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Life Cycle of Physical Assets and Maintenance 
Policies – A Review

Physical asset management is attracting increasing attention, 
especially after the publication of ISO 5500X standards (ISO 55000, 
ISO 55001, ISO 55002) and PAS 55. According to ISO 55000, the 
asset life is the period from “asset creation to asset end-of-life,” and 
the life cycle corresponds to “the stages involved in the management 
of an asset”. Woodward [1] says that “the life cycle cost of an item is 
the sum of all funds expended in support of the item from its 
conception and fabrication through its operation to the end of its 
useful life”. According to Goh and Sun [2], “the history of the 
application of Life Cycle Costing (LCC) began in the UK in the late 
1950’s.” As Lindholm & Suomala [3] say, “Life Cycle Costing (LCC) is 
a way of thinking where attention is paid to the total costs that 
occur during a product’s entire life cycle”. The authors say that “in 
addition to the estimation of future costs, an essential feature of  

 
LCC is cost monitoring during a product’s life cycle,” and “the sum of 
life cycle costs of many products often substantially exceeds the 
initial purchase price”. Estevan and Schaefer [4] argue, “Life cycle 
costing is a powerful technique that supports the analytical 
processes by which managers can make the most cost-effective 
decisions on options presented to them at differing life cycle stages 
and at different levels of the life cycle cost estimate”. It must be 
emphasized that United States Department of Energy (USDE) looks 
at equipment as a final product to be consumed, like any other 
product. Schuh et al. [5] relate the life cycle to products, saying that 
“relevant information which can be used to assess the subsequent 
maintenance costs are requirements for product life cycle, e.g. 
service costs according to Total Cost of Ownership (TCO) as well as 
serviceability and maintainability of the product.” According to 
Kianian et al. [6], “Life Cycle Costing (LCC) was initially used by US 
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This short paper proposes talks about the paradigm changing from the Maintenance Management until the Physical Life Cycle Cost. The 
maintenance activity has been done over equipment that are acquired by someone, usually without any strategic criterion. However, it is of common 
sense if we purchase a physical asset with an adequate reliability its Life Cycle will give a good return. In fact, during decades, a model for the Life 
Cycle of Physical Assets includes the maintenance policy, as has direct implications on the equipment’s ROI (return on investment) and Life Cycle 
Cost (LCC). It is obvious that an adequate purchase, having a strategic plan for each physical asset and for the global physical assets, permits to 
evaluate, based on a structured and mathematical way, how to maximize the physical assets performance. It is based on these considerations that 
this short paper discusses a novel model called a life cycle investment (LCI) model instead of the traditional life cycle cost (LCC). The paper proposes 
a new methodology based on the modified economic life cycle and lifespan methods by including the maintenance policy using key performance 
indicators of reliability, notably availability, based on the mean time between failures (MTBF) and the mean time to repair (MTTR) parameters.
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defense department to seek optimal costs for acquiring, owing and 
operating an equipment during its useful life (also including any 
disposal costs)”. The same authors emphasize that “these cost 
calculation methods usually do not include the three performance 
parameters (quality, productivity and availability) of the Overall 
Equipment Efficiency (OEE) measure, or lost profit, although Life 
Cycle Profit (LCP) were introduced already 1983 in literature”. 
Spickova & Myskova [7] say that, “The main goal of the Life Cycle 
Costing approach is to optimize life cycle costs of the assets or 
investment project without loss their performance”, and the main 
costs of LCC are the following: investment (acquisition) costs; 
operation costs; maintenance costs; renewal costs; disposal 
(retirement) costs. In an interesting paper, Bengtsson & Kurdve [8] 
present an LCC or TCO analysis of machining equipment in a 
Swedish company and discuss life cycle profit (LCP). Farinha [9] 
presents a global view of the life cycle of physical assets, including 
some tools to manage their entire life cycle, integrating the ISO 
5500X, as well as the relations between maintenance policies and 
the LCC. According to Ljiljanaet al. [10] “Asset Management is a 
relatively new discipline that provides methods and tools for 
effective management of Physical Assets to maximize their 
utilization during entire Life Cycle…, we recognize that asset 
governance is a key point for leading role in the development and 
implement asset management in the company and it is evidence in 
PAS 55 and the ISO 55000 standards. Katicic, Lisjak & Dulcic [13] 
say that physical asset management evolved from maintenance 
management to provide a holistic view for the management of the 
life of physical assets. The relevance of evaluating the life cycle of 
physical assets is summed up by Eicher [12] in the following way: 
“Investing in hospital infrastructure is not just a financing activity. 
It is important to consider the whole life cycle of an asset...”. Banyani 
& Then [14] present a study showing how physical facilities 
management can be perceived at different levels of maturity based 
on personal judgement. They note the lack of a tool to assess 
maturity levels and propose an integrated feeder factors framework 
as a yardstick. In the same vein, Volker, Telli & Ligtvoet [15] mention 
that an asset management system for the transportation sector 
requires system-level performance measures, models, and 
interoperable databases used by asset groups to make evidence-
based decisions. In the area of passenger urban transport, Hugo et 
al. [16,17] discuss the relations between some maintenance KPIs, 
i.e., MTTR, MTBF, and availability, and the dimension of the reserve 
fleet. According to the Center for Transportation Research and 
Education (CTRE), transportation agencies could benefit from the 
adoption of asset management principles. The levels of maturity 
presented are the following [18]: Organizational goals and 
objectives; Inventory of pavements, bridges, and other major 
infrastructure assets; Knowledge of the age, condition, and 
deterioration of these assets; Availability of information to 
undertake life cycle cost analysis for all major asset types and asset 
classes; Information to undertake risk management analysis at the 
enterprise and program level; Information to develop the 

organization’s financial plan to support investment; Development 
of investment strategies to manage the network for its whole life. 
The work of Pais et al. [19] is in line with [9], including a diagnostic 
model on the state of organizations to help the implementation of 
ISO 55001. Farinha [20] presents some econometric models to 
evaluate the LCC, including the withdrawal time for medical 
equipment. Raposo et al. [21-23] discuss the application of 
econometric models to LCC in an urban bus fleet based on 
maintenance costs, as well as their importance in a good 
management policy. The models include the influence of internal 
rate of return, as well as the price of fuel to the withdrawal time. 
Asiedu & Gu [24] present an interesting product life cycle cost 
analysis related to Life Cycle Assessment. Nee & Tan [25] present 
some methodological approaches. Kloepffer [26] emphasizes a 
model corresponding to a life cycle sustainability assessment that 
is the sum of the Life Cycle Assessment, plus the Life Cycle Cost 
(LCC), plus the Social Life Cycle Assessment (SLCA). Sarma & Adeli 
[27] present a paper on the life cycle cost optimization of steel 
structures, including preventive maintenance, specifically in the 
systematic painting of steel structure to avoid corrosion. Frangopol 
& Liu [28] present a paper on maintenance and the management of 
civil infrastructure based on condition monitoring, including LCC. 
Toniolo [29] presents some dimensions of sustainability addressed 
in international standards using a life cycle perspective. Favi, Campi 
& Germani [30] offer a comparative life cycle assessment of metal 
arc welding technologies using engineering design documentation. 
They do not evaluate the maintenance area, but they refer to it as an 
important variable. Moubray [31] says, about reliability centered 
maintenance, describing the importance of condition monitoring 
techniques and tools to increase availability and extend an asset’s 
life cycle. In other early work, Rao [32] presents some important 
condition monitoring techniques and tools, including an analysis of 
cost-effective benefits. Davies [33] offers a handbook with 
techniques and tools for condition monitoring. The book emphasizes 
the economic justification for and benefits of condition monitoring. 
It also discusses the variable investment in condition monitoring 
along the asset’s life. Nilsson & Bertling [34] present two case 
studies of life cycle cost analysis for wind power systems using 
condition monitoring. The authors demonstrate that using 
condition monitoring results in improved maintenance planning; 
investing in these types of maintenance leads to increased 
availability and increased electricity production. Another 
consideration is the dispersion of assets, because the investment in 
logistics may be an important variable of the maintenance budget. 
In another case of wind farms, Fonseca, Farinha & Barbosa [35] 
present a methodology, based on the ant algorithm, demonstrating 
that in the maintenance management of any asset, not just wind 
farms, both the policy and the maintenance logistics are key to 
maximizing the investment in the asset’s life cycle. Shina & Jun H-b 
[36] propose a general approach to a condition monitoring-based 
maintenance policy addressing several aspects of condition-based 
maintenance: definitions, related international standards, 
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procedures, and techniques. Wang [37] suggests a prognosis model 
for wear prediction based on oil monitoring. Oil monitoring is one 
of the most important techniques to maximize equipment 
availability, especially combustion engines, rolling bearings, and 
similar assets. The author reports the development of a wear 
prediction model based on stochastic filtering and hidden Markov 
theory. Simões et al. [38] present a state-of-the-art hidden Markov 
model for predictive maintenance of Diesel engines, demonstrating 
the importance of investment in a maintenance policy based on oil 
analysis to maximize buses’ availability, maximize the number of 
passengers transported, and minimize the reserve fleet. Yam et al. 
[39] propose an intelligent predictive decision support system for 
Condition-Based Maintenance (CBM). Lebold et al. [40] review the 
vibration analysis methods for gearbox diagnostics and prognostics. 
Aherwar & Khalid [41] review a vibration analysis technique for 
gearbox diagnosis. Vibration signal analysis is widely used in the 
detection of faults in rotating machinery. The authors review some 
current vibration analysis techniques used for condition monitoring 
of gear faults. Tchomeni & Alugongo [42] present an experimental 
diagnosis of multiple faults on a rotor-stator system using fast 
Fourier transform and wavelet scalogram, researching multiple 
fault detection for a rotating shaft using a time-frequency method. 
Electric motors are among the most common and important assets 

in industry and, indeed, in most economic activities in the world.

Life Cycle Investment – A Holistic Approach
Farinha [9] presents an integrated vision of physical asset 

management emphasizing tools to manage the entire life cycle, 
summarized as comprising the following times and steps:

t1 - Decision for acquisition;

t2 - Terms of reference;

t3 - Market consultation;

t4 – Acquisition;

t5 – Commissioning;

t6 - Starting production / starting maintenance;

t7 - Economic / lifespan;

t8 - Renewal / withdrawal.

The author also shows the relations between the life cycle of 
physical assets, ISO 5500X standards (55000, 55001, 55002), and 
some maintenance standards, for example, NP4492 and various 
associated others [9]. Figure 1 represents Farinha’s graphical 
approach to the life cycle of physical assets including the standards.

Figure 1: Times of a physical asset life cycle.

As Figure 1 shows, to guarantee the service/production of the 
physical asset from acquisition to withdrawal, there is a continuous 
negative financial movement. Interestingly, however, the acquisition 
financial value is called investment, but the maintenance financial 
values are called costs! Because of this contradiction, the term Life 
Cycle Investment (LCI) instead of Life Cycle Cost (LCC), looking 
specifically at assets used for industrial production purposes. In fact, 
without ongoing investment along an asset’s life cycle to support 
an adequate maintenance policy, it is not possible to guarantee the 
availability of the asset to meet its productive function. Therefore, 

the econometric models used to evaluate the LCI consider all costs 
and benefits, from initial investment to withdrawal, including all 
the variables of investments (usually called costs) to guarantee 
their normal functioning.
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