
Life Cycle Cost Analysis of Complex Systems: an 
application to shipbuilding 

1. Introduction

Any organization that intends to develop a high-
scale or complex project, that last over time, should 
consider the impact of such long term on the project 
development and implementation. The project life-
time activities and related costs should be assessed 
[1,2]. A project can be defined as a set of intercon-
nected tasks that must be accomplished within a giv-
en period, budget, and other constraints while achiev-
ing a given objective. The development of a project 
requires assertive planning to obtain a final product 
capable of meeting the needs that justify its existence. 
This planning should establish its economic viability 
and provide reliable information about the expected 
costs for its entire life cycle [3,4].

In order to support decision-making, the need 
arises to resort to a method that value each feasible 
option. Integrated Logistic Support (ILS) body of 
knowledge is used as a methodology with appropriate 
tools for such purpose. The use of these tools adds 
value to project design, selection, and proper moni-
toring, avoiding waste of time and financial resources. 
The calculation of the Life Cycle Cost (LCC) makes 
it possible to predict the relevant costs that will incur 
for the asset, equipment, or system life cycle.

To determine the appropriate Logistic Support 
(LS) for each phase of the project and related costs, 
the LCC is the chosen approach. This tool helps in 
planning the activities to be carried out throughout 
the project’s different phases and related expenses. 
When done in anticipation of the project, as a plan-
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ning tool, it constitutes powerful support for decision-
making.

Organizations like the Navy or maritime com-
panies regularly need to acquire new ships to carry 
out their missions. The design, acquisition, opera-
tion, and disposal of ships is in itself a project with a 
normal length of 25 to 40 years and involves the use 
of relevant human, financial and material resources. 
The Portuguese National Maritime Authority, as part 
of the Portuguese Navy, is a public entity responsi-
ble for the safety of human lives at sea, performing 
surveillance, rescue, and assistance to castaways and 
swimmers. To perform such missions, it needs spe-
cific vessels, adapted for coastal operations, some-
times facing harsh sea conditions. To increase the re-
sources available, the need to acquire two lifeguards’ 
vessels identical to the existing "Vigilante" class has 
been identified.

The Arsenal do Alfeite, S.A. is a State-owned 
Shipyard, part of the National Defense Industry, with 
extensive experience in shipbuilding and mainte-
nance of naval assets. Recently, the Portuguese Navy 
hired Arsenal do Alfeite to build two lifeboats iden-
tical to a previously designed one. The project was 
named "Vigilante II" [5].

This study identifies the tasks and resources need-
ed to carry out the logistical support of a system like 
a ship, through the application of the LCC, defining 
the main tasks and cost structure associated with each 
phase of the project life cycle. The used methodol-
ogy relied on direct contact with people who were 
part of the project, in order to obtain data related to 
each phase’s cost structure and associated expenses, 
allowing the calculation of the LCC.

The obtained results support decision-making 
and help to design, produce, operate and control the 
different activities of the system under study. With 
the necessary adaptations, this study is applicable to 
similar cases, whether in the shipbuilding industry or 
another.

2. Background

2.1 Theoretical concepts 

ILS refers to the intentional integration, at the be-
ginning of a program or project, of logistical support 
elements for the life cycle management of systems 
and equipment, where all necessary elements for the 
establishment of effective logistical support should 
be planned, purchased, tested, and delivered eco-
nomically and on time [6]. In the same sense, the 

Council of Supply Chain Management Professionals 
(CSCMP) [7] considers that ILS refers to the pro-
cess of managing the entire life cycle of a product, 
encompassing its design, development, manufactur-
ing, market introduction, transaction, or use and dis-
posal. The introduction of environmental and social 
concerns is a recurrent topic within the supply chain 
literature [8]. Jones [3] presents a more comprehen-
sive and generic definition where ILS is a body of 
knowledge and a unified management method for 
all the activities necessary to design a workable sys-
tem and the associated support to achieve a prede-
termined set of measurable objectives within an ac-
ceptable cost of ownership.

ILS is a field of knowledge and a management 
support method that, in a comprehensive and inte-
grated way, seeks to harmonize and create coherence 
between the various components involved in the lo-
gistical activities to support systems, equipment, or 
products operation, throughout their lifetime. Being 
conducted in a planned manner, at the beginning 
of the project, it aims to optimize the operational 
availability of the system and the efficiency in the use 
of the necessary resources throughout the different 
stages of its useful life.

The activities carried out under the ILS approach 
may be gathered in different phases. Although there 
is no unanimity, in most cases such classification 
ends up being mixed with the acquisition process 
and with the system life cycle phases itself, largely 
because it is an essential part of the ILS configura-
tion. The ILS activities begin even before the sys-
tems acquisition and only end with the completion 
of their useful life. Jones [3] identifies the phases of 
the acquisition cycle as pre-acquisition, acquisition, 
and support.

The pre-acquisition phase defines the existing 
need. It can be seen as a minor task but, when con-
sidered in an ILS context, it is of crucial relevance 
for the development of the project. Defining the 
main function or purpose of the system or equip-
ment to be implemented isn’t enough; it is neces-
sary to answer a whole set of questions that may have 
considerable impact in the following phases. Some 
of the questions at this stage are: "How will the sys-
tem be used?", "What are the intended operations 
minimum performance requirements ?", "How will 
performance be measured?", "How will the failures 
of the system be measured?", "What are the limita-
tions to the level of support?" among others, that to-
gether will properly constrain their production and 
support [3].

The acquisition phase begins after a suitably 
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configured and structured project is set up, which 
involves the development and design of the prod-
uct or system, for the purpose of materializing an 
idea, that is, to transform the concepts into specific 
items or goods [1]. Some of the main concerns at 
this stage are related to reliability, serviceability, and 
testability, among other characteristics of the prod-
uct or equipment. Even at this stage, there is a need 
to develop and determine the sustainability charac-
teristics to which the product must comply. These 
requirements are translated into project objectives, 
goals, and constraints, for which it is necessary to de-
termine how should they be achieved or avoided [3].

Adequate eco-design, directly or indirectly, mini-
mizes environmental negative impacts over the sys-
tems life cycle - through the selection of recyclable 
materials, energy-efficient components, low level of 
pollutant emissions, reduced need for maintenance 
or re-use after their end-of-life [9,10]. A correct life 
cycle planning of maintenance activities allows cost 
savings and systems increased availability [11,12].

Once the system has been designed and built, it 
gets into the operation and support phases. During 
these phases, the system performs the functions for 
which it was developed, with the aim of meeting the 
needs that triggered its construction [4]. The sup-
port phase takes place throughout the equipment’s 
lifetime, until its disposal. This phase requires fewer 
decisions, however, at the financial level, this may 
be the most expensive phase since it includes all the 
costs of operation and maintenance [1,3]. At this 
point in the system life cycle, planned or corrective 
maintenance plays a crucial role in sustaining the sys-
tem. To perform this plan, several aspects should be 
identified, such as the maintenance periods, who is 
competent to carry them out, what materials should 
be used, or what are the key characteristics of the 
system in terms of maintenance [13]. The definition 
of the planned or preventive maintenance periods, 
where the system must stop operating, so that it can 
be observed, inspected, tested, or repaired if need-
ed, should be planned, based on usability forecasts, 
reliability, and durability specifications [2].

ILS considers the need to adapt the level of lo-
gistical support to economic factors. Jones [3] identi-
fies three possible calculation methods to determine 
the costs to be incurred for a given project: (1) Life 
Cycle Cost (LCC) - in this approach several alterna-
tives are compared, choosing the one with the best 
cost-efficiency ratio. Being this model based on ex-
pectations and estimates, its associated information 
may not be completely reliable. It is, however, an es-
sential tool during the design phase as it provides in-

formation and data relevant for decision-making; (2) 
Through Life Cost – essentially a financial approach. 
This is a budgeting process that estimates the costs 
of an option, covering the estimated total lifetime 
of the equipment and sharing the costs by category 
according to different accounting periods. This pro-
cess is usually used after the project definition stage 
is finished. This model requires detailed information 
about the equipment in question, essentially to opti-
mize resources and not to influence the arranging of 
the project; (3) Whole Life Cost - estimated total re-
sources needed to acquire, equip, operate and sustain 
the selected option during its estimated lifetime. This 
process encompasses all costs throughout the system 
life and adds costs related to infrastructure, training 
of personnel, management, and support throughout 
the product lifetime. It is aimed at a higher level of 
management as it covers all costs related to the man-
agement structure, administration, and support of the 
functioning system.

The classification and distinction of methods for 
cost calculation associated with a project as proposed 
by Jones [3] aren’t consensual. Newnes et al. [14] 
consider that all terms mentioned above and others, 
such as "total cost" or "total cost of capital", are merely 
different expressions for the same concept, the LCC. 
The difference between the various terms is related 
to how they can be used, and which factors shall be 
considered.

LCC is a strategic management tool to support 
decision-making, even in the early stages of a project, 
that takes into account economic and technical as-
pects to occur over the whole lifetime [15]. The costs 
to be considered include the expenses to be incurred 
for the acquisition, operation, maintenance, modifi-
cation, and/or disposal in an integrated way since the 
evidence suggests that the optimization of the system 
as a whole has advantages over the optimization of 
its constituent parts [16]. The objective of analyzing 
these costs is to choose the best cost-efficiency ratio 
from a number of alternatives and find the lowest cost 
for the equipment’s entire lifetime, that is, the most 
advantageous total cost considering the full life cycle. 
As a rule, operating, maintenance, and disposal costs 
exceed the initial acquisition costs by a considerable 
margin [1].

A system’s life cycle refers to the period of time 
that begins with the actual system design, goes to ac-
quisition or construction, and ends with its withdrawal 
from use or disposal. The definition of the life cycle 
phases is not uniform. According to CSCMP [7], it 
is possible to identify five different phases in a prod-
uct life cycle: product development, introduction, 
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growth, maturity, and decline. The US DoE [4] states 
that carrying out a facility or system project requires 
a set of critical decisions to overlap the system life 
cycle milestones, which are: establish mission needs; 
identify alternatives and cost range; define perfor-
mance baseline; construction; start of operations or 
project completion; facility operation, maintenance 
& upgrades; facility deactivation, decommissioning 
& demolition. Newnes et al. [14] report that the life 
cycle for defense products is divided into six phases: 
concept, development and analysis, demonstration, 
manufacture, in-service, and disposal, referred to as 
CADMID. However, in order to respond to needs 
that cannot be met by the market and where custom-
ized developments are needed, the system life cycle 
can be more complex, including up to six phases: 
concept, assessment, test and, select, design and 
manufacture, operation, and disposal. Blanchard 
[17] considers that the systems life cycle involves the 
initial identification of the need, the design and de-
velopment, the production and/or construction, the 
operation and its sustaining support and, the retire-
ment and material recycling and/or disposal.

Assessing the mentioned approaches, they exhibit 
some similarities, as can be seen in Table 1. The au-
thors propose a classification comprising three phas-
es, aiming to standardize the different perspectives. 
This aggregation is in line with the procurement cycle 
offered by Jones [3] and has a direct relation with 
the development of ILS. The proposal is shown in 
Table 1.

Life cycle costs can be divided into acquisition 
and support. Hence, the costs taken during the de-

sign phase as well as those taken with the construc-
tion are reflected in the acquisition value [1]. The 
LCC calculations represent the total costs that can be 
expected to occur along the different phases of a sys-
tem’s useful life, which makes it possible to correctly 
consider some long-term decisions. All calculated 
values should be updated to the present moment in 
time, in the form of Net Present Value (NPV) [18]. 

2.2 The “Vigilante” lifeboats

The L150-SV “Vigilante” class lifeboats are in-
tended to perform rescue operations up to 75 nau-
tical miles around their Lifeguard Station. These 
lifeboats are built using fiberglass and composite ma-
terials, with a length of 15 meters, and are prepared 
to operate in stormy sea conditions and in surf zones. 
See Figure 1. Its normal crew is three to four mem-
bers [19].

Table 1. System life cycle phases 

Jones [3] Blanchard [15] Newnes et al [14] CSCMP [7] US DoE [4] Authors

Concept Initial identification 
of a need 

Concept Product 
development

Establish mission 
need

Design and project

Assessment System design and 
development

Assessment Identify alternatives 
and cost range

Test & select Demonstration Define performance 
baselineDesign & 

manufacture Production and/or 
construction

Manufacture Introduction Construction Acquisition or 
manufacture

Operation System operation 
and sustaining 
support

In-Service Start of operations or 
project completion

Support and 
disposalGrowth

Maturity Facility operation, 
maintenance & 
upgrades

Decline 

Disposal Retirement and 
material recycling 
and/or disposal

Disposal Facility deactivation, 
decommissioning & 
demolition

Figure 1. L150-SV “Vigilante” class lifeboats [19]
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This lifeboat’s expected lifetime is 25 years. Its 
average annual availability will be 330 days. The 
standstill periods shall not exceed two months per 
operational cycle, approximately every two years. 
The estimated operational employment rate is 500 
hours per year.

One of the specifications to observe in the design 
of ships and similar systems is their maintenance sim-
plicity, the existence of reliable equipment, and spare 
parts availability. In this particular case, the mainte-
nance must follow a Planned Maintenance Program 
(PMP), which gives primacy to replacement mainte-
nance rather than repair [19]. This option has im-
plications for the definition of the initial spare parts 
batches to be accommodated onboard or stored on-
shore, as well as their replacement over the lifeboat’s 
useful life.

3. Life cycle costs

For the calculation of the costs associated with the 
"Vigilante II" project and considering the ILS to be 
carried out throughout the whole life cycle, the se-
lected approach was the LCC. Whereas this is an on-
going project, having started the construction stage. 
According to Jones [3] the LCC would not be the 
option to follow. The opinion advocated by Newnes 
et al. [14] and presented in point 2.1. is followed.

The logistic support over the systems life cycle is 
related to financial factors. Although not essential, the 
budget availability plan is critical to define the logisti-
cal support to fulfilled during the life of the project. 
Ultimately, the support costs stand out due to their 
relevance and timespan. The level of initial invest-
ment and its typology affects the costs at later phases. 

The greater the initial investment in spare parts 
or training, the lower the future investment for these 
items. One cannot, however, consider that initial in-
vestment will completely eliminate future needs, as 
the support period is long enough and there will be 

factors that cannot be accurately predicted upfront. 
Each of these components evolves differently and 
represents costs along the life support of the lifeboat. 
Such costs, with the exception of the ones shown in 
the results analysis section, relate to the time period 
in which they occur, not in the form of NPV.

3.1 Design and project costs

The "Vigilante II" project stems directly from a 
previous project for the construction of the existing 
“Vigilante” lifeguard vessel. The overall costs of sys-
tems designing and development and construction 
project have been taken and accounted for in the ini-
tial project. Residual costs associated with this phase 
are part of the acquisition costs. Therefore, the cost 
of this phase is considered to be zero.

3.2 Acquisition costs

The acquisition contracted price for the produc-
tion of both lifeboats was 3M€. This value includes 
a set of components that go beyond the cost of the 
lifeboats, some of which are relevant to other life 
cycle phases. Based on information collected from 
the manufacturer, the acquisition costs include: (1) 
the lifeboats, including the entire physical structure 
of the vessel, equipment, and incorporated systems ; 
(2) technical documentation; (3) configuration man-
agement, including software, equipment and systems 
that can be accommodated onboard; (4) on-board 
spare parts batch; (5) onshore spare parts batch; (6) 
operation and maintenance training. Table 2 shows 
the corresponding costs. 

Throughout its life cycle, the project considers a 
set of events that shall occur, with direct impact on the 
acquisition and production costs. Such future events 
identification is based on previous study of one of the 
authors [5], the Navy’s technical specification for the 
construction of the vessels [20], historical data from 
the operation of the previously built “Vigilante” life-

Cost % 1 lifeboat 2 lifeboats

Purchase contract value 100% 1.500.000€ 3.000.000€

Lifeboat vessels 90% 1.350.000€ 2.700.000€

Technical documentation 1% 15.000€ 30.000€

Configuration management 1% 15.000€ 30.000€

On-board spares parts (COSAL) 2,5% 37.500€ 75.000€

Onshore spares parts (COSMAL) 3,5% 52.500€ 105.000€

Training 2% 30.000€ 60.000€

Table 2. LCC: Acquisition and production costs [5]



220 Frias et al.

International Journal of Industrial Engineering and Management Vol 13 No 4 (2022)

boat and other similar lifeguard vessels, together with 
Portuguese Navy’s implemented rules. The onboard 
and onshore spare parts and consumables batches 
will be used during the maintenance activities to oc-
cur. So, in the next phase, they will be considered for 
the calculation of the corresponding stock replenish-
ment. The configurations of the main onboard sys-
tems shall be upgraded in the mid-life maintenance 
actions and staff training shall be regularly increased. 
No reinvestments are foreseen for the components 
of the vessel structure itself or for technical documen-
tation. 

3.3 Support and disposal costs

The lifeboats support costs include their opera-
tion, according to operational commitment fore-
casts, maintenance costs related to the planned 
Maintenance program, and corrective maintenance 
actions [20]. 

Operating costs - The expected main costs associ-
ated with this ship’s operation, is related to person-
nel, fuel, and general consumables. The personnel’s 
key cost components are crew salaries, employers' 
social expenses, and food allowance on mission 
days. The cost calculation factors for personnel in-
clude three crew members, 330 mission days per 
year, and 14 months of salaries, together with the 
employer’s contributions to the social protection 
system. Salaries were obtained by calculating the av-
erage salary of persons who may be employed on 
board this type of vessel. By law, the contribution to 
the social protection system is 23,75% of the salary. 
In addition to the food allowance included in the 
salary (lunch), when at sea, sailors are entitled to an 
additional meal (on the operation start date (4,77€)).

The lifeboat operational usage has a direct im-
pact on fuel consumption, whose cost calculation 
is based on the expected operational employment 
(average 500 hours/year), average consumption per 
hour, and the average price of the fuel diesel used by 
the vessels (0,50€/liter). 

General consumables concern all materials of 
immediate consumption and with a minor financial 
significance, which is important for a smooth opera-
tion. Its value is taken as 10% of the onshore spare 
parts batch value. 

Maintenance support costs - Investment in the 
training of operators and maintenance personnel is 
planned for every five years, except for the last pe-
riod, due to the forthcoming boat’s end of life. Such 
costs correspond to 10% of the value initially defined 
for training.

Maintenance actions, whether planned or correc-
tive, should be foreseen and funds allocated. One 
of the critical enablers of maintenance activity is the 
availability of spare parts and consumables. To sup-
port the necessary replenishment of on-board and 
onshore spares and consumable stocks, a reinvest-
ment on on board spares are foreseen every two 
years. The expenses should correspond to 20% of 
the value assigned to the on-board spare parts batch 
for the initial batch. Moreover, a reinvestment on 
onshore spares batch will take place every two years, 
following the planned maintenance, except for the 
last period, since it is considered unnecessary to re-
inforce it at a time when the system’s end of life is 
approaching. The reinforcements made should be 
10% of the initially attributed value for the onshore 
spare parts batch. 

For configuration management, there may be a 
general update to the vessel design, which should 
take place roughly midway through its life cycle, cor-
responding to a cost of about 20% of the value ini-
tially foreseen for this item. Considering the project 
technical specifications [20], the lifeboats must be 
submitted to planned maintenance actions every two 
years, lasting about two months. The estimated costs 
for each of these interventions correspond to 5% of 
the vessel acquisition cost.

During their lifetime, the vessels will inevitably 
be subject to small corrective maintenance actions, 
which do not require significant resource commit-
ments and for which an accurate forecast is not pos-
sible. These corrective maintenance actions must be 
taken into account in the calculation of the LCC. To 
estimate them, a cost of 1% of the vessel cost has 
been defined. Although it is known that it can vary 
over time, following the “Bathtub curve” behavior, 
this cost should be distributed evenly over two years, 
between planned maintenance.

Besides the planned and corrective mainte-
nance actions, Repair of Repairable (RoR) spare 
parts shall be considered. Its calculation is based on 
the estimate that 2,5% of the value of the onshore 
spare parts batch will be used during the years when 
planned maintenance is expected, except in the last 
year. In the years preceding those of planned main-
tenance, a cost of 1% of the value of the same batch 
is considered.

Disposal costs - For the end of the life, the proj-
ect foresees the lifeboat sale in full or for parts, so it 
is reasonable to foresee the existence of costs with 
disassembly and environmental processing. A return 
from the sale of the vessels or their equipment is also 
expected, although lower than the costs. 
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4. Results and Discussion

To compute de LCC of this project, the three 
phases system proposed by the authors in Table 1 
was adopted. The initial amounts spent on supplies 
and training, although they represent an initial ex-
pense paid together for the vessels acquisition, they 
are intended to provide subsequent logistical sup-
port. Thus, these are considered as belonging to the 
support phase.

The “Vigilante II” project’s total cost, considering 
the two vessels and the estimated 25 years old lifetime, 
is 8.636.077€ (Table 3). The design phase assumes 
zero costs, since most of them have already been sup-
ported in the acquisition of previous lifeboats, and, 
existing residual values have been included as part of 
the acquisition costs. At the acquisition or manufac-
ture phase, the vessel purchasing cost encompasses 
the full range of costs. The support and disposal costs 
include the forecasted relevant expenses to bear the 
operation, maintenance, and disposal.

The results analysis shows that the acquisition and 
manufacturing phase represent about 31% and the 
support and disposal about 69% of the whole proj-
ect. If compared with the theoretical values present-
ed by Jones [3, p.11.7], with 14% for the first two 
phases (investment, research, and development) and 
86% for the phases of operation,  support, and dis-

posal, the results suggest that the initial phases have 
a higher weight than would be expected. This may 
be explained by the fact that the figures presented 
by the literature are not customized to the shipbuild-
ing industry or, because this is a relatively small ship-
building project, that does not achieve significant 
economies of scale or, it is due to the cost structure 
of this particular manufacturer. To maintain com-
petitiveness, it is vital for companies to follow emerg-
ing trends in production. Another reason may be the 
underbudgeting of the support phase, due to the non 
identification of all costs involved.

Regarding the support and disposal phase costs, 
the operation represents around 68%, the mainte-
nance about 31%, and the disposal near 0,4%. That 
is, operating the vessels is significantly more expen-
sive than its maintenance and disposal, as would be 
expected (e.g. [18]). Operations’ main costs are relat-
ed to personnel (nearly 52%) and fuel (nearly 48%). 
On the other hand, for the maintenance support, the 
main expected costs are those related to the main-
tenance actions (planned and corrective), 73%. The 
acquisition and sustainability of spare parts (onboard 
and onshore) and their RoR costs, a total 20, have 
a relevant impact on the maintenance support costs. 

The disposal phase costs are about 0,4% of the to-
tal cost of support and disposal phase, and less than 
0,27% of the total project cost. Jones [3, p.11.7] sug-

Phase and main cost typologies 2 lifeboats 2 lifeboats* 1 lifeboat* %
3.1. Design and project 0 € 0€ 0€ 0%
3.2. Acquisition and manufacture 2.700.000€ 2.686.634€ 1.343.317€ 31%
3.3. Support and disposal 6.752.743€ 5.949.444€ 2.974.722€ 69%

3.3.1. Operation 4.641.568€ 4.069.881€ 2.034.941€ 68%
Personnel 2.394.997€ 2.099.371€ 1.049.686€ 52%

Fuel 2.209.821€ 1.937.053€ 968.526€ 48%

General consumables 36.750€ 33.458€ 16.729€ 1%

3.3.2. Maintenance support 2.081.175€ 1.856.285€ 928.142€ 31%
Training 78.000€ 75.617€ 37.808€ 4%

Technical documentation 30.000€ 29.851€ 14.926€ 2%

Configuration management 36.000€ 35.150€ 17.575€ 2%

On-board spare spares batch (COSAL) 195.000€ 179.270€ 89.635€ 10%

Onshore spare spares batch (COSMAL) 178.500€ 169.501€ 84.750€ 9%

Repair of repairable (ROR) 24.675€ 21.798€ 10.899€ 1%

Planned maintenance actions 1.080.000€ 941.771€ 470.885€ 51%

Corrective maintenance actions 459.000€ 403.327€ 201.664€ 22%

3.3.3. Disposal 30.000€ 23.277€ 11.639€ 0%
Total --- 8.636.077€ 4.318.039€ 100%

* Figures in NPV, at a rate of 1% a year
Source: adapted from Lopes [5], Arsenal do Alfeite [19] and Marinha [20]

Table 3. Total life cycle costs
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gests they could be 1% of the total project cost on 
average, however, in the present case, the obtained 
value is significantly lower. This difference may be ex-
plained by the vessels’ sales forecasted return or their 
components, at the end of their useful life, together 
with the choice of materials, equipment, and assem-
bly techniques chosen during the design phase. Figure 
2 displays these previous figures in a graphic way.

For the project supporting organization to assess 
it, it is relevant to know its average annual costs. Con-
sidering the two vessels and the 25 years of service life, 
the annual average costs for the project are 345.443€. 
For the entity responsible for supporting operation 
and maintenance costs to plan its activities and bud-
geting, it is relevant to know the average figures. For 
the operation of one lifeboat, the mean annual cost 
will be 81.398€, and to maintain it, 37.126€, which 
means an average annual total cost of 118.989€.

Considering the project’s financial needs, Figure 
3 presents the total costs taking place each year. Year 
zero refers to the construction of the first vessel. The 
difference in values from years zero and one for the 
remaining years is related to the acquisition of the 
two vessels, one each year. From year one to year 
twenty-five, the variation in values is due to different 
maintenance actions, spare parts acquisition and re-
pair, training, and configuration management needs. 
Year twenty-six is all about the disposal costs of the 

second lifeboat. Excluding the first two periods, the 
remaining years’ have low-cost variability. This rela-
tive stability of costs over time is due to the existence 
of two vessels with lifetimes lagged by one year, and 
the fact that the purchase of spare parts takes place 
in years when there are no planned maintenance ac-
tions. Excluding the acquisition, support, and dispos-
al costs are circa 238.000€ yearly.

For the entity responsible for planning the opera-
tional activity, it is important to know the hourly usage 
costs and the breakdown between fixed and variable 
costs. Given the expected operational employment, 
the average cost of support and disposal of each life-
boat is 238€/hour. In terms of operating costs, a 163€/
hour is expected. Considering the costs with person-
nel as fixed and the costs with fuel and general con-
sumables as a variable, giving 84€/hour of fixed costs 
and 78€/hour of variable costs in terms of usage.

5. Conclusion

ILS presents itself as a theoretical body of knowl-
edge that provides a comprehensive and multidisci-
plinary approach. During a project’s analysis phase, 
it provides a complete view of the whole system 
where, in addition to the initial development and 
acquisition costs, the expected costs for the entire 

Figure 2. Project: most relevant LCC breakdown
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life are taken into account. Its multidisciplinary ap-
proach enables interconnection with different areas, 
such as accounting, human resources management, 
or system maintenance, making cost identification as 
realistic as possible.

The study of the "Vigilante II" project, allowed 
the identification of the main logistics activities and 
financial resources needed to operate and support 
them during their 25 years estimated useful life. In 
addition to the operating costs, this study highlights 
the importance of the maintenance actions needed to 
maintain the lifeboat’s operational availability ensur-
ing adequate reliability. The planned maintenance 
actions require a two months stop every two years.

The existence of a one-year gap between the two 
vessels’ age and the implementation of a spare parts’ 
purchase policy, focused on the years when there 
are no planned maintenance actions, keeps a rela-
tive steadiness on the needs resources to support the 
operational activities and maintenance, easing the 
budgetary and financial management.

Future research could include similar studies tak-
en for different shipbuilding projects or, expand this 
study with the inclusion of environmental and social 
factors in the analysis. The manufacturing industry, 
to be sustainable, shall respect the three pillars of 
sustainability [21]. The shipbuilding and maritime 
operations still have a considerable environmen-
tal footprint, therefore, the analysis of these factors 
may help discover sustainable solutions. Arsenal do 
Alfeite shipyard is a public company that has expe-
rienced financial distress over the years, but the ful-
fillment of this construction project had a relevant 
social and cultural impact on the local populations.

The implementation of an ILS approach to the 
analysis of shipbuilding projects has revealed itself as 
a crucial tool for planning the operational activity of 

naval assets and, the fulfillment of the activities that 
promote the sustainability of the project. An LCC 
analysis contributes to the systemic management of 
the needed resources throughout the system’s life-
time, including financial ones, and supports strategic 
decision-making.

Funding

This research did not receive any specific grant 
from funding agencies in the public, commercial, or 
not-for-profit sectors.

References

[1]	 H.P. Barringer, “A Life Cycle Cost Summary”, in 
International Conference of Maintenance Societies 
(ICOMS): Maintenance: it Makes Good Business Sense. 
Perth, Australia: Maintenance Engineering Society of 
Australia, 2003, pp.20-23.

[2] 	 J.W. Langford, Logistics: Principles and Applications, 2nd 
ed. New York, NY, USA: McGraw-Hill, 2007.

[3]	 J.V. Jones, Integrated Logistics Support Handbook, 3rd ed. 
New York, NY, USA: McGraw-Hill, 2006.

[4]	 US DoE, Cost Estimating Guide. Washington DC, WA, 
USA: Department of Energy (US DoE), Office of Project 
Management, 2018.

[5]	 B.F.M Lopes, Apoio Logístico Integrado – Caso de 
Estudo: Lanchas Salva-vidas da Classe “Vigilante”. Almada, 
Portugal: Escola Naval, 2018.

[6]	 NATO, NATO Logistics Handbook. Brussels, Belgium: 
Defence Policy and Planning Division from the North 
Atlantic Treaty Organization (NATO), 2012. 

[7]	 CSCMP. “CSCMP Supply Chain Management Definitions 
and Glossary.” [Online]. Available: https://cscmp.org/
CSCMP/Educate/SCM_Definitions_and_Glossary_of_
Terms.aspx. [Accessed 08-Jun-2021].

[8] 	 A. Frias, and J. Cabral, “Facility Localization: Strategic 
Decision on Insular Territory.” Asian J. Bus. Manag., 
vol. 1, no. 5, pp. 217-225, 2013, http://hdl.handle.
net/10400.3/2493.

Figure 3. Project financial needs per year



224 Frias et al.

International Journal of Industrial Engineering and Management Vol 13 No 4 (2022)

[9]	 N.B. Puspitasaria, Z.F. Rosyada, F.I. Habib, and A.K.A. 
Devytasari, “The Recommendations for Implementation 
of Green Public Procurement in Hospitals.” Int. J. Ind. 
Eng. Manag., vol. 13, no. 1, pp. 1-7, 2022, doi:10.24867/
IJIEM-2022-1-296.

[10]	 S.K. Fianko, N. Amoah, S. Afrifa Jnr, T.C. Dzogbewu, 
“Green Supply Chain Management and Environmental 
Performance: The moderating role of Firm Size.” Int. 
J. Ind. Eng. Manag., vol. 12, no. 3, pp. 163-173, 2021, 
doi:10.24867/IJIEM-2021-3-285.

[11]	 G. Pinto, F.J.G. Silva, N.O. Fernandes, R. Casais, A. 
Baptista, and C. Carvalho, “Implementing a maintenance 
strategic plan using TPM methodology.” Int. J. Ind. Eng. 
Manag., vol. 11, no. 3, pp. 192-204, 2022, doi:10.24867/
IJIEM-2020-3-26.

[12]	 P. Marinho, D. Pimentel, R. Casais, F. J. G. Silva, J. C. Sá, 
L. P. Ferreira, “Selecting the best tools and framework to 
evaluate equipment malfunctions and improve the OEE in 
the cork industry.” Int. J. Ind. Eng. Manag., vol. 12, no. 4, 
pp. 286-298, 2022, doi:10.24867/IJIEM-2021-4-295.

[13]	 US DoD, Department of Defense Handbook – Acquisition 
of Support Equipment and Associated Integrated Logistics 
Support (MIL-HDBK-2097A). Washington DC, WA, 
USA: Department of Defense (US DoD), 1989. 

[14]	 L. Newnes, A.R. Mileham, W.M. Cheung, and Y.M. Goh, 
“Through Life Costing,” in Service Science: Research and 
Innovations in the Service Economy, M. Macintyre, G. 
Parry, and J. Angelis, Eds. Boston, MA, USA: Springer, 
2011, pp. 135-151, doi:10.1007/978-1-4419-8321-3_9. 

[15]	 R. Kampf, M. Potkány, L. Krajčírová, and K. Marcineková, 
“Life Cycle Cost Calculation and its Importance in Vehicle 
Acquisition Process for Truck Transport,” Int. J. Mar. Sci. 
Technol., vol. 63, no. 3, pp. 129-133, 2016, doi:10.17818/
NM/2016/SI10.

[16]	 P. Majerčák, T. Klieštik, G. Masárová, D. Buc, and 
E. Majerčáková, “System Approach of Logistic Costs 
Optimization Solution in Supply Chain,” Int. J. Mar. Sci. 
Technol., vol. 60, no. 5-6, pp. 95-98, 2013.

[17]	 B.S. Blanchard, “Logistics as an Integrating System’s 
Function,” in: Logistics Engineering Handbook, G. D. 
Taylor, Eds., Boca Raton, FL, USA: CRC Press, Taylor & 
Francis Group, 2008, pp. 5.1-5.26.

[18]	 S.K. Fuller, and S. R. Petersen, NIST Handbook 135: Life-
Cycle Costing Manual for the Federal Energy Management 
Program. Gaithersburg, MD, USA: National Institute of 
Standards and Technology (NIST), 1996.

[19]	 Arsenal do Alfeite. “Assinatura de Contrato de 
Construção de Salva-Vidas, Classe “Vigilante II” - Arsenal 
do Alfeite retoma actividade de Construção Naval.” 
[Online]. Available: http://www.arsenal-alfeite.pt/index.
php?id=132&newsID=32868. [Accessed 8-Jun-2021].

[20] 	Marinha. Especificação Técnica, Salva-vidas para o Instituto 
de Socorro a Náufragos (5R00/ET-070/20170013). Lisbon, 
Portugal: Direção de Navios, 2017.

[21]	 M. Potkány, M. Hlatká, M. Debnár, and J. Hanzl, 
“Comparison of the Lifecycle Cost Structure of Electric and 
Diesel Buses,” Int. J. Mar. Sci. Technol, vol. 65, no. 4, pp. 
270-275, 2018, doi:10.17818/NM/2018/4SI.20.


