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Abstract

A lot of factors are associated with congestion and scheduling of tankers in the depot and it is
necessary to examine and understand the interplay among these factors. This study weighs up
a number of variables that relates with the depot congestion of trucks and offers increased
insight about their insidiousness. The study employed a survey approach, using the Rensis
Likert’s attitudinal scale, to generate respondents’ data matrix that was analyzed with
Principal Component Analysis (PCA), and which was facilitated by statistiXL software.
Kendall’s Coefficient of Concordance (KCC) was used to rank the thirty two (32) identified
variables and PCA was thereafter deployed to ascertain the degree of relationship among the
variables. Results obtained by KCC suggested that judges ranking were consistent as there
was sufficient evidence to reject the null hypothesis. The result showed an index of agreement
among the judges in ranking the variables is W= 0.81. Also, PCA was indicating parsimony in
data reduction from 32 variables to five clusters. The result established five principal factors
creatively labeled Miscellany Components, Poor Road Management, Auto Management and
Physical Elements. The most influential variable by its factor loading of 0.894 is
Indiscriminate Parking. A numer of variables which seem to affect congestion of loading
tankers in the depot has been examined. This has helped in discerning similarities in
dissimilarities.

Keywords: Scree plot, Depot, scheduling, congestion, Chi-Square, Varimax rotation.
1.0 Introduction

There exist a lot of operational problems in the supply chain of petroleum products. Besides,
distribution terminals and petroleum loading depots often experience a lot of tanker
congestion which leads to time delay and accumulated operating costs. The petroleum
refinery depots are important facilities in the world in general, which help to grow the
economy in various sectors of industrial operations. In the petroleum refinery depots, tank
trucks with compartments are loaded with specific fuel types, that is, a tank to a particular
product at a time to meet customer’s demand. Tank trucks wait in a queue before they are
assigned to a free Island or gantry for loading operations. That said, there is extensive
literature on the various approaches to handling congestion in the depots. For instance, [1]
studied a tanker assignment and routing problem for petrol products to minimize the number
of tankers, minimize the number of drops in trips, maximize the profit and maximize
utilization of resources. [2] developed a multilevel variable neighborhood search heuristic
for a practical vehicle routing and driver scheduling problem. [3] studied the problem of a
company that delivers several products to a set of fuel pump stations. [4] studied petrol truck
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scheduling problems considering multipath selection and congestion. [5] examined Road
Haulage Constraints in the Transportation of Petroleum Products in Northern Nigeria. [6]
performed an evaluation of a fault-tolerant path recommendation protocol for smart
transportation system. [7] presented an enhanced scheduling traffic light modeling using
discrete event simulation for improved signal timing analysis. Traffic congestion is
practically experienced within the depot and its environs. It is an operational problem which
causes congestions of tank trucks at the petroleum loading depot, thereby causing heavy
traffic jam along the Nigeria Ports Authority expressway. There are gamuts of variables that
individually and collectively cause the traffic congestion. These variables need to be analyzed
collectively in order to have a systemic understanding of them. [8] A novel application of two
statistical techniques namely Kendall Coefficient of Concordance and Principal Component
are novel statistical tools used in this study. The major research problem of this study is to
hierarchically order the identified factors so that a well-ordered list of congestion causation
factors in relation to their severity will be developed. On the basis of this, the most critical set
of factors can be selected for factor analytical application. The factor analysis is a statistical
power tool for studying the inter-correlations among the selected factors. The goal is
dimension reduction and it selects a subset of variables from a larger set, based on which
original variables have the highest correlations with the principal component. The objective
of this study is to identify and examine situations causing congestion problems at the depot
and employ statistical analytics to analyze the data obtained based on Rensis likert’scale
based questionnaire and suggest the way forward. The study aims at using the PCA statistical
technique to extract from a gamut of factors, the surrogate variables that would be helpful in
carrying out the analysis which will serve as a good instrument for policy development by
Ports Authority.

2.0 Methodology

2.1 Kendall’s coefficient of concordance

Through a wide literature search including the use of internet sources, 32 unique factors that
are responsible for depot congestion were identified. The factors were explained and
administered to 13 judges. These were subjects from the Nigerian Ports Authority and
University of Benin. They, as respondents, were requested to rank the thirty-two (32) factors
in descending order of criticality (severity). The ranks of the judges were pooled together into
a data matrix and Kendall coefficient of concordance statistical tool was applied to ascertain
the measure of agreement among the judges who ranked the factors. A questionnaire scaled
with five (5) point Resins Likert’s attitudinal scale was administered and respondent response
options were transferred into metric variables. This was used to develop a data matrix of
thirty-two by ninety (32*90) based on the analysis of respondent’s scores. The matrix
variables collated as data matrices served as input into the PCA. Statistical XL software was
used to generate correlation matrix, factor matrix, and parameter estimates. Surrogate
variables were highlighted from the factor matrices which yielded five (5) clusters. The
factors were creatively labelled, interpreted and can be used as decision support. Also, 13
judges knowledgeable in the area were required to rank variables in order of importance from
the most to the least important and respondents’ scores were transposed into matrix variables.

Kendall’s Coefficient of Concordance (W), can be calculated using Equation (1)
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K (N*-N)
Where,
2
- z[R,- - ZNR"J @

R;j = Column sum of ranks
N = Total number of Variables
S = Variance
K = Number of experts
2.2 Principal Component Analysis

The Principal Component Analysis is one of the methods of factor Analysis. Out of the
121set of the questionnaires administered to knowledgeable respondents, we ensured ninety
(90) was retrieved. Respondents’ scores were then collated as data matrix. The data matrix
was fed into StatistiXL software that gave the outputs which include scree plot, factor plot,
varimax rotated factor loadings amongst others.
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3.0 Result and Discussion
3.1 Results of Kendall’s Coefficient of Concordance
Kendall coefficient of concordance W is given by:

s
Lg2(n3-N)
12

R; = Column sum of ranks = 6566
N =32

S = Variance

K = Number of Judges = 13

From Factor Ranking Matrix

s=x(Rr - %)zz 11822.48

341,544.48

Therefore W = +————
EX132(323_32)

= 0.8198 (meritorious)
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Also, Y2 =K (N=1) W

where, K =13, N =32, W =0.8198
s x?2 =13(32—-1)0.8198 = 330.3794
(N —1) = degree of freedom

Test of Hypothesis
Ho: the ranking of the thirteen (13) judges are not coherent.

H1: the ranking of the thirteen (13) judges are in agreement.

Since y?2, = 330.3794 >x2,, = 152.1114, we fail to accept the null hypothesis (Ho) and
therefore conclude that the judges ranking of the 32 scale items were consistent. The Rj totals
were arranged in increasing order of sequence. R, R», R3....Rn, and this helped to determine
the order of importance of the variable as ranked by the thirteen Judges. The result of the
ranking is shown in Table below.
Table 1: Ranking Of Variables

S/No R; Variables S/No R; Variables
1 76 Indiscriminate parking 17. 207 Poor conditioned
roads

2. 80 Lack of regulatory rules 18. 213 Narrow streets

3. 83 Poor practices on behalf 19. 238 Shortage of off street
of employers parking facilities

4. 84 Lack of proper 20. 254 Unusual weather
infrastructure condition( rain storms)

5. 92 Failure of authority to 21. 264 Poorly planned roads
convert single street and buildings
roads to dual carriage

6. 102 Inadequate parking 22. 270 Poor road
space provision management.

7 145 Delay in tank truck 23. 274 Growing population
checks

8 149 Poor management of U- 24. 275 Rapid urbanization
turns

9 153 Poor enforcement of 25. 280 Increase in
traffic rules commercial activities

10 164 No implementation of 26. 281 Economic activities
PPMC yearly
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programming booklet
11 167 Inadequate training of 21. 285 Reckless driving
drivers.
12 172 Industrial action or 28. 306 Breakdown of trucks
strikes due to mechanical
faults
13 173 Slow productivity 29. 312 Delay in payment
process
14 195 Vessel bunching 30. 335 Delay in
documentation
15 196 Restricted depot access 3L 337 Poor road
management.
16. 207 Lack of depot handling 32 340 Growing population
equipment

30 -

25 -

20

Eigenvalue
[
w

Scree Plot

Component Number

vvvvvvvvvvvvvvvvvvvvvvvvvv

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Fig 1: Scree Plot

Table 2: Varimax Rotated Factor Loadings Matrix of Variables
SIN Variable Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
1. Poor road 0.516 0.385 0.316 0.684 0.097
management.
2. Growing population 0.815 0.463 0.228 0.057 0.103
3. Rapid urbanization 0.452 0.776 0.255 0.236 0.134
4. Increase in 0.594 0.437 0.380 0.266 0.333
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commercial
activities

5. Economic activities 0.530 0.742 0.207 0.137 0.126

6. Indiscriminate 0.540 0.724 0.300 0.142 0.067
parking

7. Breakdown of 0.811 0.465 0.208 0.150 0.144
trucks due to
mechanical faults

8. Delay in payment 0.543 0.737 0.222 0.185 0.081
process

9. Delay in 0.739 0.376 0.245 0.359 0.033
documentation

10. Priority in 0.527 0.555 0.458 0.193 0.181
allocation of
products to filling
station

11. High accessibility 0.830 0.425 0.211 0.165 0.144

12. Poor conditioned 0.723 0.344 0.355 0.268 0.113
roads

13. Narrow streets 0.405 0.597 0.619 0.223 0.114

14. Shortage of off 0.382 0.793 0.312 0.246 0.146
street parking
facilities

15. Unusual weather 0.411 0.826 0.260 0.107 0.121
condition( rain
storms)

16. Poorly planned 0.819 0.433 0.214 0.192 0.109
roads and buildings

17. | Reckless driving 0.624 0.500 0.361 0.093 0.426

18. Lack of regulatory 0.426 0.667 0.238 0.115 0.149
rules

19. Poor practices on 0.787 0.480 0.270 0.100 0.134
behalf of employers

20. Lack of proper 0.790 0.498 0.233 0.101 0.078
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infrastructure

21. Failure of authority 0.771 0.384 0.264 0.263 0.244
to convert single
street roads to dual
carriage

22. Inadequate parking 0.506 0.776 0.212 0.157 0.089
space provision

23. Delay in tank truck 0.461 0.584 0.561 0.233 0.123
checks

24, Poor management 0.392 0.469 0.383 0.176 0.568
of U-turns

25. Poor enforcement of 0.470 0.786 0.234 0.124 0.106
traffic rules

26. No implementation 0.783 0.380 0.267 0.254 0.031
of PPMC yearly
programming
booklet

27. Inadequate training 0.312 0.599 0.694 0.176 0.105
of drivers.

28. Industrial action or 0.395 0.721 0.334 0.165 0.174
strikes

29. Slow productivity 0.667 0.344 0.374 0.320 0.126

30. Vessel bunching 0.398 0.710 0.419 0.204 0.124

31. Restricted depot 0.418 0.789 0.297 0.232 0.133
access

32. Lack of depot 0.755 0.557 0.182 0.168 0.022
handling equipment

Factor interpretation

A 32 x 90 data matrix of the variables was collated for respondents score stemming from
questionnaires administered to respondents.

a,
A= |a,

83,

Qe Oy
8yer Ay
g+ A
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where, m >n, m =90, and n =32

The varimax rotation, after 11 iterations, extracted five factors F, to F5 from 32 scale items
of the variable. The PCA with the aid of StatistiXL software generated five (5) clusters or

platoons.

Table 1: Cluster 1 (Factor 1):

SIN Variable Description Factor Loading
2 Growing population 0.815
4 Increase in commercial activities 0.594
7 Breakdown of trucks due to 0.811

mechanical faults
9 Delay in documentation 0.739
10 Priority in allocation of products 0.527
to filling station
11 High accessibility 0.830
12 Poor conditioned roads 0.723
16 Poorly planned roads and 0.819
buildings
17 Reckless driving 0.624
19 Poor practices on behalf of 0.787
employers

20 Lack of proper infrastructure 0.790
21 Failure of authority to convert 0.771

single street roads to dual carriage

24 Poor management of U-turns 0.592
26 No implementation of PPMC 0.783

yearly programming booklet

29 Slow productivity 0.667
32 Lack of depot handling equipment 0.725

One of the Principal Factor embodying sixteen (16) variables was creatively labelled.
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Table 2: Clusters 2 (Factor 2): Miscellany Components
S/N Variable Description Factor Loading
3 Rapid urbanization 0.776
5 Economic activities 0.742
6 Indiscriminate parking 0.724
10 Delay in payment process 0.555
13 Priority in allocation of products to filling station 0.597
14 Narrow streets 0.793
15 Shortage of off street parking facilities 0.826
17 Unusual weather condition( rain storms) 0.500
18 Lack of regulatory rules 0.607
22 Inadequate parking space provision 0.776
23 Delay in tank truck checks 0.584
24 Poor enforcement of traffic rules 0.469
25 Industrial action or strikes 0.786
27 Vessel bunching 0.599
28 Restricted depot access 0.721
30 Rapid urbanization 0710
31 Economic activities 0.789
32 Indiscriminate parking 0.567

Cluster 2 is labelled Miscellany Components. The factor loadings are all positive. These
variables there in are involved or related to depot operations. All of them are factors that
should be considered before trucks/tankers can be scheduled optimally.

Table 3: Clusters 3 (Factor 3):

S/N Variable Description Factor Loading
13 Narrow streets 0.619
23 Delay in tank truck checks 0.561
27 Inadequate training of drivers 0.694
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Cluster 3 is labelled. The factor loadings are all positive. These variables are important to
effective scheduling of tankers/trucks.
Table 4: Clusters 4 (Factor 4): Poor Road Management

SIN Variable Description Factor loading

1 Poor road management. 0.694

This cluster has a lone factor. It is labelled Poor road management. The factor should be
considered for depot operations in terms of scheduling tankers and trucks.
Table 5: Clusters 5 (Factor 5): Auto Management

S/IN Variable Description Factor Loading
17 Reckless driving 0.526
24 Poor management of U-turns. 0.668

The last Cluster, 5 is labelled. The factor loadings are both positive. Taken together, this
exploratory statistical tool helped to take a panoramic view of the world of scheduling and
the PCA models adopted was successful in achieving parsimony by reducing the 32 identified
variables pertaining to mere 5. This was indeed a significant parsimony in factor reduction
and was successful in demystifying the perceived variables or factors that influence

scheduling of loading tank trucks in the petroleum depot.

4.0 Conclusion

The results established five principal factors which were creatively labeled. Results obtained
by KCC suggested that judges ranking were consistent. Also, PCA was indicating parsimony
in data reduction from 32 variables to mere five. The most influential variable by its factor
loading of 0.894 is Indiscriminate Parking. This has helped in discerning similarities in
dissimilarities. The Rj totals were arranged in increasing order of sequence. R1, Rz, Rs....Rn,
and this helped to determine the order of importance of the variable as ranked by the thirteen
Judges. Five clusters of variables were generated from the study with the aid of statistical XL
software. The general and latent implications and results of each cluster which are creatively
labeled with regards to the congestion causation factors have been highlighted and the study
has established inter correlations among the variables. Kendall Coefficient of Concordance
provided a merit order sequentiality of these variables. A null hypothesis claiming that the
ranking of the range of factors by thirteen (13) Judges is discordant was rejected. The results

obtained from the study are not only figure-hugging but also tight-fitting.
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