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Abstract This study discusses the application of replacement model in the hotel industry. The ultimate objective is to
determine the replacement age for LED bulbs in hotel rooms. The method adopted considered cost of replacement of LED
bulbs as random variables and utilized goodness-of-fit test to determine the probability distribution of replacement costs. The
result showed that the LED bulbs burn for about 7.53 hours and about 78 bulbs failed per hour, resulting to an average
individual replacement cost of about 341,600.52 per period of replacement or ¥12.47 per hour. In addition, it was observed
that individual replacement of LED bulbs is required from period 1 (i.e., between 4381 and 8760 hours) through period 6 (i.e.,
between 26281 and 30660 hours), and after period 6 (i.e., between 26281 and 30660 hours), the group replacement is
implemented with a replacement cost of about 354,450.00. Consequently, the study recommended the use of individual
replacement policy for the hotel under investigation over the group replacement policy.
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1. Introduction

An LED light bulb is a solid-state lighting device that
fits in standard screw-in connections but uses LEDs
(light-emitting diodes) to produce light. LED light bulbs are
a more environmentally-friendly alternative to incandescent
bulbs (Chaves, 2015 and Fred, 2006).

In many hotel industries, LED light bulbs are installed in
the hotel rooms so as to give light. These LED light bulbs do
not give any indication of deterioration with the passage of
time but fail all of a sudden and are rendered useless because
they cannot be repaired. One major threat posed by failure of
the LED light bulbs is that it may cause total collapse of a
party programme especially when it fails during service.
However, this type of problem requires the anticipation of
failures to specify the probability of failure for any future
time period. With this probability of failure and the cost
information, a replacement decision may be taken to balance
between the wasted life of the LED light bulbs, replaced
before failure against the cost incurred when the LED light
bulbs completely fails during service (Sharma 2009).

From the foregoing, it is clear that the age at which
replacement of LED light bulbs isto bedone isan
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indispensable aspect of the decision making process in the
hotel industries. In this study our interest is to determine
optimal age of replacement of LED light bulbs in the hotel
rooms. Therefore, the ultimate objective of this study is to
construct a modified (MODI) replacement model that
could be used to predict when to replace LED light bulbs
and the cost of implementing such replacements in hotel
industries. Specifically, the study (i) fitted the failure time
and replacements cost data to appropriate probability
distributions, (ii) determined the individual and group
replacement costs, and (iii) constructed a modified (MODI)
replacement model that could be used to offer optimal
replacement of LED light bulbs in Nigeria hotel rooms.
Based on the result of this model recommendation is made as
to the most economical replacement policy to adopt in the
replacement of LED light bulbs in hotel industries.

2. Literature Review

2.1. Theoretical Framework

Naturally, human beings, machines, equipment etc., are
required in the industry for ease of work. They may be used
for the provision of service or for the production of goods. In
the course of using them for the aforementioned purposes
they tend to wear and tear and as a result their efficiency
decreases. The decrease in their efficiency can be predicted
by the increasing number of breakdowns or reduced
productivity. Since their decreased efficiency is inevitable,
one may carryout maintenance in order to bring the man,
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machine or equipment back to work. Maintenance here may
consist of replacing the worn out part, or oiling or
overhauling, or repair etc. Even after maintenance has been
carried out, provided the item is put back to work, the item
will still require maintenance at some point in time. A time is
reached when the maintenance cost becomes very high
and the manager feels to replace the old machine, man
or equipment by new one. This type of problem is known
as replacement problem and can be solved by using
replacement models, Murthy (2007). In replacement
modeling, the appropriate age at which replacement should
be implemented with minimal cost constitutes a large class
of problem in organizations, Sharma (2009).

Moreover, when an items stops working, invariably a
failure has occurred. That was why Blanche and Shrivastava
(1994) defined failure as the event when a required function
is terminated, exceeding the acceptable limits. The word
failure has got a wider meaning in industrial maintenance
than what it has in our daily life. Murthy (2007) and Sharma
(2009) categorized the failure in two classes. They are (i)
Gradual failure and (ii) Sudden failure.

(i) Gradual failure: This type of failure is progressive
in nature in the sense that as the life of an item
increases; its operational efficiency also deteriorates.
Consequently, as the maintenance and operating costs
increases, equipment productivity and resale value
decreases. Gradual failure is common among
automobiles, mechanical items like pistons, rings,
bearings, etc.

(if) Sudden failure: A sudden failure could mean that the
life of the equipment cannot be predicted with
certainty and as such it could be looked at as some
sort of random variable. For example, the LED light
bulb under review dies suddenly.

2.2. Empirical Literature

Barlow and Proschan (1965) used the replacement policy
in which the system will have a preventive replacement as
soon as the age of the system reaches T, and a failure
replacement as soon as it fails, whichever occurs earlier, and
the replacement time was assumed to be negligible. The
problem is to choose an optimal replacement policy T* such
that the long-run average cost per unit time is minimized.

Feldman (1976) in his work considered a system that is
subject to a sequence of randomly occurring shocks, where
each shock causes some damage of random magnitude to the
system. He stressed that any of the shocks might cause the
system to fail, and the probability of such a failure is a
function of the sum of the magnitudes of damage caused
from all previous. The purpose of the study was to derive
the optimal replacement rule for such a system whose
cumulative damage process is a semi-Markov process. This
allows for both the time between shocks and the damage due
to the next shock to be dependent on the present cumulative
damage level. Only policies within the class of control-limit

policies will be considered; namely, policies with which no
action is taken if the damage is below a fixed level, and a
replacement is made if the damage is above that. An example
was given to illustrate the use of the optimal replacement
rule.

Barkan et al. (1988) carried out a study to determine the
methods for monitoring the condition of high voltage circuit
breakers. They stated that symptoms of wear, possible failure,
and failure that can be detected by on-line monitoring of
can be placed into four general categories: (i) Contact
Wear - Damage from excessive interrupting duty, which
is cumulative. According to them, catastrophic failures
have occurred under this circumstance; (ii) Dielectric
Compromise - Contaminated oil, worn baffles, nozzle
ablation, and other items that cause excessive arc duration.
These situations cause a longer clearing time, which may
gradually increase to infringement on the breaker failure
time; (iiif) Mechanism Problems - Mechanical issues such as
worn parts, “frozen” linkages, faulty latches, and pneumatic
or hydraulic system malfunctions. These problems may
either gradually develop (degradation), or suddenly develop
from a component failure and (iv) Control Circuit Failure -
Shorted coils, open coils, open or shorted circuits. These
problems may either develop suddenly, as in a short circuit
from wire abrasion or open circuit from termination failure,
or gradually, as in insulation breakdown in a coil leading to a
short.

Murthy (2007) proposed a replacement model for items
that fail suddenly. His model assumed that replacement cost
is constant over time. Again, he utilized relative frequency
approach in the calculation of probabilities of failure.

Enogwe et al. (2018) modified Murthy (2007) model to
accommodate replacement cost that are random in nature.
They further utilized goodness-of-fit test to select the
probability distribution that best describe the failure time and
replacement cost and their model was regarded as modified
(MODI) replacement model.

3. Methodology

The method of analysis adopted in this study is the
modified (MODI) replacement model for items that fail
suddenly. The modified (MODI) replacement model for
items that fail suddenly consists of the individual and group
replacement policies.

The modified (MODI) individual replacement policy is
given by Enogwe et al. (2018) as:

N
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where
E[mA('n)] is the expected value of the modified average

cost of individual replacement per period
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X)=7)" jP; istheexpected life of the LED light bulb
j=L

and N is the total number of LED light bulbs in the hotel
rooms.
Pi
period

k is the end of the period of each replacement

C\i, is the variable cost of replacing an individual item on

its failure
C\? is the variable cost of replacing an individual item on

its failure.
Similarly, the modified (MODI) group replacement policy
is given by Enogwe (2018) as:

is the probability of items that fail at the end of jth

E[mqgn)]f[i(%}:NE(Cg)+E(?)leN(X) @

On the basis of Equation (2), we obtain the following
replacement policies.

Policy I: States that group replacement should not be
made at the end of nth period if the expectation of modified
average cost of individual replacement at the end of (n-1)th
period is not less than the overall expectation of average cost
per unit period by the end of (n-1) periods. Symbolically, we
have

[ (CV)} (n—)< n-1 ®)

Policy I1: States that group replacement should be made at
the end of nth period if the expectation of modified average
cost of individual replacement for the nth period is greater
than the overall expectation of average cost per unit time
period through the end of n periods. Symbolically, we have

n

=E(C)N(n)> (@)
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=

3.1. Steps of Determining the Age of Replacement Using
Modified (MODI) Replacement Model

The steps involved in the implementation of the modified
optimal replacement model for items that fail suddenly are as
given below:

Step 1: Calculate the probabilities of failure P;of the LED
light bulbs. This is done after we have used goodness-of-fit
test to determine the distribution of failures. On the basis of
the distribution of failure times, we compute the values of P;
(Enogwe, 2018).

Step 2: Calculate the expected life of each LED light
bulbs using the relation given in Murthy (2007):
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Step 3: Calculate the values of E(C\',) and E(C\?)

and hence the cost of individual replacement of the LED
light bulbs by using the relation:
N

£ A | =2 ()

Step 4: Calculate the values of N; using the relation given
in Gupta and Hira (2013):

X
X) =2 Nx_jP;
=1

Step 5: Calculate the cost of replacement of all LED light
bulbs at the same time using the relation:

)}:M

n

,X=12,...,n
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n
Step 6: Adopt either Policy | or Policy Il

4. Data Analysis

4.1. Estimation of Probability of Failure for LED Light
Bulbs

In order to estimate the probability distribution of failure
times of the LED light bulbs, we first plot the histogram of
the failure time data as follows:
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Figure 1. Histogram of LED light bulb failure times

Itis clear from Figure 1 that the data on failure times of the
LED light bulbs is symmetric. This is true because the
coefficient of skewness of the sample is 0.0000004, which is
near zero. We then apply the Anderson-Darling (AD) test
to determine the best distribution for the failure time of
LED light bulbs from amongst the symmetric distributions
(Normal and Laplace) and the results are shown in Table 1.
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Table 1. Maximum likelihood estimates of distribution parameters and i ictributi indivi
Anderson-Darling (AD) statistics for the selected distributions for failure test to determine the best distribution for the individual

times of LED bulbs replacement cost from amongst the right-skewed

— distributions (Gamma, Webull, and Largest Extreme) and the
Probability P-values results are shown in Table 2
Distribution Location Scale AD )

As shown in Table 2, we can see that the P-value for
Largest Extreme Value distribution is greater than « =0.05
significant level, therefore, we conclude that the Largest

As shown in Table 1, the Laplace distribution fits the Extreme Value_ dlstr!bupqn with - 42=501574%6 and
failure time data because the P-value for the © =95.02559, fits the individual replacement cost.
Anderson-Darling (A-D) statistic is greater than the 0.05

level of significance. Consequently, the fitted Laplace
distribution is as given below:

Normal 35183.0120 8885.4160  1.269 0.0073
Laplace 35183.0120 94.2625 0.876 0.564

4.3. Determination of Probability Distribution of Group
Replacement Cost

X—0 x—35183.0120
f(x):lexp [x-4 I B | Group Replacement Cost
@ @ 94.2625 94.2625 60
50
4.2. Determination of Probability Distribution of 40
Individual Cost of Replacement gg
In order to determine the probability distribution of 10 I I -
individual replacement cost of the LED light bulbs, we again 0 N " N . 5 N N N .
; i SN AN NS SR AR\ P N o
plot the histogram of the individual replacement cost as & XS o N N p
. S D S Q | & oY
follows: RN N
Individual Replacement Cost Figure 3. Histogram for Group Replacement Cost
25 As shown in Figure 3, the group replacement cost is
20 skewed to the right. We again used Anderson-Darling
5 (AD) test to determine the best distribution for the
individual replacement cost from amongst the right-skewed
10 distributions (Lognormal, Weibull, Gamma, and Largest
5 Extreme and many others) and the results are shown in Table
0 | | || - 3.
250-284 285-319 320-354 355-389 390-424 425-459 460-494 495-529 From Table 3, we observe that the Weibull (two “17)

distribution with parameters « =159.14436, £ =1.68840
and 4=195.6232 fits the group replacement cost data

As shown in Figure 2, the individual replacement cost is ~ Well.
skewed to the right. We then used Anderson-Darling (AD)

Figure 2. Histogram for Individual Replacement Cost

Table 2. Maximum likelihood estimates of distribution parameters and Anderson-Darling (AD) statistics for the selected distributions for individual
replacement cost

Probability Distribution Location Shape Scale AD P-values
Lognormal 6.27023 0.12174 0.785 0.041
Weibull 7.69776 562.88394 6.945 0.010
Gamma 66.84461 7.96737 1.110 0.007
Largest Extreme Value 501.57496 55.02559 0.755 0.049

Table 3. Maximum likelihood estimates of distribution parameters and Anderson-Darling (AD) statistics for the selected distributions for group
replacement cost

Probability Distribution ~ Location Shape Scale Threshold  AD  P-values
Lognormal 5.79088 0.24937 0.627 0.100
Weibull 4.06474  371.33850 1.825 0.010
Gamma 16.16370  20.89198 0.807 0.039
Largest Extreme Value 297.61629 68.45512 0.633 0.097

3 Parameter Weibull 1.68840  159.14436  195.6232  0.300 0.500




24 Samuel U. Enogwe et al.:

4.4. Estimation of Modified Expected Value of Individual
Replacement Cost

By utilizing the estimated parameters of the fitted cost
distributions in Table 2, we obtain the expected value of
individual replacement cost as:

E(C)) = u+ yo =501.57496 + (0.5772)(55.02559)

=N533.34

where u is the location parameter, o is the scale
parameter and ¥ is the Euler’s constant, usually taken to be
approximately equal to 0.5772.

4.5. Estimation of Expected life of LED Light Bulbs

The results of the individual replacement policy are
summarized in Table 4.

Table 4. Individual replacement calculations for the data set under the
proposed model

Estimates Amount
Expected life of a bulb 7.50 hours
Expected number of failures per hour 78 bulbs
Average cost of individual replacement per period N 41600.52
Average cost of individual replacement per hour N 9.50

From Table 4, we observe that LED bulbs burn for about
7.53 hours and about 78 bulbs failed per hour, resulting to an
average individual replacement cost of about 3¥41,600.52 per
period of replacement or N12.47 per hour.

4.6. Estimation of Modified Expected Value of Individual
and Group Replacement Cost

By utilizing the estimated parameters of the fitted cost
distributions in Table 3, we obtain the expected value of
group replacement cost as:

ECY)= al“(1+%j+/1 :159.14436><1"(1+ 1 681840j

+195.62320 =N 354.76

where « is the scale parameter, £ is the location
parameter and A is the Threshold parameter.

4.7. Estimation of Expected Number of Failures, NJ-

Let N; be the number of replacements made at the end

of the jth period, if all the Ny =584 LED light bulbs are

initially new. Thus, the expected number of failures at
different hours is calculated using Equation (5) and the
results are given as follows:

Ng =584

1
Nj = D" Ny_jPj =NgP =584(0.00149) = 0.87016 ~ 1
j=1
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2
Ny = 3 Ny jP; =N;P, + NgP, =1(0.00149)+ 584(0.00508)
j=1
=2.962821~3

3
N3 =" N3 P; =NoR + NP, + NoPs
j=1
=3(0.00149)+1(0.00508) +584(0.01673) = 9.77987 ~ 10

Other values of N j are calculated in the same manner.

4.8. Estimation of Average Modified Group Replacement
Cost

Table 5. Average group replacement cost of LED light bulbs

End of period Total cost of group Ave. cost
(in hrs) replacement (X) per period (%)

1 207713 207713
2 209313 104657
3 214647 71549
4 228513 57128
5 256780 51356
6 302648 50441 *
7 361848 51693
8 424249 53031
9 475450 52828
10 544784 54478
11 575718 52338
12 605585 50465
13 642385 49414

Notably, the asterisked value (i.e., 50441) in Table 5 is the
minimum cost of replacement for the LED light bulbs.

From Table 5, since the average cost per period
(3¥50,441.00) is obtained in the 6™ period, it is optimal to
have a group replacement after every 6" period (i.e., after
every 30660 burning hours). Since the average group
replacement cost period (350,441.00) is higher than the
average individual replacement cost per period (341,600.52),
it is better to stick to individual replacement policy.

5. Summary, Conclusions and
Recommendations

This work discusses the application of modified (MODI)
replacement model for items that fail suddenly using data
obtained from Links Hotels, Owerri. The ultimate objective
is to construct a MODI replacement model that could be used
to predict when to replace LED light bulbs and to determine
the average cost of implementing such replacements in hotel
industries. The result of goodness-of-fit test shows that the
Largest Extreme Value distribution with u=501.57496

and o =55.02559, fits the individual replacement cost
while the Laplace distribution fits the failure time data. The



American Journal of Mathematics and Statistics 2020, 10(1): 20-25 25

result showed that the LED bulbs burn for about 7.53 hours
and about 78 bulbs failed per hour, resulting to an average
individual replacement cost of about 3¥41,600.52 per period
of replacement or ¥12.47 per hour. In addition, it was
observed that individual replacement of LED bulbs is
required from period 1 (i.e., between 4381 and 8760 hours)
through period 6 (i.e., between 26281 and 30660 hours), and
after period 6 (i.e., between 26281 and 30660 hours), the
group replacement is implemented with a replacement cost
of about 354,450.00. Consequently, the study recommended
the use of individual replacement policy for the hotel under
investigation over the group replacement policy.
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