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Abstract 

 
As far as marine generating sets driven by diesel engines are concerned, it is assumed that the optimal active 

power load ranges between 70 – 90% [9]. At the same time there is no unequivocal way of assuming the value of the 
auxiliary engine excess power factor in relation to the generator’s rated active power regarded as the rated power of 
the set [3, 9, 10]. According to the outcome of the authors’ research carried out on contemporary transport vessels, 
the factor ranges within 1,05 – 1,62. In operational conditions, even at low values of excess power factor, the 
contribution of generating set working time at load 70 – 90% appears relatively short, which has been discussed in 
[10]. Eventually, the process of deterioration of auxiliary engines technical condition due to their long lasting 
operation at low loads gets accelerated and the operation turns out economically unprofitable due to the increase in 
specific fuel consumption. The paper deals with broader spectrum of individual generating sets’ active power load on 
contemporary transport vessels based on long – standing identification tests of marine electric power system loads. 
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1. Introduction 
 

Electric power system load identification tests have been carried out on various types of 
contemporary transport vessels, e.g. container and semi - container ships, bulk carriers and general 
cargo vessels. Mainly, the value of active power peak loads at fixed time intervals, allowing for 
setting the boundary conditions of the systems’ operation, has been focused on. The tests’ 
methodology has been discussed in [11, 12]. The obtained results enable the assessment of the 
generated power of the marine electric power system and individual generating sets in operational 
conditions. According to the literature [2, 9], considering the optimal operational conditions of 
auxiliary engines, the assumed active power load of generating sets driven by diesel engines 
should range between 70 – 90% of their rated power. The tests proves that in practice such load 
value of generating sets occur relatively short when taking into account their total operational time. 
Therefore, in order to adjust the number of power generating sets in the marine power station and 
their excess power factor, it appears relevant to estimate the peak load distributions of 
contemporary operated power generation sets. Due to the paper space limit, mainly the character 
of generating sets’ (GS) active power load of contemporary container vessels has been focused 
upon. They frequently turn out to be equipped with thrusters and capable of carrying vast numbers 
of reefer containers, where the demanded power may be compared to the power of a single 



generating set [13]. The tests outcome concerning other types of transport ships have been broadly 
discussed in the following works [2, 5, 6, 7]. 

The subject of the tests have been six container ships of various capacity: 7500 TEU, 7500 
TEU, 5500 TEU, 3050 TEU, 2200 TEU and 1100 TEU equipped with certain fixed number of 
sockets to connect reefer containers. To ease the analysis the container ships have been marked 
with Roman numbers from I to VI. The marine power stations of I, II, IV and V consist of four 
generating sets, III contains three generating sets and a shaft generator and VI is equipped with 
two generating sets and a shaft generator. The vessels I, II, III, IV and V are supplied with 
thrusters, whereas VI is equipped with emergency electric drive. 

 
2. Active power load of marine generating sets 
 

For the analysis of the active power load of the marine generating sets the data on peak loads of 
the sets at the consecutive hours of the operation have been used. In case of IV, a 3050 TEU 
container vessel, the data on 24 hour peak loads have been made use of. In fig. 1 box-and-whisker 
plots of the obtained empirical distributions of the generating set loads have been shown; 
presenting the measures of location, dispersion and asymmetry of the distributions [14, 15]. The 
symbol of the generating set in fig. 1 consists of the ship’s mark on which it was installed and its 
number it has been assigned on the vessel. 

 

Fig. 1. Box-and-whisker plots of the generating sets’ peak loads distributions from the tested container vessels 
 

The location of the empirical distribution medians (in fig. 1) clearly shows that for over 50% of 
the time of operation most of the generating sets of the container vessels, the subject of the tests, 
(except of GS III 2 and III 3), their peak load turns out lower than 70%, which means that it is 
lower than the lower limit of the optimal load range. Only for 8 out of 21 analyzed generating sets 
the values of the recorded peak loads exceeded 80%. 

Differences between peak loads distributions of particular generating sets installed on a vessel 
(if they are identical) come first of all from operational strategy accepted by the engine crew or 
ship owner technical services. Therefore, the data on peak loads in case of identical sets on 
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individual vessels have been aggregated for the sake of a more general approach to the analysis 
outcome. In this way there have been constructed box-and-whisker plots of marine generating sets’ 
peak loads distributions, shown in fig. 2. In case of vessels equipped with not identical power 
generating sets, they have been marked respectively with capital letters in the alphabetical order. 

 
 

Fig. 2. Box-and-whisker plots of peak loads distributions of generating sets of the tested container ships for the 
aggregated data 

 
The location of the medians of the obtained peak loads distributions for the generating sets I A, 

II A and III for the aggregated data (fig. 2) proves that for half of the operational time their hourly 
peak loads exceeded 60% of the set’s rated active power. The median highest value has been 
recorded for generating sets installed on 5500 TEU container ship (III). As a rule, the peak loads of 
values higher than 70% do not occur more frequently than for 25% of the generating sets’ 
operational time. An exception to that appear the data obtained for the generating sets of the 
container ship III, where the peak loads of values beyond 70% occurred for almost half of the time 
of operation. 
 
3. The characteristic of the obtained empirical distributions of the generating sets’ peak 
loads 

 
The obtained peak loads empirical distributions of the container vessel generating sets are 

characterized for their asymmetry and they differ from the normal distribution, which is confirmed 
by the results of the statistical tests made by means of STATISTICA 8.0 (there have been carried 
out the Shapiro-Wilk test if the sample number n < 2000, the Lilliefors and chi-square tests if the 
sample number n > 2000 as well as the normal probability plots have been computed). Some of the 
obtained distributions are known for their multi-modality. The example of the obtained results for 
the generating sets of 7500 TEU and 2200 TEU (I and V) container ships have been shown in fig. 
3 and 4. 
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Fig. 3. Normal probability plot and the results of the Shapiro-Wilk test for the generating sets’ peak loads of 7500 
TEU container ship (I A) 

 

Fig. 4. Histogram of generating sets’ peak loads of 2200 TEU container vessel (V) and the plotted probability density 
function of normal distribution (solid line) with the tests of goodness of fit results inserted 

 

d Kolmogorow-Smirnow 0,17878, p < 0,01, p Lilliefors < 0,01

chi-kwadrat test = 370,90567, df = 6 (adjusted), p = 0,00000
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The character of the obtained empirical data on peak loads of the container vessels’ generating 
sets does not allow for the estimation of the probability density functions of empirical distributions 
due to such tools like the program STATISTICA 8.0 by means of well known functions of 
relatively simple theoretical distributions like normal, gamma, log-normal or exponential. The 
differences between the assumed models and the empirical distributions were statistically 
significant. The problem of estimating the probability density functions of empirical distributions 
of container ships’ generating sets peak loads may be solved by the application of the so called 
distribution compositions (mixtures of distributions); however, it appears a dull, time consuming 
method and would go beyond the frames of the paper. 
 
4. Final remarks 
 

The presented analysis of the six container ships’ generating sets peak loads (fig. 2) shows that 
only three (I A, II A, III) out of eight generating sets installed, for half of the time show hourly 
peak loads higher than 60%. The position of the lower quartiles (fig. 2) in case of the six types of 
generating sets (I A, II A, II B, III, IV, V) occurs above 40% of the sets’ rated active power, thus, 
for 75% of the operational time the peak loads appear higher than this value. The least economic 
turns out the load of the generating sets of the 1100 TEU container vessel (VI). 

The obtained empirical load distributions of the generating sets appear characteristic for their 
asymmetry and multi-modality. They considerably differ from the theoretical normal distribution. 
The applied test of goodness of fit for models in the form of other simple theoretical distributions 
like gamma, log-normal or exponential have not turned out the right ones to describe empirical 
distributions. 

The collected statistical data on the peak loads values of the generating sets originate from 
container ships of various technical parameters; this refers also to the marine electric power 
systems and generating sets. Therefore, the hypothesis, that they belong to the same population, or 
in other words, that they can be treated as the realization of the same random sample, needs to be 
verified. Only such verification, on the basis of all the collected statistical material, enables to 
describe the general peak loads’ value distribution of the considered container vessels’ generating 
sets. For that purpose the Kruskal-Wallis test was applied because of the fact that the peak loads 
values distributions of the particular types of generating sets do not comply with the normal 
distribution [14, 15]. The test’s detailed structure has been dealt with in [8]. The hypothesis 
verification has been carried out by means of the statistical package STATISTICA 8.0. The results 
have been presented in the table of the program STATISTICA 8.0; shown in fig. 5. 

 

Fig. 5. The Kruskal-Wallis test results presented in the table of STATISTICA 8.0; N – total number of observations, 7 
– number of degrees of freedom of the asymptotic distribution χ2 of the statistic H, H – the value of the Kruskal-Wallis 

test statistic, p – p-value 
 

The Kruskal-Wallis test: H (7, N=16550) = 11439,69; p =0,000
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The computed p-value proves that there are no bases for accepting the hypothesis of the data on 
peak loads values of particular types of the container ships’ generating sets , in question, coming 
from the same general population at the assumed significance level α=0,05. 
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