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Abstract— Conventional construction practices emphasize on 

initial cost and short term profits only. Various cost such as 

maintenance costs, operation costs etc. are not considered. 

This leads to increment in future costs of the project. Whereas 

in LCCA, all the necessary costs are considered from the very 

beginning stage of the project to its useful life, i.e. at the 

planning stage only. Generally, construction of a residential 

building is governed by traditional construction practices that 

lead to more expenses. This brings us to apply LCCA in 

construction of a residential building in which all incurring 

costs are analyzed such as construction cost, maintenance/ 

replacement cost, energy consumption cost and energy 

savings. In our paper, we have tried to find out significant cost 

difference between traditional and non-traditional 

construction practices by conducting reviews on case studies 

regarding life cycle cost analysis. The study clearly stated the 

importance of LCCA in conventional and non-conventional 

practices of construction. 
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I. INTRODUCTION 

A. General 

The Life Cycle assessment is also known as life cycle 

analysis. Life Cycle Assessment (LCA) is used as a tool to 

assess the environmental impacts of a product, process or 

activity throughout its life cycle; from the planning, design, 

construction, maintenance and demolition. In its early days it 

was primarily used for product comparisons. Today its 

applications include government policy, strategic planning, 

marketing, consumer education, process improvement and 

product design. The life cycle cost analysis comes under 

LCA. In LCA there is always analysis of Environmental 

impact but in this project we are only concerned with the cost 

analysis. 

 The roots of LCC may be traced back to Second 

World War when it was created, due to material and labour 

shortages, as a value-engineering tool for substitute materials 

and procedures. One of the first references to LCCA was 

published in 1933 by the General Accounting Office 

regarding tractor acquisition (Kirk and Dell’Isola, 1995). In 

1961, the Building Research Institute in Washington, District 

of Columbia, hosted a conference that detailed different 

procedures for developing LCCA for buildings, their 

enclosures, lighting, heating, ventilation and air conditioning 

systems. In the late 1970s, The US Congress established the 

National Energy Conservation Act, which Life cycle cost 

analysis mandated that all new federal buildings be life cycle 

cost effective as determined by LCCA methods prescribed by 

legislation. 

 For a long time the architecture and construction 

industries have focused on two primary concerns in the 

creation of buildings. The first importance is architecture, 

means the design of a building. The client expects an architect 

to be able to design a building that satisfies their aesthetic and 

functional goals. And second one is the primary focus of 

contractors, is the construction of a building. How will the 

building be built. How much will the building cost. The client 

expects a contractor to be able to construct a sound building 

for the estimated construction cost. 

 These are typically the primary concerns of a client 

when the idea of constructing a building is addressed, so it is 

no surprise that architects and contractors focus their efforts 

to this end. A third concern, receiving more attention as 

building owners investigate the economics of facility 

management, is the cost of building operations over the life 

of a building. The combination of economy and computer 

technology allows for a more sophisticated approach to the 

design and for construction of a facility than ever before. 

Instead of simply looking at the facility in terms of cost to 

design and build, owners can broaden their perspective to 

include operations, maintenance, repair, replacement, and 

disposal costs. The sum of initial and future costs associated 

with the construction and operation of a building over a 

period of time is called the life cycle cost analysis. 

 Life Cycle Cost Analysis can be performed on large 

and small buildings or on isolated building. Building owners 

can apply the principles of life cycle cost analysis(LCCA) in 

decisions they make regarding construction or improvements 

to a facility. LCCA can be effectively used to determine total 

cost of a project. It is also used to compare the cost of project 

alternatives and to determine which alternative provides the 

best. 

II. LITERATURE REVIEW 

Following research works which have been conducted 

regarding life cycle cost analysis (LCCA) been summarized 

below: 

A. Life Cycle Cost Analysis in Municipal Organiszations 

David Arditi and Hany Mounir Messiha Journal of 

Infrastructure System, ISSN 1076-0342/99/0001-0001-0010, 

Vol. 5, pp: 16673, March 1999. 

 In United States most of the urban municipal 

construction works requires maintenance and rehabilitation 

time to time after original construction, e.g. pavement, 

highways, bridges etc. We know that every transport 

construction needs repair and maintenance after certain time, 

that is why for ease of maintenance under traffic, becomes 

more important than the ease of original construction phase. 

So it has become important to consider some modest 

additional cost which helps in the later stages. 

 A set of questions were formed in different stages for 

survey in different cities regarding the perception of 
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efficiency in LCCA. Only those cities were selected 

which has population 100,000 or more. 

The response got by Arditi, 

 
Fig. 1: Perception Efficiency 

 Optimizing the total cost of owning and operating the 

physical assets. 

 Achieving lower maintenance costs. 

 Allowing longer useful life. 

 Overcoming the problem of limited funds. 

 Achieving lower initial costs. 

B. Suitability of Life Cycle Cost Analysis (LCCA)  

Suitability of life cycle cost analysis (LCCA) as asset 

management tools for institutional buildings - Mohamed A. 

El-Gafy and Tariq Sami Abdelhamid Vol. 8 No. 3, pp: 162-

178, March 2010. 

 In this case study the accuracy of life cycle cost 

analysis (LCCA) for institutional (higher education) 

buildings as a predictor of actual realized facility costs 

because of limited research has been conducted regarding the 

usefulness of LCCA techniques in the area of facilities 

management. The paper evaluated the accuracy of LCCA for 

institutional buildings and the importance of LCCA as 

management tool for institutional buildings and also provided 

suggestions to improve its adoption in facilities management. 

 It helps to identify the critical gaps between 

theoretical and actual implementation of LCCA. They 

calculated the average difference between estimated and 

actual construction cost is 37 per cent, whereas the average 

difference between the actual and estimated maintenance cost 

is 48 per cent. There is an average difference of 85 per cent 

in the actual and estimated administration cost. 

C. The Discount Rate in Life Cycle Cost Analysis of 

Transportation Projects - Dima Jawad and Kaan Ozbay 

October 2005. 

This method concerns with implication of time value of 

money, which means that a unit of money generally after a 

year will have less value than its present value. 

 It helps to select a range of discounted rate, which is 

selected for future cost and benefits encountered at different 

points in time. It can be accomplished using different 

methods such as, 

 Evaluation studies, 

 Macroeconomic data, 

 The real cost of borrowing, and 

 Trial and error. 

It will help the construction industry in the evaluation of 

proper time value of money that results in the benefit of 

future’s calculation of profit. 

 Although there is a widespread agreement on the 

need to discount future costs in monetary-based evaluation 

techniques of long-term transportation projects, there is less 

agreement on the specific discount rate that should be 

employed in the analysis, funding for maintenance/repair 

cost. 

D. Comparative life cycle cost analysis of steel-concrete 

composite bridges - N. B. Ta, A.D. Orcesi, C. F. Cremona 

October 2012 

In their work Life Cycle Cost Analysis (LCCA) in any 

economic construction in civil engineering which includes 

management of construction, cost allocation, life span of 

structure etc. The construction cost divided in to three parts 

i.e concrete, steel and equipment cost. Choice of design 

solutions by considering economic and better quality 

construction. Case study of bridge considered in this paper to 

illustrate the comparison between different design solutions. 

The aim of this paper to apply LCCA on several design 

solutions of a composite bridge design to express that a 

solution is more expensive at the construction stage can be 

more attractive when considering the overall service life of 

the structure. In their work they consider, 

1) Agency cost (construction cost, service life cost, end of 

life cost) 

2) User cost. 

E. Life-cycle Cost Analysis for Highways Bridges: 

Accomplishments and Challenges - Dan M. Frangopol and 

Min Liu University of Colorado, ISSN 2004-1662, Vol 7, pp 

492-7317, September 2013. 

LCCA in bridge infrastructure helps to find a proper cost-

benefit balance at the time of design. This helps the bridge 

managers to take rational decision even with the limited 

financial resources in the construction stage, maintenance 

stage, repair stage and safety of the bridge infrastructure. 

 Maintenance planning based on expected LCC 

minimization. 

E [LCC] = ( Cinitial + Cinspection + Cmaintenance + Crepair + Cfailure ) 

 Where Cinitial, Cinspection, Cmaintenacnce, Crepair and Cfailure 

are the expected costs resulting from initial design and 

construction, inspection, preventive and/or essential 

maintenance interventions, repair, and failure consequences, 

respectively. 

 Consideration of uncertainty where Cinitial, Cinspection, 

Cmaintenacnce, Crepair and Cfailure are the in bridge 

performance predictions. 

 Multi-objective optimization for bridge maintenance 

planning. 

Nowadays LCCA implementation is becoming necessary for 

bridges to prevail in and meet satisfactory construction 

condition or good construction condition with limited 

F. Life Cost Analysis of Building - N. Kale & A. Joshi 

International Journal of Engineering and Computer Science 

ISSN 2319-7242, Volume 4 Issue 4, April 2014, Page No – 

11313-11314. 
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Many times project engineer consider only initial 

construction cost, with little or no consideration of operation 

cost, maintenance cost as well as energy cost throughout the 

life of the building. Life cycle cost analysis (LCCA) method 

consider initial cost, operation cost, energy cost, maintenance 

cost, repair cost and residual value to estimate cost 

effectively. In this paper various economic evaluation 

methods to calculate life cycle cost (LCC) of building has 

been discussed and comparison of these methods has been 

carried out. 

 Typical LCC analyses are based on: Construction 

cost, Operational costs including utility costs such as energy 

and water use, Maintenance costs including all costs of 

replacement, maintenance and repair, End-of-life costs such 

as removal, recycling or refurbishment and 

decommissioning. 

 LCC is based on an integrated approach with respect 

to advantages and disadvantages of various methods, where 

it is usable is given as follows: 

 Simple payback (SPP) method 

 Discounted payback (DPP) method 

 Net present value (NPV) method 

 Equivalent annual cost (EAC) method 

 Internal rate of return (IRR) method 

 In a construction projects more importance is to 

place the up-front costs, with less attention to future cost. In 

order to improve long-term decision making in construction 

sector life cycle cost analysis is very important. 

G. Evaluation of Pavement Life Cycle Cost Analysis 

Review and analysis - Peyman Babashamsi, NurIzzi Md 

Yusoff, Halil Ceylan, Nor Ghani, Md Nor, Hashem 

Salarzadeh Jenatabadi : Review and analysis" International 

Journal of Pavement Research and Technology ,vol 9, pp: 

241–254. August 2016. 

 In their work Life-Cycle Cost Analysis (LCCA) is 

used to evaluate the cost-efficiency of alternatives based on 

the Net Present Value (NPV) to obtain optimum pavement 

life-cycle costs. For that Huvstig analysed different LCCA 

calculation models implemented by road authorities which is 

basically implemented for the design and construction of 

roads and pavement types. The precise estimation of 

pavement performance, traffic for more than 30 years in the 

future and future costs by analysts determines the reliability 

of LCCA results The bases of current deterioration models 

are experience and empirical models. 

H. Estimating Cost at the Conceptual Design Stage in terms 

of Performance and Cost 

Mohammad Saravi, Linda Newnes, Tony Mileham and Yee-

Mey Goh International Conference on Engineering Design, 

ICED’09. 

 The main aim of the research presented in this paper 

is to use the Taguchi method of Design of Experiments in 

order to use the sparse and available conceptual information 

more effectively to estimate the cost of a product. A review 

of the literature about cost estimation techniques and the 

available information at the conceptual stage of design is 

presented. 

 Life cycle costs (LCC) are the costs from inception 

to disposal for equipment, products, projects etc. as typically 

determined by an analytical study and estimate of the total 

costs experienced in annual time increments during the 

products life with consideration for the time value of money. 

A life cycle cost analysis calculates the cost of a system or 

product over its entire life span 

 These costs accumulate from the initial product 

concept or order, through product development, production, 

to its eventual disposal. 

 Cost estimation is a critical factor for companies to 

determine whether their products will be produced or not and 

since it is known that 70% to 80% of products cost are 

determined at the conceptual design stage, cost estimation 

should be accurate and happen as soon as possible. 

I. Life Cycle Cost Calculation Models for Buildings - Jutta 

Schade Department of Civil, Mining and Environmental 

Engineering, Lulea University of Technology, Lulea, Sweden. 

It should be considered that higher production costs could 

decrease the total LCC for a building. This paper presents a 

state of the art review in the area of LCC in construction. The 

aim is to describe the different advantages and disadvantages 

of the main theoretical economic evaluation methods for LCC 

calculation and show what relevant data and main sources are 

needed. 

 The literature shows a broad variation of economic 

evaluation methods for LCC analysis. They all have their 

advantages and disadvantages. The methods have been 

formed for different purposes and the user should be aware of 

their limitations. 

 The model from the American Society for Testing 

Materials, for example, distinguishes between energy and 

other running cost, which is useful in adopting different 

discount rates for different cost items. 

NPV = C + R – S + M + E 

Where, 

C = investment costs 

R = replacement costs 

S = the resale value at the end of study period 

M = non-annually recurring operating, maintenance and 

repair cost (except energy costs) 

E = energy costs 

 Quality data are highly subjective and less readily 

accountable than cost data. In the more detailed design stage, 

life cycle cost estimation is based more on performance and 

cost data of a building. It should be considered that LCC is a 

decision making tool in the sense that it could be used to 

select among alternative projects, designs or building 

components. Consequently LCC data should be presented in 

a way that enables such comparison. 

J. Life Cycle Cost Analysis as a Decision Support Tool for 

Managing Municipal Infrastructure – Saidur Rehman and 

Dana. J. Vanier 

In this paper a detailed LCCA approach is presented for 

comparing alternatives for repairs/renewal of municipal 

infrastructure. All cost consideration should be taken into 

account for the LCCA calculation. 

 A detail survey on LCCA in municipal organization 

shows that very few municipalities are considering these 

social and hidden costs in the application pf LCCA (Arditi 

and Messiha 1999). 
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 The LCCA has different meanings for different 

organization but most use the term to mean a model to 

represent the cost of ownership for the entire life cycle of an 

asset. This engineering economic model and the associated 

analytical process can help designers and owners make 

informed decisions that can minimize construction, 

operational and maintenance cost of infrastructure. 

 A dilemma exists for infrastructure manager/owner 

in allocating budgets for new construction or for the 

maintenance/renewal of existing infrastructure using LCCA 

to investigate design and material alternatives can reduce 

both initial construction and long-term preventive 

maintenance cost. 

 A recent survey regarding municipal infrastructure 

included questions related to life cycle cost analysis. The 

survey found that 91% of the respondents indicated the need 

for decision support tool to manage their assets, 24% of the 

respondents indicated LCCA as a potential decision support 

tool and 70% of the respondents thinks that LCCA process 

could provide support in reducing the high level of deferred 

maintenance. 

 However, it is individual infrastructure managers’ 

decisions to choose the cost breakdown method, discount 

rate, life cycle, and alternatives in any LCCA investigation. 

 
Fig. 1: 

 From the literature reviews, we understand the 

different method used by different authors in LCCA in 

different types of works. This helps us to analyze different 

methods in LCCA for different scenarios and come with 

solution for various limitations, which we learned through the 

literature review. By the above findings we came up with our 

problem statement which is use to overcome the limitations 

and understanding the advantages or benefits relating to the 

LCCA tools. 

K. Green building design in Egypt from cost and energy 

perspectives Minass Assad, Ossama Hosny∗, Ahmed 

Elhakeem and Salah El Haggar Construction and 

Architectural Engineering Department, The American 

University in Cairo, Cairo, Egypt (Received 28 March 2017; 

accepted 27 November 2017) 

There has been a global trend to adopt sustainable concepts 

in buildings design. Concepts such as indoor quality and 

energy efficiency techniques (fabric insulation and passive 

solar design measures) enhance the performance of building 

and reduce operating costs. Many design optimization 

approaches address only one building ` effects. Multi-criteria 

decision-making methods have incurred integration, but, in 

many cases, could be subjective. On the other hand, analysis 

tools are reviewed by many professionals as being very 

complex and hard to use, and thus disregarded. The main 

objective of this research is to promote sustainability in Egypt 

to serve a better tomorrow. This research introduced an 

integrated green building design framework/model with 

optimization and simulation features. A case study was 

implemented using the developed model. Comparative 

analysis between optimum results and traditional design in 

Egypt with least initial investments showed marked savings 

reaching 16.3% with a compounded PBP of only 2 years. 

Sensitivity analyses were also conducted to measure the 

effect of the increase in energy cost on the PBP, the LCC and 

the optimum design scenarios. Finally, a trade-off analysis 

between cost and energy was conducted after using the model 

as a simulation platform. The trade-off shows a set of 

optimum solutions given the designer the option to select 

what is more convenient for his application, whether from a 

giving cost or an energy perspective. This research opens 

doors for more considerations and sustainable parameters. 

Parameters such as embodied energy, carbon footprint, and 

recycling would greatly add to the value of the work, and can 

be easily implemented within the introduced model. 

III. LIFE-CYCLE COSTING 

Following researches were made on life cycle costing as it is 

having a significant role in recent construction trends which 

are detailed below: 

 Life-Cycle Costing (LCC) is a tool or technique that 

used to measure the economics of alternative projects that 

have different parameter values as to their cash flows over a 

project’s total life span (ASTM, 2003). “Life Cycle Cost is an 

essential design process for controlling the initial and the 

future cost of building ownership” (Tim, 1999). The LCC 

method is used, for the most part, to determine the lowest 

results or the most cost-effective choice among several 

alternatives. It can also show that savings could be realised 

when the higher initial cost of a building reduces long-term 

future costs such as: maintenance, operation, and repair or 

replacement costs. In contrast, a lower initial cost will 

probably lead to an increase in the running costs and cancel 

out the initial savings along the project’s life span. In the case 

of constructing a building that has both a lower initial cost 

and lower running costs compared to an alternative, LCC 

analysis is not required to prove that it is the most 

economically viable choice (ASTM, 2005). The essential 

objective of life-cycle costing is to evaluate possible 

alternatives for a given project. For example, a choice might 

be available for constructing roofs project. There are other 

important factors than the initial capital cost that would have 

significant contribution to the overall cost throughout the life 

cycle of the project, such as the operating, maintenance and 

repair costs, thermal insulation properties and how they will 

affect heating and cooling, appearance and life expectancy. 

Life-cycle costing is thus a combination of judgments, 

predictions and calculations (Ashworth, 1994). LCC 

technique provides an evaluation method to measure the 

economic viability of various proposed options, which can be 

resulted in measurable scale for the evaluated alternatives. 

LCC is applied to determine the attractive alternative overall 

the life cycle stages. The LCC technique can be applied in 

budget planning, cost control, project feasibility study, 

preliminary design, and assets or products assessments 

(Zhang, 1999). 

A. Life-Cycle Costing Elements 

One of the definitions of LCC states that all “Significant costs 

of ownership’’ should be involved (Kirk 1995). Figure 2.1 
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demonstrates the cost types that should be considered in an 

LCC study by the owners or designers. As can be seen, the 

Initial Costs contain the total ownership costs related to the 

initial development of a project (Dell’lsola 2003). Some of 

these costs include construction costs, fee costs, and other 

costs such as real estate, site, and professional services, etc. 

Financing costs consists of the costs of every debt related to 

the facility’s initial cost, such as loan fees, interest and one-

time finance charges. The category of maintenance costs 

includes the ordinary repair and custodial care, annual 

maintenance contracts, and the wages of facility personnel 

performing maintenance tasks (Kirk 1995). Operation and 

energy costs include the utility costs such as fuel and 

electricity consumption costs and the salaries of the personnel 

needed to run the facility (Dell’lsola 2003).   Figure 2.1 Life 

Cycle Cost Elements  (Dell’lsola,  2003)  Operation and 

maintenance costs can be provided by the owners or could be 

obtained from published database, and obtained from the 

manufacturers (Haviland 1978). Energy efficiency studies 

should be performed by designers to forecast utility and fuel 

costs. Dell’lsola mentions that “Replacement cost is a one-

time cost to be incurred in the future in order to maintain the 

original function of facility or item”. Assignable costs 

associated with depreciation, taxes, and credits have to be 

continually adjusted according to changing tax laws (Kirk, 

1995). The salvage value of the facility is defined as the value 

that can be recovered at the end of the study period. This 

value can be obtained from the standard estimating sources: 

manufacturers, industry associations, owners experience 

(Haviland, 1978). The meaning of the associated costs may 

include all of the other identifiable costs not mentioned 

previously, such as insurance and security costs (Dell’lsola, 

2003). 

B. Life-Cycle Costing Estimation Methods 

Life Cycle Cost is the sum discounted dollar cost of owning, 

running (maintaining & operating), and demolishing a 

building or a building system over a specificperiod of time. 

According to this definition, the LCC equation can be broken 

down into the following four variables: 1) The relevant costs 

of ownership: initial cost, running cost (either operating or 

maintenance cost), and replacement cost; 2)The future 

income, such as annual income from rent or the salvage value 

of building at the end of the study period.; 3) The period of 

time over which these costs are incurred (30, 40, or 50 years); 

and 4) The discount rate (inflation or deflation rate) that 

should be applied to the future costs to adjust them with 

current costs (Tim, 1999). 

 The LCC is a mathematical technique that utilizes 

fundamental economic evaluation approaches, such as the 

annual worth method, the net present value method, and the 

Savings/Investments ratio (SIR) Method to evaluate the 

various cash flows of Life-Cycle Cost for different projects. 

1) Annual Worth Method 

The annual worth (AW) method converts all the cash flows 

into an equivalent uniform annual series of cash flows over 

the certain planning horizon. (Alkass, 2007). When this 

method is utilized, both future costs and present costs will be 

converted into a uniform annual worth, while taking into 

consideration the monetary value of time at a particular 

interest rate (Liu, 2006). All future and present costs will be 

broken down into equivalent annual payments over all of the 

life cycle. All equivalent annual costs will then be combined 

to determine the total uniform annual cost. When various 

alternatives are compared, the same choice will be made 

regardless of whether the present worth method or the annual 

worth method is utilized. The same relative advantages will 

result from either method of calculation (Liu 2006). The 

explanation of this AW method can be expressed 

mathematically as follows: 

AW = AW (Annual Income) + AW (Salvage Value) – AW 

(Initial Cost) – AW 

(Operating and Maintenance Cost) – AW (Financial Cost) 

2) Net Present Value Method 

The net present value (NPV) method is utilized to convert all 

cash flows to a single sum equivalent at the starting point of 

the analysis period (Alkass, 2007). By using this method, all 

expenditures and income, regardless of occurrence time, will 

be compared throughout a certain common year, identified as 

a baseline year. Expenditures and future income will be 

appropriately discounted to adjust their time value. When 

these future expenditures are discounted, they will be 

compared to those incurred “today”, or throughout the 

“baseline year”. When this discounting occurs, all costs and 

income are weighed on a common basis and added together 

to determine the total net present value (Liu, 2006). Since 

most initial costs occur almost at the same time, initial costs 

are considered to occur during the base year of the study 

period. Therefore, there will be no requirement to calculate 

the present worth of these initial costs because their present 

worth will be equivalent to their actual cost (Mearig, 1999). 

The explanation of this NPV method can be expressed 

mathematically as follows: 

NPV = PV (Annual income) + PV (Salvage Value) – PV 

(Initial Cost) – PV 

(Operating & Maintenance Cost) – PV (Financial Cost) 

3) Savings/Investments Ratio (SIR) Method 

The savings/investments ratio (SIR) method uses a 

convenient index which measures the economic performance 

efficiency of buildings (Zhang, 1999). This method 

determines the ratio of the present worth of savings to the 

present worth of net positive cash flows divided by the 

present worth of net negative cash flows, so for a project to 

be preferred, the ratio must be greater than one, which 

indicates that the project is worthwhile (Liu, 2006). The 

explanation of the SIR method can be expressed 

mathematically as follows: 

SIR = PV savings/ PV investment ratio for investment 

Where: 

SIR = the saving/ investment ratio for investment 

PV (Savings) = the present worth of net positives cash flows 

PV (Investment) = the present worth of net negative cash 

flows 

C. Allocation of Costs for Different Types of Buildings 

Rather than considering just the initial cost, the significance 

of considering LCC is very clear in figure 2.2 Initial costs as 

well as running costs, such as energy, maintenance, security, 

and cleaning costs are taken into account. LCC allocation 

differs from building to building according to their types and 

functions (Flangan 1989). For example, the initial cost of an 

office building is considered as the largest single cost. It 
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represents 42% of the LCC and 58% of the running or future 

costs (cleaning, 20%; other rates such as water, 16%; energy, 

10%; annual maintenance, 7%; other maintenance, 5%) 

(Flangan, 1989). In contrast, the initial cost of a typical 

hospital represents only 6%, while the running costs: 

maintenance and contracted cost, 12%; fuel and utilities, 6%; 

drugs and pharmaceutical, 5%; medical supplies and food, 

7% represent 30% (Delllsola 2003). When the staffing costs 

are included in a hospital, they will represent the largest cost 

which is almost 64% of total life cycle cost.   Figure 2.2 Life-

Cycle Cost Percentages for an Office Building (Flangan, 

1989) For residential buildings such as nursing homes, the 

running costs represent almost 60% of the LCC, while the 

initial cost represents 40% (Flangan, 1989). Therefore, LCC 

professionals should build up computing models to suit each 

type of building cost-allocation condition. The operational 

stage of a commercial building is significantly longer than the 

design and construction phase of a project. The design and 

construction phase is about five to ten percent while the 

lifecycle cost of the operational life of a building is about 60 

to 85 percent of the total lifecycle cost. Acquisition, disposal 

and renewal costs are between 5.0 and 35 percent of the total 

life cycle cost (Christian and Pandeya 1997). 

D. LCC Calculation Models 

LCC calculation models enable asset stakeholders to predict 

the cost of obtaining, owning, maintaining, operating, and 

disposing of their assets. There are three approaches for 

modeling LCC calculations: 

1) The Deterministic Calculation Model 

This approach is straightforward, requiring some data such as 

the discount rate, study period and annual cost prediction 

estimates for competing alternatives (Boussabaine, 2004). 

The deterministic approach calculates the net present value of 

the proposed investment from the study period’s series of 

cash flows utilizing the specified discount rate. The discount 

rate could be nominal or real, based on stakeholders’ 

requirements. In this approach, all of the LCC terms are 

calculated utilizing one single value. Sensitivity analysis can 

be performed for the results if modifying any of the input 

parameters to observe LCC variation (Boussabaine, 2004). 

The LCC deterministic calculation model utilizes the 

following generic formula: 

2) The Stochastic Calculation Model 

In this approach, LCC could be assumed to be a probability 

distribution instead of a deterministic value. This distribution 

could result from the variance as well as from the expected 

value (Boussabaine, 2004). The LCC cost centers, study 

period, and discount rate are assumed to be randomly 

distributed according to one form of probability distribution, 

such as normal distribution. This model requires that the cash 

flow for each year of a study period is expressed as uncertain 

cash flow profiles or as probability distributed functions 

(Boussabaine, 2004). It also requires treating each cost center 

element stochastically. The total LCC could be simulated 

utilizing the following formula in the case when the cash flow 

profile or the probability distribution function of each LCC 

discount parameter and cost center is known. 

3) The Fuzzy Calculation Model 

In this model, human judgment is considered in all of the LCC 

aspects. Fuzzy set theory is considered to be a significant tool 

for uncertainty modeling, or imprecision emerging from 

expert perception and opinion. Hence, a rational method in 

the direction of LCC modeling is to take processes and human 

subjectivity into consideration.  Present value parameters and 

LCC are usually calculated utilizing statistical techniques and 

expert judgment. Calculation of present values based on 

fuzzy numbers could determine the complexities in 

computing the attributes of LCC and present values 

(Boussabaine 2004). 

E. LCC Implementations 

The LCC technique has been implemented in many research 

efforts and engineering applications. Its implementation has 

quite a broad range, as discovered in the literature review. 

This implementation of LCC is utilized in many fields, such 

as construction projects, infrastructures, buildings, facilities 

management. 

1) LCC Implementations in Construction Projects 

Al-busaad (1997), presented a research to assess the 

challenges of applying of LCC on construction projects in 

Saudi Arabia. This research focuses in finding the barriers 

and the common problems that govern the implementation of 

this technique on public and government projects. Twenty six 

major problems are identified and classified into five major 

groups: unfamiliarity problems, data problems, procedure 

problems, management problems, and cost problems. A 

survey of 45 government agencies and 250 consulting firms 

concluded that the main reason for not applying LCC 

application was due to client and management pressure to 

meet deadlines for design approval and budget design limits. 

It was agreed upon by both government agencies and 

consultants that the lack of material resources and un-

familiarisation with LCC benefits are other causes for not 

applying LCC more extensively (Assaf, 2002). Ferry and 

Flanagan, in their research “Life Cycle Costing - A Radical 

Approach” (1991), recommended breaking down the project 

lifetime for LCC analysis into eleven stages. By using this 

method, it will be easier for researchers to concentrate on one 

significant part that has less uncertainty in the study. 

Significant changes and continuations are revealed from the 

1970’s to the 1990’s in LCC technique implementations 

(Ferry, 1991) As can be seen in Figure 2.3. Figure  2.3 LCC 

Implementation using Project Life Stages   (Ferry, 1991) 

2) LCC Implementations in Infrastructures 

Salem et al. (2003) introduced a new method for life-cycle 

cost computing and evaluating construction and 

infrastructure rehabilitation alternatives. This approach is 

derived from simulation application and probability theory. 

He developed a risk-based LCC model that provides extra 

information about the levels of uncertainty that accompany 

the computed LCC. It also takes into account the time to 

failure of each alternative for pavement construction and 

rehabilitation. In addition, this research illustrates the 

different elements of the developed model, the factors 

influencing service life and pavement performance, and the 

data input simulation and modeling used for the analysis.   El-

Diraby and Rasic (2004) introduced a framework to manage 

the life-cycle cost of smart infrastructure systems. The 

framework consists of a model for assessing the life-cycle 

cost of civil infrastructure systems prepared with smart 

materials (sensor-embedded materials and fibre-reinforced 
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concrete). It could also consist of intelligent devices (smart 

signals and smart valves). The model identifies the basic cost 

components that should be taken into account when 

evaluating lifecycle costs. Furthermore, the model identifies 

managerial and design factors that affect these costs values. 

Zayed et al. (2002) introduced research that utilized Life-

cycle costing to evaluate and compare strategies of various 

alternatives for paint systems for a steel bridge. Equivalent 

uniform annual cost (EUAC) and present value (PV) 

equivalent were applied to evaluate the economic 

effectiveness and to compare several steel bridge paint 

systems and different rehabilitation scenario alternatives. 

Life-cycle cost analysis calculations proved that the three-

coat paint system is superior to the others. It was found out 

that spot repairs every 15 years of paint life was the best for 

both a maintenance plan based on life-cycle cost analysis as 

well as the for scenario for three-cost system rehabilitation.  

Shahata (2006) developed a stochastic LCC modeling 

approach for water mains. Several rehabilitation methods 

were identified: repair, renovation, and replacement. The 

Monte Carlo simulation approach was utilized to compare the 

current new installation and rehabilitation methods. The 

optimal scenario was accommodated for various types of 

water mains (cast iron, ductile iron, concrete, PVC, and 

asbestos). Results showed that “slip lining” and “open trench” 

are the best methods for the renovation and repair categories, 

respectively. The best method for replacement was open cut 

for large pipe diameter and pipe bursting for smaller 

3) LCC Implementations in Buildings 

Khanduri et al. (1996) introduced a model to assess office 

building life cycle cost at the preliminary design stage. This 

research was a development of a quantitative life cycle 

costing model for financial feasibility assessment at the 

preliminary design stage for office building projects. Three 

assessment methods are computed in that study: 

savings/investment ratio, present worth, and annual worth. 

The developed model contained the majority of the financial 

factors and technical data that are required to test the 

economic feasibility for the specified building. It also 

facilitates calculating the LCC by using minimum and basic 

input. Christian et al. (1998) examined the impact of quality 

on the life cycle costs of barrack blocks at the Canadian 

Forces base, Combat Training Centre (CTC) Gagetown. The 

study is conducted to determine the life cycle costs of the 19 

existing barrack blocks at CTC Gagetown. The objective of 

study is to compare building life cycle costs and account for 

differences to attempt to measure the impact of quality on the 

life cycle costs of the buildings. The costs were found to be 

almost the same for buildings with similar levels of 

maintenance and identical construction. It was hard to 

objectively determine the impact that quality has had on life 

cycle costs as there were no barracks that could be considered 

to be    mid-life.  Zhang (1999) designed a quick and 

economical computing model for office building 

development, investment, management and assessment 

decisionmaking at the preliminary stage. In his thesis a 

computing model entitled Office_LCC98 was developed to 

assist practitioners in the real estate profession to make better 

decisions. This investigation determined the economical 

rental rates of office buildings, and observed that there was a 

lack of replacement costs in the database.  Jrade (2004) 

introduced a methodology that can be utilized for an 

integrated life cycle costing system and conceptual cost 

estimating for building projects. This methodology explains 

the implementation and development of a system that 

automates the preparation of conceptual cost estimates and 

predicts the running costs of building projects. This 

methodology is applied by combining virtual reality 

environment (VRE) and computer integrated construction 

(CIC). Any adjustment in building design drawing can be 

virtually animated and visualized and will cause 

modification, resulting in a new conceptual estimate. When 

initial costs are computed, the maintenance and operating 

costs for new building will be forecast during its expected life 

span.     Liu (2006) developed a model to forecast and evaluate 

maintenance and repair costs for office buildings. The 

developed forecasting model takes into account the weight of 

factors that significantly affect maintenance and repair (M/R) 

costs and the related adjusting factors of these costs. Six main 

factors affecting M/R costs were identified: ownership, 

location, city, age, size, and height, and their associated 

elements defined. Historical data published by the BOMA 

was adapted, analyzed, and simulated to establish the 

probability distribution of M/R costs. A prototype FTMRC 

(forecast total maintenance and repair costs) system and 

software were developed to apply the developed forecasting 

model. The FTMRC system provides an analysis of the net 

present value of M/R and a sensitivity analysis to determine 

the parameters that affect the NPV of M/R costs. The system 

also offers both graphical and numerical reports.  Haddad 

(2008) introduced a model to measure the environmental 

impacts of building materials in monetary values. The 

environmental impact is measured in tonnes in the equivalent 

carbon dioxide, utilizing a life-cycle assessment tool 

according to the global warming potential (GWP-100). The 

quantified equivalent carbon dioxide (CO2e) is then 

converted into a monetary value to be utilized in the LCC 

calculation of the environmental impact. The economic LCC 

of building materials is computed based on ASTM’s standard 

technique. The monetary value of CO2 emission is obtained 

from the stock market, which conforms to the Kyoto 

protocol’s principle of emission trading. “EconoEnviroTLCC 

Tool” is a webbased design support tool that enables users to 

calculate the LCC to evaluate and choose the most sustainable 

building materials. 

4) LCC Implementations in Facilities Management 

Life-cycle costing assists building designers and owners to 

make trade-offs between a building’s initial and running 

costs.  Life-cycle costing has proven to be the only method to 

forecast the true cost of basic purchase decisions (Fretty, 

2003). Maintenance costs can be drastically reduced by 

utilizing LCC. To make a positive difference with life-cycle 

cost analysis, it is very important that the maintenance costs 

should be applied accurately and that they are up-dated, along 

with performance information (Fretty 2003). The 

specifications and benefits of outsourcing data storage and 

retrieval are discussed by Vangen (2011) from the facility 

management and construction aspects of building’s life 

cycles. Inefficiencies in the maintenance and construction of 

buildings occur due to the lack of integrated infrastructure 

technology in corporate real estate. These inefficiencies lead 

to firms losing hundreds of millions of dollars annually.   
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Bakis et al. (2003) presented a computer-integrated 

environment that seeks to overcome some usual LCC barriers 

(shortage of LCC data and complexity of technique). A 

framework/mechanism was provided for gathering and 

storing LCC data and a number of tools for supporting and 

simplifying the application of the technique were developed. 

The main characteristic of the environment was that it 

provides a comprehensive approach to LCC by integrating 

data gathering management of a building and LCC-aware 

design into a single framework. An interactive and integrated 

design tool was utilized to assist in and to facilitate the LCC-

aware design of buildings. A three-dimensional visualization 

tool was utilized to aid the facilities manager in the LCC-

aware management of buildings. 

F. LCC Studies Related to School Buildings 

Many studies have been conducted in the field of life-cycle 

costing in the building industry but only few that have been 

performed on school buildings. Few reported studies show 

the LCC distribution for primary and secondary schools for 

different life spans and discount rates, with obvious variety in 

the values for the cost centers but no further information or 

details have been reported. 

 Moussatche and Languell (2001) introduced their 

research on floor materials lifecosting for educational 

facilities. Their study compares interior floor materials that 

were affordable for use in K-12 educational facilities in the 

State of Florida at the time of research. Their study shows 

that, in addition to limited time and resources to properly 

assess the LCC of building materials, difficulties are due to 

the tight schedule of developing, designing, and managing 

educational facilities. They also proved that the selection of 

interior finishing materials is usually governed exclusively by 

capital cost (Moussatche and Languell, 2001). The flooring 

alternatives (Exposed concrete, ceramic tiles, terrazzo, 

laminated wood, etc.) are compared utilizing LCC analysis 

based on service life of 50 years, as determined by the Florida 

Department of Education. Initial costs, operational and 

maintenance (O&M) costs, and replacement costs for each 

alternative are computed to compare the materials according 

to the net present worth (NPW) method. The results show that 

all of the low initial cost alternatives will not necessary have 

a high LCC, and vice versa. Their research findings did not 

show the presence of a correlation between LCC and the 

initial cost of the flooring alternatives. Correlations are noted 

between increasing O&M costs and a decreasing service life 

and to an increasing corresponding NPV. 

 Fretwell (1984) conducted research in designing a 

system based on life-cycle costing for educational buildings 

in Alabama. The study focused on a particular and limited 

architectural use of life-cycle costing, not as a 

macroeconomic technique, but as a medium for a cost control 

dialogue between educational administrators and architects 

while selecting components and systems for proposed 

educational buildings. A 40-year life was assumed in this 

study. A computer program for performing a life-cycle cost 

analysis at the design level was developed using features and 

concepts that were discovered during the research stage. The 

computer program was applied on a high school building 

prototype that was designed as a part of this study to reflect a 

typical educational facility in Alabama. Energy consumption 

and building cost values were generated from the computer 

program runs. Nine different building design modifications 

were analyzed in the program to demonstrate the energy and 

cost consequences of different design concepts. Energy 

consumption was calculated by making some changes in the 

variables, including skylights, shading devices, windows and 

other variables. “The resulting energy usage varied by as 

much as 36%. 

 Random changes in building materials and finishes 

resulted in initial building cost changes ranging from $5,000 

to nearly $50,000 (at time of the study). 

IV. CONCLUSION 

With the help of our research on the studies regarding life 

cycle cost analysis we concluded the feasibility of LCCA 

guidelines, LCC Elements, LCC Estimate Methods and LCC 

Calculation Models. By adopting LCCA method, any firm 

can achieve the goal of economical construction. This may 

also encourage the future practical interaction of LCCA 

within construction projects. 


