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ABSTRACT 

Since the end of the 20th century that the awareness of the human being towards our 

excessive dependence on natural and energetic resources has triggered the development of 

several initiatives and concerns focusing on environmental sustainability. This trend is still 

very current. Taking into consideration the representation that the construction industry has 

in this excessive dependency, these concerns are immediately directed to this industry. The 

creation of instruments and means that allow a progress and an encouragement of the 

development in the market for higher environmental performances has become essential so 

that this idea survives nowadays and thrives in the long term. Originally developed in the 

range of products’ impact evaluation, the concept of life cycle analysis has provided the 

conceptual basis that allowed the development of evaluation methodologies of buildings’ 

environmental performance.  

This dissertation approaches the environmental sustainability theme in relation to the 

construction industry, more specifically, to the buildings’ branch. It consists of an analysis 

to a conceptual model of a modern building based on the application of the methodology 

proposed by prEN15978. It is a previous version of the imminent calculation method to be 

developed and made by CEN/TC350, having as an aim to provide a calculation 

methodology to evaluate the environmental performance of new or existing buildings. The 

aim of this analysis is to identify which products and processes associated with the several 

stages of the building’s life cycle affect the environmental performance the most, proposing 

solutions that allow to the optimization of the environmental performance by reducing the 

impacts. The methodology proposed by prEN15978 will also be discussed and criticized by 

the author. 

In the reader, this work intends to raise interest in the environmental sustainability theme, 

oriented to the construction industry, raising awareness to the importance of the 

environmental performance evaluation in the project of buildings.  
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RESUMO 

Desde o final do século XX a consciencialização por parte do ser humano relativamente à 

sua excessiva dependência de recursos naturais e energéticos despoletou desde então o 

desenvolvimento de diversas iniciativas e preocupações focadas na sustentabilidade 

ambiental que se mantêm até aos dias de hoje. Tendo em conta a representatividade que a 

indústria da construção tem nessa excessiva dependência estas preocupações imediatamente 

se direccionaram para esta. A criação de instrumentos e meios que permitam progredir e 

encorajar o fomento no mercado por níveis superiores de desempenho ambiental tornou-se 

essencial para que esta noção sobreviva no imediato e prospere a longo prazo. Originalmente 

desenvolvido na esfera de avaliação de impactos de produtos, o conceito de análise do ciclo 

de vida forneceu a base conceptual que permitiu o desenvolvimento de metodologias de 

avaliação de performance ambiental de edifícios. 

A presente dissertação aborda o tema da sustentabilidade ambiental associada à indústria da 

construção mais especificamente ao ramo dos edifícios. Consiste numa análise a um modelo 

conceptual de um edifício moderno baseada na aplicação da metodologia proposta na 

prEN15978. Trata-se de uma versão prévia do iminente método de cálculo a ser 

desenvolvido e elaborado pelo CEN/TC350 tendo como objectivo fornecer uma metodologia 

de cálculo para avaliação da performance ambiental de edifícios novos ou já existentes. Com 

esta análise pretende-se identificar quais os produtos e processos associados às várias fases 

do ciclo de vida do edifício que mais afectam o desempenho ambiental do mesmo propondo-

se soluções que permitam optimizar a performance ambiental reduzindo os impactos. A 

metodologia proposta na prEN15978 será também discutida e criticada pelo autor. 

No leitor o trabalho exposto pretende fomentar o interesse e enfoque para o tema da 

sustentabilidade ambiental orientada para indústria da construção sensibilizando-o para a 

importância da avaliação de performance ambiental no projecto de edifícios. 
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1. INTRODUCTION 

 1.1. SUSTAINABILITY 

The environmental concerns have increased enormously during the last century. Since the 

beginning of the XX
th

 century, because of rapid economical, technological and scientific 

development, the population suffered an exponential growth that led to unsustainable 

consumption levels and a growing load of untreated human waste. The industrial revolution 

resulted in unprecedented consumption of natural resources and waste production. This 

unregulated growth and development poses a stark challenge to sustainability and requires a 

major collective effort from governments, people and companies. Managing this problem by 

decreasing the growth is not the solution; the solution is changing the way it occurs. 

First of all it is important to define the concept that embraces sustainability and sustainable 

development. The word sustainability is derived from the Latin sustinere (tenere, to hold; sus, 

up). The first key event surrounding the sustainability issues happened on December 1983 

when the Brundtland Commission or WCED (World Comission on Environment and 

Development) was created. This commission's work concluded in 1987 with the publication 

of "Our Common Future" (The Brundtland Report) which outlined a path for global 

sustainable development, served a key role in bringing sustainability into the public eye 

world-wide. The report deals with sustainable development and the change of politics needed 

for achieving that. More over it outlined a path for global sustainable development and served 

a key role in bringing sustainability into the public eye world-wide. A universally-accepted 

definition of sustainability is elusive because it is expected to achieve many things, although, 

the definition of sustainable development given in this report is quite well known and often 

cited: "Sustainable development is development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs. It contains within it 

two key concepts: first the concept of 'needs', in particular the essential needs of the world's 

poor, to which overriding priority should be given; secondly the idea of limitations imposed 

by the state of technology and social organization on the environment's ability to meet present 

and future needs” (WCED, 1987). As sustainability has been a target of concern, it was 

noticed that this requires the reconciliation of environmental, social and economical demands 

- the "three pillars" of sustainability. This principle has been expressed as a well known 

illustration (figure 1.1) using three overlapping circles indicating that “the three pillars of 

sustainability are not mutually exclusive and can be mutually reinforcing” (Forestry 

Commission). Ecological concerns, such as the environmental impact of pollutants, are 

balanced with socio-economic concerns such as minimizing the consumption of limited 

http://en.wikipedia.org/wiki/Natural_environment
http://en.wikipedia.org/wiki/Society
http://en.wikipedia.org/wiki/Economic
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natural resources to maintain their availability for the future. Other aspects like politics, 

cultural and spiritual aspects shall not be disregarded (Simões da Silva et al, 2010). 

Despite the irrefutable principle of mutual relation among the “three pillars”, taking into 

account the main goal of this research, the environmental pillar is further more deeply focused 

here. 

 

Figure 1.1 – The three pillars of sustainability (DIT) 

 

 1.2. ENVIRONMENTAL SUSTAINABILITY 

The definition of environmental sustainability can be expressed as “the maintenance of the 

factors and practices that contribute to the quality of environment on a long-term basis” 

(Business Dictionary). 

Concerns about the environmental sustainability theme started to appear on the second half of 

the 20
th

 century when the humankind became aware of the progressive environmental 

degradation caused by their policies and behaviours. We became aware that human activities 

are diminishing biodiversity on Earth and that the inorganic resources are not infinitely 

inexhaustible. Therefore it is not possible to keep the current policies concerning what to do 

with waste resulting from human activity and it is also not possible to keep on basing the 

energetic systems on non-renewable sources.   

The interest on environmental protection was developed in the society. We can see a bigger 

search and curiosity for products and services environmentally sustainable, greener products 

and services (Environmental Leader, 2009). Some institutions even appeared dedicating 
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themselves exclusively to promoting good habits and behaviours in society through marketing 

campaigns. 

The society concerns about environmental sustainability are extended to the governments and 

companies. The Industry sector started to be pressured by governments and society to change 

its behaviour. International conventions in which the environmental sustainability is focused, 

allow countries to reach an agreement on a framework and sign protocols. The most widely 

known protocol in international environmental law is the Kyoto Protocol. Companies are now 

subjected to new sets of policies, regulations and laws based mainly on the principle of 

environmental protection and promotion of measures for it. 

Environmental sustainability measures and behaviours should be seen by society and 

companies as profitable not only in social and environmental spheres but also in the 

economical one. Disregarding the possible higher initial costs, in a broader and long-term 

perspective, these new demands can create means to generate profits and more sustainable 

social and industrial development structures. 

Top performing organizations and companies are starting
 
to look at sustainability as a 

necessary strategy for long term business viability and success. Sustainability brings together 

strategies to ensure optimal performance related to the business, the environment and society. 

(Aberdeen Group, 2009). 

According to the Porter Hypothesis, strict environmental regulations can induce efficiency 

and encourage innovations that help improve commercial competitiveness. This hypothesis 

was formulated by the economist Michael Porter. Several studies have been supporting it: 

“optimally designed regulatory standard can increase competitiveness and maximise 

shareholder wealth” (Connelly & Limpaphayom, 2004). 

1.3. SUSTAINABLE CONSTRUCTION 

This thesis embraces the sustainability concept regarding the building construction industry. 

The US Environmental Protection Agency gives a definition for this concept focusing the 

main base points of this thesis: sustainability, environment and construction ; “the practice of 

creating structures and using processes that are environmentally responsible and resource-

efficient throughout a building’s life-cycle: from sitting to design, construction, operation, 

maintenance, renovation, and deconstruction” (USEPA). 

“Construction, maintenance and use of buildings impacts substantially on our environment 

and is currently contributing significantly to irreversible changes in the world's climate, 

atmosphere and ecosystem. Buildings are by far the greatest producers of harmful gases such 

http://en.wikipedia.org/wiki/Kyoto_Protocol
http://en.wikipedia.org/wiki/Environmental_regulation
http://en.wikipedia.org/wiki/Michael_Porter
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as CO2 and this 'eco-footprint' can only increase with the large population growth predicted 

to occur by 2050.” (Plessis,2001) 

The negative role being played by the construction industry with regard to environment and 

resource depletion is widely and well known: removes land from other uses, draws materials 

directly from natural resources, uses highly energetic intensive processes, and is responsible 

for designing and making products that have a lasting effect on the needs of their users.  

A study, conducted by the UK’s government (HM Government), resulted in the following 

output regarding environmental impacts of the construction sector: 

 45% of all energy is used to power and maintain buildings 

 5% of all energy is used to construct buildings 

 50% of all global resources go into the construction industry 

 50% of all global warming gas emissions and CFCs  are related to buildings  

 17,5% of all waste is produced by the Construction industry 

 

The most consensual and accepted definition for “Sustainable construction” (Mateus, 2009) 

was proposed by Charles Kibert in 1994 within the CIB (International Council for Research 

and Innovation in Building and Construction) : ‘Sustainable  construction is the  creation and 

responsible management of a healthy built environment based on resource efficient and  

ecological  principles’. Based on the previous definition, the CIB presented the seven 

principles to a sustainable construction: to reduce resources’ consumption (reduce); to reuse 

resources (reuse); to use recyclable materials (recycle); to protect nature; to eliminate toxic 

products; to analyse the life cycle costs; to ensure quality.  

Recycle, reduce and reuse construction waste and demolition products are challenges that 

have to be seen as a commitment for all parties involved in the construction industry. By 

reviewing their activities with a more sustainable perspective, construction businesses could 

go beyond reducing detrimental environmental impacts. These new demands shall be seen by 

the construction players as a boosting strategy for a new and competitive market. “It is 

becoming clear that many environmentally preferable solutions are also economically 

preferable.” (Levin, 1997) 

Minimising waste through design can be achieved by avoiding over-specification of materials 

and services. Co-ordinated approaches to design and construction within the supply chain will 

encourage designs which better meet clients’ requirements and result in more sustainable 

solutions. Pointing out the recent ideas of modular constructions and standardized solutions: 

“every design does not have to be a prototype. Adopting standardised solutions can also help 

to reduce waste.” (DETR, 2000). 
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1.3.1. ENERGY EFFICIENCY OF BUILDINGS 

 

The concept of Sustainable construction and building’s environmental performance are 

undoubtedly connected to: Energy Efficiency, Material Efficiency and waste management. 

The importance of these key points to assess the environmental performance of a building 

throughout its life cycle is crucial. The International Energy Agency estimates that around a 

third of the total energy consumed by the most developed countries is used to heat, cool, light 

operate and control non industrial buildings (IEA, 2004). 

Designing or retrofitting buildings to be energy-efficient can result in substantial reductions in 

operating costs, energy consumption and emissions of harmful greenhouse gases which 

contribute to climate change (Gervásio et al, 2010). However, to achieve energy efficiency in 

buildings, experts’ advice and assistance is essential. 

The embodied energy of most buildings (the energy required to manufacture the component 

parts of the building) is far outweighed by the operational energy (the energy required to 

operate the building) over its lifetime. Building designers can make the greatest impact on 

energy consumption by minimising the operational energy required by buildings. 

On the 4
th

 of January, 2003, the European Directive on the Energy Performance of Buildings 

(EPBD) entered into force. The main goal of this legislative instrument is to promote the 

energy performance of the building sector in Europe and to create tools to measure it.  

As a result of the implementation of the EPBD and transposition of the European Parliament 

directive nº 2002/91/CE to the Portuguese law, a new code of practice, regarding the thermal 

efficiency of buildings, entered into force in July 2006. This code: RCCTE “Regulamento das 

Caracteristicas de Comportamento Térmico dos Edificios” intend to provide methodology to 

assess the energy needs of residential and small commercial buildings. It corresponds to the 

transposition of the simplified quasi-steady analysis procedures specified in ISO13790 and 

adapted to the Portuguese reality of construction and operating buildings. The calculation 

method encompasses energy needs for cooling, heating and domestic hot water. 

Given the fact that this regulation is part of Portuguese laws, and the fact that the case study is 

designed to be located in Portugal, the methodology provided to determine energy needs shall 

be applied. Energy needs for cooling, heating, domestic hot water and ventilation are 

determined according to it as it is seen further. 
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1.4. SCOPE AND OBJECTIVES 

This thesis appears due to the concerns mentioned earlier regarding sustainable construction. 

It tries to contribute to an answer to this problem and also to promote the environmental 

sustainability of the edified environment. 

The main purpose of this thesis is to assess the environmental performance of a residential 

modular building following the calculation method proposed by the European Committee for 

Standardization (CEN): prEN15978 Sustainability of construction works – Assessment of 

environmental performance of buildings – calculation method. The methodology provided in 

this European standard is still under development and the draft here used is dated from July 

2009. The case study here assessed is a steel structure residential modular building located in 

Coimbra, Portugal. 

Beyond the main purpose, answers are also expected for other questions and aspects in the 

end of this work: how to assess the building’s environmental performance; identification of 

the main environmental impacts of the object of assessment; which products and processes are 

most responsible for them and in which life cycle stage they occur; propose solutions to 

reduce them; evaluate the output of results bearing a benchmarking or comparison end in 

mind. 

The results and the analysis should be sufficiently clear to allow the reader to obtain an 

answer to the questions above. From a base scenario, the main processes responsible for the 

biggest impacts generated by the entire building’s life cycle and in each life cycle stage are 

identified. After being identified, these processes are analysed in detail. We look for solutions 

to improve or alternatives. New scenarios are created and are compared to the previous ones 

always with the aim to promote the reduction of the impacts and a better environmental 

performance of the building.   

With the aforementioned benchmarking or comparison end in mind a comparative analysis is 

done between the Coimbra case study assessment and another one made to a similar building 

idealized in Lulea, Sweden. Both the assessments are based in the same methodology, the 

prEN15978 method, which gives the ability to test the accuracy and comparability of the 

method, assessing environmental impacts as a function of climate conditions. The 

comparative analysis is based on the data and results of Coelho (2010). 

Lastly a short review is made to the draft here considered identifying the main difficulties 

found in the application of the procedure given in the prEN15978. Some aspects which in the 

author’s opinion are unclear and partly undefined are referred and solutions are proposed. 
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1.5 ORGANIZATION 

This thesis is divided into five main chapters:  

Chapter 1 – Introduction; a brief introduction and framing of the environmental sustainability 

theme in general are made being later specified with a focus on the environmental dimension. 

Then it is specified the background theme, environmental sustainability in construction. The 

extent and the aim of this dissertation are presented.   

Chapter 2 – Research methodology; a brief framing of the environmental evaluation 

performance is made, describing the norms and methodologies currently existing and in use. 

Later, the methodology adopted in this dissertation is briefly described.  

Chapter 3 – Case Study; the case study is entirely described according to the methodology 

adopted and present in prEN15978. As the case study is presented, the methodology will be 

described complementing what it is said in the previous chapter. In the end, the results of the 

environmental performance assessment are presented. 

Chapter 4 – Discussion; in this chapter there is a discussion and the analysis of the obtained 

results. The analysis is described by presenting graphics and tables that justify the conclusions 

to be reached.    

Chapter 5 – Conclusions; there is a summary where the entire work is culminated.  Answers 

are given to the aims and questions initially stated. There is a comment to the involvement of 

this present work in the general theme in which is inserted and the value that it presents to the 

existing knowledge. The main difficulties found throughout the application of the 

environmental performance assessment methodology are pointed out by making a critical 

analysis to the prEN15978 based on the author’s opinion.  
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2. RESEARCH METHODOLOGY 

In this chapter the aspects related to the environmental performance assessment in buildings 

will be approached, as well as the growing need for the implementation of codes, norms and 

laws that allow, on one hand, the creation of a standard and unified methodology at a 

European or even world level and on the other hand, the social responsibility of complying 

and applying them.  

A summary of the existing codes and standards referring to the environmental performance 

theme is made in a way so that the context in which the prEN15978 appeared and is inserted 

is perceptible. 

A brief reference and revision are made to the methodology of life cycle analysis (LCA) given 

its importance in the calculation method provided by prEN15978. 

2.1 ENVIRONMENTAL PERFORMANCE ASSESSMENT 

 

With the demand for a more “sustainable construction”, environmental sustainable processes, 

methods and measures in construction industry, and as a result of the strategic value of 

environmental issues in companies and organizations on a global scale, arises the need of 

regulating and creating unified methodologies to assess and evaluate these environmental 

impacts. Despite the numerous studies about sustainable construction there is a lack of a 

worldwide accepted method to assist the architects and engineers in the design, production 

and refurbishing stages of a building (Bragança, et al.). 

Until recently building environmental assessment methods were conceived as being 

voluntary. As so, they must serve two conflicting requirements: must function as an objective 

and sufficiently demanding metric to have credibility within the environmental community 

and be attractive to building owners who wish to have something positive to show for any 

effort that they have placed on environmental performance (Cole, 1999) 

These new demands require a deep change in each human being mentality, as abundant 

examples prove it; usually the change in attitude towards sustainable construction is only 

possible if it is incorporated into the legal context of each country. Governments should play 

an important role to develop and force new politics, regulations and measures to stimulate 

these needs and to raise awareness of its benefits. Until now these issues haven’t got the 

necessary attention of the Portuguese government. With exception of the regulations related to 

energy efficiency of buildings and some tax benefits nothing has been done to promote 

sustainable construction. 
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The purpose of  sustainability assessments is to gather data and report the information that 

create means for the decision-making processes occurring during the different stages of the 

building’s life cycle (Bragança, et al.). The broad range of issues incorporated in the 

building’s environmental assessments requires multidisciplinary design teams, greater 

communication and interaction between members of the design team and various sectors 

within the building industry. By achieving this, a better outcome is enabled: by joining the 

design teams, the building owners and the final consumers, it is possible to provide indicators 

and compare solutions creating the means for a more sustained and environmentally 

supported decision both by building’s owner and final consumer. 

 

2.2 CURRENT METHODS AND NORMS 

 

Creation and development of tools and methods to evaluate building’s sustainability remains 

a challenge not only for the scientific community but also for industry (Bragança, et al.). 

Since the building industry started to move towards the promotion of sustainable building in 

the latter half of the 1980's, various techniques and methodologies to evaluate the 

environmental performance of buildings have been developed. 

2.2.1. ISO AND CEN STANDARDS 

 

The international agency for standardization ISO has been developing a series of standards 

(14000 family) addressing various aspects of environmental management (ISO, 2009a). The 

ISO 14000 series emerged primarily as a result of the Uruguay round of the GATT 

negotiations and the Rio Summit on the Environment held in 1992. At this summit a 

commitment to protect the environment across the world was generated. A new ISO technical 

committee, TC 207 was created for international environmental management standards. The 

committee and its sub-committees included representatives from industry, standards 

organizations, government and environmental organizations from many countries. From this 

ISO 14000 family of standards the very first two, ISO 14001:2004 and ISO 14004:2004 deal 

with environmental management systems (EMS). Other with relevant role regarding the 

environmental sustainability and environmental performance are: ISO 14031 series providing 

guidance on how an organization can evaluate its environmental performance; ISO 14020 

series addressing a range of different approaches to environmental labels and declarations; 

ISO 14040 series give guidelines on the principles and conduct of LCA studies. Specifically 

related with the green house gases emissions (GHG) the ISO 14064 indicates how to measure, 

quantify and reduce these emissions. 

The European Committee for Normalization (CEN) created in 2005 and the Technical 

Committee CEN/TC 350 “Sustainability of construction works” is preparing a suite of 

http://www.iso.org/iso/iso_catalogue/catalogue_ics/catalogue_detail_ics.htm?csnumber=31807
http://www.iso.org/iso/iso_catalogue/catalogue_ics/catalogue_detail_ics.htm?csnumber=31808&ICS1=13&ICS2=20&ICS3=10
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standards for a system to assess buildings using a lifecycle approach. The standards provide 

principles, requirements, methodologies and calculation rules for the environmental, 

economic and social performance of buildings taking technical characteristics and 

functionality of a building into account. The prEN15643 resulted as a standard containing the 

general framework for building’s sustainability assessment. Figure 2.1 summarizes the TC 

350 committee programme. 

 

Figure 2.1 – CEN/TC350 current programme on building’s sustainability assessment (CEN,2009) 

Regarding the environmental issue the committee was addressed to create a calculation 

method for environmental performance assessment of buildings which would serve as a 

regulation for all European Union’s countries and expected to enter into force in their laws. 

The result was a preliminary draft containing a detailed approach on how to quantify 

environmental performance known as prEN15978 Sustainability of construction works – 

Assessment of environmental performance of buildings – calculation method (CEN,2009). 

This is the main tool used in this research providing the methodology/calculation method here 

applied. 

2.2.2. LIFE CYCLE ASSESSMENT 

In 2001 the International Energy Agency divided the existing methodologies and tools for 

building’s sustainability assessment into different categories (IEA,2001). Two of those 

categories will be addressed under: i) methodologies to assess and certificate sustainability of 

buildings; ii) tools to assess life cycle environmental performance of buildings (LCA). 

The systems and methodologies to assess and certificate sustainability of buildings intend to 

guarantee the sustainability of buildings during every life cycle stages (design, construction 
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process, use and end of life) promoting a fair relation between economical, social 

environmental and functional criteria. Generally this type of systems analyzes the same design 

and performance categories: location, energy, water and interior environmental quality. 

Some examples of the most know tools belonging to this category of systems are SBTool 

2007 (iiSBE); “The Code for Sustainable Homes” (BRE, 2008); LEED FOR HOMES 

(USGBC, 2008). 

The life cycle assessment (LCA) is an analytical tool that attempts to assess the material 

content and the majority of environmental impacts of any manufactured item (curwell et al, 

2002). In the second half of the 90’s, this tool was normalized by the International 

Organization for Standardization (ISO 14040). The LCA tools have been taking an important 

role by giving the means to the industry to: report the companies’ sustainability assessments; 

assess and evaluate the construction sustainability; improve and develop the environmental 

product declarations (EPD’s) and essentially allowing the optimization of the companies’ 

production processes from the raw materials extraction till the final product (Mateus,2009).   

In a very brief description, according with ISO14040 and ISO 14044 the implementation of 

an LCA analysis embraces four different stages: i) definition of the goal and scope; ii) Life 

cycle inventory (LCI); iii) evaluation of the impacts in the life cycle; iv) interpretation. 

2.3 SHORT DESCRIPTION OF prEN15978 

As it was stated, the main goal of this thesis is to apply the calculation method presented in 

the draft prEN 15978 to the case study. The European standard prEN 15978 is part of a suite 

of European Standards and technical specifications being developed by the European 

Committee for Standardization technical committee CEN/TC350 concerning the sustainability 

of construction works. This one particularly intends to create means to evaluate the 

environmental contribution that buildings make to sustainable development. It provides a 

methodology to assess the environmental performance of new or existing buildings and the 

means to report the results. The calculation method is based on life cycle assessment, the 

approach covers all stages of the buildings life cycle and it is based on data given in 

environmental product declarations. Life cycle assessment studies and other sources can also 

be used when EPD’s are not available, however any data required shall fulfil the prEN15804 

requirements. 

Currently there’s no regulation that requires both producers and manufacturers the 

establishment of EPD’s for their products. Despite the existence of one standard that gives the 

means and methodologies to create EPD’s and the fact that is already in force, it remains 

difficult to find companies and manufacturers providing this information.  
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The prEN15978 provides a process flowchart for the environmental performance assessment 

of buildings containing the several steps to follow which intends to ensure that all the needed 

information is gathered and processed correctly in accordance with the standard. 

The assessment is organized into different modules numbered from A1 to C4 covering the 

building’s whole life cycle. The module’s organization corresponds to the modular structured 

environmental information of EPD’s as it’s stated in prEN15804. 

 

Figure 2.2 - Display of modular information for the different life cycle stages of the building (CEN,2009) 

The methodology defines four different life cycle stages for the building containing each stage 

a different number of modules. The “product stage (I)”, “construction process stage (II)”, “use 

stage (III)” and finally the “end of life stage (IV)”. 
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The calculation method given on the standard to obtain the environmental impacts is based on 

a principle according to what “the quantification for the building per indicator is done by 

multiplication of the quantities of the products, materials and process with the respective 

indicator scores of the EPD and other information” (CEN, 2009). The calculations are made 

separately by environmental impact indicator and by stage of the building’s life cycle.  

It is important to clarify that valuation or interpretation of the assessment results are beyond 

the scope of the prEN15798. The notion of 'environmental labelling' is often used in 

conjunction with environmental assessment as a logical outcome. The methodology here used 

does not settle any classification or label only providing the results by amounts of 

environmental impact indicators.  

The comparison ability enhances its potential since it enables the performance comparison of 

different buildings within similar characteristics and conditions. In a near future it may 

actually justify the creation of a labelling system depending on the type of building which will 

enable the assignment of an environmental performance label to each building assessed. As 

referred before this type of benchmark/labelling system provides additional environmental 

information benefiting both stakeholders and final consumers, always with the environmental 

end in mind. 

2.4. FINDINGS 

 

At the end of the work and of the analysis of the state of the art regarding the theme studied, 

there are some points and ideas to bear in mind concerning not only the theme but also the 

aim of this thesis.  

The implementation of a unified methodology to assess the environmental performance of the 

buildings constitutes a need that will bring more benefits from the sustainability point of view 

as soon as it is implemented.   

The CEN and ISO directives and norms currently existing only supply guidelines and not 

detailed and regulated methodologies, which in a way, allows some freedom, sometimes 

excessive, to the technicians responsible for the assessments.   

If the methodology proposed by prEN15978 is approved and integrated in the legislation of 

each country, it will be a possible solution to the problem identified here. In the next chapters 

this methodology will be applied to a case study, describing at the same time the methodology 

in detail. 
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3. CASE STUDY 

3.1. INTRODUCTION 

The present chapter intends to describe the case study, the application process of the standard 

to the case study as well as the methodology considered. The structure of the chapter, the 

respective subchapters and the way they are presented are defined according with the 

procedure proposed in prEN15978 to apply the calculation method.  

It shall be noticed that the prEN15978 here referred is a draft and not a CEN European 

Standard. It is subjected to possible reviews and changes and the version here used is dated 

from July 2009.  

3.2. PURPOSE OF THE ASSESSMENT 

The purpose of the building’s environmental performance assessment is defined by the goal, 

the scope and the intended use. 

The goal is to quantify the environmental performance of the referred building, using the 

calculation method described in prEN15978 and based on additional environmental data 

gathered by a preliminary research work. 

The intended use is, on one hand, to determine and analyze the impacts of the building per life 

cycle stage and per product/process identifying at the same time some potential for 

environmental performance improvements. On the other hand to compare the results with the 

ones obtained for a similar building in a different location (Coelho, 2010). Additionally, with 

the assessment work here presented it is intended to check the overall applicability of the 

prEN15978 calculation method. 

The scope is a residential steel structure modular building which is described in the following 

chapters.  

 

3.3. SPECIFICATION OF THE OBJECT OF ASSESSMENT 

3.3.1 FUNCTIONAL EQUIVALENT 

 

The object of assessment is a five storey residential modular building destined to student’s 

housing located in Coimbra city, central Portugal. Its design was based on two main 

principles: the concept of steel modular construction, which is starting to be an interesting 

alternative to the traditional construction systems, and the results obtained from a survey 

made within the Luleå (Sweden) university’s community in order to account the necessities 

and preferences of the future users (Gavalda & Bayon,2010). Regarding the use, despite the 
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fact that modular systems can easily change its use, for simplification it is considered as 

housing during all the study period. 

 

Concerning the occupancy schedule, due to the function and the users (college students) it is 

expected a bigger occupancy during the daily period between 6pm to 9am. A 50 year span is 

considered for the design life and the same to the reference study period. The point of 

assessment in the building’s life cycle is the detailed design.  

It shall be noticed that the current analysis aims only to the main building seen on the 

architectural plans (Andrade,2010); the auxiliary building was not contemplated. 

 

 

Figure 3.1 – 3D render of the case study (Gavalda et al, 2009) 

As referred in 2.3 the assessment method accounts for the total life cycle of the building 

divided into: Product Stage, Construction Process Stage, Use Stage and End of Life Stage. 

Figure 2.2 is given on the standard and it provides a better understanding of each life cycle 

stage and the inherent modules. 

 

3.3.2 SYSTEM BOUNDARY 

 

The system boundaries establish all the basic elements (unit processes) to be accounted for in 

the inventory for the life cycle analysis of the object of assessment. It defines all the upstream 

and downstream processes needed to establish and maintain the building’s function during all 

its life cycle, from the winning of resources to the final disposal. To refer that the boundaries 

defined are dependent on the environmental data available. 
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BOUNDARIES FOR THE PRODUCT STAGE ( A1 TO A3 ) 

 

The product stage embraces the modules A1 to A3. The system boundary for this stage is 

considered as “cradle to gate”. Cradle to gate analysis is one of the three variants of a life 

cycle assessment: cradle-to grave, cradle-to-gate and cradle to cradle (Mateus,2009). It 

considers only part of the product’s life cycle, from its extraction to the factory gate, in 

another other words: all the processes before transportation to its final consumer. The use and 

disposal stages are neglected. This is the type of cradle to gate assessment provided by the 

majority of EPDs. 

It shall be noticed that single modules are assumed to be finished at gate, ready to be 

transported and coupled to the main structure. EPD’s and environmental data available 

provide only information to account the environmental impacts of individual products (i.e. 

gypsum boards, sandwich panel, glass etc) as so, impacts arising from the transportation of 

products to the assembly site and the assembling are neglected by lack of data. All the data 

sources used in this work are mentioned in APPENDIX C. 

BOUNDARIES FOR THE CONSTRUCTION PROCESS STAGE ( A4 TO A5 ) 

 

The definition of boundaries for the construction process stage are assumed to cover the 

period from the factory gate of the different construction products to the practical completion 

of the construction work. According with the standard it embraces the two modules of the 

construction stage: module A4-transport and moduleA5-installation process. 

 

TRANSPORT TO AND FROM BUILDING SITE (A4) 

Module A4 embraces the transportation of construction equipment (crane, roller, backhoe 

loader, concrete mixer and light equipment), pre-assembled modules (including corridors 

components) and the remaining materials (concrete, main structure and main roof) to and 

from the building site. It is assumed that any transportation process is assured by truck trailer, 

the environmental impacts are proportional to the distance and the load carried. Table 3.1 

resumes the calculated amounts by functional unit.  

The distance from the modules assembling factory/pre storage site/disposal site and the 

construction site is assumed to be 75 kilometres. The same distance is assumed to transport 

any products and equipments. 

 

ON-SITE PROCESSES (A5) 

Module A5 is related to on site processes and embraces: ground works and landscaping; 

foundations execution; assembling of main structure and the assembling of the modules to the 

main structure. 
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The ground works and landscaping processes are taken into account by the operational 

impacts of the excavator/backhoe loader, roller and the truck trailer. The transportation 

process needed in this module is already accounted in table 3.1 (terrain from foundations’ 

excavation). The ground soil where the building is assumed to be located requires landscape 

and landfill operations. Considering the existence of balance between the excavated terrain 

and the one needed for landfill, transportation beyond the building site is only needed for the 

excavated terrain resulting from the foundation holes. The operational amounts (time) of 

excavator and roller required for this stage are estimated taking into account the amounts of 

excavation and the extension of building’s plant area. 

 

Table 3.1 – Truck trailers (transportation) amounts by product in: construction stage (module A4) and 

end of life stage (module C2) 

 

Product 
Distance Truck Trailor FU 

 Stage II (Km)  Stage IV (Km)  Stage II (ton.Km)  Stage IV (ton.Km) 

Modules (pre-assembled) and corridors 11250 11250 32662 32662 

Concrete 2250 1200 33750 18000 

Main Roof 600 600 1802 1802 

Steel main structure 600 600 2674 2674 

Roller 150 - 750 - 

Excavator / Backhoe loader 150 150 750 750 

Crane 150 150 150 150 

Light equipment 150 150 1500 1500 

Foundations excavated terrain 450 450 5400 5400 

 
  Total 79437 62937 

 

The foundations execution is considered accounting the impacts arising from the production 

of reinforced concrete used (concrete mixer). The Crane is the only equipment needed. 

Reinforced concrete will be transported by truck concrete mixers from the ready mix plant. 

 

Regarding the building’s assembling process it embraces in a primary stage the main 

structure, afterwards the modules, corridors and exterior roof. Due to the construction and 

structure type positioning the components and screwing bolts by hand (man work) are the 

only processes required. As so the crane used to position the structure elements and the 

modules is the only equipment needed. There is no need for transportation within the building 

site using truck trailer since it is ensured by the crane and assuming that all the materials are 

taken from the respective transporter and immediately fixed in the proper places.  

 

Modular building solutions as the one adopted enhance benefits like cleaner and drier 

construction sites (Andrade, 2010). As so the impacts resulting from construction site waste 

are disregarded in this analysis. No temporary works are accounted. For a better 

understanding and additional information regarding the construction process also refer to 

Andrade (2010). 
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BOUNDARIES FOR USE STAGE (MODULES B1 TO B7 ) 

 

The in-use stage covers the period from the practical completion of the construction work to 

the point of time when the building is deconstructed/demolished. 

According with the methodology, in this stage the system boundary shall describe all 

activities with an environmental impact arising from building’s operation. This embraces the 

modules B1 to B7. All impacts accounted in the Use Stage are credited within their own sub-

stages (modules). 

Modules B2, B3, B4 and B5 are related with maintenance, repair, replacement and 

refurbishment processes respectively. In order to maintain functional, technical, aesthetical 

and comfort performance on the building during the use stage and having assumed a span of 

50 years for the design life maintenance, replacement and refurbishment operations shall be 

considered. 

 

INSTALLED PRODUCTS IN USE (B1) 

The methodology allocates here some specific impacts resulting from the building’s use: 

deterioration caused by natural processes or human activity for example (e.g. release of 

substances by floor, façades, etc.). Given the difficulty to calculate such parameters they are 

considered null and thereby excluded from this analysis. 

 

MAINTENANCE (B2) 

The maintenance process considered concerns the exterior walls and consists on repainting 

them twice during 50 years. The impacts are accounted by the amount of paint (alkyd type) 

needed for the total external facades area. 

 

REPAIR (B3) 

Around 20% of gypsum boards’ total amount is assumed to be repaired during the building’s 

use stage. Since there is no data regarding gypsum boards repair the impacts for such process 

are presumed to be half of what they are for new ones. 

 

REPLACEMENT (B4) 

Occasionally a deeply intervention besides maintenance and repair operations is required. 

Products like glass, windows, doors, and sandwich panels are assumed to be replaced during 

the use stage. A quarter of all the glass existing in fences of balconies and terraces, need to be 

replaced. All the windows are assumed to be replaced every 25 years as so for the present 

reference study period there is only one replacement to be had. Two of the glass doors and 

twenty two of the wood doors (12 room doors and 10 bathroom doors) are assumed to be 

replaced during the reference study period. Only the non structural materials were assumed to 

be replaced, they are the most susceptible to it. Structural elements were designed for a 

minimum service life of 50 years and so they are not subject to replacement operations. 
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To refer that the values assumed here for the replacement operation were found in literature as 

the most common in such situations. The impacts considered for each replacement unit are the 

same as the existing ones in product, construction and end of life stage. These are allocated to 

the building use sub-stage, accounting the impacts arising from production, transportation and 

end-of-life stages of each replaced material. 

 

REFURBISHMENT (B5)  

An intervention was predicted in the totality of the building modules during the lifetime of 50 

years assuming that a change in the modules function can occur. This intervention is 

accounted considering a refurbishment operation which intends to simulate the change of a 

module’s function, as an example: converting a bedroom into a laundry room or a bedroom 

into a leisure room.  

 

The totality of the modules is assumed to be renovated once in 50 years. New gypsum boards, 

doors and windows are installed in each. The end of life impacts of the old products are also 

accounted for in the building use stage. 

 

OPERATIONAL ENERGY USE (B6) 

Module B6 refers to energy use. According with the Energy Performance of Buildings 

Directive (2002/91/EC) the energy use in buildings refers to the following activities: heating, 

cooling, ventilation, domestic hot water, lighting and automation and control. 

The system boundary includes the use of energy for all the following sub-stages: 

 B6.1 – Heating 

 B6.2 – Hot Water 

 B6.3 – Ventilation 

 B6.4 – Cooling 

 B6.5 – Lighting 

 B6.6 – Building’s Automation and Control  

 

As referred before the Portuguese code of practice, for certification of building’s energy 

efficiency (RCCTE), provides a calculation method to determine energy needs for heating, 

cooling, domestic hot water and ventilation. As so these needs were calculated in accordance 

with the code. Assumptions and options made are explained in 3.3.4. In order to estimate the 

energy needs for lighting it was assumed that each person (inhabitant) keeps one light of 50W 

turned on during his stay inside the building. Energy needs for building’s automation and 

control were estimated based upon statistic data provided as regular amounts for these 

parameters (INE). To refer that energy for the lift operation is accounted for in the product 

EPD being disregarding any estimation. The results obtained are shown in table 3.5. 
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Attempting to improve the building’s environmental performance, various solutions were 

considered and tested for heating and domestic hot water systems as well as different energy 

mixes for electricity production. In order to evaluate the differences arising from those 

different solutions alternative scenarios were defined. Table 3.2 resumes the several 

equipments considered in the different scenarios for heating, cooling, domestic hot water and 

micro production systems (electricity and domestic hot water). 

Electricity for ventilation, lighting and building’s automation and control is produced based 

on the different energy mixes considered.  

The different equipments considered, the proportion of energy sources in each mix as well as 

other relevant information is explained on the scenarios for defining building’s life cycle 

chapter 3.5. 

Table 3.2 – Characteristics and use of different equipments considered 

Equipment ƞi Use 

Heat Pump air - water  (heating) 4,00 heating / domestic hot water 

Biomass Boiler (wood) 0,68 heating / domestic hot water 

Photovoltaic panels System - electricity micro-production 

Solar Panels System - heating / domestic hot water 

Refrigerating (cooling) Machine (compression/cooling cycle) 3,00 Cooling 

 

OPERATIONAL WATER USE (B7) 

In relation to the Operational Water Use (B7) and Operational Energy (B6) notice shall be 

made that both stages consider human-dependent behaviours. The influence of different users’ 

patterns reduces the objectivity of the analysis, as so average values based on statistical and 

credited data for the building’s zone are used. The hot water consumption and the operational 

water usage are calculated based on the average consumption of water per inhabitant per day. 

As it was stated above the RCCTE provides an average value for domestic hot water 

consumption for each occupant of 40L/day. According to (INAG) the average daily water 

consumption in Coimbra, including domestic hot water, per habitant is 112L/day.  

END OF LIFE STAGE ( C1 TO C4 ) 

 

This stage covers the period from the end of the use stage of the building to its “grave”, which 

means being deconstructed and the site cleared. The end of the use stage is reached when the 

building cannot fulfill the function for which it was built. The system boundary defined is 

separated into the modules C1 to C4, deconstruction, transport, re-use/recycling and disposal 

respectively. Again the impacts arising from these procedures are allotted to the end of life 

stage. 

 

DECONSTRUCTION (C1) 

Boundaries for building’s deconstruction are treated in module C1. All processes related with 

decommissioning to demolition shall be included. The deconstruction processes defined are 
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the same assumed in module A5 but obviously following the opposite sequence. Excepting 

the foundations, all the super-structure including corridors, modules and the main structure is 

disassembled using the crane. It was assumed that, as well as in the module A5, the bolts are 

managed by hand. Again there is no need for transportation within the building site using the 

truck trailer. The roller is disregarded here. 

 

TRANSPORT (C2) 

This sub-stage regards the impacts arising from transportation of materials and products from 

the building site to the off-site storage in preparation for recycling/reuse, or disposal. 

The assumptions made in this module are very similar to the ones assumed in module A4. 

Includes the transportation of every building components resulting from the decommissioning 

and disassembling as well as the equipment and machinery required to execute it. As in 

module A4 all materials are carried in truck-trailers and the distances considered are the same. 

For simplification the off-site storage also serves as disposal and recycling/reuse facility. The 

functional unit and the calculated amounts are resumed in table 3.1.  

 

REUSE / RECYCLING (C3) AND DISPOSAL (C4) 

The material waste resulting from the structure demolition can have two destinies: either the 

resulting materials can be recycled or reused or the resulting materials are no longer useful 

and so they are sent to disposal at a landfill site for inert materials. Module C3 and C4 defines 

the boundaries for reuse/recycling and for the disposal respectively.  

 

The boundaries for module C3 shall include all processes up to and including the sorting of all 

products for reuse, recycling or energy recovery taking into account that the impacts should 

reflect the period from the dismantling/demolishing and to the point where the product hits its 

lowest economical value (before being transformed into a new product). By defining this 

transition point based on a conventional economic value (see figure 3.2), the methodology 

establishes which environmental impacts shall be accounted and allocated to the building 

during the end of life stage: the impacts arising from materials recycling or reuse of materials 

shall not be allocated to the building considered here as the waste generator, only the impacts 

arising from materials’ disposal. There is some controversy around the methodology 

regarding the definition of the transition point, based on the conventional economic value. 

This issue is more deeply focused and discussed in point 5 of this document.  
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Figure 3.2 – Transition point based on the economic value (CEN,2009) 

 

Reaching the end of life period of materials like steel, aluminum, glass, gypsum boards and 

concrete they can be either recycled or reused. Currently “it is generally thought that the 

environmental benefits from reuse are greater than recycling since reuse requires little 

reprocessing”(SSC). 

Steel frame profiles are an example of clear benefit when reuse scenarios are adopted instead 

of recycling ones, the environmental benefit is extended to the economical one (Geyer et al, 

2002). 

 

The materials not considered to be recycled are sent to disposal being accounted as hazardous 

and non hazardous waste to disposal. This boundary includes both hazardous and non-

hazardous waste which can be disposed as landfill or incinerated (offering the possibility for 

energy recovery). Despite the non consideration of nuclear power as energy source in this 

assessment some radioactive waste is produced resulting from the production process of some 

materials. Radioactive waste disposal is not accounted here as data could not be gathered. 

 

Each material and building component is assumed to be recycled/reused or sent to disposal 

when the end of life is reached. As so, the end of life scenario resumed in table 3.3 defines 

each final destination. In terms of amounts of material destined to recycling, reuse or disposal 

values were assumed based on usual ones and in the viability of the recycling processes after 

the predicted fifty year lifespan of the building (see table 3.4). 
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Table 3.3 - End-of-life scenario assumed for each material 

Material End of life 

Standard Gypsum Board Recycle/ Disposal 

Fire Resistant Gypsum Board Recycle/ Disposal 

Mineral Wool Disposal 

Polyethylene Film Recycle 

Sandwich Panel Disposal / Recycle 

Steel sheets (trapezoidal) Recycle 

Glass (hall,terrace, balconies and doors) Recycle 

Windows frame (alluminum) Recycle/ Disposal 

Wood (doors and stairs) Recycle/ Disposal 

Plywood Recycle/ Disposal 

Concrete Recycle/ Disposal 

Cold Formed Steel Recycle/ Disposal 

Hot Rolled Steel Recycle/ Disposal 

 

3.3.3. BUILDING MODEL 

 

The definition of energy and mass flows of the building’s life cycle are base requirements to 

apply an LCA methodology, so the same applies to the methodology provided in prEN15978. 

The purpose of the building model is to quantify these flows. Further information as its 

description and explanation can be found in the physical characteristics, system boundaries, 

defined scenarios as well as in the quantification of building and its life cycle chapters.  

Attempting to provide a better understanding a full description of the building is shown 

schematically in APPENDIX A.  

 

PHYSICAL CHARACTERISTICS 

 

The dwelling is composed of a 5 story structure. The structural solution consists on a main 

structure made with steel hot rolled hollow sections fixed to the ground by concrete 

foundations (Andrade, 2010). Each column is inserted into a single foundation with 

dimensions of 1,5 meters x 1,5 meters x 0,8 meters (foundations design was not contemplated 

in Andrade, 2010). The main structure supports the overall building. A set of 96 pre-

assembled modules will be coupled to the main structure, making up the building’s frame 

structure. Module’s base structure is composed by a couple of rectangular rings made by hot 

rolled sections connected by hot rolled beams. In addition a light steel frame system making a 

grid supports the walls, floor and ceiling. 

The architectural project provides a solution corresponding to a five storey building with 

irregular façades and approximated dimensions 40 meters width, 20 meters long and 16 

meters high. The building is comprised of single modules and a stairs box connecting them. 

Each storey is comprised of single modules with dimensions of 7m per 4m with an effective 

height of 2,70m; as referred the use considered is housing and so, ten of these modules (on the 
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5
th

 floor there are 11) are assumed to contain a bedroom and an individual bathroom being 

destined to one person each. The dwelling is able to lodge 51 persons. In each floor there are 

also two common spaces with a kitchen and a living room each consisting of 2 joined 

modules. In addition, throughout the building there are also single modules allotted for other 

ends like sauna, gym and laundry room. The total floor area of the building is 3390 m
2
. Due 

to its architectural irregularity the 5 floor plants are different. Figure 3.1 and 3.3 provides an 

overall perspective of its architecture and a representative plant of the building corresponding 

to the ground floor. 

 
 

Figure 3.3 – Building’s ground floor plant (Gavalda et al, 2009) 

Detailed description of building’s architecture and structural design can be seen in 

(Andrade,2010). The different components constituent of walls, floors, ceiling and accessories 

are given in table B.1. 

Technical equipments as the heating, cooling, ventilation and domestic hot water systems are 

not defined at this point. Different solutions for these systems were studied and tested in order 

to evaluate the possible improvements in the environmental performance of the building 

depending on the adopted one. The energy needs were calculated according to the Portuguese 

code RCCTE, and on the equipments’ efficiency, to ensure the occupants thermal comfort. 

Other technical systems as sanitary, fire-fighting, communication and lighting are not 
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accounted for, no plumbing or electrical and telecommunications project were defined until 

the time of assessment. 

 

3.3.4. ENERGY EFFICIENCY ASSESSMENT ACCORDING TO RCCTE  

 

As the purpose of this work is the environmental performance assessment of a building, the 

thermal behavior of the case study building was assessed. The importance of energy 

efficiency and energy performance of buildings regarding its environmental performance was 

already discussed. The methodology followed is referred in the Portuguese code of practice 

for the thermal behavior of residential buildings, “Regulamento das Caracteristicas de 

Comportamento Térmico dos Edificios” (DL80,2006). It provides a methodology for 

calculation of energy needs per year, considering a heating and a cooling season. The 

calculation method includes energy needs for cooling (Nvc), heating (Nic) and domestic hot 

water (Nac). The maximum allowable values provided by the code have been verified for the 

three types of annual energy needs. The values of thermal transmittance for walls, ceilings 

and floors that were calculated fulfill the code requirements. As it was expected this value 

was under the limit established by the code which is intended to ensure minimum thermal 

requirements to the building. 

 

The main parameters quantified on the RCCTE include: (1) energy needs for cooling (Nvc), 

(2) energy needs for heating (Nic) and (3) energy needs for domestic hot water (Nac). It also 

provides the maximum allowable annual values for heating (Ni), cooling (Nv) and domestic 

hot water (Na). 

 

According to the code, limit values depend on the climatic characteristics of the building’s 

location and its geometrical shape. It provides three climatic zones for heating season and 

cooling season, which for Coimbra are: “I1” for the heating season and “V2N” for the cooling 

season. The length of the heating season varies depending on the location, in this case the 

code demands 6 months. The set-point temperature imposed in the building’s interior to 

achieve thermal comfort is 20ºC for the heating season and 25ºC to the cooling season. 

The calculation method for the heating needs in the heating season, given by RCCTE, is 

depending on three main variables, including: heat transfer by transmission through the 

building’s envelope, heat losses by air renewal and the heat gains by internal sources and 

solar heat. The heat transfer by transmission is given by the sum of: the heat transfer from the 

conditioned space to the exterior, the heat transfer from the conditioned space to an adjacent 

unconditioned space and the transfer through the ground floor. For the ground floor and 

according to the RCCTE, the linear heat transfer coefficient is 1,5 W/m.ºC. It was assumed the 

nonexistence of thermal bridges. 
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To calculate the heat transfer rate through the envelope of the building (walls, roofs, ceilings, 

windows) the code requires the knowledge of the thermal transmittance of the elements of the 

building’s envelope (U-values). They were calculated according to the code method and can 

be found in Table B.1 for every wall, glazing, roof and ceiling type existing in the case study 

building. The thermal conductivity of each component of walls, ceilings, floors and glazing is 

given by the manufacturer. An excel book was programmed to recalculate these values 

automatically depending on the elements’ thickness which allow to achieve a more refined 

final solution in the design. As a consequence of the optimization process the thickness of 

some materials as rockwool and gypsum boards differs from the original project designed for 

the Swedish case study building (Gavalda & Bayon,2010). 

 

To define the conditioned and the unconditioned spaces (useful / non-useful) it was assumed 

that only the stairs-box and the entrance hall are unconditioned spaces, all the rest are 

conditioned. It’s an acceptable assumption due to the occupancy of the building and the fact 

that it will be attended by students. 

 

The energy needed to compensate the losses associated to air renewal during the heating 

season is given by the code and embraces the losses due to natural and mechanical ventilation.  

The gains considered in the heating season are obtained from internal sources and solar heat. 

Internal heat gains include metabolic heat from occupants and dissipated heat from 

appliances, lighting devices and other equipments. The code provides a formula to determine 

these gains depending on the type of the building, for housing the average internal heat gains 

per unit of net area of the floor is 4 W/m
2
. The gains related with the solar heat are given by 

the gains through glazed elements. For the calculation of these gains assumptions and some 

simplifications were made. The building was considered as a box with regular walls and the 

only glazing is the module front window. The module geometry creates shades on the glazing 

and reduces the solar radiation incident and the effective collecting area. This is caused by the 

horizontal and vertical flaps that surround the glazing of the modules. According to the 

architectural design and the existing project the building just has windows in two facades 

which are orientated to north and south, the glazed area is the same in both. Window 

characteristics and glazing properties are some other aspects that affect the effective 

collecting area. This information is given by the manufacturer. 

 

According to the RCCTE the gains should be affected by a gains utilization factor (). It takes 

into account the fact that only part of the gains are used to decrease the energy needs for 

heating and the rest leads to an undesired increase of the internal temperature It is a function 

of the building’s thermal inertia and the gain/loss ratio (heat balance ratio). The constitution 

of the building’s walls, floors and roofs leads to a low thermal inertia. 
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Regarding the energy needs for the cooling season the Portuguese code follows a very similar 

approach as for the heating season. The length of the cooling season is 4 months 

independently of the country’s zone, the medium external air temperature is 19ºC in V2N 

zone and the reference internal temperature for cooling season is 25ºC. The losses are given 

by the sum of losses associated to exterior walls, exterior floors, glazing and air renewal. 

 

The gains are given by the sum of internal gains, solar gains by the opaque envelope and solar 

gains through the glazing. 

The energy needs for domestic hot water (sheet DHW) were calculated according with a 

simplified methodology given by the same code. It provides a value of 40 liters for the daily 

domestic hot water consumption per occupant considering 45ºC for the increase temperature 

required. It was assumed that all the days of the year are consumption days (365 days). The 

calculations were made considering different conversion systems commonly used in Portugal. 

The scenarios defined later describe the different equipments considered.  

In addition to the usual conversion equipments the code demands the installation of a solar 

heat system based on solar panels. A minimum area of 51 m
2
 of solar panels is required (1m

2
 

per occupant) and the estimated amount of DHW produced per square meter of panel is 

assumed as 400kW.h/year. The RCCTE requirements for domestic hot water energy needs 

were verified, being under the imposed limit. 

 

The definition and design of the non structural materials to walls, roofs and ceilings was 

based on the thermal assessment and in the well-being of occupants. The aim was to ensure a 

balance between the thermal behavior and the amount of material used in the building, always 

looking for reductions on energy needs but at the same time ensuring usual material 

thicknesses. table B.1 and table B.3 summarizes the total amounts of materials. 

 

Regarding the ventilation the minimum requirement established by the code for the renewal 

air rate on the inside of the building is 0,6 hourly renewals, around 1 hourly renewal is 

assumed. The fans energy consumption is calculated taking into account the air renewal rate 

assumed and the fans power (15 Watts). Additional information, data and results from the 

RCCTE methodology application to the case study can be found in tables B.1 and B.2 in 

APPENDIX B. 

 

3.5. SCENARIOS FOR DEFINING BUILDING LIFE CYCLE 

Previously to the explanation and description of the scenarios considered in the analysis, the 

base ideas which led to its definition are primarily explained. The establishment of different 

scenarios intends to evaluate the differences, in terms of environmental performance, of 

different models adopted for use, and end of life stages of building’s life cycle. By this way it 

is possible to identify the main problems, implement alternative solutions and create new 
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scenarios. The main idea is to evaluate the environmental performance resulting from each 

scenario considered starting in a base scenario and creating new ones, with other alternatives 

and assumptions, establishing the final goal as the improvement of the building’s 

environmental performance. 

 

In order to achieve more credible results there were concerns to try to ensure proximity 

between the real conditions that the building is subjected during his life cycle and the 

assumptions considered in this analysis to define the different scenarios. 

 

3.5.1. BASE SCENARIO ( I ) 

 

The processes, products and equipments considered and assigned to each module of the 

building’s life cycle are mentioned and described in the system boundary (3.3.2), as well as 

the amounts considered. Any assumptions and aspects considered there are inherent to any 

scenario defined. When reference is not made these boundaries are assumed to be in place. 

 

The base scenario considers the adoption of two equipments, a heat pump for the heating 

system and domestic hot water and a cooling pump for the cooling system. In addition a solar 

panels system was considered, in accordance with the demands of RCCTE, providing energy 

for production of around 70% of domestic hot water and supply 20% of the heating needs. 

The gas boiler supports the panels system producing the remaining 30%. Ventilation, lighting 

and building’s automation and control systems are supplied by electricity and the 

environmental impacts arising from its production depends on the primary energy sources 

used to obtain it.  

It was considered electricity production based in 2009 Portuguese energy mix (MIX A). The 

energy mix is the percentage distribution of primary energy sources in electricity production 

of red national level. This value is variable annually, particularly in light of hydraulic. 

According with DGGE data of 2009 (DGGE) Portuguese energy mix, 35.1% of primary 

energy resources for electricity production are renewable, approximately 18.9% hydro and 

16.2% wind. Non renewable resources are distributed by 43.6% oil, 12.1% gas and 9.2% coal. 

Additionally to wind and hydro power, biomass is used as renewable resource for electricity 

production in Portugal although, it was not considered due to the lack of environmental 

impacts data for its process and its lower relative expression in the mix. 

 

The end-of life scenario defined considers two different destinies for the material waste 

resulting from the demolition process. As it was referred the reuse option is not considered. 

The end-of life scenario here described is valid for the remaining scenarios. 
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Part of the total materials amount resulting from the demolition process is considered to be no 

longer useful and so they are sent to disposal in a landfill of inert materials. The ratio of 

material sent to landfill and to recycle is shown in table 3.4. 

 

Table 3.4 – End-of-life scenario assumed for building components and materials 

Material Disposal % Recycle % Reuse% 

Standard Gypsum Board 10% 90% - 

Fire Resistant Gypsum Board 10% 90% - 

Mineral Wool 100% - - 

Polyethylene Film 10% 90% - 

Sandwich Panel 20% 80% - 

Steel sheets (trapezoidal) - 100% - 

Glass (hall,terrace,windows, balconies and doors) - 100% - 

Windows frame (alluminum) 3% 97% - 

Wood (doors and stairs) 85% 15% - 

Plywood 85% 15% - 

Concrete 50% 50% - 

Cold Formed Steel 3% 97% - 

Hot Rolled Steel 3% 97% - 

 

3.5.2. SCENARIO II 

 

Scenario II provides alternative solutions regarding module B6 (energy use). In an attempt to 

improve the building’s environmental performance, one alternative was considered: (II.1) a 

new energy mix based on targets defined by the Portuguese government. 

 

The energy mix considered for electricity production for ventilation, lighting and building’s 

automation and control, was improved taking into account the latest developments in 

renewable energy politics. Portuguese government in the Cabinet Resolution nº169/2005 of  

October, 24
th

 defined the targets to achieve for renewable energies in the end of 2010 

although, more recently, those targets were reviewed: “Increase the target set for power 

generation based on renewable energy sources from 39% to 45% of the final electricity 

consumption by strongly investing in all types of renewable energy sources” (DGGE). The 

relative proportion of renewable resources was fixed but not the proportion of each renewable 

resource and non renewable resource. It was assumed the following mix (MIX B): 10.7% 

wind, 34.3% hydro, 30% oil, 22% natural gas and 3% coal. 

 

3.5.3. SCENARIO III 

 

Scenario III provides alternative solutions for module B6 regarding the energy use. In an 

attempt to improve the building’s environmental performance, alternatives for two key points 

were considered: (III.1) different equipment for domestic hot water and heating systems; 

(III.2) increase of the solar panels system production. 



Assessment of the life cycle environmental  

performance of buildings: a case study  CASE STUDY 

 

 

João Ricardo Melo Pinheiro  30 

 

An alternative equipment, a biomass boiler fueled by wood, was considered here to supply 

65% of heating and 30% of domestic hot water needs. As considered in the scenario II, the 

solar panels system is supposed to support 70% of domestic hot water. In scenario III the 

solar panels system production is increased to 35% in the supplement of heating needs. 

 

The energy mix considered for electrical energy production, needed for ventilation, lighting 

and building’s automation and control is the same of scenario II. 

 

3.5.4. SCENARIO IV 

 

Focusing on the problem of energy use, scenario IV provides alternatives with more 

ambitious and optimistic targets than before. Nevertheless the latest developments in 

renewable energies make it achievable. The key points in this scenario are: (IV.1) electricity 

micro-production with photovoltaic solar panels; (IV.2) to increase energy supply by the solar 

panels system; (IV.3) to reduce electricity produced by non renewable resources. 

 

A new system for electricity micro-production is considered in this scenario, a photovoltaic 

solar panels system. Like the solar panels system for domestic hot water, it enables energy 

production without any costs during the building’s use stage, although they are usually 

dependent on big investments (Mateus, 2009). The target defined considers the supply of 50% 

of energy required for building’s ventilation, lighting and automation. The remaining 50% is 

supported by the new energy mix considered. The energy mix targets for electricity 

production were improved regarding the one considered in scenario III an expectation for a 

future mix was made (MIX C). The relative proportion of renewable resources is increased 

from 45% to 65%. Taking into account the new demands for use of renewable resources this 

target may be achievable in the next years. Currently, one of the most promising renewable 

energy sources besides solar energy is wind energy. Due to its lower environmental impact 

(clean energy production) when compared to a non-renewable energy source such as the 

energy obtained by burning coal (environmentally the worst) a new energy mix has been 

considered. In its definition more then 1/3
rd

 of the total energy production can be generated by 

wind power and excludes energy generated from coal. By this way, the energy mix here 

assumed for electricity production embraces the following sources and percentages: 35% 

wind, 32% hydro, 16,7% heavy oil, 16,3% natural gas. 

 

The production of the solar panels system is increased in order to supply of 70% of domestic 

hot water and at the same time 50% of heating needs. The remaining needs are supplied by 

the biomass boiler considered in scenario III. Cooling energy needs are supplied by the 

freezing machine. 
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3.6. QUANTIFICATION OF THE BUILDING AND ITS LIFE CYCLE 

This chapter intends to provide all the information about quantification of all products and 

materials which comprise the building. For this purpose, the architectural plans together with 

data and information existing in Andrade (2010) and Gavaldá & Bayon (2009) were the main 

support. 

 

3.6.1. PRODUCTS NET AND GROSS AMOUNT 

 

The net amount (theoretical value) of products and materials may not correspond to its gross 

amount (real value). Usual situations and unexpected problems are commonly responsible for 

this difference: loss of function due to inadequate packaging, transport and handling on site, 

inadequate dimensions (difference between design dimensions and product ones), etc. The 

replacement, refurbishment and repair materials should be considered as well since a total life 

cycle assessment is the goal. 

The gross amount is determined taking into account all these losses and the replacement, 

refurbishment and repair operations. An average value of 5% was assumed to be added to the 

net amounts in order to represent the losses here referred. 

For products that are produced as ready to install units no losses were credited (e.g. windows, 

lift, doors); this is due to the modular type of construction that causes less loss of material 

with a more controlled and mistake-free assembly process.  

3.6.2. QUANTIFICATION SPECIFIC TO WATER AND ENERGY USE 

 

The quantification of operational fresh water and energy use were already determined and 

justified previously. The total amounts are resumed in tables 3.5 and 3.6. 

Table 3.5 – Operational energy use - module B6 

Operational Energy Needs - module B6 Kw.h KW.h/year.m2 KW.h/year.pers Ratio 

B 6.1 - Heating  105107,7 31,0 2060,9 56,1% 

B 6.2 – Cooling 12284,3 3,6 240,9 6,6% 

B 6.3 – Ventilation 8697,6 2,6 170,5 4,6% 

B 6.4 - Domestic Hot Water 11415,8 3,4 223,8 6,1% 

B 6.5 – Lighting 22338,0 6,58 438,0 11,9% 

B 6.6 - Building's automation and control 39450,0 11,63 773,5 14,7% 

 

Table 3.6 – Operational water use - module B7 

Operational Water Use Liters Liters/year.pers Liters/day.pers 

Domestic hot water 744600 14600 40 

Domestic water (other) 1340280 26280 72 

Module B 7 – Water (TOTAL) 2084880 40880 112 
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3.7. DATA SELECTION 

Environmental data used in the assessment is in accordance with the requirements and rules 

established in prEN15978 and prEN15804. In order to meet these requirements for each 

product/process a research work was made trying to gather an EPD that would represent it 

well. For some of them this could be done, for the other were found EPD’s corresponding to 

specific products which have some minor differences to the real ones. Despite those minor 

differences the EPD’s were used, the prEN15978 considers the environmental product 

declarations (EPD) as the primary and preferable data source and in this case they provide a 

more extensive and detailed data support. For the remaining products/processes for which no 

EPD’s were found other data sources were used as LCA software analysis: SimaPro 7.1 

Educational, GaBi 4 - Education and Bees 4.0. For some products the software used does not 

present the environmental data in accordance with the standard environmental 

impacts/aspects; instead the impacts are expressed by element or molecule (oxygene, 

phosphate, etc). Taking the latter in account conversion factors (CML, 2001) were used to 

transform these results into usable data. The data sources used for each product and process 

are mentioned in APPENDIX C. 

 

3.8. CALCULATION METHOD 

3.8.1. ENVIRONMENTAL INDICATORS / ASPECTS 

 

The calculation method given by the standard considers a set of environmental indicators to 

account for all the environmental impacts and aspects of each product and process and, 

therefore, the whole building. They were chosen on the basis that there are agreed calculation 

methods for each of them. Table 3.7 summarizes the indicators. 

 

The first five environmental indicators shown in table 3.7 are expressed with the impact 

categories of LCIA (life cycle inventory assessment), they are “environmental impacts 

indicators”. The remaining are “environmental aspects indicators” expressed with data 

derived from LCI and not assigned to the impact categories of LCIA. 

In the following paragraphs a brief description of each of these environmental indicators can 

be found. 
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Table 3.7 – Environmental indicators and aspects considered by prEN15978 methodology 
Im

p
ac

t 
C

at
e

go
ri

es
 

Environmental Impacts Indicators Indicator Unit 

Climate change (expressed as GWP) CO2 eq Kg 

Destruction of the stratospheric ozone layer CFC-11 eq Kg 

Acidification of land and water resources  SO2 eq Kg 

Eutrophication PO4 eq Kg 

Formation of ground level ozone (expressed as photochemical oxidants) C2H2 eq Kg 

Environmental Aspects Indicators Indicator Unit 

Use of non renewable resource (other than primary energy) TMR Kg 

Use of renewable resource (other than primary energy) TMR Kg 

Use of reused/recycled resources (other than primary energy) 

 

Kg 

Use of non renewable primary energy 

 

MJ 

Use of renewable primary energy 

 

MJ 

Use of freshwater resource 

 

m3 

Components for reuse 

 

Kg 

Material for recycling 

 

Kg 

Material for energy recovery 

 

Kg 

Non hazardous waste to disposal 

 

Kg 

Hazardous waste to disposal 

 

Kg 

Radioactive waste 

 

Kg 

 

“Climate change” (GWP) - Increasing amounts of greenhouse gases, such as carbon dioxide 

or methane, enhance the natural greenhouse effect and lead to an increase in global 

temperature. During the 20th century, the average global temperature has increased by about 

0.6°C due to the enhanced greenhouse effect. 

  

“Acidification of land and water resources” – Acidification refers to acid deposition from the 

atmosphere, mainly in the form of rain. Emissions of SO2 can result in strong and damaging 

acids. These emissions are closely monitored and regarded as an important issue in Europe.  

  

“Eutrophication” – Eutrophication occurs when there is an increase in the concentration of 

nutrients in a body of water or soil, occurring both naturally and as a result of human activity. 

It may be caused by the run-off of synthetic fertilizers from agricultural land, or by the input 

of sewage or animal waste. It leads to a reduction in species diversity as well as changes in 

species composition, often accompanied by massive growth of dominant species. In addition, 

the increased production of dead biomass may lead to depletion of oxygen in the water or soil 

since its degradation consumes oxygen. This contributes to changes in species composition 

and death of organisms. 

 

“Formation of ground level ozone” – is an indicator of the ability of a Volatile Organic 

Compounds (VOC) to contribute to photochemical ozone formation. It is a measure of the 

reactivity of an organic compound with hydroxyl radicals and subsequent formation of ozone. 

As VOCs vary in their reactivity they therefore contribute differently to the formation of 
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ozone. POCP is a common expression and an impacts category very related with this 

indicator, it is a basic measure to compare reactivates of volatile compounds.  

  

“Destruction of the stratospheric ozone layer” - The ozone layer in the stratosphere (10-50 km 

above Earth) absorbs 95-99 % of the sun's ultraviolet radiation. This radiation is harmful and 

sometimes lethal to wildlife, crops, and vegetation, and can cause fatal skin cancer, cataracts, 

and immune system damage in humans. The ozone layer therefore is crucial for any life on 

earth. The natural seasonal Antarctic 'ozone hole' has been enlarging since the early 1980s. On 

a global scale, the decline of ozone in the stratosphere recently slowed. Ozone depletion is 

mainly caused by CFCs which are used in aerosols, air conditioning, and refrigerators. 

 

3.8.2. CALCULATION PRINCIPLE 

 

The calculation’s principle is that the quantification for the whole building, per indicator, is 

obtained multiplying the quantities of the products and processes by the respective indicator 

value from the data source (EPD or software database). This is done per stage. To provide a 

better understanding, as posed in the standard, an example is shown: 

The calculation routine to quantify, for example, the GWP for stage i: 

                                                

where, 

       Global warming potential quantified for the life cycle stage i of the building; 

         gross amount of product or service n used in the life cycle stage i of the building 

(n = 1,2, 3, …, N )  

        global warming potential of product or service n used in the life cycle stage i of 

the building (n = 1, 2, 3, …, N)  

The same calculation sequence applies to all other indicators. The total amount is the sum of 

all stages. Figure 3.4 shows the calculation procedure to follow in the application of 

prEN15978 calculation method. 
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Figure 3.4 – Principle of the matrix calculation (CEN,2009) 

 

3.9. ASSESSMENT RESULTS 

In this chapter the results for the case study environmental performance assessment are 

presented in accordance with the prEN15978. The method proposes a structured layout based 

on a list containing the impacts per bulding’s life cycle stage for each of the environmental 

indicators defined in table 3.7 and additionally considering each of the defined scenarios 

separately. The results obtained from the environmental performance assessment, carried out 

for the different scenarios defined, are summarized according the layout in the tables 3.8 to 

3.11. 
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Table 3.8 – Environmental performance results for Scenario I 

Environmental impact/aspect [Total] Indicator Unit 
Stage I     
Product 

Stage II    
Construction 

Stage III - Use Stage IV            
End of life 

Total 
Building Energy Water 

Climate change CO2 eq kg 3,19E+05 2,28E+04 9,29E+04 2,90E+06 6,06E+03 1,61E+04 3,36E+06 
Destruction of the stratospheric ozone layer CFC-11 eq kg 1,48E-02 1,95E-03 2,39E-02 1,25E+00 0,00E+00 1,91E-03 1,30E+00 
Acidification of land and water resources  SO2 eq kg 1,70E+03 1,01E+02 5,11E+02 2,05E+04 3,13E+01 6,98E+01 2,29E+04 
Eutrophication PO4 eq kg 2,35E+02 1,48E+01 5,72E+01 1,04E+03 3,13E+00 1,05E+01 1,36E+03 
Formation of ground level ozone C2H2 eq kg 3,53E+02 9,98E+00 9,33E+01 1,19E+03 4,17E+00 4,35E+00 1,65E+03 
Use of non renewable resource (other than primary energy) TMR kg 2,12E+05 0,00E+00 3,31E+04 2,26E+07 0,00E+00 0,00E+00 2,28E+07 
Use of renewable resource (other than primary energy) TMR kg 3,58E+02 0,00E+00 9,02E-03 1,49E+06 0,00E+00 0,00E+00 1,49E+06 
Use of reused/recycled resources (other than primary energy)   kg 1,41E+05 0,00E+00 4,31E+04 0,00E+00 0,00E+00 0,00E+00 1,84E+05 
Use of non renewable primary energy   MJ 3,14E+06 1,36E+05 1,44E+06 2,11E+07 0,00E+00 7,19E+04 2,59E+07 
Use of renewable primary energy   MJ 1,22E+06 0,00E+00 6,23E+04 7,20E+06 0,00E+00 2,65E+01 8,49E+06 
Use of freshwater resource   m3 6,01E+04 0,00E+00 0,00E+00 2,53E+06 1,04E+05 0,00E+00 2,70E+06 
Components for reuse   kg 1,47E+05 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 1,47E+05 
Material for recycling   kg 2,84E+03 0,00E+00 4,10E+05 0,00E+00 0,00E+00 5,02E+05 9,15E+05 
Material for energy recovery   kg 3,74E-01 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 3,74E-01 
Non hazardous waste to disposal   kg 4,70E+04 0,00E+00 8,28E+05 0,00E+00 6,34E+05 1,72E+05 1,68E+06 
Hazardous waste to disposal   kg 2,08E+02 0,00E+00 0,00E+00 0,00E+00 5,73E+02 0,00E+00 7,81E+02 
Radioactive waste   kg 3,72E+01 0,00E+00 0,00E+00 1,78E-02 0,00E+00 0,00E+00 3,72E+01 

 

Table 3.9 - Environmental performance results for Scenario II  

Environmental impact/aspect [Total] Indicator Unit 
Stage I     
Product 

Stage II    
Construction 

Stage III - Use Stage IV            
End of life 

Total 
Building Energy Water 

Climate change CO2 eq kg 3,19E+05 2,28E+04 9,29E+04 2,54E+06 6,06E+03 1,61E+04 3,00E+06 
Destruction of the stratospheric ozone layer CFC-11 eq kg 1,48E-02 1,95E-03 2,39E-02 1,25E+00 0,00E+00 1,91E-03 1,30E+00 
Acidification of land and water resources  SO2 eq kg 1,70E+03 1,01E+02 5,11E+02 1,56E+04 3,13E+01 6,98E+01 1,80E+04 
Eutrophication PO4 eq kg 2,36E+02 1,48E+01 5,72E+01 8,14E+02 3,13E+00 1,05E+01 1,14E+03 
Formation of ground level ozone C2H2 eq kg 3,53E+02 9,98E+00 9,33E+01 9,11E+02 4,17E+00 4,35E+00 1,38E+03 
Use of non renewable resource (other than primary energy) TMR kg 2,13E+05 0,00E+00 3,31E+04 2,26E+07 0,00E+00 0,00E+00 2,28E+07 
Use of renewable resource (other than primary energy) TMR kg 3,60E+02 0,00E+00 9,02E-03 1,49E+06 0,00E+00 0,00E+00 1,49E+06 
Use of reused/recycled resources (other than primary energy)   kg 1,42E+05 0,00E+00 4,31E+04 0,00E+00 0,00E+00 0,00E+00 1,85E+05 
Use of non renewable primary energy   MJ 3,14E+06 1,31E+05 1,44E+06 1,75E+07 0,00E+00 6,75E+04 2,22E+07 
Use of renewable primary energy   MJ 1,22E+06 0,00E+00 6,23E+04 7,67E+06 0,00E+00 2,65E+01 8,96E+06 
Use of freshwater resource   m3 6,01E+04 0,00E+00 0,00E+00 2,07E+06 1,04E+05 0,00E+00 2,23E+06 
Components for reuse   kg 1,48E+05 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 1,48E+05 
Material for recycling   kg 2,87E+03 0,00E+00 4,10E+05 0,00E+00 0,00E+00 5,02E+05 9,15E+05 
Material for energy recovery   kg 3,76E-01 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 3,76E-01 
Non hazardous waste to disposal   kg 4,72E+04 0,00E+00 8,28E+05 0,00E+00 6,34E+05 1,72E+05 1,68E+06 
Hazardous waste to disposal   kg 2,09E+02 0,00E+00 0,00E+00 0,00E+00 5,73E+02 0,00E+00 7,83E+02 
Radioactive waste   kg 3,72E+01 0,00E+00 0,00E+00 1,45E-02 0,00E+00 0,00E+00 3,72E+01 
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Table 3.10 - Environmental performance results for Scenario III 

Environmental impact/aspect [Total] Indicator Unit 
Stage I     

Product 
Stage II    

Construction 

Stage III - Use Stage IV            
End of life 

Total 
Building Energy Water 

Climate change CO2 eq kg 3,19E+05 2,28E+04 9,29E+04 1,49E+06 6,06E+03 1,61E+04 1,95E+06 
Destruction of the stratospheric ozone layer CFC-11 eq kg 1,48E-02 1,95E-03 2,39E-02 1,54E-02 0,00E+00 1,91E-03 5,79E-02 
Acidification of land and water resources  SO2 eq kg 1,70E+03 1,01E+02 5,11E+02 1,23E+04 3,13E+01 6,98E+01 1,47E+04 
Eutrophication PO4 eq kg 2,36E+02 1,48E+01 5,72E+01 1,13E+03 3,13E+00 1,05E+01 1,45E+03 
Formation of ground level ozone C2H2 eq kg 3,53E+02 9,98E+00 9,33E+01 9,85E+02 4,17E+00 4,35E+00 1,45E+03 
Use of non renewable resource (other than primary energy) TMR kg 2,13E+05 0,00E+00 3,31E+04 3,32E+06 0,00E+00 0,00E+00 3,57E+06 
Use of renewable resource (other than primary energy) TMR kg 3,60E+02 0,00E+00 9,02E-03 2,33E+07 0,00E+00 0,00E+00 2,33E+07 
Use of reused/recycled resources (other than primary energy)   kg 1,42E+05 0,00E+00 4,31E+04 0,00E+00 0,00E+00 0,00E+00 1,85E+05 
Use of non renewable primary energy   MJ 3,14E+06 1,31E+05 1,44E+06 1,75E+07 0,00E+00 6,75E+04 2,22E+07 
Use of renewable primary energy   MJ 1,22E+06 0,00E+00 6,23E+04 7,67E+06 0,00E+00 2,65E+01 8,96E+06 
Use of freshwater resource   m3 6,01E+04 0,00E+00 0,00E+00 2,07E+06 1,04E+05 0,00E+00 2,23E+06 
Components for reuse   kg 1,48E+05 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 1,48E+05 
Material for recycling   kg 2,87E+03 0,00E+00 4,10E+05 0,00E+00 0,00E+00 5,02E+05 9,15E+05 
Material for energy recovery   kg 3,76E-01 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 3,76E-01 
Non hazardous waste to disposal   kg 4,72E+04 0,00E+00 8,28E+05 0,00E+00 6,34E+05 1,72E+05 1,68E+06 
Hazardous waste to disposal   kg 2,09E+02 0,00E+00 0,00E+00 0,00E+00 5,73E+02 0,00E+00 7,83E+02 
Radioactive waste   kg 3,72E+01 0,00E+00 0,00E+00 1,45E-02 0,00E+00 0,00E+00 3,72E+01 

 
Table 3.11 - Environmental performance results for Scenario IV 

Environmental impact/aspect [Total] Indicator Unit 
Stage I     
Product 

Stage II    
Construction 

Stage III - Use Stage IV            
End of life 

Total 
Building Energy Water 

Climate change CO2 eq kg 3,19E+05 2,28E+04 9,29E+04 5,71E+05 6,06E+03 1,61E+04 1,03E+06 
Destruction of the stratospheric ozone layer CFC-11 eq kg 1,48E-02 1,95E-03 2,39E-02 1,40E-02 0,00E+00 1,91E-03 5,65E-02 
Acidification of land and water resources  SO2 eq kg 1,70E+03 1,01E+02 5,11E+02 4,98E+03 3,13E+01 6,98E+01 7,39E+03 
Eutrophication PO4 eq kg 2,36E+02 1,48E+01 5,72E+01 6,53E+02 3,13E+00 1,05E+01 9,74E+02 
Formation of ground level ozone C2H2 eq kg 3,53E+02 9,98E+00 9,33E+01 4,66E+02 4,17E+00 4,35E+00 9,30E+02 
Use of non renewable resource (other than primary energy) TMR kg 2,19E+05 0,00E+00 3,32E+04 3,06E+06 0,00E+00 0,00E+00 3,31E+06 
Use of renewable resource (other than primary energy) TMR kg 3,60E+02 0,00E+00 9,02E-03 1,87E+07 0,00E+00 0,00E+00 1,88E+07 
Use of reused/recycled resources (other than primary energy)   kg 1,45E+05 0,00E+00 4,32E+04 0,00E+00 0,00E+00 0,00E+00 1,88E+05 
Use of non renewable primary energy   MJ 3,14E+06 1,31E+05 1,44E+06 4,88E+06 0,00E+00 6,75E+04 9,65E+06 
Use of renewable primary energy   MJ 1,22E+06 0,00E+00 6,23E+04 6,69E+06 0,00E+00 2,65E+01 7,98E+06 
Use of freshwater resource   m3 6,01E+04 0,00E+00 0,00E+00 5,73E+05 1,04E+05 0,00E+00 7,37E+05 
Components for reuse   kg 1,48E+05 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 1,48E+05 
Material for recycling   kg 7,47E+03 0,00E+00 4,10E+05 0,00E+00 0,00E+00 5,02E+05 9,19E+05 
Material for energy recovery   kg 3,76E-01 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 3,76E-01 
Non hazardous waste to disposal   kg 4,72E+04 0,00E+00 8,28E+05 0,00E+00 6,34E+05 1,72E+05 1,68E+06 
Hazardous waste to disposal   kg 2,09E+02 0,00E+00 0,00E+00 0,00E+00 5,73E+02 0,00E+00 7,83E+02 
Radioactive waste   kg 3,72E+01 0,00E+00 0,00E+00 4,10E-03 0,00E+00 0,00E+00 3,72E+01 
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4. DISCUSSION 

In this chapter the results previously presented are discussed and analyzed. The analysis of 

results is beyond the prEN15978 scope which only provides the method to calculate and 

obtain quantity results. Although the main purpose of this thesis deals with the application of 

the CEN’s draft prEN15978 to a case study, the results analysis and the attempt to obtain the 

most beneficial environmental performance appears as a complement which intends to justify 

the options taken and understand their influence upon the obtained performance. 

For some of the defined environmental indicators there are no available data, therefore for 

these the results are sort of opened to discussion. To conduct the results’ analysis of 

environmental indicators that do not have any complete data, may conduct to inaccuracy in 

the analysis and subsequently, wrong conclusions. Although some of the data is missing, three 

of the common impact indicators considered in this type of assessment (LCA) are quantified 

for all materials and processes here considered: (1) climate change; (2) acidification of land 

and water resources; (3) formation of ground level ozone. Hence, only these indicators based 

on complete data sets are separately studied. The major importance given to the 

environmental impacts comparatively to the environmental aspects is justified not only by the 

lack of data more latent in the last ones, but also by the fact that the environmental impacts 

give a clearer notion of the harmfulness of the building’s life cycle to the environment, 

quantifying how much environmental damage is really caused during its total life span. The 

environmental aspects indicators must be further analyzed to really evaluate their effect on 

environment. 

Initially a very generic analysis will be conducted taking into consideration the results 

obtained for the total impacts in relation to all environmental impacts/aspects and to each case 

scenario. Afterwards, the analysis will be specific for the three impact indicators already 

referred above, deepening the climate change impact indicator in particular. Afterwards and 

exclusively for the latter a brief comment is made about the results, subdivided by building’s 

life cycle stage. 

Of the environmental indicators considered in prEN15978, the climate change, also expressed 

as global warming potential (GWP), is the most commonly referred and known. CO2 

emissions have, for some time now, taken the main role as primary target for eco-friendly 

measures. However, such as is suggested in prEN15978, the environmental performance 

evaluation cannot be limited to CO2 emissions. That is why that besides the complete analysis 

carried out to this indicator; the indicators “acidification of land and water resources” and 

“formation of ground level ozone” will also be briefly analyzed.  
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After presenting and analyzing the results for the case study described above, a comparative 

analysis is carried out between the results arising from the environmental performance 

assessment here made and the ones obtained in a very similar case study analyzed according 

to the same methodology (prEN15978).  

The results are obtained in quantitative terms and compiled in tables and graphics. The 

graphic analysis intends to provide a better understanding over three essential points: (1) 

impacts by life stage for each environmental indicator; (2) impact of each process/product in 

the whole life cycle for each environmental indicator; (3) representativeness of the impacts 

deriving from the “operational energy” process for the totals that occur in the whole life cycle 

of the building in each scenario. For climate change environmental impact the analysis is done 

more deeply than the one made for the remaining two indicators: acidification of land and 

water resources and formation of ground level ozone. 

4.1. DISCUSSION OF THE ASSESSMENT RESULTS 

4.1.1 GENERAL ANALYSIS 

As explained, the definition of the different scenarios considered in this analysis is performed 

through an interactive process in which the goal is to improve the environmental performance 

of the building from scenario to scenario and thereby reduce the total environmental impacts, 

always regarding tangible targets and realities. In Table 4.1 is the summary of the impacts 

regarding each of the environmental impact/aspects taken into consideration to the entire life 

cycle of the building considering each one of the defined scenarios. The performance 

optimization is also analyzed taking into account the given scenarios, indicating what 

guarantees the best environmental performance to the building in relation to each 

environmental indicator. Some conclusions reached in this work concerning some indicators 

are opened to discussion due to some lack of data. 

Table 4.1 – Environmental impacts per scenario and environmental indicator for building’s total life cycle 

Environmental impact/aspect  Indicator Unit Scenario I Scenario II Scenario III Scenario IV Optimized 

Climate change CO2 eq kg 3,36E+06 3,00E+06 1,95E+06 1,03E+06 scenario IV 
Destruction of the stratospheric ozone layer CFC-11 eq kg 1,30E+00 1,30E+00 5,79E-02 5,65E-02 scenario IV 
Acidification of land and water resources  SO2 eq kg 2,29E+04 1,80E+04 1,47E+04 7,39E+03 scenario IV 
Eutrophication PO4 eq kg 1,37E+03 1,14E+03 1,45E+03 9,74E+02 scenario IV 
Formation of ground level ozone C2H2 eq kg 1,65E+03 1,38E+03 1,45E+03 9,30E+02 scenario IV 
Use of non renewable resource (other than primary energy) TMR kg 2,28E+07 2,28E+07 3,57E+06 3,31E+06 scenario IV 
Use of renewable resource (other than primary energy) TMR kg 1,49E+06 1,49E+06 2,33E+07 1,88E+07 scenario III 
Use of reused/recycled resources (other than primary energy)   kg 1,84E+05 1,85E+05 1,85E+05 1,88E+05 scenario I 
Use of non renewable primary energy   MJ 2,59E+07 2,22E+07 2,22E+07 9,65E+06 scenario IV 
Use of renewable primary energy   MJ 8,49E+06 8,96E+06 8,96E+06 7,98E+06 scenario IV 
Use of freshwater resource   m3 2,70E+06 2,23E+06 2,23E+06 7,37E+05 scenario IV 
Components for reuse   kg 1,47E+05 1,48E+05 1,48E+05 1,48E+05 scenario I 
Material for recycling   kg 9,15E+05 9,15E+05 9,15E+05 9,19E+05 scenario I 
Material for energy recovery   kg 3,74E-01 3,76E-01 3,76E-01 3,76E-01 scenario I 
Non hazardous waste to disposal   kg 1,68E+06 1,68E+06 1,68E+06 1,68E+06 scenario I 
Hazardous waste to disposal   kg 7,81E+02 7,83E+02 7,83E+02 7,83E+02 scenario I 
Radioactive waste   kg 3,72E+01 3,72E+01 3,72E+01 3,72E+01 scenario IV 
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According with the results resumed in table 4.1 the scenario IV provides the best 

environmental performance to the building regarding all the environmental impact indicators. 

Even for the environmental aspects indicators only the “use of renewable resource” does not 

follow this trend. 

One of the aims of this type of analysis is to optimize the results in order to get minimal 

impacts to the environment. The main contributors responsible for the higher impacts can 

thereby present the highest potential for reduction by considering suitable alternatives. As can 

be observed in tables 3.8 to 3.11 the most pollutant and harmful stage for the environmental 

performance corresponds to the use stage, more specifically the operational energy use stage. 

This trend can be observed for the four scenarios that have been considered, therefore the 

optimization of the environmental performance has surpassed mainly in creating alternative 

methods for producing and harnessing energy as well as seeking new alternative for 

equipment that transforms energy in order to meet the building’s operational energy needs.  

Given the huge influence that the sub-stage operational energy use represents in the 

environmental performance of the building during its life cycle, the results obtained for this 

stage are compiled in table 4.2 for the different scenarios defined. The last column shows the 

optimal scenario. 

Table 4.2 - Building environmental impacts during the sub-stage operational energy use, per scenario and 

environmental indicator 

Environmental impact/aspect  Indicator Unit Scenario I Scenario II Scenario III Scenario IV Optimal 

Climate change CO2 eq kg 2,90E+06 2,54E+06 1,49E+06 5,71E+05 scenario IV 

Destruction of the stratospheric ozone layer CFC-11 eq kg 1,25E+00 1,25E+00 1,54E-02 1,40E-02 scenario IV 

Acidification of land and water resources  SO2 eq kg 2,05E+04 1,56E+04 1,23E+04 4,98E+03 scenario IV 

Eutrophication PO4 eq kg 1,04E+03 8,14E+02 1,13E+03 6,53E+02 scenario IV 

Formation of ground level ozone C2H2 eq kg 1,19E+03 9,11E+02 9,85E+02 4,66E+02 scenario IV 

Use of non renewable resource (other than primary energy) TMR kg 2,26E+07 2,26E+07 3,32E+06 3,06E+06 scenario IV 

Use of renewable resource (other than primary energy) TMR kg 1,49E+06 1,49E+06 2,33E+07 1,87E+07 scenario III 

Use of non renewable primary energy   MJ 2,11E+07 1,75E+07 1,75E+07 4,88E+06 scenario IV 

Use of renewable primary energy   MJ 7,20E+06 7,67E+06 7,67E+06 6,69E+06 scenario IV 

Use of freshwater resource   m3 2,53E+06 2,07E+06 2,07E+06 5,73E+05 scenario IV 

Radioactive waste   kg 1,78E-02 1,45E-02 1,45E-02 4,10E-03 scenario IV 

 

Again the scenario IV ensures the best performance for all the environmental impact 

indicators regarding the operational energy use stage. As earlier, for the environmental 

aspects indicators only the “use of renewable resource” does not follow this trend. 

In Tables 4.3 and 4.4 there is a summary of the environmental impacts originated from: (1) 

electricity production to each of the energy mixes taken into consideration; (2) energy 

production to satisfy the heating needs, using each of the equipments taken into consideration 

in the analysis. In each case, the existing alternatives are compared. The data concerning the 

environmental impacts/aspects considered here are limited to the database available at the 
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time of the analysis. Note that in this assessment the impacts arising from micro production 

(photovoltaic and thermal solar energy) are considered null. 

 

Table 4.3 – Environmental impacts resulting from 1KW.h electricity production and reductions promoted 

using different mixes 

Environmental impact/aspect Indicator Unit 
Electrical energy production mix Impact decrase per KW.h of electricity 

Mix A Mix B Mix C Mix B / MixA Mix C / Mix A Mix C / Mix B 

Climate change CO2 eq kg 5,46E-01 4,23E-01 2,46E-01 22,45% 54,87% 41,81% 

Destruction of the stratospheric ozone layer CFC-11 eq kg 8,04E-11 7,70E-11 5,35E-11 4,21% 33,50% 30,58% 

Acidification of land and water resources  SO2 eq kg 4,82E-03 3,15E-03 1,65E-03 34,79% 65,78% 47,53% 

Eutrophication PO4 eq kg 2,42E-04 1,64E-04 8,86E-05 32,23% 63,44% 46,05% 

Formation of ground level ozone C2H2 eq kg 3,08E-04 2,14E-04 1,17E-04 30,72% 61,89% 44,99% 

Use of non renewable primary energy   MJ 7,21E+00 5,95E+00 3,56E+00 17,45% 50,59% 40,15% 

Use of renewable primary energy   MJ 2,44E+00 2,60E+00 4,85E+00 -6,56% -98,84% -86,60% 

Use of freshwater resource   m3 8,64E-01 7,05E-01 4,19E-01 18,35% 51,53% 40,64% 

Radioactive waste   kg 6,09E-09 4,93E-09 3,00E-09 18,94% 50,73% 39,22% 

 

Table 4.4 – Environmental impacts resulting from 1KW.h energy production and reductions promoted 

using different systems 

Environmental impact/aspect Indicator Unit 
Heating Equipment Impact decrase per KW.h of energy 

Nat. Gas 
Boiler 

Heat 
Pump 

Biomass 
Boiler HP/NGB BB/NGB BB/HP 

Climate change CO2 eq kg 2,57E-01 2,38E-01 2,10E-02 7,39% 91,83% 91,18% 

Destruction of the stratospheric ozone layer CFC-11 eq kg 3,38E-08 2,61E-07 1,57E-09 -672,19% 95,36% 99,40% 

Acidification of land and water resources  SO2 eq kg 2,17E-04 1,04E-03 4,08E-04 -379,26% -88,02% 60,77% 

Eutrophication PO4 eq kg 1,95E-05 5,53E-05 1,45E-04 -183,59% -643,59% -162,21% 

Formation of ground level ozone C2H2 eq kg 2,77E-05 4,17E-05 6,85E-05 -50,54% -147,29% -64,27% 

Use of non renewable primary energy   MJ 4,38E+00 4,31E+00 3,25E-01 1,60% 92,58% 92,46% 

Use of renewable primary energy   MJ 1,53E-02 2,38E-01 5,77E+00 -1455,56% -37612,42% -2324,37% 

 

 

4.1.2. CLIMATE CHANGE 

 

In this subchapter a detailed analysis of the environmental performance assessment results is 

carried out to the climate change environmental indicator. Any mention to impacts or CO2 

emissions in this chapter is referring to climate change impacts and CO2 emissions equivalent 

which is the unit of the indicator in question.  

 

Considering the distribution of impacts by stage figure 4.1 shows that the most pollutant and 

harmful life cycle stage corresponds to the use stage, more specifically module B6, 

operational energy use. This refers to base scenario results, however it was seen earlier this 

conclusion fits to the remaining scenarios considered. In a certain way this is not an 

unexpected result due to the useful lifespan considered (50 years) and consequently the higher 

amount of energy needed to maintain the building in operation. This trend is in accordance 

with the Portuguese building’s current reality (DGGE). 
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Figure 4.1 – Results for climate change impact per stage considering base scenario 

 

 

 

Figure 4.2 - Results for climate change impact by process/product considering base scenario 

The only process associated to the sub-stage operational energy use corresponds to 

“operational energy” and “lift”. Comparing both it can be seen that lift is negligible and so it 

can be concluded immediately that the process operational energy is the responsible for the 

greatest impacts influencing the most the environmental performance of the building. This 

process contemplates the production of electricity (lighting, ventilation and building’s 
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operation and control) and energy needed to the building’s thermal systems (heating and 

cooling) during the use stage is responsible for 86% of the overall impacts. This fact is 

illustrated in figure 4.2.  

As the latter suggest it is important to understand the distribution of impacts in detail 

regarding the operational energy use stage as it is shown in figure 4.3. 

 

 

 

Figure 4.3 - Operational energy impacts in climate change considering base scenario 

This figure shows that the emissions produced by the process of electricity production from 

oil and the heating equipment /Heat Pump (to cover part of the heating necessities and 

domestic hot water) are responsible for 38.6% and 39,4% respectively of the total emissions 

associated with operational energy use. However, when we do the same comparison in terms 

of energy, we conclude that electrical energy production from oil and from the heating 

equipment/Heat Pump matches respectively to about 13.4% and 56.1% of all the necessary 

energy for this stage. Making the same comparison to electrical energy production from coal, 

it allows us to obtain 2.8% of the necessary energy to operation of the building, issuing 9.4% 

of total impacts.  

A better performance demands electrical energy production mainly through most efficient 

sources from an environmental point of view and also the search for conversion equipments 

that allow us to satisfy the heating, cooling and DHW needs with fewer impacts. 

Finally, to the base scenario it is important to compare an aspect that was not introduced yet: 

operation impacts vs. embodied impacts. Embodied impacts account for all the emissions 

related to Product, Construction, Use (Installed Products, Maintenance, Repair, Replacement 

and Refurbishment only) and End of Life stages; its value remains constant throughout the 

lifetime of the building (since there are no emissions due to decay of materials). Operation 

impacts account for emissions for both Operational Use stages (Energy and Water); they are 

directly proportional to the lifetime of the building. 
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Figure 4.4 shows a great preponderance of the operational impacts when compared to the 

embodied impacts that occur to the base scenario. 

 

 

 

Figure 4.4 – Operational impacts vs. Embodied impacts considering base scenario 

Scenario II has got only one change when compared to the base. The energy mix considered 

to obtain electricity is altered and updated to real data corresponding to the Portuguese reality 

foreseen to the end of 2010 (MIX B). As it is intended, there is a reduction of non-renewable 

energy sources’ dependence, such as oil and coal, promoting renewable energies. Table 4.3 

presents the environmental impacts resulting from 1KW.h of electrical energy production for 

each of the mixes taken into consideration. 

Table 4.5 – Different mixes considered for electricity production 

Electrical energy production mix 
Source 

Hard Coal Hydro Oil Wind Natural Gas 

Mix A – PT 2009 9,2% 18,9% 43,6% 16,2% 12,1% 

Mix B – PT 2010 targets 3,0% 34,3% 30,0% 10,7% 22,0% 

Mix C – Future targets 0,0% 32,0% 16,7% 35,0% 16,3% 

 

Around 22% reduction of impacts in the electrical energy production is seen; however 

electricity only represents 31% of the operational energy’s needs of the building. A reduction 

of only half of this value is seen in the total impacts (11%) in scenario II. 
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Figure 4.5 - Environmental impacts arising from the different energy mixes per KW.h of electricity 

produced and by source 

The operational energy use is still the life cycle stage where the major CO2 emissions occur 

with a slight reduction. The comparison embodied/operational impacts (figure 4.6) shows that 

despite a slight improvement, the 85% of operational impacts obtained are still far from being 

satisfactory given the great unbalance verified. 

 

 
 

Figure 4.6 – Operational impacts vs. Embodied impacts considering scenario II 
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account that the energy needs for heating represent 56% of the total operational energy 

needed, a change in the equipment should be considered, so that the improvement of the 

energetic efficiency of the heating system allow any substantial reduction of the impacts. The 

heat pump is therefore replaced by a biomass boiler at the same time that the production 

capacity of the thermal solar system is increased (supplies 35% of heating needs).  
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The results show evidence of improvement reaching less 35% of total impacts comparing 

scenarios II and III. Note that a higher reduction is achieved comparing the improvements 

made from scenarios I and II. 

 

 

Figure 4.7 – Results for climate change impact per stage considering scenario III 

Again, considering the distribution of impacts by stage (figure 4.7) the most pollutant and 

harmful life cycle stage corresponds to the use stage, more specifically module B6, 

operational energy use. The distribution of total impacts by process/product (figure 4.8) 

shows that operational energy is responsible for 72% of total impacts. Comparing with 

scenario II the impacts arising from this process are 41 % lower.  

The adoption of the biomass boiler to the detriment of the heat pump as the heating system 

allows an impressive 92% reduction of the impacts due to the energy production to cover the 

heating needs. We know that there is a reduction of energy to be produced (15%) by this 

equipment, which is compensated by the increase of the production capacity of the solar 

thermal system. Even so, the change of equipment promotes, without a doubt, a significant 

improvement of the environmental performance of the building. Given that the energy mix 

considered in the scenarios II and III is the same (Mix B), this conclusion is even more 

reinforced because there are no changes between the two scenarios regarding electrical 

energy. 
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Figure 4.8 – Results for climate change impact by process/product considering scenario III 

 

 

 

Figure 4.9 – Operational energy impacts in climate change considering scenario III  

The relation between the Embodied and Operational impacts evolves favourably by reducing 

the operational impacts to 77% (figure 4.10).  

Taking into account the results obtained and the definitions of Scenario III, one might say that 

this is the one who better fits the current Portuguese reality considering the modern 

construction standards and the use of recent technology.  
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Figure 4.10 – Operational energy impacts in climate change considering scenario III  

Finally, regarding Scenario IV, it establishes more ambitious considerations and goals than 

the previous ones. It takes into account not a current reality, but a scenario foreseen as the 

future based essentially in the energy production, to a great extent, from renewable sources 

and with reduced environmental impacts. The changes promoted when compared to Scenario 

III are: (1) the introduction of a system of electrical energy micro-production based on a solar 

photovoltaic cells; (2) the production capacity increase of the solar thermal system; (3) the 

adoption of a new mix to produce electrical energy. 

Figure 4.11 shows that the tendency verified until now is maintained, the operational energy 

use stage of life cycle is the stage in which the biggest impacts occur (57%) followed by the 

product stage, responsible for 32% of the total impacts.  

 

 

 

Figure 4.11 – Results for climate change impact per stage considering scenario IV 
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The process which most influences the environmental performance of the building is still the 

operational energy (figure 4.12). It is seen that the impacts of some materials, such as gypsum 

boards, sandwich panels and hot rolled steel profiles have some importance in the totality of 

the building’s life cycle.  

 

 

Figure 4.12 – Results for climate change impact by process/product considering scenario IV 

The adoption of the electrical energy micro production system (photovoltaic solar energy) 

allowed the reduction to half of the external dependence (energy mix) of electricity to 

operational energy. The remaining 50% necessary will be produced resorting to a new 

environmentally more efficient energy mix (Mix C). Table 4.3 and Figure 4.5 allow us to 

conclude that the Mix C is 55% and 42% more efficient than Mix A and Mix B respectively. 
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renewable energy sources, representing two thirds of the production in this mix (Table 4.5 and 

Figure 4.5). On the other hand, the lack of knowledge and uncertainty about the time frame 

when these energies sources will totally replace the non-renewable energy sources on which 

the planet still depends. Unfortunately, this is a matter that surpasses the environmental 

domain, being many times still associated to political and economical lobbies.  
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Figure 4.13 shows that although oil is the primary energy source from which 16% of the 

electrical energy needed is produced (operational energy), it is responsible for 35% of the 

caused impacts. 

The energy production to supply the cooling needs is responsible for the emission of 25% of 

total impacts. This problem may be lessened by adopting passive systems to cool the air 

inside, therefore reducing the energetic dependence and the emissions caused by cooling 

equipments. 

When comparing to Scenario III, we also verify a reduction on the impacts caused by the 

Biomass Boiler given that we resort to thermal solar energy to compensate more than 15% of 

the heating needs when comparing to what happens in Scenario III.  Therefore we consider 

that 50% of the heating needs are fully obtained through a renewable energy source (thermal 

solar energy). 

 

 
 

Figure 4.13 – Operational energy impacts in climate change considering scenario IV 

 

During the calculation process of energy needs for heating according to the Portuguese code 

RCCTE it was possible to find out the benefits in terms of environmental impacts 

reduction/acceptable energy needs amounts resulting from a balanced and iterative design of 

insulating materials. It is possible to achieve acceptable values for energy needs and at the 

same time reduce the environmental impacts resulting from higher/lower materials 

production. 

The relation between the operational / embodied impacts to Scenario IV is now more 

balanced as we can see in Figure 4.14. 
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Figure 4.14 – Operational impacts vs. Embodied impacts considering scenario IV 

Next, there are three graphic representations that establish the comparison between the four 

scenarios previous analysed: (1) total impacts in building’s life cycle - figure 4.15; (2) 

influence of operational energy in total impacts – figure 4.16; (3) operational energy impacts 

– figure 4.17. Their analysis allows us to verify the evolution obtained, to confirm an 

improvement of the environmental performance assured by each one of them and it also 

provides an understanding of the causes for this evolution.  

 

 

 

Figure 4.15 – Scenarios comparison for total impacts 
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Figure 4.16 – Scenarios comparison operational energy use impacts proportion 

 

 

 
 

Figure 4.17 – Scenarios comparison operational energy use impacts 
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4.1.3. ACIDIFICATION OF LAND AND WATER RESOURCES 

 

The short analysis here considered for this environmental impact indicator is much more 

simple and briefer than the one made for climate change. Just the main aspects are focused. 

On what concerns to the indicator acidification of land and water resources, the obtained 

results follow integrally the verified tendency for the climate change indicator. The 

environmental performance evolves favorably with the scenarios as shown in figure 4.18. 

 

 

 

Figure 4.18 – Scenarios comparison for total impacts 
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acidification of land and water resources indicator, operational energy use stage represents 

68% of the total impacts.  
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Figure 4.19 – Results for acidification of land and water resources impact per stage considering scenario 

IV 

As shown on table 4.1, the evolution is clearer comparing scenarios III and IV (50% 

reduction). Thus, the performance improvement verified for this indicator results mainly from 

three actions: (1) energy mix considered in scenario IV (Mix C), in which we can see a 

reduction of impacts of almost 50% (see table 4.3); (2) lower dependence on the heating 

equipment (Biomass Boiler) for the supplement of heating needs, which are compensated by 

thermal solar energy; and lastly (3) lower dependence on external electrical energy production 

(energy mixes) considering the electrical energy micro-production for supplement of 50% of 

electrical needs. 

The reduction of impacts verified from Base Scenario (I) to Scenario II is also interesting 

(22%). The adoption of a new energy mix in scenario II (MIX B) provided a 22% reduction 

on the total impacts. Reducing the proportion of oil and hard coal as sources for electricity 

production can explain the improvement on the environmental performance. 

Regarding the results from scenarios II and III the comparison shows a 19% reduction on the 

total impacts, the better efficiency of the Biomass Boiler allows better relation of energy 

supply/produced impacts (61% higher) in comparison with the Heat Pump (see Table 

4.4).Table 4.3 shows the same comparison for the three energy mixes taken into 

consideration. 
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Figure 4.20 – Scenarios comparison operational energy use impacts 

 

 
 

Figure 4.21 - Results for acidification of land and water resources impact by process/product considering 

scenario IV 
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distribution of impacts by product/process for the building’s total life cycle, considering 

scenario IV, which promotes the best performance. 

 

4.1.4. FORMATION OF GROUND LEVEL OZONE 

 

The explanation made in the beginning of 4.2.2. is valid here. 

As for the indicator acidification of land and water resources for the “formation of ground 

level ozone” impact indicator, expressed as photochemical oxidants, the results analysis leads 

to very similar conclusions to those obtained for climate change. 

Again the life cycle stage referring to the operational energy use is, among the four defined 

scenarios, the most harmful for the building’s environmental performance. It evolves 

favourably with the scenarios, being worse for scenario I and better for scenario IV. Figure 

4.22 shows the results for scenario IV per stage. 

 

 

Figure 4.22 – Results for formation of ground level ozone impact per stage considering scenario IV 
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III. 
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Figure 4.23 – Scenarios comparison for total impacts 

The reason for this comes out taking into account the differences between scenarios II and III. 

As can be observed in table 4.4 the equipment considered to supply the heating needs in 

scenario III (Biomass Boiler) is less effective than the one considered in scenario II (Heat 

Pump) regarding the “formation of ground level ozone” environmental indicator. As a matter 

of fact, the use of 15% more thermal solar energy to cover the heating needs and the adoption 

of a more efficient energy mix (table 4.3) makes this impacts’ increase between Scenario II 

and Scenario III less noticeable.  

. 

 

 

Figure 4.24 – Scenarios comparison operational energy use impacts proportion 
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cycle and considers the scenario which promotes the best environmental performance 

(scenario IV). 

 

 

 

 

Figure 4.25 - Results for formation of ground level ozone impact by process/product considering scenario 

IV 
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indicators illustrate the quantities of material that at the end-of-life stage are intended to be 

reused, recycled or sent to waste deposits and not the impacts that come from these processes. 

Therefore, the definition of these indicators allows the assessor intervention. They only 
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indicate what quantities of material used on the building are intended to one of the three 

considered alternatives: reuse, recycling or waste deposit. 

4.2.5. WATER AND ENERGY CONSUMPTION 

 

The water consumption of each user (water use stage – use of potable water for sanitary 

purposes) is considered constant in annual terms. Therefore, this value will only reflect on a 

set of constant impacts associated to waster use stage in each of the defined scenarios. The 

results obtained for this case study show that the influence of this process on the total impacts 

concerning the entire life cycle of a building is minimum.  

Conclusions about the type of processes in which the different habits and types of user 

influence the performance (water consumption, energy for lighting and domestic hot water, 

heating and cooling) insert dispersion factors into the results. Therefore, when the aim is to 

compare the environmental performance of different buildings evaluated according to this 

methodology, it is better not to consider these factors or to consider them separately. In this 

way, it is possible to take into account the dispersion and the inaccuracy factors that influence 

the results. It makes possible to carry out a comparative analysis among the buildings in a 

more precise and correct way, whether they are meant for users with different consumption 

habits or not.  

 

4.2. COMPARISON WITH OTHER CASE STUDY 

One of the points treated on the literature review in this thesis is the demand and the need for 

a unified methodology to assess environmental performance of buildings. The entering into 

force of the CEN’s draft prEN15978 can be considered as a very reliable solution for this 

demand. This new tool has a big potential regarding the environmental performance of 

buildings since it enables the comparison of performance between buildings with similar 

characteristics and conditions. 

In a near future it may actually justify the creation of a labeling system depending on the type 

of building, which will allow the assignment of an environmental performance label to each 

building. 

 

In this chapter a comparison is made between the case study presented and assessed in this 

thesis and another, very similar assessed according with the same methodology. All the 

detailed information about the environmental performance assessment of this other building 

can be found in COELHO (2010). 

 

The main difference between the two buildings in study is the location. The case study here 

assessed is assumed to be located in Coimbra city, centre Portugal and the comparing one is 

assumed to be located in Luleå, north Sweden. In here any reference to “Swedish” case study 
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intends to refer to the case study located in Luleå. Regarding the structural design the 

buildings are in accordance with the specific regulations which are different for Portugal and 

Sweden, architecturally there are no differences. The materials placed are the same, 

notwithstanding some small differences in the amounts. As an example: the lower thickness 

of rock wool and sandwich panels in the Portuguese case study. These differences are justified 

by the different climate conditions requiring different amounts of thermal insulating materials 

and they can be seen in figure 4.28 comparing the environmental impacts of the both case 

studies regarding the product stage. As the materials considered are the same for both case 

studies the environmental impacts data used is also the same. 

 

The comparative analysis falls upon the climate change impact indicator as for as the total life 

cycle and for the operational energy needs. The environmental performance provided by 

scenario IV is here considered as representative for the Portuguese case study. In what 

concerns to the Swedish case, the scenario considered is also the one providing the better 

results among a set. Only the scenario for energy production is presented, the remaining 

boundaries are equal excepting for few details which are negligible for any conclusion. The 

scenario defined is briefly described below (courtesy of Filipe Coelho). 

 

 
 

Figure 4.26 – Scenario defined for Swedish case study (Coelho,2010) 

 

Results presented in figure 4.27 show the Swedish building requiring more operational energy 

(heating and domestic hot water) than the Portuguese which is mainly caused by the higher 

temperature gradient that is necessary to maintain in Sweden. On the other hand, energy 

needed for cooling is higher in Coimbra. The location will not pronouncedly influence the 

energy needs for lighting and building’s automation and control and the differences are 

caused by the different assumptions made for each case study, thus no conclusions are 

withdrawn. 
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Note that the operational energy needs for the Swedish case study were calculated according 

specific regulations (Coelho, 2010) different from those used in the Portuguese case . 

 

 

 

Figure 4.27 - Comparison Coimbra vs Luleå operational energy use 

 
 

Figure 4.28 – Case studies: Coimbra (left) and Luleå (right) (Gavalda et al, 2009) 

Regarding the impacts by building’s life cycle stage figure 4.28 shows that the Portuguese 

case study presents lower impacts during all the stages with exception of the operational 

energy use stage. Despite this fact the overall impacts are higher (more 35%) in the 

Portuguese case study. There is a substantial difference of impacts comparing both case 

studies in relation to the energy use stage (84% lower impacts for Swedish case). This result 

is caused by the different assumptions taken into account in the scenarios definition for both 

cases. Assuming the same scenario considered for the Swedish case, for the Portuguese one 

the results are certainly more balanced with less discrepancy, however taking into account the 

different realities and the different improvements regarding the use of renewable energy 

resources in each country, assuming the same scenario would not be a reasonable option. As 
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said before, currently Portugal is still far away from Sweden in the field of renewable energies 

and building’s energy efficiency. Figure 4.30 provides a clear notion of the differences 

between these two countries regarding the energy production from renewable resources. 

Note shall be made regarding the nuclear energy used as resource in Sweden. The efficiency 

of nuclear power as energy source is higher than any of the resources used in Portugal for 

energy production. Some latest events proved the risk that it represents to the environment in 

case of nuclear accident. The use of nuclear power as energy source is starting to be 

reevaluated by some countries and in certain cases is phased out. 

 

 

Figure 4.29 – Comparison Coimbra vs Luleå climate change impacts by stage

 

Figure 4.30 – Share of renewables in gross final energy consumption (%) (EUROSTAT)
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5. CONCLUSIONS 

In this chapter, it is presented a summary of the main conclusions and ideas to retain from this 

work by dividing it into three main points. First, there is a summary of the conclusions 

reached from actual results obtained and discussed in the previous chapter. Secondly, the 

integration of the work, its value in the sustainable construction context and in the 

investigation currently being developed in this area are here discussed. Finally, a critical 

analysis is carried out to the methodology provided by the prEN15978 to the environmental 

performance assessment of buildings. Some aspects that are considered adequate or 

inadequate are referred and alternatives to a future review or improvements are proposed. 

5.1. FINDINGS 

The purpose of this thesis is to assess the environmental performance of the residential 

modular building here described using the calculation method proposed in prEN15978. 

However, the simple application of this methodology makes this study a little vague in terms 

of conclusions. In this way, after the methodology is applied and the results obtained and 

analysed, the aim is to provide answers to the questions presented earlier: how to assess the 

building’s environmental performance, identify the main environmental impacts of the object 

of assessment, recognize which products and processes are most responsible for them and in 

which life cycle stage they occur, devising solutions to reduce them and evaluating the output 

of results bearing a benchmarking or comparison end. 

In terms of how the building’s environmental performance is evaluated and which impacts are 

more relevant to the assessment, those subjects are clarified by the methodology adopted and 

have already been approached in previous points. Among the environmental indicators taken 

into consideration in prEN15978, only three were focused in this analysis and only one was 

more deeply analysed. The reasons have already been explained. It is important to reinforce 

that despite the greater knowledge and development of the climate change indicator, others 

were also analysed to which this approach was not so directed but that, given the current 

general environmental concerns, they will have to be analysed and studied in a close future.  

The operational energy is clearly the process responsible for the biggest impacts considering 

individually each of the three environmental indicators analysed independently of the scenario 

(57% of CO2eq total impacts; 68% of SO2eq total impacts; 51% of C2H2eq total impacts for 

scenario IV). This comes as a problem demanding a solution to enhance performance. Several 

alternatives were analysed. Such as expected, obtaining electrical energy has shown to be 

more effective, from an environmental point of view, when more renewable resources are 

used (hydro and wind). The resource to a biomass boiler to produce energy for heating when 
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compared to the heat pump is more efficient regarding the majority of the indicators (less 91% 

CO2eq) but also more pollutant regarding some (more 64 % C2H2eq). This is an example of 

how a detailed environmental performance assessment must take into account the maximum 

of indicators possible contemplated in prEN15978. 

It is important to reinforce that the alternatives and scenarios taken into consideration always 

bear in mind the reality in which the building will be inserted. Portugal is a country that has 

been strongly investing in renewable energies, however the results of this investment made 

are only being felt now and still in a very discrete manner when compared to the reality of 

other European countries such as Sweden (see figure 4.30). 

The micro production of thermal solar and photovoltaic energy to cover the needs of 

operational energy is, without a doubt, the most efficient way to improve the environmental 

performance of the building and of producing energy from an environmental point of view. 

Portugal’s geographical position, the land relief and the water resources provide a good solar 

exposure and a great water potential, therefore they are good examples of opportunities to 

explore promoting the production of “clean energy”. 

The energetic efficiency plays an important role given that the reduction of the energetic 

consumption by efficiency increase leads to a smaller dependence of the energy production 

and therefore to the reduction of the environmental impacts. In this case, we see that it is the 

most effective way of promoting a reduction of the impacts. 

From the comparative analysis Coimbra vs Luleå, the aspect that is immediately obvious is 

the most better environmental performance, which is guaranteed by a greater efficiency on the 

energy production process in the Swedish case analysis: more energy is produced with fewer 

impacts (less 87% of CO2eq). This is an evidence of the greater development and evolution of 

Scandinavian countries regarding environmental concerns and environmental sustainability. 

What it is seen is that for the same energy sources, the production and transformation process 

between these two countries differs according to the database used (Gabi software). In cities 

such as Luleå, the energy use is more effective when compared to any Portuguese city. As an 

example, in Luleå the energy needed for domestic hot water is entirely reused from the steel 

profiling process that occurs on a daily basis in a local steel mill. The analysis carried out here 

and the previous example allows us to conclude that there is still a lot to do in Portugal 

concerning the energy production and the dependence of non-renewable energy sources. 

Regarding the operational energy needs, they are bigger in Luleå (126% higher), the heating 

needs are the ones that most contribute to this factor (162% higher). The different clime 

explains this fact. 

Note shall be made regarding the human dependent assumptions. Water and energy needs are 

dependent on the user’s pattern of use. In the author opinion the building’s environmental 
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performance assessment should not be influenced by human dependent aspects, these would 

alter the assessment results reducing the objectivity of the analysis. Profiles for human 

patterns of use should be defined in order to enable comparisons between different buildings 

not influenced by different human habits. 

At last it is important to refer that this analysis embraces only the environmental sphere of 

sustainability. If social and economical aspects were included in this analysis, it might 

question many of the conclusions regarding sustainability. However as the aim of this thesis is 

the environmental performance assessment of buildings according the prEN15978 this comes 

just as a principle that should not be forgotten in a sustainability performance assessment 

embracing simultaneously the three spheres: environment, social and economical 

5.2. LIMITATIONS AND FURTHER RESEARCH 

All the research work and the findings achieved with this thesis represent significance in the 

general context of sustainability research in a general context and specifically in sustainability 

of construction works. So that it can be taken advantage of the work here developed, some 

limitations and aspects that need improvement are expressed. Despite the limitations, further 

cited, at the same time many benefits may arise from this work to further research. It fits as a 

test to the methodology and to the prEN15978 since it is a pioneer practical application to a 

case study, allowing the identification of possible weak and strong points and the suggestion 

of possible proposals for improvement. The conclusions reached through the analysis of the 

results also contribute, in a certain way, to a future development in the area indicating some 

paths to follow so that a better environmental performance of buildings is guaranteed in the 

future and allowing to help in the decision making process. 

This work together others here used as data sources (e.g. Mateus, 2009) allow the concept of 

sustainable design of buildings, still very unexplored, start to grow towards the new 

environmental demands. The previous research work that have been done resulted in the 

compilation of environmental data for products and processes used in construction works as 

buildings (typically for light steel modular buildings). The possibility of using it in future 

works comes as a benefit. The comparison of the results and the conclusions reached through 

the analysis of alternative solutions by setting different scenarios also constitutes a benefit for 

future design to be developed.  

The importance of the energy efficiency of buildings to achieve environmental efficiency was 

clear in this work. The advantage of opting not only for more effective materials and 

equipments, but also of reducing the energy needs and consumption was proved by the results 

obtained. Investing in the development of clean energy sources and even in micro production 

of energy instead of fossil fuels sources are necessary goals. Energy needs and spending have 

been increasing significantly in the last few years and the energy production capacity from 
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these resources does not accompany this increase. In the long term, the situation will be 

unbearable not only in terms of energy deficit but in terms of environment.   

Fossil fuels represent, nowadays, sources with a higher capacity of energy production than 

renewable sources. It will take some time until the development of renewable energy sources 

allows the achievement of the same production levels. However, the lack of time and the 

urgency of measures reinforce the idea that we must start changing behaviours concerning 

energy management and consumption.  

Notwithstanding the many benefits cited some limitations identified at the end of this work 

are here mentioned and explained. First, the great amount of assumptions and simplifications 

taken throughout this study, some vague aspects of the project concerning the studied building 

(e.g. plumbing, electrical projects) which leads to an incomplete building model, the lack of 

data for certain processes, regarding certain environmental indicators and the absence of 

information about the methodology here considered. 

The way to define the functional equivalent shall be revised. It was proven that it does not 

provide a credible method to assure the objectivity of the analysis; different considerations 

regarding the functional equivalent may change the performance score of the object of 

assessment. A more detailed definition of the functional equivalent following strict criteria 

may solve this lack of objectivity enhancing it. Certification, policy making and 

benchmarking are more credited. This is important to allow the comparison between different 

building’s assessments which are only possible if they are based on the same principles. 

An aspect which is not directly related to the prEN15978 but at the same time very crucial to 

the assessments must be referred. It is related to the environmental data available for the 

construction and building products and processes. The methodology considers the 

environmental product declarations (EPD) as the primary and preferable source of data. A 

remark shall be made regarding these documents. Currently there’s no regulation that requires 

the producers and manufacturers to establish EPDs for their products. Despite the existence of 

standards that give the means and methodologies to create them and the fact that is already in 

force, it is still difficult to find companies and manufacturers that provide this information. An 

effort must be made so that responsible entities provide this information attached to the 

products and materials. 

The approach adopted for the end-of-life stage assessment shall be revised. As referred in 

3.3.2 the criteria considered by the method in the establishment of the boundaries and impacts 

to allocate to the building in the end of life stage can be considered controversial and 

complex. The existing controversy around this is related with the definition of the transition 

point, based on the conventional economic value. It is generally recognized that the transition 

point considered here is not adapted to some materials, steel being the most important 
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example. The evolution of steel’s economic value along the structure life cycle is different 

from the economic evolution defined on figure 3.2. As a consequence, the definition of the 

transition point and the impacts to allocate to the building should be different of what is 

considered by the methodology here used. It withdraws responsibilities from the 

manufacturers as it does not compel them to consider the future impacts of the products’ 

recycling. Thus these impacts are allocated to the manufacturers that will use as raw materials 

not the pure materials but the used ones to produce new products. The solution must be to 

simplify the method concerning the end of life stage, promoting possible changes, better 

adapting it to the reality of buildings and materials in order to promote its recycling and reuse. 

Finally an explanation is made regarding the end of life scenario definition. Only one scenario 

was considered for this stage of the building’s life cycle and of the materials that constitute it. 

As the methodology considers a “cut off rule” in the system boundary that is relative to the 

end of life stage, the fact that scenarios are considered, in which the different products have as 

final purpose to be reused, recycled or disposed will always have as consequence a 

performance that will become worse, as more material is sent to waste deposits. This happens 

because the impacts concerning the recycling or reuse processes are not allocated to the 

building in study. This only happens with the impacts that are relative to the materials sent to 

waste deposits (“cut off rule”). As it would be expected, this process causes environmental 

impacts that aggravate the building’s performance. The impacts that concern the reuse or 

recycling of materials are not, therefore, accounted in this analysis. 
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APPENDIX A – BUILDING MODEL 

 

 

Figure A.1 

 



Assessment of the life cycle environmental  

performance of buildings: a case study  APPENDIX 

 

 

João Ricardo Melo Pinheiro  A-2 

 

 

Figure A.1 

 



Assessment of the life cycle environmental  

performance of buildings: a case study  APPENDIX 

 

 

João Ricardo Melo Pinheiro  A-3 

 

Figure A.2
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APPENDIX B – ADDITIONAL INFORMATION 

Table B.1 - Characteristics of non-structural elements and total amounts per building part 

 

     
Area (m2) 

 
 

Building Part Element Units 
Thickness 

(mm) 
Weight 

(kg) 
1st 

floor 
2nd 
floor 

3rd 
floor 

4th 
floor 

5th 
floor 

Total 
area 
(m2) 

Uvalue 
(W/ºC.m2) 

U.A 
(W/ºC) 

Walls between 
rooms 

Air space 1 200 #N/D 

419,4 255,4 272 372,1 404,6 1723,5 0,082 
5,44 

(t=0,3) 
Gypsum board 4 13 71697,6 

Mineral wool 1 100 4825,8 

Steel studs 2 70 2284,2 

Walls between 
room and corridor 

Air space 1 50 #N/D 

162,3 145,6 180,7 122,2 148,2 759 0,216  
Gypsum board 4 13 31574,4 

Mineral wool 1 100 2125,2 

Steel studs 2 70 1005,9 

Exterior walls 

Gypsum board 2 13 24556,5 

183,6 240,5 323,5 236 197 1180,6 0,123 145,12 

Mineral wool 1 150 4958,5 

PE film 1 0,2 224,3 

Sandwich panel 1 40 7083,6 

Steel studs 1 220 2458,8 

Bathroom walls 

Gypsum board 2 13 8923,2 

85,8 78 85,8 93,6 85,8 429 0,701  Mineral wool 1 70 840,8 

Steel studs 1 70 284,3 

Interior floor 

Air space 1 200 #N/D 

576 492 422 420 466 2376 0,078 
1,56 

(t=0,3) 

Gypsum board 2 13 49420,8 

Main beams 1 220 418176,0 

Mineral wool 1 20 1330,6 

Steel beams 1 200 3730320,0 

Steel sheets 1 1,2 22492,8 

Interior ceiling 

Fire resist. gypsum board 1 15 23774,4 

520 465,2 472 478 46 1981,2 0,414 Gypsum board 1 13 20604,5 

Steel sheets 1 1,2 18755,4 

Exterior ceiling 

Fire resist. gypsum board 1 15 7665,6 

58 56,8 54 32 438 638,8 0,245 111,13 
Gypsum board 1 13 6643,5 

PE film 1 0,2 121,4 

Sandwich panel 1 40 3832,8 

Exterior floor 

Air space 1 200 #N/D 

10 36 92 194 46 378 0,041 15,59 

Auxiliary beams 1 200 #N/D 

Gypsum board 2 13 7862,4 

Main beams 1 220 66528,0 

Mineral wool 1 10 105,8 

PE film 1 0,2 71,8 

Sandwich panel 1 40 2268,0 

Steel sheets 1 1,2 3578,4 

Balcony floor 

Air space 1 200 #N/D 

0 26 49 63 26 164 -  

Main beams 1 220 28864,0 

Mineral wool 1 20 91,8 

PE film 1 0,2 31,2 

Plywood 1 30 2681,4 

Steel beams 1 200 257480,0 

Steel sheets 1 1,2 1552,5 

Acessories 

Windows 88 3,6 6336,0           704 2,7  

Room doors (wood) 62 40 3968,0   
    

124 
 

 

Bathroom doors (wood) 53 30 2035,2   
    

84,8 
 

 

Living room doors (glass) 12 12 720,0   
    

24 
 

 

Exterior doors (glass) 2 36 540,0   
    

6 
 

 

Glass (fence & entrance hall) 
 

3,6 1073,7   
    

119,3 2,7  

Stairs (wood) 
 

20 512,0           32    

Roof Sandwich panel 1 200 23940,0           798    
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Table B.2 – Additional information regarding the RCCTE methodology application to the case study 
 

Losses Associated with the Exterior and Interior Envelope (U.A) table B.1 (FCIV.1a&b) 

H
ea

ti
n
g

 S
ea

so
n
 

Losses associated with external glazing (U.A) 1879W/ºC (FCIV.1c) 

Losses associated with the air renewal 2737W/ºC (FCIV.1d 

Total Useful Gains in Heating season 82660,451W/ºC (FCIV.1e) 

Maximum Nominals Heating Necessities  - Ni 62,17 kWh/m2.year (FC IV.1f) 

Total Thermal losses 83920,77 kW/year (FCV.1a) 

C
o
o

li
n
g

 S
ea

so
n
 

Solar gains through Exterior Opaque Envelope 527,49 KW.h (FCV.1c) 

Solar gains through Exterior Glazing 16122,87 KW.h (FCV.1d) 

Total Internal Gains (Average internal Gains = 4 W/m2) 29638,04 KW.h (FCV.1e) 

Total Thermal gains 46288,4 kW.h (FCV.1f) 

Nac - Energy needs for domestic hot water 4,51(kW.h/m2.year DHW  

Nv - Nominal Cooling Needs 4,85 (kW.h/m2.year)   

Ni - Nominal Heating Needs 41,54 (kW.h/m2.year)   

Ventilation 8697,60 (kW.h/year)   

Global Nominal Needs of Primary Energy, Ntc 0,974Kgep/m2.yea   

Nt Maximum 3,939 Kgep/m2.year   
    

 Useful floor Area 2530,57m2   

 Average Free Height 2,7m   

 Fraction of glass (windows) 0,7   

 Building’s Inertia “1” - Week   

 

Table B.3 – Quantification of building’s materials 
 

Product Type Product Unit Net Amount Losses Repair Replacement Refurbishment Gross Amount 

Non structural 
elements 

Standard Gypsum Board kg 221282,9 11064,1 22128,3 - 208757,12 463232,4 

Fire Resistant Gypsum Board kg 31440,0 1572,0 - - - 33012,0 

Mineral Wool kg 14278,6 713,9 - - - 14992,5 

Polyethylene Film kg 448,7 22,4 - - - 471,1 

Sandwich Panel 1000m2 3,0 0,1 - - - 3,1 

Trapezoidal Steel Sheets kg 46379,1 2319,0 - - - 48698,0 

Glass  kg 2333,7 116,7 - - - 2450,4 

Wood kg 6515,2 325,8 - - - 6841,0 

Plywood  kg 2681,4 134,1 - - - 2815,5 

Acessories 

Windows units 88 5 - 88 96 277,0 

Bathroom Doors units 62 4 - 10 96 172,0 

Room Doors units 53 3 - 12 96 164,0 

Living Room Doors units 12 1 - 2 - 15,0 

Exterior Doors units 2 1 - - - 3,0 

Lift units 1 1 - - - 2,0 

Stairs (wood) units 1 1 - - - 2,0 

Structural 
elements 

Concrete m3 90,0 4,5 - - - 94,5 

Steel Studs kg 4748,8 237,4 - - - 4986,2 

Rail of Studs kg 2442,2 122,1 - - - 2564,3 

Corner Studs kg 860,2 43,0 - - - 903,2 

Slotted Studs kg 2978,3 148,9 - - - 3127,3 

Rail of Slotted Studs kg 2040,4 102,0 - - - 2142,4 

Auxiliary Beams kg 23043,4 1152,2 - - - 24195,6 

Beams kg 22256,7 1112,8 - - - 23369,5 

Columns kg 13392,8 669,6 - - - 14062,5 
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APPENDIX C – ENVIRONMENTAL DATA SOURCES 

Table C.1 – Environmental data sources used 

 

Group Product Data source 

M
a

te
ri

a
ls

 

Alkyd paint SimaPro 7.1 software database; Educational, EIN_SYSX06573801507 

Aluminum GaBi 4.0 software database; Educational, aluminum ingot mix (DE) 

Cold formed steel profiles 
EPD; Steel structures of cold formed welded structural hollow sections 

(CFSHS), NEPD no.079, Contiga AS,2007 

Concrete EPD; BUZZI UNICEM SpA, Concrete EPD, 2008 

Fire resistant gypsum board 
EPD; Forschungsvereinigung der Gipsindustrie e.V., Gypsum Based 

Products, 1
st
 Edition, 2009 

Glass GaBi 4.0 software database; Educational, glass 

Gypsum board 
EPD; Forschungsvereinigung der Gipsindustrie e.V., Gypsum Based 

Products, 1
st
 Edition, 2009 

Hot rolled steel profiles 
EPD; Steel structures of hot finished structural hollow sections (HFSHS), 

NEPD no.78, Contiga AS,2007 

Lift 
EPD; Environmental Fact Sheet, Elevator system Schindler 3100/3300/5300, 

2005 

Mineral wool 
EPD; Deutsche Rockwool Mineralwoll GmbH & Co. OHG, Steinwolle-

Dämmstoffe, 2008 

PE film GaBi software database; Educational polyethylene granulate) (PE) (RER) 

Sandwich panel EPD; Corus Colours, Trimoterm FTV1200 Wall, 2008 

Steel sheets GaBi 4.0 software database; Educational, Steel sheets 

Wood 
EPD; SAIB S.P.A., Raw and Melamine faced particle board, Revision 0, 

2004 

Disposal  
SimaPro 7.1 Educational  - Disposal of inert waste, 5% water, to inert 

material landfill/CH S’  (assumed for all materials to disposal) 

E
q

u
ip

m
e
n

t Backhoe loader 

“Non Road Emissions”, Auxiliary data sheets provided by Professor Helena 

Gervásio 

Concrete mixer 

Crane 

Roller 

Truck trailer 

O
p

e
ra

ti
o

n
a
l 
S

u
p

p
ly

 

Biomass Boiler 

Mateus, R.(2009). “Avaliação da Sustentabilidade da Construção - Proposta 
para o Desenvolvimento de Edificios mais Sustentáveis” – Doctoral Thesis. 

Gas Boiler 

Heat Pump 

Cooling Machine 

Electrical power from hard coal GaBi 4.0 software database; Educational, Electrical Energy Power from hard 
coal ( Portugal – PT ) 

Electrical power from heavy fuel 

oil 
GaBi 4.0 software database; Educational, Electrical Energy Power from 
Heavy fuel oil ( Portugal – PT ) 

Electrical power from hydro GaBi 4.0 software database; Educational, Electrical Energy Power from 
Hydropower ( Portugal – PT ) 

Electrical power from natural gas GaBi 4.0 software database; Educational, Electrical Energy Power from 
Natural Gas ( Portugal – PT ) 

Electrical power from wind GaBi 4.0 software database; Educational, Electrical Energy Power from 
Windpower ( Portugal – PT ) 

Water 
EPD; Distribution service of drinkable water, Municipality of Lizzano in 

Belvedere, 2008 

 


