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Abstract 

The concept of Life Cycle Cost (LCC) is a useful tool for estimating costs related to buildings 

in all its life stages and to support the decision-making processes. This tool can contribute to 

promoting competitiveness in the construction sector, valuing buildings and optimizing their 

economic performance from the pre-construction to the end-of-life stage, where waste 

management is of significant importance. 

The end-of-life stage is the object of study of the present dissertation, and consists of several 

modules: deconstruction, transportation, processing and disposal of construction and 

demolition waste. Waste management is a current topic, and so it is important to encourage 

the proper management of waste in the construction sector. 

This dissertation intends to estimate costs related to the end-of-life stage of roofing elements, 

applying the requirements of European standards EN 15643-4 and EN 16627. The objective is 

to systematize and simplify the methodology to be applied. 

These standards propose a cost structure model that can be applied to any type of buildings, 

in this case, roofing elements of public-school buildings. 

The costs incurred for module C related to the end-of-life of buildings should be considered, 

although less significant than all the costs incurred in a complete analysis of a building's LCC. 

At the end of the dissertation are presented the main contributions and suggestions of future 

developments with a view to improving the applicability of the methodology. 
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1. Introduction 

The lifecycle management of the constructed 

assets has been gaining increasing importance 

among AEC (Architecture, Engineering and 

Construction) professionals, particularly with a 

view to optimizing costs and seeking the 

economic sustainability of buildings. 

Improving the economic performance of 

buildings is associated with all stages of the life 

cycle and it is important to consider some 

uncertainty and risk in several factors when 

estimating all life cycle costs. 

At the end-of-life stage of buildings, costs 

relating to aspects such as demolition, waste 

management and transport and disposal of the 

building or its parts should be analyzed. (EN 

16627, 2015) 
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The study of the end-of-life phase of 

constructed buildings presents some 

difficulties regarding economic analysis of the 

aspects to be considered, since the necessary 

information for this analysis may not be 

available. 

The costs related to the design, construction, 

operation and maintenance of buildings 

influence the end of life, and thus the life cycle 

can be extended if this approach is considered 

for buildings in general. The initial investment 

value for the construction or acquisition of a 

building is usually the one that has the most 

weight in decision making processes, however 

the costs for the remaining phases of the 

building's life cycle can be much higher than 

the initial investment, resulting in a higher 

overall cost. 

Buildings are considered as systems that can 

be divided into parts called subsystems, being 

the structure, the envelope, the special 

facilities, the interior and the exterior spaces. 

(Arnold, 2016) Each of these subsystems 

contain several elements, and in the case of 

the present dissertation the focus is the 

covering elements belonging to the building 

envelope subsystem. 

The main objective for the development of this 

dissertation is to promote the study of the end 

of life of buildings through the application of a 

life cycle cost (LCC) approach focusing on 

aspects related to deconstruction, reuse, 

recovery and/or recycling, or their disposal 

(modules C1, C2, C3 and C4 in EN 16627). 

The aim is to adapt and apply a methodology 

that explicitly identifies and quantifies the end-

of-life costs of buildings and facilitates the 

implementation of Life Cycle Costing (LCC), 

when the necessary information about the 

object of study is available. 

This study can validate the applicability of the 

methodology in school buildings, or even in 

buildings in general, if it is complemented with 

other studies that apply the same methodology 

to case studies of residential buildings, service 

buildings, public buildings or others, 

generalizing and improving the methodology. 

As a secondary objective, the collection of cost 

data related to the end-of-life stage of roofing 

elements, and the reference of sources that 

may be useful for the follow-up of the present 

study. 

The proposed methodology is applied to 

school buildings rehabilitated by Parque 

Escolar (PE), focusing on the envelope 

subsystem, in particular its roofing. 

2. Methodology for LCC 

The life cycle cost (LCC) is a concept that 

considers the cost analysis of all stages of the 

life cycle of a building, namely the design, 

construction, operation and maintenance 

stages and its end of life. (ISO 15686-5, 2014) 

LCC is defined in EN 15643-4 as the cost of a 

building or its parts (what is constructed or the 

result of construction operations) throughout its 

life cycle, while simultaneously meeting the 

technical and functional requirements. 

European standard EN 16627 defines the 

stages to be considered for the LCC analysis 

of a building, organizing them by modules that 

distinguish the stages of construction (module 

A), operation and maintenance (module B) and 

the end of life (module C). 

The modules in the end-of-life stage of a 

building are deconstruction (module C1), 

transport (module C2), processing of 

construction and demolition waste for later 

reuse, recovery or recycling (module C3) and 

its elimination (module C4). All cost modules 

related to the end-of-life stage are considered 
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as non-annual costs as they occur only once 

for each complete cycle. (EN 16627, 2015) 

This methodology is defined in ISO 15686-5 as 

a methodology for the systematic economic 

evaluation of life-cycle costs, over a period of 

analysis defined within the framework. This 

standard promotes the use of life-cycle costing 

analysis and facilitates their practical 

implementation. (ISO 15686-5, 2014) 

Module C is the focus of this study and 

addresses all costs related to the end of life of 

the building after its use phase, including the 

costs of deconstruction, waste transport, waste 

processing and disposal. 

In accordance with the steps defined in the 

reference standards the methodology is 

adapted and applied to the case study, the 

roofing elements of public-school buildings. 

The proposed and adapted methodology for 

using in the present case study is organized by 

the following steps: 

Step 1: Identify the main purpose of the LCC 

analysis. 

The purpose of the life cycle cost analysis is to 

quantify the economic performance of the 

object of a building throughout its life cycle. 

Step 2: Identify the initial scope of the LCC 

analysis. 

The scope of analysis identifies what is 

included on the analysis and its boundaries. 

Step 3: Identify the period of analysis and 

methods of economic evaluation. 

The period of analysis might be the life cycle of 

the object of study or any other period 

considering parts or stages of the life cycle. 

Step 4: Identify project and asset requirements. 

The main features of the object of analysis 

must be described with detail. 

Step 5: Identify options to be included and cost 

items to be considered. 

All the options taken for the analysis should be 

described and justified. 

Step 6: Assemble cost and time-based data to 

be used in the economic analysis. 

The costs to analyze must be identified and 

structured to facilitate their understanding. 

Step 7: Verify values of financial parameters 

and period of analysis. 

The period of analysis and the financial 

parameters must be verified to be suitable for 

the intended analysis. 

Step 8: Perform required economic evaluation. 

The economic evaluation must be performed 

with the information acquired and defined in the 

previous steps. 

Step 9: Sensitivity analysis. 

The sensitivity analysis is an optional step, and 

should be carried out when there are results 

that are sensitive to variation of certain data in 

the analysis. 

Step 10: Interpret and present initial results in 

required format. 

Step 11: Present final results in required format 

and prepare a final report. 

The interpretation and presentation of the 

results for steps 10 and 11 should be clear to 

all stakeholders of the object of assessment. 

3. Case study 

The case study is a sample of public-school 

buildings rehabilitated under the PMEES 

(Programa de Modernização das Escolas do 

Ensino Secundário - Modernization Program 

for Secondary Schools) by Parque Escolar 

(PE) until the year 2010. The object of study 

are the roofing elements of the sample of 47 

portuguese schools. The costs under study are 

the costs incurred at the end-of-life stage 
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(module C) of the roofing elements from 47 

schools rehabilitated during Phase 3 of the 

PMEES. 

The costs related to demolition or 

deconstruction of roofing elements are 

considered for filling module C1 of the end-of-

life stage. 

Module C2 is relative to the costs with 

transportation of the resulting construction and 

demolition waste. 

The costs for processing the construction and 

demolition waste for re-use, recovery or 

recycling must be filled in module C3. Lastly, 

module C4 must consider the costs for disposal 

or elimination of construction and demolition 

waste. 

The costs for elements considered on the 

sample of public-school roofing elements were 

collected from a database in which they are 

presented in different measuring units, and 

were divided by the following types of 

elements: 

• E.1 – Steel structure [€/kg] 

• E.2 – Steel structure [€/m2] 

• E.3 – Timber structure [€/m2] 

• E.4 – Composite structure [€/m3] 

• E.5 – Asbestos cement sheets [€/m2] 

• E.6 – Metal roof coating [€/m2] 

• E.7 – Translucent roof coating [€/m2] 

• E.8 – Ceramic tiles coating [€/m2] 

• E.9 – Other coatings (various) [€/m2] 

• E.10 – Waterproofing [€/m2] 

• E.11 – Insulation[€/m2] 

The costs collected to fill module C1 for each 

of these elements are presented by its average 

cost and its standard deviation in the next 

chapter. 

 

 

 

4. Results and discussion 

Applying the proposed methodology to the 

roofing elements of public-school buildings and 

analyzing the costs related to deconstruction or 

demolition of the roofing elements of the 47 

schools, the results are presented after a 

statistic analysis. In Table 1 are presented the 

medium costs for the demolition or 

deconstruction of roofing elements, 

corresponding to module C1. 
 

Table 1: Deconstruction/demolition costs (module C1) 

Element 
Average 

cost 

Standard 

deviation 

E.1 0,91 €/kg 0,44 €/kg 

E.2 8,58 €/m2 1,35 €/m2 

E.3 20,43 €/m2 7,17 €/m2 

E.4 18,22 €/m3 1,66 €/m3 

E.5 10,17 €/m2 5,72 €/m2 

E.6 6,30 €/m2 1,94 €/m2 

E.7 5,64 €/m2 1,99 €/m2 

E.8 4,67 €/m2 1,81 €/m2 

E.9 8,66 €/m2 6,70 €/m2 

E.10 5,39 €/m2 2,64 €/m2 

E.11 3,73 €/m2 1,45 €/m2 

 

The transportation costs collected in 

construction companies are presented in Table 

2 to fill module C2 of the end-of.life stage of 

roofing elements in public school buildings for 

each element considered. The transportation 

costs are usually considered in weight units. 
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Table 2: Transportation costs (module C2) 

Element Module C2 

E.1 60,81 €/ton 

E.2 60,81 €/ton 

E.3 90,03 €/ton 

E.4 60,81 €/ton 

E.5 180,00 €/ton 

E.6 60,81 €/ton 

E.7 112,50 €/ton 

E.8 18,00 €/ton 

E.9 112,50 €/ton 

E.10 112,50 €/ton 

E.11 112,50 €/ton 

 

Lastly, the costs relating to modules C3 and C4 

do not occur simultaneously for the same 

element, because the construction and 

demolition waste either is processed for re-use, 

recovery or recycle, or is disposed or 

eliminated. The costs regarding the cost 

modules C3 and C4 are then presented in 

Table 3. 
 

Table 3: Processing for re-use, recover or recycle costs 

(module C3) and disposal or elimination costs (module C4) 

Element Module C3 Module C4 

E.1 - - 

E.2 - - 

E.3 20,00 €/ton - 

E.4 - - 

E.5 - 90,00 €/ton 

E.6 - - 

E.7 50,00 €/ton - 

E.8 8,00 €/ton - 

E.9 70,00 €/ton - 

E.10 50,00 €/ton - 

E.11 50,00 €/ton - 

 

For most of the elements considered in this 

study it was not possible to estimate the costs 

for the four modules of the end-of-life stage in 

the same measuring unit, therefore they can 

only be summed when the costs are 

associated with quantities for a specific case to 

obtain the total cost for the end-of-life stage for 

each element. 

 

5. Conclusions 

The application of the described methodology 

proposed by the European standard EN 16627 

helps to systematize and organize the 

necessary information for the life cycle cost 

analysis of the studied elements of the school 

buildings. 

The costs analyzed in present case study have 

shown that the end-of-life stage is relevant to 

the life cycle of buildings and should be taken 

into consideration since the design stages to 

prevent unforeseen events in the future. 

Some cost modules relating to the processing 

of construction and demolition waste have not 

been completed, which is justified because this 

processing generates revenue for the waste 

producer, and these revenues are not to be 

attributed to module C3 corresponding to the 

processing of waste, but to module D, which 

provides for the filling of any revenue relating 

to the life cycle of buildings or its elements. 

The results obtained for each cost module of 

the end-of-life phase of buildings and for each 

type of material constituting the roofing 

elements are very variable since they are 

based on data from various sources for 

demolition costs, transport, processing for re-

use, recovery or recycling and for disposal or 

elimination of construction and demolition 

waste. 

The estimation of the weight per volume for the 

packaging and transport of each type of waste 
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is very complex since it depends on the care in 

the demolition, removal and packing of the 

materials in the containers or lorries to 

transport them. Thus, the associated costs will 

always vary depending on the weight per 

volume considered for each type of waste. 

This estimate for the weight of the waste 

makes it difficult to reconcile the transport costs 

that are generally considered per unit volume, 

with the costs of processing or disposal, 

generally considered by weight units. 

Since the studies related to the life cycle costs 

of buildings, and in particular in the end-of-life 

phase, are of very recent origin, there is still 

some difficulty in finding consistent data for this 

matter, and there is no solid comparison term 

for the same assumptions. On the other hand, 

companies licensed for the transport and 

management of construction and demolition 

waste do not publicly disclose statutory values. 

Sometimes companies make budgets on a 

case-by-case basis, which makes it difficult to 

get a structured consultation for the costs in 

study. Thus, this study is a contribution to the 

collection and compilation of these costs, even 

though they present extended value intervals. 
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