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Abstract - The aim of the study is to develop an Analytic Hierarchy Process (AHP) model capable of selecting the best 
battery for a given Kuwait Fire Service Directorate (KFSD) boat. To do so, a case study for KFSD boat Mofeed was 
investigated and the identified influencing criteria were used in the AHP model to analyse and then select between three 
types of batteries namely (Conventional, AGM, and Gel). The obtained results for Mofeed shows that the AGM battery 
(0.359) appears to be the best battery option over the conventional and Gel batteries (0.338 and 0.302 respectively). The 
obtained results confirmed that this developed model can be used as a new decision support tool to aid engineers, decision 
makers etc. selecting between different battery options for any given ship/ truck or equipment that often vary in their 
characteristics.  
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I. INTRODUCTION 
 
The fluctuating crude oil prices and the worldwide 
awareness of environmental issues have resulted in a 
continuous development of energy storage methods. 
Batteries are considered one of the most attractive 
energy storage methods because of their high 
efficiency and low pollution (Chang, 2013). As a 
result, around 800,000 tonnes of vehicle batteries are 
sold only in Europe every year (Farnell, 2009). In 
addition, batteries have the advantages of high 
working cell voltage, low pollution, low self-
discharge rate, and high power density over other 
energy sources.  
The Kuwait Fire Service Directorate (KFSD) is a 
governmental sector which their main duty is related 
to a full time firefighting service to protect the public 
life safety and country properties in emergency 
situations. KFSD responds to a wide variety of 
emergency calls, such as car crashes, chemical spills, 
flooding, water rescue and general rescues as well as 
fires in a daily basis. 
The new government strategy to convert Kuwait into 
a large business and financial center along with the 
plan to diversify Kuwait from an oil-reliant economy 
to a large trade based and tourism oriented has 
resulted in witnessing new constructions of large 
scale and relatively fast growing cities.  For example, 
the tallest completed buildings in Kuwait includes: 
AL Hamra Firdous Tower (413meters), Arraya 2 (300 
meters), United Tower (240 meters) in addition to tall 
buildings under construction namely: Gate of Kuwait 
Tower (330 meters) etc.  
In line with KFSD mission and strategy to maintain a 
high standard service, the management of vehicle and 
equipments (MVE), which is the key responsible sub-
sector within the KFSD, for maintaining the 
development in efficiency and competency of all fire 
equipments and firefighting boats/tugs and vehicles 

setup a plan of increasing KFSD fleet and apparatus 
by modernizing and developing its fleet through the 
process of building a new variety and types of KFSD 
vehicles, boats and equipments  along with scrapping 
the very old ones. As of March 2017, the day of 
writing this article, KFSD fleet reached 437 fire 
fighting vehicles and 26 marine fire fighting 
boat/tugs.  
The engines in the KFSD vehicles and boats/tugs as 
any engine driven vehicles depend solely on batteries 
as their main starting system. The battery supplies the 
required electrical current that the starter motor needs 
to rotate the crankshaft of the engine, and when 
everything else is working properly, the engine starts. 
It is important to note that, the later is true for most 
engines in all KFSD vehicles starting systems. 
However, it is not exactly the same way for starting 
the main engines on the largest marine KFSD tugs 
namely i.e. Montaser and Mojaweb. In these two 
tugs, the main engines are rotated by admitting 
compressed air of around 30 bars to start. However, 
the emergency generator or the emergency 
compressor are the key components for starting the 
dead KFSD tug which again starts in a similar way as 
for most KFSD engines starting system (by the 
battery). Therefore, batteries have always played in 
indirect way and still plays, a great role in saving 
lives and properties. In fact, according to the list 
made by the KFSD workshop, stating that during 
only one full year an approximation totaled to 217 
different types and designs of batteries have been 
purchased and fitted by the KFSD workshop into the 
KFSD vehicles and equipments with an 
approximately value of more than approximately 
10,500 Kuwait-Dinars (KWD) (approximately 32,789 
US dollars), not including the total batteries 
purchased for the KFSD marine boats and tugs. This 
value has clearly, in fact, showed that selecting the 
best battery which can serve the purpose very well is 
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not trivial subject. This is particularly important for 
KFSD, after the government decision on saving 
money by lowering our spending.    
This raises the question: isn’t the selection of the 
right battery an easy task? No it is not indeed, for 
many reasons. Firstly, the fact that the researcher has 
interviewed many people including technicians and 
many engineers and found that they do not know that 
batteries fall under the broad categories of deep cycle 
and cranking. This is because the differences between 
the two categories are hidden under the understanding 
of each category anatomy. If one wonders why 
cranking is hard to start an engine on a cold day will 
discharge the battery in few minutes? Then we would 
have understood the fundamental difference between 
the two battery categories. Cranking batteries are 
simply engineered in a way that electrolyte i.e. 
battery acid solution, is contacting larger surface, 
porous, law-density material, with lots of nooks and 
crannies in order to allow deep penetration by the 
acid solution. This will enable a lot of chemical 
reactions which are needed by the engine starting 
motor, to produce the starting currents that could be 
in the hundreds of amperes. On the other hand, deep 
cycle batteries, which are not used for engine 
cranking purpose, does not need so much surface area 
of plate material and the chemical reactions is 
generally slower. This is because all you need here is 
a few amperes for a set of running lights or 
equipments while under sail or drive. These batteries 
have got thinker plates instead of porous and are 
more capable of being fully discharged and then 
recharged 20 or 30 times over their lifetime, and thus 
they are named “Deep Cycle Batteries”. However, 
nothing lasts forever, eventfully the plates inside the 
battery will deteriorate and ultimately the battery will 
fail. Secondly, gassing usually occurs during the 
discharge/charge cycle and batteries differs in the 
way they are engineered to release this hydrogen gas 
to the atmosphere, while other types of batteries do 
not allow gassing to atmosphere and are equipped 
with sealed regulated valve (SRV). Thirdly, some 
batteries are classified as maintenance free and 
normally sealed type while other batteries are not. 
This character, allows some batteries to be stored and 
used differently than others. Fourthly, the internal 
engineered design of each type of battery and their 
plates, and their used electrolyte varies between the 
different designs, and that indeed have a great deal on 
the characteristics of each battery design. Fifthly, the 
cost between batteries varies a lot. This has much 
influence on deciding between different users, as one 
can afford to buy expensive type of battery while 
another do not care about the costs for purchasing 
sets of batteries. Sixthly, batteries tend to vary in their 
size (length x height x width) and volume. This forces 
some equipment not to install any size of battery. For 
example, you cannot install a large truck battery in 
your four cylinder Toyota engine compartment; it 
simply will not fit the space. Seventhly, batteries also 

vary in their given weight. You may have heard the 
heavier battery the better, well, you do not want to 
see how much struggle our KFSD technicians and 
engineers go through to carry one piece of battery 
that weighs more than 70 kilograms in a hot sweating 
day. Eighthly, according to the quick interviews done 
by the researcher, many people do not understand the 
differences between marine batteries and those 
designed for automobiles. Last but not least, batteries 
vary in their technical specifications when looking at 
the required voltage, 20-hour rate test which indicates 
the current discharge rate, reserve capacity (RC) 
which indicates the number of minutes for which a 
battery withstand a 25 amperes withdraw at 26.7 , 
and the cold cranking amperes (CCA) which test the 
amperes discharge of a battery for 30 seconds at -
17.8oC before voltage drops below 1.20 volt per cell, 
and marine cranking amperes (MCA) which test the 
amperes discharge of a battery for 30 seconds at 0  
before voltage drops below 1.20 volt per cell.         
As a result of all these differences mentioned above, 
the same battery in two different applications may 
give you an excellent performance in one place and a 
complete failure in another. Therefore, selecting the 
cheapest battery is not always the right decision. 
Broadly speaking, there is no such a thing that one 
type or design of battery works for all situations, 
because each of these batteries has different 
characteristics that need to be understood in order to 
choose the most appropriate type. This also could be 
the answer why certain types of batteries tend to be 
used for specific applications. For example, one may 
think why zinc/ carbon and alkali batteries are often 
used in torches and toys but could not be used in 
mobile phones? Which is because of a certain 
required criteria needed for a mobile phone batteries. 
It is widely known that some batteries cannot be 
recharged and classified as primary. On the other 
hand, secondary batteries are rechargeable but again 
have different characteristics.    
In the literature, the issue with selecting the right 
battery has been highlighted and the challenge 
associated with comparing and selecting between 
different types of batteries is not new. However, there 
has not been a study investigating the feasibility of 
incorporating KFSD boat or KFSD vehicle related 
criteria in models for selecting the most suitable 
battery option. As stated above, there is no single 
battery option can be used for all KFSD equipments, 
KFSD tugs/boats and KFSD vehicles due to their 
difference in their characteristics and specifications 
for meeting the required standards of each single 
application.  
Deciding between different types of batteries that 
vary in both objective and subjective characteristics 
(e.g. design, weight, safety, costs etc.) is a complex 
decision making problem because all batteries have 
their advantages and disadvantages. Hence, a multi-
criteria decision making (MCDM) method is needed 
for the objective of this study which is to investigate 
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how to select the most suitable battery option to 
KFSD firefighting and rescue boat ‘Mofeed’. 
According to Jing et al (2013) Multi Criteria Decision 
Making (MCDM) methods can be classified into 
various categories (e.g. Outranking methods, Analytic 
Hierarchy Process (AHP), Multi-attribute utility 
theory, Weighting methods, Fuzzy methods, Multi-
Objective Programing etc.) but varies in their 
approach (Jing et al., 2013). Among them, AHP is 
one of the most widely used in the literature as 
MCDM approaches (Belton and Stewart, 2002, 
Belton, 1986). AHP has got many advantages which 
revolve around its steps as a straightforward method 
and its deterministic approach (Rosenbloom, 1997), 
its applicability to incorporate judgements on 
intangible criteria alongside tangible criteria (Saaty, 
1980). The latter is because of the ratio scale that uses 
the normalised mean of the pairwise comparison of 
judgements obtained by experts among alternatives 
and thus enables the measurement of both tangible 
and intangible factors.  In addition, not only AHP 
allows for inconsistency in judgment, but also 
measures the degree to which the judgements are 
inconsistent and thus establishes an acceptable 
tolerance level for the degree of inconsistency 
(Liberatore and Nydick, 2008). 
Based on the above advantages of AHP method is 
selected for the proposed decision making tool with 
identified criteria from the literature. Consideration of 
the battery’s related criteria will be used in comparing 
between the different types of batteries as well as to 
the KFSD fire fighting and rescue boat “Mofeed” 
related criteria for selecting the most suitable battery 
for the job.  
To do this a created case study using ‘Mofeed’ 
confronted with a challenging decision to select 
between three promising types of batteries. The 
batteries were assumed to represent the three batteries 
options, namely (Conventional batteries “Wet”, 
Absorbent Glass Mat “AGM” and “Gel”)) and used 
in our study Table 1. 
 

Table 1: Shows three well-known Lead-Acid type batteries. 
Batteries Type 
Battery-1 Conventional (Wet) 
Battery-2 AGM   
Battery-3 Gel 
 
In the following sections and subsections, firstly, the 
AHP method model is briefly discussed. Secondly, 
the data collected and the case study are set out. 
Finally, the obtained results and discussions are 
presented before the summary and conclusions of this 
study. 
 
II. THE AHP METHOD 
 
According to Belton and Stewart (2002) Multi-
Criteria Decision Analysis (MCDA) can provide an 
objective analysis to aid decision making by 

integrating objective measurements with value 
judgment in order to manage subjectivity in all 
decision making. The Analytical Hierarchy Process 
(AHP) developed by Saaty (Saaty, 1980) has been 
widely used as a useful MCDA (Belton and Stewart, 
2002, Chang, 1996, Wang et al., 2008, ALHababi et 
al., 2014, ALHababi, 2015). Application of AHP was 
found in many areas such as selection, evaluation, 
allocation, planning, forecasting, decision making and 
so on (Vaidya and Kumar, 2006, Wang et al., 2008). 
 
Evaluating and justifying between different Batteries 
and ships that vary in their characteristics tangible 
and intangible criteria and conflicting between them 
is a big challenge of a discrete type of MCDA 
problem. Therefore, AHP can effectively be used to 
satisfy the aim of this study.   
 
The AHP steps can be summarised as follow: 
 The construction of hierarchy in levels 

(depending on the problem complexity, criteria); 
 Obtaining priority analysis of collected data; and 
 Confirmation of consistency. 
 
Constructing the hierarchy structure helps to 
determining the goal of the AHP model which 
normally placed in the top of the model. Next, the 
criteria (and sub-criteria) are placed at the 
intermediate level and alternatives at the bottom 
Figure 1.  
 

 
Figure 1: Structure of conventional AHP model consists of a 

goal, criteria, sub-criteria, and alternatives from top to bottom. 
 
The criteria and sub-criteria (if exists) are used to 
evaluate the decision options (alternatives). Starting 
with the decision goal and options available, this 
process directly involves the decision maker (experts) 
by allowing them to prioritize the decision criteria 
and sub-criteria in order to obtain preferences. 
Experts can be an individual person, department or a 
group whose views are important for making a 
decision (Ali Khatami Firouzabadi et al., 2008). This 
is normally accomplished through a series of pair-
wise comparisons between criteria (and sub-criteria). 
A priority scale 1 to 9 suggested by (Saaty, 1980) is 
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often used to help experts in establishing priorities of 
criteria or alternatives over others.  
The 1 to 9 scale helps decision makers to judge the 
relative importance between two given criteria: how 
many times criterion A is more important than the 
other criterion B with concern to the overall goal? 
 
The relative contributions are expressed as a matrix 
of elements a  that express the strength of the 
contribution of “A” relative to “B” using the 
following scale (Saaty, 1980): 
 If A and B are equally important, a  = 1 
 If A is slightly or weakly more important  
than B in your opinion , a  = 2 
 If A  is moderate important than B, a  = 3 
 If A  is moderate plus important than B, a  
= 4 
 If A  is strongly more important than B, a  
= 5 
 If A  is strong plus more important than B, 
a  = 6 
 If A  is demonstrably or very strongly more 
important than B, a  = 7 
 If A  is very very strong more important than 
B, a  = 8 
 If A  is extremely more important than B, 
a  = 9 
a ; a = 1 is equally important when compared with 
       itself. 
 
Weights or preferences can also be derived from 
engineering data or expert’s judgement based upon 
all the information and experience available to the 
decision maker. In AHP, the positive reciprocal 
matrix has the properties below: 
a = 1, a = 	                          (1) 
 
After the matrices have been filled, the eigenvectors 
are calculated by the weights of the criteria and their 
sum is taken over all calculated eigenvector entries 
related to those in the next level of the hierarchy. The 
alternative with a higher score is defined as the most 
recommended alternative. 
 
As a final step, the consistency of the expert’s 
judgements is measured. The consistency of 
comparisons is assessed by using the eigenvalue 
(λmax) after all pairwise comparisons have been 
completed. A consistency index (CI) is calculated 
with the eigenvalue. The formula of the CI is (Saaty, 
1980): 
 
CI = ( )

( )
                              (2) 

 
Where ‘n’ represent the matrix size in this formula. 
Judgements consistency can be checked by 
considering the consistency ratio (CR) of the CI with 

the appropriate value of random consistency index 
(RI), as given in (Saaty, 1980). 
 
The formula for calculating the CR (Saaty, 1980): 
 
CR =                                     (3) 
 
Saaty (1980) suggests that the CR is acceptable when 
it does not exceed 0.10. When CR is greater than 
0.10, the judgment matrix can be considered 
inconsistent and judgment should be revised. 
 It work noting that AHP also has some disadvantages 
which can be revolved with its steps, rank reversal 
occurrence, transitivity, weighting the criteria and the  
statistical significance of the obtained results 
(Firouzabadi, 2005, Belton, 1986, Jing et al., 2013, 
Banuelas and Antony*, 2004). In order to overcome 
the aforementioned limitations, research efforts have 
been directed towards combining the AHP with other 
methods (e.g. fuzzy sets, beta-PERT distribution, 
decision trees, linear programming etc.). 
 
2.1 Designed AHP model 
The AHP model for this study is shown in Figure 3 in 
the appendix, the identified criteria and indicators of 
the new AHP model is presented in Table 6.  
The goal of the model is located on the left (1st level) 
to select the best battery for Mofeed. Clearly from the 
developed AHP model, the best battery for the given 
ship is meant to be the option which obviously 
satisfies the identified criteria by considering both 
identified battery technical specification related 
characteristics and the KFSD fire and rescue boat 
related data. 
The global criteria are the main related criteria on the 
2nd level. The alternative contended of KFSD boad 
Mofeed with an installed battery and then is 
compared with the same KFSD boat having another 
type battery. It is worth noting that, alternatives are 
directly connected to criteria in 2nd level. Thus, the 
alternatives were assessed against each criterion in 
the developed AHP model. The identified criteria 
were selected based on author experience as well as 
extensive review of relevant literature review. 
Therefore, the developed model is believed to select 
the best given battery alternative for the given KFSD 
boat. 
In the developed AHP model, the major were 
assessed according to the identified indicators listed 
in the Table 5.  
 
2.2 Case Study 
The KFSD fire and rescue boat ‘Mofeed’ was chosen 
out of the KFSD marine fire and rescue fleet which is 
located in Shuwaikh marine fire and rescue center. 
The KFSD fire and rescue boat ‘Mofeed’ particulars 
are shown in Table 2.  
Mofeed is divided into six compartments: (1) 
Forepeak, chain locker (2) Mess room, kitchen and 
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toilet (3) Quarter’s compartment (4) Engines and 
pumps (5) Store – Batteries and generator (6) Aft 
peak - steering gear. 
 
Mofeed operating profile is set to serve any distress 
calls in the area of Shuwaikh port and its surrounding 
areas. Therefore, voyage information of Mofeed is 
not clear where the fire or rescue will take place. 
Therefore, in order to select which battery type and 
capacity, the environment where  
 

Table 2: Mofeed information 
Ship Size (dwt) 16.7 
Length over all (meters) 23 
Width (meters) 5.3 
Draft (meters) 2.4 
Two diesel turbo-charged main engines (kW)  298 
Two generators (kW) 40 
Two diesel turbo-charged fire engines (kW) 289 
Number of compartments 6 
 
Mofeed normally cruise through, the battery 
compartment size, the batteries storage location 
inside the KFSD boat and the power expected over an 
average day must be taken into consideration. It is 
worth noting, the study should focus on answering 
two key questions: (1) which type of the given 
batteries would be best for the KFSD Mofeed; (2) 
How much battery capacity is needed for the job? 
However, due to the study circumstances, this study 
focuses on answering the first question only.  
The costs (capital and maintenance) of the three types 
of batteries were provided as intangible information 
from the literature review. Costs, battery ampere 
capacity, RC, CCA and or MCA indeed may vary 
depending on the given battery capacity, type and so 
on. It is assumed to remain constant for the purpose 
of this study.  
Definitions of the identified criteria were presented to 
the decision maker in the developed questionnaire in 
order to avoid vagueness in judgements as below: 
Cost is monetary fees associated with capital cost 
including (purchasing and installing), maintenance 
costs associated with the routine & preventive actions 
for looking after the batteries. Safety is the important 
roles of being free of danger or risks to the boat and 
the crew (e.g. health) and was set by satisfying four 
indicators: 

 Minimum possibility of spillage due to over 
filling the battery. 

 Minimum possibility of leakage due to 
breakage of battery case incidents. 

 Minimum possibility of gassing directly to 
atmosphere due to the charge/discharge 
service. 

 Minimum risk to crew and boat handling the 
batteries.   

Warranty means the written guarantee, issued to the 
consumer of the battery by the manufacturer, 

promising to repair or replace it if necessary within a 
specified period of time. Age means the approximated 
life of the battery which is normally provided by the 
manufacturer. The Age in this study was identified 
based on two indicators (maximum recharging cycle 
and maximum shelf life) the information aggregated 
in Table 5. A charge cycle of a battery is number of 
repeated process of charging the battery as required 
by the load which affects the life of the battery. Shelf 
life of a battery means the normal discharge rate of 
the battery per period of time due to the internal 
chemical reaction and room temperature of storage. 
 
Compatibility means the physical applicability of 
using a battery on-board a specific boat/vehicle or 
equipment. Compatibility is indicated by satisfying 
the following: 

 Satisfy limited space requirement  
 Satisfy required weight  
 Satisfy the boat or vehicle required 

application i.e. cranking or deep cycle  
 Maximum ease for maintenance i.e. no need 

to add water to batteries or use hydrometers. 
 Satisfy the temperature range inside the 

batteries compartment. 
 Satisfy the required orientation of the 

batteries. 
Technical specification data is associated with the 
batteries industry standards set information and is 
indicated by satisfying the following: 
 Satisfying required voltage i.e. the required 

electromotive force e.m.f. input to the device. 
 Maximum 20-hour rates i.e. the ampere hour or 

C20 of the battery which is the number of 
amperes that can be continuously supplied for 20 
hours at 80℉ (26.7oC). 

 Maximum reserve capacity (RC) i.e. the number 
of minutes a fully charged battery is discharged 
25 amperes before the voltage drops below 1.75 
volts per cell at 80℉ (26.7℃). 

 Maximum cranking amperes (MCA) which is the 
number of amperes a battery can deliver and 
maintain for 30 seconds at 0℉ (-17.8℃) before 
voltage drops below 1.2 per cell. For marine 
cranking amperes (MCA) is similar but measured 
at 32℉ (0℃). 

 Minimum sensitivity to charging system. 
 Minimum sensitivity to vibration and impacts.   
 
2.3 Data collection 
There are many available methods to collect data 
from experts. One highly educated engineer was 
randomly selected. His academic qualifications, 
experience and position at KFSD were identified him 
as the right person for this study. In this study, the 
expert was guided in making the comparison using 
the designed questionnaire of Expert Choice program. 
Therefore the results were collected in an electronic 
environment. The expert compares the two criteria 
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and selects the relatively more significant one. When 
the expert believes that there is no priority between 
criteria pairs, he selects the “equally important” by 
selecting the number in the given questionnaire. It is 
worth noting that, the scale developed by Saaty 
(1980) is presented to the expert with researcher 
explaining and describing the numerical values in the 
developed criteria weighting questionnaire. The 
expert is also presented with the definition of each 
criterion in order to avoid vague judgements. 
After collecting expert’ relative weights for each 
identified criterion against each criterion using the 
developed questionnaire, the consistency ratios (CR) 
for the pairwise comparison are checked for precise 
judgments by expert. The collected data were 
analyzed with Expert choice software.  
 
III. RESULTS AND DISCUSSIONS 
 
The calculated priority vectors obtained based on the 
expert judgment made on the identified criteria and 
sub-criteria levels are shown in Table 3& 4. The 
combined priority vector is indicating how much 
important each criterion in comparison to other 
criterion of a given hierarchy level in the developed 
AHP model. 
According to the relative importance obtained by the 
expert Table 3, the most important criterion to the 
expert found to be the warranty. The cost, the safety, 
the compatibility and technical specifications were 
equally found important to the expert. However, age 
of battery was indicated as the least important and 
this is because this particular criterion can be affected 
by many other parameters such as the maintenance of 
the batteries, temperature of room, loading etc which 
can be optimized in order to lengthen the estimated 
age. Each criterion in the developed AHP model was 
assessed separately in order to allow for the 
uncertainty analysis check in the next step study for 
each identified criterion. 
Based on the extensive literature review in Table 5 on 
the differences in characteristics between the given 
batteries alternatives listed enabled clear comparisons 
between the three given batteries against each of the 
identified criteria for the KFSD boat Mofeed. 
 

Table 3: Calculated priority vectors of the identified global 
criteria (2nd level of AHP hierarchy structure) 

Preferences on global 
criteria 
 ( 2nd level) 

Combined priority vector 

Cost 0.163 
Safety 0.163 
Warranty 0.208 
Age 0.140 
Compatibility 
 
 

0.163 

Technical specification 0.163 
 

 ∑ =1.00 
 
The details about the result of the assessments of each 
criterion against the given alternatives batteries see 
Figure 2. 

 
Figure 2: The performance of each battery type against the 
criteria for the KFSD boat Mofeed showing AGM as best 

alternative. 
  
In figure 2, the conventional “Wet” battery has been 
identified as the most cost-effective alternative and 
the most compatible alternative for Mofeed as it was 
identified as the less sensitive battery alternative for 
the temperature range as well as the least sensitive 
alternative for the charging system. On the other 
hand, it did not perform well, in terms of the 
maximum ease of maintenance as this type of 
batteries do require topping up with water as a result 
of gassing during the charging and discharging 
cycles. In addition this battery alternative did not 
perform well in compare with the AGM and Gel 
batteries under the safety criterion. This is because of 
the identified risks associated with conventional 
battery in gassing, leakage and spillage which could 
cause serious risks to crew and boat if not properly 
handled. In addition, conventional batteries were 
found to have less life than the newer batteries. 
The Gel battery alternative did not perform well in 
terms of satisfying the cost and technical 
specifications. This is due to the sensitivity of gel 
batteries to temperature and charging system. On the 
other hand, gel batteries has been found to perform 
better in terms to the safety criterion due to the less 
risk associated with gassing, leakage or spillage than 
conventional batteries. 
 

Table 4: Calculated priority vectors of identified sub criteria 
based on the expert judgments (2nd level of the AHP hierarchy 

structure) 
Preferences on sub 
criteria (2nd  level) 

Combined priority 
Vector 

Minimum capital cost 0.833 
Minimum maintenance 
cost 

0.167 

 ∑ =1.00 
Minimum spillage 0.33 
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Minimum leakage 0.33 
Minimum gassing 0.33 
 ∑ =1.00 
Maximum given warranty 1.00 
 ∑ =1.00 
Maximum estimated life 0.500 
Maximum shelf life 0.500 
 ∑ =1.00 
Satisfy limited space 
required 

0.201 

Satisfy required weight 0.049 
Satisfy  the ship or 
vehicle required 
application 

0.411 

Maximum ease for 
maintenance 

0.116 

Satisfy temperature range  0.116 
Satisfy required 
orientation 

0.223 

 ∑ =1.00 
  
  
Satisfy required voltage 0.167 
Maximum the 20-hour 
rate  

0.167 

Maximum reserve 
capacity (RC) 

0.167 

Maximum cold cranking 
amps (CCA) or marine 
cranking amps (MCA) 

0.167 

Minimum sensitivity to 
charging system 

0.167 

Minimum sensitivity to 
vibration and impacts 

0.167 

 ∑ =1.00 
 
Gel batteries designed are not vented to atmosphere 
and are classed as VRLA (Valve Regulated Lead 
Acid Battery) where gasses produced during high 
loading are converted back to water in each cell. In 
addition, gel batteries scored the highest amongst the 
given alternatives due to the fact that gel batteries’ 
electrolyte i.e. solidified into gel-like mass (addition 
of silicic acid) and this found to give substantial 
increase in the charge/discharge cycle capacity 
lengthening the age of this type of batteries.  
For the AGM battery alternative has been identified 
as the safest alternative amongst the given 
alternatives. This is because the AGM batteries 
electrolyte is solidified by the glass mat which is 
highly absorbent of the full volume of the electrolyte. 
This design has offered better protection against leaks 
and spillage risks in the event of battery casing being 
damaged. Like Gel batteries, AGM batteries are not 
vented to atmosphere and classed as VRLA. 
However, AGM batteries are found to be high cost, 
and not compatible to high temperature range and 
thus scored less cost criterion than the conventional 
battery alternative. 

 
Finally, based on the combined considerations of both 
KFSD boat Mofeed technical informations and the 
given three battery alternatives with respect to each 
corresponding criterion in the developed AHP model, 
the selection of the best battery alternative for the 
given KFSD boat is shown in Figure 3.  
 

 
Figure 3: The obtained final result by the AHP model for the 

given alternatives (Mofeed with each one of the three batteries 
type) and showing the AGM battery (0.359) as the best battery 

for the given KFSD boat. 
 
The final vector shown in Figure 3 indicates that 
AGM battery is the best type for Mofeed. The 
conventional battery also found to be a feasible 
option than Gel batteries in this study. This is because 
the cost and sensitivity of the Gel batteries to 
temperature range and charging system was less 
favorable in compare with the conventional battery.  
 
SUMMARY AND CONCLUSIONS 
 
The battery is a central most important component in 
the starting system. However, like many people, you 
don’t spend a lot of time worrying about the battery, 
until the engine fails to start or the auxiliaries do not 
function. Only then, the battery gets 100 percent of 
our attention. However, with increase awareness 
about the importance of having a ready to go KFSD 
firefighting trucks, boats and equipments to do their 
jobs in rescue properties and lives, selecting the best 
battery becomes an important challenge today 
confronting KFSD engineers, decision makers, 
technicians, truck/car/ boat owners and operators. 
Many battery types and designs exist in the market 
today; however they vary in their characteristics (e.g. 
costs, risks, size, technical specifications etc.). 
 
In response to this, this study presented a new model 
by using the Analytical Hierarchy Process (AHP) in 
this paper to illustrate a new way of thinking to 
support the decision in determining the best battery 
alternative for any given KFSD fire and rescue boat 
or truck. 
 
The new developed AHP model compared between 
the three batteries based on three inputs: (1) the 
extensive literature review in Table 5; (2) expert 
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importance Table 3; (3) and batteries technical 
specification in order to obtain one single output 
(result). In the AHP model the same KFSD Boat 
Mofeed with a battery type alternative were 
compared and evaluated for satisfying each criterion 
separately. 
The AGM battery emerged as the best option for the 
given KFSD boat Mofeed. However, it is worth 
noting that the results obtained in this study do not 
necessary apply to other boats, because it depends on 
each boat/vehicle criteria, decision maker’s strategy 
and the given batteries as alternatives. According to 
the sensitivity analysis revealed that cost, 
compatibility and age criteria were indicated as 
sensitive ones which could have changed the output 
result by the model. 
Results obtained in this study are based on both 
subjective and objective information of the three 
batteries characteristics obtained from extensive 
literature review and expert’s preferences. 
Future work may consider the use of additional 
analysis method in order to confirm the findings and 
conclusions reported in this study. 
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APPENDIX 
 

 
Figure 4: The New AHP model for selecting the best battery for Mofeed fire and rescue boat. 

 
 

Table 5: Aggregated characteristics of three well-known batteries (Conventional, AGM and Gel) (source: collected by author from 
(Wetin., 2012, Martin et al., 2005, Lavers et al.,2013, Jain et al., 2002,Brotherton et al.,2008,Westin, 2012,Farnell, 2009, Batteries., 

2017, Battery., 2017, Battery, 2017, BDchargers, 2017). 
 
Identified characteristics between three Known Lead-Acid Batteries 
Conventional wet battery AGM battery Gel battery 
 Electrolyte evaporates during 
discharge/charge 
 Requires adding water 
 Have filler caps on top to allow 
filling water to cells and gassing escape 
 Allows hydrometer test. 
 Low cost 
 Less available 

 No free 
electrolyte solution 
 No spill or 
evaporate 
 No need adding 
water 
 Maintenance free 
 Anti-vibration 
support 
  Less internal 
short circuit 
 Physically 
smaller than wet batteries 
for the same cranking 
power 
 Electrolyte is 
absorbed by interwoven 
glass fibers 
 Offering good 
protection against leaks in 
case being damaged 

 Electrolyte in gel form 
 Shorter life span if fully 
discharged 
 Have higher internal 
electrical resistance than AGM 
 Substantial increase in 
charge/discharge cycle capacity. 
 Better recharging cycles 
after deep discharge (longer storage 
life) 
 Better protection against 
leaks 
 Low build up gas 
 High cost 
 Less availability 
 Not compatible with high 
temperature (engine bay fitment) 
 Poorer cold starting 
properties 
 No vented to atmosphere 
directly 
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 Not gasses vented 
to atmosphere 
 Classed as VRLA 
 High cost 
 Not compatible 
with high temperature 
(engine bay fitment) 
 Can be mounted 
in many orientations  
 Less sensitive 
than Gel batteries with 
charging system. 
 Less internal 
resistance (recharged 
quicker) 

 Cells are not 
interconnected for gas discharge 
 Classed as VRLA 
 Gasses are converted back 
into water in each cell. 
 No replenishing the 
electrolyte, one gas escapes (life is 
seriously shorten)  
 Can be mounted in many 
orientations 
 Very sensitive to 
recharging system calibration 
 Gel better than AGM in 
deep cycle (live longer than AGM) 
 Gel are larger than AGM 
 Gel more expensive than 
AGM 
 Gel are better reliability in 
higher temperature than AGM  

 
 

Table 6: The indicators of each identified criteria in the new AHP model 
No. Criteria Indicators 

1 Cost  Minimum capital cost 
 Minimum maintenance cost 

2 Safety 

 Minimum spillage 
 Minimum leakage 
 Minimum gassing 
 Minimum risk to crew   

3 Warranty   Maximum warranty 

4 Age  Maximum recharging cycle 
 Maximum shelf life 

5 Compatibility  

 Satisfy limited space required 
 Satisfy required weight 
 Satisfy  the ship or vehicle required application 
 Maximum ease for maintenance  
 Satisfy temperature range    
 Satisfy required orientation 

6 Technical Specifications  

 Satisfy required voltage 
 Maximum the 20-hour rate  
 Maximum Reserve capacity (RC) 
 Maximum Cold Cranking Amps (CCA) or Marine Cranking 
Amps (MCA) 
 Minimum sensitivity to charging system 
 Minimum sensitivity to vibration and impacts 

 
 
 

 


