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ABSTRACT

This research was carried out on the maintenaneetipes and the operational
performance in the state and privately owned etegower suppliers in Kenya. The
study was a cross-sectional survey. Data was ¢etlean the whole study population at a
single point in time to determine the maintenancaciices and investigate their
relationship with the operational performance as tlependent variable measured
through availability and cost per unit. It alsodsed on the failure distribution within the
studied power plants. The research population dedua total of 25 power suppliers
composed of 22 state and 3 privately owned powaentpl

The study was done through collection of the objectlata from the plant records.
Additional data was obtained from the plant mansgeéno were the respondents in the
study. Data analysis was carried out using desegipstatistics presented through
spearman’s rank correlation and t-value for thelymma To enable collection of
representative data for the study, the power plé@éntsonths operational data was used
and the analysis was carried out in line with theve stated objectives.

The study found out that there existed a relatignbktween the maintenance practices
and the power plant operational performance. P@hserts that emphasized spare parts
supply most among the maintenance practices stymkeidrmed better than the other
plants. Additionally there was a direct relatiogsbetween the availability of the power

plants and the production cost per unit.
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CHAPTER 1: INTRODUCTION

1.1 Background of the Study

The British Standard Glosary of Terms (3811:199&fings maintenance as the
combination of all technical, administrative andnagement actions during the life cycle
of equipment intended to retain it in, or restdréoia state in which it can perform the
required function. This increases the equipmentraimmal life and productivity.

Productivity is a ratio of what is produced by gemtion or process to what is required

to produce it, that is, the output from the operatlivided by the input to the operation.

As the output increases, the firm's productiort p@s- unit is reduced. This is because
the technology, facility costs and staff costs rermfairly constant even when units
produced increases for the same quantity of broughhaterials which mean more
efficient utilization of the equipment. The reduceakt per Unit would lead to reduced
price per unit and increased profits due to thehhiglume of sales and hence a
competitive advantage in the industry. This benadines from the reduced failure rate

that increases the equipment availability.

1.1.1 Maintenance Practices

The primary goal of maintenance is to avoid or gaite the consequences of failure of
equipment. In the realistic situation, all equiptseare unreliable in the sense that they
deteriorate with time and failure might even ocearly in their life due to manufacturing

defects or degradation depending on equipmentusgge and maintenance. The relative

ease and cost of preventing failures (retainingitam in a specified condition) or



correcting failures (restoring an item to a spedfcondition) can be justified through the

maintenance actions.

Maintenance lengthens the life of equipment andiced its failure rate (Jih-AN Chen,
2012). This yields a better return on investmertt anhances customer satisfaction due
to the increased production that meets the demalmd.order to sustain high plant
availability and at the same time meet the costragdlatory requirements, appropriate
maintenance practices need to be integrated whtkr shanagement functions (Nakajima,
1989). In practice, maintenance strategies are pgiunto two practices; these are

corrective and preventive maintenance as showerigure below:-

Figure 1.1: Maintenance Practices

Maintenance Strategy

A 4 j

Corrective Maintenance Preventive maintenance

|
i l

Condition - Based Time-Based

Maintenance Maintenance

Source: Hall (1997),Development of decision model for maintenance



Preventive maintenance is a type of maintenanceéedasut at predetermined intervals or
according to a prescribed criteria and intendecktiuce the probability of failure or the
degradation of parts. It is defined as a broad tdrat encompasses a set of activities
aimed at improving the overall reliability and deadility of an equipment (Kamran,
2003). Under preventive maintenance the equipnediability is enhanced by replacing

worn out components before they actually fail (Miessand Jain, 2012).

Conventional preventive maintenance policies aregaly periodic and hold same time
interval for preventive maintenance actions. Thaeséime interval would however give

decreasing reliabilities from one maintenance ctelanother as the equipment ages.

Condition based also known as predictive based teramce is a set of activities that
detect changes in the physical condition of theipgant in order to carry out the
appropriate maintenance work so as to maximiseséneice life of equipment without
increasing the risk of failure. Signs of failuree goredicted based on the equipment
important part through monitoring while the servide is predicted based on inspection
or diagnosis (Mitshra and Jain, 2012).1f the obedrgondition at an inspection exceeds
the threshold deterioration level maintenance fopeed, else no action is taken and the
system continues to run. This maintenance pradtceroposed for continuously
operating equipment especially where there is utaicey of time between failures or no

known expected life.

Corrective maintenance also known as Reactive ewmce is any maintenance task
performed to restore (repair or replace) the macbimcomponent to its required function
after it has failed (Rosmaini, 1995). Its majorwdback is obvious i.e. the cost of repair
or replacement of the equipment that is run tafeils typically much higher than if the

problem were detected and fixed earlier not to anthe cost of loss in production
3



during extended downtime. The application of cdivec maintenance significantly
reduces the machine performance in terms of rétigbavailability, production rate and

product quality (Swanson, 2001).

Maintenance infrastructure policy in an organizatidetermines the choice between
various maintenance policies that reduce frequeang severity of malfunctions.
Maintenance policy has been defined as a strateghinvwhich decisions on
maintenance are taken.Optimization of the mainteagolicies has been defined as a
strategy within which decisions on maintenance taken so as to achieve high plant
operational performance at low maintenance coswePdlants operation managers
emphasize preventive maintenance strategies tedserthe reliability and availability of
equipments. McClymonds and Winge (1987) presenthoust to achieve optimal
preventive maintenance scheduling for nuclear Pdilants. They consider the plant
availability and reliability as the objective furmts and develop models based on
assigning resources to preventive and correctiventereance activities. This study
contributes to the literature on the impact of rremance practices on plant operational

performance.

1.1.2 Power generation Sector in Kenya

According to the Energy Regulatory Commission, K@sycurrent installed power
capacity stands at 1,700 MW. The interconnectethliesl capacity currently stands at
1,672 MW, including the 120 MW of the emergency aa@fy while the supply
penetration in the country is only to 15% of théatgopulation of 40million people
(World Bank report). The current national interceated system peak demand is 1,330

MW (The East African July 13, 2013). Hydropower remtly constitutes 51% of the



installed capacity while Thermal, Geothermal, weheration account for 34%, 13%,

and 2% respectively.

The power is supplied by KenGen the state ownedpgaom and the Independent power
producers operating in the country under licensen®en today commands 74% of the
market share which continues to decrease with lkee@asing market size due to the
competition from the independent power producers ianreased regionalization of the
East African power markets. The ongoing power gatiear projects include 300MW
Lake Turkana Wind Power project, 87MW Thika Powemited (Thermal), 81MW
Triumph Generating Company (Thermal) in Athi Riveone, 280MW Olkaria

Geothermal Power and 80MW Gulf Power (Thermal).

The demand growth of 8-10% has continued to optsupply with demand forecast to
grow even further in future mainly due to the sgarowth in the country’s economy.
The projected installed capacity by 2030 is 17,84 when the demand for power is
expected to rise to 15,026 MW. (KenGen extradtitizing Geothermal Energy in Kenya,

February 20", 2013").

Several issues arise in the power generation seGtoere are rising Operation &
Maintenance costs of the plants due to the incceasst of inputs while the customers
demand for clean competitively priced power whidhstrbe reliable and of high quality.
There has been pressure to de-regulate the sectas o allow other investors in the
industry to promote competition and reduce eletyrimost per unit. In addition the sector
has continued to record rising power demand thatlt® to periodic rationing and
importation of power. The consequence is the neeefficiency and cost effectiveness
in power generation for competitiveness. To survigewer suppliers must reduce

maintenance costs, prioritize maintenance actiodsaise reliability.
5



1.2 Statement of the Problem

Evidence from the literature indicates that maiatexe practices activities have effect on
Power Plants operational performance (Kamran, 2088)argues that these activities
retain the equipment in a state considered nege$safulfillment of their production
function. Electric utilities are confronted with allenges of competition, Operation &
maintenance costs and the growing power supply déroa the system. It has also been
argued that the total cost of maintenance and etgnp availability varies depending on

the level of maintenance and the speed of carmuigepairs (Kola and David, 2008).

The health of the equipment is of utmost importaocthe industry because revenues and
reliability are affected by the condition of theuggment. Therefore, the importance of
the maintenance function has been greater thamebdie to its role in maintaining and
improving availability and lengthening the equipméfe (Nakajima, 1989). According
to Okah-Avah (1996) all the equipment maintenanctvides are concerned with
preventing or responding to failure and optimizatiof these activities reduces the
production cost per unit while improving the equgnhavailability. He also argued that
provision of standby equipments and spare parec@fithe maintenance or repair tasks
duration which influences the performance. The teaance policy applied thus

becomes a factor in determining the operationdbpmiance of the equipment.

In Kenya there exists a shortfall in the countrgtsver supply due to the low installed
capacity which cannot meet the national power deim@east cost development plan
report, 2010) The increasing electricity demand, the increasiguirement to supply

clean reliable power and the deregulation of thevgyosupply sector has resulted to an

increased competition among the various power preiu This has led to competition as
6



the players strive to maintain low production cpst unit that results in low unit price
per unit so as to secure a high market share &r pinoduct. The players in the industry
have to keep adapting to the changing businessament by changing their business
strategies in order to compete effectively. To aehithis objective, focus on the optimal
maintenance practices is crucial to enhance thgemnt reliability and availability at

the minimum cost of production to achieve markehpsetitiveness (Alsyouf, 2007). The
operation manager’s decision on the maintenandeig®lto use determines the overall

equipment availability and production cost.

An effective maintenance policy is essential taweing safe and reliable electric power
to customers economically (Anders, 1990). Additipnas equipments continue to age
and gradually deteriorate the probability of sesviigterruption due to component failure
increases hence reduced availability. Accordinglagadees (2010) the efficiency of
maintenance determines equipment’s availability #edproduction efficiency depends
on the availability of the equipment in the procebsin which is more critical when

operations are running on a 24 hour basis.

Various choices in the maintenance policies cowddekplored to enhance the Power
Plants operational performance Eti (2006). An optimmaintenance policy has to be
established that yield the highest equipment abditia at the highest production

efficiency i.e. minimum cost per unit. Determinatiof the best operating level on each
remains a challenge. There is therefore need feedyprepairs so as to reduce cost of
interruptions in production. This requires a chotoebe made on whether or not to
increase the preventive maintenance frequencyawige extra machines. The option of

replacing the machine parts early before failuneldde made but this could increase the
7



operational and maintenance cost per unit. Availstandby units would reduce the

breakdown cost that arises due to loss in produoctio

Several studies have been carried out on maintengractices and equipment
operational performance. No studies have beenechmwut on Power Plants failures
history in Kenya. The research sought to investitia¢ maintenance practices used in the
power plants, the patterns of failure and the ¢dfet the maintenance practices on the
power plants operational. Understanding this isartamt for the Operation Manager’s

decisions on repair speed and the maintenancdgsotw adopt.

1.3 Objectives of the study

To answer the above questions the study soughtclieee the following specific

objectives:-

() To identify the maintenance practices used in thegy plants.

(i) To analyse the distribution of failures in the gowlants.

(iif) To establish the relationship between the mtemance practices used in the

power plants and the operational performance.

1.4 Significance of the study

This study will explore the various maintenancecpcas used by the various Power
Plants under study and the operating availabifych information can be used by the
Company in the formulation of the maintenance st In addition the findings are also
useful for operations management practitionerggh bapital intensive operations as the

guide in decision making regarding equipment maiatee.



CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

In this chapter literature on issues relating taigeaent maintenance are reviewed. The
literature is reviewed along two groupings. Thisvers literature on maintenance
practices and their relationship with the operatlgerformance and decision analysis in

maintenance Problems. Finally a conceptual framkvwsodeveloped.

2.2 Decision analysis in maintenance Problems

A study by Burhanuddin (2011) on efficient failusased maintenance decision support
system for small and Medium Industries revealed thanaintenance decision support
system is essential to ensure maintainability atidbility of equipments in industries.
The decision support system gathers and presetadrdan a wide range of sources in a
way that can be interpreted by tactical level mansagvho can use it in making tactical
decisions. A quantitative approach in the decisgupport system model allows
maintenance managers to reach decisions regatdéenghaintenance programme to use

on each machine.

The maintenance Decision Making Grid, introduced.algib (1998) acts as a map where
the performances of the worst machines i.e. frequesf failures and downtime are
placed. The matrix offers an opportunity to decudleat maintenance strategies are
needed for decision making such as to practiceecbve maintenance, periodic
preventive maintenance or Condition based MaintemamMachines that have low
frequency of failure with a short downtime are perfing well and they are easy to

repair, machines with high failure frequency ana Ildowntime are easy to fix and

9



upgrading the operator skills level in fixing theopblem will help to reduce outage
period. Machines that seldom fail but take longetito bring back require condition
based maintenance while those with low failure desggy and medium down time
require preventive maintenance. The model is abknalyze multiple criteria and is the

best choice when the number of machines is lessfitty (Pascual, 2009).

Another study by Faiz and Eran (2009) on decisiaking for predictive maintenance in
asset information management defines an asset m@eag system as a tool for
identification, design, construction, operation,damaintenance of physical assets
(Wenzler, 2005). The science of asset managems1# @ equip engineers to become
businessmen and introduces structured methodsafatling reliability, performance, and
maintenance (Woodhouse, 2001). The advantage dyiagpexpert systems to assist

problem solving is that the confidence in corremtigions can be greatly increased.

A Case based reasoning system stores a set oeprsland answers in an organized data
structure called a Case-Base or Case Archive (€]a2R05). He argued that a Case
Based Reasoning system, upon being presented witlokdem, finds the case in its
knowledge base that is most closely related ton#we problem and presents that case's
solution as an output, with suitable modificatiohs.addition much of the power of
decision analysis lies in its ability to effectiyehtegrate the many factors that commonly
affect a decision. Such an integrating capacity esaftecision analysis a very useful
means of facilitating the decision-making processCase Based Reasoning can help
decision-makers identify what features of a proble the important ones to remember

during problem solving.

10



There is a widespread belief that corrective maemee is always less economical than
preventive maintenance, and all failures can beegmed. This approach to preventive
maintenance firstly wastes a lot of resources imglonnecessary tasks which will not
improve equipment or system availability, and setpnit is potentially risky
(Tsang, 1995). A principal argument in favor ofalletd and integrated asset information
management system is that accurate and unchallenigethation is available to anyone
with the skills to analyze and interpret it for thenefit of a company (Sherwin, 2000).

Predictive scheduling relies more on informatiod arplicit knowledge.

Another consistent study by Clety Kwambai (2008)Ideland revealed that optimum
preventive maintenance policies is a logical chafcand only if the component in
guestion has an increasing failure rate and tleadivcost of the preventive maintenance

action is less than the overall cost of a correctigtion(Barlow and Hunter, 1960).

In conclusion Maintenance strategies are identifigidg the decision making grid model,
based on important factors including the machioh@sntimes and their frequency of
failures. The machines are categorized into thentiove criterions and frequency of
failures, which are high, medium and low. The ekpental studies are conducted using
maintenance data set given by Fernandez (2003)sflidy however has not factored the
external and internal factors of the equipmentseurstiidy and it would be necessary to

investigate this in another study.

2.3 Maintenance practices and their relationship wh the operational
performance

A study by Mulugeta (2009) on Reykjane & Nesjavefiower stations in Iceland on

evaluation of maintenance practices through bendkinafor geothermal Power Plants

11



developed a model that could help in the searclofdimum methods of maintenance
practices in order to improve the overall operalgrerformance. The main objective of
the study was to determine the best practices feykjanes power station as the

benchmarked plant based on the model results.

For the five years’ period considered the benchetikower Plant on average used 13%
Emergency maintenance 26% Preventive maintenddéé Predictive maintenance and
20% Planned corrective maintenance while Nesjavetiver Plant best performer used
14%, 13%, 71% and 2% of these practices respéctiVhe benchmarked Power Plant
used a combination of different maintenance prastitue to age, working condition and
the complexity of the plant. In both Power Plamidictive maintenance was preferred
in delivering a flexible, dynamic and proactive ntenance procedure so as to achieve

high availability, minimum down time and repair 8m

The benchmarked Power Plant maintenance and opestaff consisted of 22 men who
regularly attended to the 12 turbines. This flexjldo-operative and shared responsibility
approach among production and maintenance persdmaheéd to keep a few skilled
creative operators and maintenance staff. Desigii@gnachines for maintainability and
increasing the spares stocks translates to redue@tdenance duration (Wireman 2000).
In addition availability of correct spare parts andterials in good condition were also
found necessary so as to maintain design configmrand maintenance requirements for
activities during normal operating periods and tgpport both planned and forced

outages.

The availability of a complex system, such as s tgabine, is strongly associated with

its parts reliability and maintenance policy (Ferda and Gilberto, 2009). That policy
12



not only has influence on the parts’ repair timé &lgo on the parts’ reliability affecting
the system degradation and availability. In théudg based on a method for reliability
and availability evaluation of gas turbines ingdllin an electric power station,
availability analysis revealed different results feach of the two 150MW turbines
studied in Brazil, one presenting 99% and the otB&% availability, indicating
differences in their systems installation and opena They argued that in a large
enterprise, such as a power plant keeping assabitiy and availability and reducing
costs related to asset maintenance, repair, aimdatét replacement are at the top of the

management concerns.

The Reliability Centered Maintenance concept wasldped to address these concerns
and formally defined by Moubray (1997) as “a pracased to determine what must be
done to ensure that any physical asset continuds tehatever its users want it to do in
its present operating context”. This maintenandeyp@hilosophy is focused on the use
of predictive or preventive maintenance tasks #iat at the reduction of unexpected

failures during the component’s normal operatiomi¢(8 and Hinchcliffe, 2004).

In order to improve maintenance efficiency anddduce maintenance costs, Eti (2007)
proposed the use of reliability and maintainabitibncepts to define an availability index
expressed by the ratio of the mean time to faitarthe sum of the mean time to failure
plus the mean time to repair. The study conclutiat the data collected on field failures
are particularly valuable because they are likelyptovide the only estimates of the
reliability and availability that incorporate thealdings, environmental and maintenance
procedure effects found in practice. On both comepbrnand system levels such a

database is valuable for predicting on site rditgtand availability.
13



A similar study by Olayika (2011) in Nigeria on itementation of preventive
maintenance programme in Egbin Thermal Power Pévgaled consistent results. There
existed an inverse relationship between the compoae equipment availability and
mean time to repair or failure rate and an effectivaintenance strategy was essential to
delivering reliable electric power to customersaatower production cost per unit

(Anders, 1990).

In conclusion the empirical results of the studyrfd that systematic maintenance data
collection, analysis and a continued reliabilitydst could provide valuable information
about the plant performance. No studies have be#reiKenyan power generation sector
to identify the operational performance of the pabased on the failure rates and the
maintenance practices. The model could assist P®lemts operation managers in
understanding the current performance of the @adtidentification of actions to take in

order to exceed identified business standards poave performance.

2.4 Approaches to maintenance management

To reduce downtime and achieve high production lodipas, the aim should be to find
ways to increase equipment reliability and extehd éequipment’'s life through cost
effective maintenance (Olayinka, 2011). Such chaegeires a complete shift to a Total
Planned Quality Maintenance approach, which is ant@a@ance and management
philosophy that advocates planning all maintenatiee preventive, predictive and
corrective), as well as the control of quality inaimtenance operations. Training
operators to carry out the routine maintenancegafpgnents reduces the failure rate thus

increasing the equipment availability and optimi@atof human resources (Labib, 1998).

14



One of the strengths of the top performing genegatompanies worldwide is their

successful efforts to establish a Pro-active O&Mgoam, one that uses their equipment
reliability, cost and efficiency data to supplem#rg recommendations of the equipment
manufacturers and the utility’s firsthand expergenfEnergy Sector Management

Assistance Program reports, 2009).

Total Productive Maintenance is a well-defined ante-tested concept for maintaining
plants and equipment. It was introduced to avagte/ in a quickly changing economic
environment, produce goods without reducing produetity, reduce costgroduce a

low batch quantity at the earliest possible timé tmensure that only non-defective parts

are sent to the customers.

2.5 Summary and conceptual framework

A review of literature on equipments maintenance fiexealed that a careful selection of
an optimized maintenance strategy would increase rétability and availability of
equipments while reducing the operational and reaemice cost. This requires that the
equipment design ensures maintainability so asufpat the maintenance practices
(Eti, 2007). Such an achievement would enhancetfanization competitiveness as the
production cost per unit would be greatly reducBécision analysis as relating to
maintenance programmes has suggested importardrdadncluding the machines
downtimes and their frequency of failures as imgairtools to apply in guiding on the
maintenance strategy to apply in a particular PoRlant so as to enhance operational
performance. Results of the findings in the stuflynaintenance practices and their
relationship with equipment availability indicateat predictive maintenance enhanced

equipment performance and resulted to minimum exeid downtime and repair time
15



(Mulugeta, 2009). Operator involvement in maintes@animproved operational
performance as they attended to the equipment nfailures in time before serious

problems developed (Labib, 1998).

Timely availability of spare parts was considereitical by the researchers to support
planned and forced maintenance tasks. In PowertsPktandby equipments availed
during maintenance reduces the equipment downtioges| arising from reduced
production, employee idle time and storage costréWan, 2000). The variables
identified in these studies will be representedaioonceptual framework (Fig. 2.1) to
form a basis of understanding the breakdowns Higion of the various types of Power
Plants and determinations of links between maimeagolicies and plant operational

performance.
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Independent variable

Maintenance practices

Emphasis on preventive maintena |,
Dependent
Spare parts Supp ) variable
Operationa
Operator involvement in maintena .; ~| Equipment ——— Performance
Availabilit (cost per uniy
Emphasis on standby machir
maintenance
—
Emphasis on maintainabili —] |

maintenance

Figure 2.1 Conceptual Framework

Hypothesis

H There is a significant difference between the reedrihose plants preferring one

practice and the mean of those preferring another

Ho There is no significant difference between the msez those plants preferring one

practice and the mean of those preferring another

17



CHAPTER 3: RESEARCH METHODOLOGY

3.1 Introduction

This chapter highlights the issues relating tortrsearch design and methodology for the
present study. Consequently it contains a brietmjeson of the research design, study
area, target population, sampling technique, rekeanstruments, data collection

procedure and analysis.

3.2 Research design

The study was a cross-sectional survey where dat asllected on the whole study
population at a single point in time to examine tdlationship between the independent
variables with the dependent variable. Accordingviogenda and Mugenda (2003), a
survey design is an attempt to collect data fromdantified group of objects, with the
objective of determining the current status giviea specified variables, in this case, the
maintenance practices with respect to specifiechlbbas. This design was adopted since
it facilitated the collection of original data nesary to realize the research objectives.
The design was also appropriate in collecting Useé#ftia that could be quantified and

reported as a representation of the real situatiaaracteristic in the study population.

3.3 Population

A survey was conducted and the researcher condiddére state owned and the
independent power producers in Kenya. The plantsre walentified through

correspondence with National Control Center whdfetree transmission network is
managed. A total number of 25 power plants werdamted in this study. 23 of these

power plants have offices in Nairobi but the otBehnave their offices outside Nairobi
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where they are located. The power plants genemteipusing various methods i.e. 9No.
thermal, 1No. wind, 3No. geothermal and 12No. hydmnod all the power is sold to
Kenya Power the main power distributor in the copnthe study was restricted to the

mentioned local power plants.

3.4 Data collection Method

The respondents of the study were the plant masagetheir representatives who have
the role of managing the operations of the plamis @aintain the plant records. The
researcher introduced himself to the plant manage@ugh the contacts availed by
Kenya Power and those available in the plant héfazks in Nairobi. The data collection
was accomplished using self- administered questioes, which sought information on
maintenance practices in the respective plants gliestionnaire used paired comparison,
where each practice was compared with the othéesifidicators of each of the variables
were statements that were closely used in praclios. data represented the independent
variables in the study. Secondary data from thatpkacords on power plant operations
was collected from the plant records. The infororativas related to the units
generated(Mwhr), operation and maintenance costs gt (ksh/kwhr), plant
availability(%), breakdown reports and the outageirh for the previous 6months
(March-August 2013). In order to ensure that thepoadents provided accurate
information, the researcher assured them of thefidsmtiality with which the
information was to be treated. The respondents aiseinformed of the need to provide
accurate information as the results of the studyldvoassist those in operation
management roles in decision making. The infornrmagiwen would also be coded before

use.
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3.5 Data Analysis

After collecting the raw data it was edited to eatrany errors before coding and

interpreting to facilitate analysis. The power plahentities were coded numerically,

while the maintenance practices were coded alpiwaligt The coded data was presented
in tables and figures where the means of the quaéing variables studied were used. The
interest of the study research was to find out irethe group of independent variables
in this case the maintenance practices predictgidemn dependent variable in this case
the operational performance given in cost-per anit measured through availability. The
results obtained were presented in paired compangarksheets for each plant. The

degree of preference for each option in the podaartpvas calculated based on its score
against the other practices. Scores of 0 and 1 wezd for the less and most preferred
options respectively. Descriptive statistics innioof mean, variance and frequencies
were generated from the coded data. The intenaé sgas applied and analysis using
paired comparison for maintenance practices was.d®anking was done so as to
establish some type of priority among the varialdasdied. For the first and third

objectives studied, T-test and spearman’s factoetaion at 95% confidence level was

applied. Binomial test was applied on the analggihe distribution of failures.
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CHAPTER 4: RESULTS, DATA ANALYSIS AND DISCUSSION

4.1 Introduction

This chapter presents the results, data analysisdestussion as per the data collected
using the researcher’s questionnaires which wergeds to the plant managers in all the
25 power plants in Kenya. The first part of thistg®n, presents the response rates, while
the second and subsequent sections present thes r@sai findings obtained with regards

to the objectives of the study.

4.2 Response

The researcher issued 25 questionnaires to themdepts from the various identified
power generating plants in Kenya. Out of these ti@asaires, 22 were returned,

indicating 88 percent response rate. The respaa®indicated in table 4.1 below.

Table 4.1 Respondents response rate

Power plants category| Total sent Total received ba®kesponse rate
State owned 20 20 100%
Privately owned 5 2 40%

25 22 88%
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Table 4.2 Objective data from plant records

Power plants Total plants Total plants Response rate
category participating submitting objective
data
State owned 20 20 100%
Privately owned 5 2 40%
25 22 88%

There was a very good response (100%) from the stabed companies.

Table 4.3 Power production by ownership

Power plants category Generated energy(Mwhrs) Youdl in Kenya
State owned 2,934,433 87.58%
Privately owned 416,016 12.42%

3,350,449

The state owned plants generate the bulk of thetrelal energy (87.58%) in the country

while the privately owned plants generate only 2204

4.3 Results

The aim of the study was to identify the maintemapractices used in the power plants,
to establish the relationship between the maintemgmactices used in the power plants
and the operational performance and finally to ysw®lthe distribution of the failures.
Paired comparison analysis was applied to analysaraintenance practices from the
various power plants.The tables below present devidual power plants operational

data for the period of the study.
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Table 4.4 Individual power plant operation data

Generated 0o&M Production No. of
PP1 % Availability Units cost(ksh) Cost per Outage hours | failures
in (MWhrs) kwhr (ksh)
March 100.0 3,958 1,088,742 0.3 1.0 1
April 100.0 4,048 1444340 0.4 0.0 0
May 99.7 4,089 1,082,987 0.3 23.0 7
June 100.0 4,537 1,221,941 0.3 0.0 0
July 100.0 4,785 1,360,940 0.3 0.0 0
August 100.0 2,899 911,145 0.3 0.0 0
TOTAL 99.7 24,316 7,110,095 24.0 8
AVERAGE 99.9 0.3
Generated O&M Production Outage No. of
PP2 % Availability Units cost(ksh) Cost per hours failures
in (MWhrs) kwhr (ksh)
March 99.3 28,874 4,448,000 | g 1540487 36 2
April 97.9 25,918 3,416,000 0.1317987 104 3
May 99.3 23,894 169,000 0.0070730 36 1
June 93.0 22,806 4,020,000 0.1762711 352 2
July 99.4 27,083 276,000 0.0101909 31 2
August 99.8 27,342 3,427,000 0.1253397 12 0
TOTAL 155,917 15,756,000 570 10
AVERAGE 98.1 0.1007870
Generated Cost per kwhr
PP3 % Availability Units(Mwhrs) | O&M Cost(ksh) | produced(ksh) Outage hours No. of failures
March 98.8 32,273 31,615,887 0.98 62.19 7
April 98.2 48,368 38,057,019 0.79 88.94 17
May 99.0 53,115 108,840,741 2.05 55.66 21
June 99.5 52,332 50,488,362 0.96 22.67 9
July 97.7 52,599 35,150,436 0.67 130.43 7
August 94.1 46,743 86,833,656 1.86 293.99 6
TOTAL 285,430 350,986,101 653.88 67
AVERAGE 97.9 0.913291507
Generated O&M Production Outage No. of
PP 4 % Availability Units cost(ksh) Cost per hours failures
in (MWhrs) kwhr (ksh)
March 100.0 82,908 8,825,922 0.11 0 0
April 99.8 88,980 10,358,200 0.12 5.34 3
May 99.6 104,560 10,829,199 0.10 9.08 3
June 99.6 90,219 12,244,057 0.14 8.96 0
July 89.6 86,569 9,309,397 0.11 223.8 1
August 97.5 82,753 11,665,679 0.14 53.9 1
TOTAL 535,989 63,232,454 301.08 8
AVERAGE 97.7 0.12
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Generated O&M Production Cost Outage No. of
PP 5 % Availability Units cost(ksh) per hours failures
in (MWhrs) kwhr (ksh)
March 100.0 56,502,000 | 21,387,865.18 0.3785329 - -
April 87.1 36,508,000 18,007,854 0.4932578 185.60 5
May 99.4 47,893,000 22,912,610 0.4784125 9.12 4
June 99.3 45,189,000 | 25,678,517.94 0.5682471 10.39 2
July 94.0 50,302,000 | 13,305,160.20 0.2645056 86.54 4
August 96.7 52,685,000 | 17,568,725.00 0.3334673 47.68 -
TOTAL 289,079,000 118,860,732 339.33 15
AVERAGE 96.1 0.4194039
Generated Production Cost
PP6 % Availability Units 0&M cost(ksh) per Outage hours No. of failures
in (MWhrs) kwhr (ksh)
March 83.1 42,871 9,047,392.31 0.21 366.03 2
April 97.3 43,787 9,016,726.60 0.21 57.55 2
May 98.8 51,096 9,036,376.46 0.18 25.79 1
June 98.4 47,093 12,131,990.52 0.26 34.69 1
July 97.0 42,694 10,610,730.50 0.25 64.63 1
August 99.5 41,715 10,340,208.42 0.25 10.70 0
TOTAL 269,255 | 60.183,425 559.39 7
AVERAGE 95.7 0.22
Generated O&M Production Outage No. of
PP 7 % Availability Units cost(ksh) Cost per hours failures
in (MWhrs) kwhr (ksh)
March 99.8 94,970 8,650,000.00 0.0910814 2 0
April 100.0 93,889 7,610,000 0.0810532 - 0
May 99.9 102,354 10,390,000 0.1015104 1 1
June 98.6 98,150 | 11,620,000.00 0.1183902 20 2
July 99.7 101,422 8,530,000.00 0.0841040 5 1
August 75.2 86,947 8,530,000.00 0.0981057 357 2
TOTAL 577,732 55,330,000 385 6
AVERAGE 95.5 0.0957075
% Generated Oo&M Production Outage
PP8 Availability Units cost(ksh) Cost per hours No. of failures
in (MWhrs) kwhr (ksh)
March 85.1 58,450 | 23,719,569 0.41 331.8
April 96.0 64,900 | 22,967,884 0.35 86.79
May 96.2 66,580 | 28,638,530 0.43 91.23
June 25,114,973
100.0 67,360 0.37 0 0
July 97.7 67,570 | 21,296,922 0.32 52.45 6
August 95.9 66,580 | 23,094,922 0.35 92.9 3
TOTAL 391,440 | 144,832,800 655.17 27
AVERAGE 95.1 0.37
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Generated O&M Production Outage No. of
PP 9 % Availability Units cost(ksh) Cost per hours failures
in (MWhrs) kwhr (ksh)
March 94.6 1,933,832 2,779,420 1.4 289 0
April 91.8 1,786,187 4,720,194 2.6 336 0
May 99.2 1,764,268 3,522,466 2.0 32 0
June 96.0 1,709,774 4,374,075 2.6 151 0
July 98.1 1,812,216 2,080,943 1.1 78 0
August 83.7 1,824,551 5,619,831 3.1 745 0
TOTAL 10,830,828 23,096,929 1,631 0
AVERAGE 93.9 2.1
Generated O&M Production Outage No. of
PP10 % Availability Units cost(ksh) Cost per hours failures
in (MWhrs) kwhr (ksh)
March 58,672,072
91.3 30,460 1.93 187.87 14
April 99.3 31,055 71,106,975 2.29 14.53 4
May 98.5 30,733 79,145,447 2.58 32.08 15
June 97.1 29,792 63,387,823 2.13 61.97 25
July 90,673,541
76.8 24,009 3.78 501.91 4
August 97.0 29,897 64,002,457 2.14 64.42 14
TOTAL
175,946 | 426,988,315 862.78 76
AVERAGE 93.3 2.47
Generated O&M Production Outage No. of
PP11 % Availability Units cost(ksh) Cost per hours failures
in (MWhrs) kwhr (ksh)
March 99.7 16,284 2,225,000 0.1366365 13 6
April 96.2 13,944 3,463,000 0.2483461 165 19
May 79.7 12,125 3,185,000 0.2626830 906 41
June 95.2 11,906 3,635,000 0.3053065 210 16
July 93.4 13,769 3,741,000 0.2717068 297 20
August 94.6 13,528 3,699,000 0.2734268 241 26
TOTAL 81,556 19,948,000 1,831.26 128
AVERAGE 93.1 0.2496843
Generated O&M Production Cost Outage No. of
PP12 % Availability Units cost(ksh) per hours failures
in (MWhrs) kwhr (ksh)
March 99.9 4,738 10,243,743 2.16 0 212
April 98.9 10,322 10,515,953 1.02 8 15.36
May 89.7 6,932 70,426,988 10.16 9 148.47
June 93.5 13,153 10,682,467 0.81 2 94.22
July 83.6 10,993 10,612,644 0.97 0 235.71
August 90.2 12,780 71,277,008 5.58 7 140.99
TOTAL 58,918 183,758,803 26 636.87
AVERAGE 92.6 3.45
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Generated O&M Production Outage No. of
PP13 % Availability Units cost(ksh) Cost per hours failures
in (MWhrs) kwhr (ksh)
March 98.9 23,152 8,573,967 0.37 1.00 1
April 72.6 6,039 7,872,568 1.30 2.00 2
May 99.6 3,803 7,829,889 2.06 4.00 4
June 99.3 7,801 10,614,124 1.36 1.00 1
July 85.7 21,501 8,583,148 0.40 1.00 1
August 98.2 26,254 8,816,461 0.34 3.00 3
TOTAL 88,550 52,290,157 12.00 12
AVERAGE 92.4 0.97
Generated O&M Production Outage No. of
PP14 % Availability Units cost(ksh) Cost per hours failures
in (MWhrs) kwhr (ksh)
March 87.7 15,753 64,924,191 4.12 176.53 3
April 93.8 34,027 51,218,756 1.51 88.85 2
May 70.3 24,766 51,278,062 2.07 427.41 5
June 98.5 42,555 105,156,248 2.47 21.97 2
July 98.7 36,530 52,031,582 1.42 18.19 0
August 100.0 42,643 50,796,566 1.19 0.49 2
TOTAL 196,274 375,405,405 733.44 14
AVERAGE 91.5 2.13
Generated O&M Production | Total outage No. of
PP15 % Availability Units cost(ksh) Cost per hours failures
in (MWhrs) kwhr (ksh)
March 76.4 1,811 1,112,360 0.6 1018.0 0
April 77.2 561 2,323,747 4.1 987.0 0
May 79.2 729 1,441,429 2.0 900.0 0
June 85.5 600 2,669,581 4.5 624.6 0
July 93.9 692 | 1,635,422 2.4 262.0 0
August 91.3 997 1,577,269 1.6 376.0 0
TOTAL 5,390 10,759,808 4167.6 0
AVERAGE 83.9 2.5
Generated O&M Production No. of
PP16 % Availability Units cost(ksh) Cost per Outage hours | failures
in (MWhrs) kwhr (ksh)
March 26.8 282,488 800,000 2.8319787 1,633 0
April 95.0 859,360 3,400,000 3.9564327 107 61
May 96.4 1,029,575 2,730,000 2.6515795 6 33
June 98.5 1,015,515 4,510,000 4.4410964 33 25
July 99.7 907,862 3,350,000 3.6899881 6 39
August 99.9 916,025 3,320,000 3.6243552 69 32
TOTAL 5,010,825 18,110,000 1,854 190
AVERAGE 86.0 3.5325718
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Generated O&M Production Outage No. of
PP17 % Availability Units cost(ksh) Cost per hours failures

in (MWhrs) kwhr (ksh)
March 95.0 660 5,297,426 8.023 252.26 3
April 85.2 599 3,913,454 6.534 747.65 6
May 81.8 556 3,576,231 6.428 940.87 5
June 79.4 531 3,605,139 6.792 874.39 9
July 80.8 579 4,313,746 7.455 774.86 3
August 78.7 613 7,211,208 11.77 888.4 4
TOTAL 3,538 27,544,345 7.786 4478.43 30
AVERAGE 83.5 6.8485

Generated O&M Cost per kwhr | Total outage Total No. of
PP 18 % Availability | Units(Mwhrs) cost(ksh) produced(ksh) hours failure
March 83.7 2,292,401 3,880,000 1.6925486 367 0
April 71.6 3,153,213 2,090,000 0.6628160 933 0
May 67.4 3,330,021 2,180,000 0.6546505 1,200 0
June 78.1 3,828,304 2,520,000 0.6582549 436 0
July 92.5 4,725,703 610,000 0.1290813 161 0
August 65.6 3,486,819 2,120,000 0.6080040 707 38
TOTAL 20,816,461 13,400,000 3,804 38
AVERAGE 76.5 0.7342259

Generated O&M Production Outage No. of
PP19 % Availability Units cost(ksh) Cost per hours failures

in (MWhrs) kwhr (ksh)
March 59.0 18,694 8,825,922 0.39 862.79 0
April 62.7 20,357 10,358,200 0.36 833.74 11
May 61.1 22,805 10,829,199 0.33 874.54 4
June 69.1 21,943 12,244,057 0.35 695.76 6
July 64.1 22,966 9,309,397 0.43 763.43 7
August 97.7 20,436 11,665,679 0.45 24.70 4
TOTAL 127,201 63,232,454 4,054.96 32
AVERAGE 69.0 0.39

Generated O&M Production No. of
PP 20 % Availability Units cost(ksh) Cost per Outage hours | failures

in (MWhrs) kwhr (ksh)
March 45.2 4,151,000 7,200,000.00 1.7345218 1,654 0
April 80.9 7,398,000 2,590,000 0.3500946 1,381 28
May 70.7 8,852,000 920,000 0.1039313 965 0
June 76.3 7,990,000 2,340,000.00 0.2928661 758 4
July 71.4 7,898,000 1,010,000.00 0.1278805 840 10
August 64.2 6,285,000 2,960,000.00 0.4709626 1,028 20
TOTAL 42,574,000 17,020,000 6,626 62
AVERAGE 68.1 0.5133762
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Generated O&M Production Outage No. of
PP 21 % Availability Units cost(ksh) Cost per hours failures
in (MWhrs) kwhr (ksh)
March 50.0 0 1,421,260 - 720.00 0
April 49.4 103,602 2,796,946 0.05 728.00 0
May 47.9 102,715 4,773,935 0.05 750.00 0
June 50.0 112,560 4,690,619 0.04 720.00 0
July 47.9 113,210 1,308,000 0.04 750.00 0
August 47.8 106,205 4,089,263 0.04 752.00 0
TOTAL 538,292 19,080,023 4,420.00 0
AVERAGE 48.8 0.04
Generated O&M Production Outage No. of
PP22 % Availability Units cost(ksh) Cost per hours failures
in (MWhrs) kwhr (ksh)
March 50.0 1,962 1,421,260 0.72 720.00 0
April 8.3 196 4,796,946 24.47 1,320.00 0
May 50.0 652 4,773,935 7.32 720.00 0
June 50.0 110 4,690,619 42.64 720.00 0
July 49.2 132 4,308,057 32.64 732.00 0
August 47.6 892 4,089,263 4.58 755.00 0
TOTAL 3,944 24,080,080 4,967.00 0
AVERAGE 42.5 18.73

4.4 Analysis and findings

Power plants operated by one plant manager wenmedféa use the same maintenance
practices at the same preference levels. All theepglants studied reported that all the
maintenance practices were adopted in the powentpl® enhance performance. 13
power plants emphasized on spare parts as theenainte practice preferred most with
a mean score of 25% followed by preventive maimeaawhich ranked highest in 6

power plants at a mean score of 23%. Operator wewnoeént was rated low in comparison

with the other maintenance practices a mean sddré.©% with no power plant rating it

as the most preferred maintenance option amortgealilternatives.

A=Emphasis on preventive maintenance B=Spare papply C=Operator involvement in maintenance

D=Emphasis on standby machines

Most preferred option= 1

E=Emphasis on airzétility

Less preferred option=0
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Table 4.5 Combined power plants summarized operati@al data

most preferred No. of
practice score Outage hours| % Availability Cost perkwhr failures
PP1 B 8 24 99.9 0.3 8
PP2 B 7 570 98.1 0.1 10
PP3 B 7 653.89 97.9 0.91 67
PP4 B&D 5 301.08 97.7 0.1p 8
PP5 E 6 339.33 96.1 0.42 15
PP6 A 7 559.39 95.7 0.27 1
PP7 B&A 6 385 95.5 0.1 [
PP8 B 8 622.26 93.7 0.3]7 7
PP9 B 7 1,631 93.6 2.1 0
PP10 D 6 862.79 93.8 25 16
PP11 B 7 1,831.2¢ 931 0.25 128
PP12 A 7 636.87 92.6 3p 26
PP13 A 8 12 924 7.1 1p
PP14 A 7 733.44 91.5 2.13 14
PP15 A 6 4167.6 86.6 2.5 ¢
PP16 B 6 1,854 8¢ 3.58 56
PP17 D 6 746 83.4 6.8p 30
PP18 B 6 3,804 76.5 0.73 38
PP19 B 6 4,054.9¢ 69 0.39 32
PP20 B 6 3313 68.1 0.5 62
PP21 A 6 2210 48. 8.4 0
PP22 B 6 2483 425 18.73 0

4.4.1 Comparison of Maintenance practices

The mean scores of the plants preferring one peegtere computed in table 4.6 below.

The difference of these means was investigatedgutfie paired sample T-test and

forecasting software at 95% confidence level amdrésults obtained were given in table

4.7. The study compared two practices at a timeiarghse of a T-score of more than

1.96, the null hypothesis would be rejected.

First the study compared the mean of the variousiter@ance practices as presented in

table 4.6 below.
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Table 4.6 Maintenance practices mean scores compson

Practices compared Practice 1 mean scofrePractice 2 mean score Mean Difference

(X1) X2
0.48

AB 6.71 6.23
6.71

AC 6.71 0
1.04

AD 6.71 5.67
0.71

AE 6.71 6
6.23

BC 6.23 0
0.56

BD 6.23 5.67
0.23

BE 6.23 6
-5.67

CD 0 5.67
-6

CE 0 6
-0.33

DE 5.67 6

The mean score of practice C was zero as no polaet anked it as the most preferred

in enhancing operational performance.

The study further sought to establish the pairgdst-of practice A and B. These findings

were presented in table 4.7.

Table 4.7: T test on And B

T-Test

Difference: Meanl - Mean2 0.48

T Statistic 2.481
P-value 0.5103

As seen in table 4.7, it is evident that the mdawse preferring B is significantly

different from those preferring A, therefore thellnmypothesis was rejected. This

therefore means that B is most preferred than Ae 3tudy therefore dropped A and
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sought to compare the mean of B and C using thre¢paample T-test. It was established
in the study, there was mean score for C was Qtzréfore it indicates that none of the
respondents preferred to use C, the study thus asdpthe means of B and D as
presented in table 4.8.

Table 4.8: T-Test on B and D

T-Test

Difference: Meanl - Mean2 0.56

T Statistic 2.493
P-value 0.7496

As seen in the table 4.8, the mean those prefeBimgysignificantly different from those
preferring D, therefore the null hypothesis wagetgd. This shows that B practice was
most preferred than D, with a T-statistic of 2.4@3this regard therefore D was dropped
and B was further compared with E, as seen in #@Sle

Table 4.9: T-Test for B and E

T-Test

Difference: Meanl - Mean2 0.023
T Statistic 2.007
P-value 0.5002

As seen in the table 4.9, it is evident that theamthose preferring B is significantly
different from those preferring E, therefore thdl typothesis was rejected. It means

therefore that B is the most preferred maintengmaetice.
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4.4.2 Analysis of availability and cost per unit

The power plants availability and production cost pnit analysis was carried out at
95% confidence level using the spearman’s cormgland table 4.10 indicates the
outcomes.

Table 4.10 Spearman rank correlation between avaitality and cost per unit

Spearman Rank Order Correlation - Ungrouped Data

Statistic Value

Correlation (not corrected) -0.42913¢
Correlation (corrected) -0.429944
Degrees of Freedom 20
Observations 22

The sign of the Spearman correlation indicatesetieas a negative relationship between
availability and cost per unit in the negative dilen of association between the

availability (independent variable) and the cost et (dependent variable). Spearman
correlation coefficient is negative implying thaetcost per unit reduces when the plant

availability increases.

32



Figure 4.1: Comparison of Cost per unit and availabity
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The figure 4.1 indicates that the cost per unireases

when the availability reduces.

This is because of the reduced energy productiaievgbome inputs contributing to the

production cost i.e. rents, salaries etc remainmly feonstant.




4.4.3 Maintenance practices and availability

The mean availabilities for the plants operatingngisthe various practices i.e.
Emphasis on preventive, spare parts supply, Opeiatmlvement in maintenance
emphasis on standby equipments, and maintainabiérse calculated as in table 4.11
below. The mean availability for all the power @astudied was 72.62% at a standard
deviation of 40.852. The standard deviation (Segian idea of how close the entire set
of data is to the average value. This large stahdawiation implied a wide variation
between availabilities between plants using théwuarpractices.

Table 4.11: Availability variation with maintenance practice

Maintenance No. of plants Mean plants

practice availability Parameter Value
A 7 92.4 Mean 72.62

B 11 835 SD 40.852

C 0 0.0 SEM 18.269

D 3 91.5 N 5

E 1 96.1 90% Cl 33.673 to 111.567
22 95% ClI 21.896 to 123.344
99% CI -11.494 to 156.734

Minimum 0

Median 91.5

Maximum 96.1

A=Emphasis on preventive maintenance B=Spare papgly C=Operator involvement
D=Emphasis on standby machines E=Emphasis on airzéility

4.4.4 Distribution of the power plant failures

The binomial distributiondescribes the behavior of a count variaklé the following

conditions apply:
1: The number of observations n is fixed.
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2: Each observation is independent.

3: Each observation represents one of the two ooés("success" or "failure").

4: The probability of "success" p is the same fteoutcome

In this study, the number of observations weredjxach observation was independent.

Additionally, each plant is expected to operate ahinimum of 90% availability, and

therefore a plant that does not operate at thisl lisvconsidered a failure while the one

that operates at or above 90% is considered a ssicthe expected hours are calculated

based on 90% of the ideal operational hours. Téldl2 shows the percentage availability

for each plant.

Table 4.12: Analysis of Observed and Expected Failes

Outage Availability Observed| Expected | % 100%
hours hours failures | hours Availability | Availability
(hours*
PP1 24 4296 8 3888 99% 4320
PP2 570 3750 10 3888 87% 4320
PP3 653.88 3666.12 67 3888 85% 4320
PP4 301.08 4018.92 8 3888 93% 4320
PP5 339.33 3980.67 15 3888 92% 4320
PP6 559.39 3760.61 7 3888 87% 4320
PP7 385 3935 6 3888 91% 4320
PP8 622.26 3697.74 27 3888 86% 4320
PP9 1,631 2689 0 3888 62% 4320
PP10 | 862.78 3457.22 76 3888 80% 4320
PP11 |1,831.26 2488.74 128 3888 58% 4320
PP12 | 636.87 3683.13 26 3888 85% 4320
PP13 |12 4308 12 3888 100% 4320
PP14 | 733.44 3586.56 14 3888 83% 4320
PP15 | 4167.6 152.4 0 3888 4% 4320
PP16 | 1,854 2466 56 3888 57% 4320
PP17 | 746 3574 30 3888 83% 4320
PP18 | 3,804 516 38 3888 12% 4320
PP19 | 4,054.96 265.04 32 3888 6% 4320
PP20 | 3313 1007 62 3888 23% 4320
PP21 | 2210 2110 0 3888 49% 4320
PP22 | 2483 1837 0 3888 43% 4320
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In order to test for binomial distribution, tableld presents a summary of the findings.

Table 4.13: Binomial Distribution of Failures

Binomial Test

Category| N Observed Prop.  Test | Exact Sig (2-
Prop. tailed)
Success or Failure  Group| 11.00 5 .23 .50 .014
Group 2| .00 17 a7
Total 22 1.00

As seen in the table 4.13, N=22; Success is 17paad90. Calculating the results shows

that the probability of getting 5 or more successés014, in a 2 tailed probability value.

4.5 Discussion

Out of the 22 power plants studied 13 power plamgphasized on spare parts as the
maintenance practice preferred most with an aveaag#ability of 83.5%. The 6 plants
which emphasized on preventive maintenance indicate availability of 92.4%. The
high performing power plants were also found tcorddow cost per unit. This is in is
consistent with the findings in literature review fMulugeta, 2009) that predictive
maintenance enhanced equipment performance andtetedo minimum equipment

downtime and repair time.

The study revealed that plants which emphasizegatipg supply of spare parts
performed better than all the others. Careful aha@t the practice to emphasis in the
power plant was therefore of vital importance irproving performance. The study also
found that the number of outage hours affected @geipment performance as this
resulted to low production. This is consistent witle findings by Jih-AN Chen, 2012

that maintenance lengthens the life of equipmedtraduces its failure rate.
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CHAPTER 5: SUMMARY, CONCLUSIONS AND
RECOMMENDATIONS

5.1 Introduction

This chapter presents summary of findings as dssuisin chapter four and
interpretations of the data analysis, conclusiond eecommendations based on the

findings.

5.2 Summary of the findings

The objectives of the study were to identify thantenance practices and to analyse the
distribution of failures in the power generatingmqls in Kenya. In addition the study was
also carried out to establish the relationship kbetwthe maintenance practices and the
operational performance in these power plants. rElsearch was conducted on the 25
major operating power plants in Kenya where thetplaanagers were the respondents.
Responses were received from 22 plants managechwjaive a response rate of 88%.
An effective maintenance practice policy reducesetuipment failure rate and increases
the equipment availability which leads to low proton cost per Unit and hence a

competitive advantage in the industry.

The data received indicated that all the practinethe administered questionnaire were
adopted in those power plants. These practices ampked at varying levels from one
plant to the other. Plant managers operating mbaa tone plant applied the same
practices across these plants. Emphasis on spdsewss reported in 7 of the 10 highest
performing power plants. 13 out of the 22 powemfdastudied rated supply of spare

parts highest in operational performance improvamitowed by emphasis on
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preventive maintenance which was rated highest fpgvéer plants. 4 power plants highly
emphasized maintainability of equipments while nafethe plants rated operator
involvement in maintenance as the most effectivactire to enhance operational
performance.

On analysis the power plants operating at highlabiity recorded lower production
cost per unit. High outage hour’s plants were oletto have low availability and high
cost per unit. This was because of the reduceduptmh volume which reduced sales
while some facility costs i.e. rent, salaries, sigletc were maintained. The number of
failures recorded varied between the plants bus thas not related to the plant
availabilities recorded. The average per unit cdshe various energy sources based on
the study were thermal sh4.7/Kwhr, wind ksh2.5/Kwtwydro ksh2.3/Kwhr and

geothermal sh1.3/Kwhr.

5.3 Conclusion

Based on the findings above it is concluded tharethexists a link between the
maintenance and the plant operational performaRoe.the highest operational plant
performance adequate spare stocks supply in themolants is very critical. Preventive
maintenance also leads to high operational perfocmalt is defined as a broad term that
encompasses a set of activities aimed at impratiagoverall reliability and availability
of an equipment (Kamran, 2003). Standby equipmamtsmaintainability of equipments
also have an effect on the plant performance wimlelvement of operators in
maintenance has a very low effect on the planioperdnce. Each practice is important in
operational performance improvement from the figdiof the study. Low cost per unit is

realized by increasing production volume and theiggent availability. The mode of
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generation and the plant availability affect thergly generation cost per unit. This arises
from varying cost of inputs and the different voksnof production. Decision makers
should strive to improve on the studied maintengmeetices, however high emphasis
should be placed on the supply of spare partsndivat it has shown high influence on

plant performance.

5.4 Recommendations

Varying levels of application of the maintenancagtices was found between the power
plants studied. The study recommends the neeglémt managers to emphasize on
supply of spare parts, for good performance. Adddilly, there is need to maintain good
plant records to enhance performance assessmeatstlidy further recommends the
need to benchmark with other firms in related indes in order to improve the

maintenance practices.

5.5 Limitations of the study

The study required collection of data which wassidered confidential by most of the
plant managers. Time was required by some of theagers to obtain authorities to
provide the required information. Poor accuracyhie operation and maintenance data
obtained in some plants was noted due to poor dscespecially where information
technology in operations was not adequately applgtiting was done on such data,
before it was used in the research. In additionesainthe power plants studied were
located far away from each other and only the gat&ided by the plants managers on
mail was used. The researcher had travelled otlieo€ountry for some time during the

time of study, and this increased the data cotlagbieriod.
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The study was cross-sectional in nature; a longialcstudy would have given a better

representation of the variables studied.

5.6 Suggestions for further Research

The study was carried out in power plants genaggbower from various sources i.e.
wind, hydro and thermal which had also differenpamties. The effect of other
underlying factors like age of the power plants,negation mode, human and
environmental factors were not considered in thigdys A similar research is
recommended to establish whether these variablestahe power plant operational
performance. Further research need to be done werpolants of the same type and
approximately the same rating to investigate whetie same results are obtained. Some
power plants were not operational during the tinighe study. In this regard, it is
recommended that a similar study be carried ouaflamger period in order to establish
if the same relationship is maintained due to fssihanges in the studied power plants
load profiles. Finally the study recommends formailar research to be carried out but in
a different industry, i.e. manufacturing to estsiblihow maintenance practices affect

performances in such industries.
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APPENDICES

RESEARCH QUESTIONAIRE

Power Plant operating data for the period March-Augist 2013

Please provide the operating data of the genefstdm your power plant. In-case the power plant

has more than four generators an extra sheet witeQuired. Type” means mode of generation

i.e. thermal while Unit identity ” is the unit name i.e5T1. The sum total of the standby, system,

forced and planned hours will be the total houth@xmonth less the operating hours.

(a) Individual Units monthly operating Data

Unit identity:

Rating (MW):

Year commissioned:

Top

Standby

hours

System

outage hours

Forced

outage hourg

Planned

outage hours

Number

of failures

Energy

generated(Mwhrs)

Availability
(%)

March

April

May

June

July

August

TOTAL

Unit identity:

Rating (MW):

Year commissioned:

Tep

Standby

hours

System

outage hours

Forced

outage hours

Planned

outage hours

Number

of failures

Energy

generated(Mwhrs)

Availability
(%)

March

April

May

June

July

August

TOTAL
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Unit identity: Rating (MW): Year commissioned: Tep
Standby| System Forced Planned Number Energy Availability
hours outage hourg outage hourg outage hourg of failures | generated(Mwhrs) | (%)

March

April

May

June

July

August

TOTAL

Unit identity: Rating (MW): Year commissioned: Tep
Standby| System Forced Planned Number Energy Availability
hours outage hourg outage hourg outage hourg of failures | generated(Mwhrs) | (%)

March

April

May

June

July

August

TOTAL

(b) Power plant monthly expenditures for the period March-August 2013
Month March April May June July August

O&M cost (ksh)

Note: This excludes any capital investments.
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(c) Power plant maintenance practices
Please tick | ] the statement in each pair that is closest tatwappens in your station.

1. | [ 1| Inmypower plant maintenance [ 1| Inmy power plant adequate spare
programmes for the equipments stocking guarantees low equipments
form a critical work tool. downtime.

2. | [ 11! Inmypower plant equipments [ ]| Inmy power plant maintainability is
required for preventive maintenance emphasized at the equipment design
are adequate. stage.

3. | [ 1! Inmypower plant Preventive [ ]| Inmy power plant Operator technical
maintenance is the focus for skills development is highly emphasized.
performance improvement.

4. | [ ]| Inmy power plant Regular periodic [ ] | In my power plant Auxiliary standby
maintenance is done. equipments are provided.

5. | [ ]| Inmypower plant frequent stores | [ ] | In my power plant equipments that are not
audit for stocks control is carried out. maintainable are replaced.

6. | [ ] | Inmypower plant an inventory [ ]| Inmy power plant operator qualification
management system is used in the is highly considered during recruitment.
Power Plant.

7. | [ 1| Inmypower plant re-order level for [ ] | In my power plant the working conditior
spare parts ensures no stock-outs. of the standby equipment is regularly

checked.

8. | [ 1| Inmypower plant adequate spare|[ ]| In my power plant maintenance
stocking guarantees low equipments programmes for the equipments form a
downtime. critical work tool.

9. | [ 1| Inmypower planta budgetis [ ]| Inmy power plant operator on job
provided for replacements of non training is done immediately on
repairable equipments. employment.

10. | [ 1| Inmy power plant maintainability of [ ] | In my power plant review of the number
equipments is tested early in the life of standby equipment is done regularly.
cycle.

11. | [ 1| In my power plant raintainabilityis | [ ] | In my power plant equipments required

emphasized at the equipment desig

n

for preventive maintenance are adequal

te.
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stage.

12. In my power plant regular stock [ 1| Inmy power plant quotations offering non
count is carried out to ensure there maintainable equipments are rejected.
are good stocks.

13. In my power plant operator training [ ] | In my power plant obsolete standby
needs are regularly reviewed and equipments are replaced with latest
implemented. equipments.

14. In my power plant the operators afe ] | In my power plant the standhy
held accountable in the plant equipments provided are adequate and
operations. serviceable.

15. In my power plant operatoronjob | [ ] | In my power plant a budget is provided
training is done immediately on for replacements of non repairable
employment. equipments.

16. In my power plant the operators are[ ] | In my power plant in my power plant
held accountable in the plant Preventive maintenance is the focus for
operations. performance improvement.

17. In my power plant standby [ 1| Inmy power plant methods of improving
equipments are regularly operated to preventive maintenance are regularly
check performance. explored.

18. In my power plant standby [ 1| Inmy power plant approvals for
equipment status is captured in the emergency spares procurement are easily
monthly reports. arranged

19. In my power plant review of the [ 1| Inmy power plant maintainability of
number of standby equipment is dane equipments is tested early in the life
regularly. cycle.

20. In my power plant performancg¢ ] | In my power plant the status of spare parts
benchmarking is done with the best forms the agenda in our weekly meetings.

local performing power plants.
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