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ABSTRACT 

The fast development and competitiveness in the construction industry made indispensible the detailed 

analysis of all the processes involved in an enterprise. 

The concept of Life Cycle Costs (LCC) acknowledges the necessity of considering, not only the initial investment 

costs, but also the ones in every stage of the life cycle of a building. Several standards and guidelines assume 

this approach, namely the international standard ISO 55000:2014 on asset management and the DIRECTIVE 

2014/24/EU on public procurement. 

Despite not being a new subject, its use is not common and the available documentation is dispersed and 

poorly consolidated. The goal of this dissertation was to develop a methodology for the LCC calculation that 

allows its users a simple implementation on enterprises, processes, systems or components, in order for them 

to optimize their asset management. 

A sample of office buildings was studied, to which was then made a global energy costs and consumptions 

analysis (one of the elements in the operation phase). Later a building was chosen from that sample and the 

proposed methodology of the LCC calculation was applied to it. 

The LCC application allows the knowledge and the wide visualization of the present and future costs of an 

enterprise, as well as its temporal distribution, causing a more organized and optimized management and 

decision making, with less risk. It was confirmed that the operation and maintenance stages have great 

relevance, and, for that reason, the initial investment costs should not be the only ones to be considered in the 

analysis. 
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1. INTRODUCTION 

The growing competitiveness in the construction market, as well as the dimension of the involved investments, 

caused the necessity of knowing the enterprises at a detailed level, optimizing all the processes and systems. 

The concept of Life Cycle Cost (LCC) emerged within the asset management concept and it consists of 

considering the initial investment costs, as well as all the existing ones throughout the life cycle of the project. 

The goals of this work were: a) to develop a methodology for the calculation of the life cycle costs, in order to 

enable its users an easy application of the technique and, therefore, improve the enterprises’ asset 

management; b) to apply the proposed methodology in a real situation, in order to exemplify its use. 

2. CONCEPTS 

The quota of the construction industry, both in the Portuguese and European economy, is so relevant, as well 

as the change of paradigm from the new construction to managing the existing one (INCI, 2012), that it has 

become indispensible to manage the properties in a way that improves its processes. 

2.1 ASSET MANAGEMENT 

This concept consists of integrating the financial, social and environmental components of an asset, 

interconnecting and optimizing its processes throughout its life time. That way, value is created, not only 

monetary, but also in terms of systems and processes transparency, decision consistency, efficiency and 

effectiveness, risk minimization and trust in the organization (ISO 55001, 2014). The international standard ISO 

55000:2014, as well as some other documents, stress the importance of managing the assets through its life 

cycles and of analyzing the risks associated with them. 

2.2 LIFE CYCLE COST 

In order to evaluate an asset performance, its life cycle costs can be quantified (ISO 15686-5, 2008). In a 

construction project, the Whole Life Cycle Costs (WLCC) includes several items (Figure 2.1). 

 

Figure 2.1 Whole life cycle cost (ISO 15686-5, 2008) 



3 

 

With the intention of supporting the client’s decisions and minimizing the costs, the LCC calculation lets the 

deciders know the present and future costs of a project, right at its beginning. Collecting and analyzing the 

data and the values associated with each cost item allow the comparison between investment alternatives or 

the economic, social or environmental viability of the asset, component, process or system, in different stages 

of its life cycle and at different detail levels (strategic, systemic or operational) (ISO 15686-5, 2008). 

Nowadays it is known that the initial investment cost may, sometimes, be outshined by the other stages costs 

(operation, maintenance and end of life). For instance, the operation and maintenance costs may reach about 

80% when compared to the construction and design stages (Almeida, 2010). Furthermore, the LCC analysis 

also facilitates the elaboration of the financing plans, projects and sales scheduling, warranty deadlines and 

work and team coordination (Mubarak, 2010). 

Several standards and guidelines concern this subject and some of them even propose methods for the 

calculation of the LCC, such as the Davis Langdon Management Consulting – “Life Cycle Costing (LCC) as a 

contribution for sustainable construction: a common methodology”, the EN 60300-3-3:2004 and the ISO 

15686-5:2008. Also, the European Directive 2014/24/EU specifies that all life cycle costs should be considered. 

The concept of sustainability is also referred to in those documents. It connects the economic, social and 

environmental parameters. Although there are also techniques to evaluate and quantify them, that is outside 

the scope of this work, as well as the parts of the externalities, non-construction costs and income illustrated 

in Figure 2.1. 

2.3 RISK MANAGEMENT 

Organizations, in the evolving of theirs projects, come across uncertainties that may influence the outcomes. 

Risk is the quantification of the uncertainties. Since the LCC takes care of future cost (as well as the present 

ones), the risk is high due to the fact that the cost data, time information, unexpected interventions and 

variations in taxes or legislation, or any other factor may change during the life cycle period. The international 

standard ISO 31000:2009 identifies principles and guidelines for the implementation of risk management. Also, 

other standards and documents, like the ISO 15686-5:2008 recommend the analysis and evaluation of the risks 

associated with the projects, in order to ensure more reliable decisions and higher probability of reaching its 

goals successfully. 

2.4 DISCUSSION OF THE CONCEPTS 

The following SWOT matrix shows the global advantages and disadvantages of using the LCC method (Chart 

2.1). 
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Chart 2.1 SWOT analysis for the application of the life cycle cost methodology (Policy Design Lab, 2014) 

 

3. METHODOLOGY 

Based on several documents as: ISO 15686-5:2008, ISO 15663-1:2012, EN 16627:2015, EN 60300-3-3:2004, 

Davis Langdon Management Consulting ‘Life Cycle Costing (LCC) as a contribution to sustainable construction: 

a common methodology’ and NIST Handbook 135, a methodology for the calculations of the life cycle costs 

was developed. It consists of eleven steps that simplify the way of estimating and analyzing the LCC (Figure 

3.1). 
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Figure 3.1 Diagram of the proposed methodology of the LCC calculation 

4. CASE STUDY 

Three types of analysis were made for a sample of office buildings. At first, in the vertical analysis, all the 

buildings in the sample were considered and the costs and consumptions of one of its cost categories were 

studied: energy. Afterwards, in the horizontal analysis, one of the buildings of the sample was chosen and all 

its cost categories were considered throughout its life cycle. Finally, both vertical and horizontal analysis were 

combined in an alternative study that suggests the implementation of a photovoltaic solar system, aiming to 

reduce both energetic and financial cost. 

4.1 VERTICAL ANALYSIS – ENERGY STUDIES 

Being the operation and maintenance the phases that generate more costs throughout the life cycle, one of its 

most relevant items was studied: the energy consumptions. This category was divided into ‘acclimatization’, 

‘lightning’ and ‘others’. The ‘others’ refer to the equipments, exterior lightning and sanitary hot waters and has 

the highest consumption percentage. However the diversity of systems and equipments in that group doesn’t 

allow it to be considered as relevant as one, because it’s not easy to find consumption patterns. 

Regarding global consumptions, it can be seen some discrepancy between the real and estimated values, of 

about 150 %, on average. After analyzing the sample, some of the buildings were withdrawn from the study 

since they were cast as outliers, by Tukey’s method (Seo, 2006). As for the others, in the ‘acclimatization’ 

category, the consumptions were associated with the climatic area. It was observed that, globally, the cooling 

consumptions are higher than the heating ones, which makes sense since the typology of the buildings 

(offices) has more occupancy and electrical appliances than an average home, which makes the heating needs 

less relevant. Nevertheless, no patterns among the consumption and the localization in the country, or any 

other characteristic of the buildings, were found. As for the ‘lightning’ and ‘others’ the samples were pretty 



8 

 

uniform, although no patterns were found either. In terms of energy class, and therefore efficiency, it shows a 

clear improvement as the years go by. 

The same analysis was made, but this time, using all of the building characteristics at once and not isolated, 

like before. Neural networks and genetic algorithm-based optimization was used in order to predict the 

consumption. The determination coefficient of 0.873 that resulted from the study of the real versus predicted 

consumption showed that it was a good performance, very close to being a perfect adjustment. No pattern 

between the real and the estimated consumption was found. 

4.2 HORIZONTAL ANALYSIS – LIFE CYCLE COSTS 

The building X was analyzed for several cost elements of its life cycle. For the calculation of the LCC, the 

proposed method in the third chapter was used. 

 Step 1: An absolute analysis was made. The goal was to know the costs related to the use of the 

building throughout its life cycle. 

 Step 2: Purchased in 1987, the building has 8 floors above the ground and another 5 under the 

ground. It has an area of 7 370 m
2
 and it’s, over all, in a good maintenance state. It was graded with 

an A on the energy class. In 2015 the building was sold, but the selling entity remained using it for five 

years, paying rent. 

The main requirement was to keep the quality and performance levels (in consumption and 

maintenance) as to which were seen so far. 

 Step 3: The whole building was studied, throughout its life, including the acquisition stage and part of 

the operation and maintenance, reaching the end of the renting phase. Environmental and social 

aspects, benefits and pre-acquisitions costs were redrawn from the analysis. 

 Step 4: The acquisition, operation and maintenance stages were considered, adding a total of thirty 

three years. 

 Step 5: It was considered that the building would keep its current operation. There were no financial 

limits or from any other nature, being the building itself and its use the only identified constrains. 

An alternative option for the energy consumption was studied (see Chapter 4.5). 

 Step 6: The data was supplied from an expert and from documents. The cost categories were 

organized according to the bottom-up method. The building costs were divided into acquisition, 

operation, maintenance, rehabilitation and end of the analysis period. The cost items within each of 

these groups were chosen according to the available data. To simplify the calculations, all the costs 

were reduced to €/year. 

A smaller group of buildings in the original sample was analyzed, in which all of the buildings were 

located in the same area. The goal was to understand how the consumptions of the building X could 

be conjugated amongst the others, and also, to be able to observe the uncertainty of the 

consumption projections, since all the buildings, by having the same use and being in the same area, 

had different consumption. The study showed that the building X is extremely efficient, with lower 
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consumptions regarding the rest, which means it can be used as an improvement reference for the 

others. Also its evolution of the energy and water consumption and costs were analyzed. Both costs 

increased through the years, as well as the water consumption. The power consumption decreased. 

 Step 7: The sustainability aspect was not studied in this work. 

 Step 8: The method used for this study was the Net Present Cost (NPC), with a 4 % discount rate. 

 Step 9: As the calculations were made, applying the NPC for thirty three years, the result was 

approximately 5 400 000 €, being the maintenance (52 %), followed by the operation (32 %) stages, 

the ones with higher contributions for that value, and therefore, the ones in which an investment for 

improvement would have better results. 

 Step 10: The discount and inflation rates of the energy and water prices were varied in a sensitivity 

analysis, and studied their effects on the LCC. To both were assigned higher and lower values then the 

ones previously used and the LCC was calculated once more, for each of the varied parameters. 

Furthermore, a Monte Carlo simulation was made for the same parameters adding the energy and 

water consumptions and with the same purpose as the sensitivity analysis. In this case, instead of 

using determined higher and lower values, all the parameters were combined, using probability 

distributions in order to reach results. Both analyzes showed that the higher the discount rate, the 

slower the LCC result decreases, and the higher the inflation rate, the higher the LCC results. Also, the 

increase in consumptions increases the LCC, being the energy item highly influential. 

 Step 11: The results of the LCC analysis, using the defined requirements, are displayed in Table 4.1. 

Table 4.1 Results of the LCC calculation for the sensitivity and Monte Carlo analysis 

Analysis Parameter Parameter value (%)/ Distribution LCC (€) 

Sensitivity analysis 

Discount rate 

minimum 3 6 498 547 

average 4 5 391 854 

maximum 5 4 533 560 

Inflation rate 

minimum percentile 10 5 378 191 

average basis 5 391 854 

maximum percentile 90 5 401 722 

Monte Carlo simulation Combined several 

minimum 4 280 794 

average 5 905 815 

maximum 7 501 000 

4.3 COMBINED ANALYSIS – ALTERNATIVE STUDY 

The implementation of a photovoltaic solar system was studied in order to reduce costs and part of the 

consumption from the grid. The investment of 27 000 € in a 32 panels system was analyzed for the current 

year. The system is able to output 19 300 kWh/year, reducing significantly the grid usage. The calculated 

payback period is six years and six months, which means that it is an acceptable horizon. Although the duration 

of the system may be around twenty five years, considering the building design life of fifty years, and that the 

system was implemented in the year 30, the period studied was twenty one years. The calculated savings, in 

the end of the predicted design life, were 70 980 € and 448 392 kWh (21 % and 29 % of the total, respectively). 
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5. CONCLUSION 

The construction market growing competitiveness enables a deeper and more detailed study of the processes 

within an organization. The LCC analysis applied to asset management, more specifically, to the construction 

field, gives the knowledge of the present and future costs of a project, and their distribution during the life 

cycle, allowing more consistent decisions and reducing costs. 

The vertical analysis evaluated the energy consumptions in office buildings showing that the sample was pretty 

homogenous and that the acclimatization, interior lightning and equipments were the items that generated 

the higher consumption. The “building X” results stood out in terms of energetic efficiency, which can turn it 

into a reference for the other buildings. In the horizontal analysis, the LCC method was applied to the “building 

X”, showing that the more detailed and accurate the data is, the higher the probability of reaching better 

results. The variation of the discount and inflation rates led to different results: the higher the discount rate, 

the lower the LCC gets; and the greater the inflation rate gets, the higher the LCC results get. In order to 

improve the LCC, the stages of operation and maintenance are the ones to invest. The combined analysis 

showed the advantages of using renewable energy, both in terms on energetic and financial savings. 

Finally, the development of this work allowed concluding that the LCC analysis leads to the improvement of 

organizations and processes, bringing value to all the related parties. 
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