 or less employees to execute the events. On the contrary, large majority 

of the companies in the non-petroleum-based industries used small number of 

employees. For instance, 18 companies (64.3 percent) employ 100 or less workers 

for their turnaround maintenance events. The survey data also reveals six companies 

(21.5 percent) that used between 100 and 300 workers. However, there are few 

companies in the non-petroleum-based sector that used large number of workers 

because they performed comparatively larger scale turnaround activities. For 

instance, four companies (14.2 percent) required more than 500 workers which 
include three large electric power generating plants and one large cement plant. 

Table 4.29: Total Number of Turnaround Workforce and Plant Technology 

(n=58) 

Plant Technology 
Number of Workforce 

for Turnaround Petroleum-based Non-petroleum-based 

Maintenance Freq. % 
100 or less 2 (6.7%) 18 (64.3%) 20 34.5 
101 to 200 - 5 (17.9%) 5 8.6 
201 to 300 I (3.3%) 1 (3.6%) 2 3.4 
301 to 400 5 (16.7%) - 5 8.6 
401 to 500 1 (3.3%) - 1 1.7 
501 to 600 1 (3.3%) 2(7.1%) 3 5.2 

More than 600 20 (66.7%) 2 (7.1 %) 22 37.9 
Total 30 (100.0`iä) 28 (100.0%) 58 100.0 

Mean: 715 workers, Standard deviation: 812 workers, Range: 3480 workers 
Source: Survey data 
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The stalling liar the turnaround maintenance organization is highly variable as the 

turnaround maintenance event moves through its life cycle. Figure 4.5 illustrates the 

staffing profile of the turnaround maintenance workforce engaged (luring a plant 

turnaround conducted by PETRONAS Gas Bcrhad in 2007. In total, the company 

employed 1,650 maintenance workers to execute the event. In the early stage of the 

turnaround execution phase, the number of maintenance workers involved is less 

than 500. As the work progresses, the number of worktorce grows and reached the 

peak somewhere in the middle of the execution phase. During this period, the 

company engaged around 1,550 to 1,650 maintenance workers. Subsequently, the 

number reduces and it reaches a level of about 200 workers at the tail-end of the 

turnaround event. 
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Figure 4.5 Staffing Profile of the Turnaround Maintenance Workforce Engaged by 

PETRONAS Gas Bcrhad in 2007 

Source: Turnaround Execution Daily Progress Meeting of GPP2 TA 2007 

4.13 Structuring Processes in Turnaround Maintenance Organization 

Levitt (2004) states that "a shutdown is a melting pot in accelerated time, which 

means that people will be operating at or near their limits". His statement implies 

that human resource issues are crucial in plant turnaround maintenance and that the 

necessary priority needs to be accorded in managing and organizing the human 
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aspect in this fast-track task-oriented undertaking. For instance, the appropriate 

organizing of the human resource in the form of organizational structure and 
structuring processes such as centralization and fonnalization are pertinent. 
Nevertheless, the organizational structure and the level of centralization and 
formalization are different among the various process-based industries. 

4.13.1 Level of Centralization in Turnaround Maintenance Organization 

Achieving successful organizational performance of turnaround maintenance is not 

possible simply by designing and adopting functional-type organizational structures 

as discussed in the earlier sections. Managing and organizing the resources for 

turnaround require the clear role of decision making authority in committing the 

resources as reflected by the level of centralization in the organizational structuring 

process among the turnaround maintenance organizations. The centralization that is 

being considered here is the distribution of authority to commit the organization's 

resources för implementing the turnaround maintenance activities. Based on the 

survey data, the overall mean value for the level of centralization in the turnaround 

maintenance organization on a scale of I to 5 is 4.05 (standard deviation 0.34) 

demonstrating a high level of centralization in the turnaround organization among 

the companies in the process-based industries. The mean values and standard 

deviation are displayed in Table 4.30. The lowest level of centralization is recorded 

among the cement manufacturers that is 3.94, while the highest level of 

centralization is observed among the manufacturer of vegetables oils, palm oil and 

fats, which is 4.32. The high level of centralization indicated by the survey data 

reflect the authority to commit organizational resources such as human resource. 

funds, machines, and materials is concentrated or confined to a few key persons or 

group of senior managers of the turnaround maintenance organization. For instance, 

in MLNG Sdn Bhd, the authority rests on a group of senior managers or the policy 

team and the turnaround manager. While in a smaller turnaround organization. such 

as Malay-Sino Chemical Industries Sdn Bhd, the authority rests on a key person 

namely the plant manager. 
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Table 4.30: Mean score of item-scale for Centralization (n=58) 

Item-scale for centralization 
Mean 

Std. 
Dev. 

1. Approve the required number of employees 4.0000 
. 
70088 

2. Training of employees 3.3621 
. 
87255 

3. Appointment of temporary employees for the turnaround 3.7931 
. 
61441 

4. Approval of additional funds required for the implementation of emergent work 4.8793 
. 
32861 

5. Decision on the appointment of consultants 4.5690 
. 
56544 

6. Decision on the appointment of specialists 4.3966 . 59056 

7. Decision on the appointment of suppliers of materials and services 4.0345 
. 
72464 

8. Decision on the purchase of machinery, instrument or equipment to be used for a 
job 3.8621 

. 
82607 

9. Decision on the appointment of contractors 4.2241 . 75028 

10. Decision on overtime work 3.2241 
. 
81742 

11. Decision on the methods of work to be used; i. e., how a job is to be carried out 3.1724 
. 
72880 

12. Decision on quality plan and inspection; to what items, processes, 
workmanship, etc. and the quality plan and inspection system to be followed. 3.3276 

. 
68538 

13. Decision on safety plan and inspection: to what items, processes. workmanship, 
etc. and the safety plan and inspection system to be followed. 3.3103 . 73046 

Source: Survey data 

Table 4.3 31 shows the level of centralization among the six groups of companies in 

the process-based industries. The mean values reveal that there is slight different in 

the level of centralization among these companies. The highest level of 

centralization (4.32) is reported among the manufacturer of vegetables oils, palm oil, 

and fats. This is followed by the electric power generating plants that recorded a 

mean level of 4.12. The manufacturers of cement register a mean value of 3.94. 

which is the lowest among these companies. The results of the survey also reveal 

that the levels of centralization in the turnaround organization of petroleum-based 

products, fertilizer and nitrogen compound, and basic chemicals plant arc 4.02,4.05, 

and 4.04 respectively. 
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Table 4.31: Level of Centralization and Activities of the Companies (n=S8) 

Std. 
Activities of Companies Freq. % Mean Dcv. 

I Manufacturer of petroleum-based 4.02 25 43.1 0.36 
products 

2 Manufacturer of fertilizer and 4.05 5 8.6 0.26 
nitrogen compound 

3 Electric power generating plants 10 17.4 4.12 0.23 

4 Manufacturer of cement 6 10.3 3.94 0.35 
5 Manufacturer of basic chemicals 6 10.3 4.04 0.33 
6 Manufacturer of vegetables oils, 4.32 6 10.3 0.47 

alai oil and fats 
Source: Survey data 

Table 4.32 illustrates the differences in the level of centralization in the 

organizations of the plant turnaround maintenance between petroleum-based and 

non-petroleum-based companies. Comparatively non-petroleum-based companies 

establish higher level of centralization in their turnaround organizations compare to 

the petroleum-based companies. On the average, non-petroleum-based companies 

record a centralization level of 4.11 and the petroleum-based sector shows a 

centralization level of 4.02. 

Table 4.32: Level of Centralization and Plant Technology (n=58) 
Std. 

Plant Technology Freq. % Mean Dev. 
1 Petroleum-based 30 51 

.7 
4.02 0.35 

2 Non- petroleum-based 28 48 4.11 0.34 

Source: Survey data 

In addition to the level of centralization highlighted in Table 4.30 and Table 4.31, 

five more activities in committing the turnaround organizational resources further 

reveal the level of authority of decision making in the turnaround organization 

among the process-based plants. They include the authority to initiate the plant 

turnaround maintenance, the authority to set the objectives for the turnaround, 

approving the work scope of the turnaround maintenance, approving the duration of 
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the turnaround maintenance, and approving of the budget and funds for the 

implementation of plant turnaround maintenance. The results of the survey 

illustrated in Table 4.33 demonstrates the high level of centralization in the authority 

of decision making accorded to the commitment of organizational resources for the 

turnaround. It suggests these decisions are made by a person or group of individuals 

at the top of the organizational hierarchy. The mean value of the items ranges from 

4.1 to 4.9 (in a possible range of 1.0 to 5.0). 

Table 4.33: Centralization in Commitment of Organizational Resources 

Activity of the companies Mean Score 

a b c d e 
I Manufacturer of petroleum-based products Mean (n=25) 4.520 4.520 4.040 4.880 4.960 

2 Manufacturer of fertilizer and nitrogen 
compound 

Mean (n=5) 5.000 4.200 4.400 4.800 5.000 

3 Electric power plant Mean (n=10) 4.200 4.300 3.900 4.300 4.900 

4 Manufacturer of cement Mean (n=6) 4.666 4.333 4.166 4.833 4.667 

5 Manufacturer of basic chemicals Mean (n=6) 4.166 4.000 4.166 4.833 4.833 

6 Manufacturer of vegetables oils. palm oil 
and fats 

Mean (n=6) 
4.333 4.333 4.333 4.833 5.000 

Total Mean (n=58) 4.465 4.362 4.103 4.758 4.913 

Source: Survey data 

a. Initiation of plant turnaround maintenance 
b. Setting the objectives for the turnaround 
c. Approve the work scope of the turnaround maintenance 
d. Approve the duration of the turnaround maintenance 
e. Approval of the budget and funds for the implementation of plant turnaround 

maintenance 

4.13.2 Level of Formalization in Turnaround Maintenance Organization 

One of the facts about business organization is that it has a certain level of 
formalization in its management process. Formalization reflects the demand placed 

on predictability and compliance to standards and specifications in the work 

activities (Child, 1985). Similarly, formalization is established in turnaround 

maintenance organization. This section discusses the level of formalization 
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established in the structuring process of the turnaround organization among the 

various companies in the process-based industries. 

The level of formalization reflects the extent to which work and activities in the 

turnaround maintenance organizations are controlled by the management through 

indirect mechanisms such as rules, regulations, procedures, documentation, and 

methods. As a matter of fact, the level of formalization in the turnaround 

organization reflects the way top management manages their relations with the 

members of the turnaround organization that includes plant-based personnel and 

external contractors. The results of the survey of the present study amply support the 

above views. The companies have documented and established work procedures, 

quality system. safety plan. work specifications and mechanisms of performance 

control for instance daily progress reports and performance measures. Based on the 

survey data, the overall mean value for the level of formalization in the turnaround 

maintenance organization, on a scale of I to 5 is 4.18 (Standard Deviation 0.06). On 

overall, it indicates a high level of formalization in the turnaround organization 

among the process-based industries. The mean values and standard deviation are 

displayed in Table 4.34. The lowest level of formalization is recorded among the 

manufacturers of vegetables oils, palm oil and fats with a score of 3.58. This is 

followed by the manufacturers of basic chemicals that record a level of 3.85. The 

manufacturers of fertilizer and nitrogen compound, and manufacturers of cement 

both established almost similar level of' formalization in their turnaround 

organizations. The survey data shows that they recorded a level of 4.11 and 4.14 

respectively. On the average, the electric power generating plants have high level of 

förmalization of 4.35, while the highest level of formalization is observed among the 

manufacturers of petroleum-based products, which record a level of 4.38. 
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Table 4.34: Mean Score of Item-scale for Formalization (n=58) 

Items Mean Std. Dev. 
1. The work scope of the turnaround maintenance is clearly documented and validated 4.52 

. 
62 

2. The work specifications are documented and made available to the maintenance 
personnel 

4.38 
. 64 

3. The amount of work that will be done and the number of people used are clearly set 
and documented 4.20 . 

80 

4. The required quality of workmanship of the maintenance activities are clearly set and 
documented 4.03 . 78 

5. The total cost of the turnaround maintenance event are clearly budgeted and 
documented 4.30 

. 
83 

6. The duration of the turnaround maintenance event is set and clearly documented 4.53 
. 
67 

7. The acceptable permissible level of accidents, incidents, and emission are clearly set 
and documented q 47 

. 
85 

8. There are procedures to be followed in dealing with whatever situation that arise 4.02 
. 
68 

9. There is a complete written job description for every employee in the turnaround 3.67 
. 
91 

maintenance organization 

10. Going through a proper channels is constantly stressed 4.00 
. 
71 

11. The employees are required to follow strict operating procedures at all time 4.08 
. 87 

12. There is a written procedures for planning the procurement of long delivery, 
prefabrication items and services (specialists and contractors) 3.73 1.05 

13. A fornial cost estimate for each event of the plant turnaround maintenance is prepared 4.00 
. 
84 

14. The company has documented safety plan and policy to ensure safety of the plant 
turnaround maintenance event 

4.48 
. 
65 

15. The company has a documented quality system in placed to ensure the plant 
turnaround tasks are performed to the required quality level 4.35 . 73 

16. Daily reports arc produced to control the turnaround execution 4.25 
. 
86 

17. The company has established procedures to handle the unexpected during the 
turnaround such as emergent work 4.10 . 80 

18. The company has established procedures to conduct post turnaround analysis to 
capture lessons learned of every event of the turnaround maintenance 

4.00 
. 
91 

19. The company measures the plant turnaround performance 4.25 
. 
73 

Source: Survey data 

Significant difference in the level of formalization in the turnaround organization 

among the six groups of companies in the process-based industries is observed as 
illustrated in Table 4.35. Relatively high level of formalization in the turnaround 

organization is established in companies that produced petroleum-based products 

and electric power generating plants. They recorded mean level of 4.38 and 4.35 
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respectively. This is followed by manufacturer of cement that records a mean level 

of 4.14 and manufacturer of fertilizer and nitrogen compound that reports a mean 

level of 4.11. The mean level of formalization in the turnaround organizations 

among the manufacturers of basic chemicals is 3.85. The lowest mean value is 

reported in the turnaround organizations among the manufacturer of vegetables oils. 

palm oil, and fats. 

Table 4.35: Level of Formalization and Activities of the Companies (n=58) 

Std. 
Activities of Companies Freq. °'o Mean Dev. 

1 Manufacturer of petroleum-based 4''S 25 43.1 0.42 
products 

2 Manufacturer of fertilizer and 4.11 
nitrogen compound 

5 8.6 0.49 

3 Electric power generating plants 10 17.4 4"'-5 0.35 
4 Manufacturer of cement 6 10.3 4.14 0.47 

5 Manufacturer of basic chemicals 6 10.3 3.85 0.60 
6 Manufacturer of vegetables oils, 3.55 6 10.3 0.42 

palm oil and fats 
Source: Survey data 

Table 4.36 offers a clear indication of differences in the level of formalization in the 

organizations of the plant turnaround maintenance between petroleum-based and 

non-petroleum-based companies. Comparatively non-petroleum-based companies 

establish lower level of formalization in their turnaround organizations compare to 

the petroleum-based companies. The average level of formalization in the non- 

petroleum-based and petroleum-based companies is 4.01 and 4.36 respectively. 

Table 4.36: Level of Formalization and Plant Technology (n=58) 

Std. 
Plant Technology Freq. °, % Mean Dev. 

1 Petroleum-based 30 51.7 4.36 0.40 

2 Non- petroleum-based 28 48.3 4.01 0.5 3 

Source: Survey data 
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4.14 Performance of Turnaround Maintenance Organization 

As discussed earlier, level of performance of the plant turnaround maintenance 

organization is measured using multiple criteria of five-item scale. The items are 

related to the objectives of the turnaround maintenance and they are as shown in 

Table 4.37. Based on the information drawn from the questionnaire-aided sample 

survey on 58 companies in the process-based industries, the mean scores of the 

individual item-scale are calculated and illustrated in Table 4.37. The statistics show 

that the mean value for item I is 4.36, item 2 is 4.00, item 3 is 4.33, item 4 is 4.38, 

and item 5 is 4.45, measured on a possible range of scale from 1 to 5. The standard 
deviation of the items ranges from 0.57 to 0.9. The overall mean is 4.30 and standard 
deviation is 0.58. 

Table 4.37: Mean Score of Item-scale of Organizational Performance 

Performance item-scale Mean Min Max Range Std. Dev 
Item I 
Completing all the planned and scheduled plant 
turnaround maintenance work within the approved 

4.36 2.00 5.00 3.00 0.74 

shutdown time 
Item 2 

ompleting all the work within the approved plant 4.00 2.00 5.00 3.00 0.90 
turnaround estimated financial budget 
Item 3 

ontrolling the quality of the maintenance work to 
ensure that there will be no rework such as re- 
welding, bolt retightening, leaks at critical joints, 

4.33 2.00 5.00 3.00 0.63 

reworks on equipment. etc. during the t st month after 
plant start-up operation 
Item 4 
Putting the plant back to normal operation and stable 4.38 2.00 5.00 3.00 0.72 
quality production on time as planned and scheduled 

Item 5 
Complying to the Health. Safety. and Environmental 
procedures and standards during the implementation 4.45 3.00 5.00 2.00 0.57 

of the plant turnaround maintenance 

Overall Mean 
4.30 2.60 5.00 2.40 0.58 

Source: Survey data 

141 



The range of possible level of organizational performance of the turnaround 

maintenance is between 1.0 (lowest) and 5.0 (highest). Table 4.38 provides details of 

the mean scores of turnaround maintenance organizational pcrR rmancc among the 

various process-based industries in Malaysia. Essentially, the mean scores indicate a 

high level of the turnaround maintenance organizational performance. The statistics 

show that on overall, the companies are performing satisfactorily to meet the 

objectives of their turnaround maintenance. The highest mean score is observed in 

the electric power generating plants with a mean value of 4.56. This is followed by 

the manufacturers of petroleum-based products and manufacturers of fertilizers and 

nitrogen compound with 4.34 and 4.32 respectively. The manufacturers of vegetable 

oils, palm oil, and fats, and the manufacturers of cement recorded mean value of 

4.17 and 4.13 respectively, while the manufacturers of basic chemicals recorded a 

mean value of 4.03. 

Companies that have high level of turnaround performance reported that they were 

able to meet the objectives of the turnaround maintenance vis-ä-vis time, schedule, 

quality, cost, and safety. Among them are Optimal Olefins (Malaysia) Sdn Bhd, 

Genting Sanyen Power Sdn Bhd, Shell Refinery Sdn Bhd, BP PETRONAS Acetyls 

Sdn Bhd to name few. Despite the high mean values recorded by the companies, 

there are a few that are performing relatively low as indicated by the minimum 

scores shown in Table 4.38. A number of companies from the manufacturer of 

vegetable oils, palm oil, and fats, and manufacturer of basic chemicals recorded 

performance level of 2.60 and 2.80 respectively. Similarly, there are companies from 

other groups of manufacturers that performed relatively low. For instance, there are 

companies from the groups of petroleum-based products, cement manufacturers, and 

electric power plants that performed at a level of 3.20,3.40. and 3.60 respectively. 

These figures provide clear evidence that there are companies that are pertbnning 

relatively low in their turnaround events as compared to the other companies. The 

low scores revealed the problems of schedule slippages and costs overrun 

experienced by the companies. As indicated by DeBakey et a1. (2007, p. 4), "If 

objectives are missed, the schedule is compromised and cost overruns become 

inevitable". 
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Table 4.38: Organizational Performance and Activities of Companies (n=58) 

Activity of the companies Mean n Std. Range Min Max 
Dev. 

Manufacturer of petroleum-based products 4.34 25 
. 
50 1.80 3.20 5.00 

Manufacturer of fertilizer and nitrogen 4.32 5 . 46 1 00 4.00 00 5 
compound . . 
Electric power plant 4.56 10 . 50 1.40 3.60 5.00 

Manufacturer of cement 4.13 6 . 60 1.40 3.40 4.80 

Manufacturer of basic chemicals 4.03 6 
. 
80 2.20 2.80 5.00 

Manufacturer of vegetables oils, palm oil 
and fats 4.17 6 

. 
85 2.40 2.60 5.00 

Overall 4.30 58 . 58 2.40 2.60 5.00 

Source: Survey data 

The Maintenance Manager of Perak Hanjoong Cement revealed that they faced 

schedule slippages due to unforeseen cases of emergent work and problems during 

the start-up operation. The Turnaround Manager of Polypropylene (M) Sdn Bhd, a 

petrochemical company, experienced costs overruns in a number of turnaround 

events due to emergent works that were unplanned. Similar situation of costs 

overruns, substandard quality of workmanship, and delays in putting the plant back 

to normal and stable operation were reported by the Maintenance Manager of 

Malay-Sino Chemical Industries Sdn Bhd. There were cases whereby they have to 

shutdown the plant a few hours after start-up operation due to problems of pipe- 

joints leakages. There are many factors that caused the above problems that include 

turnaround complexity. work area congestions, uncertainties in the actual conditions 

of materials and equipment, and the availability of qualified and skilled labor. 

Largely, these constraints are inherent characteristics of the turnaround maintenance 

of which the turnaround maintenance team has a very limited control. 

There are other challenges that add to the dismal turnaround maintenance 

performance which include waning availability of skilled turnaround maintenance 

personnel, inflationary force on costs of labor and materials, increased in the 

turnaround maintenance complexity as the consequent of technology and longer runs 
between turnarounds, lean plant personnel to assist turnaround maintenance 
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preparation, and the demand of plant managers for shorter turnaround execution 

period due to high demand of finished products (Gondolfo and Vichich, 2007). 

Table 4.39 shows that there is no significant variation in the level of performance of 
the plant turnaround maintenance organizations between petroleum-based and non- 

petroleum-based companies. On the average, petroleum-based companies recorded a 

performance level of 4.32, while the companies in the non-petroleum-based sector 

recorded a performance level of 4.28. As indicated earlier, on the average, the 

companies in the process-based industries recorded satisfactory level of 

organizational performance in turnaround maintenance. 

Table 4.39: Organizational Performance and Plant Technology (n=58) 

Std. 
Plant Technology Freq. % Mean Dev. 

1 Petroleum-based 30 51.7 4.32 0.49 
2 Non- petroleum-based 28 48.3 4.28 0.66 

Source: Survey data 

4.15 Summary 

The aforementioned sections in this chapter have provided some descriptive analysis 

of the plant turnaround maintenance of 58 companies from the process-based 

industries that are included in the present study. Information relating to the 

organizational context of these companies is examined. Differences in the overall 

size of the companies and the years of operations among the various industries are 

observed. Variations in the salient features of the turnaround maintenance are also 

revealed. A case in point is the work scope. Large number of companies in the 

petroleum-based sector planned the turnaround maintenance to prepare for statutory 

plant inspections and implement projects or plant improvement initiatives. On the 

contrary, companies in the non-petroleum-based sector planned the turnaround to 

conduct corrective maintenance and preparing for statutory plant inspections. 

Considerable variations in the frequency of turnaround, the duration of the plant 

144 



shutdown, and the size of the turnaround maintenance are reported. Differences in 

the costs of the turnaround events, the length of planning duration, and the number 

of people required to execute the events prevail across the six process-based 

industries and between the two categories of plant technology. 

With the abovementioned variations in the organizational context and salient 

characteristics of the turnaround, it is discernable that the organizations of the 

turnaround maintenance vary across the industries. For instance, results of the 

survey uncover variations in the configurations of the turnaround organizational 

structures and the structuring processes among the companies. In other words, the 

companies managed and organized the necessary turnaround organizational 

resources differently in accomplishing the turnaround events. 

On the average, the companies recorded high level of turnaround maintenance 

organizational performance. However, these industries are not spared from cases of 

low organizational performance. For instance, few companies of petroleum-based 

products, basic chemicals, cement, vegetable oils, palm oil, and fats reported low 

turnaround performance. 

Overall, the descriptive analyses have provided sonic insights on the organizational 

context, structure, structuring processes, and organizational performance of 

turnaround maintenance of the companies in the process-based industries that are 

included in the present study. The information is vital in setting the base for further 

statistical analysis in the following chapter. 
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CHAPTER 5 

RESULTS AND QUANTITATIVE ANALYSIS OF PLANT 

TECHNOLOGY, SIZE, STRUCTURE AND PERFORMANCE OF 

TURNAROUND MAINTENANCE 

5.0 Introduction 

Following the descriptive analysis discussed in the earlier chapter. the present chapter 

provides quantitative results and analysis of the relationship between plant technology, 

size of the turnaround maintenance, organizational structure. structuring processes, and 

organizational performance of the plant turnaround maintenance. It examines the 

influence of the turnaround maintenance salient characteristics and plant technology on 

the size of the turnaround maintenance events. The implications of plant technology and 

size of turnaround maintenance to the management and organization of the turnaround 

events are investigated. Finally, the chapter provides the analyses on the influence of the 

congruent relationship of plant technology, organizational size of turnaround, and 

structuring processes on the organizational performance of the turnaround maintenance. 

ti. l Technology, Size, and Salient Characteristics of Turnaround Maintenance 

As discussed in Chapter 4, the survey data shows significance difference in the 

frequency of turnaround maintenance among the processed based plants covered in the 

study. The contributing factors leading to such a situation include the nature of the plant 

technology, the number of days allocated for the turnaround events, compliance to 

statutory regulations, and economic reasons such as costs, inventory, and volumes of 

sales. As highlighted by Kenyon (2004). Roup (2004), Casa et al. (2009), the frequency 

depends a great deal on the maintenance strategy of' the company. Even though 

turnaround maintenance is technology driven, the technology is manageable that allows 
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maintenance strategies to be formulated in such a way the turnaround maintenance 

event is planned in the most economically justified frequency. This is crucial Ihr the 

organizations as their successful business operations depend on the ability of their 

management to efficiently utilize the factors of production (Khalidah et at., 2008). 

Essentially. one of the factors of production that is discussed in this study is capital, 

which includes the plant technology that is used in the productions processes. The 

following analyses provide the evidence that the frequency of turnaround event is 

related to the plant technology, the number of days allocated for the implementation of' 

the turnaround maintenance activities, and size of the turnaround maintenance. 

5.1.1 Frequency of Turnaround and Plant Technology 

The output of the Kruskal Wallis test shown in Table 5.1 indicates that there are 

significant differences in the frequency of turnaround maintenance between the two 

categories of plant technology namely petroleum-based and non-petroleum-based 

industries; X 2(df=5, n=49) = 30.38, p=0.001 < 0.05. Companies in the petroleum- 

based industries perform less frequent turnaround maintenance. They plan their 

turnaround once in three years, once in five years, or even to the extent of once in six 

years. They consist of oil and gas refineries and petrochemical plants. However, most of 

the companies in the petroleum-based industries planned their turnaround once in three 

years. On the other hand, companies in the non-petroleum-based industries conduct 

more frequent turnaround maintenance that is twice a year or once a year. Nevertheless. 

most of the turnaround events arc carried out once a year. They include electric power 

generating plants. cement plants, manufacturer of basic chemicals, and manut ieturers of 

vegetable oils, palm oil, and fats. There are few that plan the event as frequent as twice 

a year, which include cement plants and manufacturer of basic chemicals. However, 

four large electric power generating plants reported conducting their turnaround less 

frequent including two that planned once in two years and another two once in three 

years. 
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Table 5.1: Frequency of Turnaround Maintenance and Plant Technology (n=58 

Grouping Variable: 
Frequency of 

Turnaround Maintenance 
n Mean Rank 

Test variable: Twice a year 6 15.00 
Plant technology Once a year 22 20.27 

Once in 2 years 4 29.50 

Once in 3 years 18 39.17 

Once in 5 years 6 44.00 

Once in 6 years 2 44.00 

Total 58 

Table 5.2: Test Statisticsa. h- Frequency of Turnaround 
and Plant Technoloinv 

Plant technology 
Chi-Square 30.38 

df 5 

Asymp. Sig. . 001 
a. Kruskal Wallis Test 
b. Grouping Variable: Frequency of turnaround maintenance 

5.1.2 Frequency and Duration of Turnaround 

The output of the Kruskal Wallis test illustrated in Table 5.2 indicates that there are 

significant variations to the number of days allocated for turnaround across the six 

different frequencies of turnaround maintenance, X 2(df=5, n=49) =11.48, p=0.043 < 

0.05. The results indicate companies that plan their turnaround more often require 

relatively shorter duration to conduct their turnaround maintenance activities. For 

instance, Perak Hanjoong Cement and Malay-Sino Chemicals Industries Sdn Bhd that 

plan their turnaround twice a year and once a year respectively, require only 10 days for 

the turnaround. On the contrary, companies that perform their turnaround less frequent 

need relatively longer duration. For example, MLNG Sdn Bhd that performs the 
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turnaround once in three years needs 26 days for the event. Similarly, PETRONAS 

Penapisan (Melaka) Sdn Bhd, which organizes the event once in five years, allocates 1S 

days for the execution of the maintenance activities. 

Table 5.3: Frequency and Duration of Turnaround Maintenance (n=58) 

Grouping variable: 
Frequency of 

Turnaround Maintenance n Mean Rank 
Test variable: Twice a year 6 27.00 
Number of days 
allocated for Once a year 22 20.86 

turnaround Once a2 years 4 37.50 

Once a3 years 18 34.61 

Once a5 years 6 40.50 
Once a6 years 2 37.00 

Total 58 

Table 5.4: Test Statisticsa'h - Frequency of Turnaround 
and Duration 

Number of days allocated for turnaround 

Chi-Square 11.48 
df 5 
Asymp. Sig. . 043 
a. Kruskal Wallis Test 
b. Grouping Variable: Frequency of turnaround maintenance 

5.1.3 Frequency and Size of Turnaround Maintenance 

(a) Frequency and Cost of Turnaround Maintenance 

The results of the Kruskal Wallis Tests shown in Table 5.5 indicate that the 

organizational size of the turnaround maintenance varies significantly across the 

frequency of turnaround maintenance. Organizational size is represented by the costs of 

the turnaround maintenance, duration of planning for the turnaround, and the number of 

workforce for the turnaround. Large amount of expenditure on turnaround maintenance 
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events are observed in companies that perform the turnaround infrequently, X `(df=5. 

n=49) = 20.96, p=0.001 < 0.05. This is seen in MLNG Sdn Bhd and PETRONAS 

Penapisan (Melaka) Sdn Bhd that reported spending RM25 million and RM24 million 

respectively for each turnaround event. On the contrary. Perak Hanjoong Cement and 

Malay-Sino Chemicals Sdn Bhd that implement more frequent turnaround budgeted for 

relatively smaller amount for the events. 

Table 5.5: Frequency and Cost of Turnaround Maintenance (n=49) 
Grouping variable: 

Frequency of 
Turnaround Maintenance n Mean Rank 

Test variable: Twice a year 4 21.38 
Cost of turnaround Once a year 20 14.75 
maintenance 

Once a2 years 2 38.00 
Once a3 years 17 31.91 

Once a5 years 5 37.40 
Once a6 years 1 39.00 

Total 49 

Table 5.6: Test Statisticsa't' - Frequency of Turnaround and Cost 

Cost of Turnaround Maintenance 

Chi-Square 

df 

Asymp. Sig. 

20.96 

J 

. 001 
a. Kruskal Wallis Test 
b. Grouping Variable: Frequency of turnaround maintenance 

(b) Frequency and Planning Duration for Turnaround 

Using the Kruskal Wallis test, the output indicates that the planning duration 

signif icantly differs across the six frequencies of the turnaround maintenance. ' 2(df=5, 

n=58) = 22.40. p=0.001 < 0.05. Longer planning duration is reported by companies 
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that perform very less frequent turnaround such as MLNG Sdn Bhd that requires 15 

months planning and PETRONAS Penapisan (Melaka) Sdn Bhd that allocates 18 

months of planning and preparation for the event. However, Malay-Sino Chemicals 

Industries Sdn Bhd that plans their turnaround once in a year reported that they need 

only three months for planning and preparing the event. While, Perak Hanjoong Cement 

that conducts the event twice a year reported shorter duration of planning of one month. 

Table 5.7: Frequency of Turnaround and Planning Duration (n=58) 
Grouping variable: 

Frequency of' 
Turnaround Maintenance n Mean Rank 

Test variable: Twice a year 6 17.92 
Planning duration in 
months 

Once a year 22 20.48 
Once a2 years 4 32.38 
Once a3 years 18 35.39 

Once a5 years 6 51.33 

Once a6 years 2 39.25 

Total 58 

Table 5.8: Test Statistics" - Frequency of Turnaround and 
Planning Duration 

Planning duration in months 
Chi-Square 22.40 
df 5 
Asymp. Sig. 

. 001 

a. Kruskal Wallis Test 
b. Grouping Variable: Frequency of turnaround maintenance 
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(c) Frequency and Number of Workforce for Turnaround 

Since the time span between each turnaround event is long, the scope of' work of' the 

turnaround maintenance is usually huge. The organizational resources required for the 

implementation of the turnaround event is large too. One of the resources examined in 

the present study is manpower to implement the turnaround maintenance. The results of' 

the Kruskal Wallis test shown in Table 5.9 indicate that the number of' workforce 

required for the turnaround maintenance is significantly differ across the six frequencies 

of the turnaround maintenance, 2' 2(df'=5. n=58) = 23.95, p=0.001 < 0.05. For 

instance, MLNG Sdn Bhd that plans their turnaround once in three years reported on 

average using 425 workers. PETRONAS Penapisan (Melaka) Sdn Bhd that plans the 

event once in five years reported using 1,500 workers for their turnaround. On the 

contrary, Perak Hanjoong Cement that organizes the turnaround twice a year reported 

using only 180 people and Malay-Sino Chemicals Industries that plans the event once a 

year, only requires 50 maintenance personnel to perform the maintenance activities. 

Table 5.9: Frequency of Turnaround and Number of Employees 
for Turnaround (ii=58) 

Grouping variable: 
Frequency of 
Turnaround 
Maintenance n Mean Rank 

Test variable: Twice a year 6 30.92 
Number of employees for 
turnaround maintenance 

Once a year 22 

-" 
17.55 

Once a2 years 4 -17.00 
Once a3 years 18 37.39 

Once a5 years 6 50.00 

Once a6 years 2 29.25 
Total 58 
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Table 5.10: Test Statistics"t) - Frequency of Turnaround and Number of 
Employees 

Number of Employees for Turnaround 
Maintenance 

Chi-Square 

df 

23.95 

5 

Asymp. Sig. . 001 

a. Kruskal Wallis Test 
b. Grouping Variable: Frequency of turnaround maintenance 

5.1.4 Duration and Size of Turnaround Maintenance 

The duration allocated for the execution of the event directly influences the size of the 

turnaround maintenance that is represented by planning duration, costs of the 

turnaround, and the number of employees used to implement the event. This is evident 

from the Pearson product-moment correlation shown in Table 5.11. 

Table 5.11: Number of Days Allocated and Size of Turnaround Maintenance 

Size of Turnar ound Maintenanc e Organization 
Characteristics Pearson 
of turnaround Correlation Costs of Planning No. of 
maintenance turnaround duration in employees for 

maintenance months turnaround 
maintenance 

Number of Correlation "" "" R 4ýg ýýý 4ýt) 
days Coefficient 
allocated for Sig. (1-tailed) . 002 . 006 . 

001 
turnaround 

11 49 58 58 
** Correlation is significant at the 0.01 level (1-tailed) 
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The variations in these inherent characteristics of the turnaround maintenance among 

the companies are illustrated in Tablc x. 12. 

Table 5.12: Variations in the Inherent Characteristics of Turnaround Maintenance 

Name of Frequency of Duration Planning Costs of No. of 
companies turnaround allocated for duration turnaround employees 

the turnaround maintenance for 
turnaround 

maintenance 

ESSO Refinery Once in 6 25 days 24 months RM30,000,000 330 

(M) Bhd years 
MLNG Sdn Bhd Once in 3 26 days 15 months RM25,000.000 425 

years 
PETRONAS Once in 5 18 days 18 months RM24.000.000 1,500 
Penapisan years 
(Melaka) Sdn Bhd 
Perak I Ianjoong Twice a year 10 days I month RM4.000.000 ISO 
Cement 
Malay-Sino Once a year 10 days 3 months RM500.000 50 
Chemicals 
Industries Sdn 
Bhd 
Source: Survey data 

Evidently, the three petroleum-based companies namely ESSO Refinery (M) Bhd. 

MLNG Sdn Bhd and PETRONAS Penapisan (Melaka) Sdn Bhd organize their 

turnaround once in six years, once in three years and once in five years respectively. 

ESSO Refinery (M) Bhd allocated 25 days for the event. The planning and preparation 

works are done 24 months before the event. The company spend RM30,000,000 and 

employed 330 maintenance workers to execute the activities. MLNG Sdn Bhd allocates 

26 days for the event and requires about 15 months of planning. High level of 

organizational resources are required. for instance the turnaround expenditures are 

approximately RM25,000,000 and a total of 425 workforce are mobilized. PETRONAS 

Penapisan (Melaka) Sdn Bhd conducts their turnaround once in five years and allows 18 

days of window of opportunity Ior executing the maintenance activities. Due to the high 

volume of work scope, the turnaround event is planned 18 months ahead. The company 

spend around RM24,000,000 for the event and on the average 1,500 people are 
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involved. On the contrary, relatively smaller scale events are seen in non-petroleum- 

based companies such as Perak Hanjoong Cement and Malay-Sino Chemicals Industries 

Sdn Bhd. They plan their turnaround maintenance more frequent than MLNG Sdn Bhd 

and PETRONAS Penapisan (Melaka) Sdn Bhd. As such the volumes of activities are 

rather small that allow the events to be completed with a short duration of 10 days. 

Comparatively, the levels of organizational resources are lower. It implies that these 

companies organize the necessary organizational resources for their turnaround 

activities in various ways. 

(a) Duration of Event and Cost of the Turnaround 

The cost of turnaround is positively related to the length of the turnaround maintenance 

event (r = 0.428, p=0.002 < 0.05). Evidently. small scale turnaround events 

(RM500,000 or less) are associated with shorter duration, while large scale events 

(more than RM5,000,000) are associated with longer duration. For example. Dairen 

Chemical Industries Sdn Bhd allocates 10 days for the turnaround event that costs 

approximately RM200.000. On the contrary, an oil refinery allocates on the average 28 

days for its turnaround event, and the associated costs of the turnaround is RM90 

million. 

(b) Duration of Event and Duration of Planning of Turnaround 

Significant positive correlation is observed between the planning duration and number 

of days allocated for the turnaround event (r = 0.355, p<0.05). Therefore, shorter 

duration of planning is associated with shorter turnaround event, while longer planning 

duration is associated with longer turnaround event. For instance, Dairen Chemical 

Industries Sdn Bild that allocates 10 days for the turnaround event reported that on the 

average the company requires two months of planning. On the other hand, an oil 

refinery which allocates on the average 28 days for its turnaround event requires 1S 

months of planning and preparation of the event. 

155 



(c) Duration of Event and the Number of Workforce for Turnaround 

It is evident from Table 5.11 that the number of workforce required for the turnaround 

is directly related to the number of days allocated for the turnaround event (r = 0.420, p 

< 0.05). Large number of workforce is associated with longer turnaround event, while 

small number of' workforce is related to relatively shorter turnaround event. 

Accordingly, an oil refinery which allocates on the average 28 days fhr its turnaround 

event uses about 2,000 maintenance workforce to execute the maintenance activities. 

However, Dairen Chemical Industries Sdn Bhd which allocates 10 days for the 

turnaround event reported that on the average, they use 100 maintenance workforce for 

the event. 

5.2 Plant Technology and Organizational Size 

Plant technology requires maintenance for the recovery of its functional efticiency. 

reliability, and meeting regulatory inspections. It is observed that the differences in the 

size of the turnaround events point towards variation in the plant technology employed 

by the companies. As such, the following hypotheses are suggested. 

Hypothesis Illa: The cost of the turnaround maintenance activities is positively related 

to the plant technology. 

Hypothesis HIb: The duration of planning for the turnaround maintenance activities is 

positively related to the plant technology. 
Hypothesis [Ile: The numbers of workforce involved in the turnaround maintenance 

activities is positively related to the plant technology. 

The relationship of plant technology and size of turnaround maintenance is analyzed 

using the Pearson product-moment correlation technique. As explained earlier, the size 

of the plant turnaround maintenance is indicated by the cost of the turnaround event, 
duration required for planning the event, and the number of Nvorkforcc required to 
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implement the maintenance activities. Plant technology is represented by petroleum- 

based industries and non-petroleum-based industries. The results are shown in Table 

5.13. The results confine that there is significant positive relationship between plant 

technology and size of turnaround maintenance. 

Table 5.13: Plant Technology and Size of Turnaround Maintenance 

Size of Turnaround Maintenance 

Cost of turnaround 
Maintenance 

Planning duration 
in months 

Number of workforce for 
turnaround maintenance 

Pearson Correlation Plant 
Technology 

Correlation Coefficient 
. 
781" 

Sig. (1-tailed) . 001 

n 49 
Correlation Coefficient 

. 710" 

Sig. (1-tailed) . 001 

n 58 
Correlation Coefficient 759" 

Sig. (1-tailed) . 001 

n 58 
** Correlation is significant at the 0.01 level (1-tailed) 

Positive relationship exists between cost of turnaround maintenance and plant 

technology (r = 0.781, p=0.001 < 0.05). Therefore, large turnaround maintenance costs 

are associated with petroleum-based industries, while small turnaround maintenance 

costs are associated with non-petroleum-based sectors. This finding supports 

Hypothesis H1a which suggests the cost of the turnaround maintenance activities is 

positively related to the plant technology. The cost profile of the turnaround 

maintenance largely depends on the volume of activities of the event. Comparatively. 

the volume of turnaround maintenance activities of the manufacturers of petroleum- 

based products. fertilizers and nitrogen compounds, and some of the electric power 

generating plants are bigger than the other industries. Hence, the costs of' their 

turnaround events are relatively higher. 
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The output of' the Pearson product-moment correlation confirms that a significant 

positive relationship exists between planning duration and plant technology (r = 0.7 10, 

p=0.001 < 0.05). This is an indication that longer planning duration for the turnaround 

is generally seen in petroleum-based industries. On the other hand, companies in the 

non-petroleum-based industries generally require relatively shorter planning duration. 

As suggested by the Hypothesis H1b, the duration of' planning for the turnaround 

maintenance activities is positively related to the plant technology. The result of the 

correlation supports the Hypothesis H1b. The survey data shows that the manufacturers 

of petroleum-based products and fertilizers and nitrogen compound spend longer time in 

planning in view of the voluminous amount of' work involved in the turnaround 

maintenance that requires extensive planning and scheduling. However, the turnaround 

maintenance events carried out by the electric power generation plants, cement 

manufacturers. basic chemicals manufacturers, and manufacturers of vegetable oil, palm 

oils, and fats are relatively smaller scale. Hence, the planning and preparation is less 

extensive and the duration required for planning the events is relatively shorter. 

Similarly, a bivariate Pearson product-moment correlation was undertaken between the 

numbers of workforce for turnaround maintenance variable and plant technology 

variable. The correlation coefficient indicates a significant positive relationship exists 

between the two variables (r = 0.759, p=0.001 < 0.05). The result shows that generally, 

plant turnaround events that are carried out in the petroleum-based industries used 

relatively larger number of workforce in comparison to the turnaround event in the non- 

petroleum-based sectors. Bence, Hypothesis Hic that proposes the numbers of 

workforce involved in the turnaround maintenance activities is positively related to the 

plant technology is supported. It is not uncommon for the manufacturers of petroleum- 

based products and ti; rtilizers and nitrogen compound employ larger number of 

employees for the execution of their turnaround maintenance than the cement 

manufacturers, basic chemicals manufacturers, and manufacturers ofvegetable oil, palm 

oils, and fats. 
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5.3 Plant Technology and Organizational Structure 

The foregoing analyses have amply demonstrated that the various companies in the 

process-based industries manage and organize their turnaround organizational resources 

differently. The kinds of technology maintained by the various turnaround maintenance 

organizations determine the maintenance tasks and activities that need to be planned 

and implemented during the turnaround. These influence the mobilization of 

maintenance personnel and expertise that are required for the event. Organizing for 

these resources also demand control and coordination over the various maintenance 

activities to avoid conflict and confusion. All these factors have implications on the 

design of the organizational structure of the turnaround maintenance. As such, the 

present study proposes Hypothesis H2 that suggests the organizational structure of the 

turnaround maintenance among the various process-based industries is positively related 

to the plant technology. Using Pearson's chi-square, the relatedness of plant technology 

and organizational structure is tested and the output is shown in Table 5.14. 

Table 5.14: Plant Technologe and Organizational Structure (n=54) 

C i 
Plant Technology Total 

onf guration (Model) of 
Organizational Structure Non- 

petroleum- 
based industries 

Petroleum- 
based 

industries 
A Count 16 0 16 

Expected Count 8 8 16 
B Count 8 1 9 

Expected Count 5 5 9 
C Count 3 26 29 

Expected Count 14.5 14.5 29 
Total Count 27 27 54 

Expccted Count 27 27 54 

Table 5.15: Pearson Chi-Square Value (Plant Technology and Structure) 

Pearson Chi- 
Square 

Value 
39.69 

di' As}nnp. Sig. (2-sided) 
7 o. o01 
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The results show that the minimum expected cell count meets the minimum requirement 

of 5. The Pearson Chi-Square value is 39.69 and the significant level is 0.001. This 

leads to the conclusion that configuration of organizational structure of the turnaround 

maintenance is related to the plant technology used by the various companies in the 

process-based industries, X 2(df=2, n=58) = 39.69, p=0.001 < 0.05. As such, the 

Hypothesis H2 is supported. Generally, the turnaround organizational structure that 

resembles Model C is common in the petroleum-based industries, while Model A and 

Model B are widely established in non-petroleum-based industries. 

5.4 Plant Technology and Structuring Process 

The influence of plant technology on the structuring processes in the organization of the 

turnaround maintenance, namely centralization and formalization are examined in the 

following sections. 

5.4.1 Plant Technology and Centralization 

Hypothesis H3a advocates that the level of centralization in the turnaround maintenance 

organization is positively related to the plant technology. This hypothesis is tested using 

the Spearman's rank-order correlation coefficient. The test results show p=-0.176 and 

the significant value, p=0.093) (1-tailed) is more than 0.05. The result shows that the 

correlation coefficient is not significant. As such, the Hypothesis H3a is not supported. 

The level of centralization is not significantly related to the plant technology used in the 

process-based industries. It implies that there is no significant difference in the level of' 

centralization between the companies in the petroleum-based and non-petroleum-based 

industries. In order to have a more detail infornnation regarding the dispersion of 

authority for decision making, factor analysis is performed on the 13-item scales that 

measure the level of centralization. The reliability coefficient it is 0.885, indicating the 

13-item scale employed is consistent in measuring the dimension of centralization in the 

organization of the turnaround maintenance. The Barlett's Test for sphericity is 
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significant (significant level = 0.0001, Chi-Square = 404.77) and Kaiser-Meyer-Olkin 

measure of sampling adequacy is 0.766 that is far greater than 0.6. Inspection of the 

anti-image correlation matrix reveals that all measures of' sampling adequacy (ranging 

from 0.678 to 0.861) are well above the acceptable level of 0.5. Using principal 

component analysis and rotation method of Promax with Kaiser Normalization, two 

components were extracted as illustrated in Table 5.16. 

Table 5.16: Results of Factor Analysis of Centralization 

Component 
Measurements 

1 2 
Component 1: Operational-related Decisions 

1. Decision on overtime work 
. 771 

2. Decision on the methods of work to be used: i. e.. how a job is to be carried out 768 

3. Approve the required number of employees . 739 

4. Training of employees 
. 
710 

5. Appointment of temporary employees for the turnaround 
. 710 

6. Decision on quality plan and inspection; to what items, processes, workmanship, etc. 
and the quality plan and inspection system to be followed. . 

698 

7. Decision on safety plan and inspection: to what items, processes, workmanship. etc. 
and the safety plan and inspection system to be followed. . 642 

Component 2: Policy-related Decisions 

1. Decision on the appointment of specialists . 
792 

2. Decision on the appointment of consultants . 790 

3. Decision on the appointment of suppliers of materials and services . 765 

4. Decision on the purchase of machinery. instrument or equipment to be used for a job 
. 733 

5. Decision on the appointment of contractors 
. 
686 

6. Approval of additional funds required for the implementation of emergent work . 540 

Percentage of variance 42.853 13.200 
Percentage of cumulative variance 42.853 56.053 

Alpha coefficient 0.851 0.821 
Mean 24.190 25.966 

Variance 14.156 8.069 

161 



The first component is identified as centralization of operational-related decisions that 

takes out 42.8 percent of the variance. It consists of seven items. The second component 

is identified as centralization of policy-related decisions that explains another 13.2 

percent of the variance. It contains six items. The alpha coefficient of the first 

component that is centralization of operational-related decisions is 0.85. It has a mean 

value of 3.456 (variance of 0.289 and standard deviation of 0.38). Detail observation 

from the responses revealed that seven companies registered a centralization level of 

operational-related decisions that is lower than a scale of 3.0 (i. e. between 2.29 and 

2.71). On the contrary, only seven companies indicated a centralization level of 

operational-related decisions that is higher than a scale of 4.0 (i. e. between 4.0 and 

4.14). The mean value reveals that despite the overall high level of centralization among 

these turnaround organizations. the operational-related decisions of the turnaround 

maintenance are delegated to the middle level managers. The alpha coefficient of the 

second component which is centralization of policy-related decisions is 0.82. Its mean 

value is 4.328 (variance is 0.224, and standard deviation is 0.473). The finding 

highlights the decisions on policy-related matters are made at the level further up the 

organization. 

5.4.2 Plant Technology and Formalization 

Hypothesis H3b suggests that the level of formalization in the turnaround maintenance 

organization is positively related to the plant technology. The Spearman's rank-order 

correlation coefficient, p is 0.325. and the significant value, p is 0.006 (1-tailed) which 

is less than 0.05. The result shows that the correlation coefficient is significant. As such. 

Hypothesis H3h is supported. The level of formalization in the companies of the 

process-based industries is positively related to the plant technology. High level of 
formalization is featured in the turnaround maintenance organization of the companies 
in the petroleum-based industries, while relatively lower level of' formalization is seen 

among the companies in the non-petroleum-based industries. 
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Factor analysis was performed on the 19-items scale that pleasures the level of 

formalization in the organization of plant turnaround maintenance. The reliability 

coefficient, a is 0.915 which indicates the 19-item scale employed is consistent in 

measuring the dimension of formalization in the organization of the turnaround 

maintenance. The Barlett's Test for sphericity is significant (significant level = 0.001, 

Chi-Square = 646.76) and that Kaiser-Meyer-Olkin measure of sampling adequacy is 

0.802 that is far greater than 0.6. Inspection of the anti-image correlation matrix reveals 

that all measures of sampling adequacy (ranging from 0.594 to 0.896) are well above 

the acceptable level of 0.5. Using principal component analysis and rotation method of 

Promax with Kaiser Normalization, three components were extracted as illustrated in 

Table 5.17. 

The first component is identified as formalization of performance control that takes out 

41 percent of the variance. The second component is identified as formalization of 

action planning that explains 10 percent of the variance. The third component is 

concerned with formalization of behavior that explains another eight percent of the 

variance. The alpha coefficient of the first component is 0.87, the second component is 

0.85, and the third component is 0.75. The values of the alpha coefficients reflect high 

level of internal consistency and confirm the reliability of the scales that represent them. 
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Table 5.17: Results of Factor Analysis of Formalization 

Measurement Com onent 

1 2 3 
Formalization of Performance Control 

I The amount of work that will be done and the number of people 
used are clearly set and documented "645 

2 The required quality of workmanship of the maintenance 
activities are clearly set and documented . 

701 

3 The acceptable permissible level of accidents, incidents, and 
emission are clearly set and documented . 

712 

4 There is a complete written job description for every employee 
in the turnaround maintenance organization G53 

5 The company has documented safety plan and policy to ensure 
safety of the plant turnaround maintenance event . 759 

6 The company has a documented quality system in placed to 
ensure the plant turnaround tasks are performed to the required 

, 
830 

quality level 

7 Daily reports are produced to control the turnaround execution 821 

8 The company measures the plant turnaround performance 
. 
567 

Formalization of Action Planning 

1 The work scope of the turnaround maintenance is clearly 
documented and validated . 788 

2 The work specifications are documented and made available to 
the maintenance personnel . 

741 

3 The total cost of the turnaround maintenance event are clearly 
budgeted and documented . 672 

4 The duration of the turnaround maintenance event is set and 
clearly documented . 761 

5 There is a written procedure for planning the procurement of 
long delivery, prefabrication items and services (specialists and , 689 
contractors) 

6 A formal cost estimate for each event of the plant turnaround 
maintenance is prepared . 761 

7 The company has established procedures to conduct post 
turnaround analysis to capture lessons learned of every event of 700 
the turnaround maintenance 
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Table 5.17: continued 

Formalization of Behavior 

I There are procedures to be followed in dealing with whatever 
situation that arise 

669 

2 Going through a proper channel is constantly stressed 767 

3 The employees are required to follow strict operating 
procedures at all time 

757 

4 The company has established procedures to handle the 
unexpected during the turnaround such as emergent work 

692 

% of variance 41.1 9.6 7.8 
% cumulative variance 41.1 50.7 58.5 

Alpha coefficient 0.870 0.847 0.746 
Mean 33.700 29.467 16.200 

Variance 21.061 16.728 5.349 

5.5 Size and Structure of Turnaround Maintenance 

Child (1985) and Cole (1996) suggested that the configuration of the organizational 

structure is influenced by the contextual variables of the organization. It emerged from 

the previous discussion that the inherent characteristics of the turnaround maintenance, 

which consist of the turnaround frequency and duration allocated for the turnaround 

maintenance exert potential influence on the size of the turnaround event. In light of 

this contingency, suitable organizational structure has to be designed and established so 

that turnaround maintenance activities can be planned and implemented effectiv ely and 

efficiently. Following the above view, the present study put forth the proposition that 

the organizational structure is positively related to size of the turnaround maintenance. 

Three hypotheses are suggested: 
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Hypothesis H4a: The organizational structure is positively related to the cost of the 

turnaround maintenance 

Hypothesis 114b: The organizational structure is positively related to the duration of 

planning of the turnaround maintenance 

Hypothesis Hoc: The organizational structure is positively related to the number of 

employees involved in the turnaround maintenance activities 

These propositions are tested using Spearman's rank-order correlation and Kruskal- 

Wallis test as shown in Table 5.18. Evidently, the Hypothesis H4a that suggests the 

organizational structure of the turnaround maintenance is positively related to the cost 

of the turnaround maintenance is supported. As shown in Table 5. IS. Spearman's rank- 

order correlation coefficient. p=0.786. p=0.001 < 0.05. The correlation is significant. 

Based on the Kruskal-Wallis test, the chi-square value. 7 2(df=2, n-45) - 26.10, p= 

0.001 < 0.05 indicate that turnaround organizational size (cost of turnaround) 

significantly differ across the three models of the organizational structure. As such, the 

Hypothesis 1-14a is supported. It is apparent that the large scale turnaround activities are 

commonly organized with organizational structure that resembles Model C while 

medium and small scale turnarounds are organized with structures that resemble Model 

B and Model A respectively. 

Hypothesis Hob which suggests that the organizational structure of the turnaround 

maintenance is positively related to the duration of planning is also well supported. 

Speannan's rank-order correlation coefficient. p=0.657, p=0.001 < 0.05. The 

correlation is significant. The Kruskal-Wallis test shows chi-square value, X2(41`2, 

n=54) = 25.12, p=0.001 < 0.05 indicating that the turnaround organizational size 

(planning duration of turnaround) significantly differs across the three models of the 

organizational structure. Therefore, the Hypothesis Hob is supported. 
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Finally, the Hypothesis H4c that suggests organizational structure is positively related 

to the number of employees involved in the turnaround maintenance activities is 

supported. Spearman's rank-order correlation coefficient. p=0.711, p=0.001 < 0.05. 

The correlation is significant. The chi-square value of the Kruskal-\Vallis test, %2(df=2, 

n=54) = 30.62, p=0.001 < 0.05 indicate that turnaround organizational size (number of 

workers for turnaround) significantly differ across the three models of the 

organizational structure. As such, the Hypothesis H4c is supported. It is apparent that 

organizational structures of turnaround events with large number of employees 

resemble Model C, while those with relatively lesser number of employees are 

structurally organized according to Model A or Model B. 

Table 5.18: Spearman's Correlation Coefficient and Kruskal-Wallis Test - Size 

and Organizational Structure 

Spear-nail's rank Kruskal-Wallis test 
Size of Turnaround Maintenance order correlation 

coefficient 
1 Cost of the turnaround p=0.786 7 2(df'=2, n=45) = 26.10, 

maintenance p=0.001 < 0.05 p=0.001 < 0.05 
(n = 45) 

2 Duration of planning for p=0.657 2 (df=2, n=54) = 25.12, 
the turnaround maintenance p=0.00 1<0.05 p=0.00 1<0.05 
(n = 54) 

3 Number of workers involved p=0.711 2(df==2, n=54) = 30.62. 
in the turnaround maintenance p=0.001 < 0.05 p=0.001 < 0.05 
(n = 54) 

-5.6 
Size and Organizational Structuring; Processes 

The present study proposes that the structuring processes of'the turnaround maintenance 

organization are related to the organizational size. Six hypotheses are put forth: 

Hypothesis HSa: The level of formalization is positively related to the cost of the 

turnaround maintenance 
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Hypothesis H5b: The level of formalization is positively related to the duration of 

planning of the turnaround maintenance 

Hypothesis H5c: The level of formalization is positively related to the number of 

workforce involved in the turnaround maintenance activities 
Hypothesis 115d: The level of centralization is positively related to the cost of 

turnaround maintenance. 

Hypothesis H5e: The level of centralization is positively related to the planning lead 

time of turnaround maintenance. 
Hypothesis H5-f: The level of centralization is positively related to the number of 

workforce of turnaround maintenance. 

These propositions are tested using Pearson correlation and the results arc shown in 

Table 5.19. Evidently, size-formalization relationship in the organization of turnaround 

maintenance is significant. The Pearson correlation coefficient (r) between 

formalization and cost of turnaround is 0.552 (n=49), with a significant level of p-0.001 

< 0.01 (I-tailed). The statistic shows that the relationship is significant. Consequently, 

Hypothesis H5a is supported. The correlation coefficient (r) between formalization and 

turnaround planning duration is 0.452 (n=58), with a significant level of p=0.001 < 0.01 

(I-tailed). This illustrates the significant relationship between formalization and 

turnaround planning duration. Hence, Hypothesis H5b is supported. The correlation 

coefficient (r) between formalization and number of employees for turnaround is 0.440 

(n=58), with a significant level of p=0.001 < 0.01 (I-tailed). This statistic reveals a 

significant relationship between formalization and the number of employees for 

turnaround and therefore, Hypothesis H5c is supported. The above findings are further 

supported by the Kruskal-\Vallis tests. The Kruskal-Wallis test shows chi-square value 

x ((11=2, n=49) = 13.78, p=0.001 < 0.05 indicating that the level of formalization 

significantly differs across the turnaround organizational size (cost of the turnaround). 

Similar test on formalization and planning duration shows chi-square value v 2(df=2. 

n=58) = 13.32, p=0.001 < 0.05 indicating that the level of fomuilization significantly 

differs across the turnaround organizational size (length of planning duration of' the 
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turnaround). Similarly, chi-square value %`(df=2, n=58) = 12.56, p-0.002 < 0.05 

indicates that the level of formalization significantly differs across the turnaround 

organizational size (number of turnaround workforce). The results shown in Table 5.19 

also provide the evidence that centralization is negatively related to the cost of 

turnaround maintenance. The Pearson correlation coefficient, r--0.310, with a 

significant level of p=0.015 < 0.05 (1-tailed). As such, Hypothesis H5d that proposes a 

positive relationship between centralization and cost of turnaround maintenance is not 

supported. The statistics also reveal that Hypothesis H5e and Hypothesis H5f are not 

supported. Even though the results did not support the Hypotheses H5d, H5e, and H5f. 

the negative bi-variatc relationship shows that there is a relationship between 

organizational size of turnaround and the level of centralization. 

Table 5.19: Pearson Correlation - Size and Structuring Processes 

Organizational 
Size 

Organizational Structuring Processes 

Level of Level of 
Formalization Centralization 

Turnaround 
maintenance cost 

Correlation 
Coefficient 0.552 -0.310 
Sig. 1-tailed) 0.001 ** 0.015* 
n 49 49 

Planning duration 
Correlation 
Coefficient 0.452 0.099 

2 Sig. (1-tailed) 0.001 ** 0.230 
Il 58 58 

No. of turnaround 

workförce 
Correlation 
Coefficient 0.440 -0.157 

3 Sir. (1-tailed) 0.001** 0.120 
n 58 58 

** Correlation is significant at the 0.01 level (I -tailed). 
* Correlation is significant at the 0.05 level (1-tailed). 
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Table 5.20 demonstrates the differences between size and level of formalization 

between two large turnaround organizations and two small ones. It is obvious that the 

level of formalization is related to the size of the plant turnaround. Companies with 

smaller scale turnaround established relatively lower level of formalization of 

performance control, formalization of action planning, and formalization of behavior. 

On the contrary, high level of formalization is seen in the large scale turnaround 

organizations. 

Table 5.20: Level of Formalization between Small and Large Turnaround 

Name of Planning Level of Formalization Formalization Formalization 
Companies Duration Formalization of of action of behavior 

Performance planning 
Control 

Natural I month 3.00 3.00 3.00 3.00 
Oleochemicals Sdn 
Bhd 

Malay-Sino 3 months 3.79 3.86 3.88 3.75 
Chemicals 
Industries Sdn Bhd 

PP (M) Sdn Bhd 14 months 4.21 4.57 4.00 4.25 

BASF PETRONAS 6 months 4.84 5.00 4.60 5.00 
Chemicals Sdn Bhd 

A three-dimensional scatter plot of formalization, centralization, and cost of turnaround 

maintenance is illustrated in Figure 5.1. The plot reveals that in large scale turnaround 

event, the structuring processes are characterized by relatively high level of' 

formalization and low level of centralization. Quite the opposite, in small scale 

turnaround event, the turnaround organization is characterized by relatively low level of 

formalization and high level of centralization. 
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Figure 5.1: A Three-Dimensional Scatter Plot of Formalization, Centralization, and Size 

of Turnaround Maintenance 

5.7 Performance and Structuring Process 

The present study put forth two hypotheses pertaining to the relationships between 

organizational structuring processes and performance of the turnaround maintenance 

organization. 

Hypothesis I-16a: The performance is positively related to the formalization in the 

turnaround maintenance organization. 

Hypothesis H6b: The performance of the turnaround organization is positively related 

to the centralization in the turnaround maintenance organization. 
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The Cronbach's alpha of the five-item scales of the turnaround performance is 0.86. It 

indicates that the five-item scales are consistent and reliable in measuring the 

turnaround performance. In furtherance to this, factor analysis is performed on the five- 

item scales that measure the level of plant turnaround performance. The Barlett's Test 

for sphericity is significant (significant level = 0.0001, Chi-Square = 157.71) and 
Kaiser-Meyer-Olkin measure of sampling adequacy is 0.787 that is far greater than 0.6. 

Inspection of the anti-image correlation matrix reveals that all measures of sampling 

adequacy (ranging from 0.721 to 0.901) are well above the acceptable Icvc] of 0.5. 

Using principal component analysis and rotation method of Promax with Kaiser 

Normalization, only one component was extracted as illustrated in Table 5.2 1. The 

component explains 65.57 percent of the variance. 

Table 5.2 1: Results of Factor Analysis of Plant Turnaround Performance 

Item Scales Component 
I 

1. Completing all the planned and scheduled plant 
turnaround maintenance work within the approved shutdown . 894 
time 

2. Putting the plant back to normal operation and stable 
quality production on time as planned and scheduled 

87S 

3. Controlling the quality of the maintenance work to ensure 
that there will be no rework such as re-welding, bolt 
retightening, leaks at critical joints, reworks on equipment, 8" 

etc. during the I st month after plant start-up operation 

4. Completing all the work within the approved plant 
turnaround estimated financial budget 786 

5. Complying to the Health, Safety. and Environmental 
procedures and standards during the implementation of the 6 31 
plant turnaround maintenance 
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The two hypotheses arc tested using Spearman's rank-order correlation and the results 

are shown in Table 5.22. Evidently, the performance is positively related to the 

formalization of the turnaround organization. The correlation coefficient, 1) is 0.427 

(n=58), with a significant level of p=0.001, which shows that the relationship is 

significant. As such, Hypothesis H6a is supported. On the contrary, the statistics do not 

unveil any significant relationship between performance of the turnaround organization 

and centralization. The correlation coefficient, p is 0.086 (n=58), with a significant level 

of p=0.260 (1-tailed). The significant level is greater than 0.05. As such, Hypothesis 

H6b is not supported. 

Table 5.22: Spearnian's Correlation - Performance, Centralization, and 
Formalization 

Dependent variable 
Level of 

centralization 
Level of 

formalization 
Level of performance Correlation Coef. 0.086 0.427** 

Sig. (1-tailed) 0.260 0.001 
11 58 58 

** Correlation is significant at the 0.01 level (1-tailed). 

Kruskal-Wallis tests are conducted to evaluate the differences in the level of 
formalization and centralization across the various level of organizational performance 

of turnaround maintenance. The value indicates that the level of centralization does not 

significantly differ across the various levels of organizational performance of the 

turnaround maintenance, X 2(df=3. n=58) = 6.748, p=0.080 > 0.05. On the contrary, 

the test result shows that the level of formalization significantly differ across the various 

levels of organizational performance of the turnaround maintenance. % 2(df=3, n=58) = 

13.486, p=0.004 < 0.05. Further analysis of'the perlormance-formalization relationship 
is done by examining the relationship between formalization in performance control, 
formalization of action planning, and formalization of behavior and organizational 

performance of turnaround. The results are shown in Table 5.23. It is evident from the 

above results that the level of performance is related to formalization in performance 
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control, p is 0.417 (p=0.001); formalization of action planning, p is 0.335 (p=0.005); 

and formalization of behavior, p is 0.360 (p=0.003). 

Table 5.23: Performance and Formalization (n=58) 

Level of performance of 
turnaround maintenance 

organization 
Formalization in performance 

t l 
Spearman's rho Corr. 41 7*" 

con ro 
Sig. (1-tailed) 

. 
001 

Formalization in action planning Speannan's rho Con-. 
. 335** 

Sig. (1-tailed) 
. 
005 

Formalization in behavior Speannan's rho Corr. ; 60 

Sig. (1-tailed) 
. 
003 

** Correlation is significant at the 0.01 level (1-tailed). 

The above analyses are based on single dependent variable (performance of turnaround 

maintenance organization) and single independent variable (centralization or 

formalization). As pointed out by Miles and Shevlin (2001), the effects of the 

correlations between the independent variables have to be considered. Hence, multiple 

regressions with hierarchical variable entry are employed. In the following analyses, the 

effects of formalization and centralization on the dependent variable (performance of 

turnaround maintenance organization) are examined after the effects of turnaround 

organizational size and plant technology are controlled. The results of the regression 

analysis are shown in Table 5.24, Table 5.25. Table 5.26, and Table 5.27. 
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Table 5.24: Results of Regression Analysis (Model I and 2) 

Model R R Square Adjusted R Square Std. Error of the Estimate 

. 
314a 

. 
099 . 017 . 

576 36 

. 587a . 344 . 268 . 49736 
Model 1: 
turnarou 

Predictors are (Constant), Technology, Planning duration in months, Cost of 
nd maintenance, and Number of employees for turnaround maintenance 

Model 2: Predictors are (Constant), Level of formalization, Technology, Planning duration in 
111vllu13,1VU111uc1 vl cllLt. /IVy[. cJ Lvl Iu111Ulvullu IIIUI11lcllUlll. l:, Ullu 

maintenance 
Dependent Variable: Level of performance of turnaround maintenance organization 

Table 5.25: ANOVA Test Statistic for Model 2 
Sum of 
Squares df Mean Square F Sig. 

Regression 5.579 5 1.116 4.511 . 002" 

Residual 10.637 43 . 247 
Total 16.216 48 

The results shown in Table 5.24 indicate that the correlation coefficient R (0.314) of 

Model 1 is moderate and that the correlation coefficient R changes to a higher value of 

0.587 in Model 2 with the inclusion of formalization variable. It implies that an increase 

in the level of formalization is likely to increase the performance of' turnaround 

maintenance organization. Table 5.24 also indicates that there is 24.5 percent actual 

increase in R square values (from 9.9 percent to 34.4 percent). In other words. 

formalization explains for the additional 24.5 percent in the variation of the 

performance of turnaround maintenance organization. The increased is significant with 

F=4.511, df= 5, and p=0.002 (p < 0.05). Hence. the results of* this analysis support 

Hypothesis H6a. 
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The R value shown in Table 5.26 indicates that the correlation coefficient R of Model 3 

is moderate. With the inclusion of centralization variable in the regression equation as 

in Model 4, the correlation coefficient R changes to 0.326. The result indicates that 

there is 0.7 percent actual increase in R square values (from 9.9 percent to 10.6 percent). 

In other words, centralization accounted for the additional 0.7 percent in the variation of' 

the performance of turnaround maintenance organization. The increased is insignificant 

as shown by the F=1.019, df' = 5, and p=0.418 (p > 0.05). Therefore, it can be 

concluded that an increase in centralization is unlikely to increase the performance of' 

turnaround maintenance organization. As such. Hypothesis H6b is not supported. 

Adjusted R 
Model R R Square Square Std. Error of the Estimate 

3 . 314a . 099 . 017 . 57636 
4 . 326a . 106 . 002 . 58064 

Model 3: Predictors are (Constant), Technology, Planning duration in months, Cost of 
turnaround maintenance, and Number of employees for turnaround maintenance 
Model 4: Predictors are (Constant), Level of centralization, Technology, Planning duration in 
months, Number of employees for turnaround maintenance, and Cost of turnaround 
maintenance 
Dependent Variable: Level of performance of turnaround maintenance organization 

Sum of 
Squares df Mean Square F Sig. 

Regression 1.718 5 . 344 1.019 . 418a 
Residual 14.497 43 . 337 
Total 16.216 48 



5.8 Plant Technology, Size, Structuring Processes, and Performance 

This section discusses the results of the statistical analyses that are carried out to test the 

hypotheses which postulate high organizational performance is contingent on the 

congruent relationships between the structuring processes (centralization and 
formalization) and organizational context (plant technology and organizational size). As 

explained in Chapter 3, eight hypotheses were put forth namely Hypotheses H7a, H7b, 

H8a, H8b, H8c, H9a, H9b, and H9c. Hierarchical regressions technique and sub-groups 

analysis arc employed in testing these hypotheses. 

5.8.1 Hierarchical Regression 

A number of assumptions have to be made prior to the regression analysis, among 

others are: 

Ratio of cases to independent variables 

The ratio has to meet the minimum requirement of at least five times. This 

assumption is very much related to the research design. In the present study, the 

number of independent variables is four and the total number of observations or 

cases is 58. Hence, the ratio is about 14, which is well above the minimum 5. 

2. Outliers 

Outliers are detected through regression analysis using statistical method such 

as Mahalanobis distance and graphical methods such as residual scatter plots. 
From the output of the regression analysis, the values of the Mahalanobis 

distance are less than their critical value. As such, there is no existence of 

outliers in the data. 

3. I1ulticollinearity and singularity 

Multicollinearity refers to high correlations among the independent variables, 

whereas singularity occurs when perfect correlations among independent 

variable exist (Coakes cl tit, 2006). Speartnan's Rho bi-variate correlation 
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matrix does not show any high correlation or singularity among the variables 

that are considered in the present study. Hence, multicollinearity and singularity 
do not exist in the data. 

4. Normality, linearity, homoscedasticity, and independence of residuals 

These assumptions are tested by examining the residual scatter plots. These 

assumptions are met as the observed and predicted dependent variable scores 

are normally distributed. The scatter plots resemble a rectangular formation with 

most of the plots are located at the centre-line. 

Having satislicd the above assumptions, hierarchical regression analyses are carried out 

to test the Hypotheses H7a, H7b, H8a, H8b, H8c, H9a, H9b, and H9c. Table 5.27 shows 

the results of the hierarchical regression analysis to test Hypothesis H7a. It is based on 

the ibllowing regression equation: 

PERF =a+h, (FORML) + b2 (TECH) + h3 (FORML*TECH) +e 

The regression equation predicts that the organizational performance of turnaround 

maintenance is positively related to the congruent relationships between plant 

technology and level of formalization. 

Table 5.28 indicates that there is no actual increase in R square values when the 

interactive effect of technology and formalization is included in regression equation. 
The values of unstandardized coefficient b, and b3 are very close to zero and they are 

not significant in predicting the performance of the turnaround maintenance 

organization. In other words. the interaction between level of formalization and plant 

technology does not contribute to the increase in the performance of turnaround 

maintenance organization; as shown by the F change = 0.032 and the significance of the 

F change 0.858 (p > (1.05). 1 ence. I lypothesis H7a is not supported. 
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Table 5.28: Results of Hierarchical Regression Analysis for H7a 

Model R R2 
Adjusted 
R Square 

Std. Error of 
the Estimate 

R` 

change 

F 

change 

Sig. 
F change 

H7a(l) 
. 483' . 233 . 205 . 51561 0.233 8.345 0.001 

117a(2) 483a . 233 . 191 . 52021 0.000 0.032 0.858 

Model 117a(1): Pred ictors are (Constant), Level of formal ization, Plant technology 

Model I17a(2): Pred ictors are (Constant), Level of formal ization, Plant technology, FORML*TECII 

Dependent Variable : Level of performance of turnaround maintenance organization 

Similar hierarchical regression analysis are carried out to test the Hypotheses H7b, HSa, 

HBb, H8c, H9a, H9b, and H9c and the statistical results are summarized in Table 5.29. 

The results indicate that the interaction effects between organizational structuring 

processes (Formalization and centralization) and the plant technology or organizational 

size of the turnaround maintenance are not significant in contributing to the 

organizational performance of the turnaround maintenance. The results of the statistical 

analyses show that the unstandardized coefficients of the product of the interaction of 

the two variables, which include (CENTR*TECII), (FORML*COST), 

(FORML*WORKF), (FORML*PLANDU), (CENTR*COST), (CENTR*WORKF), and 

(CENTR*PLANDU) are very close to zero. Hence, the interaction of the contingent 

variables and the structuring process variables do not significantly contribute in 

predicting the turnaround maintenance organizational performance. 

179 



Table 5.29: Results of Hierarchical Retression Analysis for H7.118, and H9 

Model R R2 
Adjusted Std. Error of 
R Square the Estimate 

R` 

change 

F Sig. 

change F change 

117b(I) 0.051" 0.003 -0.034 0.58789 0.003 0.073 0.930 

1171)(2) 0.074a 0.005 4). 050 0.. 59248 0.003 0.152 0.698 

Hypothesis H7b is not supported 
F, -18 

118 

a(1) 0.513" 0.263 0.231 0.50962 0.263 8.218 0.001 

a(2) 0.518" 0.269 0.220 ý 0.51336 
- 

0.005 0.333 0.567 

Hypothesis 118; ß is not supported 

1-181)(1) 0.533" 0.284 

1181)(2) 0.544" 0.296 0.257 

Hypothesis 1181) is not supported 

1-lSc(1) 

I-Ixc(2) 

0.466` 

(). 484'' 

0.217 

0.234 

Hypothesis 1i8c is not supported 

119a(1) 

t-I9a(2) 

U. U2H; ' 

O. 191" 

0.258 

0.189 

0.191 

-0.043 

-0.028 

0.49796 

0.49849 

0.52073 

0.51998 

0.59349 

0.58921 

0.001 

0.037 

Hypothesis 11% is not supported 
ý-- -1 

1191)(1) 1 0.0441 0.002 

119h(2) 10.128"ý 0.016 

Hypothesis 1191) is not s 

flt)c(1) 

li9c(? ) 

-0.034 I 0.58809 

-0.038 0.58918 
--ý 

upported 

11.132"( 0.023 -0.012 

U. 180''I 0.032 -0.021 
Hypothesis 119c is not supported 

0.58179 

0.58440 

U. 284 

0.012 

10.931 

0.883 

0.217 1 7.644 

0.016 

0.001 

0.036 

0.002 

1.159 

0.797 

0.018 0.982 

1.670 

0.654 

0.054 0.947 

0.015 

0.023 

0.009 

0.001 

0.352 

0.001 

0.286 

0.203 

0.376 

0.524 

0.510 0.478 
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5. K. 2 Sub-Croups Analysis 

For the purpose ol'comparison, as suggested by Donaldson (2001) sub-group analysis is 

employed to demonstrate the effect of congruence relationship between the contingent 

variables (technology and organizational size) and structuring processes on the 

turnaround maintenance organizational performance. In this analysis, the process-based 

companies included in this study are divided into two sub-groups namely high 

performing organizations and low performing organizations. The method of'splitting the 

sample follows Khandwalla (1973) and Child (1975) as discussed in Donaldson (2001). 

'['he overall mean value (4.30) of' the organizational performance is used as the 

reference point to split the sample into two groups. 

The first group is made up of 28 companies with overall mean score of 4.80 and the 

standard deviation is 0.23. These companies are categorized as the high performing 

group as the mean value is above 4.30. Based on the survey data, high performing 

companies are observed in all sectors of the process-based industries. The mean value 

reported by each of the process-based industries ranges from 4.67 to 4.90. The second 

group consists of'30 companies that reported an overall mean value of 3.84 and standard 

deviation is 0.38. i'hcy are classified as low performing companies since the mean value 

is below 4.30. Similarly, low performing companies are observed in all sectors of the 

process-based industries. They reported mean value ranging from 3.60 to 4.00. Table 

5.30 provides details mean values of the low and high performing groups of companies. 

Irrespective of the plant technology and size of the turnaround maintenance, low and 

high performing organizations are observed in all sectors of the process-based 

industries. 
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Table 5.30: High and Low Performing Turnaround Maintenance Organizations 

High Performing 
Group 

Low Performing 
Group 

Activity of the companies Mean n Std. 
Dcv. 

Mean n Std. 
Dev. 

Manufacturer of petroleum-based products 4.818 11 0.260 3.960 14 0.224 
Manufacturer of fertilizer and nitrogen compound 4.800 2 0.283 4.000 3 0 
Electric power plant 4.829 7 0.243 3.933 3 0.306 
Manufacturerof-cement 4.667 3 0.115 3.600 3 0.200 
Manufacturer of basic chemicals 4.900 2 0.141 3.600 4 0.566 
Manufacturer of vegetables oils, palm oil and fats 4.733 3 0.305 3.600 3 0.872 
Overall 4.800 28 0.231 3.840 30 0.384 

Source: Survey data 

Table 5.3 I shows the range of mean scores for each performance item-scale of the low 

and high performing group of companies. It provides further evidence to the differences 

in organizational pcrli)rmance of turnaround maintenance among the process-based 

companies. There are companies that are perlbrming relatively low in their turnaround 

events as compared to the other companies. The low scores recorded on the item-scales 

revealed the problems of schedule slippages, occurrences of defects after plant start-up 

operation, incidences of 11o11-compliance to health, safety and environmental procedures 

and standards, and costs overrun experienced by the companies. As indicated by 

Dcl3akcy ci al. (2007, p. 4), "If objectives are missed, the schedule is compromised and 

cost overruns become inevitable". however, there are companies that arc performing 

acceptably well in meeting the turnaround objectives vis-ä-vis time, schedule, quality. 

cost, and safety as discussed in Section 4.14 in Chapter 4. 
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Table 5.31: Ranwe of Mean Scores of Performance Item-scale 

Performance Item-scale* 

Ia 21' 3` 4d 5` 

Low Pcr(örming 
3.67-4.07 2.67-4.00 3.33-4.33 3.67-4.00 3.67-4.67 Group 

High Pcrliorming 
4.00-5.00 3.67-5.00 4.00-5.00 4.00-5.00 4.50-5.00 

GrohE) 
Source: Survey data 
Notes: 
* Measured on a possible range of scale from 1.0 (lowest) to 5.0 (highest) 
a. Completing all the planned and scheduled plant turnaround maintenance work 

within the approved shutdown time 
b. Putting the plant back to normal operation and stable quality production on time 

as planned and scheduled 
c. Controlling the quality of the maintenance work to ensure that there will be no 

rework such as re-welding, bolt retightening, leaks at critical joints, reworks on 
equipment, etc. during the 1st month after plant start-up operation 

d. Completing all the work within the approved plant turnaround estimated financial 
budget 

C. Complying to the Health, Safety, and Environmental procedures and standards 
during the implementation of the plant turnaround maintenance 

Following this, the sub-groups are compared statistically by correlations coefficient. 

Spearman's rho correlation test is adopted. The correlation coefficients between the 

plant technology, organizational size, centralization, and formalization For each sub- 

group are determined. The correlation coefficients are summarized in Table 5.32. 
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Table 5.32: Spearman's Rho Correlation Coefficients of Sub-group Analysis 

O i i l 
Organizational Structuring Processes 

rgan zat ona 
C t t FORML CENTR 

on ex 
Low 

n=28 
High 
n=30 

Low 
n=28 

High 
n=30 

WORKF 0.456** _ 0.492** 0.099 -0.337* 
COST 0.610** 0.578** -0.021 -0.428* 
PLANDU 0.416* 0.500** 0.218 -0.129 
TECH 0.436** 0.414* -0.013 -0.213 
* Correlation is significant at the 0.05 level (1-tailed) 
** Correlation is significant at the 0.01 level (1-tailed) 

The correlation coefficient represents the regression line of two variables (Miles and 

Shevlin, 2001). The results show a marked variation in the bivariate correlation 

coefficient of planning duration (PLANDU) and formalization (FORML) between the 

low performing and high performing groups of companies. It implies the effect of the 

congruent relationship between planning duration and formalization yields significant 

contribution to the organizational performance of turnaround maintenance. As such, 

Hypothesis H8c is supported. A scatter plot of planning duration against level of 

formalization among the high performing companies is shown in Figure 5.2. 

However, the difference of correlation coefficients of WORKF and FORML between 

the low and high performing groups of companies is relatively small. Therefore, the 

effect of the congruent relationship between number of workforce and formalization 

does not yield marked difference to the organizational performance of turnaround 

maintenance between the two groups. Similarly, the effect of the congruent relationship 

between cost (COST) and formalization (FORML) does not reveal marked difference to 

the organizational performance between the two groups of companies. In the same way, 

the statistic reveals that the effect of' the congruent relationship between technology 

(TECH) and formalization (FORML) does not show marked difference to the 

organizational pcrfönmance of turnaround maintenance between the companies in the 
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high and low performing groups. Therefore, it is confirmed that Hypotheses H7a, H8a, 

and I I'S) are not supported. 
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Figure 5.2: Scatter Plot of Planning Duration and Level of Formalization 

Among the f-ligh Performing Companies 

Table 5.32 shows a marked negative correlation between number of workforce 

(WORKF) and centralization (CEN'I'R) and a significant negative correlation between 

cost of turnaround (COST) and centralization (CENTR) in the high pcrk)rming group of 

companies. The results imply that the congruent relationship of workforce- 

centralization and cost-centralization are positively related to the high organizational 

performance of turnaround maintenance. As such, the Hypothesis H9a and Hypothesis 

H9h are supported. However, the result of the sub-group analysis shows that there is no 

significant relationship between planning duration and centralization in low and high 

performing group of companies. Hence, Hypothesis H9c is not supported. A scatter 
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plot of cost of turnaround against level of centralization among the high pertimning 

companies is illustrated in Figure 5.3. 
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The above statistical analyses have successfully tested 25 research hypotheses that were 

proposed and discussed in Chapter 2. The findings are summarized in Table 5.33. 

No. 

I 

6 

9 

I0 

II 

12 

13 

14 

15 

16 

17 

Table 5.33: Summary of Research Findings 

Ilypothcs 

IIypothcsis 

IIypothcsis 

Ilypothcsis 

Ilypothcsis 

IIypothcsis 

Ilypothcsis 

Ilypothcsis 

Hypothesis 

I lypothesis 

Ilypothesis 

11ypothesis 

Ilypothesis 

I1ypothesis 

Ilypothesis 

11ypothesis 

Ilypothesis 

IIypotllesis 

is Variables Method of Result 
testing 

lila Cost and plant Pearson Significant 

-technology 
Correlation 

1111) Planning duration Pearson Significant 

and plant technology Correlation 
111C No. of workers and Pearson Significant 

plant technology Correlation 
112 Structure and plant Pearson Chi- Significant 

technology Square 
113a Centralization and Spearman's rank Not 

plant technology- order correlation significant 
113b Formalization and Spearnan's rank Significant 

plant technology order correlation 
114a Structure and cost Spearman's rank Significant 

order correlation 
1141) Structure and Speanman's rank Significant 

planning duration order correlation 
114c Structure and no. of Spearnian's rank Significant 

workers order correlation 
115a Formalization and Pearson Significant 

cost Correlation 
1151) Formalization and Pearson Significant 

planning duration Correlation 
115e Formalization and Pearson Significant 

no. of workers Correlation 
I15(I Centralization and Pearson Not 

cost Correlation Si pi! icant 

115e Centralization and Pearson Not 

_pIannin T duration Correlation Significant 
___ _ II5f Centralization and Pearson Not 

no. of'workers Correlation Significant 
I16a Pcrlörmancc and Spcannan's rank Significant 

formalization order correlation 
1161) Performance and Spearnan's rank Not 

centralization order correlation Si gnificant 
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Table 5.33: continued 

No. Hypothesis Variables Method of Result 
testing 

1S Hypothesis 117a Technology/formalization Hierarchical Not 
and perforniance regression significant 

19 Hypothesis 117b Technology/centralization Hierarchical Not 

and pcrilormance regression significant 
Hierarchical Not 

20 Hypothesis 148a Cost/formalization and regression significant 
performance Sub-group Not 

analysis significant 
No. of Hierarchical Not 

21 Hypothesis 118h workers/formalization regression significant 
and performance Sub-group Not 

analysis significant 
Planning Hierarchical Not 

22 Hypothesis 118c duration/formalization regression significant 
and perlormance Sub-group Significant 

analysis 
Cost/centralization and Hierarchical Not 

23 Hypothesis 119a performance regression significant 
Sub-group Significant 

analysis 
No. of Hierarchical Not 

24 Hypothesis I19b workers/centralization regression 1 significant 
and performance Sub-group Significant 

analysis 
Planning Hierarchical Not 

25 Hypothesis 119c duration/centralization regression significant 
and performance Sub-group Not 

analysis significant 
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5.9 Summary 

This chapter has provided analyses of the relationship between plant technology, size of 

the turnaround maintenance, organizational structure, structuring processes, and 

organizational performance of the plant turnaround maintenance. As demonstrated by 

the analyses, observable differences were found in the way the companies organized 

and managed their plant turnaround maintenance organizational resources. Partly, the 

differences arc contributed by the variations in the salient characteristics of the plant 

turnaround maintenance that are carried out by these companies. These companies 

manage their plant technologies differently as demonstrated by the differences in the 

frequencies and duration of the turnaround events. As such, the level of organizational 

resources required is different. 

Considerable dissimilarities in the organizational structures are also observed which 

point towards the variations in the plant technologies and organizational size of the 

turnaround maintenance among these companies. The implications of organizational 

size are seen in the structuring processes of the turnaround maintenance. Positive 

relationship between size and the level of formalization is reported. However, the 

opposite pattern of relationship is recorded between size and centralization. Similarly, 

formalization in the turnaround organization is positively related to plant technology. 

1-lowever, the relationship between centralization and plant technology is not 

significant. 

On overall, the organizations of'the turnaround maintenance are featured by high level 

of centralization and formalization. High level of centralization implies that the inherent 

characteristics of' the turnaround maintenance demand centralized decision making to 

fäcilitate organizing, coordination and control of' organizational resources. It signifies 

the organization's low level of' tolerance on the variability of' the behavior and 

perlOrnlance of' the organizational members. The observed pattern of formalization 

revealed the emphasis given by management to the formalization of' behavior, action 
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planning, and performance control. A significant positive relationship between the level 

of fonnalization and turnaround performance is reported. However, there is no 

indication of positive relationship of centralization to turnaround performance. 

Finally, sub-group analysis is carried out to test the hypothesis that suggests high 

organizational pcrtormance is positively related the congruent relationships between the 

structuring processes and organizational context. The results confirm that the congruent 

relationship between turnaround organizational size and the level of formalization and 

centralization in the structuring process significantly contributes to the high 

organizational performance of plant turnaround maintenance. This finding supports the 

earlier discoveries that companies organized and managed their plant turnaround 

maintenance organizational resources differently depending on the salient 

characteristics and organizational context of the turnaround maintenance. 
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CHAPTER 6 

DISCUSSION OF FINDINGS 

6.0 Introduction 

This chapter discusses and interprets the findings of the present study. The first section 

discusses the relationship of plant technology and size of the turnaround maintenance. 

The second section interprets the findings of the relationship between plant technology, 

size, structure and structuring processes. The third section explains the findings on 

structuring processes and performance. Finally, the fourth section elaborates on the 

findings of the congruent relationship between plant technology, size, and structuring 

processes on the organizational performance of the turnaround maintenance. 

6.1 Plant Technology and Organizational Size 

Large scale operation is synonym to heavy industries with high fixed costs as a result of 

the huge investment in the plant technology. This is commonly seen in the process- 

based industries such as petrochemicals, fertilizers, electricity generation, refineries, and 

cement. The large scale output is necessary to lower the overall unit cost of production 

(Pickering, 1971). The large scale production requires efficient manufacturing operation 

that demands a highly reliable and efficient plant technology. This is achievable through 

efficient maintenance management, particularly turnaround maintenance management. 

This implies a clear link between the technical system and the organizational resources 

that are required for its management and maintenance. 

The implications of plant technology on the workflow activities of the turnaround 

maintenance were analyzed. The types of final products manufactured by the companies 

influence the designs of the production processes vis-ä-vis plant technology. This in 

turn influences the organizing function, in particular the organization of human 

191 



resource. As the degree of process complexity (technology) varies from relatively 

simple (such as the process of manufacturing basic chemicals) to fully integrated- 

process (example the refining process of liquefied natural gas), the number of 

employees increases. Evidently, Malay-Sino Chemicals Industries Sdn Bhd employs 

158 employees and Perak Hanjoong Cement has 320 employees. While companies that 

employ fully integrated-process such as PETRONAS Penapisan (Melaka) Sdn Bhd has 

1,100 employees and MLNG Sdn Bhd employs 1,200 employees. Perhaps, the 

following example could well explain one of the many reasons to the increase in the 

number of employees. 

A refinery or process plant in the petroleum industry, For instance MLNG Sdn Bhd, that 

employs 1,200 employees places high priority on safety and environmental aspects in 

their business operations in view of the risks and hazards inherent in the production 

processes and operations. Hence, the companies established Health, Safety, and 

Environment Department (HSE) that has sizeable number of employees to manage the 

HSE functions organization-wide. On the contrary, Malay-Sino Chemicals Industries 

Sdn Bhd is fairly small in size with 158 employees. Its HSE Department is rather small 

in comparisons to the HSE Department of MLNG Sdn Bhd. Similarly, the size of the 

engineering, maintenance, and training departments among these industries varies to 

suit their operations' needs. 

Plant technology requires administrative and operations management systems for its 

effective and efficient operations. It demands maintenance work to he carried out to 

maintain their efficiency and reliability. For this purpose appropriate organizational 

resources need to be organized. Depending on the nature of the plant technology, the 

size of' the administrative and operations components varies among the companies. 

Hence, variations in the size of companies among the process-based industries are 

obvious. For instance, different types of technical expertise are necessary to maintain 

different plant technology. A highly mechanized and automated technology in the 

petrochemical industries places heavier reliance on electronics and instrumentation 
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specialists (technicians and engineers) in comparison to the relatively less automated 

plant technology used by the basic chemicals and palm oil sectors. Obviously, different 

pattern for organizing the turnaround maintenance resources can be seen among these 

industries vis-ä-vis (1) administrative and overheads, (2) labor, (3) equipment, shops 

fabrication, and materials. 

The survey data reported variations in the turnaround planning duration among the 

companies in the process-based industries. The planning duration depends on the 

complexity of the turnaround maintenance works and the risk involved in the 

turnaround. By and large, plant turnaround maintenance that is complex and holds the 

potential of high risk requires more comprehensive planning and longer time than a 

plant turnaround that is comparatively less complex and has lower potential of risk. The 

complexity and risk that influence the duration of planning are closely related to the 

plant technology. Perak Hanjoong Cement and Malay-Sino Chemicals Industries Sdn 

Bhd plan their turnaround one month and three months ahead of the actual event 

respectively. While, MLNG Sdn Bhd, PETRONAS Penapisan (Melaka) Sdn Bhd, and 

ESSO Refinery (M) Bhd plan 15 months, 18 months, and 24 months ahead of the actual 

turnaround event respectively. Hence, it is evident that plant technology explains the 

variations in the duration of planning of turnaround maintenance. 

The large number of workers is amenable due to the voluminous maintenance workload 

that has to be accomplished as a consequence of the complexity of the plant technology. 

As such, more management personnel are necessary to organize the event and larger 

number of maintenance personnel to execute the indispensable maintenance work. For 

example, on the average PETRONAS Penapisan (Melaka) Sdn Bhd and MLNG Sdn 

Bhd employ 1,500 and 425 workers respectively to execute their turnaround 

maintenance events. On the other hand, cement plants, basic chemicals plants, and 

vegetable oil and palm oil refineries engaged comparatively smaller number of' 

workforce. For instance, Perak Hanjoong Cement, and Malay-Sino Chemical Industries 

Sdn Bhd employ on the average 180 and 50 workers respectively. 
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The number of' workforce also depends on the balance between constraints and 

objectives of' the turnaround maintenance. The two most critical constraints are the 

duration of turnaround maintenance and total cost available to implement the event. 

Shorter completion time is achievable with larger number of workforce, but the cost of' 

labor is high. Moreover, there is certain limit to the number of people that may work at 

the same time in a plant facility. There are high chances of conflict and risk of safety 

due to work area congestion if'this limit is exceeded. As such, careful resource profile is 

accorded the necessary priority to ensure that the necessary level of' workforce is 

eflcctivcly and efficiently organized (Lenahan, 1999). 

This is similarly explained by the Turnaround Maintenance Manager of PETRONAS 

Gas Bhd. The manpower profile during the turnaround maintenance is organized with 

the consideration of the volume of work to be carried out and the limitation of working 

areas in the plant. As pointed out earlier, the staffing for the turnaround maintenance 

organization is temporary in nature and is highly variable as the turnaround event moves 

through it life cycle. However, it follows an obvious progression with small core of 

personnel who are usually involved in the initial phase, growing in numbers during the 

execution phase, and small core personnel in the post-turnaround phase. 

This is clearly illustrated by Figure 4.5 in Chapter 4 that portrays the staffing profile of 

the turnaround maintenance worklörce engaged by PETRONAS Gas Bhd in 2007. The 

resource profile of the turnaround maintenance is similar to the project-based 

undertakings discussed by DeFillippi and Arthur (1998). Similarly, the turnaround 

manager of' MLNG Sdn Bhd reflected the changing size and compositions of the 

maintenance personnel in his turnaround organization. During the initiation phase, a few 

plant-based maintenance engineers and engineering executives were appointed to do the 

initial planning and preparation. As the event progress to the planning phase, the 

number increases to about 20 staff As the event moves to the execution phase, and 

depending on the volume of work, it is possible that the staffing level get to a peak of' 

425 maintenance personnel. Large majority of' them are from the turnaround 
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contractors. As the event draws towards the end, the number of personnel reduces 

drastically. Similarly, other physical infrastructures reflect the temporary nature of the 

organizational structure and structuring processes. The above discussions have shown 

that plant technology influence the size of the turnaround maintenance organization, 

which consequently affect the pattern of organizing for turnaround maintenance 

resources. 

Frequency of turnaround maintenance is one of the salient characteristics of turnaround 

maintenance. Large number of companies in the petroleum-based industries extend the 

time between their turnaround as long as permissible by the statutory regulation. They 

find that this arrangement allows the turnaround expenses to be capitalized and 

depreciated over a longer period. MLNG Sdn Bhd is a case in point. The plant 

turnaround maintenance is conducted primarily to meet the legal requirements imposed 

by the Department of Safety and Health of Malaysia (DOSH). Each of the process trains 

in MLNG is shut down for plant turnaround maintenance once in three years. It is 

noteworthy that under normal circumstances, DOSH imposes a routine plant inspection 

on yearly basis. However, the last one decade has seen advancement in the technology 

of machines and equipment especially in the petrochemicals industries that permit 

longer duration of continuous operations between stoppages. The advancement in 

technology is complemented with the improvement in the maintenance management 

techniques such as reliability-based maintenance that can predict the failures of process 

and equipment. Prompt mitigating action can be taken prior to failures. As such, longer 

interval between each turnaround is economically justified. 

On the other hand, a cement plant, Perak 1-lanjoong Cement, implements its plant 

turnaround maintenance fundamentally for the planned replacement of refractory bricks 

of the rotary kilns. As explained by the maintenance manager. kiln is the heart of the 

cement manufacturing process and its pcrfonnanec contributes to the total profitability 

of' the cement plant. Hence, timely replacement is a necessity. Replacement that is 

carried out earlier than expected (untimely replacement) can be a serious drain on 
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operating capital of the company. On the contrary, a decision to postpone replacement 

until there is no other way to continue production can place the company in a dangerous 

position of becoming uncompetitive (Sullivan el al., 2008). Based on the economic 

reason, the replacement of the refractory bricks is scheduled twice a year that entails 

plant shut down. As such, the company takes the opportunity to plan and implement the 

turnaround maintenance at the same time. In another situation, there are companies that 

are required to undergo yearly statutory inspections of their fired and un-tired pressure 

vessels that are regulated by the Department of Safety and Health. The process of 

statutory inspections requires the vessels to be isolated from the production operation 

and dismantled for visual inspections. Hence, production has to be shutdown. 

Concurrently, turnaround maintenance is executed to take advantage of this window of 

opportunity. 

The above argument provides some explanations the differences in the frequency of 

plant turnaround maintenance and they are closely related to the nature of the plant 

technology. The following argument to the variation in the turnaround frequency relates 

to the business demand of the companies. Some of the companies highlighted that one 

of the largest expenses associated with their turnarounds was the purchase of 

replacement products to keep their customers with constant supply. A case in point is 

Malay-Sino Chemicals Sdn Bhd, a basic chemical plant. For this company. limiting 

turnaround duration is inevitable to ensure continuous supply of products to their 

customers. As a result, turnaround maintenance is scheduled more often. for instance 

once in a year but in a shorter duration of between 10 to 15 days. 

Overall, the frequency of the turnaround maintenance and the number of days allocated 

for implementing the turnaround maintenance activities affects the cost profile of the 

turnaround that consists of' expenses such as administrative and overheads, labor. 

equipment, shops, materials, and other contingencies. The above discussions 

highlighted two pertinent points. Firstly, companies that perform less frequent 

turnaround require higher level of organizational resources in accomplishing their 
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turnaround events as compared to companies that implement the turnaround 

maintenance more frequently. 

Secondly, the inherent characteristics of the turnaround maintenance, for instance the 

frequency of the turnaround, window of opportunity for turnaround, and the size of the 

event to certain extent is within the control of the companies. This is consistent with the 

view put forth by Vichich (2007). In Fact, Casa et a!. (2009) reveal the trend of 

increasing the frequency of the turnarounds in a number of petrochemicals companies. 

In other words the turnaround event is organized more frequently but in relatively 

smaller scale. This strategy reduces the scope of work for each turnaround event. This 

arrangement lowers the turnaround complexity, reduces the required number of 

workforce, and ultimately lowers the total costs of the event. More importantly, the 

event can he completed in shorter duration to lessen the disruption to the production 

operations. Even though plant technology demands maintenance work to be performed, 

the required maintenance activities can be managed and organized but in contingent 

with the organizational context of the companies. 

6.2 Plant Technology and Organizational Structure 

Essentially, dissimilarities in the organizational structure and the structuring processes 

point towards the variations in the plant technologies and organizational size of the 

turnaround maintenance among these companies. These findings imply that 

organizations have various alternatives in designing and establishing suitable 

organizational structure to meet their environmental conditions and organizational 

context. The complexity of the turnaround maintenance activities that are influenced by 

the plant technologies and organizational size are mitigated by designing and 

establishing suitable system such as structure and structuring processes that is within the 

power ol'the senior management of the turnaround maintenance organization. 
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Plant technology influence the organizational structure and structuring processes of the 

turnaround maintenance. It has been amply demonstrated that different plant technology 

demands different organizational resources namely planning time, funding, human 

resource, materials, logistics, and services that will consequently influence the structure 

and the structuring processes. It was reported that large numbers of non-petroleum- 

based companies utilize their plant-based maintenance personnel to organize the event, 

while those companies in the petroleum-based sectors established separate turnaround 

maintenance organization to manage the events. For instance, Malay-Sino Chemical 

Industries Sdn Bhd, a basic chemical plant, utilizes its existing plant-based maintenance 

personnel lbr the company's plant turnaround maintenance. The maintenance manager 

and his team handle the turnaround maintenance as part of their normal maintenance 

responsibilities. To overcome the shortage of maintenance personnel, some of the works 

are outsourccd to contractors. 

Similarly, a maintenance manager of Perak Hanjoong Cement uses his plant-based 

maintenance personnel for the planning and executing the turnaround maintenance. 

Apart from his team of maintenance personnel, the company engages a few contractors 

to work on specialized maintenance work. Accordingly, the sizes of the turnaround 

maintenance activities of' the two companies are relatively small and the scope of the 

work is within the capacity and capability of their maintenance personnel. 

The MLNG Sdn Bhd, a natural gas processing plant and TNB Janamanjung Sdn Bhd, a 

thermal electric power generating plant organize their plant turnaround maintenance 

dil'fcrently. The companies establish separate organizations that are entirely dedicated to 

planning and executing the turnaround maintenance. A steering committee that consists 

of Few senior managers is fonned to oversee the accomplishment of the event. The 

steering committee delegates the responsibility of the turnaround maintenance to a 

turnaround manager who manages and organizes the event and establishes a temporary 

project-driven organization. By and large, the core members of the organization are 

seconded from various departments within the existing organization. They leave their 
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normal job to concentrate on the turnaround event. However, it is not uncommon for the 

organization to employ few specialists and experienced turnaround engineers on 

temporary basis, at least for the duration of the turnaround, to complement the existing 

staff. Separate temporary organization is essential in view of the size of the event and 

the complexity of the turnaround activities. The large volumes of activities that involve 

wide-range of planning demand the efforts of fulltime maintenance personnel. 

The present study has shown that the companies have designed and established different 

organizational structure for organizing and managing their plant turnaround 

maintenance. However, the turnaround organizational structures are configured based 

on the functional-type structure, which is consistent with the view put forth by Lenahan 

(1999), Levitt (2004), and Kelly (1997). It has been empirically demonstrated that the 

configuration of the organizational structure of turnaround maintenance is related to the 

plant technology. The list of turnaround maintenance tasks of TNB Janamanjung Sdn 

Bhd as shown in Appendix 6 provides the evidence that the tasks are categorized into 

various units namely boiler, regenerative air heater, turbine, mill, coal and ash, control 

and instrumentation, and electrical, which are in accordance to the configuration of the 

power plant technology. This grouping of activities creates division of labor in the 

turnaround maintenance organization that ultimately imposes certain level of influence 

in shaping the management and organization of the turnaround maintenance resources, 

particularly organizational structure and organizational structuring processes. 

Companies in petrochemical industries that include among others, MLNG Sdn Bhd. 

PETRONAS Penapisan (Melaka) Sdn Bhd. Asean Bintulu Fertilizer Sdn Bhd, and 

ESSO Refinery, established their turnaround maintenance organizational structures that 

resemble Model C (Figure 4.4). For instance, the turnaround manager of MLNG Sdn 

Bhd explained that his turnaround organizational structure is horizontally differentiated 

by a number of sections that include instrumentations and control, rotating equipment, 

mechanical, electrical, civil, safety and environment, inspections, plant changes, and 

logistic (Refer to Appendix 7). Since the volume of work is large, each section is 
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managed separately. In addition, each section may be divided into smaller functions as 

needed. These sections are supported by safety controller, project controller, security 

officers, lifting equipment supervisors, civil engineering supervisors, and material 

controller. The turnaround manager is the highest ranking position within the 

turnaround organization who reports to the steering committee. He is ultimately 

responsible for all the activities that take place in the turnaround event, including the 

development (together with the steering committee) and the implementation of the 

turnaround maintenance strategic decisions. After two decades of operations, they 

observed that this hierarchical type organizational structure with highly centralized 

authority for decision-making suits their turnaround activities and is able to facilitate the 

successful implementation of their turnaround. The organizational structure in 

Appendix 7 also highlights the influence of the government, for instance DOSH, in 

shaping the design of the organizational structure. Depending on the plant technology, 

few units are established to manage and organize for the maintenance, test, and 

inspections of all the registered facilities, machines and equipment that are regulated by 

DOSH. 

On the contrary, relatively less complex turnaround events are organized by a lean 

turnaround structure, which have a resemblance to Model A. The maintenance manager 

of Malay-Sino Chemical Industries Sdn Bhd and Perak Hanjoong Cement explained 

that their turnaround activities are organized into three sections namely electrical, 

instrumentation and control, and mechanical. Since the volume of work is relatively 

small, an engineer in one section has to manage a number of units and wider scope of' 

work. For instance, the engineer in the electrical section may need to manage electrical 

and electronics units. The mechanical engineer may be required to manage all the 

mechanical, civil and project functions in the turnaround event. They usually engage 

small number of' contractors in each section to support their plant-based maintenance 

personnel in implementing the maintenance activities. 
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In turnaround maintenance event, the actual conditions of the machines and equipment 

are uncertain until they are shutdown and dismantled. As such sizeable information 

needs to be processed at fast speed and uncertainties need to he mitigated. As such, the 

turnaround event requires heavy reliance on close supervisory attention. The complexity 

of the maintenance work activities limits the number of subordinates that are 

manageable by a supervisor in order to retain adequate supervisory control, maintain 

sufficient level of communication, and adequate coordination of the turnaround 

activities. As such, narrow span of control prevails and this creates more levels of 

hierarchy. 

All the above discussion provides the explanation to the claim that plant technology 
Influences the configuration of the organizational structure of the plant turnaround 

maintenance. 

6.3 Plant Technology and Structuring Processes 

The influence of plant technology on the structuring processes in the organization of'the 

turnaround maintenance, namely centralization and formalization are discussed in the 

following sections. 

6.3.1 Plant Technology and Centralization 

"l'hc present study does not reveal any significant relationship between plant technology 

and level of centralization in the organizational structuring process of' the turnaround 

maintenance. This is due to the high level of centralization that is recorded among the 

companies in the process-based industries. In other words, the companies that are 

included in the present study are having almost uniform level of centralization. 
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Issues on organizational resources mobilization for turnaround maintenance that 

includes the provision of funds, turnaround work scope, timing of the turnaround event, 

duration of the turnaround, and the total number of maintenance personnel for the event 

have to be aligned with the overall turnaround maintenance objectives, production 

requirements, business goals of the company, internal constraints and external 

environment such as statutory regulations, competition, and market conditions. Hence, 

such decisions have to he centralized as a mean of ensuring the optimum utilization and 

appropriate balance of the organizational resources throughout the life cycle of the 

turnaround. 

Overall, the level of centralization is high among the turnaround maintenance 

organizations in the process-based industries. The expectations of the stakeholders of 

the turnaround to see the event is delivered precisely to costs, duration, quality, 

reliability, and environment further add to the challenges in planning and organizing of 

the turnaround event. These objectives are achievable through the establishment of 

suitable organizational structure and structuring processes to manage and organize the 

turnaround maintenance organizational resources. As such, it is accorded the senior 

management close attention. Hence, high level of centralization prevailed. 

One of the most important organizational resources is the funds to manage and execute 

the turnaround event. The allocation of funds must be adequate to meet the scope of' 

work of the turnaround maintenance. The next important organizational resource is the 

manpower required to manage and execute the event. In large turnaround organization, 

the workforce is a combination of plant-based personnel, consultants, specialists, and 

skilled tradesmen and other maintenance personnel supplied by contractors. Other 

organizational resources including materials, parts, machines, equipment, services and 

other forms of logistics are equally important to ensure the successful implementation 

of' the turnaround. Irrespective of' the size of the turnaround event, the efficient 

management and organization of these resources are essential. For instance, the correct 

level of' staffing and duration of event that commensurate with the level of turnaround 
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maintenance activities, suitable level of skilled and experience maintenance personnel 

to ensure quality of the workmanship, and the timely availability of spare parts and 

services are imperative to ensure uninterrupted progress of the event. 

However, the combination of' these resources varies among the turnaround 

organizations. For instance, large turnaround such as MLNG Sdn Bhd requires the 

services of turnaround consultants to assist in managing the event. The company also 

engages technical specialists and large number of contractors to execute the event. 

However, this is not the case for smaller turnaround event. They require very few 

external workers to assist the plant-based maintenance personnel in the execution of'the 

turnaround tasks, as seen in the turnaround of basic chemical plants, for instance Malay- 

Sino Chemicals Industries Sdn Bhd and Dairen Chemical Industries Sdn Bhd. 

The companies need to mobilize these resources internally and also to acquire the 

balance externally from contractors. Internal mobilization of plant-based personnel may 

be constrained by the insufficient staff that can leave their normal job to focus on the 

turnaround functions full-time. Unless there is intervention from the company's higher 

level of' authority, the turnaround team may end up with lean plant-based personnel. 

Availability of consultants, technical specialists, and contractors are detennined by the 

demand and supply in the industry. As highlighted by the turnaround manager of 

MLNG Sdn Bhd, they have to confirm few months in advance the appointment ofthese 

groups of people. He even put forth a suggestion for a long tenet contract with selected 

contractors to ensure the timely availability of these skilled turnaround personnel. It is 

amply demonstrated that the total costs of mobilizing these organizational resources are 

expensive and if not efficiently managed would lead to draining of the company's 

financial resources. 1-fence, a high level of centralization in the authority for decision 

making concerning the provision of these organizational resources is discernible. 
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The findings of' the present study are in accordance with the research findings obtained 

by Lawrence and Lorsch (1967); Khandwalla (1973); Baum and Wally, 2003; Adler and 

Borys (1996); and Mintzberg (1979). They advocate that senior managers delegate the 

authority for operational-related decisions while they maintain the decision making 

authority of the policy-related decisions. The decision to centralize or delegate depends 

on the importance and consequences of the decisions. Operational decisions are related 

to short-term organizing issues in executing the turnaround maintenance activities. 

Policy-related decisions, on the other hand have a long-term business consequences, for 

instance, the financial budget and allocations, amount of' capital investments on 

projects, the interests of' shareholders, and business relationships with external parties 

namely suppliers, contractors, specialists, consultants, and other service providers. 

The results of the factor analysis imply that managers of' the turnaround maintenance 

organizations have the choice to centralize or delegate the authority of decision making. 

I lowever, the options depend on the strategic importance of' the decisions with respect 

to the organizational context and environment of the turnaround maintenance. The 

findings indicate that decisions on operational matters for instance. the number of 

workers required for the turnaround, their training needs, overtime work, methods of 

work to be used, quality and safety plan are delegated to the middle level managers. 

They are in better position to assess and analyze the needs and obtain the necessary 

information for decision making. It implies the migrating of decision making on 

operational matters to the person with the most expertise in carrying out the turnaround 

maintenance tasks. 

However, as is necessary in any organization, managerial control is accomplished 

indirectly through timely periodic review of work performance (Chenhall, 2003). In the 

case of MLNG Sdn Bhd, turnaround maintenance work progress is updated and 

progress reports are generated daily as means of managerial control (refer to the 

Turnaround Maintenance Executive Dossier - Appendix 7). On the other hand, issues 

on the appointment of specialists, consultants, suppliers, contractors, and the necessary 
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allocation of fund are made by senior managers in the higher level ol, the hierarchy. 

Clearly, the options to centralize or to delegate the authority depend on the importance 

and implication of the decisions to the turnaround event. 

Issues on organizational resources mobilization for turnaround maintenance that 

includes the provision of funds, turnaround work scope, timing of the turnaround event, 

duration of the turnaround, and the total number of maintenance personnel for the event 

harbor the potential of organizational conflict between various functional departments 

in the organization. As an example, the possible dispute on the timing and duration of 

the turnaround event between the marketing department and maintenance department as 

quoted by the maintenance manager of Malay-Sino Chemical Industries Sdn Bhd. 

Issues on the extent of the turnaround work scope can be another ground of possible 

conflict between plant department and the turnaround team. It is quite common Im the 

plant department personnel to include "second-line" maintenance work to the propose 

turnaround work list to take the opportunity of the plant shutdown. However, as the 

costs of turnaround work are expensive, this type of work has to be excluded from the 

turnaround work list. Given that conflict has to be prudently managed in any 

organizations, the decisions making authority relating to the commitment of the 

organizational resources in turnaround organization is centralized. 

Time is the essence in turnaround maintenance execution. Hence, quick decisions are 

crucial during the execution of the plant turnaround maintenance activities. Failure to do 

so risk delaying work, reducing productivity, schedule slippage, and ultimately leads to 

costs overrun. Centralization promotes faster decisions by minimizing time-consuming 

negotiations to achieve consensus (Baum and Wally, 2003; Lin and Germain, 2003: 

Child, 1985). As explained by the maintenance manager of TNB Janamanjung Sdn Bhd, 

despite the rigorous planning during the preparation phase, certain activities may not 

turn up as planned. This is unavoidable in view of the inherent characteristics of' the 

turnaround, for instance, the uncertainty in the actual conditions of the machines or 
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equipment. The turnaround maintenance team has very limited control over this 

situation. As such, cases of emergent works are not uncommon in turnaround 

environment. He quoted a case whereby a turbine was planned for maintenance. Upon 

disassembling the equipment, unexpectedly, the maintenance team found that one of the 

journal bearings was in bad condition that needed replacement. However, the work was 

not planned and obviously the necessary spares and the associated tools and equipment 

were not available. The management has made immediate decision to bring in a 

specialist from abroad to fix the bearing to last until the next schedule turnaround. 

This situation is an example of emergent work that can lead to serious schedule slippage 

and costs overruns if it is not efficiently managed. As such, a mechanism to mitigate the 

emergent situation has to be accorded a priority by the company. As an example, the 

company centralized the authority in committing the organizational resources in 

providing immediate solutions to lessen the negative impact of the emergent work. 

Close supervision (centralization) from the senior managers is an indispensable form of 

control and monitoring in turnaround maintenance environment so that quick decision 

can be made. 

Each organization has its stakeholders and similarly, turnaround maintenance 

organization has its set of' stakeholders. They include various departments namely 

finance, production, human resource, procurement, marketing, and health, safety, and 

environment. Externally, the stakeholders include government, competitors, and the 

surrounding community. Their interests have to be taken into consideration in the 

turnaround strategy formulation. Senior managers tend to have broad organization-wide 

perspectives on what is going on and how far this conforms to policies which have been 

agreed and established. They are, therefore, placed in a better position to make 

decisions in accordance with organizational policies and consistent with the interests of 

the entire organization. 
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The above highlights some of the reasons for the high level of centralization in the 

structuring process of turnaround maintenance organization. However, the 

management's options to centralize the authority fbr decision making and the extent of 

the centralization should be congruent and compatible with the requirement of the 

operating situation and the organizational context and environment of the turnaround 

lnalntcnance. 

6.3.2 Plant "Technology and Formalization 

As shown in the previous analysis, the level of formalization in the turnaround 

maintenance organization is positively related to the plant technology. This is consistent 

with the view put forth by Child (1985) who states that the level of formalization among 

companies is contingent on the organizational context and environment. It implies that 

plant technology presents significant implication to the structuring process of the 

turnaround maintenance. The differences in the configurations of technology among the 

plants such as the design of the processes, machines, equipment, associated facilities, 

knowledge of methods and systems of maintenance establish varying level of 

complexity in the turnaround maintenance activities. The situation influences decisions 

of those in control of the turnaround organization to establish suitable level of 

formalization in the organizational structure. For example, the turnaround organization 

of' PETRONAS Penapisan (Melaka) Sdn Bild, a petroleum refinery, recorded a high 

level of formalization of 4.63 in a scale of 1.0 to 5.0. On the contrary, Malay-Sino 

Chemicals Industries Sdn Bhd, a basic chemical plant. registered relatively lower level 

of formalization of 3.79. 

Firstly, a high level of fora aliz_ation is necessary to alleviate the possible conflicts and 

confusion arising from ambiguous roles. Numerous maintenance activities in the lifc- 

cycle ol'the plant turnaround maintenance especially during the execution phase harbor 

conflicts and confusion. As time is the essence in the execution phase, conflicts and 

confusion have to be minimized as much as possible. Certainly, the job expectations 
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have to he clearly specified to avoid role ambiguity. The work specifications are 

documented and made available to the relevant personnel together with rules, 

procedures and work instructions that inevitably induce consistency and shapes the 

behaviors of the turnaround workers. Consequently, the large number of' workers is 

rendered manageable as formalization facilitates control and reduces the supervisory 

burden. Formalization is a mean to mitigate the uncertainties that harbor in turnaround 

maintenance activities. A complex event like turnaround has its share of problems that 

are neither predicted nor expected despite the careful planning and scheduling. This 

situation could he due to among others unexpected conditions of equipment or parts, 

accidents, and conflict. Mitigating mechanisms such as standards and procedures could 

minimize the negative impact. 

Secondly, formalization ensures compliance and consistency of the work behavior of 

employees towards a desired direction to meet the organizational goals (Scott, 1987). In 

turnaround maintenance, formalization is viewed as a mechanism of control with the 

objectives of meeting the predetermined quantity of work, quality of workmanship, 

duration of the turnaround event, cost of the event, and safety. 

Thirdly, formalization helps in the fommiation of the work scope of the turnaround 

maintenance, which is one of the critical items in turnaround maintenance planning and 

preparation. The quality of the work scope depends heavily on the records and 

inlonnation of the plant and the previous turnaround activities. The importance of 

emphasizing on written communication, establishing procedures for adequate reporting, 

documentation and record-keeping is compelling 

Fourthly, high level of formalization promotes the establishment of written records such 

as plans, manual, reports, minutes of electing, and memos that serve as organizational 

memory for turnaround maintenance activities. Organizational memory refers to stored 

information that can he retrieved and used for future reference (Baum and Wally, 2003). 

This organizational memory in the form of stored information is retrievable and is very 

208 



useful as references ior the future turnaround events. Maintaining organizational 

memory is imperative for business organizations, and turnaround maintenance 

organization is no exception. This includes the formalization of the routine activities 

and post turnaround analysis to capture the lessons learned from each turnaround 

maintenance event. The root causes of success or failure were ascertained and 

documented and will be used to assist planning and preparation of future turnaround. 

Lastly, the bulk of the maintenance activities in turnaround maintenance are executed 

by external contractors, specialists, tradesmen and general workers. During the peak 

period of the activities, the workers strength can he close to one thousand maintenance 

personnel. This generates greater propensity for a more formalized pattern of 

administrative control due to the need to cope with the increased complexity and greater 

possibility of internal confusion. So management turns to rules, procedures, job 

descriptions, and all devices that formalize behavior. Furthermore, the greater 

specialization of the personnel involved leads to greater need for coordination by formal 

means, and greater use of formal communication (Child, 1985). Therefore, 

formalization helps to ensure coordination among the groups of maintenance personnel 

in the turnaround maintenance. Rules. procedures, safety plan, quality plan, and daily 

reports are some of the established mechanisms to promote coordination. 

The study discovered that lonnalization of behavior is highly stressed in the turnaround 

maintenance organization. The highly regulated environnlcnt necessitates the design 

and establishment of this structuring process in the organizational structure of 

turnaround maintenance. An engineering executive of TNB Janamanjung Sdn Bhd 

noted that the plants in the power-generating industry have to meet all the government's 

minimum requirements for health, safety and environmental standards. As such, the 

organizations have to ensure their work processes, input and output are meeting the 

stipulated standards and consistent with the specifications. This is evident from the 

accreditation of MS ISO 14001 (Environmental Management Standards) and MS ISO 

9001 (Quality Management System) awarded by SIRIM to the power plants. He added 
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the turnaround maintenance activities have to comply with the statutory regulations 

enforced by the Department of Safety and Health (DOSH), and the Department of 

Environment (DOE). Internally, the turnaround maintenance activities have to satisfy 

numerous pre-conditions from other functional departments such as finance, production, 

occupational health and safety, environmental, and asset engineering and technology. 

Despite the thorough planning and preparation, a complex event like turnaround has its 

share of problems that are neither predicted nor expected. This situation could be due to 

unexpected failures of equipment or parts. As has been enumerated in the earlier 

sections, uncertainties harbor at the centre of the turnaround maintenance activities. The 

extent of the wear and tear and damages of the plant are unknown until the parts are 

taken off for inspection. 

Furthermore, the task-centered event that involves huge human activities such as 

turnaround is vulnerable to disagreement, mistakes, and conflicts. Any of these 

unexpected situations would require extra or additional work that could lead to schedule 

slippage and costs overrun if they are not effectively handled. Hence, procedures for 

handling these unexpected in order to minimize the negative impact are put in place. 
The objective is to react effectively by taking definite decision or action in the event the 

situation arises. This is featured by the fonnalization of action planning that is 

established in the organizational structuring process of the turnaround maintenance. 

This explains the high level of formalization of action planning in turnaround 

maintenance organizational structure. 

The existence of high degree of formalization in performance control in the turnaround 

maintenance organizational structure is also confirmed by the present study. The overall 
behaviors of the turnaround maintenance workers are also regulated by the use of 

performance control that include quality control system, standards for safety and health, 

standards for environmental control, daily performance reports, and many other 
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documents that chart and control the progress of the maintenance work. The 

performance control serves the following purposes: 

" It serves to eliminate direct supervision hence reduce the supervisory burden in 

view of the large volume of maintenance work that has to be carried out 

"A large number of works in the plant turnaround maintenance are sequential in 

nature, whereby a job can only proceed after the earlier one has been completed. 

Hence, coordination between these two requires control of performance rather 

than behavior. 

" It is used to indicate the progress of the turnaround maintenance activities. 

Since a large majority of the personnel are experts in their own areas of maintenance 

field, they often have good command on the planning and organizing of their own work 

(Abraham et al., 1990; Blake and Uzzi, 1993) in particular the contractors. As such, 

coordinating and controlling them is more appropriate through monitoring for 

compliance to formalized rules, regulations, standards, and specifications that are 

established by the company. Since the contractors operate external to the companies' 

administrative structures, the organizational structures do not appear to command 

significant managerial implications. However, standards and operating systems and 

procedures have shown to contribute positively (Rousseau and Libuser, 1997). 

Even though it is not the aim of the present study to include discussion on contractors' 

management, it is noteworthy to highlight the views of the maintenance manager and 

turnaround manager of TNB Janamanjung Sdn Bhd and MLNG Sdn Bhd relating to 

developing good perfonnance out of their contractors. Firstly, they limit the number of 

contractors that they engaged for their turnaround. This is seen in MLNG Sdn Bhd as 

illustrated by the list of contractors in the Plant Shutdown Executive Dossier (Appendix 

7). This arrangement facilitate monitoring and coordination. Furthermore it allows the 

contractors to develop the organization-specific knowledge on the plant and to become 
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accustomed to the companies' rules and practices. This is coherent with the view put 

forth by Rousseau and Libuser (1997). 

6.4 Size and Structure of Turnaround Maintenance 

Large scale turnaround maintenance as undertaken by MLNG Sdn Bhd requires a 

temporary turnaround organization to manage and organize the turnaround event (Refer 

to Appendix 7). The organizational structure bears a resemblance to Model C shown in 

Figure 4.4. The company spend approximately RM25 million for each turnaround. They 

need 15 months for planning and utilize close to 425 employees to implement the 

turnaround within 26 days. The turnaround manager who reports to the turnaround 

policy team, has to manage three work areas that include projects, maintenance work by 

contractors, and maintenance work by own company's personnel. 

Typically, the organizational members consist of personnel from the plant, project, and 

contractors. The large number of personnel involved in executing the maintenance work 

requires the appointment of middle level managers and engineers to provide close 

supervisions. Due to the size and complexity of the event and the potential risk inherent 

in the turnaround activities, a planning team, a logistic team, and a safety team are 

established. As comparison, Malay-Sino Chemical Industries Sdn Bhd uses their plant- 

based maintenance personnel to manage and execute their turnaround maintenance. 

Their turnaround event is relatively small as compared to MLNG Sdn Bhd, and they 

establish Ivan organizational structure that resembles Model A shown in Figure 4.2. 

Each turnaround event costs approximately RM500,000. On the average, they require 3 

months for planning and preparation and utilize close to 50 workers to implement the 

turnaround within 10 days. Typically, the organizational members consist of personnel 

from the plant and small number of workers from Few engineering contractors. 
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Longer planning duration and larger number of employees are necessary due to the 

large volume of maintenance work that has to be planned, organized, and executed. As 

the work activities arc mapped by the organizational structure, the higher the volume of 

activities the more complex the organizational structure becomes. In large scale 

turnaround similar to MLNG Sdn Bhd, the maintenance activities involved work on 

turbine, compressors, pumps, reactors, electrical, instrumentation and controls, and 

other project-related works. These tasks need to he handled and supervised by 

specialized employees. It is usual that specialized units arc established to group all 

works of the same discipline to facilitate supervision and management. The number of 

different units established depend on the extent of specialized tasks that have to be 

accomplished (Mintzberg, 1979). As the number of different units increases, the need 

for coordination intensifies (Lawrence and Lorsch, 1986). In large scale turnaround 

activities, the span of control of individual supervisor is narrow to retain adequate 

supervision. As the consequence, additional levels of hierarchy are established (Child, 

1985). As a result, large scale turnaround maintenance that uses large number of 

employees is organized with structures that are taller as mirrored by Model C 

organizational structure. 

6.5 Size and Organizational Structuring Processes 

The findings that the level of formalization is positively related to organizational size of 

the turnaround are consistent with formalization-size relationship advocated by Pugh et 

a!, (1968), Child (1972), and Marsh and Mannari (1981). As the number of employees 

for the turnaround increases, the need for control and coordination through formal 

written communication, rules, procedures, and written instructions grows. The findings 

from the present study hold that increase in the size of the organization is accompanied 

by increase in the level of formalization; greater reliance on formal standard procedures, 

operating systems and documentation. 
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The result of the analysis which indicates that the level of centralization is negatively 

related to organizational size of the turnaround is indeed an interesting finding. The 

negative relationship implies that companies with small scale turnaround are more 

centralized in their decision making to commit organizational resources for the 

turnaround activities as compared to the companies with relatively large scale 

turnaround. By design, the companies that execute small scale turnaround have leaner 

turnaround maintenance organization. Inevitably, the top management is closer to the 

workflow of the turnaround maintenance. Hence, apart from the policy-related issues, 

more operational matters are being referred to the top management for decisions 

(Mintzberg, 1979; Child, 1985). 

As the volume of the turnaround maintenance activities is relatively small, the top 

management has the capacity to give closer attention and more personal supervision to 

the turnaround event. For instance, in the turnaround organization of Malay-Sino 

Chemicals Industries Sdn Bhd, the levels of centralization for policy-related and 

operational-related issues are 4.5 and 4.0 respectively. Similarly, Natural Olcochernicals 

Sdn Blid recorded an equal level of 5.0 for policy-related issues and operational-related 

issues. The companies establish high level of centralization. On the contrary, companies 

that execute large scale turnaround have more complex organizational structures. 

In order to reduce the supervisory load, the senior managers delegate the decision 

making authority on operational-related issues to the middle level managers while 

maintaining the policy-related matters under their control. For example, in the large 

turnaround organization like PETRONAS Penapisan (Melaka) Sdn Bhd, the level of 

centralization pertaining to operational-related issues is 3.0, which is comparatively 
low. On the contrary, the centralization for policy-related issues shows a high level of' 
4.17. Similar pattern of centralization is seen in BASF PETRONAS Chemicals Sdn Bhd 

with low level of'3.0 for operational-related decisions and a relatively high level of'3.83 
Ihr policy-related decisions. However, PETRONAS Penapisan (Melaka) Sdn Bhd and 
BASF PETRONAS Chemicals Sdn Bbd have established high level of formalization as 

214 



an alternative but indirect mechanism of control to compensate the low level of 

centralization. 

6.6 Performance and Structuring Processes 

Vichich (2006), Gandolfo and Vichich (2007), and DeBakey et al. (2007) highlighted 

the concerns of turnaround maintenance professionals and senior managers on the 

current states of plant turnaround maintenance organizational performance, especially in 

the United States petrochemicals industries. Turning to the local process-based 
industries, similar concerns of the turnaround maintenance organizational performance 

are shown by the senior managers of these companies. This is not surprising if one 
looks at the survey data of the organizational performance which are measured using 

live item-scales relating to the achievement of the turnaround maintenance objectives 

that include safety, cost. schedule, quality, and time. 

As demonstrated in the previous discussion, there are companies that recorded low 

organizational performance. For instance, the Maintenance Manager of Perak Hanjoong 

Cement revealed that they faced schedule slippages due to unforeseen cases of emergent 

work and problems during the start-up operation. The Turnaround Manager of 

Polypropylene (M) Sdn Bhd, a petrochemical company, experienced costs overruns in a 

number of turnaround events due to emergent works that were unplanned. Similar 

situation of costs overruns, substandard quality of workmanship, and delays in putting 

the plant back to normal and stable operation were reported by the Maintenance 

Manager of Malay-Sino Chemical Industries Sdn Bhd. There were cases whereby they 

have to shutdown the plant few hours after start-up operation due to problems of pipe- 
joints leakages. 

There are many factors that caused the above problems that include turnaround 

complexity, work area congestions, uncertainties in the actual conditions of materials 

and equipment, and the availability of qualified and skilled labor. Largely, these 
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constraints are inherent characteristics of the turnaround maintenance of which the 

turnaround maintenance team has a very limited control. There are other challenges that 

add to the dismal turnaround maintenance performance which include waning 

availability of skilled turnaround maintenance personnel, inflationary force on costs of 

labor and materials, increased in the turnaround maintenance complexity as the 

consequent of'technology and longer runs between turnarounds, lean plant personnel to 

assist turnaround maintenance preparation, and the demand of plant managers for 

shorter turnaround execution period due to high product demand (Gondolfo and 

Vichich. 2007). The increase awareness of the public towards safety and environment 

further raised the public expectations for the turnaround to be executed with minimal 

impact to the surroundings. 

On a positive note, there are companies that reported high organizational performance 

of turnaround maintenance. Many factors contribute to the successful performance of 

plant turnaround. As mentioned earlier, high organizational performance was attributed 

to the cstablishnnent of appropriate management system, robust work processes, 

measurement system that keeps processes in control, organizational memory, and 

adequate organizational structure. Additionally, DeBakey (2007) stressed on the 

importance of organizational culture that drives attitudes and behaviors for turnaround 

excellence. Vichich (2007) pointed out that the high level of readiness of the 

organization to execute the turnaround events is crucial to ensure turnaround 

maintenance success. Indeed, they are many reasons that contribute to the successful 

implcmcntation of the turnaround maintenance. 

f-lwever, the present study focuses on the organizational structuring processes of' the 

turnaround organizations namely the level of centralization and formalization, and 

investigates their relationship with the turnaround maintenance organizational 

performance. The results revealed that turnaround organizational performance is 

positively related to the formalization in the turnaround maintenance organization. 

However, no significant relationship is discovered between the level of centralization 
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and the turnaround organizational performance. The former finding is in accordance to 

the claim put forth by Hodgson (2004) that high level of performance is contributed by 

a high level of formalization in the forms of policies, systems, rules, procedures, and 

instruction that are established in an organization. In the context of turnaround 

maintenance organization, formalization plays dual roles of enabler and coercer in 

formalization of performance control, formalization of action planning, and 

formalization of' behavior of the turnaround maintenance personnel towards achieving 

the objectives of'the turnaround maintenance. 

Formalization in the tornns of systems, rules, and procedures are employed in the 

turnaround maintenance organization with the aim of meeting the objectives of the 

turnaround maintenance. For instance, in order to ensure the turnaround event is 

completed on time large volumes of documents arc generated for planning and 

organizing fir the event which include turnaround objectives, key dates of the 

turnaround event, work schedule, working pattern (working hours and number of 

shifts), work scope, turnaround maintenance organizational charts, procedures to 

conduct post turnaround analysis to capture lessons learned of every event of' the 

turnaround maintenance, measuring the plant turnaround perf'onnance. establishing the 

procedures to handle the unexpected during the turnaround such as emergent work, and 

procedures for planning the procurement of long delivery, prefabrication items and 

services. 

Few examples ol- these documents are shown in Appendix 7. For example. in MLNG 

Sdn Bhd, these documents are the foundation upon which all other aspects of the 

turnaround event rest, such as safety, quality, duration, cost, resource profile. material 

and equipment requirements. Work specification, work scheduling, and resource 

scheduling are documented and communicated to all the stakeholders of the turnaround 

event. The stakeholders include higher level management of the companies, sales and 

marketing managers, plant managers, engineers. safety officers, supervisors, workers, 

contractors, and government authorities namely DOSH and DOE. The following 
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systems, rules, procedures, document that are established in the turnaround maintenance 

organization act as enabler for timely completion of the event. 

1. Work scope of the turnaround maintenance 

2. Work specifications of the maintenance personnel 
3. Document pertaining to the amount of work that will be done and the number of 

people required for the turnaround event 

4. Document on the duration and schedule of the turnaround maintenance event 

5. Daily reports are produced to control the turnaround execution 

6. Procedures to conduct post turnaround analysis to capture lessons learned of' every 

event of'the turnaround maintenance 

7. Measurement on the plant turnaround performance 

8. Procedures in handling emergent work 

9. Procedures for planning the procurement of long delivery, prefabrication items and 

services (specialists and contractors) 

Furthermore, in ensuring the turnaround maintenance work is completed within the 

approved financial budget, the total cost of the turnaround maintenance event are 

budgeted, clearly documented and a formal cost estimate for the plant turnaround 

maintenance event is prepared. Daily reports that measure the progress of the event are 

produced to control the turnaround execution against work schedule and budgeted costs. 

For the purpose of controlling the quality of' the turnaround maintenance work. the 

following system, document, rules, and procedures that act as enabling mechanisms are 

established: 

1. Quality standards of workmanship of the maintenance activities 

2. Quality control and assurance system 

3. Job description for every employee in the turnaround maintenance organization 
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The following documents, rules, and procedures are prepared that act as enabler in 

complying with the Health, Safety, and Environmental procedures and standards during 

the implementation of the plant turnaround maintenance. They include: 

I. Document related to the acceptable permissible level of accidents, incidents, and 

emission 

2. Safety plan and policy to ensure safety of the plant turnaround maintenance event 

3. Operating procedures 

4. Proper channels of communication 

5. Procedures to be followed in dealing with whatever situation that arise 

The companies establish and document the work specification, work scope and resource 

schedule that term the necessary information for the members of the turnaround team to 

carry out their task effectively and efficiently. The high mean scores ranging from 4.2 to 

4.5 (the possible range of scores is 1 to 5) reported by the respondents on the following 

statements provide the evidence to the strong emphasis given by the companies to the 

establishment of' these documents that facilitates the organization in meeting the 

objectives of the turnaround maintenance. 

I The work scope of the turnaround maintenance is clearly documented and 

validated. 

2. The work specifications are documented and made available to the maintenance 

personnel. 

3. The amount of work that will be done and the number of people used are clearly 

set and documented. 

4. The duration of the turnaround maintenance event is set and clearly documented. 

The companies included in this study have low tolerance level for safety risks in the 

turnaround maintenance activities as evident from their practice of strict compliance to 

safety plan, procedures, and communication and safety target of zero accidents, 
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incidents, and fires. This is supported by the high mean scores ranging from 4.0 to 4.5 

(the possible range of scores is f to 5) reported by the respondents on the following 

statement: 

1. The company has documented safety plan and policy to ensure safety of the plant 

turnaround maintenance event. 

2. The acceptable permissible level of accidents, incidents, and emission are clearly set 

and documented. 

3. The employees are required to follow strict operating procedures at all time. 

4. There are procedures to he followed in dealing with whatever situation that arise. 

5. Going through a proper channel is constantly stressed. 

Similarly, to meet the quality objectives, tasks are correctly specified in written 

standards and specifications and strict compliance is emphasized. Assurance and control 

of the quality of' the turnaround activities require quality system such as the 

internationally accredited 1509000 Quality System Standard, internal quality systems, 

procedures, or instruction developed by the companies. Evidently, the present study 

shows that all the companies are ISO 9000 certified and great majority of' them are 

certified with ISO 14000 Environmental Management Standard too. This indicates the 

emphasis these companies have placed on achieving consistency in quality to ensure 

quality objectives are achieved. The high mean scores ranging from 3.7 to 4.3 (the 

possible range of' scores is I to 5) reported by the respondents on the following item- 

scale relating to quality in all the turnaround organizations of the process-based 

industries support this claim. 

1. The company has a documented quality system in placed to ensure the plant 
turnaround tasks are performed to the required quality level 

2. The required quality of workmanship of the maintenance activities are clearly set 

and documented 
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3. There is a complete written job description for every employee in the turnaround 

maintenance organization 

Large majority of the maintenance work in the turnaround event are carried out by 

specialized and skilled engineers and maintenance technicians. Due to the nature of 

their work, direct supervisory control is not permissible at all time. Therefore. 

impersonal means of controlling the quality of their work are done through standards, 

procedures, and specifications. 

Essentially, a number of documents and reports are generated to control the turnaround 

activities during the execution stage. The size and amount of documents that are 

generated depends on the complexity of' the turnaround event. In relatively complex 

turnaround event, the turnaround work progress is updated daily to indicate the overall 

progress of' the event as practiced by MLNG Sdn Bhd (refer to turnaround executive 

dossier in Appendix 7). Run-down graphs and s-curve are developed to show the actual 

and projected progress and performance of the turnaround event. Daily report that 

details the current (actual and budgeted) expenditure and the anticipated final cost of the 

event is generated. The high mean scores ranging from 4.0 to 4.3 (the possible range of' 

scores is I to 5) reported by the respondents on the following provide supporting 

evidence: 

Daily reports are produced to control the turnaround execution. 
2. The company measures the plant turnaround performance. 

3. The total cost of' the turnaround maintenance event are clearly budgeted and 
documented. 

4. A formal cost estimate for each event of the plant turnaround maintenance is 

prepared. 
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As a business concern, the massive capital expenditure involved for the turnaround 

maintenance obligates the turnaround maintenance management to report the 

turnaround progress and costs on a daily basis. Generally, companies in the 

petrochemical industries, electric power generating plants, and cement plants placed a 

significant emphasis on documents and reports as they control their relatively large and 

complex turnaround events as evident from the high mean scores (ranging from 4.0 to 

4.8) of the four item-scales. Comparatively, manufacturer of basic chemicals, 

vegetables oils, palm oil and fats gave moderate emphasis as indicated by the mean 

scores ranging from 3.0 to 3.7. 

Daily control meeting that is chaired by the Turnaround Manager is not uncommon in 

the large turnaround event. For instance, in MLNG Sdn Bhd, the daily meeting agenda 

include updating the progress of turnaround activities, emerging critical issues and 

concerns, look ahead planning. A number of documents and reports are prepared and 

discussed in the meeting that include the safety report, quality report, project report, 

reports on current expenditure, and manpower level. The turnaround manager also 

schedules bi-weekly meeting with contractors to discuss progress of work, resolves 

concerns, and weekly plan. Examples of weekly progress report are shown in Appendix 

7. 

By and large, the survey data indicates that the companies established procedures to 

conduct post turnaround analysis to capture lessons learnt from the turnaround events. 

Companies in the petrochemical industries and many in the electric power generating 

sector placed stronger emphasis on post turnaround analysis. This is reflected by the 

high mean score of 3.8 and 4.3 reported by respondents from the manufacturers of 

Icrtilizer and nitrogen compound and the manufacturers of petroleum-based products 

respectively. On the contrary, companies that implement smaller turnaround set 

moderate importance on post turnaround analysis as evident from the mean scores that 

range from 3.3 to 3.7. Perak Flanjoong Cement is a case in point. They have yet to 

institutionalize the practice of post-turnaround analysis even though they arc fully aware 
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of the importance. As mentioned by the turnaround maintenance manager, perhaps top- 

down approach is required. 

The turnaround may not have achieved one or more of the objectives for safety, quality, 

duration, and budgeted cost. As discussed earlier, despite the meticulous planning, costs 

overruns and schedule slippages are quite common due to the limited control on the 

inherent characteristics of the turnaround event. Thus, the companies need to ascertain 

the root causes that lead to the unfavorable outcomes and to address them in the future 

turnaround events. For this purpose, port-mortem meeting is conducted and a final 

turnaround report is generated, which is used as the link to the next turnaround event. 

The report, among others, include scope of work, details of planning and preparation, 

turnaround organization, contractors' performance records, safety report, quality report, 

lessons learned, and recommendations for future improvement. 

Essentially, rules, policies, procedures, standards, and specifications shape the level of 

formalization in the turnaround maintenance organization and act as impersonal devices 

for managing the organizational resources. Baron et al. (1999) and Shenhav (1995) 

pointed out that organizations featured by high level of engineering activities were 

prevailed by systems and standards that serve as basis of fonnal structuring processes. 

Turnaround maintenance organization is a case in point. As a matter of fact, the 

prevailing high level of formalization is established as a management strategy in 
41 

organizing, coordinating and controlling the organizational resources for achieving high 

level of perk rmance. It also indicates the tendency of the management to depend on 

self management (Hodgson, 2004) and relying less on personnel supervision, in 

particular with organization that has large number of specialized personnel such as 

turnaround maintenance. 

The findings of the present study concur with the characteristics of excellent companies 

put forth by DeBakey et al. (2007). He stressed that best performing organizations carry 

out detail planning of organizational resources and thorough costs estimates during the 
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planning phase of the turnaround maintenance. In the implementation stage, these 

organizations control the actual work performance, progress of the turnaround against 

schedule, actual utilization of the organizational resources and expenditure of the 

turnaround event. Finally, in the termination phase, the turnaround maintenance 

management prepares post turnaround performance evaluation. Major problems that 

were encountered are analyzed and lessons learned during the turnaround arc 

documented. The actual data is used for future turnaround in forecasting costs, schedule, 

and organizational resources, thereby avoiding or at least minimizing emergent work, 

schedule slippage, and cost overruns. 

Contrary to the formalization-perfOrniance relationship, the present study does not 

unveil any significant relationship between centralization and performance. The finding 

is incompatible with the results of organizational studies performed by Child (1974), 

Rcinmann (1974), Schmid (2002), Baum and Wally (2003), and Sine et tit., (2006) in 

manufacturing and services environments. Apparently, the survey data of the present 

study unveils insignificant variations in the level of centralization among the various 

process-based companies. As such, the statistical analysis shows that the differences in 

the level of' turnaround organizational performance is not significantly related to the 

level of centralization in the turnaround organizations. 

Notwithstanding the above, Dalton et al. (1980) point out that centralization does not 

have significant influence on the behavior of the organizational member vis-ä-vis their 

performance. This is especially the case in a highly formalized organization. They have 

limited flexibility in executing their work since rules. policies, procedures, standards. 

and specifications have already been established. The turnaround maintenance 

organization is a case in point. Even though there is no significant centralization- 

performance relationship, the evidence of overall high level of centralization in the 

turnaround maintenance organizations deserves an explanation. Centralization of 

decision making reduces environmental uncertainty, ambiguity, provides clear 

indication of the organizational mission to middle managers and frontline staff, and 
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reduces inconsistencies that sometimes associated with decentralized decision making 

(Andrew, 2003). 

It is recognized that groups of maintenance personnel from various disciplines work 

together to implement the diverse turnaround maintenance activities. They are 

specialized and often work as self directed team. However, such teams often place the 

priority to accomplish their own goals which can be in conflict with the business 

strategy of the organization (Oliver, 2002). Hence, high level of centralization alleviates 

this problem of misfit. For instance, in large turnaround organization like MLNG Sdn 

Bhd, the turnaround manager who is supported by the turnaround policy team provides 

the leadership and guidance to these groups of maintenance personnel to ensure their 

efforts are channeled for achieving the turnaround maintenance objectives. 

In smaller turnaround maintenance undertakings such as in Malay-Sino Chemicals 

Industries Sdn Bhd, the leadership is shouldered by the plant manager. In addition, they 

act as link between the turnaround maintenance organization and the external 

environment as they are well-inforined of the business, corporate, managerial, and 

operational issues that may have specific influence to the turnaround activities. From 

this line of reasoning, it is sensible to say that centralization contributes to the high level 

of turnaround maintenance organizational performance, even though the relationship is 

not statistically proven. 

Roup (2004) claimed that "turnaround is a top-down intuitive process'. In today's 

highly competitive business environment, the challenges in managing and organizing a 

plant turnaround are not the same as managing other business processes. Roup (2004) 

stressed that turnaround manager or the plant manager has to consider economic issues 

with emphasis on reliability and cost control, business issues, stakeholders that include 

community relations, environmental compliance, and statutory compliance. As an 

example, in the case of turnaround maintenance of Perak Hanjoong Cement, the senior 
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managers accord high priority on economic issue such as reliability and cost control 

without losing the focus on safety and environmental issues. Similarly for MLNG Sdn 

Bhd, the focus is given on business issues like production optimization and yield 
improvement to meet the international customers' demand without neglecting cost 

control, safety and environmental concerns. 

On the other hand, as explained by the turnaround maintenance manager of Lumut 

Power plant (an independent power producer) and Maintenance manager of TNB 

Janamanjung Sdn Bhd, their senior managers placed high priority on meeting the 

demand of TNB. Failure to execute the turnaround maintenance according to the 

schedule that has been approved by TNB can lead to costly penalty. Turning to a 

relatively smaller turnaround undertaking such as Malay-Sino Chemical Industries Sdn 

Bhd, the focus is on complying with the yearly statutory DOSH inspection of their 

processes, machines, and facilities. The different focus and priority of' the senior 

managers towards the turnaround maintenance provide the evidence that highly 

centralized and top-down process of the turnaround maintenance management and 

organization is necessary. 

6.7 Plant Technology, Size, Structuring Processes, and Performance 

The statistic from sub-group analysis indicates the organizational performance of 

turnaround maintenance is positively related to the congruent relationship of 

organizational size of' turnaround maintenance and level of formalization. This is 

graphically illustrated by a scatter plot of planning duration against level of' 

formalization among the high performing companies (Figure 5.2). In other words, 

companies that reported high level of turnaround maintenance organizational 

performance are characterized by the level of formalization that matches the 

organizational size of their plant turnaround maintenance. 
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Similarly, the organizational performance of the turnaround maintenance is positively 

related to the congruent relationship between the organizational size of the turnaround 

maintenance and the level of centralization. This is evident from the scatter plot of cost 

of turnaround against level of centralization among the high performing companies 

(Figure 5.3). The analysis reveals that companies that reported high level of turnaround 

maintenance organizational performance are characterized by the level of centralization 

that matches the organizational size of their plant turnaround maintenance. 

However, neither the regression analysis nor sub-group analysis unveils any significant 

relationship between the perfbnnance of the turnaround maintenance organization and 

the congruent relationship between plant technology and centralization, and plant 

technology and formalization. 

As has been amply demonstrated in the analysis of size and formalization, large 

turnaround organization have established high level of formalization in rules, policies, 

procedures, standards, and specifications. It is a form of mechanism that is designed and 

established by the management to indirectly impose adequate control of the 

maintenance personnel perforn-lance through the setting of measurable objectives, 

targets, or deadlines. Their plans of actions are streamlined for instance by the 

established quality plans, safety plans, and work schedules. Their behaviors are 

organized and controlled by institutionalizing, for example quality systems and safety 

regulations. High level of formalization is seen in companies that implement large scale 

turnaround maintenance such as BASF PETRONAS Chemicals Sdn Bhd. The 

turnaround performance level is at a high mean value of 4.80. It reported a mean value 

of 4.84 for the overall formalization, while the formalization of performance control. 

formalization of action planning. and formalization of behavior are at 5.00,4.60, and 

5.00 respectively. On the contrary, low level of formalization is seen in companies that 

have relatively smaller turnaround events, for instance Natural Oleochemicals Sdn Bhd. 

It recorded a high mean value of turnaround performance of 5.0. It reported a low mean 

value of' 3.00 for the overall fornialization. It also reported similar low figure for 
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formalization of performance control, formalization of action planning, and 

formalization of behavior. The above discussion provides the evidence that the two 

companies reported high level of turnaround organizational performance, and they have 

institutionalized level of formalization according to their turnaround organizational size. 

Depending on the size of the plant turnaround maintenance, contractors do play a major 

role in the execution of the turnaround maintenance activities. As expressed by the 

turnaround manager of MLNG Sdn Bhd, one of the important management functions in 

turnaround is managing contractors. This is consistent with the view put forth by 

Lenahan (1999) who advocated that "contract management is becoming a larger part of 

turnaround management" (pg. 69). The contractors provide the company with 

temporary access to large number of specialized maintenance personnel such as 

consultants, technical specialists, and tradesmen from various engineering fields 

including civil, mechanical, electrical, instrumentation, and control. Secondly, 

contractors provide the flexibility in meeting the requirement for a large number of 

maintenance personnel on temporary basis to implement the turnaround maintenance 

activities. 

The contractors are responsible for planning and managing their own work (Blake and 

Uzzi, 1993) based on the agreed costs, duration, standard quality of workmanship, 

safety and other conditions that are stipulated in the contract. As such, the company's 

turnaround management team, to certain extent is relieved from the supervisory and 

administrative load of the day-to-day management of large number of turnaround 

maintenance personnel. However, as advocated by Rousseau and Lihuser (1997). the 

organizational structure and the structuring processes must facilitate the integration and 

coordination of the contractors into the larger organization, and control of the 

contractors' performance outcomes. Obviously, formalization plays the important role 

of organizing and controlling the performance, actions, and behavior of the contractors' 

maintenance personnel. Furthermore. these contractors are not subjected to the 

influence of the high level of centralization in the structuring process of the turnaround 
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organization. Hence, the most appropriate form of managing and organizing them is 

through the appropriate level of formalization as discussed earlier. 

The findings of the sub-group analysis showed that congruent relationship between the 

organizational size of the turnaround maintenance and centralization are featured in the 

high performing group of companies. The negative correlation coefficients between 

organizational size and centralization indicate that large turnaround organizations are 

featured by relatively low level of centralization especially at the operational level. 

Many operational decisions were delegated to the middle level employees, while the top 

management maintains the authority for decision making of strategic matters. In order 

to maintain certain level of management control, high level of formalization is 

established in the struturing process of the turnaround maintenance. The balance 

between centralization and formalization in large trnaround maintenance organization is 

one of the consequences of the observable high performance. It is obvious that in largge 

scale turnaround event, the structuring processes are characterized by relatively high 

level of formalization and low level of centralization. On the contrary, in small scale 

turnaround event, the turnaround organization is characterized by relatively low level of 

formalization and high level of centralization. 

In light of this finding, it is plausible to stress that managing the turnaround resources, 

in particular the human resource, is one of the predominant factors of' turnaround 

organizational performance. As discussed in the earlier chapter, well executed 

turnaround maintenance is not only well-planned but also well-organized too. In this 

study, it has been successfully demonstrated that the congruent relationship between the 

organizational size and structuring processes contributes to the high turnaround 

organizational performance. 

229 



6.8 Summary 

The plant technology and turnaround organizational size influence the organizational 

structure and structuring processes of the turnaround maintenance. In other words, the 

turnaround organizational contexts have implications to the way companies manage and 

organize the resources and activities of their turnaround maintenance. The 

configurations of the turnaround organizational structures, the decision making 

authority, the level of fornnalization, the scope of work of the turnaround, the level of 

involvement of contractors, frequency of the turnaround events, duration of' the 

turnaround, costs, planning duration, and number of workforce involved arc some of the 

issues that are examined. Within certain limits of the plant technology, the implications 

of the technology and size can be mitigated by altering the frequency of the turnaround 

event. It is obvious that there is a direct relationship between the frequency of' the 

turnaround maintenance event and the number of days allocated for the turnaround 

maintenance execution. A company that performs its turnaround maintenance more 

regularly needs shorter duration to execute the event. Since the turnaround is carried out 

more often, the maintenance work scope is smaller. Hence the event can be completed 
in shorter duration. On the contrary, turnaround event that is scheduled less frequent 

will have large volume of work to he carried out. Obviously, it requires longer duration 

to complete the work. 

Plant turnaround maintenance activities are compressed events that have very low 

tolerance for schedule slippage or duration overrun. Therefore. planning is clone 

meticulously and nonnally takes a long period. However, the execution is carried out in 

a very short duration that allow very little time and opportunity for deliberation. 

discussion, or getting consensus. Fast and accurate decision making is imperative and as 

such, it is common for turnaround organization having one person to be in overall 

control of the event. This explains the preference by turnaround practitioners for 

functional and hierarchic pyramid structure. 
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The findings of the study highlights that the way the companies manage and organize 

their turnaround organizational resources contribute to the organizational performance 

of the turnaround maintenance. Specifically, the high organizational performance of the 

turnaround maintenance is positively related to the congruent relationship between 

organizational size and the organizational structuring processes. 

The temporary nature of the turnaround maintenance organization needs high level of 

centralization and formalization in executing the turnaround maintenance activities to 

achieve satisfactory organizational performance. The complexity of the turnaround 

environment demands speed and high level of coordination that compels the turnaround 

organizations to centralize their structure. It demonstrated in the earlier findings that it 

is quite common for companies in the process-based industries to implement project 

works together with the turnaround maintenance to take to opportunity of the plant 

shutdown. Depending on the size of the project, integration with the turnaround work 

can be a great challenge. 

Adding to the complexity is the need to manage a number of internal and external 

interfaces or stakeholders of the turnaround. Therefore it is pertinent that the 

management holds effective means of control of the turnaround organization to ensure 

that the demands and requirements of these stakeholders are satisfied. This is consistent 

with Mintzberg (1993) whereby he claimed that organizations that are in complex 

environment tend to centralize their structure. In the context of turnaround maintenance, 

centralization of authority in the decision-making can avoid delays that are caused by 

debate or deliberation. Furthermore, as the turnaround manager or the maintenance 

manager has the overall business view of the company. his decisions are made in 

integrated manner with consideration of the engineering. management, and business 

perspectives. The large capital expenditure and other large associated incidental costs of 

the event attract serious shareholders' and the top management attentions. In order to 

have an effective means of control of the event, it is not uncommon to have a group of 
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senior managers (steering committee) or a turnaround manager to he responsible tier the 

turnaround event. This leads to high centralization in the structuring process. 

Results of the present study support the claim put forth by Gandolfo and Vichich (2007) 

who suggested that effective organizational structure has to be designed and established 

to ensure successful performance of turnaround maintenance. It is the organizational 

structure which plays the role as enabler and coercer that permits the turnaround 

organization to move together in executing the complex event. The structuring 

processes vis-a-vis centralization and formalization are the management control 

mechanisms to alleviate the risks posed by the inherent characteristics of the turnaround 

maintenance. 

Overall, the organizations of the turnaround maintenance are featured by high level of 

centralization and formalization. It signifies the organizations low level of tolerance on 

the variability of the behavior and performance of the organizational members. The 

observed pattern of formalization revealed the emphasis given by management to the 

formalization of behavior, action planning, and performance control. This is necessary 

to ensure work process, input, and output of the turnaround maintenance meet the 

statutory requirements and stipulated standards imposed upon the operations. High level 

of centralization implies that the inherent characteristics of the turnaround maintenance 

demand centralized decision making to facilitate organizing, coordination and control of' 

organizational resources. For all intents and purposes, integrating appropriate 

structuring processes such as formalization and centralization facilitate the 

implementation of the turnaround maintenance activities. It seems plausible to 

conclude, based on the findings of the present study that the turnaround maintenance 

managers can depend heavily on written procedures and rules for coordination and 

control and simultaneously centralized the authority for decision making. 
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CHAPTER 7 

CONCLUSION 

Plant turnaround maintenance is an event that is technology driven. It is a crucial asset 

management in the process-based industries. Well-planned and well executed plant 

turnaround maintenance is very critical. Focusing on technical systems and techniques 

in achieving high performance is required but rather limited. Equal attention to the 

organizational dimensions, especially the organization of the human resource in 

implementing the event is compelling. Unfortunately, literature review reveals the lack 

of empirical studies on the organizational aspects of the plant turnaround maintenance. 

The present study has successfully paved the first step in closing the gap in this body of 

knowledge. It has offered significant contribution to the body of knowledge and added 

to the existing literature of organization and management. Obviously the research has 

practical implications to the field of plant turnaround maintenance in the process-based 

industries. 

7.0 Theoretical Contribution 

The present study has expanded the frontier of application of the Structural Contingency 

Theory put forth by Innings (1992) to the plant turnaround environment which has not 

been done before. The present study demonstrated the relationship between plant 

technology, organizational size, organizational structure, structuring processes, and 

organizational perfornnance in the plant turnaround maintenance. One of' the most 

important contributions of' the present study is the finding that the organizational 

perfornnance of turnaround maintenance is positively related to the congruent 

relationship between organizational size of the turnaround maintenance and structuring 

processes. The study has also provided empirical evidence that organizational 

structuring processes are the determinants of plant turnaround maintenance 
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organizational performance. There is a need to design and establish appropriate 

structuring processes in order to cope with the environment of the turnaround to ensure 
high turnaround organizational performance. Additionally, the study has demonstrated 

that organizational size of turnaround maintenance is related to the plant technology. 

Furthermore, plant technology and size are found to influence the configurations of 

organizational structure and structuring processes of the turnaround maintenance. 

7.1 Contribution to Body of Knowledge 

The study has made a small contribution in expanding the literature of organizational 

studies by offering alternative measurement and operationalization of' organizational 

performance, formalization, centralization, organizational size, and plant technology. It 

supports the multidimensional view of organizational performance put forth by past 

organizational theorists that it is insufficient to evaluate performance of organizations 

using a single criterion. In the present study, five criteria were used to measure the 

organizational performance of the turnaround maintenance. In addition to cost and 

schedule targets, turnaround maintenance has to comply with safety and environmental 

regulations, quality of workmanship, and quantity of work. As the consequence, there is 

the possibility of one criterion may be satisfied at the expense of the other because not 

all criteria can be maximized at the same time. Hence, multiple criteria measurement is 

compelling. 

The study reveals that the state through DOSH plays critical role in inilucncing the 

plant tunmround maintenance planning and implementation. By and large, one of' the 

major reasons For the turnaround is to meet the statutory tests and inspections of' the 

plant that is regulated by DOSH. 
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7.2 Practical Implications 

From a managerial standpoint, turnaround maintenance organizations are established 

with the sole purpose of organizing and managing the large volumes of turnaround 

activities. Inevitably, this leads to division of labor, which creates role differentiation 

and specialization among the organizational members. As such, common direction, 

coordination, and control of organizational resources through the appropriate 

organizational structure and structuring processes are vital. As organizational structure 

and structuring processes are not isolated from the influence of organizational size, 

compatible relations between them are essential for organizational performance of the 

turnaround maintenance. The matching between size of the turnaround maintenance and 

the structuring processes in the turnaround organization are important to the successful 

implementation of the turnaround maintenance. The congruent relationship between 

size and structuring processes contributes to a well managed and organized turnaround 

event. This will alleviate the chances of schedule slippages, cost overruns, untoward 

accidents, and quality non-compliance which can cause huge losses of organizational 

resources. Furthermore, well executed turnaround maintenance will ensure availability 

and reliability of assets. This is central to the companies' business operations as there is 

a direct link between profit and plant efficiency. 

Although the managers of the turnaround maintenance do not have total control over 

many turnaround characteristics such as the availability of qualified and skilled labor, 

turnaround complexity, conditions of the plant and equipment, and area congestions, the 

understanding of these characteristics enable the managers to mitigate the implications 

of those turnaround characteristics on the turnaround organizational performance. 

It was amply demonstrated that size of turnaround matters. The duration of planning, 

the number of workforce required for the turnaround, the costs of tile turnaround events, 

the turnaround organizational structure, structuring processes, duration of tuniaround, 

and the level of involvement of contractors in the turnaround execution differ among 
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the process-based plants included in the present study. As such, the turnaround 

maintenance events are managed and organized differently among the process-based 

plants. For instance, remarkable differences in the frequency of the turnaround and 

duration of the turnaround events were reported by the survey. The differences indicate 

variations in the way the companies organized and managed their plant turnaround 

maintenance organizational resources in accomplishing the turnaround events. 

Subsequently, differences in the size of the turnaround events and complexity of the 

turnaround undertakings prevailed. 

Even though turnaround maintenance is technology driven, the frequency and duration 

of' the turnaround maintenance events are within the control of the companies. The 

pervasive effect of' the plant technology and its implications to the size of the 

turnaround event can be mitigated by altering the frequency and duration of the 

turnaround maintenance events. There is a significant relationship between the 

frequency of the turnaround maintenance event, the number of days allocated fbr the 

turnaround maintenance execution and size of the turnaround events. Companies 

fonnulate the frequency of their turnaround maintenance events and allocate the 

required number of days for the turnaround events to meet their business strategics. For 

example, by having more frequent turnaround, the size and complexity of the event can 

be reduced and the duration shortened. Consequently, plant availability and productivity 

will improve to meet high product demands and stiff' global business competition. This 

strategy has been successfully implemented by a number of' refineries and 

petrochemical plants in Italy and the United States. The tremendous economic 

challenges of the present time require companies to formulate sensible and sound 

approach of short, medium and long-term operational strategies that together will 

deliver sustainable future of' the companies. The challenging global and industry 

environment amidst the current situation of economic downturn and high volatility of 

the market, especially in the petrochemical industry, has seen daunting effect on 
businesses' profit margins. Companies in the process-based industries in Malaysia are 

no exception. Since their revenues plummeted, it is natural that the companies need to 
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re-align their operations. The strategy of organizing smaller turnaround maintenance 

events may be proven beneficial to the local process-based plants in riding the current 

economic uncertainties and moderating the impact to the companies' business 

operations. 

While technologists quest to achieve high production efficiency without the traditional 

turnaround events, the need to organize and carry out turnaround maintenance will 

undeniably be there for a foreseeable future. Compounding with the aging facilities, the 

turnaround maintenance in the process-based industries plays important role to ensure 

the optimal and efficient production. However, with the advent of maintenance 

technology and new techniques in maintenance management. effort could also he 

focused to design and plan the event as small as possible to minimize the risk to the 

business operations and increase the plant availability. Smaller events are less complex, 

magnitude of' mobilization of organizational resources and its associated logistics is 

low, the complexity of managing contractors is reduced, and consequently the total 

costs of turnaround are relatively smaller. The demand for skilled maintenance 

specialists is reduced and this alleviates the problems of scarcity of maintenance 

expertise confronting the turnaround industries. In fact, the shortage of skilled external 

workers should he the motivational force to design smaller turnarounds sufficient to be 

handled by smaller number of workforce with high level of maintenance skills. This 

should he the new paradigm of managing turnaround maintenance for capital intensive 

assets of the process-based plants in Malaysia. 

Smaller turnaround events bring about high level of certainty and control and provide 

reasonable assurance of eliminating or at least minimized the problems of' schedule 

slippage, work scope growth, cost over run, compliance to rules and regulations, and 

inadequate organizational resources that are not uncommon in turnaround maintenance, 

especially in the large scale turnaround events. From the business stand point, large 

turnarounds lead to significant disruption to the market and customers. Taking a plant 

out of production for a long turnaround days may require arrangements for customer 
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support during the downtime period. This is avoidable or alleviated with smaller 

turnaround events that are easier to be rescheduled as the complexity of planning and 

preparation is low. The strategy increases the flexibility of the business operations that 

is crucial in today's tight profit margin, especially when the products are sensitive to the 

market conditions. Overall, it adds to the competitive advantage of the company. 

In organizing the turnaround resources, the companies established varying levels of 

centralization and formalization in the turnaround organizations, which points towards 

variations in the plant technologies used by the companies and the organizational size of 

the turnaround maintenance events. On the average, the level of centralization and 
förnlalization among the companies are high. As control mechanisms, the high level of 

centralization and fonnalization featured in the organizations of the turnaround 

maintenance are necessary to facilitate organizing, coordination and control of 

turnaround organizational resources. Formalization of rules and regulations is also 

viewed as enabling mechanisms to achieve the goals of the turnaround maintenance. It 

is essential that the work processes, input, and output of the turnaround maintenance 

meet the statutory requirements and stipulated standards imposed upon the operations. 
Currently, managing contractors have become an important management process of 

turnaround maintenance as reported by large majority of refineries and petrochemical 

plants among the process-based industries included in the present study. The 

appropriate level of formalization enable the integration of contractors into the larger 

part of the turnaround organization. 

The high total costs and potential negative implications on the business operations draw 
intense top management attention to the turnaround maintenance. Therefore, high level 

of centralization is not uncommon in turnaround organization. Furthermore. the 

turnaround activities are carried out in a very short duration that allow very little time 

and opportunity for deliberation, discussion, or getting consensus. Centralization of 

authority in the decision-making avoids delays that are caused by debate or deliberation. 
Fast and accurate decision making are imperative and as such, it is common for 
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turnaround organization having one person to he in overall control of the event. The 

complexity of the turnaround environment demands speed and high level of 

coordination that compels the turnaround organizations to centralize their structure. 

Adding to the complexity is the need to manage a number of internal and external 

interfaces or stakeholders of the turnaround. Therefore it is pertinent that the 

management holds effective means of control of the turnaround organization to ensure 

that the demands and requirements of these stakeholders are satisfied. Furthermore, as 

the turnaround manager or the maintenance manager has the overall business view of 

the company, his decisions are made in integrated manner with consideration of the 

engineering, management, and business perspectives. The large capital expenditure and 

other large associated incidental costs of the event attract serious shareholders' and the 

top management attentions. In order to have an effective means of control of the event, 

it is not uncommon to have a group of senior managers (steering committee) or a 

turnaround manager to be responsible for the turnaround event. This leads to high 

centralization in the structuring process. 

With the current business environment that is very competitive, the turnaround work 

scopes are often dominated by reliability, environmental improvement, plant 

expansions, and de-bottlenecking with the aim of improving the plant efficiency and 

capacity. Hence, the implication is the imposition of some degree of structural choice in 

organizing for the turnaround resources in meeting the performance objectives of the 

turnaround maintenance. 

The iiilorination obtained from the survey shows that there are companies that reported 

satisfactory performance while, there are a number of companies that give an account of 

relatively lower performance. Schedule slippage, work scope growth, cost over run, 

compliance to rules and regulations, inadequate resources, and startup problems are 

some of the factors that are linked to the dismal performance of the plant turnaround 

maintenance among the process-based plants in Malaysia. It is evident that the 

differences in the level of performance observed in the present study resulted From a 
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more successful adaptation of organizational structure to a variety of environmental 
demands and contextual factors by the former than by the later. These depictions imply 

that the organizational environment and context of the turnaround maintenance 
influence the turnaround organizational resources and that efficient organization, 

coordination, and control are vital for the successful implementation of the turnaround 

event. This is attainable through the appropriate organizational structure and structuring 

processes. The apparent conflicting objectives of the turnaround maintenance between 

cost and duration, and duration and safety, for example, leads to conflicting demands 

for organizational resources in the process of executing the turnaround maintenance 

activities. The diversity of performance objectives, the highly regulated operational 

environment, the need for integration and the coordination of multiple interfaces across 

the turnaround maintenance activities further suggest the critical importance of suitable 

organizational structure and the organizational structuring processes. 

At a glance, the established high level of centralization and formalization in the 

turnaround maintenance organizations is inconsistent with the traditional assumptions 

that organization with high level of centralization establishes low level of formalization 

or organization with low level of centralization requires high level of formalization. 

This is not to negate the established findings of the previous studies. Detail analysis 

reveals that in large scale turnaround event, the structuring processes are characterized 
by high level of formalization and relatively low level of centralization. 

On the contrary, in small scale turnaround event, the turnaround organization is 

characterized by relatively low level of formalization and high level of centralization. 
Perhaps. the present study provides another strategic choice of organizational structure 

configuration that is having on overall a high level of formalization and centralization, 

which is found to be very appropriate to the organizational context of turnaround 

maintenance. These results offer organizational theorists and managers alike a basis for 

organizational choice. The findings confirm that there is no one structure or structuring 

process that fits all situations. Different organizations are managed differently. The 
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turnaround maintenance managers can depend heavily on written procedures and rules 

for coordination and control and simultaneously centralized the authority for decision 

making. Surprisingly, this is contrary to the contemporary view of participative 

management that is widely practiced in business operations. However, the 

characteristics of the operating environment of turnaround maintenance are poles apart 

from the usual ongoing business operations. Hence, the differences are amenable. 

Furthermore, the high engineering content of the turnaround maintenance activities 

breed organizational systems and standards. Systems and standards developed for the 

purpose of engineering activities are extended to the organizational and administrative 

area of the turnaround maintenance, as evident by the proliferation of standards, 

procedures, rules, and regulations. These documents are expected to yield predictability 

and regularity in workmanships and behavior. It provides greater control over 

irregularity and inconsistency and alleviates possibilities of confusion, oversight, and 

negligence among organizational members. More over, high level of impersonal form 

of' control like formalization facilitates the effective managing and organizing of 

hundreds or even thousands of maintenance personnel. As an alternative, more 

supervisors and middle level managers are required if personal form of control is 

emphasized. This in turn, leads to soaring of management and overhead costs. However, 

this is avoidable or at least lessened by turning to impersonal form of control or 

fonmalization. 

It was amply demonstrated that attempts are made by the management to establish a 

configuration of organizational structure that is consistent with the organizational 

context such as the size of the turnaround events. The present study shows that the 

congruent relationship is found to be important predictors of turnaround performance. 

Chief' among the findings is the evidence that the high level of' organizational 

performance of turnaround is positively related to the congruent relationships between 

organizational size of the turnaround maintenance, formalization, and centralization. 

From a research standpoint, this finding provides empirical evidence for organizational 
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theorists and managers that the level of formalization and centralization that are 

established must be appropriate with the size of the organization in order to achieve 

successful organizational performance. 

7.3 Limitations 

A number of research limitations were encountered in this study. References for this 

study are mostly drawn from the literature on organizational studies conducted in the 

manufacturing environment. The dearth of knowledge and literature on organization 

and management of plant turnaround maintenance is due to very limited empirical 

study. Previous studies were purely based on the experience and observations of 

turnaround maintenance consultants. Secondly. it is acknowledged that plethora of 

factors contribute to the perfornance of plant turnaround maintenance organization. It is 

not the intention of the present research to place sole attention to organizational 

structuring processes (namely centralization and formalization) as the organizational 

performance imperative. The remaining variations on the performance could be 

explained by the contribution of other organizational variables. Finally, the present 

study employed subjective measures of turnaround organizational performance that are 
based on the respondents' evaluations. Future studies could incorporate objective 

measures such as return on investment (ROI), profit, and efficiency. 

7.4 Suggestions for Future Research 

The findings of this study have contributed to the expansion of organizational literature 

on relationship between organizational context, structure, and performance. 1-fowever, 

the need for continual research in this interesting area of social science is compelling. 

Indeed, it paves the course for future research on turnaround maintenance organization. 

The results of this study suggest that future research on turnaround maintenance 

management can benefit from the incorporation of other dimensions of organizational 

context such as human resource strategy, contract management, turnaround leadership 
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and management style, organizational conununication, organizational culture, and risk 

management that possibly will deposit more useful clues to the variations in turnaround 

organizational performance among the various process-based plants in Malaysia. The 

size of the turnaround, the management of numerous internal and external interfaces, 

regional and industrial constraints, advancement in technology, and sensitive market 

conditions indicate complex characteristics of the turnaround maintenance especially 

those in the petrochemical industries, which deserve more research. 

Further study to examine the state's role in plant turnaround maintenance is compelling. 

The possibility of altering the present statutory test and inspection by DOSH to sell- 

regulatory test and inspection by the companies is relevant. The self-regulatory test and 
inspection will augment the flexibility of the companies in planning and organizing this 

important event. 

Turnaround maintenance activities involve the interaction of physical structure such as 

plant technology, services, and logistics and managerial elements and human behavior 

within the turnaround maintenance organization. Some of the later elements may consist 

of non-quantifiable constituents. As such, more pertinent information could be obtained 

if the turnaround maintenance studies are supplemented by qualitative analysis to 

support the quantitative data. Perhaps, longitudinal studies will help in providing a 

clearer view pertaining to the relationship between organizational context, structure. and 

performance of turnaround maintenance. 

For now, the present study offers some explanation to the impact of the congruent 

relationship between organizational size, formalization, and centralization on 

turnaround maintenance organizational performance. Organizational success is 

positively related to the appropriate levels of fonnalization and centralization that 

commensurate with the organizational size. As a result. this study provides 

organizational theorists and managers with a basis for diagnosis and prescription of 

strategic organizational choice in managing one of the factors of production of the 
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companies in the process-based industries in Malaysia, namely plant technology. Global 

business competition has transformed yesterday's business competitive advantage into 

today's minimum standard of performance. Turnaround maintenance organization is not 
isolated from this condition. The ability of the turnaround maintenance managers 

adapting to the internal and external influences through the appropriate organizational 

structuring processes is one of the keys to improve the performance of the turnaround 

maintenance. 
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Appendix 2: Twin-around Maintenance Policy Team Responsibility of 
Shell Chemical S--raya Pte Ltd. 

T/A Strategy team 

4 Creating conditions for success 

Downstream-One 

REQUIREMENTS: 

-G 

The Turnaround Strategy Team is responsible for the Site Master Turnaround 
plan, both tactical (short term) and strategic (long term). 

The regular review process will either confirm that the original strategy remains 
valid or that adjustment is necessary to reflect changing conditions, both 
internal and external. 

Downstream-Cn--- 
E) 
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The Turnaround Strategy team is responsible for, 1 of 2: 

" Developing and updating the site operating unit Turnaround and planned 

outages schedule on the Region-wide Master Turnaround Schedule which shall include 

" Cycle (interval) 

" Target date 

" Target duration, and 

" Budget 

" Establishing Risk Tolerance Level 

" Key assumptions for the turnaround 

" Analysing comparative and competitive information and driving unit 

performance and improvement plans as needed to be competitive. 
Downstream-One 

The Turnaround Strategy team is responsible for, 2 of 2: 

-Adherence to the T/A Plan & Execute process. 

" Establishing and staffing the unit(s) specific Turnaround Steering Team and the 
turnaround project manager/coordinator. 

" Management of long lead items (between T/A's) 

" Management of next T/A Equipment Condition Forecast 

" Management of action items to final disposition 

" Initiating the Unit(s) specific TJA Steering team per T/A process. 

Evaluate their role & performance. 

Downstream-On c 
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Appendix 3: Questionnaire-aided Survey 

LNIVL1. SIlI 
7E KNC)LOG1 
I'll RUNAS 

This questionnaire is designed to seek information relating to the organizational structure of 

plant turnaround maintenance (planned shutdown maintenance) in large process-based 

industries in Malaysia. The companies consist of electric power generating plants, 

manufacturers of petroleum based products, basic chemicals, cement, fertilizers and nitrogen 

compounds, palm oil, vegetable oils and fats. Respondents include managers, and engineers 

who are involved in the plant turnaround maintenance activities. 

The objective of the research is to demonstrate the importance of organizational structure to the 

performance of plant turnaround maintenance in large process-based industries in Malaysia. It 

will also reveal the influences of plant technology and size of the plant turnaround maintenance 

on the organizational structure of the turnaround maintenance. 

Respondents are kindly requested to take note of the following: 

1. Kindly answer all questions in this survey. 

2. Please be open and honest in answering the questions. 

3. The information obtained from this survey will be highly confidential. 

4. Please take note of the ratings or scales that are used in Section D, E and F. 

5. Further information and clarification can be obtained from the undersigned at anytime 

convenient to the respondents. 
6. Kindly return the duly completed questionnaire to the undersigned on or before 20`x' 

May 2008. 

Thank you very much for your kind cooperation. 

Zulkipli B Ghazali 

Senior Lecturer, 

Management and Humanities Department, 

Universiti Teknologi PETRONAS, 31750 Tronoh, 

Perak Darul Ridzuan, Malaysia. 

Tel: 05-3687739 / 012-5088171 

Fax: 05-3656280 

e-mail: zulkipli_g@petronas. com. my 
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SECTION A: DETAILS OF YOUR ORGANIZATION 

Instruction: Please tick the appropriate box or write the information in the space provided. 

1. Name of your company: 

2. Address of your company: 

3. Tick in the appropriate box the activity of your company. (Kindly tick one only) 

Manufacturer of petroleum products 

Manufacturer of basic chemicals 

Manufacturer of cement 

Manufacturer of paints, varnishes and coatings 

Manufacturer of fertilizers and nitrogen compounds 

Manufacturer of sugar 

Manufacturer of vegetables oils, palm oil and fats 

4. How many years has your company been in operation? 

years. 

5. What is the total number of employees in your organization? 

employees. 

264 



SECTION B: DETAILS ABOUT YOUR PLANT TURNAROUND MAINTENANCE 

Instruction: Please tick the appropriate box or write the information in the space provided. 

1. How often do you carry out turnaround maintenance at your plant? (Kindly tick one 
only). 

Twice a year 

Once a year 

Once every two years 

Once every three years 

Once every five years 

Others, please specify 

2. Tick the appropriate box that represents the typical work scope of turnaround 

maintenance in your plant. (You may tick more than one box). 

Statutory inspection requirements (e. g. DOSH) 

Preventive maintenance 

Corrective maintenance 

Plant cleaning routines 

Safety and quality initiatives 

Project (plant improvement) 

Others, please specify 

3. On average, how many days are allocated for the plant turnaround maintenance work? 

days. 

4. Do you use computer software for planning and scheduling the plant turnaround 

maintenance work? 

Yes Ii No 
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5. On average, how long does it take for your department to prepare and plan for the plant 

turnaround maintenance? 

months. 

6. Indicate the total amount spend per plant turnaround maintenance by your organization. 

RM 

7. Does your company set-up a temporary organization for the plant turnaround 

maintenance? 

Yes II No 

8. On average, how many full-time employees are involved in your plant turnaround 

maintenance? 

employees. 

9. On average, how many external workers (include temporary workers, contractors, 

specialists, etc. ) are involved in the execution of your plant turnaround maintenance? 

workers. 

SECTION C: DETAIL ABOUT THE ORGANIZATIONAL STRUCTURE OF YOUR 

TURNAROUND MAINTENANCE 

1. How many job titles are there in the organizational structure of your plant turnaround 

maintenance? 

job titles. 

2. How many levels of hierarchy are there in the organizational structure of your plant 

turnaround maintenance? 

levels. 

3. State the percentage of graduate to non-graduate employees in your plant turnaround 

maintenance organization. [Note: Graduates are those with diploma and degree. Non- 

graduates are those with certificates, secondary (LCEIPMR, MCE/SPM) or upper 

secondary (HSC/STPM)J 

%. 
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4. Tick the appropriate box that bears a resemblance to the organizational structure of 

your plant turnaround maintenance. 

i 

PLANNING TEAM 

Figure 2 

TURNAROUND 
POLICY TEAM 

LOGISTICS 
TEAM 

Figure 3 

TECHNICAL 
MANAGER 

PLANT 
MANAGER 

ýý 

SAFETY TEAM 

I 

Figure 1 

TURNAROUND 
MANAGER 

CONTRACTOR 
MANAGER 

AREA I TEAM AREA 2 TEAM 

I 
ENGINEER II ENGINEER 

COORDINATOR 

COMPANY 
SUPERVISORS 

"TRADESMEN 

SEMI-SKILLED 

cON7RncTOR 
SUPERVISORS 

TRADESMEN 
C 

SEMI-SKILEU 

PROJECTS 
MANAGER 

AREA 3 TEAM 

i 
ENGINEER 

CONTRACTOR 
SUPERVISORS 

TRADESMEN 

SEMI-SKILLED 

INSPECTION TEAM: 
VESSEL INSPECTORS 

RADIOGRAPHERS 
METALOGRAPHE: RS 

SITE MODIFICATION 
TEAM: 

DESIGNER 
DRAUGIITMEN 

Figure 1: Organizational Structure of Plant Turnaround Maintenance - SAMPLE A 

PROCESS TEAM 

PERMIT TO 
WORK TEAM 

QUALITY 
ACCEPTANCE 

TEAM 

STARTUP TEAM 
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PLANT' 
MANAGER 

TURNAROUND 
MANAGER 

PLANNING TEAM 

INSPECTOR 

SAFETY TEAM 

CO-ORDINATOR 

SUPERVISOR 

DRIVERS 

UNSKILLED 

MI=CI IANICAL 
SUPERVISOR 

TRADESMEN 
ä 

SEMI-SKILED 

TRADESMEN 
A 

SEMI-SKILED 

PLANT ENGINEER 

PROCESS TEAM 
PERMIT 1) WORK TEAM 

QUALITY TEAM 

Figure 2: Organizational Structure of Plant Turnaround Maintenance - SAMPLE B 

INSTRUMENTATION 
& ELECTRICAL 

SUPERVISOR 
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PLANT MANA(FR 

ELECTRICAL ENGINEER MECHANICAL ENGINEER INSTRUMENTAL ION 
I": NGINFEK 

TRADE=SMEN 

SEMI-SKILLED 

TRADESMEN 
S 

SEMI-SKILLED 

1 KnUESnn: N 
ý 

SL'A1I-SKILLED 

Figure 3: Organizational Structure of Plant Turnaround Maintenance - SAMPLE C 
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SECTION D: EFFECTIVENESS OF PLANT TURNAROUND MAINTENANCE 

ORGANIZATION. 

Instructions: Circle the number in the appropriate box that best describe the degree of 

effectiveness to which your plant turnaround maintenance organization realizes its objectives. 

SA = strongly agree; A= agree; N= neutral; DA = disagree; SDA = strongly disagree 

My plant turnaround maintenance organization is SA A N DA SDA 
effective in: 

1. completing all the planned and scheduled plant 
turnaround maintenance work within the approved 1 2 3 4 5 
shutdown time 

2. completing all the work within the approved plant 
turnaround estimated financial budget 1 2 3 4 5 

3. controlling the quality of the maintenance work to ensure 
that there will be no rework such as re-welding, bolt 
retightening, leaks at critical joints, reworks on 1 2 3 4 5 
equipment, etc. during the 151 month after plant start-up 
operation 

4. putting the plant back to normal operation and stable 
quality production on time as planned and scheduled 1 2 3 4 5 

5. complying to the Health, Safety, and Environmental 
procedures and standards during the implementation of 1 2 3 4 5 
the plant turnaround maintenance 
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SECTION E: INFORMATON ON THE DECISION-MAKING AUTHORITY 

Instructions: Indicate the lowest level in the hierarchy with authority to make decisions on the 

operational activities of your plant turnaround maintenance. Circle the appropriate number. 

Level Authority to make decisions 
5 MD/CEO/GM 
4 Turnaround Manager (Engineer) 
3 Area Engineer / Coordinator 
2 Supervisor 
1 Tradesmen / Technicians 

OPERATIONAL ACTIVITIES LEVEL 

1 Initiation of plant turnaround maintenance 1 2 3 4 5 
2 Setting the objectives for the turnaround 1 2 3 4 5 
3 Approve the work scope of the turnaround maintenance 1 2 3 4 5 
4 Approve the duration of the turnaround maintenance 1 2 3 4 5 
5 Formation of the turnaround organization 1 2 3 4 5 
6 Approve the required number of employees 1 2 3 4 5 
7 Training of employees 1 2 3 4 5 
8 Appointment of temporary employees for the turnaround 1 2 3 4 5 
9 Approval of the budget and funds for the implementation 

of plant turnaround maintenance 
1 2 3 4 5 

10 Approval of additional funds required for the 
implementation of emergent work 

1 2 3 4 5 

11 Decision on the appointment of consultants 1 2 3 4 5 
12 Decision on the appointment of specialists 1 2 3 4 5 
13 Decision on the appointment of suppliers of materials and 

services 
1 2 3 4 5 

14 Decision on the purchase of machinery, instrument or 
equipment to be used for a job 

1 2 3 4 5 

15 Decision on the appointment of contractors 1 2 3 4 5 
16 Decision on overtime work 1 2 3 4 5 
17 Decision on the methods of work to be used; i. e., how a 

job is to be carried out 
1 2 3 4 5 

18 Decision on the allocation of work among the workers 1 2 3 4 5 
19 Decision on quality plan and inspection; to what items, 

processes, workmanship, etc. and the quality plan and 
inspection system to be followed. 

1 2 3 4 5 

20 Decision on safety plan and inspection; to what items, 
processes, workmanship, etc. and the safety plan and 
inspection system to be followed. 

1 2 3 4 5 
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SECTION F: INFORMATION ON THE EXTENT TO WHICH RULES, PROCEDURES, 
INSTRUCTIONS, AND COMMUNICATION ARE WRITTEN DOWN. 
Instructions: Circle the appropriate number that best describes your plant turnaround 
maintenance organization. 
SA = strongly agree; A= agree; N= neutral; DA = disagree; SDA = strongly disagree 

SA A N DA SDA 

1 The work scope of the turnaround maintenance is clearly 1 2 3 4 5 
documented and validated 

2 The work specifications are documented and made 1 2 3 4 5 
available to the maintenance personnel 

3 The amount of work that will be done and the number of 1 2 3 4 5 
people used are clearly set and documented 

4 The required quality of workmanship of the maintenance 1 2 3 4 5 
activities are clearly set and documented 

5 The total cost of the turnaround maintenance event are 1 2 3 4 5 
clearly budgeted and documented 

7 The duration of the turnaround maintenance event is set 1 2 3 4 5 
and clearly documented 

8 The acceptable permissible level of accidents, incidents, 1 2 3 4 5 
and emission are clearly set and documented 

9 Anybody can make his own decision about work without 1 2 3 4 5 
consulting someone else 

10 How things are done in the plant turnaround maintenance 1 2 3 4 5 
is left pretty much up to the person doing the work 

11 The employees are constantly checked for rule violations 1 2 3 4 5 
12 There are procedures to be followed in dealing with 1 2 3 4 5 

whatever situation that arise 
13 There is a complete written job description for every 1 2 3 4 5 

employee in the turnaround maintenance organization 
14 Going through a proper channels is constantly stressed 1 2 3 4 5 
15 The employees are required to follow strict operating 1 2 3 4 5 

procedures at all time 
16 There is a written procedures for planning the 1 2 3 4 5 

procurement of long delivery, prefabrication items and 
services (specialists and contractors) 

17 A formal cost estimate for each event of the plant 1 2 3 4 5 
turnaround maintenance is prepared 

18 The company has documented safety plan and policy to 1 2 3 4 5 
ensure safety of the plant turnaround maintenance event 

19 The company has a documented quality system in placed 1 2 3 4 5 
to ensure the plant turnaround tasks are performed to the 
required quality level 

20 Daily reports are produced to control the turnaround 1 2 3 4 5 
execution 

21 The company has established procedures to handle the 1 2 3 4 5 
unexpected during the turnaround such as emergent work 

22 The company has established procedures to conduct post 1 2 3 4 5 
turnaround analysis to capture lessons learned of every 
event of the turnaround maintenance 

23 The company measures the plant turnaround 1 2 3 4 5 
erformance 

-END- 
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Appendix 4: Frequency Distributions of Variables and Item-scale used 
in the Analysis 

Activity of the companies Cumulative 

Frequency Percent Valid Percent Percent 

Valid Manufacturer of petroleum-based products 25 43.1 43.1 43.1 

Manufacturer of fertilizer and nitrogen 
5 8.6 8.6 51.7 

compound 

Electric power generating plant 10 17.2 17.2 69.0 

Manufacturer of cement 6 10.3 10.3 79.3 
Manufacturer of basic chemicals 6 10.3 10.3 89.7 

Manufacturer of vegetables oil, palm oil, and 
6 10.3 10.3 100.0 

fats 

Total 58 100.0 100.0 

Plant Technology 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid non-petroleum-based industries 28 48.3 48.3 48.3 

Petroleum-based industries 30 51.7 51.7 100.0 

Total 58 100.0 100.0 
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Total Number of 
Employees of the 

Company Frequency Percent Valid Percent 

Cumulative 
Percent 

Valid Less than 100 9 15.5 15.8 15.8 

100 - 300 25 43.1 43.9 59.6 

301 - 500 14 24.1 24.6 84.2 

501 - 700 1 1.7 1.8 86.0 

701 - 900 2 3.4 3.5 89.5 

901 -1 100 5 8.6 8.8 98.2 

More than 1 100 1 1.7 1.8 100.0 

Total 57 98.3 100.0 

Missing System 1 1.7 

Total 58 100.0 

Frequency of turnaround 
maintenance 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Twice a year 6 10.3 10.3 10.3 

Once a year 22 37.9 37.9 48.3 

Once a2 years 4 6.9 6.9 55.2 

Once a3 years 18 31.0 31.0 86.2 

Once a5 years 6 10.3 10.3 96.6 

Once a6 years 2 3.4 3A 100.0 

Total 58 1 00.0 100.0 
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Duration of Turnaround 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 10 days or less 12 20.7 20.7 20.7 

11 - 20 days 19 32.8 32.8 53.4 

21 - 30 days 18 31.0 31.0 84.5 

31 - 40 days 7 12.1 12.1 96.6 

41 - 50 days 1 1.7 1.7 98.3 

More than 50 days 1 1.7 1.7 100.0 

final 58 I UD. o I COP 

Planning Duration 
(mon(hs) Frequency Percent Valid Percent Cumulative Percent 

Valid 6 or less 27 46.6 46.6 46.6 

7- 12 13 22.4 22.4 69.0 

13 - 18 14 24.1 24.1 93.1 

19 - 24 3 5.2 5.2 98.3 

25 or more 1 1.7 1.7 100.0 

Total 58 100.0 100.0 

Total strength of workforce for 
turnaround 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 100 or less 20 34.5 34.5 34.5 

101 to 200 5 8.6 8.6 43.1 

201 to 300 2 3.4 3.4 46.6 

301 to 400 5 8.6 8.6 55.2 

401 to 500 1 1.7 1.7 56.9 

501 to 600 3 5.2 5.2 62.1 

More than 600 22 37.9 37.9 100.0 

Total 58 100.0 100.0 
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Cost of Turnaround 
R1aintcnance 

Valid Cumulative 
Frequency Percent Percent Percent 

Valid Small Scale 
(RM500,000 or less) 10 17.2 20.4 20.4 

Medium Scale 12 20.7 24.5 44.9 
(RM500,001 to RM5,000,000) 

Large Scale 27 46.6 55.1 100.0 (RM5,000,001 or more) 
Total 49 84.5 100.0 

Missing System 9 15.5 

Total 58 100.0 

Number of External Workers 
Frequency Percent Valid Percent 

Cumulative 
Percent 

Valid Less than 200 27 46.6 46.6 46.6 

201 -400 7 12.1 12.1 58.6 

401 - 600 2 3.4 3.4 62.1 

601 - 800 3 5.2 5.2 67.2 

801- 1000 4 6.9 6.9 74.1 

More than 1000 15 25.9 25.9 100.0 

Total 58 100.0 100.0 

Initiation of plant turnaround maintenance 

Scores based on 
Likert's scale Frequency Percent Valid Percent 

cumulative 

Percent 

Valid 2 1 1.7 1.7 1.7 

3 2 3.4 3.4 5.2 

4 24 41.4 41.4 46.6 

5 31 53.4 53.4 100.0 

Total 58 100.0 100.0 
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Scores based on 
Likert's scale Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 3 I 1.7 1.7 1.7 

4 35 60.3 60.3 62.1 

5 22 37.9 37.9 100.0 

Total 58 100.0 100.0 

Scores based on 
Likert's scale Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2 1 1.7 1.7 1.7 

3 4 6.9 6.9 8.6 

4 41 70.7 70.7 79.3 

5 12 20.7 20.7 100.0 

Total 58 100.0 100.0 

Scores based on 
Likert's scale Frequency Percent Valid Percent 

cumulative 

Percent 

Valid 3 I 1.7 1.7 1.7 

4 12 20.7 20.7 22.4 

5 45 77.6 77.6 100.0 

Total 58 100.0 100.0 

Scores based on 
Likert's scale Frequency Percent Valid Percent Cumulative Percent 

Valid 3 3 5.2 5.2 5.2 

4 40 69.0 69.0 74.1 

5 15 25.9 25.9 100.0 

Total 58 100.0 100.0 
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Scores based on 
Likert's scale Frequency Percent Valid Percent Cumulative Percent 

Valid 2 I 1.7 1.7 1.7 

3 11 19.0 19.0 20.7 

4 33 56.9 56.9 77.6 

5 13 22.4 22.4 100.0 

Total 5S 100.0 100.0 

Scores based on 
Likert's scale Frequency Percent Valid Percent Cumulative Percent 

Valid 2 9 15.5 15.5 15.5 

3 25 43.1 43.1 58.6 

4 18 31.0 31.0 89.7 

5 6 10.3 10.3 100.0 

Total 58 100.0 100.0 

Scores based on 
Likert's scale Frequency Percent Valid Percent Cumulative Percent 

Valid 3 18 31.0 31.0 31.0 

4 34 58.6 58.6 89.7 

5 6 10.3 10.3 100.0 

Total 58 100.0 100.0 

Approval of the budget and funds for the implementation of plant turnaround maintenance 

Scores based on Cumulative 
Likert's scale Frequency Percent Valid Percent Percent 

Valid 4 5 8.6 8.6 8.6 

5 53 91.4 91.4 100.0 

Total 58 100.0 100.0 
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Approval of additional funds required for the implementation of emergent work 

Scores based on Cumulative 
Likert's scale Frequency Percent Valid Percent Percent 

Valid 4 7 12.1 12.1 12.1 

5 51 87.9 87.9 100.0 

Total 58 100.0 100.0 

Decision on the appointment of consultants 

Scores based on 
Likert's scale Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 3 2 3.4 3.4 3.4 

4 21 36.2 36.2 39.7 

5 35 60.3 60.3 100.0 

Total 58 100.0 100.0 

Scores based on 
Likert's scale Frequency Percent Valid Percent 

cumulative 

Percent 

Valid 3 3 5.2 5.2 5.2 

4 29 50.0 50.0 55.2 

5 26 44.8 44.8 100.0 

Total 58 100.0 100.0 

Scores based on 
Likert's scale Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 3 14 24.1 24.1 24.1 

4 28 48.3 48.3 72.4 

5 16 27.6 27.6 100.0 

F Total 58 100.0 100.0 



Decision on the purchase of machinery, instrument or equipment to be used for a job 

Scores based on 
Likert's scale Frequency Percent Valid Percent 

Cutnulati%c 

Percent 

Valid 2 2 3.4 3.4 3.4 

3 18 31.0 31.0 34.5 

4 24 41.4 41.4 75.9 

5 14 24.1 24.1 100.0 

Total 58 100.0 100.0 

Decision on the appointment of contractors 

Scores based on 
Likert's scale Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 3 11 19.0 19.0 19.0 

4 23 39.7 39.7 58.6 

5 24 41.4 41.4 100.0 

Total 58 100.0 100.0 

Decision on overtime work 

Scores based on 
Likert's scale Frequency Percent Valid Percent 

cumulative 

Percent 

Valid 2 11 19.0 19.0 19.0 

3 26 44.8 44.8 63.8 

4 l8 31.0 31.0 9.1.8 

5 3 5.2 5.2 100.0 

Total 58 100.0 100.0 
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Decision on the methods of work to be used; i. e., how a job is to be carried out 

Scores based on 
Likert's scale Frequency Percent Valid Percent Cumulative Percent 

Valid 2 10 17.2 17.2 17.2 

3 29 50.0 50.0 67.2 

4 18 31.0 31.0 98.3 

5 I 1.7 1.7 100.0 

Total 58 100.0 100.0 

Decision on quality plan and inspection; to what items, processes, workmanship, etc. and the quality 

plan and inspection system to be follo%%ed. 

Scores based on 
Likert's scale Frequency Percent Valid Percent Cumulative Percent 

Valid I 1 1.7 1.7 1.7 

2 2 3.4 3.4 5.2 

3 34 58.6 58.6 63.8 

4 19 32.8 32.8 96.6 

5 2 3.4 3.4 100.0 

Total 58 100.0 100.0 

Decision on safety plan and inspection; to what items, processes, workmanship, etc. and the safety plan 

and inspection systcrn to be followed. 

Scores based on 
Likert's scale Frequency Percent Valid Percent Cumulative Percent 

Valid 2 6 10.3 10.3 10.3 

3 31 53.4 53.4 63.8 

4 18 31.0 31.0 94.8 

5 3 5.2 5.2 100.0 

Total 58 100.0 100.0 
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The work scope of the turnaround maintenance is clearly documented and validated 

Scores based on 
]_. ikert's scale Frequency Percent Valid Percent 

cumulative 

Percent 

Valid 3 4 6.9 6.9 6.9 

4 20 34.5 34.5 41.4 

5 34 58.6 58.6 100.0 

Total 58 100.0 100.0 

The work specifications are documented and made available to the maintenance personnel 

Scores based on 
Likert's scale Frequency Percent Valid Percent 

cumulative 

Percent 

Valid 3 5 8.6 8.6 8.6 

4 26 44.8 44.8 53.4 

5 27 46.6 46.6 100.0 

Total 58 100.0 100.0 

The amount of work that will be done and the number of people used are clearly set and 
documented 

Scores based on 
Likert's scale Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2 3 5.2 5.2 5.2 

3 5 8.6 8.6 13.8 

4 27 46.6 46.6 60.3 

5 23 39.7 39.7 100.0 

Total 58 100.0 100.0 
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The required quality of workmanship of the maintenance activities are clearly set and 

documented 

Scores based on 
Likert's scale Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2 2 3.4 3.4 3.4 

3 9 15.5 15.5 19.0 

4 30 51.7 51.7 70.7 

5 17 29.3 29.3 100.0 

Total 58 100.0 100.0 

The total cost of the turnaround maintenance event are clearly budgeted and documented 

Scores based on 
Likert's scale Frequency Percent Valid Percent 

cumulative 

Percent 

Valid 2 2 3.4 3.4 3.4 

3 7 12.1 12.1 15.5 

4 20 34.5 34.5 50.0 

5 29 50.0 50.0 100.0 

Total 58 100.0 100.0 

The duration of the turnaround maintenance event is set and clearir" documented 

Scores based on 
Likert's scale Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2 1 1.7 1.7 1.7 

3 3 5.2 5.2 6.9 

4 18 31.0 31.0 37.9 

5 36 62.1 62.1 100.0 

Total 58 100.0 100.0 
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The acceptable permissible level of accidents, incidents, and emission are clearly set and 

documented 

Scores based on 
Likert's scale Frequency Percent Valid Percent 

cumulative 

Percent 

Valid 1 I 1.7 1.7 1.7 

2 1 1.7 1.7 3.4 

3 4 6.9 6.9 10.3 

4 14 24.1 24.1 34.5 

5 38 65.5 65.5 100.0 

Total 58 100.0 100.0 

There are procedures to be followed in dealing with whatever situation that arise 

Scores based on 
L11Cert's scale Frequency Percent Valid Percent 

cumulative 
Percent 

Valid 2 I 1.7 1.7 1.7 

3 10 17.2 17.2 19.0 

4 35 60.3 60.3 79.3 

5 12 20.7 20.7 100.0 

1 otal 58 100.0 100.0 

There is a complete written job description for every employee in the turnaround maintenance 

organization 

Scores based on 
Likert's scale Frequency Percent Valid Perccnt 

Cumulative 

Percent 

Valid 2 7 12.1 12.1 12.1 

3 16 27.6 27.6 39.7 

4 24 41.4 41.4 81.0 

5 11 19.0 19.0 100.0 

Total 58 100.0 100.0 
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Going through a proper channels is constantly stressed 

Scores based on 
Likert's scale Frequency Percent Valid Percent 

cumulative 

Percent 

Valid 2 2 3.4 3.4 3.4 

3 9 15.5 15.5 19.0 

4 34 58.6 58.6 77.6 

5 13 22.4 22.4 100.0 

Total 58 100.0 100.0 

The employees are required to follow strict operating procedures at all time 

Scores based on 
Likert's scale Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2 4 6.9 6.9 6.9 

3 7 12.1 12.1 19.0 

4 27 46.6 46.6 65.5 

5 20 34.5 34.5 100.0 

Total 58 100.0 100.0 

There is a written procedures for planning the procurement of long delivery, prefabrication items 

and services (specialists and contractors) 

Scores based on 
Likert's scale Frequency Percent Valid Percent Cumulative Percent 

Valid 1 2 3.4 3.4 3.4 

2 6 10.3 10.3 13.8 

3 13 22.4 22.4 36.2 

4 22 37.9 37.9 74.1 

5 15 25.9 25.9 100.0 

Total 58 100.0 100.0 
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A formal cost estimate for each event of the plant turnaround maintenance is prepared 

Scores based on 
Likert's scale Frequency Percent Valid Percent 

cumulative 

Percent 

alid 2 4 6.9 6.9 6.9 

3 9 15.5 15.5 22.4 

4 28 48.3 48.3 70.7 

5 17 29.3 29.3 100.0 

Total 58 100.0 100.0 

V 

The company has documented safety plan and policy to ensure safety of the plant turnaround 

maintenance event 

Scores based on 
Likert's scale Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2 1 1.7 1.7 1.7 

3 2 3.4 3.4 5.2 

4 23 39.7 39.7 44.8 

5 32 55.2 55.2 100.0 

Total 58 100.0 100.0 

The company has a documented quality system in placed to ensure the plant turnaround tasks 

are performed to the required quality level 

Scores based on 
Likert's scale Frequency Percent Valid Percent Cumulative Percent 

Valid 2 2 3.4 3.4 3.4 

3 3 5.2 5.2 8.6 

4 25 43.1 43.1 51.7 

5 28 48.3 48.3 100.0 

Total 58 100.0 100.0 
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Daily reports are produced to control the turnaround execution 

Scores based on 
Likert's scale Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2 1 1.7 1.7 1.7 

3 10 17.2 17.2 19.0 

4 18 31.0 31.0 50.0 

5 29 50.0 50.0 100.0 

Total 58 100.0 100.0 

The company has established procedures to handle the unexpected during the turnaround such as 

emergent work 

Scores based on 
Likcrt's scale Frequency Percent Valid Percent Cumulative Percent 

Valid 2 2 3.4 3.4 3.4 

3 10 17.2 17.2 20.7 

4 26 44.8 44.8 65.5 

5 20 34.5 34.5 100.0 

Total 58 100.0 100.0 

The company has established procedures to conduct post turnaround anal sis to capture lessons 

learned of every event of the turnaround maintenance 

Scores based on 
Likert's scale Frequency Percent Valid Percent Cumulative Percent 

Valid 2 4 6.9 6.9 6.9 

3 10 17.2 17.2 24.1 

4 24 41.4 41.4 65.5 

5 20 34.5 34.5 100.0 

Total 58 100.0 100.0 
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"I he company measures the plant turnaround performance 
Scores based on 
Likert's scale Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 3 9 15.5 15.5 15.5 

4 24 41.4 41.4 56.9 

5 25 43.1 43.1 100.0 

F Total 58 100.0 100.0 

Completing all the planned and scheduled plant turnaround maintenance work within the 

approved shutdown time 

Scores based on 
Likert's Scale Frequency Percent Valid Percent 

cumulative 

Percent 

Valid 2 2 3.4 3.4 3.4 

3 3 5.2 5.2 8.6 

4 25 43.1 43.1 51.7 

5 28 48.3 48.3 100.0 

Total 58 100.0 100.0 

Completing all the work within the approved plant turnaround estimated financial budget 

Scores based on 
Likert's scale 

Frequency Percent Valid Percent 
cumulative 

Percent 

Valid 2 4 6.9 6.9 6.9 

3 it 19.0 19.0 25.9 

4 24 41.4 41.4 67.2 

5 19 32.8 32.8 100.0 

Total 58 100.0 100.0 
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Controlling the quality of the maintenance work to ensure that there w ill be no rework during the 

Ist month after plant start-up operation 

Scores based on 
Likert's scale Frequency Percent Valid Percent Cumulative Percent 

Valid 2 I 1.7 1.7 1.7 

3 2 3.4 3.4 5.2 

4 32 55.2 55.2 60.3 

5 23 39.7 39.7 100.0 

Total 58 100.0 100.0 

Putting the plant back to normal operation and stable quality production on time as planned and 

scheduled 

Scores based on 
Likert's scale Frequency Pcrccnt Valid Percent Cumulative Percent 

Valid 2 2 3.4 3.4 3.4 

3 2 3.4 3.4 6.9 

4 26 44.8 44.8 51.7 

5 28 48.3 48.3 100.0 

Total 58 100.0 100.0 

Complying to the Health, Safety, and Environmental procedures and standards during (he 

implementation of the plant turnaround maintenance 

Scores based on 
Likert's scale Frequency Percent Valid Percent Cumulative Percent 

Valid 3 2 3.4 3.4 3.4 

4 28 48.3 48.3 51.7 

5 28 48.3 48.3 100.0 

Total 58 100.0 100.0 
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Appendix 5: Histograms - Distribution of Scores of the Variables and 
Item-scale used in the Analysis 
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Activities of the companies vs Frequency (n=58) 
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Activity of the companies 

1 Manufacturer of petroleum-based products 
2 Manufacturer of fertilizer and nitrogen compound 
3 Electric power generating plants 
4 Manufacturer of cement 
5 Manufacturer of basic chemicals 
6 Manufacturer of vegetables oils, palm oil and fats 
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Total number of employees of the 
companies vs Number of companies 

(n=58) 
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Total number of employees 

1 Less than 100 employees 
2 100 - 300 employees 
3 301 - 500 employees 
4 501 - 700 employees 
5 701 - 900 employees 
6 901 - 1100 employees 
7 More than 1100 employees 

Mean is 342 employees 
Standard deviation is 304 employees 
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Frequency of turnaround vs 
Number of companies (n=58) 
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Frequency of turnaround maintenance 

1 Twice a year 
2 Once a year 
3 Once in 2 years 
4 Once in 3 years 
5 Once in 4 years 
6 Once in 5 years 
7 Once in 6 years 
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Duration of turnaround vs 
Number of companies (n=58) 
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Duration of turnaround (days) 

1 10 days or less 
2 11 - 20 days 
3 21-30 days 
4 31 - 40 days 
5 41 - 50 days 
6 More than 50 days 

Mean duration of turnaround is 22 days 
Standard deviation is 11 days 
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Planning duration of turnaround vs 
Number of companies (n=58) 
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16 months or less 
27- 12 months 

3 13 - 18 months 
4 19 - 24 months 
5 25 months or more 

Mean duration of planning for turnaround is 9.8 months 
Standard deviation is 7.5 months 
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Planning duration (months) 

3 4 
I 

294 



Dumber of workforce for turnaround vs 
number of companies (n=58) 
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Number of workforce for turnaround 

1 100 men or less 
2 101 to 200 men 
3 201 to 300 men 
4 301 to 400 men 
5 401 to 500 men 
6 501 to 600 men 
7 More than 600 men 
Mean is 715 workers 
Standard deviation is 812 workers 
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Total cost of turnaround vs 
number of companies (n=49) 
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Total cost of turnaround 

I Small Scale (RM500,000 or less) 
2 Medium Scale (RM500,001 to RM5,000,000) 
3 Large Scale (RM5,000,001 or more) 

Mean value of total cost of the turnaround is RM18,035,000 
Standard deviation is RM21,750,000 
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Number of external workers vs 
Number of companies (n=58) 
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Number of external workers 

1 Less than 200 men 
2 201 to 400 men 
3 401 to 600 men 
4 601 to 800 men 
5 801 to 1000 nien 
6 More than 1000 men 

Mean number of external workers is 646 
Standard deviation is 752 workers 
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Authority to make decision on the initiation of 
plant turnaround maintenance 

40 
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Std. Dev. =0.655 

N =58 
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Level of authority 

1 Tradesmen/Technicians 
2 Supervisor 
3 Area Engineer/Coordinator 
4 Turnaround Manager (Engineer) 
5 MD/CEO/GM 
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Authority in setting the objectives of the turnaround 
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Mean =4.36 
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Authority in approving the scope of work of 
the turnaround maintenance 
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Authority in approving the duration 
of the turnaround maintenance 
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Ivtean =4.10 
Std. Dev. =0.583 

N =58 

rAean =4.76 
Std. Dev. =0.471 N =58 
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Authority in forming the turnaround 
maintenance organization 
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Authority to approve the training of 
turnaround employees 
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Level of authority 
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Authority to appoint temporary 
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Appointment of temporary employees for the 
turnaround 

Mean =3.36 
Std. Dev. =0.873 

N =58 

Mean =3.79 
Std. Dev. =0.614 

N =58 
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Authority for approving the budget 
and finds for the turnaround 
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Authority in deciding the 
appointment of consultants 
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Authority in deciding the appointment 
of suppliers of materials and services 
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machinery, instrument or equipment for 
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Authority in deciding the 
appointment of contractors 
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Authority in deciding the methods of 
work in turnaround maintenance 
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plan and inspection system to be 

followed 
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Authority in deciding the safety 
plan and inspection system to be 

followed 
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documented and validated 
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Mean =4.52 
Std. Dev. =0.628 

N =58 

307 



The work specifications are documented 
and made available to the maintenance 

personnel 
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agree, 5-strongly agree 

Mean =4.21 
Std. Dev. =0.811 

N =58 
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The required quality of workmanship 
of the maintenance activities are 

clearly set and documented 
30 

ý 20 

d 
tr 
6l 

LL 

10 

0 I III --i 1ý345 

30 

20 
Ql 

:3 rr 
4l 
L- 

LL- 10 

0 

1-strongly disagree, 2-disagree, 3-neutral, 4- 
agree, 5-strongly agree 

The total cost of the turnaround 
maintenance event are clearly budgeted 

and documented 

I 
III 
1 

T 

1 
S 

1-strongly disagree, 2-disagree, 3-neutral, 4- 
agree, 5-strongly agree 

ý 3 4 

tAcan =4.07 
Std. Dcv =0 769 

N =58 

filean =4.31 
Std. Dev. =0.821 

N =58 

309 



The duration of the turnaround 
maintennace is set and clearly documented 

40 

30 

cý 
C 
O! 
:1 
cr 20 
a 
i 

LL 

10 

0 j 
iIII T 

Mean =4.53 
Std. Dev. =0.681 

N =58 

123A5 

40 

30 
ý 
c 

ý 20 
W 
L 

U- 

10 

0 

1-strongly disagree, 2-disagree, 3-neutral, 4- 
agree, 5-strongly agree 

The acceptable permissible level of accidents, 
incidents, and emission are clearly set and 

documented 

II T-T I 
1234S 

1-strongly disagree, 2-disagree, 3-neutral, 4- 
agree, 5-strongly agree 

Mean =4.50 Std. Dev. =0.843 
N =58 
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There are procedures to be followed in 
dealing with whatever situation that 

arise 
40 

IIII i 

Mean =4.00 
Std. Dev. =0.075 

N =58 
30 

c. ý 
ý 

Z 
s 20 
a ý ý 

10 

0 
1234S 

25 

20 

ý 0 

1S- W 

tr 
Q) 
t_ 

, I_- 10-1 

5 

0 

1-strongly disagree, 2-disagree, 3-neutral, 4- 
agree, 5-strongly agree 

There is a complete written job 
description for every employee in the 
turnaround maintenance organization 

IIII I 3b5 12 

1-strongly disagree, 2-disagree, 3-neutral, 4- 
agree, 5-strongly agree 

Mean =3.67 
Std. Dev. =0.925 

N =58 

311 



Going through a proper channels is 
constantly stressed 

40 

30 
a ý 
c 
a 
ý 6-20 
a L 

LL. 

10 

0 I IIII I 

Mean =4.00 
Std. Dev. =0.725 N =58 

1? 345 

30 

c. i ?0 
_ 

v' 
aý 
i 
- 10 

0 

1-strongly disagree, 2-disagree, 3-neutral, 4- 
agree, 5-strongly agree 

The employees are required to follow strict 
operating procedures at all time 

IIII I 
1234S 

1-strongly disagree, 2-disagree, 3-neutral, 4- 
agree, 5-strongly agree 

Mean =4.09 
Std. Dev. =0.864 

N =58 
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There is a written procedures for 
planning the procurement of long 
delivery, prefabrication items and 

services (specialists and contractors) 
25 

20 

T 
U 

aýi 
15 

ý al 

ýi 10 

5 

0 I IIII T 

blean =3.72 
Std. Dev. =1 . 073 

N =58 

123d5 

30 

ý 20 
C 

a 
a 

U- 
10 

0 

1-strongly disagree, 2-disagree, 3-neutral, 4- 
agree, 5-strongly agree 

A formal cost estimate for each event of 
the plant turnaround maintenance is 

prepared 

IIII I 
1? 3dS 

1-strongly disagree, 2-disagree, 3-neutral, 4- 
agree, 5-strongly agree 

Mean =4.00 
Std. Dev. =0.858 N =58 
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The company has documented safety 
plan and policy to ensure safety of the 

plant turnaround maintenance event 
40 

30 
ý 
cs 
aº 
C7- 20 
41 
L 

LL- 

10 

0 r-I 
IIII I 

Mean =4.48 Std. Dev. =0.655 
N =58 

12345 

30 

20 
ý 
s 
ai 
ý Ii- 

10 

0 

1-strongly disagree, 2-disagree, 3-neutral, 4- 
agree, 5-strongly agree 

The company has a documented quality 
system in placed to ensure the plant 

turnaround tasks are performed to the 
required quality level 

IIII I 
123A5 

1-strongly disagree, 2-disagree, 3-neutral, 4- 
agree, 5-strongly agree 

Mean =4.36 Std. Dev. =0.742 
N =58 
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Daily reports are produced to 
control the turnaround execution 

30 

ýý ý E--i:: = I 

Mean =4.29 
Std. Dev. =0.817 

N =58 

>^ 
a 
a- 
GI 
L- 

LL. 
10 

0 
12345 

30-ý 

1-strongly disagree, 2-disagree, 3-neutral, 4- 
agree, 5-strongly agree 

The company has established procedures 
to handle the unexpected during the 
turnaround such as emergent work 

Mean =4.10 
Std. Dev. =0.81 N =58 

= 20-, 
i 

w 
ý 
a 
a 

LL 10-1 

12345 

1-strongly disagree, 2-disagree, 3-neutral, 4- 
agree, 5-strongly agree 
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The company has established procedures to 
conduct post turnaround analysis to capture 

lessons learned of every event of the 
turnaround maintenance 

25 

20 

ý y 15 
7 
a' 

10 
1i 

Mean =4.03 Std. Dev. =0.898 
N =58 

5 

0 IIII T 

25- 

20 

1:: 

1? 345 

1-strongly disagree, 2-disagree, 3-neutral, 4- 
agree, 5-strongly agree 

The company measures the plant 
turnaround performance 

Mean =4.28 
Std. Dev. =0.72 

N =58 

5 

0 IiII 1 1? 345 

1-strongly disagree, 2-disagree, 3-neutral, 4- 
agree, 5-strongly agree 

316 



The company complete all the planned and 
scheduled plant turnaround maintenance 
work within the approved shutdown time 

30 

c>- i 20 

a, 
:3 
a 
a L- LL- 

10 

0 i I F- i T 
12345 

25 

za' 
V 
c 
a 15 

a' At 

L 10-1 
LL 

5 

0 

1-strongly disagree, 2-disagree, 3-neutral, 4- 
agree, 5-strongly agree 

The company complete all the work within 
the approved plant turnaround estimated 

financial budget 

i 
12345 

1-strongly disagree, 2-disagree, 3-neutral, 4- 
agree, 5-strongly agree 

Mean =4.36 Std. Dev. =0.742 
N =58 

Mean =4.00 
Std. Dev. =0.898 

N =58 
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The company control the quality of 
the maintenance work to ensure that 
there will be no rework during the 1st 
month after plant start-up operation 

40 

30 
c. ý 
ý 
a 
s 20 
GI 
L 

LL. 

10 

0 
{ 

iIII i 

t, tean =4.33 
Std. Dev. =0.632 

N =58 

12345 

30- 

1-strongly disagree, 2-disagree, 3-neutral, 4- 
agree, 5-strongly agree 

The company put the plant back to 
normal operation and stable quality 
production on time as planned and 

scheduled 

Mean =4.38 
Std. Dev. =0.721 

N =58 7º 
= 20- 

a L 

LL- 10-" 

1234 ý 

1-strongly disagree, 2-disagree, 3-neutral, 4- 
agree, 5-strongly agree 
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Appendix 6: List of Turnaround Maintenance Tasks of 'I'NB Janamanjung Sdn Bud 

SJ MANJUNG - Unit 2 Planned Outage (0 MWn) 
03/11/2006 - 14/11/2006 

-__ 

pi--- 

Pnpantlon for Unit shutdown for Outag. 
Baser Safety Valve Trevl Test 
C; era;, on to üar a over & burp coal with low ash Content 

PTW SJýýý EM$ iN$ VýCý I"ýc10ý1 $Dýnlý DýýýI GýI Týýý I 

P. ýmýýv 

I 

RaourN Aýrýeýnu Afý\uncý A, 4ýIýnG I RwýrW 

I 
Rýcu"ýE 

I 

ArýcýDN 

I 

Rýoýrl: 

Mon 1 C72106 6: 0O AM 
Mon 102^6 StO AM 

Tue 10'31/, 6 12: CO A7. 

_ý 

ESP hCper, bottom ash hopper and ash s. lo Veaning Dy C&A operation 
Steam turb; ne V: Dra ion Foot Print Test oy Relisbilly 
Turome steam cddmg 

Machine Of bars 
Steam h rb ne vlbrat on measurement curing unit run-down from 3000 
rpm until barring gear speed. 
Fires out. LM and RH draught group remain in seneide Oren seal trough. 

tO Machine onE. G 
. fr- Chick SSC for rema-rang ash 
12 Inform C&A opera5on to drain SSC 
13 LHS & RHS draught group shut down. Open ESP Doors If no rain. 
1i - LHS ID fan Is to force cool boler " 16 hours 

s 
-4- 

10 

FO fan Coke test 
Stau: ccwn LHS 10 fan Put RHS 10 fan in service 
BOP suction temp 70 ceg C. Shutdown BCPs. Start dram boAr 
Stop feeding Crum. Shutdown BFP. 
ESP out temp less than 40 deg C. Shut down RHS ID fan 

]d Open manhole for Bottom Ash Hopper 
1t Transfer load f-em Unit Board A to 8 

Tue 10/31 F. 6 12: C0 A'. 1 
Wed 1111106 6: CC AM 
Thu 11/2105 fi: CC PM 
Fn 11ß1C6 12: OC AM 
Fn 1113106 12: CC AM 

Fn 1113106 12: 20 AM 
Fn 11/3/0612: 20 AM 
Fri 11/3/06 120 AM 
Fn 11/3/06 130 AM 
Fri 1113/06 1: 20 AM 
FA 11/3106 1: 30 AM 
Fri 11/3/06 9.00 AM 
Fri 11/3/06 9.00 AM 
Fn 11/3/06 1200 PM 
Fn 11/3/06 12: 00 PM 
Fn 11/3106 6: 00 PM 
Fri 1113/06 6: 00 PM 
Sat 11/4106 8OC AM 
Sal 11141068: 15 AM 
S211114/06 8.30 AM 
Sun 11/5106 9: CC AM 

-i; r SnulCOwn Unit board 2A and oackfaed from Station board A 
23 SnuIOOwn Unll board 26 and DaCkfeed from Station board B 

4 533kV Inc IIsolation 
5 -- Control & Intrumentstlon - 

26 - HFW1C! AN001 " TO CHECK FAN NOT STOPPING ON SEQUENCE 20064066 
WITH EMS 
HAH92/CT503 " TEMP INDICATOR CT504 NOT WORKING 20084462 

36 MAJ31ICT503 - SEAL WATER BL TEMP GAUGE FAULTY 20469960 
Jst MAJ32/CT503-TEMP GAUGE (CT712)FA'ULTY 20470068 

-sý 
]1 

-3- 

LAC311CY540 " BFP LAC 31 DE VIBRATION TRANSMITTER 20501973 
JN+VG/C02 - LOOP 20 NODE 40 SECONDARY " ALARMOPRT 2051C636 
LCB221CT510 " CEP 2 TRIPPED ON Ba0 C rea0, np 2051C528 

33 LC1102/CT502 " READING BAD 0 20508978 
374 HFA " Funct, onahy Test 
53 HHA " FunUlonal. y Test 
14 Stroke an fan (ID. FD and PA) vanes and purgycJesn line posiboners 
fi HFB " TO Purge Flow Txs. Sensing Line 
A MLA. TO Purge Sensing Line 
is HBK " TO Purge Sans"ng L^e 
40 HFB . M! l! ca: bral. Cr. It required 
41 PAA - Service Bandsneen Level Tx A&8 

-1 
-a 
ý- ý 

47 

: r- 

QUZ - Ott, ne and keep Ine sensor for p'aservaLon, serviced and 
recal orate 
LCM - TO CHANGE TERM, NAL BLOCK 
HNN - UndeRake Clear stack Cahb, a9on of the Stock Opacity 
RTDS Primary and Secondary Inslalla90n 
DCS clear n; and senacr+p 
HAD - Boiler dram rnwaurement -with U tuSa 

MAY. Micrcrec Invea: iga6On 

Sat 1114106 8: 00 AM 
Sat 1114106 6: CC AM 2 No Yee 

Sat 11J4106 8: 00 N. 2 No No 
Sat 11/4/06-8 60 Nd 2 No No 
Sat 11/4106 8: 0C AM 2 No No 
Sat 1114106 8: 00 NA 2 No No 
Sat 11/4106 8: 00 A'A 2 No No 
Sat1114/068: 00AM 2 No No 
Sal t1J4/068: OOA'A-'-2--- No . No 
Sat 11/4/06 8.0C AM 4 No No 
Sat 1114/06 8: 00 NA 3 No NO 
Sat11/4q6800 A'A 3 No No 
Sat 1114106 8OC AM 2 No No 
Sat 1114106 8CC NA 2 No No 
Sun 1115/09 8C0 AV 2 NO NO 
Sun 1115106 8CC NA 5 No No 
Sun 1115/06 8 CC AV 3 No No 
Sun11151068CONA 4 No No 

Si a1115/06 8.00 AM 3 NO NO 
Sun 11/5/06 8 CO AM 3 No No 
Sun 11/5/98 8.00 AM. 3 No No 
Sun 1115106 8.00 AM 3 NO NO 
Sun 11/5106 8 00 AM J No No 
Sun 1115106 8 00 AM 2 No No 

NO No No 

NO No No 

No NO No 

NO No No 

No No NC 

No No No 

No No No 

No No No 

No No NO 

NO No No 

No No NO 

No No No 

NO NO NO 

NO NO NO 

No No No 

No N0 No 

No No NO 

No NO NO 

NO No No 

NO No No 

NO NO NO 

No No No 

Nc No No 

Yes Yes 

Yes Yes 
Vol Yes 
Yes Yes 
No No 
Yes Yes 
Yes Yes 
No No 
No No 
No No 
No No 
No No 
No No 
NO No 
No No 
Yes Yes 
NO No 

Yes 
Yes 
NO 
NO 
NO 
No 

Yes 
Yes 
No 
No 
No 
NO 

NO 

NO 

NO 

NO 

No 

No 

No 

NO 

NO 

No 

NO 

No 

No 

No 

NO 

No 

No 

No 

Yes 

Na 

No 

NO 

NO 

Far 11 Paýa 1 
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P'aDaMaE by f al -na. (MaNananca Ptarn�p Enp, vaý) 



SJ MANJUNG - Unit 2 Planned Outage (0 MWn) 
03/11/2006 - 14 111/2 006 

:. 7 tn . f. a-a I won aa. ro I Y. r pT, V 5; J ? 
r: R- 4 

Lt. 's 
ýSLii! ' 

: us wsv, 
!T 

Cr! V100S 
_A "'ýC 19 

Spa ss 
RrO v 

Spires 
ýv ý i 

Gas -. c. 
R ' 44 h1A4 -iP GOvemx and Stop Valve Hystenss Test Sun 11 , 5,06 600 AM 2 : . o No 

S] 
No No . V 

No 
» ý 

No 
ý r,, 

_ No 
ýO+ 90 
No 

54 Selo no. 1 - To Install S to level transmitter Sun 11/576 8: 00 AM 2 Yes No No No No Yes Yes No 
HAG- Cap Oration level drum transmitter (protection & control( Sun 11/5/06 600 AM 3 No No No NO NO Yes Yes No 

SS HJA. Ignitor Inspection of the Inner part (request EMS to Inspect LFO Sun 1115/06 8.00 AM 3 No No No Yes No NO No V No 
burner sw: rlers) 

SS SSC. to inspect and servile d-scharge gate limit switch Sun 11/5106 8 00 AM 3 _ No No No NO No No No NO 
54 

J 
Mill bunker 1-7: Service all bunker level TX Sun 1115166 800 A. M 2 No No No NO No No No No 

's Calibrate 2o03 transmitter (d'-screpency high) - Sun 11/5106 800 AM 2 No No V No No No No No No 
sä LAA1 ICP701- FN lank level Indicator faulty Sun 1115106 8: 00 AM 2 No No NC No NO Yes Yes No 
sT__ LAD50AA120- Ar Piston leek Mon 1116106 8: 00 AM 2 No No No No No Yes Yes No 

61 LAD50CG1200- Limit switch faulty Mon 11/6/06 8: 00 AM 2 NO No No No No Yes Yes No 
IT MABI0CPS40A- IP lower TX leak at 8t! ing MOn 11/6106 800 AM 2 NO NO No No No Yes Yes NO 

LAAIOAA120- Limit switch linkage broken Mon 1116106 8.03 AM 2 NO No No No No Yes Yes No 
6I LAD10AA110. Ar piston and regulator leaking Mon 11/6/06 8.00 AM 2 No No NO NO No Yes Yes NO 

Bf LCC40AA120. Air regulator leaking Mon 1116106 800 AM 2 NO No No No No Yes Yes No 
ON LCC6OCGI IOA" Close limit switch morning loose Mon 11,6/06 8: 00 AM 2 V NO No No No NO Yes Yes NO 
d4 LAC- leak off limit swOOP plate Mon 11/6/06 8: 00 AM 2 No No No No NO Yes Yes NO 

ýs3 PGC55AA100. Air regulator leak Mon 11/6/06 8: 00 AM :2 NO No No No NO Yes Yes NO 

s LAC33CP502. Booster OP broken Mon 11/5 06 8: 00 AM 2 V No No No No No Yes Yes No 
ýr /AC41CP502C- BFP header press. TX leaking at dran Mon 11/6/05 8: 00 Aid 2 No No No No No Yes Yes NO 

ON Assist TMS for Cllmantllrg valve at BOP system Mon 1116106 8: 00 AM 2 NO No No No No No No No 
a Assist TMS for dismantling valve at GOV equipment Mon 11/6/06 8: 00 AM V2 No NO No No No - No - No NO 

""SÖ JMJG/002/HAH55/AA101 " ASSISI BMS to dismantle/ Install and stroke 20464482 M06 1116106 8: 00 AM 2 No No Yes No No No No No 
SI JMJG10021LBF11/AA101- ASSISI BMS to dismantle/ Install and stroke 20442541 Mon 1116/068: 00 AM 2 No No Yes No No No No No 
7 02- LBG70-AA-103-X - Assist EMS to dlsmentle/ Install and stroke 06.4267 Tug 11/7/06 &00 AM V2 No No yes NO No yes Yes No 
Is 01-HNFO1-AA1011102M ID FAN- Assist BM5 to dlsmantiel Install and - Tug 11/7106 8: 00 AM 2 No No yes No No NO No No 

atroke 
02-LAD 12 - AA100 -X- HP5 NORM. DRAIN PNEUMATIC AV-Assist 20445719 Tue 1117/06 8: 00 AM 2 Yes No Yes No No NO No No 
BIAS to dismsm: el Install and stroke 
02-LCB77 - AA100 -X- DISCHAR RECOVERY TK PNEU. GATE AV - 20482947 Tue 1117/06 8: 00 AM 2 Yes No Yes No NO No No No 
VALVE PASSING-Assisi TMS to Csmanl'e/ Install and stroke 

76 02-LAD 52 - CG101- NORMAL LEVEL CONTROL VALVE 100% 20495517 Tue 1117136 8: 00 AM -2 Yes No Yes No Aldan No No N3 
OPENING- Assist TMS to d smanl: e/ Insist and stroke 

_ C2-LAC 31" AP001 KPOI-BOOSTER PUMP BODY GASKET LEAK. Sat 11// 800 AM I - No No Yes No No Yes Yes V No 
Ass-st TMS to Cismaneel Install and stroke 

i1 02-LAD-01/21141-AA131W Quick acting control valves for HP healer Sat 1114106 8: 00 AM 2 No No Yes No NO yes Yes NO 
by-pass valves- Assist TMS to dismantle/ Instal and stroke 
02-r. 1AP-23-AA132X body leak - ASSISI TMS to d'isman!! el Instal Sat 11/4106 8.00 AM 2 No No - Yes BOPM NO Yes Yes NO 

O HFV110/AN00I - Fan not slopp! ng In se; uence Assist EMS 2C084066 Sat 1114106 8.00 AM -2 No No Yes NO NO No No NO 
meting Steam- Assisi VMS dismantle! Instal Sat 11/4/06800 AM 1 NO No Yes - 

- Yes No No No 
s1 Raw Coal Feeder - Bell Scraper replacement. To do calibration Sat 11/4/06 8.00 AM V2 No Yes Yes - No - Yes Yes Yes 
83 Pyrlle Reed System - Assist MMS Sat 1114106 800 AM -1 - No Yes Yes - Yes NO No NO 

Seal Air Fan - Assist MSAS Sal 11/4106 800 AM 3 No - No Yes V 
- NO No No No 

BCP flow switches recbOcallsn Sal 11/4106 800 AM 3 NO NO NO No No NO NO No 
MOlor cavity lemperarure low Sal 1114106 800 AM -3 No No No No NO No - No NO 

Electrical - Sun 1115106 8: 00 AM V V- 

"""S103LBBT13ICT001 . OIL TEMPERATURE INDICATOR- OIL 20451195 Sun 1115106 a 00 AM I No No No No No Yes Yes No 
TEMPERATURE READING FLUCTUATE. EMS t 
JMJ+/002'HAH411M10t - LTS DESUPERHEATING WATER L 2CA83887 Sun 11/5/`5 800 AM 1 NO No Nd Yes No No NO No 
SHUT. OFF -VALVE NOT CLOSING ON INTERLOCK CLOSE. 

- - 
' 

JMJ3/+02mDE231GT001 -- TRIPPED ON BAD 0. - Internal napace0e 20486853 Sun 11/S/06 6: 00 AM I NO No - No BMS No No N- Yes 
ar 02-HFB30-AA101. M - U2 mra 30 both lead er a'1u". c" gates fa': I to CIO" 06.22108 Sun 1115706 8: 00 AM 2 Yes No NO NO NO NO NO NO 



SJ MANJUNG - Unit 2 Planned Outage (0 MWn) 
03/11/2006 - 14/11/2006 

Till. N. m. NOrk 010.1 rap Ala^. L P11'/ 

Rroýy 
[4 

3'104 ýir 

EMS 

Ass Ylý@ 
IM$ 

ý . af 

+A. Cn 
L/ i i n 

1 
Cool- 

ir. Re R. C r R ' _ If __ _ JNJýo it PEb11M101-HO Al 6TkM E (1 - OAMPER 20470332 Sun 11/5106 8.00 AM 1 o NO 
n ý . qý 

No 
y l L t cý 

No 
9ý Q 
No 

q 
__ 

ý 
No _rvlaCa_ No _ 

e D_i e; 
_ No 

FEEDBACK POSITION FAULTY 
aý JMJG1oO2JPAMS2JATOI WM02 

- MOTOR - TUBE CLEANINIG SYSTEM 20494673 Sun 1115/05 B: CO AM 2 No No No No No No NO No 
"B' FAULT 
Generator Transformer - Fixing of Nev, Air Bag, Oil Pump Overload Sun 1115. '05 8: 10 PM 1 Yes No No BOPM Yes Yes Yes No 
Sen rig Change & Buchofz Relay Testng 
3 3kV and 11kV HV k10tCr Testing Sun 1115! 15 88W All 2 No NO NO No NO NO NO NO 

se PD Csu51er3 Installation Sun 11/5/06 8: 00 AM 2 No No No No NO No No No 
v CW motor on change Sun 11/SC6 890 AM 2 YeS NO No No No No NO No 

AVR - 
To replace 6: 1 cooling motors BW ovemaul the old one Sun 11/5. '06 8: 00 AM 2 NO NO NO NO No Yes Yes No 

88 Condenser Tube C'eaning System Inspector Sun 11/5/05 800 AM 2 Yes No No TMS No Yes Yes No 
1 SaCriflclel Anode replacement on A&B CTC channel Sun 1115106 6.02 AM 2 No No NO No No No NO NO 
11 C2"B ATIO-GSOo1- SPOTLIGHT FOR GT. TX TRIP . 

To replace bulb Sun 11/5/06 8: 00 AM 2 Yes No No No No No No No 
102 PA Motor - 011 change, bearing Insulation last and overhaul of oil pump Mon 1116105 BCO AM 2 No No No No No Yes Yes NO 
+ 110V AC UPS System - BRU Mon 1116106 8 CO AM 2 No No No NO No No No No 
104 110V DC Charger System - BTM Mon 1116106 8 00 AM 2- No No No No No No No No 
105 220V DC Charger System - BTL Mon 1116706 B: CO AM 2 No No No No No No No No 
ice CEP ICE 21 - 01 Change Mon 111,5106 8 CO AM 2 Yes No NO NO No No No No 

CEP LCB 22 - OJ Change Tue 1117/06 800 AM 2 Yea --- --!: O No NO No NO NO NO 
1611 FD Motor - 0I: change and bearing InsulatOn lest Tue 11! 7105 8.00 AM 2 No !: O No No No Yes Yes No 
1 10 Motor - OJ change and bearing Insulation test Tue 1117106 600 AM 2 No No No No No Yes Yes No 
11 FGD Motor - Oil change end bearing insulation last Tue 1117/56 8.00 AM 2 No No No No NO Yes Yes No 
1+1 Generator Slip ring housing cleaning 1 Ill checking Tue 1117108 800 AM - 2 No No No No No r No No No 

+ Sacrificial Anode replacement on A&B CTC channel Tue 111/G6 8.00 AM 
- 

2 No No No Yes No Yes Yes No 
1 ROMON capacitive grounding brush housing - cleaning Tue 1117/06 890 AM 2 No No No No NO NO No No 

111 Unit trans! BBT10,20,30640 CheCk fafoll leaks & Operate offload Tue 11/7106 8.00 AM 2 No No No No No - No No - No 
lapchange 

_'ITS 02HAM143 spray isclating valve control card-MOV status unevail 20505672 Tue 1117/08 8.00 AM 2 No No No No No NO No No 
+ 415V Cast resin lrantif. Tue 1117106 8.00 AM 2 NO No No No No NO No NO 

T7 02BFT10120f30/50 - Inspection and cleaning - Tue 1117! 05 800 AM 2 No NO NO NO No No No NO 
1ls C2BFTI 1.21.31 & St - Inspecton and Cleaning Wed 1118/06 8.00 Al. ' 2 No No No NO NO NO NO No 
11 02PAM52 - CTC Torque Switch Opera'eed 05-075905 Wed 11/8/05 8. CC AM 1 No NO NO NO No No NO No 
126 02BAT1O - Generator Transformer Floodlight Replacement 06-004265 - Wed 11/8/06 8 CO AM 2 No No No Yes NO Yes Yes No 
121 02PAC11 - Oil Change Wed 1118106 8CC AM 2 Yes No NO No NO Yes Yes No 
1 02PAC12 - 01 Change Wed 11! 8/05 8: CC AM 2 Yes NO NO NO No Yes Yes No 
1H1 BBTIO - Transformer Oil Leak Check Wed 11/8106 8 CO AM 2 No No No NO No No No No 
124 BBT20 - Transformer Oil Leak Check Wed 1118106 k6 AM 2 No No No No No - No No No 

BBT30. Transformer Oil Leak Check Wed 1118116 8. CO AM 2 No No No No No NO NO No 

roe BBT4O - Transformer Oil Leak Check Wed 1118106 8: CO AM 2 No No No NO No No No No 
+q 3 3kV and 11kV CS - Insufatlon Resistance Test Wed 1118/C6 8. CC AM 2 NO No No No No NO NO No 
1 3 3kV and 11kV CB - PolanzeOon Index Test Wed 11/8/05 8. CC AM 2 No No No NO NO No No No 
1 ESP Electrical Clearance InspeCBOn We0 11/8106 8.00 AM 2 Yes - No - No - Bk1S NO NO No No 

Inspection of SSC Modes Wed 1118106 800 AM 2 No 
- 

No No Yes NO Yea Yea No 
11 AVR Transformer - General Inspect0n and Cleaning Wed 11/8.05 8CO AM 2 No No No NO NO No - No - No 

T11" 415V Coal & Ash Board - To check for loose lull hddro " General - Wed 1118105 8.00 AM 2- No NO - NO - No NO NO No NO 
Cleaning 

171 415V Turbine Board" To check for loose fuse holden " General Cleaning Wed 11181/05 8.00 AM 2 No N3 - No NO No NO NO No 
1 Bernard Act - To check for water ingress Thu 11/9'05 800 AM 2 No No No NO No NO No NO 
131 Bernard Act - To replace seals If necessary Thu 11/9/56 800 AM 2 - NO No NO No NO NO NO NO 

Acme Act - To check for water ingress Thu 11/9106 8 GO AM 2 No No No No No No No No 
Aur11a Act - To replace seals if necessary Thu 11/9.05 8 00 AM 2 No NO NO NO No NO No No 
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A FOC V. re C 131 ROtorq Act 

- To Crieck For cooler ingress Thu 1119: 05 8 00 AM 2 No . No No No No _ No __ _ _ No _ . __ No 

Ili Rotorq Act - To replace seals If necessary Thu 1119/06 8.00 AM 2 No No No No No No No No 
Mel 10 Coal Feeder Mir Overhaul Thu 1119/06 8.00 AM 2 Yes No No Yes No Yes Yes No 

1ü M; '1 20 Coal Feeder M! r Overhaul Thu 11/9106 8.00 AM 2 Yes No No Yes No Yes Yes No 
U2 Mi 1 40 Coal Feeder Mir Overhaul Thu 1119106 8 00 AM 2 Yes No No Yes No Yes Yes No 
"ý tJý; n 50 Coal Feeder Mfr Overhaul Thu 1119'05 8.00 All 2 Yes No No Yes No Yes Yes No 

Mi'. 1 60 Coal Feeder Mir Overhaul Thu 1119106 800 AM 2 Yes No No Yes No - Yes Yes No 
145 Mi'I 70 Coal Feeder Mir Overhaul Thu 1119. '06 800 AM 2 Yes No No Yes No Yes Yes No 
146 FGO Anode Inspection Thu 115/06 8.00 AM 2 No No No Yes NO No No N0 
t47 DC Moron - Insulation resistance lasing Thu 1119106 60C AM 2 No No No No No No NO No 

14 DC Motor and Panel - Slip ring maln! enance and cleaning Thu 115106 800 AM -2 No No No No No NO No No 
ua HFW IOIAN001 - Fan not slopping in sequence. To test the fan In local 20084066 Mon 11 16106 8-. 00 AM 2 No No Yes No No NO No NO 

and remote operation. To check the "dose CB re'ay 
_ 157 02LCM2OAA100M -Main Sim To Blowdow'n Electric Valve - Dismantle Mon 1116/06 800 AM 2 No No No TMS No No No No 

Actuator 
02LCM20AA100M - CRS To Blowdown Electric Valve - Dismantle Mon 1116)06 8: 00 AM 2 No - No No TMS No No No No 
Actuator 

157 02LCMOBAAIOOM -Main Sim To Blowdown Electric Valve - Dismantle Mon 11/6106 8.00 AM 2 No No No TMS No NO No No 
Actuator 

157 . 021AC41AP001 M01 " To open actuator cable connection and Wllbrabon Marl 1116,06 800 AM 2 No No No TMS No No Ko No 
1sT. 02LAC42AP001 M01 - TO open actuator cable connection and calibration Mon 1110/06 8: 00 AM 2 No No No T1.15 No NO NO No 

'{66 02LAC43APOOI MOt - To open actuator cable connection and calibration Mon 1116706 8: 00 AM -2 No No No TMS No No No - No 
its 02MAX21/22A0001 M, 01 " To open motor cable Mon 1116/'06 8: 00 Am 2 No NO No TM5 No No No No 
T5y 02MAP - LP Bypass Hydraulic Una - To open motor cable Mon 1116106 800 AM 2 No No No TMS NO NO No No 
159 Primary Air Damper " Stroking Check Mon 11,6,06 8-. 00 AM 2 

- 
No No No VMS No NO NO No 

15 RC Feeder 30 - Bunker Gale gear replacement Mon 11/6106 8.00 AM 2 No No No 61MS No No - No No 
i60 3 3kV Breaker Modification - MIII 20,30,40,50 and 60 Mon 11/6106 800 AM I No NO No No No No No NO 

ýIE7 Saalfcial Anode - Channel B Zinc Anode Inspection and reptcment If Mon 1116/06 800 AM 2 No No No Yes No Yes Yes No 
necessary. 

1 Sacrificial Anode " Channel A Zinc Anode Inspection and repiacment If Mon 11/6106 8: 00 AM 2 No No No Yes No Yes Yes NO 
necessary . 02HAH92 and 02HAH93 " Boller Steam Drains to be repositioned and Mon 1116106 8: 00 AM 2 No No No No No No No No 
tested. 

114 HFW 101ANCO1 - Fan not stopping In sequence To lest the fan in local /don 1116108 800 AM 2 No No Yes No NO No No No 
s and remote operation. To check the "dose" CB relay 

lei 02-HAC60-AA422-M - Lower drum to blowdown tank shut-off - Mon 1116/06 800 AM .2 No No No WAS No No No No 
Inlermit! ent b/down valve passing 

1 02-HADOI-AA452-M - Drum to continuous & blr blowdown tank shut-off. Mon 11/6105 8 CO AM 2 No No No BMS No NO No No 

- 
valve passing 

Irr ESP Electrical Clearance Inspection Mon 1116: 06 800 AM 3 No No No WAS No No No NO 
1d 02LCM20AA1COM -Main Sim To Slowdown Electric Valve - Dismantle Tue 11/7106 6 00 AM 3 No No NO TMS No NO No No 

Actuator 
t11 02LCMOWICOM -Mehl Stith To Slowdown Electric Valve " Dismantle Tue 11/7/06 8: 00 AM 3 No No No TMS No No No No 

Actuator 
02LAC41APOO1 MO1 - To open actuator cable connection and calibration Tue 11/7/06 8 00 AM 3 No NO No TM5 No NO NO NO 

1t 02LAC42APOO1 MOI " To open actuator cable connection and calibration Tue 11/7106 8.00 AM 3 NO No No TMS NO t: o NO No 
17ý 02LAC43APOOI 1.101 - To open actuator Wye connection and calibration Tue 11/7/06 800 AM 3 

- 
No No No TMS No No NO No 

1 
- 

02MAX2122AP001 MO1 - To open motor cable Tue 1117105 8 00 AM 3 No No No TM5 NO No No No 
I 7217 02MAP " LP Bypass Hydraulic Unit - To open motor cable Tue 1117/06 800 A!. 1 3 No NO No Tells No No No NO 
75 Primary Air Damper - Stroking Check Tue 1 117106 8 00 AM 3 NO No NO MMS No NO No No 

RC Feeder 30 - Bunker Gate gear replacement Tue 111`71013 8.00 AM 3 No No No : '. 1S V No No No No 
Boller Sat 1114105 8: 00 AM J 
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11S "- JMJG J02'HAZ60/AA411140t1421H -L NER UM TO BL WDOWN 20462831 _ Sat 1114.105 800 AM 
ý_. y 
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TANK SHUT-OFF - REPLACE VALVE GLAND PACKING 
e s o 

i1S C2-HACe0-AA422-M - Lower drum 10 blowdOwn tank anul-on - 06.6691 Sat 1114106 8: 00 AM 2 No Yes No No No Yes No 7: 0 
Irtermlrtent b/down valve passing. To replace new Odg'nal valve. 

+- JMJG/C021HAD31/AA411 -DRUM VENTING SHUT-OFF - TO CHEK 20463994 Sat 1114/06 800 AM 2 No No No No NO Yes NO No 
VALVE LEAKING 
C2-HADOI-11 -H . Drum venting shut-off. steam passing. To replace 06.18461 Sat 11/4/06 8: 00 AM 2 No NC NO NO yes YeS No NS 
02-HADOt-AA432-H wi-l VT! valve. 
C2-HADOI-AA442-H -valve passing. Repace wllh VTI valve Sat 11/4/06.8: 03 AM 2 Yes No No No yes yes No No 

68I C2-HAOO! -AA412-H . Valve passing. Replace w. tn VII valve Sat 1114106 8: 00 Aid 2 Yes No No No yes yes No No 

III 02-HAD0I-AA4C2-H - Valve passing. Replace wltn V71 valve Set 11/4/06 800 AM 2 - Yes No No No yes yes No NO 
'S3 C2-HADOI-AA452-M - Drum to continuous & BIT blowdown tank shut-off - 06-7299 Sat 1114/06 8: 00 AM 2 No Yes No No yes yes No No 

valve passing. To re:: ace new original valve. 
_lie-_ JS1JG10021HADO1/AA455 - DRUM TO CONTINUOUS BLOWDOWN TNK 20497184 Sat 11/4106 8'00 AM 2 No No NO No NO No NO No 

SHUT-OFF - SHUT OFF VALVE GLAND LEAKING BADLY 
117 JMJG/002JHAD01ICL751 - LEVEL GAUGE - REPLACE THE GAUGE 20443404 Sun 1115106 8: 00 AM 2 No No No No No Yes Yes No 

GLASS 
JMJG1002JHAG031AAl02 - BCP OUTLET CHECK VALVE (RH) - To 20442415 Sun 11(5106 8: 00 AM 2 No No No No No No No No 
Identify ire leakage 

rue JMJG/002/HAH55/AA101 - DESUPERHEATING WATER L CONTROL 20464482 Sun 11/5109 8.00 AM 2 No No Yes NO No No No NO 
VALVE - TO CHECK VALVE GLAND LEAKING BADLY 
JMJG1002JHC813/AA102 - SOOTBLING PIP OR (AIR PRHR) - RECTIFY 20460206 Mon 11/6/06 8: 00 AM 2 NO No NO NO Yes No No NO 
THE LEAK 

III JMJG/002JHFE 12JAA101 - COLD AIR DAMPER (1) SW WAY - To 20434250 Mon 11/6/06 8: 00 AM .2 Yes No No No No Yes No No 
replace rew expansion )olnt 
JMJG/002/HJM03/AA403 - ATOMIZING TRAP TEST VALVE A- To 20503489 Mon 11/6/06 8.00 AM 2 No No No No No No No No 
check the leaking 
JMJGJ002JHJQCS/AA101 - FLAME SCANNER COOLING AIR FAN 20443517 Tue 11/7/06 8.00 AM 2 NO Yes No NO NO No No No 
DAMPER - to ease sllcky damper 

111 JM. JG1002JHLDTO/ACOO1 -R REGENERATIVE AIR HTR -REPLACE 20506107 Sat 1114/068: 00 AM I Yes No No No Yes Yes Yes Yes 
AND SETTING THE APH SEALS 

is$ Culling and removal of radial, axial and bypass seals Sat 1114106 800 AM 

-is! Preparation of raoai seal straight edge Sal 11/4106 8.00 AM 
1 Preparatlon of axial seal stralght edge Sal 1114/06 8.00 AM 
+ Rotor leveling Sun 11/5106 800 AM 
E6 T BAR extol and reC, al high point marking & seCUW pate leveling O Cho Mon 1116/06 8 00 AM 

200 Reps ring of static seal and Connecting plates Sun 1115/06 6.00 AM 
Rad at seal - stra, ht edge setting Tue 11/7106 8 00 AM 

102 Axial seal $105 907 edge setting Tue 11 R/C6 8 00 AM -. 
ý'JOJ Radial seal Selling Wed 1118/05 800 AM 

Axial seal settle 9, by pass seal fitment Thu t t/9>C6 8 CO All 
298 Bypass seal clearance correccvn Thu 1119. '06 8 C0 AM -- -- -- - ' 
200 Axial seat pate ad, vstment Fn 11! 10106 8 00 AM 

-- Radial seal 6 axial seal lab welding Fn 11.10/06 8 CO AM - - 
Rý Removal of Inside scafoiding & closing or manhpes Fn 11/10106 400 PM - - - - - 

AJr preheats/ trial 
- - 

Fri 1/110/06 a 00 PM 

+ JMJGl002/HTD101B0001 . EXPANSION JOINT. GAS UL EXPANSION 20497515 Tue t 117/066 CO AM 2 NO NO No NO No No No NO 
JOINT LEAKING 

11 JMJG/002/LBF111MIO1 - HP BYP DESUPHTG WATER ISOLATING _ 20442541 Wed 11/8/. 5 800 AM 2 NO NO Yes No NO NO NO NO 
VALVE - To check tike valve COr: C.: lion 
Bcrom asn hopper re'raday inspection & repair Mon 11/6/05 8.00 AM 2 Yes NO NO No Yes Yes Yes Yes 

1 HTS lute inspection level 63m Mon 11/6/05 8 OC AM 1 Yes NO No ROE Yes NO NO Yes 
1a SOOiUOwer supp0r. Inspection Mon 11/'6! 05 800 AM 2 No NO No NO No NO NO Yes 

Bolter nose area 6nspecrron and cleaning Mon 11/5/05 8.00 Al ' 2 Yes No No No Yes No No Yes 

14v ll oYa s 
OMa TM 10'167e 7 11 PM 
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, 
2+ö Bottom uh hopoer seal trough deen, ng Mon 11/E: J6 8.00 AM 2 yes NO No No Yes No NO No 

+7 10, FD and PA Fen 13V stroking and tall joint inspection Mon 11,15108 6.00 AM 2 No No Yes No No No No No 
FGD Absorber lower demis! er Inspection and cleaning Mon 11/6/05 800 AM 2 No No NO No Yes NO No Yes 

214 GGH exttlOwer Inspection Mon 11/6.136 8.00 AM 2 No No No NO Yes NO No Yes 
220 ESP Inte'nai Inspection and repair II required Mon 11/6/06 8.00 AM 2 No Yes No No No No NO Yes 
221 02-HAH34"AA402-H -Valve passing. To replace with VTI valve Sat 1114/06 800 AM 2 yes No No No yes yes Yes No 
273 

- 
02-HAC24-AA403-H - Valve passing. To replace with VTl valve Sal 1114106 8: 00 AM 2 yes NO No No yes yes Yes NO 

171 
02"MAH22"AA402-M - To replace win new original valve Sat 11/4(06 8: 00 AM 2 yes yes No No yes yes Yes No 

4 02-HAJO3"AA402-M - To replace with VTI valve Sit 1116106 800 AM 2 No yes No No yes yes Yes No 
38" 02-HAJ04-AA402-M - TO replace weh VTI valve Sat 11/4106 8: 00 AM 2 No yes No NO yes yes Yes NO 

02-HAH92-AA402-M - To replace with VTI valve Sat 1114106 8: 00 AM 2 No yes No No yes yes Yes No 
227 02"HAH93-AA402-M - TO replace with VTI valve Sal 1114106 8.00 AM 2 No yes No NO yes yes Yes NO 

104 02-HAH83"AA403-M - To replace with VTI valve Set 1114106 8.00 AM 2 No yes No No yes yes Yes No 
2 02-HAK84-AA403"M - To replace with VTI valve 05-138418 Sat 1114106 8: 00 AM 2 No yes No No yes yes Yes No 

02"MJ01"M402-IA - To reyace with Vil valve Sat 1114106 B: OD AM 2 No yes No NO yes yes Yes NO 

02-HAJ02-AA402-Pd - To replace with VTf valve Sat 11/4/66 8.00 AM 2 NO yes No No yes yes Yes NO 

o2"HAM81"AA403-M - To replace with VTI valve Sat 11/4/06 8 00 AM 2 NO yes No NO yes yes Yes NO 
233 02"MAH82"AA403-M - To replace will) VTI valve Sat 1114/06 8.00 AM 2 No yes No No yes yes Yes NO 

Bohan drain e'tow pipe thickness survey and repair If requ'red Sun 11/5/06 800 AM -2 yes No No No yes yes Yes NO 
RAH damper tearing and packing replacement Sun 11/5108 8.00 AM 2 No yes No No yes yes Yes No 

-238 PA and FD fan Ducat damper bearing and packing replacement _ Sun 11ß1O6 8 00 AM 2 No yes No No yes yes Yes No 
10i 02-HNF4 114 3/4 4-AA-101R - Flue Gas Recirculation duct erpanslonjoint 06-002982 Mon 11/6/06 80CO AM 2 yes ND No No yes yes Yes No 

replacement (3 nos. ) 
_158 - LFO dlstritul, on system Safety relief valve servicing and testing for all 3 Sun 11/5/06 8: 00 AM '2 No No No No yes No NO No 

units and common plant 
02" LBG70-AA-103-X - Auxiliary steam control valve passing. To replace 06.4267 Sun 11/5/06 8: 00 AM 2 No No yes No No yes Yes No 
seal ring 

" -" 4 Boiler lowdown fork exhaust pipe to daerator LAA20-A. A13O - To install 04-027875 Sun i il5N6 8ÄO AM 2 yes No NO No yes No NO Ni 

Insu4COn 
271 02-HAD01"AA4S3"H - Rectify leaks at weld joint 06.6M4 Sun 111566 800 AM 2 No No No No No NO No NO 
}42 02"HAD01 "AA455-H - Rectify leaks at weld joint 06-18939 Sun 111566 8.00 AM 2 NO NO No No No No NO No 

4 02-HAH 55ß6. '57/5'"M101 -X - Gland leaks To replace packing 06.16475 Sun 11/5106 a DO Aid 2 No No yes NO No No NO NO 
"i7 02-MCB01.66401 H, AA4C2H, AA501 H, M502H, AA701H & HCB13 " Sun 111566 800 AM 2 No No No NO NO No No No 

AA501H - Gland leaks To replace packing 
'bat 02"HADOI-AA503, M513, M711, AA701, AA501, M511, AA502, Sun 11/5/06 8.00 AM 2 No No No No NO NO NO No 

AA512 " Gland leaks To replace packing 
240 02-HADC I-AA103F. AA1 OIF - Boiler Drum PSV 6ange gasket leaks To Sat 11/4106 B: OC AM 2 No No No No No No No No 

replace gasket 
4 02-HADOI-AA551,552,553.554.555,556,561,562,563.564.565.566.571,57 Sat 11/468 800 AM 2 NO No NO No No No NO No 

AND 
651,652.853,654,655,656,661,682.683.664,665,6116,671,672.681,682,581 
- Gland leaks To replace pacing 

-SiT 
_ _ 

02-HAHSr. 52.53,54-AL1OIX- Gland leeks To replace packing Sal 11/41068.00 AM 2 NO No No No No No NO No 
T 

.T K& LBF02-AA101K- MP By Pass hydraulic hose leaks Sat 11/41015 6 00 AM 2 No No NO No No No NO No 
250 02"HAH71,72.73,74 - AA401 H" Gland /sake To rapieceplkcki-g Sal 11/4106 a 00 AM 2 No NO No No No No No NO 

02"HAH93-M4Ct-H - Body leaks To re^ t/ Sat t 1/4 .66.00 AM 2 NO No No - No NC No NO No 

C2-HAH92-M, 401H - Replica packing Sal 1114105 800 AM 2 NO NO No No NO No No No 

HAH92"AA521.523.51', 504,520.522.524.525 - Replica packing Sat 1114106 8 CO AM 2 No No No No NC No No NO 
354` HAH93.66521,523,514.504,520.522.524.525 - Replace packing Sat 11/466 6 00 AM 2 NO NO NO NO No NO No NO 

-255 HAJ01"M401-, HAJ02"M401 H- Gland looks TO reyace packhrg Sat 1114106 800 AM 2 NO NO No NO No No No No 
s 02-HAJ23.24 - A'001 - lnaulatgn Boa miang Sat 11/4'06 800 AM 2 NO No No 

- 
No 

- 
yes NO NO No 

/ 02-HJQ 01.02 046 OS " ANC01" Coding and Nil n Fan Inspecon Sat 11/4,06 000 AM 2 No NO No No No No No No 

Data Tti 10117' 5 11 PU 
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25a 02-HCB11,22,23.24.25.2 -M101M G and leeks. 7o replace packing - r. 1on I1l61C6 B CO Al '. 
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No 
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No 
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No 
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_ No 
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No No No 
a 02-HAGO/M101RM102F - 6CP check Nv - change packing Mon 111E1C6 8CC A', ' 2 No No No No No No No No 

02"HAG02M101 F/M102F - 
8CP Check vlv - change packing Mon 11/6106 800 AM 2 No No No No No No No No 

_. 2e1 02-HAG01-AA21 1H, 201H. 401H - To replace packing Mon 11/6/068.00 AM 2 No No NO No No No No NO 
2 02-HAG02-M.. 211H, 201H 401H " To replace packing Mon 1116/06 8: 00 AM 2 No No No No NO NO NO No 

HAG03-AA211H. 2C/H 401H - To replace packing Mon 1116106 8: 00 AM 2 No No No No No No No NO 
261 02-HAC40-M401 H- Pp auction hdr to bldn tank shutoff valve. To replace Mon 11/6106 800 AM 2 No No No No NO No No No 

packing and valve body painting 
2l5 LFO burner Cleaning. Inspection and stroking test Mon 1116136 8: 00 AM 2 No No yes NO No No 110 No 

9e LFO strainer - HJF07 "ATO01 (PM) Mon 11151068 ' DO AM e2 No No NO No No NO No NO 
267 ESP Rapping motor testing and gearbox inspection and all replacement- Mon 1116106 800 AM 2 No yes NO No No No No No 

ALL 
21e 01. HNFO1-M1011102M ID FAN" Gas recirculating Damper. Replace Mon 11! 6! 06 8: 00 AM 2 No yes No No No No No No 

damper packeng and bearing and stroking lost 
Super Healing Steam Isolating valve HAH92-AA122M- Jammed at 75% 06-009541 Mon 1116106 8: 00 AM 2 No yes No No No No No NO 
open 

270 LTS Desuperheating water Lv102"HAH41 "M101 M. To rectify valve 06-011509 Mon 11/6/56 8: 00 AM 2 No yes No No NO No No No 
problem "'111'- -- -- -- Replaced gauge glass. ALL --- 06-012768 Men 11/6106 8: 00 AM 2 No No No No No No No No 

X72 RAH support bearing pump end oil leaking 06-012769 Mon 11/6106 8: 00 AM 2 No No No ' No No No No No 
273 LTS Desuperheating water Lvl 02-HAH44-AA1O1M To rectify valve 06-014366 Tue 11/7/06 8: 02 AM 2 No yes No No No NO NO NO 

problem 
74 LTS DasupemeaL'ng wafer Lvl 02-HAH43-M101M "06-016605 Tu011R106 6: 00 AM 2 No yes No NO No No No NO 

-its 02-HJF01-M481H'_FO Distribution SRV isolation valve. leaking 56-022781 Tue 11/71066: 00 AM 2 No No No No No No No No 
279 02"ETGSO-Ah010 Exhauster fan- High Vibration 10048489 Tue 1117106 8: 00 AM 2 No No No No No NO No No 
277 02-HAH41-M701rd - NOT OPENING 06-11509 Tue 11/7108 B: CO AM '. 2 NO y05 NO NO NO No NO NO 
27e SHTG STEAM ISOLATING 85V 02-HAH92"AA122M. To rattly, valve 06.9541 Tue 11/7106 800 AM 2 No yes No No No No No No 

lammed 
279 PC Burner cooing Damper"HHA51.52.53.54 Tue 11(7106 8: 00 AM 2 No No No No No No No No 
e 02"L0002-M401H. To replace packing _ TOO 1117106 8: 00 AM 2 No NO No NO No No No No 

f1 02-L0002-M402X. To replace packing Tue. 1117/06 800 AM 2 No No No No NO No No No 
21 02"L0003"M101X. To replace packing ' .. '- Tue 11/7106 8: 00 AM 2 No No NO No No No No No 

02"LBG70"M501,502,507,104H. TO radiate packing Tue 118106 BCO AM 2 No No No No No No No No 
_jT4_ LBG7C-M121,122°. PRV. Cleaning and repainting Tue 11/7/06 8: 00 AM 2 No No No No No No No NO 

2e! LBG70-ATOOI. Strainer. To inspect Tue 1117/06 8 C3 AM 2 No No No NO No No No No 
e 02"HAH24"M402M. To replace packing Tue 11/7/06 8C7 AM 2 No No No No No NO NO No 

Set- 02"HJ'L 01"Ml03X To replace packing Tue 1117106 8 07 AM 2 No No NO NO No NO NO NO 
to Boller Hopper Manho'e " Wnge Broken Too 1117106 8 03 AM 2 NO No No No No No No No 

02"HCB13-M10SH. To replace packing Toe 1117/06 800 AM 2 No No No No No No No No 
i9Ö 02-HCa50"M102M. To replace packing Tue 11Rf06 8.00 AM 2 No No 140 No No No No No 

211 02-HCB16.17"BP101. Orifice. Check 
and replace gasket 

- 
Tue 1117106 800 AM 2 No NO No NO No No No No 

Turbine - Sit 1114106 8: 00 AM -- 

01 MAB20M312K S 01MAB20AA302L- Upper IP Governor & Upper IP Sat t t/4; 06 8 00 AM 1 Yes NO No No Alstorn NO NO No 
Stop Valve sticky problem i 
C2-LC8 93-AAl00-F PMP SEA_ SAFETY VLV ANGLE RELIEF DO-005107 Sat 1114! 06 8.00 AM 1 No No No No ho Yes No No 
VALVE-VALVE PASSING 

295 02-LAD 21. M 413-H - FEEDWATER DRAIN GLOBE VALVE"HPH 7 06-006846 Sat 11/4106 8.00 AM 2 No No No No No No No No 
WATER VL DRAIN ISOL. V/V PASSING 
02-LAD 21 -M 403-H . FEED WATER DRAIN GLOBE VALVE HPH 7 06-006847 Sat 1114/06 8: 00 AM 2 No No No No No NO NO No 
WATER LL DRAIN ISOL. VN PASSING 

39T C2-LOA 20 - MIOC "M - MAI11 STM TO B! WOOWN ELECTRIC GLOBE C6.000851 Sat 11/4/06 8: 00 A\1 2 NO Yes No I/O _ N3 N7 No No 
VAL MAIN STY ORN TO ATMOSPHERE MOTORISE VPI SUSPECT 
PASSING 

Rti 11 
Dare Tr. 101111K. 9 e 11 Pu 
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SJ MANJUNG - Unit 2 Planned Outage (0 MWn) 
03 /11/2006 - 14/11/2006 
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EMS 
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Macn ý ý 
C nlradori Sparaf $La'aa Gaa Taal 

9 02"LCnt CB " AA100 "M" CR DA. TO BLaWD WN ELECTRIC 0 -006852 Sat 11/4'26 8.00 AM 
ro Nti 
2 

aý. _n 
No _ fs f - 

Yes 
Atf_t ý"? 

No 
lLtýn 
No 

gaarýe_I 
N 

RsqulrO 
N 

Qý , O: Ir RtaVv 

GLOBE VAL CR5 DRN. TO ATMOSPHERE MOTORISE VN SUSPECT 
o o NO No 

_ 2ss 02-LAD 32 - AA101 -H- HP7 NORMAL DRAIN GATE VALVE - VALVE 06-011456 Sat 1114'06 800 AM 2 No No No No No Yes Yes No GLAND LEAKING 
02-MA13 10 " AA201 -E- STOP VALVE SERVOMOTOR SOLENOID 06-018425 Sal 111406 8.00 AM 2 No No No No No Yes Yes No VALVE -OIL LEAKING SLIGHTLY 
02-MAX 21 " AP010 _ YEARLY MAINTENANCE 06-005615 Sal 11/4'06 8.00 AM 2 No Yes No No NO Yes No NO 

302 02-MAX 1O-B 8010- MAIN HOLE GASKET LEAKING 20448144 Sat 11/4"'06 8: 00 AM 2 No No NO No No Yes No No 
0 02-LBG 60 - AA110. H H. BYPASS 01LSG60AA100H MANUAL GATE 20470683 Sal 1114,06 8: 00 AM 3 No No No No No Yes Yes No VALVE -VALVE GLAND LEAKING 
D+ 02-LAD 12 " AA1C0 "X" MP6 NORM DRAIN PNEUMATIC AV. DRAIN 20445719 Sal 11/4,106 8: 00 ANI 2 Yes No Yes Na NO No NO NO 

ISO VALVE PASSING I SUSPECT VALVE PARTIALLY CHOKED 
73! 02-LAD 12-AA101 - PASSING BADLY 20447467 Sal 11/4,106 8: 00 AM 2 Yes No No No Yes Na NO No 
3oe 02-LCB77 " AA100 _X- DISCHAR RECOVERY TK PNEU. GATE AV - 20482947 Sal 1114106 8: 00 AM 2 Yes No Yes No No No No No VALVE PASSING 
107 02-PAM 70-AToOI " SIGHT GLASS DIRTY 20444709 Sun 11/5/06 800 AM 2 No No No No No No NO No 
308 - _... 02-LBG 20-/0/0412 - STEAM TRAP PIPING T TO MANIFOLD LEAKING - 20452611 Sun 1115106 8 OD AM 3 -Yes No No No No Yes Yes No 
09- 02-LAD 51-AA405. PASSING STEAM 20477202 Sun 11/5106 8.00 AM 2 Yes - No No No No No No - No 

110 02-LAD 52 " CG101- NORMAL LEVEL CONTROL VALVE 100% 20495517 Sun 1115106 800 AM -2 Yes No Yes No Alslom No No No OPENING 

_ 
11 02-LAC 31"APOO I"KPOl- 6FP FLUID CPLG- SPOOL PIPE OIL LEAKING 

_ 
Sun 1115106 8 00 ALI -I- No No No No No Yes - Yes - No 

112 02-LAC32- APOOI-KPOI. BFP FLUID CPLG" SPOOL PIPE OIL Sun 1115108 800 AM 2 No No No - No No Yes Yes No 
LEAKING 

1T 02-LAC 22- AA560- H_ BFP DISCH. VENT VN . PASSING Sun 11/5106 8.00 AM 2 No No No No No No No NO 
4 02-PGC 20 -M102" X X. GLAND LEAKING Sun 11/5/068 00 AM 2 No No No - No No Yes Yes No 

02-LAD 31- AA405" H "VN PASSING Mon 1116! 08 8: 00 A1.1 2 Yes No No No No Yes No No 
Sid 02 COND. "8 " CHNL "A" INLET PIPE -FLANGE LEAKING - Mon 1116/06 8: 00 AM 1 Yes No NO - No No Yes Yes No 

- 
02-LAC 31- AP001 KPOI-BOOSTER PUMP BODY GASKET LEAK - Mon 1116105 8: 00 M7 1 No No - Yes No No Yes Yes No 711 02MA0l IAE00IKEOI " E. T. G Fluid Coupling Mon 11/E/06 800 AM 3- No No No No No Yes No - No 

114 02LAC41/42/43AA102M BFP discharge motodse valve gland packings Mon 1116/06 8: 00 AM 2 Yes Yes No No No Yes Yes No 
02-LAD-0121141-AA131 W Quick ec!. ng control valves for HP heater Mon 11/6/05 8: 00 AM 2 No No Yes No No Yes Yes No by-case valves 

321 02-PAH30170 - CTC catchers Tie 11/7108 8 00 AM I Yea Yes No - No No No 140 Yes 
111 02MAP _ LP Bypass hydraulic unit Tue 11/7106 8 00 AM 1 No Yes No No No Yes Yes No 

01 "LCBOI. BB-001/002 Clean Condenser tubes (both channels) Tue 1117106 8 00 AM 1 No No No No No No NO Yes 
01-LAO. 12"AA1C0"F suspect passing - Tue 1117106 8.00 AM 2 No No - No - No No No Yes Yes 

fls 01-LAO. 12132/52"AA1 I l-H " preventive main) Tue 11/7106 8 00 AM 2 Yes No No No No No Yes Yes 
Aux. CW supply pipe ork to Condenser Vacuum Pump strainer- Flush Tue 11/7/06 800 AM 2 No No NO No No No No No 
hoe 
02-PAC-21-ATOOI CM Banascresn - Underwater hope Xon and Tue 11/7106 800 AM 1- NO No NO No Yes - No - No - No 

-- mapping at the CWP auction bay 
02-MAP-23-AA102X body leak " Change woo spare Tue 11/7/26 8 00 AM - 2 NO NO Yes EOPI. ' NO Yes Yes No 

124 MIII Sit 11/4/06 6: 00 AM 

-^ 
Inening Eisern - Valve Lepp+ng & Reps, r Sat 11/4106 800 AM I No No Yes Yes No No No 

1fi 16111140 1nerOng Steam Vlv HFX29M702S spindle bent Sal 1114/C6 a 00 AM 2 No NO Yes Yes No No No 
Min 10 Internal Inspecilon(6"msnthly PM) " Wear Measurement Sal 11/4/; 6 8.00 AM 2 Yes NO NO - No NO N/A Yes 

- - 
Mill 20 Intamal InspecIton(6-monthly PM) . Wear Measurement Sal 11/4106 8 DO AM 2 Yes No NO NO No N/A Yes 

13 4 Mit 30 Internal Inepectlon(6-montNy PM) _ Wear M. asuremanl Ss! 11Ngy 600 AM - 2 Yes NO N0 No NO NIA Yes 
33! M: II 40 Internal Inapeda'. on(6"montr1y PM) . Wear Measurement Sal 11/4/06 a 00 AM 2 Yes NO No NO No N/A Yes 

- 
MCI 50 Inlem. al Inspec! Ion(6-m00t0ly PM) - Wear Measurement Sari 11/525 a 00 AIA 2 Yes No NO - No NO N/A Yes ^111 

- - 
M,. I e0 IM, emal Inspe uoe )E-mor'.! "dy PM) - Wear kleasuremsnt Sun t 7/525 6 00 AM 2 Yes NO No No NO NIA - Yes )la M. 1 70 Internal Inspecton(6. rklnvvy PM) . Year MeasvesmerV Sun 11/Sb6 6 00 AM 2 Yes No No No No N/A Yes 
Gais, 6er Lhkage Stroke Test Sun 11/526 a 00 AM 2 Yes No NO NO NO N/A Yes 

--- 
-a 
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SJ MANJUNG - Unit 2 Planned Outage (0 MWn) 
03/11/2006 - 14 /11/2006 

.D 

- 240 

T... N. me 

__ _ Rew G`Oai Feeder " 
Belt Scraper replacement 

Wont aEer rq S'. n 

Sun 11/5/26 800 AM 

/1W Su1: U 

_P_mýN_ 
R_ý r-eý 

2 No 

EMS 
A=s tlýn 

Yes 

INS 
A_uIn_" o 

Yes 

Mf: n co ýr. Oon 
AýýIYýnOýReN 

No o 
RSD. 

`.. 

_Y 
pesrý 
Yes 

A 
SP. '.. 

_vri. 
J_e_ 

Yes 

G.. Tarr 

_Re 
TUIreQ_ 
vas 

RC Feeder Seel Air Damper - Stroke Test Sun 11/5106 800 AM 2 NO No Yes No No No NO 
4 RC Feeder 30 " Burker Gate gear replacement Mon 1116106 8 CC AM 1 Yes Yes No TOPS to are No yea No No 

84i PC Pipe - KICkdock Elbow Inspection & Replacement(Petropower) Mon 11/5. '06 800 AM I Yes No No - Yes Yes Yes 

PC Pipe - 8N I00 " BN200 E , tow Inspection & Reptacement(Petropower) Mon 11/6/26 8.00 AM 1 Yes NO No Yes Yes No No 

Primary Air Damper " Stroking Check Mon 1116/06 8: 00 AM 2 No Yes No No No N; A No 
NE Primary Air Damper " Shaft Packing Inspection Mon 1116/06 800 AM 2 No No No No Yes Yes No 
141 Pnmery Air Damper- Internal Inspection Tue 1117106 800 AM 2 No No No No No N/A Yes 
348 Pyrite Reject System - Sandblasting of Intemal(Seri Venlcel Tue 11/7(36 800 AM 1 No Yes Yes Yes No No No 
OiS Pyrite Rejad System - Painting of Inlemal(Seri Venice) Tue 1117/06 8.00 AV 2 No No No - No No No No 
150 Pyrite Reject System " MoCfication of tight glass Cleaning water supply to Tue 11)`7106 &OC AM 2 Yes No No - No Yes Yes No 

Serulce Water 
1 Seal Air Fan - Damper greasing Tue 1117126 8 00 AM 3 No NO Yes - No No No No 

-367 BOPM Sat 1114/06 8: 00 AM -- - ' 
5 JMJG/002/PCC91/AAIOI - CLG WAT TO SSC HT EX BUTTERFLY 20449460 Sat 11/4106 8: 00 AM 3 No No No No No Yes Yes No 

VALVE " SEA WATER OUTLET PIPELINE LEAK 
364 Jf. 11G, '002/PGC78/AA100 " Service I Replace NRV Sat 11/4106 8: 00 AM 3 No No No No No Yes Yes No 

_T JMJG/002/PGC75IEBOO1 " Install Bell Valve Sun 1715/06 8.00 AM 3 No NO No No No Yes Yes No 
Ostl JMJG/002/PGC01/APOC1 - Replace Gland Packing Sun 1115106 8.00 AM 3 No No No No No Yes Yes No 

T JMJG/C02/PGC02/AP001 - Replace Gland Packing Sun 11/5106 8: 00 AM 3 NO No No No NO Yes Yes No 
JMJG/002/GMA21/22 - Clean Sump/Plt Sun 11/5/36 8,00 AM 3 NO No NO NO No No No No 

366 JMJG/002/QUZ " Clean Strainers - Mon 1116'06 8: 00 AM 3 No No No No No No No No 
390 JMJG/002/SCAOI/AN110.6M Routine Maintenance Mon 11! 6/06 8..: 00 AM 3 N'0 No No No No Yes Yes No 

1 JMJG/002/SCACI/AN120 - 6M Routine Maintenance Mon 11/6(26 800 AM 3 No No No No No Yes Yes No 
Coat & Ash Set 7114/068: 110 AM 

JMJGIO02JETA13/BB00r - BOTTOM ASH HOPPER " TO INSTALL A 20502289 Sat 11/4(36 8.00 AM 2 yes No No NO NO No No Yes 
PHYSICAL POSITION INDICATOR 

SSC Discharge Gale beer and refractory check & repa. r Set 1114/06 8OC AM 2 yes NO NO NO NO No No Yes 
dtý 

- 
SSC Discharge Gels 6 Op Boa material lost Cherie & repair - Sat 1114(06 8.00 AM 3 yes No No No No No No Yes 

70d- SSC Discharge Gale 
- to Install a physical position Indicator Sat 1114/06 8CC AM 2 yes NO NO NO NO No No Yes 

SSC Discharge Gale plunger cMck Sat 1114/06 8OC AM 3 No No No No No No NO Yes 
Sri( SSC Discharge Gate stroke test Sal 1114106 8 CC AM 3 No NO Yes NO No No No No 

5SC Ortve Chain & Sprocket replacement Sal 1114106 8 CC AM 2 yes NO No NO No Yes Yea Yes 
SSC Cast Basalt tniCknesa chock Sal 1114106 8 CC AM 3 NO NO NO NO No No No Yes 

JT1 SSC Scraper Bar horn d wear plate thickness Check - Thu 11/9/06 8.00 AM 3 NO NO NO No NO NO NO Yes 

17i SSC drive Main wheel 8 bearlrg inspection Fn 11/10/06 6 CO AM 3 No No No No No No NO Yes 
SSC Internal coating check Fri 11/10106 8.00 AM 3 No NO No No No NO NO NO 

--If4 SSC Chain Cleaning spray nozzle CreeS Fri 11/10176 8 00 AM 3 No NO NO NO NO NO 110 NO 
I SSC Cl Mike, Grinder Screen Bar & Cru'S well liner check d repair Sal 1114106 8 00 AM 3 Yes NO No NO 110 NO 140 NO 

SSC Clinker Grinder Informal part check on 11/6'06 800 AM 3 NO NO No No No NO NO No 
SSC overfow trench and 013 Pit ash removal / Cleaning Sat 1114/05 8 00 AM 3 No No No NO No NO No Yes 
SSC Pump, Valve & auction piping ktsOectlon Fri 11/10106 8.00 AM 3 NO NO No NO NO No No Yes 
SSC Ouenc Ing Frier service Fe 1 tit 18 CO AM 3 No NO NO No No NO NO No 
SSC Hen Exchanger pare ova-ing Fn 11/10/06 8 00 AM 3 No NO No No No NO NO NO 
SSC DOSIng Pump S TuOing crack and nO'Tahse Sat 11/4/, 6 800 AM 3 No NO NO NO NO No No No 
SSC Tensioning bearing. 01055 and actuaroe crock Sat 11/41: 5 8 CA AM 3 NO NO NO No NO NO NO No 

-ids SSC Tensioning Cr105 & take samye hydrauec od and sent to lab Sat 1 1/4 05 8 00 AIA 3 No NO NO NO NO NO NO NO 
SSC Power Pack nyd'eo/c hose & cOrnedlon O'Ack for leek Sat 11/4. '5 600 AM 3 No No NO No NO NO NO NO 

5512 Power Pack cre_a end clear 4b4 Oil Gter Sat 11/4. /06 8 O0 AM 3 NO NO No 110 NO NO No NO 
SSC Power Pau 

- 
To ere7t pt5 Coupling ror Crack Sun 11! 5/26 000 AM 3 No N0 No No NO NO No No 

Oa. Try +1/1508 s I1 Pie 
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SJ MANJUNG - Unit 2 Planned Outage (0 MWn) 
03/1112006 - 14/1112 006 
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Sprit 
:. 

G.. Teat 
R _ 381 _$r Picker feCk take sample hydraulic oll and sent to lab __ Sun 1V ID6 8 00 AM _ý 3 No No 

s! '±S 
No 1li! ^N_ L 

No 
MýD No Fo ip0 

_ No 
! kc.. a_ No _1auýý}C__ .. _ No 

ACIAJACI13 roller, pulley, belt, belt cleaner and chute diverter / liner Sal 1114/06 8.00 AM { 3 No No No No No NO NO No 
Check 

ßs9 ACIASI13 Conveyor Drive unit check Sal 1114/36 8: DO AM 3 No NO No No No No No No 
AC IA81B apply undercoat to corrodec parts Sal 11/4/06 8: 00 AM 3 NO No NO No NO NO No No 

det ACIA81B Conveyor Route dean and test run Sal 11141068: 00 AM 3 No No No NO No No No No 
AC2A8. AC2B roller. pulley, bell, belt cleaner and chute diverter / liner Sat 11/4196 8: 00 AM 3 No No No No No No No No 
check 

79] AC2A&28 Conveyof Drive unit chock Sat 1114106 8: 00 AM 3 No No No No No No NO No 
35ý AC 2A&29 apply undercoat to Corroded parts Sat 11/4/06 8: 00 AM 3 No No No No Nc No No No 

AC2A82B GTU System check Sal 1114/06 800 AM 3 Yes No No No NC 40 No No 
396 AC2A&28 COrveyor RCute dean and lest run Sat 1114106 8: 00 AM 3 No NO No No NC No NO No 
3v BA 5110 Unloading ash and dump Into the lorry Sal 11/4106 8.00 AM 3 No No No No Nc No No No 

BA Silo Internal parts inspection for corrosion and wear Sat 11/4! 06 8: 00 AM 3 yes No No No Ne No No Yes 
ell BA Sluice Gate Inspection and s70ke test - Sat 11/4106 8: 00 AM 3 No No No No NC No M1'o No 

456 BA SI! 0 Hydraulic Hose check for leak Sat 11/4/05 8: 00 AM 3 No No No No NC No No No 
4 BA 5110 Hydraulic FI ter check and dean Sal 11/4106 8.00 AM 3 No No No No NC No No No 

j ! 03 
1 3 

AC3 rol. er. pultey. be'l, bell cleaner and chute diverter / Imef inspection Sat 1114/06 600 AM 3 NO No No No No No No No 

- 
AC 3 conveyor drive unit check Sat 1114106 800 AM 3 No No No No No NO NO No 

44 AC 3 Conveyor route apply undercoat to corroded parts Sat 1114106 8: 00 AM 3 No No No No No No No No 
acs AC3 conveyor route dean and test run Sol 1114105 8: 00 AM 3 No No No No No No No NO 

Ode Station Bunker Site Filter cleaning and Inspection Sat 1114106 8 00 AM 3 No No No No NO No No N'o 
4 Station Bunker DE Exhaust Fan cleaning and inspection Set 11/4. /35 800 AM 3 NO No NO No NO NO NO No 
46Jý Station Bunker DE Exhaust Fan motor support fabricated Sat 1114136 8.00 AM 3 No No No No No No No No 

BC3A & 39 Bunker Screen replacement Set 11/4106 8.00 AM 3 No No No No NO No No No 

R&E Mon 1116106 8: 00 AM 
ýi UT Gauging on PC Piping & Feed Une to Economiser ( Total 120 points) Mon 1116106 8.00 AM ' 2 Yes No No UMS Yes No No No 

Alstom Fri 1113/05 12: 00 AM 
} HP CV cage replacement So! 1114105 8 00 AM I No No No TMS AIs! Cm Yes Yes NO 
414 Thyrisler card change Set 11/4/35 8.00 AM No Yes No No A151Cm Yes Yes No 
4+ý IP Steam Admisslon Valves Inspection Frl 111310612: 00 AM I Yea No No TMS Alstom No No No 
4 2006 U1 2xIPSV Inspection Fri 1113106 12: 00 AM 

Unit 1 off load Frl 1113105 12 00 AM 
4+ý Scaffolding Ready for use. all lode available on to at work area Fit 1113/05 12 00 AM 

Access perrr. ll Issued Sat 1114/06 12 00 AM - -- 

Valve COOltng/LSggng Removal Sat 1114/06 12 CO AM - 

421- Preparation for strip down for 2a IPSV and 2x IPGV Sat 1114106 12: 00 AM 
d22 Hyeterisea ens dotting - 061 Sett 1N706 72 CO AM 

Mechanical PTW Issued Sun 11/5/05 12 00 AM - - 

Pre4lsmancing Marking Sal 11/4106 12 00 AM 
4 Remove all hydraulic & eKtncai connections - Sun 11/5106 12 00 AM 
33 Removal of Servo Actuators Sun11/ 51200 P". 1 

'f" Upper IP step valve Sun 1115/06 12: 00 PM 
-26 Remove Ip atop valve (Corer and SpnC'e Section) Sun t 715136 72.00 PM 

Removal of Valve Spindle from Valve Cover Mon 1116/38 12.00 AM ___ _..... _. ___ .,,. . 
735- Take Vstve Measurement Mon 1116106 12Th PM 
�Zr Sa^dBecl: rqd Valve Cover &VaN* Spindle Tue 1117GA 12 o0 Ara 

NOT Valve Head, Valve Spit.. S: severll ans Valve Seas. Tue 11/7196 1230 PM 
431 Valve Spindle Run Out CMck Wed 11/6.105 12.33 PM 

-- 44 Transporting Vaiw Cy+r to TraneTur5o workshop In Kong Wed 11161,16 12 00 PM 

P- 11 ape 13 
Dow T1kr I&lPOCa 11PU 
º7Cyee M Pea Art"44 Nrevare" Panto (rprart 



SJ MANJUNG - Unit 2 Planned Outage (0 MWn) 
03/11/2006 - 14/11/2006 
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433 

art NAT. woA 0(0.1 no $1.1 PTw $Unple EMS IM$ M0: ^ C-r . c'o1 $p'nf Sp. 1.. Gar ra li 
-- 

? n3n1ý___A49fLeS 
_A1t'Illn 

Alt VJ1rfl l AIi! r''': 1 L RE0t'i., ' R. ný_"fa Av1': ýr: le Pe: l0 i 
_ . . Sett ng up the valve cover on turn table (In Transturbo workshop) Sal 11/11106 12.00 AM --- 

436 Machining of Bush 5 68USh 4 (In Transturbo workshop) Sat 11111/06 1200 P1.1 
Transporting valve Cover to Manjung Power Station Ti 71n 4106 1200 1 
Taking Valve Measurement Tue 11114105 12: 00 Pm - ----- -"---- -`_ 

439 Clearing 'I'll 8: 1 eclualor spring packers Mon 1116/06 12: 00 PM - 
4. - __ý----- -' . w--_--.. ._... _------ --... _ _- -- Re"instaJ Valve Wed 11/15106 12-00 AN 
441 Re-Install ServoActoatcr -- "- Wed 11/15/05 12: 00 PM 
a' Upper IP Governor Valve Mon 1116106 12: 00 AM 
" Remove IP Governor Valve (Cover and Sande Section) Mon 117EI06 12: 00 AM 

Removal of Valve Spindle from VslGs Cover Tue 11/71'06 12: 00 AM 
Take Valve Measurement Tue 11/7/06 1200 AM 
Sand Blastr. g of Valve Cover 6 Valve Sp: ndia Tue 11/7/0612-02 PM 

JIi NOT Valve Head. Valve Spindle Sleevem and Valve Seat Wed 11191^6 12.00 AM '- 
a'e Valve Spindle Run Oil Check 6p! slon rang groove machining Well 11/8/C6 12: 00 PM 

Transport me valve cover to Wonsnop In Ipor" for machining Wed1118106 12.00PL7 --- 
496 Machining of Valve Head Guide Fri 1111112 00 PM 

Transporting the Valve back to Manjung Power Station Sun 11112/06 12.00 AM 

- 
Clean rag & Install actuator spring packers Mon 1116/05 12.00 Phi -ýý-"--JýýJ- "-_ 

psi Re-Install Valve - -----'-----' -"----- .. __... _ Sun 11112106 12.00 PM "ý _--"-" -- 
Re-Install Servo Actuator Mon 1111310612. DO AM - 

Lower IP Stop Valve _ Mon 1110106 72: 06 AM -" ---, 
416 Remove IP stop valve (Cover and Spindle Section) Mon 11/6/06 12: 00 AM 

Removal of Valve Spindle from Valve Cover Mon 11/6106 12: 00 PM '- 
Take Valve Measurement Mon 1116105 12: 00 AM 

uf 
- 

Sand Blasting of Valve Cover 6 Valve Spindle Tue 1117/06 12: 00 PM MY NOT Valve Head, Valve Spindle Sleevem and Valve Sent Wed 1118106 12.00 AM 
4 Spinde Run Cut Check "--- Thu 119/06 12: 00 AM 

Transporting Vetve Cover to TransTUrb0 workshop In Klang Wed 11! 8106 12: 00 . PM 

_ 
Setting up the valve cover on turn table (in Transturbo workshop) Thu 1 19/D6 1200 AM i& Machining of Bush S14 (in Transturbo workshop) '_ -- - -- -- Thu 119/06 1290 PM - ---` -- _ -" - 

46 Transporting Valve Cover to Manjung Power Station Sun 11112/06 1200 Pfd -- 
Take Valve Measurement Sun 11/12/05 7200 PM 

_ 
Clashing & hits: t actuator spring packers -- MOn 11/6/06 12.00 PM -- "ý"_ ---- -- - 

AU Re-Instac Valve Cover Mon 11113 C6 1200 AM I 

- 
Re-Instep Servo Actuator Mon 11/13/06 12 CO PM 

410 Lower IP Governor Valve Mon 1116106 12: 00 AM -_--"-- 
411 Remove IP Gcvemor Valve (Cover and Spindle Section) Mon 1176/05 12 DO PM - 
77- Removal of Valve Spindle from Valve Cover Tue 11011 1200 PM - 

413 Take Va'va Measurement - Tue 1117106 12: 00 PM 
a1' Sand Blasting of Valve Cover 6 Val Spindle Wed 11/6106 12: 00 PM 

NOT Valve Head, Valve Sande S eevem and Va've Seat Wed 1115/05 12.00 AM 
471 

_- 
Splnd: a Run Out Check & pis'on ring groove tier murg Thu 719/06 12 DO AM 

417 Transport this valve cover to Workshop in poll for mac/wrang Wed 11/6! 06 12. CO PM 

" 
Machining of Va: ve Head Guide Thu 119/05 12 00 AM - 

. TI Transporting tine VaM back to Man" Pow. v Station - Fri 11/10/06 12.00 PM - 
4$0 Gaanii & Install actuator aping packers Mon 1116/06 1200 AM 

an Ra-ulftaA Valve So! 11111/06 12 00 A'A 
Re-natal Servo ACUaror Sat 11111 ß5 1200 AM 

411 Prepararon for Return to Seirvlce Sal 11111 /'j6 1200 AM 
Final Inspection & Cancellation of Machil y wont PTw Sat 11/11 r0 12 CC AM 

km 1t 
AAi' C. a 'rv IS1 Vie 111 PU 
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SJ MANJUNG - Unit 2 Planned Outage (0 MWn) 
03/11/2006 - 14/11/2006 
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w'wk MC"rro 5,11 P1* 5U1JW EMj [MS Ma: n i[pnira Ccn SC" rr Soaaa Gar 
v. 0 Pronrr R" AIýtýr[}ýs1 a'an_ naý!. aýa 

j 4waýry Rý, uifa9 P"aýyoie 
.. 

ý. 

_R. 
cao-a0_ Stroke lost & hy5: erlsis curve plot7. ng Sat 11! 11106 8.00 AM 

ae Relnstatement of valve lagging 6 removal of sca3olding. Cancellation Sal t 1111106 8 00 AM 
r Mayor Operation Work ý- -ý Fri 11110106 8: 00 PM - -- -- - 

ýee All PTY cancel Fri 11/10lä6 B00 Pfd 
a All systems check and normalization Fri 11/10106 9: 00 PM 
400 Energize 500kv Sat 111: 1; 06 900 at} --- -ý_""- ' 
491 Shutdown board'B' and restore normal supply Sat 11/11/05 11: 00 AM 

Shutdown board'A' and restore normal supply Sat 11111/05 1200 PM 
490 Fill boiler. Condensate system and feedwater system nwmallsatlon. Sat 11/1 1/G6 900 AM 

BCP combination 10s: - ý -- -- -- Sat 11/11/06 2: 15 PM - -ý---ý ' 
s Drum NWL. Drought groups Vs. Sat 11/17106 5: 15 PM 

a Botet Matrix Test Sun 11112! 06 9: 00 AM 
40 LFO burner commissioning " to test the regulating valves on unit light up Mon 11113/06 800 PM 

98 Boler light up Tue 11(14(06 2: 00 AM . 
Steam to Set Tue 11/1a/068: 30 AM 

ed0 - 3000 RPM Tue 11/14106 9: 00 AM 
31 Thyrlster card Check by Alstom at FSh'L Tue 1111 4106 9.00 AM 
SO Valve lightness lest at FSNL Tue 11/14/06 10: 00 Aid 

-56f- Steam turbine dbratl0n measurement ... - .. _. _.. _. _...... _, Tue 11/14/06 11: 00 AM 
MIC synchronise Tue 111141C6 12: 00 PM 

O.. 11 ryr 12 
a. Tylytla sIt .w 

º+ev. a M .. a W+". C IV. MVK. 1-41 -1 1! -O . rl 
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MODULE 3 DOSH, REVAMP & REJUVENATION & 
SLUGCATCHER SHUTDOWN 2005 

EXECUTIVE DOSSIER 

, ý INTRODUCTION 

The 2005 Module 3 rejuvenation shutdown activitites are schedule for 125 days, 
product to product, inclusive of 21 engineering days for DOSH work. Process Unit 
rejuvenation / revamp shutdown work will begin on 30 April and completes 1 Sept 
2005. Boiler 5110 rejuvenation / revamp shutdown begins on 30 April, and completes 
29 Sept. 2005. MRR Project will be responsible for the rejuvenation and revamp work 
(MRR work) and the overall management of the shutdown, while ENC/4 will be 
responsible for DOSH. 

The Slugcatcher Shutdown will start on 30 April and completes on 17 August. 

The major work to be done by MRR for Module 3 has been awarded in five 
packages that have been split either by geographical area or discipline. This was 
done to capitalize on the knowledge and experience of the contractor's supervisory 
staff. In addition there have been fourteen contracts issued to support the main 
contractors by providing manpower and technical assistance. 

The primary scope is summarized as follows: 

" Painting & Re-Insulation of all items in Module 3. 

" Complete inspection of all equipment and piping (including insulated iterns). 

" Installation of new equipment - El 105, El 108, K1301, F1301, V5"101 A, 
AV5701, AV5602A/B. 

" Rejuvenation of 3F51 10 and DOSH work for all 3 boilers. 

" Piping rejuvenation of all units in Module 3. 

" E/I Rejuvenation (Junction Boxes, AMS, & Motors) 

" Revamp scope (Sulfinol, Dehydration, Liquefaction and) 
" Rejuvenation of all Structural Steel in Module 3. 

The scope of slugcatcher rejuvenation is the replacement of about 250m of the 
slugcatcher bottles. 

The peak manpower for MRR work, including offsite fabrication, is anticipated to 
number just over 2,100. Several logistical measures have been implemented to 
accommodate the large numbers of workers ingress and egress from the plant. The 
core MRR staffing has also been augmented to perform the additional inspection 
volume, increased HSE activities, and overall coordination requirements. 
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MODULE 3 DOSH, REVAMP & REJUVENATION & 
SLUGCATCHER SHUTDOWN 2005 

EXECUTIVE DOSSIER 

SHUTDOWN PERFORMANCE INDICATORS 

6 

Performance Indicator Target Remarks 

Health Safety & Environment 

LTI 0 Lost Time Incident 
MTC 0 Medical Treatment Case 
MFA 0 Minor First Aid 
Fire 0 
Property e& Lost 0 
Environmental Infringement 

-- -- 

0 

------- 

Noise and effluents within DOE Limits 

HSE Procedures 100% Compliance with MRR HSE Procedures 
Contractor LPI score >80% 
Dust emission from blasting 2 1X filter changeout per eqt TG4010/20, 

1<4510/20/50, K5501 
Item falling from elevation <5 drop within barricaded area & wtih all precautions 

taken. 
Scaffold walk & check by 
OPS/MRR biweekly 

100% 

-_- - Quality i 
-- - -- 

Leaks Q Leak which require plant unit depressurization or 
plant shutdown during plant start up. up to 1 month 
after start up. zero leaks critical connections. 

Rework 0 Other rework such as reweld, bolt retightening, 
reworks on CV, RV, E&I equipment, etc. during plant 

I stall r 
Shutdown Milestones 

Shutdown Dates 

Rejuvenation/Revamp Within 30 April to 1 Sept 05 (125 Product to Product) 
Shutdown planned 3F-5110: 30 April to 27 set 2005 
Boiler Rejuvenation/ Revamp duration/ 4 May to 24 May 05 (Target 21 eng'g days) 

schedule 30 AQril to 17 Auaust (110 Product tQ Pr(>duct) 
Inspection out Dates 

Rejuvenation 15 June 2005 

DOSH Work 11 May 2005 

Boiler 

3F5110 (23 May 2005) 

3F5120 (21 May 2005) 

3F5130 (21 May 2005) 

Scope 
Emergent work list (OPS) 1 month after shutdown 

Complete all approved scopes within schedule 
Cost 

Cost Stay within approved shutdown budget. 
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1.1 

SHUTDOWN SCf If-[)UI. E 

1.2 

1.3 

2.1 

2.2 

3.1 

3.2 

3.3 

4 

5 

MODULE 3 DOSH, REVAMP & REJUVENATION & 
SLUGCATCIIER SHUTDOWN 2005 

EXECUTIVE DOSSIER 

Module 3 Shutdown (Product to 
Product) 
Boiler F-5110 

Slugcalcher 

Shutdown (Excluding Unit 1100) 

Shutdown Unit 1 100 

DOSH Inspection Complete 

DOSH Scope of Work Complete 

Rejuvenation Inspection out cute 

Mod 3 Ready for Start Up 

Start-up 

61 Target LNG rundown 

ý) Ul, lll( )ll 

(bays) 

W5 

110 

3 

5 

14 days 

21 days 

u 

, ,, tl -, ij1IL ý, )l) , 4Ii' 

30 Alnil 05 -1 Sept o5 

30 Aluil 05 - :? 7 Sept 05 

30 April 05 - 17 August 2005 

30 April 05 -3 May 05 

30 Apt ii 05 -4 May 05 

16 May 2005 

Note: Scope outsrcie DOSt l 
winclow inciucle:: 
1. MCHf: 
2. Dryer Area 
3 Unit 1', iOU 
4.1 teil I xchanqer fiotubrng 

15 Juno 05 

28 I\uqust 05 

28 August 05 - 31 August 05 

1 SýýFýturntýýýr 05,1800 hrs. 
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ýE: '.!! 1V.: 1<11ý`PItiRýý MGDE1U 3 DOAli, MirVAMis k 
liLUCiCA=PesH'FA R3NUrt]C]WN I! l)t)tN 

E: XECUTIVE DOSSI171=i 

1.0 MOD 3 SYSTEM REVAMPS 

Installation of new equipment, piping and control d, rvwt-, 

Primary Revamp work as listed below: 

I ý' 
J 

- Modification to trays and distributors in C-1101 and C-1 10: ' with new tray; in 
Regenerator C-1103. 

P-1102 A/BIC Booster Pumps modified to increa:; e ho, u1. 
E-1 105 Overhead Condensers to be replaced. 
M-1011 install new flow modifier. 

Tube bundles for Reboiler E-1 106 A/ß/C/D to be replaced with ao-tL ýt. unlý :.:.:. h I 
Replace existing furnace F-1301 with new furnace including ,rr: onvuclaon b. urk 
Modification of Gas Reactivation Separator V-1303 internals by ur: a. rlturg ,r 

pocket vanepack. 
Replace Natural Gas Compressor K-1301. 
Demolish redundant structure above E-1 105 Overhead condensers 
Replace existing Steam Turbine PT-5413A with new Motor and Cuuphrnf 
Add New E-1 108 Fat Solvent Heater 
Replace E-1301 Reactivation Gas Cooler. 
Replace condensate Polisher AV5701 with larger unit 
Control devices (valves, instruments, onface plates) changed, rep , ur, uryocI jr fmodified. 

- In the Process Area there will be piping 159 work points including 1, f151 welt1, 
joints (7766 pia Inches) 
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MODULE 3 DOSH, REVAMP & REJUVENATION ,& 
SLUGCATCHER SHUTDOWN 2005 

EXECUTIVE DOSSIER 

2.0 MOD 3 REJUVENATION 

Replacement or refurbishment of existing equipment, p1pint 
devices and structures based on inspection criteria. 

6 

In addition to the painting, insulation and civil works included in rejuvell. rhou,. tr, I- 
are mechanical electrical, instrumentation and control device works to tip, <!, ;; 

- C-1101/02 - Remove/replace raschig rings, trays .C liquid r1r. trrhut, it 

- C-1103 - Remove/replace trays. 

- C-1301 A/B/C/D - Metal spray top spools, install in:, ulatum .. uppurt fir, t 

- Piping rejuvenation. 

- Replace AV5602 A/B Distillate Polishers. 

- Replace V5701 A Deaerator Spray Vessel and relurbish V-5ft111 I)ravr. rtor 
Storage Drum. 

- Replace PT-5410A Steam Turbine. 

- Install new Flex Couplings. Pump Motors. Fan Cover::. 

- Replace Air Pre-heaters in all 3 boilers 

- Major Boiler rejuvenation on 5110 - Air Ducts, Blowers, 1 utit-r.. Air I, ', -f 
- Instrument /Electrical Woks including 258 items. 

- 77Junction Boxes replacements. 

- Hot Tag List with 218 work items. 
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MODULE 3 DOSH, REVAMP & REJUVLNATION .S 
SLUGCATCHER SHUTDOWN 1005 

EXECUTIVE DOSSIER 

3.0 MOD 3 PAINTING 

i 

Entire unit including equipment, structure, Frrlnnt. t . rrut w(luired , r. "t". " 
scaffolding. 

'Ü 
Painting '"' 

Columns `, kM 

Vessels/Tanks/Boiler 

Exchangers "1.000 

Piping Systems : ': ' '00 

Structures ', 0"'00 

Misc. (Instr. stands, supports. pumps) : 1j. ) 

Ittt uI tit, tU4) 

Scaffolding 

Process Area 

Utilities Area 

h ýI. il 

lýil M 

1 90.000 

! 5,000 

:, 6,000 
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Iýl. ': IJVt: N/ºYýCNIh MlcJbul. Ct d bqpNl, NrAVAMN is, 

ýýuGCW1 CnEri 6riu i tJÜVviýý 2 110 
EXECUTIVE DOSSIER 

4.0 MOD 3 INSULATION 

Removal and replacement of all piping and uqu l, ini'nt ui"ui. Itiom (h''t (n ',! i 

Not Systems 

Equipment 

Piping 

Boxes & Misc. 

i�1.1i 

ný ÜI 

1 ý .. 

1 
. 
', l y't 1 

1 '4! i0 

Cold Systems : ",; t. t 

Equipment 

Piping ý. ' ý'ý 

Boxes & Misc. 

T )1, i1 1.1ý4! ýU 
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MODULE 3 DOSH, REVAMP & REJUVE_NA-EION & 
SLUGCATCHER SHUTDOWN 2005 

EXECUTIVE DOSSIER 

5.0 MOD 3 CIVIL WORK 

Structural Steel - Inspection for rupl, r(: cnu rut OI i! I i"hut ! r; r., i [: I. t: : 
Addition of platforms/structures at K-1301. C-1 101i0: ', C- I Irrt, ttI.:, o', ' 
F-1 108. 

6.0 SLUGCATCHER REJUVENATION 

Slugcatcher bottles replacement on V-101 A-J, approx.: sUni total line. 
replacement and chemical cleaning. 

ENC/4 DOSH shutdown work on V-103 & S-101 and RV ovrnlrjul. 

6 
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MODULE 3 DOSH, REVAMP & IRF. IUVE NATION& 
SLUGCATCHER SHUTDOWN : 'UU') 

EXECUTIVE DOSSIER 

7.0 SUPPORT SERVICES 

Provision of resources and Vendor ServiL: urnk"n 10 1 Ni "; ; ý. , 

- i 

1J 
MRR will provide for contractor resources and Vendor Servicr'nu"n to support Mt Nº 
Plant works. These resources will be under MI NG direction with Mfift Iox', ºI fr. uit . r. 
resolve contract or commercial issues. 

Contractor Services l e: f ft1fU if w-. 1I f'orit 

: rh u nm. rký r Serbe Dinarnik Labor for Compressor FNC/i It 
Mechanical Work 

Enserve Dresser Rand Cornpressor LNC/I It Ii, ýý run, rE. ý r 
work 

APCI MCHE Inspection ENc'/"1 I rrurno Ah. +. 

Amalgamated NICHE Labor ENC/"t t nun, Atw1. 

Wenaya Sullinol Attacked Cable ENC13 Atkin She 
replacement 

Welireld Exchanger Bundle Iietulnnrl I Nr '.; 1 111111 ý "%; , '. 

cTP Economi: er Clrenuc, rl 
Cleaning 

Rakan Nusa Drier Dense Loading 1 I1; ' IIt; t ". 
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MODULE 3 DOSH, REVAMP & HEJUVE=NATION & 
SLUGCATCIIER SHUTE)OWN : '00L, 

EXECUTIVE DOSS-11 It 

6.0 111=AL11-1, SnFL1 Yi NVIi; ý r. 1 i Il "M 1 

6 
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MODULE 3 DUSIt, HEVnMIF' & F; EJUVE: hlk 1 ION 

SLUGCATCHER SHUTDOWN 2001) 
EXECUTIVE DOSSIEft 

HEALTH, SAFETY & ENVIRONMEN (I1 AN 

I 1.0 Emergency Alarm and Evacuation 

0 

" Minor Alarm - alternating pitch for one minute 
" Major Alarm - alternating pitch for three minute:: 
" Major Alarm proceeds after Minor Alarm. 

" Clear Alarm - Continuous pitch for half a minute. 
" On hearing Minor / Major Alarm, all personnel shall slop work, :. wil,: h ill all 1t1i,. "tn, . r! 

equipment and machines, and proceed on toot to the rfi^, rrtnalr"tl kl trr f, ornl". 
Drivers stay in vehicles at the minor alarm and wait fur all clear 
nearby muster point for a major alarm. 

" Alarm is tested every Wednesday at 10: 00 ; 1111 c: a t,. ". lur l , 11.1,11, t n, nu; l 

2.0 Reporting of Incidents 

Report inunedialely any unsafe acts conditions, Hoar lrrol"rty 
environmental damage, minor injury or accidents to your supvvnor antl to Op r. rtroll.. 

Pt M must be immediately informed of any accident 

3.0 Permit to Work System 

" No work shall st. irt without a valid Perntil to Wcuk, which in, lud"., Ihw 1,;, % f u! 1 
compliance to the PTW, JSA and applicable ruyulatioos is nccc:.:., uy for :.. tfr 
completion of the work. 

" All work shall be supervised at all times. Pre-task safely I; ; Uuclam:; ; halt hr 1), 111 of 
the supervisors pre-work activity along with close follow-up on the alstnCti, III'. q t-. - 
Pre use safety inspection of tools and equif)rn(irlt I)y usrr . . h. rll fit. .1 h-1". 1 
prerequisite of the work with the corr, cliorl ol . 1! I 6.11. c 1l, (', .. i; l ,, i. 
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MODULE 3 DOSH, REVAMP & RLJUVL_NAI ION& 
SLUGCATC}IER SHUTDOWN : 'Gi)`., 

EXECUTIVE DOSSIER 

I 

L-w-ý 

ý 

1 

" Work must stop it unsafe situations or conditions develop during the course ,I tr�" 
work. Everyone must remain alert at all limes and ii'nhtin in (loo d {)hy', i; -. r! , r. I 
rnc: ntal condition always. 

" Short cutting procedures and s; tfo l, r. tCtikvl. unit 

4.0 Field Canteen Shutdown Village 

" Place to lake meal 

a Make sure all the food wrappers. waste, rubbish is colit -clot 1. it )(I 
put inside the refuse container. 

> Clean your table after use. Think about others who have to ,. it twit, 

" Smoking precautions: 

Smoking ONLY AT DESIGNATION AREA in ('onlraclor canteen 
All cigarette-ends or stubs must be put inside the allocated astray 
No smoking when alarms are sounded. 
Use only the lighter provided at the smoking area. Never bring m. itchon or Inthtrr. 
into the plant. 
NO SLEEPING anywhere. 

5.0 Houskeeping 

" Collect your own rubbish daily and put it rnsnh0 t110 ru, H-, rttld rut it 11'. 11 t )11 1'. 
" Contractors to dispose of their own rubbish on a Iruyuont basr:: 

" Follow the schedule for housekeepirxg. 
" Work area must be kept clean and tidy throughout thu woikil. ry 

6.0 Pedestrian 

" Pedestrian shall always have the right of way over vt'hi k, Iraltrc Urrvur:, td lall . it 
all times drive responsibly and anticipate pedestrian activity slower spied ;. 
below the speed limit will be necessary. ºruunrf lýý ý1r . tri. ur' .a hvuy 

7.0 Mass Transportation 

" Bus schedule & sketch for loading/unlo. idung f>uuU:. 
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MODULE 3 DOSH, REVAMP & REJUVE NA IION& 
SLUGCATCHER SHUTDOWN ? 00'., 

EXECUTIVE DOSSIER 

8.0 Red Lead and Paint Removal Work 

" Never ignore barricades and warning signs. There will ho h; rrordou : work rn lu,,, ln 
with the removal of red lead based paint, which is considered poisonous to tilt? human 
body if exposed to certain concentrations over a period of tune. Persons who are 
authorized to work in these areas wear special PIT- for their prole hon and follow !: In. 

safety and health procedures. Stay out of these ; uý ; ýs for ymir own :,. rlt"ty 

9.0 Cooperation and Teamwork 

" We are all part of the Module 3 Shuldown family We. ue ., to, un 
"goal" without everyone's involvement and cooperation. 

" We must watch out for the safety and well being of our brothers and s :; t m. 

" All leaders at all levels of all organizations have inherent duty and ter, lwn , ýt ýlýtý t, 
integrate HSE requirements within their wY; I t c: tive . uox tit c, (tnnil. itvtity 

10.0 Questions 

Anyone who has questions or doubt t-, on how to III tt t'tl 1 it tht' wt, ik IIIII- t I. J. . '}ur, t"'il 
from their supervisors and receive a reply. 

" Lets always remember the best supporter of the safety till is iun 1.111 Iily I i"t". I. t 
disappoint them. Work safely! 

11.0 MRR Project HSE Procedure Manual 

" Procedures have been prepared and tailored specifically lot this ptolvict Copt-, h. r. ýbeen 
provided to all MRR Contractors and can be reviewed . 11 any ()I 1114P MIM 

Offices. 
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i MODULE 3 DOSH, REVAMP & REJUVENATION& 
SLUGCATCHCR SHUTDOWN 200. 

EXECUTIVE DOSSIER 

7.0 Quf1L. I iY 

1 
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MODULE 3 DOSH, REVAMI' :: HEJUVENAIION.: 
SLUGCATCEIEE3 SHUTDOWN '. 1005 

EXECUTIVE UOSSICIt 

QUALITY 

A complete set of Qumlily Procedures has been crmpil%, d f, -)r trw. . ""o Ir. " !. r. "".; 
work. In addition, Construction Procedures were devolupcd to Cunrplunwnt . rn. t 
support the Quality Procedures. These docunit'nI ; ; urn C()Illrollod . 111d In VI., 
MAR Project Offices. 

Inspection is an important clement ur riolorrrnrill it lt II" UIt uri, tt tý,,., k, t , 
instrumental in maintaining required (wilily of thr r: unlplý tt r1 ýýurk I hý Iuu ýtý, rl 
inspection flow charts have been included to clarity how the rnspoction activity 117ya, t-. 
the contractor's work scope. 

Any scope changes identified during the course of the work will hoo rn. lrlaq,, (f rri 
accordance with the Change Control Procedure, 1% 1 U. 1.! )0 : 11 its 

Adhere to PETRONAS Quality f'rinccijfltr. 

1. Conformance to Requirements 
2. Prevention. 
3. Right Things Right Every Time 
4. Price of Non-Conformance (PONC) 
5. Proactive Leadership at All Levels. 
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MODULE 3 DOSH, REVAMP & REJUVENAIION& 
SLUGCATCHER SHUTDOWN 2005 

EXECUTIVr? DOSSICf 

DaQ. K2. u1r, -.; ý13LIUZV LN Ai'InN 

Contractor Drall 
Inspection 

I lecommci it i. itlcu I 

OC Inspection and Final 
FRecommendation 

T 

Review By Civil Engineer 

NO 

is 

Replace i-º 
Yt ', 

WNI 

f 
1 

Release To Contractor 

NO 
\ FZ°placr 

i '1k.; 

HeIt'. v. 4 lu l; untr. ahu 
fur Nrfrl. tc art><ýr>t 

i 
ýi' fl I. ' : il 

i t 
f n, il Iýýý. I,, ", t: ý. 

I 
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MODULE 3 DOSH, REVAMP & REJUVENATION & 
SLUGCATCHER SHUTDOWN 20U: + 

EXECUTIVE DOSSIER 

MODULE 3 BOILER INSPl CTION FLOW 

Contractor Ecntor 

Inspection Request in L0 
Book 

_V- 

NO 
Inspectior\ ý 

I, 
I' 

( 
Contractor 

Perform Inspection 
i 

iý ý ý iý ýý i ý 

on 

YES 

T 

(: Untr, rt. tt)r Notify 
Ownuf 

i'utlunn In-. Fwcakxt 

r i ý 
i 
I 

t 

{ 
I 

I 
ý 

ý 

Log Inspection Report Number 
and Finding On Inspection Work 

List 

ii 
Contractor Issue Inspection 

Report For Signature Within 24 
Hours 

Contractor File One Copy of 
Inspection Report In Log Book 

For Information 

ý 
Unu l: upy UI Nl 

InsIlllClkur Itr. lkxtx lu . 
1ý1I: Iý I nilinr. ýnnýI 

I 

Note: Joint Inspections Identified in Inspecl, cn W(xk Lists should be ntterklr. t to) 
Contractor. Consultant and Owner 

ý- 
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MODULE 3 DOSH, REVAMP & REJUVENATION & 
SLUGCATCHER SIIU'EDOWN : ()U5 

EXECUTIVE DOSSIER 

MODULE 3 REJUVI NA-110N INST'I'C; "TICIN FIftI I'I{ý ýl>I ir: ý , 

C; ontr: aclor Drillt InaWCIu)n 
Rcconarnenci; alaon 

i, 
Joint Inspection Contraclor 

Owner 

i r 

I 
II 

I 
I! 

i 
I 

ý 
( 

I 

Work Complete NO 
-dm - or º 

Replace 

ý. 

'ý" / Fireproofing 
Required? 

lf S 

Install Frrtpiooling 

I' 
ý i Final Inspection 

J 

Ilialu. r.. u I. i 
(: ailr. k"lur 

t 
fie{i. ut II lutiºLu: u 

Note: See flow chars for structural sleol allot I, '4t vat of lIrafuirilri4t 

ý. . ý. -ý. ý-----+.. -. -r. -v..., -ý . , t----"---ýr+ý., r-Zý-'y'--ýr. - r": 
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MODULE 3 DOSH, REVAMP & REJUVLNA 
SLUGCATCIIEU SHUTDOWN :? 005 

EXECUTIVE DOSSIER 

TION 

MODULE 3 PIPING INSPECTION FPI. O 

INSPUCTIQN HNUIN0 
13Y 

INSPECTOR 1 ENGINEER 

NDT CONTRACTOR 

ISSUE REI'oUr 
WITH 

RECOMMENDATIONS 

NOT CONTRACTOR 

i REVIEW BY TEAM 
COORDINATOR 

OWNER 
ENGINEERING 

R ý a 
w 
a 
l7 

DECISION 

RF PAM L AC I 

C TRII<; 10,1 1 (_('W)RDINATOFi 

TEST PACK REVIEW & 
UPDATE (IF REOD) 

- to- 

C! 141HLtHBl4 

UPpAT( (NIAWMK) 
HLILASk 

FORCONSTNUCTK)N 

L 

-i 

lp- 

CLN5I IKA: lW"/ 
l' V12i1tAlk! I V!! 

It ST PAGR /Y vu ºv 
UMOA II 

YICº{MoCI1l CONi1lAL 
a 

NYOIk)tI Stvw1 

W Of WIT 6 
bJISr GlEAAMVt: t 

ACAS MA1VU U 
ncrNni nrrtAcc 

i 1NSU1A110l// PAIIo I v.,, , Kd rrhll: illrl7 

1 

A 

F*aft fit rum 
-- --- -- -- -- -- -----I 

I 
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MODULE 3 DOSIf, REVAMP & Rf=JUVLNl1TION & 

SLUGCl1TCHER SHUTDOWN 2005 
VXt'_CUTIV I! 00831t? R 

L. 
_. ý. ..... __. _r.. _. __.... ý.. _ .. ____. _ý 

MODULE 3 REJUVENATION INSPE=CTION STR()C: TIIRl1I STE. ;I 

Contractor Draft 
inspection 

f lecornrnrndation 

QC Inspection and 1 u1, r1 
Recommendation 

Review By Civil 
Engineer 

I 

NO 

Release To 
Contractor 

L 
Blast / Paint 

a 
Final Inspection 

Repair 
ý 

Or Repl; ºco 

ýý 
NO 

i 
7i 

11 '. 

r 

a 

OWN[ 11 nppi�v. 0 

1 
Hý Eý. ºu 

or 
! iuýº1. ºý ý" 

T 

T 

iA 'I%'. t 'Al lo 
('t 14 1 tr. 1" 1 tir 

i 

I, '. 

I 

i liulý. it i, i, r1. k. olTWM I 

i 

I. -. - 

r 
ý 

I+I. I ,I' 1', ýUtl 

r ý-- 
r 

I II I-11 I11:. {Iacppn 

i 
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MODULE 3 DOSI1, REVAMP & REJUVENATION R 
SLUGCATCHER SHUI'UOWN. 'G05 

EXECUTIVE DOSSIE=R u MODULE 3 REJUVENATION INSPECTION VESSEL SKIR1 

Rcnxyve Fueprouhrx) / 
Flit) Hrx: A 

i- 
t 

Or"rlt In 
.Ir, Inrýl 

lir".: urlulH rr,:. lllcxº 

f 

BL-, l "Kill 

Join) Inv. pec1i(Nl 
Conlractor / Consultant / C+wºuºr 

i 
T 

i_ 

Blast / Paint 

º 
'V 

Ifis{)rcllon 

Install 
Fireprooling 

i T 
Final In. -. 1>ecli0n 

ý 
YESý Fuoproolnp Nl= 

RQquuod7 / 

i 
i 

i 
i 
i 

(vktasn iu 
( , 4. xilrai Ax 

I 

flop" I 

1 
Ilt 4 iwvt 

i 
11l. 1'"t , 1'au+! 

I 
Ylapuoun 

Work 
ý ýwri(lb/o 

I 
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MODULE 3 DOSH, REVAMP & REJUVENATION & 

SLUGCATCHER SHUTDOWN 2Oo; 
EXECUTIVE DOSSIER 

UST OF MRR CONTRACTORS 

CONTRACT DESCRIPTION CONTRACTOR NAM 
NO 

K-A 

MRS 182 f'ainting/Scalfolding / SuinahrdA!. ti1 I'emiger 
Firebricks Kumus JV 

MRR 183 Insulation Kader (M) Sdn t3hd 

MAR 185 Mechanical Scope-Process Keluruleraan OKS Sdn 
Area Uhd 

MAR 250 Mechanical Scope - Utility Ikalan Inovasi Sdn Uhd 
Area 

MRR 273 E&I Rajawali Indah Fngineen 
Sdn Bhd 

MAR 198 slugcalcher lenaga Mashor Sdn Rhh 

MAR 167 Civil Rejuvenation Aikinni is Sdn Mid 

MRR 174 Junction Boxes Rajawalr Indah Engineers 
Sdn tihd 

MAR 1928 Rotating Equipment Turcomp Engineering 
Services Sdn Bhd 

MAR 256 Compressor Works Serba Dinamik Sdn Bhd 

MRS 264 NDT Velo/si (M) Sdn lhd 

MAR 267 MCHE Inspection & Work Air Products d Chumicah 
Supervision Inc. 

MAR 268 Supervision of Compressor Enserv (DR) Sdn Uhd 
Works 

MAR 294 Online Sealing Services Funnanite (M) Sdn Uhd 

MAR 295 Temporary Facilities Juara Bootuah Sdn IlhtI 

MAR 314 MCHE Repair Work Amalgamated I'Lirit 
(Aluminium Welding) Engineering Sdn Ellin 

MAR 316 DCS / PLC Supervision Foxboro (m) Sdn Btid 
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MODULE 3 DOSH, REVAMP & REJUVENATION & 
SLUGCATCHER SHUTDOWN 2005 

EXECUTIVE DOSSIER 

TELEPHONE NUMBERS 

6 
LOCATION TELEPHONE NO 

Coordination Office To be Determined 
" Permit Office 

" MRR Main Office 6059 
" MAR Field Office 3909 
" ENG/4 Main Cabin 6038 / 6039 
Operation 
" Process Cabin (OPS/1) 6035 
" Utility Cabin (OPS/2) 6033 

Inspection (TES/3) 
" Single Cabin (Static) 6032 / 6034 
" Single Cabin (NDT) 
" DOSH Office 
Safety Cabin 
" MRR Safety Cabin 254262/856052 
" ENC/4 Safety 6036 
ENC/4 Materials Cabin 6039 

Industrial Clinic (85) 3911 
Fire Station (85) 3333 
Emergency MPCC (85 6666 
Ambulance (85) 3933 

Security Main Guard House (85) 3946 

Contractors Gate (85) 3942 

Main Control Room (85) 6001 / 6002 / 6004 

Terminal Control Room (85) 6801 / 6718 / 6003 

Jý 
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MODULE 3 DOSH, REVAMP & REJUVENATION & 
SLUGCATCHER SHUTDOWN 2005 

EXECUTIVE DOSSIER 

10.0 WORKING HOURS 
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I. 
MODULE 3 DOSH, REVAMP & REJUVENATION & 

SLUGCATCHER SHUTDOWN 2005 

EXECUTIVE DOSSIER 

WORKING HOURS 

SI ilI I 

dart Work 

Morning Break 

Lunch 

Afternoon Break 

Work End 

6 
SHUTDOWN - 7: 00AM - TO 6: 00PM 

7: 00am 

10: 00am- 10: 15am 

12: 00 pm - 1: 00 pm 

3: 00pm-3: 15pm 

6: 00pm 

Note: In Borne instances, work shall proceed during the breaks or past 6: 00 pm as deemed 
required by MFFH Supervision Team. 

Standard work day will be Monday through Saturday. Sundays will be utilised for making up 
progress and for critical activities. 
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MODULE 3 DOSH, REVAMP & REJUVENATION 7 
SLUGCATCIIER SHUTDOWN 2004 

EXECUTIVE DOSSIER 

11.0 SHUTDOWN MEETING SCHEDULE 
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MODULE 3 DOSH, REVAMP & REJUVENATION & 
SLUGCATCI-IER SHUTDOWN 2005 

EXECUTIVE DOSSIER 

SHUTDOWN MEETING SCHEDULE 

[6] 

MEETINGS i DETAILS 

" Daily at 9: 00am attended by discipline focal points e. g. 
ENC/1/2/3/4, ENA/1/3, TES/1/2/3/4, OPS/1/2/3, 
PRM/3/31 

)SH-I " Chaired by Morshidi 
" Agenda - Highlights for discipline. Progress on key 

activities and resolve concerns. 

" Daily at 10: 00am, attended by ENC/4, OPS/31, TES/3, 
PRM/C/3/31/ 4/6/7/381, discipline engineers and the 

combined Module 3 Project Manager of the contractors. 
: juvenation " Progress, Key Issues, Look ahead planning, resolve 

concerns. 
" Chaired by PRM/C or PRM13 
" Daily at 14: 00am Inspection meeting attended by 

PRM/4/4A, TES/3, Velosi Project Manager, OPS/31. 
DDULE 3 Inspection " Chaired by PRM/4 or PRM/C 
ceting " Decision on critical issues and progress. 

" Crane & Heavy equipment movement weekly plan. 
" Continue the bi-weekly meeting with individual 

contractors. 
eekly 

" To convert Inspection Meeting to Commissioning 
Meeting immediately after Inspection date out. 

)mmissioning Meeting " Chaired by Roosmina. 
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MODULE 3 DOSH, REVAMP & REJUVENATION& 
SLUGCATCHER SHUTDOWN 2005 

EXECUTIVE DOSSIER 

12.0 WORK PROGRESS UPDATING 
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MODULE 3 DOSH, REVAMP & REJUVENATION & 
SLUGCATCHER SHUTDOWN 2005 

EXECUTIVE DOSSIER 

DAILY SHUTDOWN WORK PROGRESS UPDATING 

08: 00ihrs 
MRR Contractor Planner/Scheduler to collect UPDATE & 

CONTROL Sheets from MRR Planning Dept from 08: 00hrs. 

ý 

I.......... ..... ----- . ....................... _ 

I G:: 30hrs 

MRR Contractor Planner/Scheduler commence collection of 
updates at site. 

MRR Contractor Planner/Scheduler to gain endorsement 
from MRR focal Person. 

..... ... ..... ..... ....... ... ....... . 
17: 00hrs 

MRR Contractor Planner/Scheduler to submit updated 
UPDATE & CONTROL sheets & DAILY REPORT to 

MRR Planning Dept. SUBMIT ON TIME! 

MRR Planning Dept to update, generate 
progressupdates & reports 

------------------------------------------------ ----------------------------- 

09: 00hrs 
Following day Issuance of Progress 

.1 
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MODULE 3 DOSIA, REVAMP & REJUVENATION & 
SLUGCATCHER SHUTDOWN 2005 

EXECUTIVE DOSSIER 

13.0 RADIO CHANNELS DISTRIBUTION 
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MODULE 3 DOSH, REVAMP & REJUVENATION & 
SLUGCATCFIER SHUTDOWN 2005 

EXECUTIVE DOSSIER 

RADIO CHANNELS DISTRIBUTION 

Selector switch Position: 

Channel MRR Talk Group 

1 Emergency 

2 OPS/1 (Satu) 

3 OPS/1 (Dua) 

4 OPS (Tiga) 

5 OPS/2 (UTY) 

G OPS/2 (TER/LPG) 

7 OPS/3 (Shutdown) 

G ENC/4 (Shutdown) 

9 ENA1, ENC1 

10 ENA2, ENC2 

11 ENA3, ENC3 

12 SEC 

13 ADN 

14 MRR 

15 MRR 

16 Public Announcement 
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MODULE 3 DOSH, REVAMP & REJUVENATION& 
SLUGCATHER SHUTDOWN 2005 

EXECUTIVE DOSSIER 

14.0 ATTACHMENTS 
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Module 3 Shutdown 2005, Mobilisation Route for : 

Crawler Crane (CC-2000), Air Fill Coolor remove & install (C-1105sß 
Target date to start mobilisation of equipment to site, 25th April 05 
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Module 3 Shutdown 2005, Mobilisation Route for : 
Ringer Crane (M-4600), Dearator Vessel remove & install (V-5701 B) 
Target date to start mobilisation of equipment to site, 20th April 05 
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Modulo 3 Shutdown 2205, Mobilisation Nouto for : 

Crawler Crane (LS-578), Slugcatcher Bettlos Replacement ýV-i01 Ä-J) 
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MODULE3 SHUTDOWN 2005 
WEEKLY PROGRESS REPORT 

PERIOD ENDING : 12-Mar-05 

Product to Product : 30-Apr-05 to 01-Sep-05 

Hot Work Cut Off Date : 16-Aug-05 

1. Shutdown Milestone 

RFSU Date : 28-Aug-05 
Module 3 On-line : 01-Sep-05 

Start Finish Duration 
Mechl Engineering Day 04-May-05 16-Aug-05 105 
I lydrotest Steam Headers (LP/MP/HP) 31-Jul-05 01-Aug-05 2 
Despade Fuel Gas 16-Aug-05 
Boiler on Line 22-Aug-05 
Deaerators V-5701 Remove / Reinstall 09-May-05 02-Jul-05 55 
El 105 Remove / Install 26-May-05 31-May-05 6 
Chemical Cleaning (3F-5120/30) 14-Jun-05 30-Jun-05 11 

2. ' Overall Work Progress 

Description Relative Sched Actual Delta Target 
Weighted % % % n16-Aug-05 

MRR Scope 100.0% 27.0 26.5 -0.5 
DOSH Scope 

. 
0.00% 0.0 0.0 0.0 

1 otal scope 100.0% 27.0 26.5 -0.5 
j 

3 ._ Weather Repor 

Morning Sunny 
Afternoon Sunny 

4__LÜghlights 

Last week Gil 2G-Feb-05 

Process : 

Utility : 

This Week Col 06-Mar-05 

Process : 

Ulility : 

[JistriDuLCn PRM 

PRM, PRM/A/1/2/]/U4A /5111171 

f 

Prepared by : Azniel mal k (Tel: 251250) 
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MRR Ptojeet 
Weekly Progress Report 

Module 3& Slugcatcher Bottle Replacement (V-101 A-J) Shutdown 2005 

Contract 

No. 

Contractor Description Wt 

r 

Scheduled 

1 

Actual 

% 

Delta 

i 

Target (r 

04130105 
174 Rajawali Mod 3- Junction Box (Cut-over) 2.33% 87.9 87,9 0.0 87.9 

182 SAPK Mod 3- Painting/Scaftoldlf ireproof ng 43.77% 44.5 43.6 -09 46.9 

183 Kader Mod 3- Insulation 32.00% 11.7 11.3 -0.5 15.0 

195 KOKS Mod 3- Process Mechanical Scope 11,02% 8.3 8.2 -0.1 8.5 

192 1 urcomp MOd 3- Rotating Equipment 0.23% 25.3 25.3 0.0 253 

750 Ikatan Mod -3 
- Utility Mechanical Scope 7.12 4.5 4.4 -0.1 58 

Boiler F-5110 0.00% 1.9 1.7 -0.2 
Boiler F-5120 (DOSH) 0.00% 0.0 0.0 0.0 

Boiler F-5130 (DOSH1) 0.00% 0.0 0.0 0.0 
Non Boiler 0.00% 13.9 13.9 0.0 

256 Dina /D Ran Mod 3- Compressor Work 1.03% 0.0 0.0 0.0 0.0 

273 Rajawali Mod 3- Electrical & Instrumentation 2.30% 21.4 19.5 -2.0 23.2 
P2147101A Dynac/Fumiko Mod 3- HVAC 0.19% 0.0 0.0 0.0 0.0 

Total MRR Module 3 Progress 00.100% 27.0 26.5 -0.5 29.3 

C19B enaga Masho 1 Slu catcher Bottle Replacement (V101 A. 100.0% 1i8 9.3 2-5 22.6 

Contract 

No. 

Contractor Description 

Areas of Concerns I Gene at Notes: 

Module 3 progress was re baselined on 9-Apr-05. 
C 198 preparatory work is behind progress, meeting to review and finalize the schedule is currently being done. 

Progress Hi ghlights: 

MODULE 3 SHUTDOWN: 

Scaffolding: 

Scaffold green tagged - completed @ V-1107/E 1401A/B, 11414/E-1419 
Scaffold boards erection - completed @ Process Piperack Column 01 to 15. continued @'C' Structure. 
Scaffold Irame erection - progressing @ Boilers F5120/30. 

Blast & Paint : 
Blasting - continued blasting 8 priming of pipe spools 4 Offsite Blasting shop. 
Painting - started @ Boilers F5120/30 structural power loot painting .& continued @ Columns 5 to 10. 10 to 15.8 3 

Cladding / Insulation Removal 

- Piping - started removal of cladding @ Unit 1400. 

- Equipment - completed cladding removal of V-1411. 

Mechanical / Piping : 

Utility Area - commenced erection of F-1301 piping (Revamp Scope). 

Structural Steel : 
V 1410/11/12 - completed replacement of bolts & nuts. 

E&1: 

PM54I3A/8 - continued excavation & cable pulling from Substation 9 to PM-5413A/B. 

- Nt, v lnr. tr, unrnt - continued calibration for new instrument 

i. ,.., -. 1 '. ý..... ..., .. 1.... . I. Lort B. T, ui to Lc curled out during S1U. 

thstMuLOn : PRM, PRMlAIOfCI3115 -Fie 

F'criod EndinUl 6-Apr05 
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