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Abstract: In the last couple decades, there is a rising interest within the research community to integrate 
the environmental, economic and social performance of buildings as a mean to set the foundations for a 
sustainable built environment. Lifecycle thinking has been gaining root within the AEC sector, with various 
studies aiming at modelling and estimating life cycle costs of buildings more accurately, in view of justifying 
investments in construction projects and understanding the impacts of these investments throughout not 
only the design and construction phases, but also in the use and end-of-live stages. Alongside the concern 
with the economic life cycle performance of buildings, there is an increased awareness that the 
construction sector is the industry sector that is responsible for the largest share of resource consumption 
and for releasing 25%-40% of GHG worldwide. The shortage of resources and the environmental impacts 
caused by the construction sector confirm the need to seek more sustainable alternatives as compared to 
the current state of affairs. Seeking not only to provide future endeavors with the means to integrate the 
outputs of economic and environmental analysis of the life cycle of buildings, but also with comparable 
results of those same analysis, the study described in this paper follows the requirements of various 
international and European standards EN 15643-2, EN 15643-4, EN 16627 and EN 15978. This work builds 
itself upon state-of-the-art knowledge concerning Life Cycle Costing and Life Cycle Assessment. A 
methodology is devised and applied to a group of school buildings, firstly built in years ranging from 1948 
to 1996 and refurbished by Parque Escolar Português (PEP) in 2008. This methodology considers the 
construction works and refurbishments scenarios comprised in a 10-year period and focuses on the 
structure subsystem related to the case study. The results obtained at the end of the analysis confirm the 
applicability of the methodology developed in this document and contribute to the progress in this field, 
through the calculation and disclosure of performance indicators. 
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1. Introduction 
 
1.1. Project scope 
 Sustainability of infrastructures is one of 
the main themes of the Architecture, 
Engineering and Construction (AEC) sector. The 
major part of the developments to achieve 
higher levels of sustainability in these sectors 
have led to believe that it exists a necessity to 
update the existing requirements and therefore 
to review and develop existing methodologies. 
Central to many field studies, the concept of life 
cycle is seen as an instrument capable of 
encapsulating information about the various 
dimensions that constitute the concept of the 
sustainability of an infrastructure. Developed by 
CEN / TC 350, the set of European standards 
propose a system for building sustainability 
assessment based on an approach to the 
building's life cycle (CV), covering the 
environmental, social and economic aspects of a 
building.  This thesis arises within the scope of 

sustainability analysis and focuses on the 
economic and environmental performance of 
reinforced concrete structures of buildings. The 
analysis is applied on a sample which includes 35 
public school buildings, these encompass 3 
classical models of infrastructures: high school; 
industrial and commercial; pavilion. These 
schools were the subject of a country-scale 
rehabilitation intervention. This intervention 
began in 2008 and involves various civil 
construction specialties. This document centers 
itself on the analysis of the resources allocated to 
the interventions on reinforced concrete 
structures. 
 
1.2. Goals definition 
 The main objective of this study is to 
test the applicability of the standardized 
methodologies for building life cycle analysis. 
Covering the economic and environmental 
dimensions of each building, this study seeks to 
integrate these methodologies into the analysis 
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of the reinforced concrete structures. These 
methodologies are devised upon the framework 
for each dimension in the norms EN 15643-4 
(framework for the assessment of economic 
performance) and EN 15643-2 (framework for 
the assessment of environmental performance) 
and the calculation methods derive from those 
outlined in the EN 16627 (calculation method for 
the assessment of economic performance) and 
EN 15978 (calculation method for the 
assessment of environmental performance). To 
achieve the main objective there were 
established the following minor aims to this 
study: calculation of specific performance 
indicators in both dimensions; conduct a 
comparative analysis between the performance 
of the buildings; create integrated performance 
classes; identify potential correlations between 
LCC and LCA results. 
 
1.3. General methodology 
 Operating under the definition of the 
scope and objectives for this analysis, the 
methodology is structured in such a way that it 
responds to its needs. Thus, this study develops 
towards those objectives throughout the 
following stages. Initially, there takes place a 
literature review, were both LCC and LCA are 
studied, aiming to attain a comprehensive review 
of state-of-the-art knowledge. Following this 
takes place an analysis of the previously 
mentioned European standards in order to 
define the methodology for the analysis. Next, 
the case study is described and then, deriving 
from that description, the assumptions for the 
methodology of the analysis are established. 
When planed the procedures to partake on the 
analysis, the methodology is applied to the case 
study. Obtaining the values for the performance 
of the public-school buildings, the results are 
summarized, interpreted and discussed. Finally, 
this study closes with the main conclusions of the 
analysis at hand. 
 
2. Literature review 
 
2.1. Literature review method 
 The literature review method uses the 
ScienceDirect database. For this effort, the 

implementation of keywords in the research is of 
high relevance. When implemented the 
keywords defined in the research process there 
were only considered review and research 
articles. The results summarized in the Figure 1 
include studies ranging from 1996 to 2019. 
Additionally, it can be stated that the 
simultaneous use of all keywords yields a total of 
646 results. 

 
2.2. Economic performance of the life cycle of 

buildings – Normative landscape 
 Nowadays, with the growing ease of 
access to data, the consumer represents an 
increasingly well-informed entity and presents a 
gradually increasing level of requirements. 
Parallel to this fact, the concept of value for 
money has gained weight overtime and has 
enhanced the relevance of LCC 
analysis(Schneiderova-Heralova, 2018) and, 
therefore, the relevance of the life cycle of 
buildings. The publication of the ISO 15686-5 in 
2008 assesses the building as an asset. The LCC 
analysis is explained as a tool. It allows an 
organized assessment of costs throughout the 
building’s life cycle. The scope of the analysis and 
study period must be defined in advance. This 
document also divides the life cycle into four 
main components: construction, operation, 
maintenance and end-of-life stages.  
 Firstly, published in 2012, the EN 15643-
4 established framework which can be 
interpreted as the basis for an assessment of the 
life cycle costs of a building. Regarding the 
evaluation of the economic performance, this 
norm defines that it is based in quantifiable 
indicators. Since it was revised in 2017, the 
previous european standard establishes the 
calculation methods for the net present value 
(NPV). For this method, the definition of the 
discount rate takes into account the variability 
associated to the value of money. Consequently, 
the discount rate constitutes an important 
variable in LCC studies.  
 Many factors can contribute to 
generate uncertainty and risk in an LCC analysis. 
Problems associated to the quality of the life 
cycle information, scope definition, calculation 
method processes and assumptions can 
cumulatively define the course of an LCC 
analysis. 
 
2.3. Environmental performance of the life cycle 

of buildings 
 Nowadays technology is one of the main 
focuses of consumers and, accordingly, the 
object of innovation. The combination of this fact 
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with population growth rate and variety of 
demand urges innovation in the various 
branches of industry. Taking a different 
perspective, all this innovation generates 
external impacts and repercussions which 
manifest themselves on a global scale. Not only 
the depletion of the availability of resources, due 
to the construction sector being the second 
biggest resource consumer worldwide (Pomponi 
e D’Amico, 2018), but also the environmental 
impacts constitute preoccupant data leading to 
the need for more sustainable ecosystems. 
Besides the consume of resources, energy 
consumption is one of the major concerns. 
Energy is the principal resource consumed during 
the life cycle of a building. The studies on 
environmental performance assessment vary 
but, frequently, establish a direct relation 
between the maintenance of a building and the 
energy required to do so, in such a way that 
respects it the minimum requirements for quality 
and comfort. Modern buildings manifest a 
constant preoccupation with the operation 
stage, with regards to the energy efficiency. With 
multiple innovations in this context, the amount 
of energy required to the operation stage has 
been diminished. 
 A building can be interpreted as a 
complex product which integrates smaller 
products, each one with a specific level of 
complexity, as presented in the Figure 2. 

 
 Given this, applying LCA process on a 
product with superior level of complexity 
represents an obstacle to the realization of the 
analysis. Therefore, seeking to complete this 
task, initiating the LCA with application on 
products of lower levels of complexity is 
inevitable, within the scope of this study, given 
the current state of LCI data available. 
Accordingly, recent LCA analysis apply 
methodologies that start in less complex product 
levels. These methodologies are later applied to 
higher levels of product complexity until the final 
product level is reached – the building(Anand e 

Amor, 2017) . Typically, the product life cycle is 
approached assuming the cradle to grave 
perspective. This implies that all aspects ranging 
from the initial life stages until the end of the 
product life cycle are integral to the assessment 
of environmental performance. Despite the 
freedom to choose which software tools to use 
for a building's LCA exercise it is preferable to use 
data corresponding to the region in which the 
case study is inserted (Islam et al., 2015). In order 
to improve the conditions of access to 
information usable in these assessments, LCA 
data has been assembled and organized 
databases which constitute the life cycle 
inventory (LCI). In recent years there have been 
published several normative documents which 
provide the base framework and establish rules 
and requirements that contemplate new and 
previously existing buildings. Some of these 
documents are: ISO 14044 – Rules and 
requirements for life cycle assessment; ISO 
21931 – principles required and methodology to 
perform an environmental performance 
assessment of buildings; EN 15978 – european 
standard which establishes the calculation 
method for LCA; EeBGuide – provides tools and 
orientation for users on how LCA helps to 
achieve results (Thibodeau, Bataille e Sié, 2019). 
  
2.4. Integration of economic and environmental 

performance 
 The construction sector is one of the 
main responsible for the most significant impacts 
on the economy, the environment and society 
(Geng et al., 2017). In order to overcome the 
traditionalist ideology that says that economic 
growth and environmental awareness are not 
incorporated in the same development, this 
concept seeks to mitigate the links between this 
growth and the negative externalities arising 
from it (Pomponi e D’Amico, 2018). Several 
demographic projections state that by the year 
2050 about 70% of the earth's population will live 
in urban environments. Additionally, the fact that 
cities account for approximately 75% of global 
energy expenditure and that, as a result of their 
life cycle, around 80% of global greenhouse gas 
emissions are generated, it is crucial to face the 
need to manage and evaluate these realities as a 
mean do devise strategies towards a more 
sustainable future. While the economic 
dimension accounts for costs inherent to 
construction, from the costs of projects prior to 
construction (preliminary studies, feasibility, 
investment, etc.), the construction itself, the 
operation of the building and the end of its life 
cycle. On the environmental side, it was 

Figure 2 - Constituent products of a bulding 
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established that the externalities of a product or 
service are measured considering all stages of 
the life cycle of a given product, from raw 
material extraction to the end-of-life stages of a 
product (Ristimäki et al., 2013). 
 The relationship between the human 
being and an urban system can be interpreted as 
a parasitism phenomenon. This names the 
relationship between a host organ, which is 
usually the largest of the two organisms involved 
in this symbiotic relationship, and the parasitic 
organ, which by exclusion is the smallest of the 
two and is dependent on the former (Bogitsh et 
al., 2019). In this analogy, the urban system is 
understood as the host system while the human 
being corresponds to the parasitic organ. Seen as 
an ecological organ confined to a given territory, 
an urban system has several characteristics that 
the parasite appropriates for its benefit: housing, 
health services, education, food, employment, 
recreational activities, transportation systems, 
among others. As is normal in this type of 
relationship, the costs of it are usually 
pathologies that develop in the host organism, in 
this context, with the course of human life, the 
urban system will strongly absorb the 
environmental, economic and social impacts 
(Ingrao et al., 2018). 
 
3. Methodology of the LCC-LCA analysis 
 
3.1. Normative framework 
 Focusing on the scope of this study, the 
EN 15643-4 and EN 15643 norms materialize the 
framework for each analysis, respectively. When 
it comes to the calculation method for the 
performance indicators, the EN 16627 and EN 
15978 provide the user with the necessary 
requirements. The following figures associate 
specific norm requirements with the generic 
stages of a LCC (Figure 4) or LCA (Figure 3) 
analysis. 

 
 
 

3.2. Method for data collection, processing and 
calculation of performance indicators 

  
 The case study is constituted by a group 
of buildings constituting the Portuguese national 
school park. Obtaining the quantitative data of 
the resources implicated in the rehabilitation 
works started in 2008 would not be possible if 
not for the important participation of ProNIC. All 
the resources and intellectual data provided by 
ProNIC are property of the Portuguese 
government and are legally protected.  ProNIC 
names the protocol created to promote the 
normalization of technical information in 
Portuguese civil construction. From ProNIC’s 
large database, the quantitative data concerning 
the case study was provided. The method 
presented in this chapter is applied to the later 
data. The Figure 5 summarizes this method. 

 As the figure shows, there were used 
several software’s to perform the analysis: 
(a) ProNIC; 
(b) CCS Candy: this software provides a 

rigorous framework for ongoing 
management operations. The ability to 
operate under large amounts of data within 
a given budget and the advantages of 
categorizing items according to a specified 
code class are the main reasons for 
choosing this software. 

(c) OpenLCA: There are several softwares 
designed for LCA analysis, currently the best 
known are SimaPRO, GaBi and OpenLCA. 
Created by the GreenDelta group in 2006, 
this program intents to provide support to 

Figure 4 - LCC analysis requirements 

Figure 3 - LCA analysis requirements 

Figure 5 – Method for data collection, processing and 
calculation of performance indicators 
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various areas of science and as it can be 
analyzed in various studies over the years, 
has had a major impact on industry, 
education consulting and research. This 
software is equipped with features that 
assist the user in performing product LCA 
analysis and is essential in quantifying 
environmental performance indicators. 
Being an open source software, the 
OpenLCA tool has generated attention 
along the years of its use and has witnessed 
the number of its users rise. There are 
currently approximately 100 000 LCI 
databases. GreenDelta provided the public 
in 2012 a database search engine 
compatible with OpenLCA - OpenLCA Nexus 
life cycle assessment platform. To perform 
this analysis, it was used the EcoInvent 
database. Regarding the calculation 
method, all environmental analysis used the 
ReCiPe method. This method transforms 
long lists of results of environmental 
performance assessments into 
environmental indicators designed to 
express the relative scale of impacts in each 
impact category. The environmental 
indicators included in this method are 
divided into two levels of aggregation of 
externalities: Midpoint (global warming 
potencial, eutrophization potencial, water 
depletion, toxicity, etc.) and Endpoint 
(effects on human health, effects on 
biodiversity, natural resource depletion). 
For this analysis the indicators presented 
correspond to the Midpoint level. 

 
 For this assessment, the information 
collected corresponds exclusively to the work 
quantity maps, which follow the normalized 
framework established by ProNIC and to a 
document containing the area that has been 
intervened in each of the schools. The 
standardized structure of these documents 
favors the organized and consistent importation 
of the information assigned to the analysis, 
corresponding to all buildings in the case study. 
Although this structure exists, slight changes to 
the semantics used on the work quantity map 
items represent obstacles to their digital 
processing. 
  
4. Case Study: public school buildings 
 
4.1. Case study description 
 To carry out analysis comparable to the 
one in this study it is required an application of 
the methodology to a real-life case study. This 

makes possible the comparison between this 
study outputs and the already accepted values by 
the scientific community, in this matter. 
Therefore, this case study hinges on a group of 
35 public-school buildings. For identification 
purposes, these were named by code, ranging 
from E1 until E35. After an analysis of the 
information obtained from ProNIC it was settled 
that all construction works in each school 
correspond to the A5, B5 and C1 life cycle 
modules. Even though the information concerns 
these modules, this analysis centers itself on the 
A5 and B5 modules. The A5 and B5 life cycle 
modules correspond to the construction-
installation processes and refurbishment 
scenarios, respectively. 
 
4.2. Assumptions of the methodology  
 Different aspects of the analysis were 
already mentioned in this document, like the 
project scope and objectives and analysis period. 
Also suggested by the standard is the use of a 3% 
discount rate of for the NPV calculation. This is 
supported by the fact that 3% gives a significant 
influence on the results and is useful for 
comparing different scenarios. The EN 16627 
standard indicates that it is possible to use 
determined discount rates based on project 
requirements/objectives. However, the use of 
these rates for NPV calculation should be 
considered because high discount rates reduce 
the impact of costs associated with later phases 
of the life cycle. Specifically, when considering 
the concept of nominal cost, discount rates 
above 3% generate higher nominal costs in the 
case of capitalization. Conversely, in the case of 
present costs calculation, rates above 3% 
generate lower nominal costs. Therefore, the use 
of high discount rates may have a misleading 
impact on results as scenarios where the initial 
investment is low but the annual cost intrinsic to 
the operation phase is high may be favored. 
Therefore, all the economic indicators are 
converted to present values, following the 
equation 1:  

Where NPV is the net present value, C(n) 
represents the costs in the year n, d is the 
discount rate and t is the number of year 
between year n and the reference year.  
 Regarding the LCA analysis, it is 
intended to analyze the externalities arising from 
works involving the use of concrete, be it in 
reinforced concrete structures, cleaning 
concrete, repairs or other works included in the 

𝑁PV =  ∑
𝐶(𝑛)

(1 + 𝑑)𝑡
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rehabilitation processes of 2008. This work is 
intended to contribute to the databases related 
to impacts arising from the use of these products 
in construction. In line with the LCC analysis, this 
assessment arises to provide support to decision-
making by infrastructure management 
companies. The functional equivalent is defined 
considering the Portuguese legislation with 
regards to the how a school should operate. 
According to the requirements defined by the 
National Civil Engineering Laboratory (LNEC), the 
life cycle time defined for a school is 50 years.  
 
4.3. Approaches to the case study 
(a) Approach 1: This approach focuses primarily 

on quantifying the performance indicator 
values for all buildings in the case study, 
without distinguishing work between 
modules A5 and B5. Bringing together works 
on reinforced concrete structures related to 
new construction-installation processes and 
rehabilitation, the analysis of the results of 
approach 1 should consider the 
contingencies of this merger. Of all the 
schools, school 1 has the particularity that all 
the works developed in it correspond to the 
new construction-installation processes 
and, therefore, correspond only to the 
A5module.  

(b) Approach 2: In short, this approach is 
designed to produce data that allows the 
formulation of conclusions that focus 
primarily on understanding the differences 
between the impacts inherent to modules 
A5 and B5. The same methodology takes 
advantage of buildings from the same 
sample as approach 1 to ensure 
comparability between each case in 
different approaches. The main variation 
between approaches comes down to the 
distinction between works corresponding to 
new construction-installation processes (A5) 
and those that fall into rehabilitation 
scenarios (B5). In order to create a new 
sample (sample 2), 5 schools are chosen 
from those already analyzed in approach 1. 
The selected schools are E13, E19, E21, E24 
and E29. These are chosen for the following 
reasons: diversification in the building 
typology under analysis - the selected 
schools include pavilion (E13, E19, E21), 
industrial and commercial (E24) and high 
school (E29) typology; selection of cases that 
differ significantly in the value of the 
investment made in 2008 - the three 
pavilion schools are chosen taking into 
account the maximum value (E19), the 

average value (E13) and the minimum value 
(E21) invested in one school. The distinction 
between modules A5 and B5 is made by re-
analyzing the budget estimates of each of 
the schools in sample 2. In this, the objective 
is to identify which blocks of each school 
correspond to modules A5 and B5. In 
general, the main criterion that guides the 
distinction between modules focuses on the 
quantities of products implemented. 
Typically, the new construction work 
involves a larger material expenditure in 
comparing with the rehabilitation work and 
this fact can be seen throughout this study. 

 
5. Results and discussion 
 This chapter presents a summary of the 
results attained, makes comparisons and tries to 
establish possible relations between the results. 
The nature of each approach gives them a degree 
of robustness that differentiates them. The 
approach 1, comprising 7 times the number of 
buildings in approach 2, can deliver more robust 
and stable results. However, for the purpose of 
the following chapter, only the schools common 
to samples 1 and 2 will be analyzed.  
 
Some of the results of the Approach 1 are 
interesting and, therefore shared below. The 
cost of the kilogram of steel tends to stabilize as 
the total amount of this product spent in a school 
increase. Factors such as the transportation of 
the product to the place of implementation or 
the requirements for steel reinforcement 
specific to the most extreme environments can 
be reflected directly in the rising cost of the 
kilogram of steel. With the same attitude, the 
unit cost of the cubic meter of concrete tends to 
stabilize in schools where the consumption of 
this resource is higher. This interpretation is also 
applied to the frameworks. 
 
5.1. LCC and LCA results 
 

→LCC outputs: 
 The ratio between the unit costs found 
in sample 1 and sample 2 presents the 
relationship between the costs attached to each 
module and the undifferentiated costs. As it 
turns out, the ratio between the unit cost in 
undifferentiated costs (approach 1) and the 
construction-installation processes (approach 2) 
is stable, unlike the one verified in rehabilitation 
(Figure 6).  
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Smaller quantities of products implemented in 
rehabilitation may be a factor explaining this 
inconsistency of values. 

 

→LCA outputs: 
 This topic seeks to provide insight 
regarding the difference between the 
environmental impacts attached to each module 
(A5 and B5) and the total verified impacts. This 
relation is present in the 

 
 
5.2. LCC-LCA integration 
 The integration of results is presented 
without normative guidance. The interpretation 
of these values integrates economic and 
environmental performance levels. The 
organization of these levels address the unit cost 
indicator [€ / kg; € / m3] in the economic context 
and, in the environmental context, in the global 
warming potential [kg CO2 Eq] for each of the 
products common to the two dimensions of the 
analysis (Reinforcing steel; Concrete), obtained 
from the first approach. In this study, the results 
of the LCC and LCA assessments are not 
converted to the same metric. Instead, a ranking 
of the results obtained for each indicator is 
created and the integration between dimensions 
is made to obtain an integrated ranking. The 
Figure 8 illustrates the cross-referencing of 
results for each product. In this interpretation of 
the results, 6 performance levels are established. 

Each level comprises a group of 6 schools, apart 
from the last level, comprising only 5 schools. For 
the purpose of this analysis it is defined that the 
first 2 levels of performance contain the schools 
with the highest performance, in the analyzed 
indicator. 
 It can be settled from the analysis of 
Figure 8 that in the case of reinforcing steel, less 
than half of the sample (17 schools) has an 
economic performance superior to the 
environmental performance. On the other hand, 
when interpreting the concrete analysis, 20 of 
the 35 schools in question have a higher 
economic performance. In order to establish a 
cross between the integrated analyzes of each 
product, Figure 7 presents a reinterpretation of 
the figure that highlights which schools have the 
highest performance integrated in each product. 
School 9, among all the schools presented in the 
sample, is the one with the best performance 
levels, consistently occupying superior positions 
in both products. As can be seen, applying the 
economic-environmental methodology to the 
sample of schools of approach 1, shows that a 
given school only outperforms in one dimension 
in detriment of the other dimension, considering 
that they are only being considered 2 
dimensions. This supports the fact that 
previously obtained results deviate from an ideal 
situation where performances are in balance and 
at the same level. 
 
6. Conclusions 
 
 In a results-driven industry, setting goals 
in projects is as important in construction 
projects as is in projects of any another industry, 
is critical. Environmental, economic, technical 
and functional requirements shape this phase in 
every project. Despite this fact, goal setting does 
not guarantee that the requirements will be met 
throughout the life cycle. Thus, the practice of 
proactive managing of a building is essential in 
maintaining required performance levels, 
optimizing costs, increasing resource efficiency 
and decreasing environmental externalities. 
Constituting an approach to the building life 
cycle, this dissertation had as its main objective 
the verification of the applicability of the 
methodologies outlined in the normative 
documents relevant to the analysis of the 
economic and environmental performance 
manifested along the life cycle of a building. The 
results obtained allow us to extrapolate 
conclusions regarding the case study. 
 Regarding the main objective raised by 
this document, it is concluded that the 
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applicability of the methodology proposed by EN 
16627 (LCC analysis) and EN 15978 (LCA analysis) 
to the case study is verified. The methodologies 
developed are versatile, applying to any type of 
buildings as a whole and to subsystems and 
elements of buildings. Thus, it reveals a broad 
applicability of interest to the various players in 
the AEC sector. Its practical applicability is 
specifically demonstrated for the public-school 
building structures subsystems. Once tested, it 
serves as a reference for other possible 
applications, speeding up the incorporation of 
this type of methodologies in the current 
practices of decision-making processes in the 
AEC sector in public investments. Regarding the 
general and specific objectives set out in 
beginning of this study, it can be said that these 
were achieved, and in specific cases, it was 
possible to go beyond what was initially 
proposed. 
 The analysis which took place focused 
exclusively on the time span between the 
country-scale rehabilitation in 2008 and the 
present year, 2019. For this period, there were 
generated two types of approaches to the case, 
both based on the same methodology which was 
previously outlined. Differing in nature, these 
approaches have led to different types of 
conclusions. Thus, observations can be made 
from two perspectives: comparing the results of 
LCC and LCA assessments or integrating these  
results. The first approach addressed the 35 
buildings that make up the case study as a whole 
and later formulated conclusions that focus on 
the analysis of economic and environmental 
performance. The life cycle modules A5 and B5 
are not distinguished in this analysis, so they 
provide broader results that address the overall 
economic and environmental impacts of sample 
1 buildings. These results reveal potential trends. 
It was noted that the results of the economic 
performance analysis are somewhat in line with 
those of the environmental analysis. Specifically, 
there is a direct relationship between the 
amount of economic resources spent and the 
amount of calculated environmental impacts. 
 Environmental analyzes allow 
corroborating, from an environmental 
standpoint the concept that says: when there is 
a higher resource expenditure, there are more 
externalities for the environment. Furthermore, 
take the perspective it is observed that higher 
costs result grossly from higher resource 
expenditure. These observations do not allow 
specific conclusions to be drawn which allow 
specific economic or environmental 
performance to be defined. To address this, the 

approaches to the result analysis method 
consider the unit value for the indicator in 
question. In the LCC analysis it is possible to 
define the performance centered on the unit 
cost indicator of a product, since that for the 
sample case there is a different unit cost for 
every product. In the LCA analysis, through the 
impact calculation method adopted it is not 
possible to attain a value that distinguishes the 
environmental performance of each school and, 
therefore, of each district. It is understood that, 
in this dissertation, for each product under 
analysis, several scenarios were created for each 
product’s constitution. Each scenario reflects the 
change in dosage of the constituent elements. 
Applying this constitution to the OpenLCA 
software it is possible to calculate the value of 
the indicators of environmental impacts for each 
scenario. In this phase, the impact quantification 
per unit of product considered was obtained. 
However, these scenarios apply equally to all 
schools without specificity criteria. This 
procedure does not define the unit impact value 
of each characteristic product for each school. 
For these reasons, the only variable that has a 
direct influence on the quantification of 
environmental indicators for each school is the 
quantity of output consumed. Although focusing 
on a less robust group of buildings than approach 
1, the second approach also yielded relevant 
results within the scope of this study. In the LCC 
it was found that, in all the analyzed products, 
the costs related to the rehabilitation scenario 
represent a fraction of those of the construction-
installation processes. Related to this 
observation comes the observed variability of 
the unit costs of the products. With lower 
workloads in rehabilitation, there is a tendency 
for greater unit cost variability for different the 
analyzed products. 



9 
 

 
References 
 
• Anand, C. K. e Amor, B. (2017) «Recent 

developments, future challenges and new 
research directions in LCA of buildings: A critical 
review», Renewable and Sustainable Energy 
Reviews. Pergamon, 67, pp. 408–416. doi: 
10.1016/J.RSER.2016.09.058. 

• Geng, S. et al. (2017) «Building life cycle 
assessment research: A review by bibliometric 

analysis», Renewable and Sustainable Energy 
Reviews, 76, pp. 176–184. doi: 
10.1016/j.rser.2017.03.068. 

• Islam, H. et al. (2015) «Life cycle assessment and 
life cycle cost implications for roofing and floor 
designs in residential buildings», Energy and 
Buildings, 104, pp. 250–263. doi: 
10.1016/j.enbuild.2015.07.017. 

• Pomponi, F. e D’Amico, B. (2018) «Carbon 
Mitigation in the Built Environment: An Input-
output Analysis of Building Materials and 

Figure 7 - Network of school rankings for product integrated performance, highlighted 

Figure 8 - Network of school rankings for product integrated performance 



10 
 

Components in the UK», Procedia CIRP. Elsevier, 
69, pp. 189–193. doi: 
10.1016/J.PROCIR.2017.10.007. 

• Schneiderova-Heralova, R. (2018) «Importance of 
life cycle costing for construction projects», 
Engineering for Rural Development, 17, pp. 1223–
1227. doi: 10.22616/ERDev2018.17.N405. 

• Thibodeau, C., Bataille, A. e Sié, M. (2019) 
«Building rehabilitation life cycle assessment 
methodology–state of the art», Renewable and 
Sustainable Energy Reviews. Pergamon, 103, pp. 
408–422. doi: 10.1016/J.RSER.2018.12.037. 

 
 


