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Abstract

Purpose — The purpose of this paper is to examine the impact of operations and maintenance (O&M)
practices, individually and collectively, on power plant performance.
Design/methodology/approach — Data were collected from more than 100 power plants in Australia
and Malaysia. The reliability and validity (content, construct, and criterion) of the practice and
performance measures were evaluated.

Findings — Committed leadership and maintenance-oriented practices as part of a total productive
maintenance (TPM) philosophy were found to be the main differentiators between high and low
performing plants.

Research limitations/implications — The research is cross-sectional in nature, therefore, it does not
permit us to account for the lag between implementation and performance. Second, the performance
measures are subjective and may be subject to response bias.

Practical implications — The implication of the research findings for plant managers is that they
need to allocate more “softer” resources to the O&M function if they expect high plant availability.
Social implications — Apart from capacity and fuel cost, operating costs are an important source of
differentiation for power plants. The implication is that reduction in operating costs is directly related
to the reduction of consumer power bills.

Originality/value — The reader will learn from this paper that committed leadership and maintenance-
oriented practices have greater explanatory power in the regression models than employee involvement,
customer focus, strategic planning, and knowledge management. This knowledge is important because it
emphasises that in addition to quality management practices, which are focussed on the development of
the people aspects of the organization, the plant equipment and physical assets should also be given equal
emphasis, in order to improve operational performance of power plants.
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Introduction

The purpose of the restructuring of the electricity supply industry (ESI) was to
increase delivery efficiency through market competition (Electricity Supply
Association of Australia Limited, 2001; Loredo and Suarez, 2000; Yokell and
Violette, 1988). Restructuring has introduced new risks for power plant operators.
At the operation level, cost, plant reliability and availability, safety, and environmental
Journal of Manufacturing Technology  COMpliance are important priorities (Draper Jr, 1998; Matusheski, 2000). Plant reliability
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availability over a period of 2.5 years. It was determined that these losses were a result
of poor plant availability. To achieve this objective, relevant plant level operations and
maintenance (O&M) activities should intensify to ensure high plant availability
and utilization levels are achieved (Davis, 1995; Desirey, 2000; Moubray, 1997; Swanson,
2001; Tsuchiya, 1992).

However, researchers and industry practitioners have often overlooked the effects of
equipment availability on operational performance (Fredendall ef al., 1997; Nakajima,
1989; Schonberger, 1986). Roth and Miller (1992) asserted that maintenance management
might well be the biggest challenge facing power plants in a fiercely competitive
market. In order to sustain high plant availability and at the same time meet the cost
and regulatory requirements, we contend that appropriate maintenance strategies
need to be integrated with other organizational management functions (Nakajima,
1989;David, 1993; Lindsay and Peter, 1998).

Contributing to the gaps in knowledge that exist on power plant availability can
assist researchers and practitioners in understanding the role of operations management
practices in determining power plant performance in order to be competitive in
a deregulated environment. Consequent to the above, we have articulated the research
question:

RQ1. Which O&M practices are critical predictors of plant performance?

Answers to the research question would provide a deeper understanding of best
predictors of plant performance. This would assist managers to allocate limited resources
to those areas, which have the most significant contribution to plant performance.

Literature review

We reviewed the literature on total quality management (TQM) and total productive
maintenance (TPM) to identify the key variables that should be included in the
theoretical framework. The studies that we draw upon for this work were carried
out in the past decade. The relationship between TQM practices and organizational
performance has been explored in many empirical studies (Ahire ef al., 1996; Black
and Porter, 1996; Flynn et al, 1994; Powell, 1995). Samson and Terziovski (1999)
investigated the relationship using the Malcolm Baldrige National Quality Award
(MBNQA) criteria in a large cross-sectional examination of over 1,000 manufacturing
companies in Australia and New Zealand.

The study found that the seven constructs in the MBNQA criteria were valid and
reliable measures of the TQM concept. This finding is consistent with the conclusion in
a study by Ahire ef al (1996) who found that product quality is strongly linked with
human resource management, and Powell (1995), who found that competitive advantage
is more strongly related to human factors such as executive commitment, open
organization, and employee empowerment and less dependable on the techniques and
tools of TQM. Other researchers and practitioners have come to realize the importance
of maintenance strategy to increase the availability of existing equipment and reduce
the need for additional capital investment.

Most of the studies in this area involve the study of the impact of TPM and its
implementation on manufacturing performance (Bamber ef al., 1999; Brah and Chong,
2004; Chan et al., 2005; Cooke, 2000; Ireland and Dale, 2001; McKone and Weiss, 1998a).
Some of these studies, were found to have little or no effect on performance (see Cigolini
and Turco, 1997), or that the efficacy of the TPM program has to be implemented
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Figure 1.
Theoretical framework

together with other quality improvement programs like TQM and JIT McKone et al.,
2001). These studies anecdotally claim that an integrated framework incorporating
elements from TQM and TPM can assure successful implementation of O&M strategy
and better plant performance.

We limit the operationalization of the TPM construct to maintenance practices such
as prevention maintenance, record keeping, reliability centered maintenance and so on.
Other empirical research has also been carried out where the studies consider more
than one of the three concepts TQM, JIT, and TPM. There is a general agreement in the
literature (McKone et al., 1999) that TQM, JIT, and TPM constitute quality programs
for performance improvement and are closely interlinked with each other. For example,
practices such as committed leadership, customer focus, use of information, and strategic
planning are common to TQM and JIT and to some extent, TPM.

We argue that the practices identified as comprising TQM, JIT, and TPM
can generally be subdivided into “soft” or people-oriented practices and “hard” or
technical-oriented practices. In our study, we measure both “soft” and “hard” practices
together and relate them to plant performance. On the performance construct,
we incorporate both operational as well as social/regulatory outcomes.

We define “soft” practices as related to leadership, employees, as well as customers.
“Hard” practices, on the other hand, concern the techniques, tools, and processes in the
organizations, which comprise infrastructure components such as planning, use of
information, and maintenance functions. Therefore soft practices are those practices
that can lead to the development of an organizational culture to facilitate high
performance. Hard factors are associated with processes, tools and techniques used by
an organization to attain its objectives.

Theoretical framework and hypothesis

We draw from the TQM literature in order to ascertain which factors we should include
in the O&M framework. These factors are: committed leadership, employee involvement,
customer focus, strategic planning, knowledge management, and TPM-orientation.
Committed leadership, employee involvement and customer focus all involve the need
for people relationships, and therefore are categorized under the people-oriented
soft category.

Conversely, the O&M factors of strategic planning, knowledge management, and
TPM-orientation maintenance are more likely to be “mechanistic” or process-based
and therefore categorized under the technically oriented hard category (Tse et al,, 2007).
Our empirical work aims to validate these factors and determine the relationships between
these factors and plant performance. Figure 1 shows the O&M Practice framework.

Definitions
This section defines the constructs that have been included in the O&M Practice
framework (Figure 1).

O&M Factors

“Soft” factors Plant performance

Operational
Reliability
Efficiency
Social/regulatory
Safety and Health
Environmental impact
Community

Committed leadership
Customer focus
Employee involvement

A 4

“Hard"” factors

Strategic planning
Knowledge Management
TPM-orientation

WWw.mane



Committed leadership

This factor is considered as one of the key “drivers” of performance. It examines senior
leadership involvement in setting direction for their power plants and creates a culture
focussing on customers’ requirements (Malcolm Baldrige National Award Criteria, 1994).
Leadership also plays a key role in facilitating innovative changes in the power plant
work environment; to create a safe and conducive work-place; install a management
system supporting the plant’s purpose of high performance (Skinner, 2004) through
continual learning, employee development, and close sensitivity to the local
community and natural environment. In our study, the leadership practices relate to
the transformational leadership style (Bass, 1985). Therefore, committed leadership is
expected to have a significant and positive relationship with plant performance.

Employee involvement

In our study, we have included employee involvement, as literature on quality and
TPM suggests that the participation and commitment of employees bring about
improvement in performance (Davis, 1995; Dean and Bowen, 1994; Nakajima, 1988;
Tsuchiya, 1992). Literature on quality suggests that the participation and commitment
of all employees are “enabled” to bring about improvement in performance, giving
credence to the fact that organizations’ greatest assets are in their workforce and the
people making up the organizations (Huselid, 1995; Youndt ef al, 1996). By enabling
them through cross-functional training, empowerment, skills development, use of
cross-functional teams, and others, their creativity in solving problems and contribution
to the achievement of quality as well as plant efficiency can be considered as sources of
competitive advantage (Barney, 1991).

Based on the above discussion, a higher level of employee involvement can bring
about a greater level of quality and enduring solutions to plant problems. In this way,
plant productivity is enhanced and improved. In addition, higher levels of employee
involvement create better understanding and a climate of trust in the organization.
The construct employee involvement is therefore predicted to have a positive and
significant effect on plant performance. Our survey for this factor focusses on such
issues as elimination of barriers, evaluation of employee suggestions, empowerment of
staff, cross-functional teamwork, and increased autonomy in decision making.

Customer focus

The TQM literature asserts that meeting customers’ needs is the main purpose of the
existence of the organization (Deming, 1982; Imai, 1986; Juran, 1992). It considers
the relationship the organization establishes that leads to customer satisfaction,
loyalty, and retention (Drucker, 1975) and how the plant manages the customer
relationship and communication of the concept of customer to the workforce.
The above indicates that the customer focus construct is a key factor in plant
performance and is therefore expected to have a positive and significant relationship
with plant performance. Measures relating to the customer focus construct include
knowing external customers requirements and expectations, customer satisfaction,
prompt resolution of customers complaints and problems, and actively and
responsive to customers’ needs.

Strategic planning
This factor describes the plant’s strategic and business planning as well as deployment
of plans (Davis, 1995; Evans, 1996). It emphasizes the long range planning, alignment
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of operational resources with corporate business mission, a process for formal strategic
planning, and the extent of the centrality of purpose and mission of the plant within.
With respect to power plants, strategic planning provides the link between the present
and the future. It also promotes a clear understanding among management and
employees of the plant’s link to its corporate mission, vision and business strategies,
resulting in an alignment of resources internally to attain plant objectives (Ansoff,
1987). Thus, it is expected that this construct will have a positive and significant
relationship with plant performance.

Knowledge management

The TQM literature suggests that information and data is the “lifeblood” of the
organization (Skinner, 2004), and organizations that collect and analyze information
consistently tend to be successful. This factor is concerned with the underlying TQM
philosophy that decision making should be based on facts (Crosby, 1979; Deming, 1982;
Feigenbaum, 1991). It involves collection and analysis of data and information about
customer needs, operational performance and problems, and feedback on improvement
activities or strategies undertaken by the plant, and knowledge of the complexity of the
plant operations.

TPM-orientation

This factor is concerned with activities that are responsible for equipment effectiveness.
TPM (Swanson, 2001) focusses on the maintenance strategy, the extent of preventive
maintenance, the use of root cause analysis for identifying defects and carrying out
trouble-shooting activities to bring the plant back to normal operation in the shortest time
possible, and keeping and use of records for maintenance analysis as well as carrying out
reliability-based maintenance activity. High production is assured which in turn motivates
plant management to commit more resources such as training and skills development to
sustain the TPM program (Senju, 1992). Employees too are motivated to be more involved.
Teamwork increases which promotes greater shared responsibility and more ownership of
plant problems (Zainal and Noorliza, 2000). Plant performance increases overall when
equipment is better and effectively maintained. Therefore, the TPM-orientation construct
is likely to be positively and significantly related to plant performance.

Plant performance

Plant performance is measured along dimensions of operational (reliability, capacity
utilization) and social/regulatory (environment, community, safety). We have decided to use
plant availability, which is an outcome of plant reliability as an indicator for the continual
operation and viability of the power plant. All the above performance constructs are
measured subjectively. Though many researchers argue for a balanced set of financial and
non-financial measures to measure performance, there are a number of reasons to opt for
subjective operational and social/regulatory data in this study (Kaplan and Norton, 2004).
The main reason for the use of subjective non-financial measures to measure performance
was the unwillingness of the deregulated power generation industry players to divulge
“sensitive” commercial and financial information[1]. This is especially so with the
privately held power companies which comprise a substantial portion of the sample size.

Hypotheses
This study tests the relationships between the soft factors such as committed
leadership, customer focus, and employee involvement with plant operational as well

WWw.mane



as social/regulatory performance. Based on the foregoing, our hypotheses examine the
relationships and predictive power of both the “soft” and “hard” factors with plant
performance. The two hypotheses are:

HI. There is a significant and positive relationship between the people-oriented
“soft” factors and overall plant performance.

H2. There is a significant and positive relationship between the technically or
process-oriented “hard” factors and overall plant performance.

Testing the above hypothesized relationships on the three people-oriented soft factors
are important because they provide useful information of their significance in relation
to plant performance. In addition, they provide important information on the relative
strengths of the three people-related constructs which can be used for comparison
with the results of other studies that indicate people-related factors are important
sources of competitive advantage (Powell, 1995; Samson and Terziovski, 1999).
Similarly, testing of the hypothesized relationships on technically oriented hard
constructs provide important information on the effect of technically-oriented O&M
factors on plant performance.

Contextual factors

In order to control for systematic bias, a number of contextual variables are identified
and included in this study, in order to examine whether these contextual variables
affect the hypothesized relationships between the O&M model and plant performance.
Such variables that are deemed important are plant size (number of employees)
(Ketokivi and Schroeder, 2004), plant age (Joskow and Schmalensee, 1987), market
environment (Ketokivi and Schroeder, 2004), and generation technologies
(Woodward, 1958).

The plant organization size is classified into three categories: small, from one to
19 people, medium, from 20 to 100 people, and large, with more than 100 people.
For plant age, we divided the power plants in two groups where one group consisted of
those plants with <20 years of operation. The other group consisted of plants that had
been in operation for more than 20 years. The 20th-year period is chosen to demarcate
them into new and older plants, and is also the time period for most power purchase
agreements, most notably power plants using gas turbine technology. As for market
environment, we classified this factor into two classes, that is, regulated and open
market. For generation technology, we classified them into the four dominant
technologies of conventional thermal, simple cycle gas turbine, combined cycle gas
turbine/steam turbine and hydro.

Methodology and data analysis

A mail survey was used to gather data from the power plants located in Malaysia
and Australia in order to test the above hypotheses. Power plants in Malaysia and
Australia were chosen for study because the restructuring and deregulation of the ESIs in
the two countries started at the same time and this would provide a basis for comparison
between the two countries. The names and mailing addresses of the power plants in
Malaysia and Australia were imitially gathered from the lists which appeared in the
statistics section of the Energy Commission web site (Electricity Supply Department
Energy Commission, 2004) and Electricity Supply Association Australia, respectively.
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Sample population and response rates

The initial lists identified 63 and 206 plants in Malaysia and Australia respectively.
The lists were scrutinized and adjustments made to include only those power plants
that were operated commercially and subjected to some sort of competitive forces.
Plants that were left off included those that were yet to be operational, those that
operated singly to provide partial supply to isolated communities, those that were
unmanned and remotely operated, experimental plants like solar powered generators,
and in-house co-generators.

Our sample population includes “true” power generators that utilize conventional
energy conversion technology. Such plants comprise conventional thermal steam plant,
combine-cycle power plants, simple cycle gas turbines, reciprocating engines,
renewable energy plants (e.g. wind farms), and hydro. The final list produced 42 and
173 individual power plants in Malaysia and Australia, respectively.

Mail out of the survey instrument was staggered in two phases. For the first phase,
the survey questionnaire was sent to power plants within Malaysia in August 2006.
In the second phase, the same survey questionnaire was mailed out to Australian
power plants in October 2006. Responses from the two countries were collected over
a period of two months each. A total of 108 responses were received, 41 from Malaysia
and 67 in Australia. This yielded response rates of 98 and 39 percent, respectively,
giving a total combined response rate of 50 percent. As will be explained and
discussed in the data preparation section, these 108 responses formed the data set
for all analyses in this study. Managers/team leaders in charge of the plant generating
assets or plant operation answered all responses. The respondents were considered to
have the necessary experience and knowledge on power plants operations.

Survey instrument
A total of 89 questions were included in an eight page long questionnaire. Development
of the questions in the survey instrument was carried out by the researchers using
a number of sources based on relevant literature in TQM (Ahire ef al., 1996; Black and
Porter, 1996; Cua et al., 2001; Powell, 1995; Samson and Terziovski, 1999), TPM (Brah
and Chong, 2004; Desirey, 2000; McKone et al.,, 1999; McKone and Weiss, 1998b) and
maintenance (Desirey, 2000). Questions were formulated based on criteria that included
The Australian Business Excellence Framework (2004), Malcolm Baldrige National
Quality Program Criteria for Performance Excellence (2007) and Tenaga Nasional Berhad
(2006). The questionnaire was pre-tested with colleagues and power plant managers in
Tenaga Nasional Berhad, Malaysia as well as power plant engineering and management
consultants. Changes were made to the questionnaire based on the pre-test feedback.
There were 59 research questions out of 89 originally selected that were relevant to the
research questions associated with this study. These 59 questions were the variables used
as inputs for analysis. These variables were assigned to seven constructs as theorized in
the O&M Model: committed leadership, customer focus, employee involvement, strategic
planning, knowledge management, TPM-orientation, and performance.

Descriptive statistics

Basic data and information were also sought from our respondents and the plants to
profile them. The power plant profiles were described in terms of major process
technology, location, plant age, number of employees, installed capacity sizes,
products and services offered, competitive advantages, ownership, and availability and
capacity utilization.
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Response rate

A total of 215 questionnaires were sent out and 108 responses were received from
power plants in both Malaysia and Australia. This worked out to a 50 percent response
rate. The majority of the respondents were from the plant managers or staff who
were in senior management positions at the power plants. Plants that did not have
management positions responded through their officers-in-charge. About 92 percent of
the respondents were plant managers and managers who hold senior positions in
the power plants. Many of these managers have years of experience in the power
generation industry. Besides being knowledgeable in the technical aspects of running
a power plant, they are also involved in managing resources to ensure the viability of
the business itself.

An analysis of the power plant work experience among the respondents shows that
the average work experience was about 22 years. About 80 percent of the respondents
had ten or more years working in the power generation industry. The highest work
experience recorded in the sample data was 45 years. The majority of the respondents,
nearly 40 percent, had between 20 and 30 years work experience in the power
generation industry. Thus the survey questionnaire data used for the statistical
analysis were the expressed opinions of experienced representatives from the power
generation industry in Malaysia and Australia.

Plant organization size

Following the convention used in most management studies, plant size is classified
according to the number of employees. The number of employees is used as a measure
of organization size (plant size) in preference to financial figures. The power generation
industry is very reluctant about giving out information on commercial performance;
hence this study had taken into account the advice of seeking non-commercial data
only from the respondents. In addition, the different power plants in the sample
data have different accounting, tax and depreciation policies that would have resulted
in an incompatible platform on which to base their performance.

Plant size (total installed capacity)

The majority of the power plants in the sample size are sized from ten megawatts and
above. For the sample data in this study, only three power plants were found to have
installed capacity of ten megawatts and less. A check reveals that the three are
renewable energy power plants (landfill gas and mini hydro). Large power plants with
installed capacities > 100 megawatts tend to have more employees (that is, medium to
large). However, the indication is that plants with higher installed capacities do not
necessary indicate more employees working there. The power generation industry is
highly automated, more so in modern plants constructed in the last few years.
With more competition and privatization, the industry had undergone a change in
terms of scale of employment with more emphasis on economic rather than social
benefits. The sample data appears to have elicited a good spread of respondents
in terms of organization size where the number of power plants is more or less equal in
numbers for small, medium and large size categories.

Plant age

Most of the power plants in the sample data were relatively new, about 42 percent were
less than 15 years old. About one-quarter had been in operation for more than 30 years.
Therefore, it is not unreasonable to say that the sample data contains information on
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power plants with a relatively wide range of operating ages. In the later section of this
thesis, power plants were divided in two groups where one group consisted of those
plants with <20 years of operation, and the other group that had been in operation for
more than 20 years. The 20th-year period is chosen to demarcate them into new and
older plants, and is also the time period for most power purchase agreements, most
notably power plants using gas turbine technology.

Location (market environment)

The power generation industries in both Malaysia and Australia have been opened up
to competition, as represented by degree of regulation. Competition in the form of
PPA-driven privatization, and thus limited in scope, is found in Malaysia and in the
Australian States of Western Australia and Northern Territory. Open competition in
the form of market bidding is prevalent in the states of Queensland, New South Wales,
Victoria, South Australia and Tasmania. The sample data comprise responses of
power plants located in the above-mentioned regions. The number of power plants in
open market and PPA-driven privatized market regions was found to be nearly equal
in the sample data.

Generation technology

We can classify the generation technologies based on the conversion processes from
different energy sources into electrical energy. For this study, they are classified into
conventional thermal steam turbine (ST) power plant, simple cycle gas turbine (GT)
power plant, combined cycle GT/ST power plant, hydro, wind, and renewables.
The four major generation technologies constituted more than 80 percent of the sample
size. These four technologies are the dominant types of generation technologies used
by the contemporary power industry.

These four dominant technologies of conventional thermal, simple cycle gas
turbine, combined cycle GT/ST and hydro are more or less equally represented in
numbers in the sample data. Wind and renewables constituted about two percent of
the sample size. Though these two technologies are emerging in importance with the
growing awareness of global warming, they are still at the infancy stage. Thus it is
reasonable to suggest that the sample data represents a balanced mix of the generation
technologies normally found in the power generation industry. In addition, the type of
generation technology used is dependent on the availability of fuel resources in the
country. Malaysia’s generation mix is skewed toward the use of its indigenous gas
resources. Australia’s plentiful and easily accessible coal reserves in the eastern states
of the continent shape its generation mix.

Thus we have, in Malaysia the predominant combined cycle gas turbine technology,
which prevails to capitalize on the gas while the Australia relies very much on the
well-proven technology of coal-fired steam turbine technology. Information regarding
the prevalence of generation technologies and generation mix is discernible from the
sample data. The pattern confirms the generation mix in both countries. The sample
data is representative of the generation industry in the two countries in this aspect.

Products and services

The respondents were requested to list the electricity-related products or services
offered by their power plants. The main energy products are base-load energy,
intermediate-load energy, and peak-load energy. Ancillary services are also offered.
These services are to maintain key technical characteristics of the network system.
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They include services such as spinning or operating reserve (FCAS)[2], voltage
support (NCAS)[3], and black-start[4] capability. That number of power plants in
sample data that are classified into the various energy products and ancillary services.
About 40 percent of the power plants concerned are peakers. The remainder is made up
of base and intermediate load plants. This is a fair balance of generating assets in any
system where peakers and non-peakers are needed to support a system economically
and effectively. However, ancillary services in terms of FCAS, NCAS and black-start
capability can be supplied by most power plants. These services are as a result of the
design and operating philosophies that are incorporated into the power plant during
the project development stage. More than 30 percent the surveyed plants offered FCAS
and NCAS.

Base-load and intermediate-load demands are supplied by large conventional
thermal and combined cycle power plants where economy of scale in the production of
electricity is imperative. Hydro and simple cycle GT power plants fill the slot for peak
demand. Characteristics such as quick res