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Abstract 

The implementation of the Passive House (PH) requirements has been shown to reduce energy 

consumption during the operational phase of a building’s life cycle. In order to achieve this, it is essential 

to select and apply materials in a manner that ensures greater thermal comfort than in a traditional 

building, with particular attention to the materials that constitute the building envelope. However, it 

should be noted that increasing the quantity of materials applied results in an increase in the associated 

environmental impacts. 

The objective of this study is to evaluate the environmental impacts caused during the construction and 

operational phases of a PH building. To this end, a case study in Portugal of a residential building 

refurbishment was utilized as a basis, which was divided into three sub-cases to consider the energy 

consumptions and to conduct the environmental life cycle assessment (LCA): one considering the real-

time monitoring, another the PH estimate prior to the construction, and a third the estimate for the case 

of not being a PH. The environmental impacts determined were then compared using three main 

environmental categories, the global warming potential (GWP), the depletion potential of abiotic 

resources – minerals and metals (ADP-elem.) and the depletion potential of abiotic resources – fossil 

fuels (ADP-fossil). The results demonstrated that the application of the PH standard, in addition to 

reducing energy consumption, also reduced environmental impacts in the life cycle. 
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Resumo 

A implementação dos requisitos da Passive House (PH) permite uma redução dos consumos 

energéticos durante a fase de operação do ciclo de vida dos edifícios. Para que tal seja possível, é 

necessário que os materiais sejam selecionados e aplicados de modo a permitirem um conforto térmico 

superior ao obtido num edifício tradicional, principalmente os materiais que constituem a envolvente do 

edifício. No entanto, aumentar a quantidade de materiais aplicados corresponde a um aumento dos 

impactes ambientais associados. 

O presente estudo tem como objetivo realizar um balanço entre os impactes ambientais causados 

durante as fases de construção e de operação de um edifício PH. Para tal, utilizou-se como base um 

caso de estudo em Portugal de uma reabilitação de um edifício habitacional, que se subdividiu em três 

subcasos para a consideração dos consumos de energia e a realização da avaliação do ciclo de vida 

ambiental: um que considera os consumos energéticos monitorizados em tempo real; outro, a 

estimativa PH antes da construção; e o terceiro, a estimativa para o caso de não ser PH. Os impactes 

ambientais determinados foram comparados recorrendo a três principais categorias ambientais: o 

potencial de aquecimento global (GWP); o potencial de depleção de recursos abióticos não fósseis 

(ADP-elem.); e o potencial de depleção de recursos abióticos fósseis (ADP-fossil). Demonstrou-se 

assim que a aplicação do standard PH, para além da redução de consumos energéticos, também reduz 

os impactes ambientais no ciclo de vida. 
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1. Introduction 

The building and construction sector is the primary source of greenhouse gas emissions and the most 

significant energy consumer, accounting for 37% of total emissions (UN, 2023). In order to reduce its 

environmental impact, the European Commission has set a target for all new buildings in the EU to be 

nearly-Zero Energy (nZEB), by 2020 (European Comission, 2024). 

The Portuguese Continental climate is classified as Mediterranean, with mild winters and warm 

summers. It is recommended for this type of climate is regarded as an essential component in the 

formulation of a comprehensive and forward-thinking model for nZEB. In Northern Europe, there are 

other energy-efficient standards for buildings, such as the Passive House (PH), which is beginning to 

be employed in Portugal (Adriankrezlik, 2021). 

The development of an nZEB is driven by the principal objective of reducing the overall energy 

consumption. This is achieved by employing more, and with higher quality, materials during the 

construction phase, with the aim of enhancing the interior thermal comfort, without significant thermal 

oscillations. Nevertheless, whilst reducing energy consumption during the operational phase, may result 

in a decrease in environmental impacts, the use of additional materials can have an extraordinary effect 

on these impacts (Dahlstrøm et al., 2012). 

This dissertation makes a significant contribution to the field of quantified environmental assessment of 

buildings, with a particular focus on those that demonstrate a reduced energy consumption by employing 

passive construction solutions and high thermal insulation. Additionally, it provides a comprehensive 

characterization of the environmental and energy advantages exhibited during the life cycle of these 

buildings. 

The primary goal of this study is to conduct a life cycle assessment (LCA) of an nZEB, namely a building 

that employs the PH requirements. The aim is to ascertain whether the environmental impacts during 

the construction phase, resulting from an increase in materials applied, and the environmental impacts 

caused from saving of energy resources during the operational phase, are significant. 

The present research was initiated with the selection of a case study of a PH-building in Portugal, Casa 

da Palmeira, a monitored thermal retrofitted residential building located in Ílhavo. To expand the 

research, two other approaches of this building were taken into consideration: the estimated PH case 

study and the estimated non-PH case study. For these three cases, all the available information was 

collected, including all the materials and systems utilized during the refurbishment, as well as the 

monitored and estimated energy consumption data during the operational phase.  

Subsequent to the compilation of the relevant information, some environmental impacts calculations 

were made utilizing the unitary values from the Environmental Product Declarations (EPD) of each 

material considered and the quantity used during construction. From this, a series of charts were 

generated with the objective of facilitating a comparative analysis of the environmental impacts derived 

from the materials employed in the construction phase and the energy consumption observed during 
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the operational phase, within the context of the most significant environmental categories. The synthesis 

of the information from these charts provides a comprehensive balance between the impacts, thereby 

ascertaining that the implementation of the PH requirements will result in a reduction of the life cycle 

(LC) environmental impacts. 

This document is divided into five chapters: Introduction, Background, Materials and methods, Results 

analysis and Discussion and conclusions. 

This initial chapter delineates the primary objective of this dissertation and the manner in which it will be 

pursued to reach a conclusion. 

The second chapter comprises a review of literature. Firstly, the environmental LCA is elucidated, 

followed by an explanation of the nZEB and PH definitions and contextualisation, and finally, an 

examination of the combination of LCA with a nZEB is presented. 

The third chapter, entitled Materials and Methods, begins with a description of the building selected for 

the case study, followed by an explanation of the materials employed in the LCA and the methods and 

data sources utilised. 

The fourth chapter presents a comparative analysis of the environmental impacts associated with the 

case studies across three distinct categories. 

The fifth chapter concludes whether a PH building reduces environmental impacts when compared to a 

traditional building. 
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2. Background 

This dissertation approaches three main themes: LCA, nZEB and PH. Therefore, for the literature 

review, is of interest to study each of these concepts individually and, afterwards, the application of LCA 

to nZEB and to PH, since the study ahead will be focused on the later. 

 

2.1. Environmental life cycle assessment 

The world is facing climatic changes due to human activities that release greenhouse gas emissions 

into the atmosphere, primarily from the burning of fossil fuels, deforestation, and industrial processes 

(UN Environment Programme, 2019). Nevertheless, there are additional causes that also have a 

significant impact on climate change. One such cause is construction and all the processes that it 

encompasses, from material extraction and manufacturing to transportation, on-site construction, and 

eventual demolition or renovation (UN Environment Programme, 2020).Therefore, it is needed a 

methodology that evaluates the environmental impacts through the different stages of a building’s life 

cycle, from raw material extraction, through production of materials, construction, use and disposal. This 

approach aims to quantify the environmental burdens and potential impacts associated with each of 

these stages and is called LCA. 

LCA typically involves four main stages, which are synthetised in Figure 1, (Silvestre, 2021): 

1. Goal and scope definition 

In the initial phase of the assessment, the objectives and boundaries of the evaluation are delineated. 

They determine which environmental impacts will be the focus of the study, which declared or functional 

unit to be used for comparison, and which life cycle stages to be included. 

2. Life Cycle Inventory analysis (LCI)  

The second phase entails the collection of data on all inputs and outputs associated with each stage of 

the product’s LC. This may encompass the raw material’s extraction, transportation, manufacturing, 

distribution, utilization and disposal. Subsequently, this data is compiled into a life cycle inventory 

database. 

3. Life Cycle Impact Assessment (LCIA)  

LCIA assesses the potential environmental impacts identified in the LCI phase through a process of 

classification and characterization. This involves the assessment of the emissions, resource depletion, 

and other environmental stressors associated with each LC stage. LCIA frequently employs impact 

categories such as global warming potential, acidification, eutrophication and human toxicity. 

4. Life Cycle Impact interpretation  

The final stage of the process involves the interpretation of the results of the LCA in order to draw 

conclusions and make recommendations. This may include the identification of potential areas for 
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enhancement, the comparison of alternative products or processes, and the dissemination of the 

findings to relevant stakeholders. 

 

Figure 1 - LCA framework (Silvestre, 2021). 

 

2.1.1. Life cycle assessment on the construction sector 

LCA on the construction sector is a complex, detailed, and extensive process compared to its application 

to other industrial processes, as there is an enormous amount of data for each material and process 

involved in the construction and, also, in the LC of a building (Silvestre, 2021). 

In this sector, materials are applied in situ and, then, remain embodied in the building, having a service 

life after which they require maintenance. Therefore, for each product/material involved in the 

construction, different stages are considered, since their production until the end of their LC, as 

illustrated in Figure 2. All these stages have their corresponding impacts (environmental, social and 

economic). Consequently, it is necessary to choose more sustainable materials as well as energy 

sources that are also sustainable, opting for the shortest possible transportation distances and improving 

the performance of the materials in each stage. Manufacturers of building materials feel the need to 

develop recycled or renewable raw materials and also longer-lasting ones and with low maintenance 

requirements, in order to reduce their global impact (Silvestre, 2021). 

EN 15978 (2011), which title is “Sustainability of construction works. Assessment of environmental 

performance of buildings”, delineates a methodology for assessing a building’s environmental 

performance through the utilization of LCA and of other environmental quantified data. Furthermore, it 
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furnishes guidance on the reporting and communication of the assessment results. This standard is 

applicable to new construction, existing buildings, and refurbishment projects. 

This assessment methodology encompasses the entirety of a building’s life cycle, with data derived from 

EPDs, forming the basis for the analysis here presented. Additionally, it considers pertinent information 

from other sources, to ensure a comprehensive evaluation. It encompasses all construction products, 

processes, and services associated with the building throughout its LCA (DIRECTIVE 2010/31/EU, 

2010). 

 

Figure 2 - LCA stages (Gomes et al., 2020) Adapted from EN 15978:2011. 

 

Regardless of the materials chosen, there are some aspects that can be considered in the LCA of 

buildings (Kibert, 2022):  

• Embodied and Operational Energy 

Regarding their embodied energy, it must be taken into account, since production and transportation 

require the use of energy. Operational energy is also important because it evaluates the energy 

consumed during the use phase, focusing on heating, cooling, lighting and the use of appliances in 

a building. 

• Waste Management 

Solid waste in this sector must be managed in order to be minimized, through the development of a 

more efficient design, and the definition of a plan for the end of life of the materials, including reuse, 

recycling or disposal proposals. 

• Transportation 
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Concerning transportation, optimized routes and methods to reduce fuel consumption and 

emissions to the atmosphere should be considered and should be given preference to local products 

to minimize the transportation impacts, opting for shorter routes. 

• Water Use 

Access to water is extremely important during the construction, and also during operation, and water 

saving technologies and practices should be implemented to minimize consumption and conserve 

life’s most important resource. 

• Social and Economic Factors 

In terms of health and safety, it is important to ensure that construction practices do not adversely 

affect workers or the community. On the other hand, for the economic viability, the cost-effectiveness 

of sustainable practices and materials should be considered, opting for the most advantageous 

choices. 

For all the reasons presented above, conducting an LCA on the construction sector provides valuable 

insights into the environmental impacts of building materials and construction practices. By 

systematically analysing and interpreting these impacts, stakeholders can make informed decisions to 

enhance the sustainability of construction projects. 

The European framework for sustainable buildings named Level(s) is an assessment and reporting tool 

designed to enhance the sustainability performance of buildings. It is founded upon the principles of 

circularity, offering an agreed terminology for the transformation of buildings in line with the European 

Union’s sustainability initiatives. This framework is designed to encourage sustainable building 

practices. It integrates closely with LCA to assess and minimise the environmental impacts of buildings 

(Comission, n.d.). 

The Level(s) system employs a set of fundamental sustainability indicators to assess the environmental 

impact of a building throughout its entire life cycle, encompassing carbon, materials, water, health, 

comfort and climate changes. It offers a flexible solution for the identification of areas of potential 

improvement in sustainability, as well as for the futureproofing of projects or portfolios. By utilising 

Level(s), organisations can contribute to the advancement of EU policy objectives aimed at enhancing 

the sustainability of Europe's built environment (Comission, n.d.). 

Level(s) employs the use of LCA as a scientific and systematic method to direct sustainable building 

practices, assisting stakeholders in the reduction of the environmental impacts of construction activities 

and buildings throughout their entire life cycle (Comission, n.d.). 

 

2.1.2. Environmental impact categories 

Environmental impact categories represent specific aspects or burdens within the broader field of 

environmental science and sustainability. These subcategories are employed for the assessment and 
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management of diverse environmental impacts across a range of sectors, including construction, 

manufacturing, agriculture, and energy production. Such categories frequently assume a pivotal role in 

LCA, environmental impacts assessments (EIA), and sustainability reporting. 

Below are presented some key environmental categories that are commonly considered: 

• Global Warming Potential (GWP)  

The GWP is a measure used to compare the impact of different greenhouse gases on global warming. 

In particular, it quantifies the extent to which a given greenhouse gas traps heat in the atmosphere over 

a specified period (commonly 20, 100 or 500 years) relative to carbon dioxide (CO2), which has a GWP 

of 1. This enables scientist and policymakers to evaluate and compare the potential climate impact of 

various gases on a common scale. 

By employing CO2 as a point of reference, GWP facilitates the quantification of the relative impact of 

gases such as methane, nitrous oxide, and fluorinated gases, which can exert considerably greater 

warming effects than CO2 over specific timeframes. This concept is crucial for developing effective 

climate change mitigation policies and strategies (Global Warming Potential, n.d.). 

• Acidification Potential (AP)  

The term Acidification Potential is used to quantify the potential of emissions to contribute to the 

acidification of soil and water systems. It is concerned with the potential for certain pollutants, primarily 

sulphur dioxide (SO2), nitrogen oxides (NOx), and the ammonia (NH3), to cause acid rain and other 

acidifying effects when released into the atmosphere. 

Furthermore, it is an essential environmental impact category since it illustrates the capacity of specific 

emissions to precipitate acid rain and generate other forms of acidification, which in turn affect 

ecosystems, infrastructures, and human health. It is therefore vital to comprehend and mitigate AP in 

order to safeguard natural environments and mitigate the detrimental impact of industrial and agricultural 

activities on the Planet (Acidification Potential, n.d.). 

• Eutrophication Potential (EP)  

Eutrophication Potential is a measure of the potential for water bodies, such as lakes, rivers and coastal 

areas, to become overly enriched with nutrients, leading to excessive growth of algae and other aquatic 

plants. This process, known as eutrophication, can result in severe ecological and economic impacts, 

including the depletion of oxygen in water bodies, loss of biodiversity and the degradation of water 

quality. 

EP is a critical environmental category that helps assess the impact of nutrient pollution on water bodies 

and aquatic ecosystems. Managing and mitigating EP is essential for preserving water quality, protecting 

biodiversity, and maintaining the health of both freshwater and marine environments. Efforts to reduce 

nutrient inputs from agriculture, industry and urban sources are key strategies in combating 

eutrophication and its associated impacts (Eutrophication Potential, n.d.). 



8 

 

• Photochemical Ozone Creation Potential (POCP)  

Photochemical Ozone Creation Potential (POCP) is an essential environmental category for evaluating 

the contribution of various emissions to the formation of ground-level ozone, a harmful air pollutant. 

Managing and reducing POCP is vital for improving air quality, protecting public health, and mitigating 

damage to crops and ecosystems. These strategies include controlling emissions of Volatile Organic 

Compounds (VOCs) and Nitrogen Oxides (NOx) through regulation, technological innovation, and the 

adoption of cleaner energy sources (Photochemical Ozone Creation Potential, n.d.). 

• Abiotic Depletion Potential (ADP)  

This category assesses the depletion of non-living (abiotic) natural resources, which includes both fossil 

fuels and minerals/metals. ADP measures the impact of resource extraction and consumption on the 

availability of these resources for future generations. 

Managing ADP is essential to ensure the long-term availability of these resources, reduce environmental 

impacts from extraction and promote sustainability in industrial energy sectors. Strategies for mitigating 

ADP include resource efficiency, recycling, alternative materials and innovation in sustainable 

technologies (Abiotic Depletion Potential, n.d.). 

 

2.2. nZEB and PH 

2.2.1. nZEB 

Nearly zero-energy buildings are designed with a high energy performance, to produce almost as much 

energy as they consume over a year, often through a combination of energy efficiency measures and 

renewable energy generation. This concept has evolved over several decades, driven by a growing 

awareness on environmental issues, advancements in building technologies and supportive policies 

(Associação Passivhaus Portugal, 2019). 

How was this concept developed? 

1970s-1980s – Early concepts and influences 

First influencers for this type of buildings emerged in the 70s, during the oil crisis, which highlighted the 

vulnerability of relying on fossil fuels, prompting interest in energy efficiency and renewable energy. It 

was also in this decade that a significant interest in passive solar design and energy efficient buildings 

emerged, laying the groundwork for future nZEB concepts (Harvey, 2010). 

1990s – Growing awareness and first definitions 

The 90s saw the rise of the green building movement, with organizations like the U.S. Green Building 

Council (USGBC) and the establishment of the LEED certification system. In Europe, the EU began to 

focus on energy and renewable energy, establishing frameworks to reduce energy consumption and 

greenhouse gas emissions. Researchers and building professionals started defining and 

conceptualizing buildings that aimed for the nearly zero-energy performance. These early definitions 
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varied but generally focused on balancing energy consumption with on site renewable energy production 

(Janda et al., 2012). 

2000s – Formalization and Policy Support 

The European Union took great steps towards promoting energy efficiency and renewable energy in 

buildings. The 2002 Energy Performance of Buildings Directive (EPBD) was a critical policy, updated in 

2010 to set nZEB standards for new buildings by 2020 (Torcellini et al., 2006). 

2010s-Present – Mainstreaming and Global Adoption 

Following the EPBD, EU member states developed plans to increase the number of nZEBs buildings, 

each of them coming with specific definitions, requirements and milestones tailored for each country’s 

context. Advances in building materials, energy-efficient technologies and renewable energy systems 

made it feasible to achieve nZEB standards more economically and effectively. Across Europe, pilot 

projects and demonstration buildings were constructed, showcasing the best practices and providing 

valuable lessons for wider adoption (DIRECTIVE 2010/31/EU, 2010). 

 

2.2.2. Passive House 

Passive House is a concept that arose from the idea of creating an energy-efficiency building, in order 

to achieve the lowest possible annual energy consumption, guaranteeing good indoor air quality, using 

low-energy technology, being considered an nZEB, and having thermal comfort as a main objective. 

This concept has its origin in 1991, in Darmstadt-Kranichstein, in Germany, after a research study to try 

to minimize energy consumption, optimizing every and each house component, including “building 

elements of the opaque building shell windows and doors, ventilation, heating, hot water, auxiliary 

electricity and also household electricity” (Foster et al., 2016). 

This type of building is designed to minimize the need to use heating and cooling systems, maintaining 

a fairly stable indoor temperature that always guarantees thermal comfort. To achieve this stability, the 

concept focuses on five main strategies: high performance windows, thermal insulation, minimal thermal 

bridging, airtightness and mechanical ventilation with heat recovery (MVHR). 

Thermal comfort is one of the main factors considered in the PH standard, which takes into account six 

different factors: air temperature, mean radiant temperature, air velocity, air humidity and personal 

parameters: clothing and physical activity (Foster et al., 2016). 

In such a building, it is necessary to try to avoid overheating, so that the thermal variations are not 

greater than those allowed, which should not exceed 25ºC, the recommended value being 20ºC. 

Decisive factors for overheating are the comfort temperature in question, the type of building (residential 

or commercial), solar gains, accidental gains, ventilation rates and occupancy (Foster et al., 2016). 

To ensure good ventilation without thermal swings that compromise thermal comfort, it is important to 

use an MVHR system. The MVHR brings filtered outside air into the building without affecting the already 
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heated inside air, and extracts polluted air (from the kitchen, bathrooms, bedrooms, etc.) from the inside 

to the outside through a central unit. With this type of technology, it is possible to guarantee fresh, filtered 

air inside, and there is no need to open windows to renew it, which would jeopardize internal thermal 

variations (What is MVHR heat recovery ventilation?, 2024). 

Another important aspect to consider in PH for the comfort, well-being and health of people is indoor air 

quality. This can vary depending on the activities of the occupants, humidity, temperature, ventilation, 

building materials, finishes and cleaning products used. To achieve good air quality, there must be a 

balance of temperature, relative humidity, carbon dioxide and volatile organic compounds (VOCs) – 

components found in building materials, paints and finishes that are toxic to human health. Humidity in 

the building must be in the comfort range of 35% - 55% to avoid mold and dust mites and maintain CO2 

concentrations < 900 ppm (Foster et al., 2016). 

To be considered a Passive House in Portugal, the following minimum energy values must be met: 

• Energy consumption ≤ 120 kWh per square metre of net living space (treated floor area) (m2a); 

• Heating demand ≤ 15 kWh per square metre of net living space (treated floor area) (m2a); 

• Heat load ≤ 10 W/m2; 

• Airtightness ≤ 0,6 air changes per hour at a 50 Pa pressure difference. (Figueiredo et al., 2016). 

Although the concept was created for the climate of Central Europe, namely Germany, it quickly began 

to be adapted to ensure that it could be applied to other types of climatic conditions. The five strategies 

by which the PH is defined do not change, they remain the same, what changes are the characteristics 

studied for each of the strategies. The sample collected showed that many countries with different 

climates already have Passive Houses, including other countries in Europe (Portugal, Scotland, Ireland, 

Spain, Norway, Cyprus, Belgium, Austria, Sweden, Poland and Russia), Asia (China, Russia, Singapore 

and Japan, United Arab Emirates) and America (USA and Brazil). 

For Portugal, Passive House has been adapted to a Mediterranean climate. Figueiredo et al. (2016) 

concluded that the concept is feasible in Portugal, but that further studies are needed to define the 

technical and construction details for this specific region. Schnieders et al. (2015) concluded that it is 

more difficult to define Passive House parameters in Southwest Europe than in Central Europe. 

 

2.3. Life Cycle Assessment applied to Nearly Zero Buildings  

Using Science Direct as a search source, several articles on LCA and nZEB’s, more specifically on PH, 

were found and analysed in order to validate the importance of this dissertation based on a significative 

sample. This sample consists of 28 articles, divided as follows: 

• Eight are only about LCA without having a specific adopted reference; 

• Nine are only about PH; 
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• Nine of them assess both required topics, PH and LCA; 

• One of the articles assess both LCA and nZEB.  

Among these, some were selected to be included in a summary table (Appendix A) as a source of 

comparison and data analysis. This subchapter focus on the ten collected articles that combine the 

keywords Environmental Life Cycle, nZEB and PH, with only one of them combining Environmental Life 

cycle and nZEB and the other nine combining Environmental Life Cycle with PH. It is interesting to focus 

only on these articles, since the emphasis of this dissertation is on understanding whether the 

implementation of a nZEB, namely a PH, actually pays off from an environmental and life cycle points 

of view, or whether its environmental impact is greater than the implementation of a building that is not 

a PH. 

In order to compare the referred articles, some indicators were chosen to collect the information that is 

synthesized below. 

1. Location 

Nearly all of the countries surveyed are located in Europe: Northern Ireland, Italy, Norway, Cyprus, 

Belgium, Austria, Sweden and Poland. The only country that is located in a different continent is Brazil, 

in South America. 

2. Climate 

Climate was one of the indicators chosen, but it varies from city to city, with a wide range of 

temperatures. 

3. Life cycle stages 

This indicator considers the stages of the life cycle, as shown before in Figure 2. Seven of the articles 

consider a “cradle to grave” approach, i.e. from production to the end of the building’s life. One considers 

only the operational phase of the building, another one looks from the production of materials to use, 

and the last one looks from production to the construction site. 

4. Application 

This indicator was chosen so that it can be analysed whether the buildings studied are residential or 

commercial. What was found is that there is practically no analysis of commercial buildings for LCA 

combined with PH, since only one case was found, in Norway. Even without the combination of these 

two keywords, only five were commercial, all the others were residential. 

5. Type of intervention and scale 

The type of intervention takes into account whether it is a new construction, a renovation or just an 

analysis of existing buildings. The scale is an indicator that qualifies the type of building, whether it is a 

family house and how many floors it has, if it is an apartment, what type of commercial building it is, etc. 
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Out of the ten articles analysed, only one deals with retrofitting, in this case of a timber-framed dwelling. 

Another one focuses on an existing building as a base case, a detached house of family of four, and 

compares it with two other alternatives. The first alternative is a standardized new construction, in which 

the house would have the same dimensions and characteristics as the base case, and the second 

alternative, is a renovation of an apartment in a building built in 1970. There is also an article based on 

a new construction, a three-story building, with two flats on the first and second floors. There is only one 

article that differs from the majority, which, as already mentioned, examines a commercial building, 

namely an office building. 

The other six articles are case studies of existing buildings of varying scale. Two of these are timber-

framed buildings, but one is an apartment and the other a two-story house. A six-story building with a 

total of 96 apartments is also analysed. The others are single family houses. 

6. Construction elements taken into account in the LCA 

For this indicator, there are all kinds of building elements, namely roof, façade, floors, stairs, doors, 

garage, but also thermal insulation, building envelope, heating systems, solar panels and ventilation 

systems. 

7. Ways to quantify the energy consumption 

The analysis and quantification of energy consumption were conducted in various ways across all the 

articles. Nevertheless, three of the articles do not include these aspects, as they were not their primary 

focus. 

8. Energy mix 

Four articles do not provide information regarding the energy mix utilized. The remaining articles 

predominantly utilize electricity from the national grid, complemented by renewable energy sources, of 

which solar panels represent the most significant contributor. 

 

2.3.1 Critical analysis 

As previously stated, the information presented above was gathered through the comprehensive 

analysis of 28 articles, as shown in Appendix A. However, to reach this particular selection, a larger 

number of articles were examined, that included a total of 50 articles read. Of these, 22 lacked sufficient 

information regarding the selected indicators. This review of literature revealed that only one fifth of the 

articles addressed the topic of the dissertation, which combines the LCA and PH. The next paragraphs 

present a succinct overview of the findings derived from the ten selected articles. 

Norouzi et al. (2022) employed an LCA to ascertain the environmental impacts of implementing the PH 

standard. The findings indicated that such implementation can result in a notable reduction in 

environmental impacts. Furthermore, the operation phase was identified as having the greatest 

environmental impact. 
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Vettorazzi et al. (2023) aimed to study the extent to which optimising the geometric characteristics of 

the building envelope can contribute to reducing its energy consumption under different climatic 

scenarios. These houses were used as case studies to be adapted to the requirements of the PH 

concept, taking into account the window area and the dimensions of the shading solution. It was 

concluded that the shading elements and windows’ design contribute to improving the thermal comfort 

and reducing energy demand. 

In their study, Cusenza et al. (2022), found that the use of cellulose fibres as a thermal insulation 

material, in conjunction with a battery storage system, resulted in reduced environmental and energy 

impacts across a range of categories. 

The findings of the study conducted by Rabani et al. (2021) indicated that the emission of carbon dioxide 

could be reduced up to 52% through the implementation of retrofitting measures. Furthermore, it was 

determined that re-insulating other sections of the building envelope in preference to the ground floor 

would be a more environmentally sustainable approach. 

The objective of the study conducted by Kylili et al. (2017) was to perform an LCA of a PH situated in 

an island. Their research identified concrete as the primary contributor to the majority of environmental 

impact categories, with the exception of one. Additionally, their study concluded that foundations, walls, 

and floors also have a significant impact on the environmental performance of the PH. 

One other study considered two distinct Norwegian models of wooden construction: one adherent to the 

2010 Norwegian Building Code, and the other aligned with the Norwegian PH standard. When these 

are integrated with four distinct heating systems, Dahlstrøm et al. (2012) ascertained that the optimal 

strategy for reducing energy consumption is the combination of a PH with an electric energy and air-

water heat pump system. 

Stephan et al. (2013) studied “the total life cycle energy demand of a typical Belgian house, comprising 

embodied, operational and transport energy”. Their findings indicate that the current building energy 

efficiency certifications may not guarantee a reduction in energy demand and can, in fact, result in an 

increased energy consumption due to their limited scope. To ensure net energy savings, it is essential 

to employ more comprehensive system boundaries. 

In a study published by Kovacic et al. (2018), it was investigated the impact of additional materials 

applied to a PH in order to reduce energy consumption. The researchers employed a range of 

environmental indicators, including GWP and AP, to assess the effectiveness of these materials. The 

authors concluded that the use of timber in place of concrete is an advantageous strategy to the 

minimisation of GWP and AP. Moreover, it was determined that the PH exhibits superior performance 

with regard to environmental impacts, although the degree of improvement is not particularly 

pronounced, with a maximum reduction of 7% in GWP. 

Dodoo et al. (2010) found that a greater reduction in the life cycle primary energy of a building was 

achieved when it was retrofitted with electric resistance heating than when a district heating system was 
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installed. So, the type of heat supply system has a more pronounced effect on primary energy 

consumption than the final heat reduction measures. 

Lewandowska et al. (2013) conducted a study on the utilization phase of four distinct residential 

structures. The first is a traditional masonry building, the second, a passive masonry building, the third, 

a traditional wooden building and the last is a passive wooden building. Of these, two were found to 

meet the required standards, as evidenced by their compliance with the required energy demands, 

which were demonstrably lower than those observed in dwellings constructed using conventional 

methods. 

This dissertation presents a case study of a retrofitted double-storey PH, located in Ílhavo, Portugal. 

This dwelling employs a combination of energy sources, from the national grid and from photovoltaic 

panels, which are real-time monitored. As previously indicated, this thesis will diverge from the existing 

studies by employing real time energy consumption monitoring in a country where the combination of 

PH and LCA has not been previously investigated, however there might be similarities to the existing 

studies described above. In addition, there is a need to study this topic as it is gaining relevance and 

will be more and more addressed and applied in the construction sector in the future.  
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3. Materials and methods 

3.1 Casa da Palmeira 

The PH concept emerged for the first time in Portugal in 2012, when a Portuguese company, Homegrid, 

along with the PH Institute, implemented the PH standard, in the first certified building, monitorised its 

consumptions, and established the PH Portugal Association – PHPT (Homegrid, n.d.). Nowadays there 

are several other PH companies in Portugal, in addition to those, the PH Portugal Association acts as a 

central resource, offering training and technical support for PH projects throughout the country and 

building certification, as well as organizing specialized courses and events to promote the Passivhaus 

standard in the Portuguese market (Associação Passivhaus Portugal, 2019). 

The case study selected for this dissertation was drawn from the Homegrid portfolio, as the company 

has several projects involving a real-time monitoring of their energy performance. The building in 

question is a two-family housing building, located in Ílhavo, Aveiro, designated by Casa da Palmeira. 

For the purposes of this study, only one of the dwellings will be considered, since it is the only one that 

is been subject to monitoring. 

Prior to the refurbishment, Casa da Palmeira, was an aged construction that required intervention as 

illustrated in Figure 3 and Figure 4. The building exhibited significant humidity and mould issues, in 

addition to the evidence of root growth within the walls. Furthermore, the absence of insulation resulted 

in thermal and acoustic discomfort. 

The typological distribution of the building was modified to align with the emerging requirements resulting 

in the display of plants as illustrated in Figure 5. 

 

Figure 3 - Principal façade of the building prior to the refurbishment (Homegrid, n.d.). 
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Figure 4 - South-east facade of the building prior to the refurbishment (Homegrid, n.d.). 

 
 

Figure 5 - New plan views of Casa da Palmeira. 

 

The interior of the preceding structure was entirely dismantled, yet the existing exterior walls were 

retained. A new beam was constructed on top of the existing walls, in alignment with the inclined roof, 

as demonstrated in Figure 6. The structure of the party wall in addition to the rafters of the roof and the 

first-floor slab, were constructed using timber, as displayed in Figure 7. Furthermore, all the interior walls 

and existing wall panelling have been constructed with gypsum plasterboard and mineral wool 

insulation, as demonstrated in Figure 8. Figure 9 illustrates the insulation employed in the exterior of the 

existing walls, the ETICs system. 

Upon completion of construction, Casa da Palmeira assumed the appearance depicted in Figure 10. 
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Figure 6 - Construction of the new beam (Homegrid, n.d.). 

 

Figure 7 - Casa da Palmeira constructed with timber structure (Homegrid, n.d.). 

  

Figure 8 - (a) timber beams and plasterboard interior; (b)construction of the ceiling (Homegrid, n.d.). 

 

a b 
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Figure 9 - Employment of ETICS (Homegrid, n.d.). 

 

Figure 10 - Casa da Palmeira after refurbishment (Homegrid, n.d.). 

 

Casa da Palmeira has been monitored since 18.01.2023, after its thermal retrofit. For almost two years, 

the real time monitoring has been calculating the energy consumptions for each household appliance, 

for heating and cooling and also the total amount of energy consumed until today. Through the utilization 

of real-time monitoring and the analysis of energy consumption data, it is possible to establish whether 

the estimation calculated prior to construction has been met and whether the requisite criteria for 

designation as a PH have been satisfied. 

As stated in section 2.2.2, PH is a building designed with the objective of reducing the necessity of 

heating or cooling systems, thereby maintaining optimal indoor thermal comfort. In order to comply with 

the standards set by the PH certification, the thermal insulation of the building envelope must be 

enhanced in comparison to the insulation levels typically observed in similar buildings. Therefore, Casa 

da Palmeira was refurbished with unusual insulation thicknesses and with the application of windows 

with PVC framing. 
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Nevertheless, despite the importance of the applied materials, and the significance of the PVC window 

choice in ensuring thermal insulation and enhancing performance, these are not the sole strategies for 

PH. In general, for a building to meet the PH standard, there are three additional strategies that must 

be followed. These include reducing thermal bridges to an absolute minimal, ensure the building 

airtightness and utilizing MVHR. MVHR is a solution to ventilate a building mechanically, utilizing the 

wet air from kitchens and bathrooms to recover heat and expel stale air. Fresh air is introduced into the 

building passing through a heat exchanger to warm it and then directed to bedrooms and living rooms, 

as illustrated in Figure 11. This ensures a continuous supply of fresh warm air (Passive House Systems, 

n.d.). 

Casa da Palmeira fulfils all five main strategies of PH standard, resulting in a reduction in overall energy 

consumption. For a service life of 22 months, it is illustrated in Figure 12 the energy consumptions, the 

energy generation, and the balance between both (total and daily). In chapter 4, the energy consumption 

considered is for a service life of 20 months, since this was the moment when the data was collected.  

 

Figure 11 - MVHR's operation (Passive House Systems, n.d.). 

 

Figure 12 - Energy consumption for a life period of 22 months (Homegrid, 2024). 
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3.2 Materials 

Even if only a single building was selected for the analysis, this dissertation considers three scenarios 

based on Casa da Palmeira. The initial case study concerns the real-time monitored PH building, with 

a focus on the actual energy consumption observed in the dwelling. The second one is the estimated 

PH Casa da Palmeira, which considers the estimated energy consumptions calculated prior to the 

construction and the same materials applied in the first one. The final case study is the estimated non-

PH Casa da Palmeira, which represents a solution with the distribution of materials aligned with the 

conventional standard and the typical energy consumption. 

Given that the principal objective of this dissertation is to evaluate the environmental and energy impacts 

of a nZEB building for the surrounding environment, it was essential to collect the bill of materials that 

were used in the retrofit of the case study and that would enable the quantification of these impacts in 

accordance with the Environmental Product Declaration (EPDs) of each material. It was thereby 

resolved to consider only the materials used in the building envelope, as this was the principal part of 

the thermal retrofit intervention. The building envelope is defined as the physical barrier between the 

exterior and the interior of a building, encompassing all the elements that enclose and protect the 

building from external elements. The building envelope plays an important role in controlling heat, light, 

air and moisture flows between the interior and the exterior of the building (ISO 9972, 2015). Each 

element that constitutes the “building shell” is crucial for maintaining indoor thermal comfort and energy 

efficiency. Consequently, the environmental impacts of the building envelope are assessed based on 

the materials used in the roof, the external walls, the internal wall that separates the dwellings and the 

ground floor. 

In order to present a comprehensive overview of the materials that were used, the constructive solutions 

that were employed in the refurbishment of Casa da Palmeira are presented in Figures 13 to 17. 

• Ceiling and decking 

The flat roof comprises timber rafters filled with rock wool. In order to construct the ceiling, a layer 

of mineral wool is applied followed by two plasterboards. In regard to the deck, two layers of OSB 

are utilized, positioned on top of the rafters, and a waterproof membrane above the OSB layers. 

Timber battens are laid with some void space between them. The deck structure is, then, applied 

on the battens. 
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Figure 13 - Accessible flat roof constructive solution. 

• Pitched roof 

The pitched roof constructive solution is identical to the flat roof. The rafters and the battens are 

made of timber. The space between the rafters is filled with rock wool, while the space between the 

battens being an air gap. The roof tile settles on the battens. In regard to the ceiling, a mineral wool 

layer and two plasterboards are applied under the rafters.  

 

Figure 14 - Roof constructive solution. 

 

• Exterior walls 

The existing outer walls, constructed from adobe, remain intact. However, an external layer of ETICs 

(Expanded Polystyrene Insulation - EPS) was applied, and an internal layer of mineral wool and of 

a plasterboard lining was installed. 
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Figure 15 - Exterior walls constructive solution. 

• Party wall 

Figure 16 illustrates the constructive solution of the party wall. The wall has a timber frame, filled 

with rock wool between the frames. Two layers of plasterboards are applied on both sides of the 

wall with one layer of mineral wool in-between. 

 

Figure 16 - Constructive solution of the partition wall between dwellings. 

 

• Ground floor 

The ground floor is formed by five different layers. The bottom layer is a rock fill, followed by a 

cement screed, one layer of mineral wool, one of OSB and finally the PVC floating floor.  
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Figure 17 - Ground floor constructive solution. 

 

For each case study that will be considered in Chapter 4, the constructive solutions will be the same, 

with only the thickness of certain materials and the window framing changing from the PH to the non-

PH case studies. The differences between PH and non-PH are as follows: 

• Ceiling and decking and pitched roof – in the PH case studies, the mineral wool has a thickness 

of 50 mm. The rock wool used to fill the void between the wooden frame consists of two layers 

of 100 mm. In the non-PH case study, the mineral wool has a thickness of 30 mm, and the rock 

wool consists of one layer of 100 mm; 

• Exterior wall – in the PH case studies it is composed of ETICs with a thickness of 80 mm while 

the non-PH utilizes 20 mm of thickness; 

• Ground floor – in this constructive solution, the difference between case studies is the thickness 

of mineral wool, which is 60 mm in the PH case studies and 50 mm in the non-PH case studies; 

• Windows – the framing of windows represents the difference between the solutions. The PH 

case studies are composed of double-glazed windows and PVC frame, whereas the non-PH is 

composed of double-glazed windows with thermal break aluminium frame. 

 

3.3 Methods and data sources 

The energy consumption data was collected from the monitored information and from the estimated 

data from Homegrid. Given that monitored data is considered over a period of 20 months and that the 
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estimated energy consumption was considered for 12 months, for each one, it was necessary to 

calculate the average for one month, so that it could, subsequently, be considered over a period of 30 

years, which aligns with the materials’ life span and the timeframe stipulated in the DIRECTIVE 

2010/31/EU, 2010. The values under consideration are the energy consumption for heating and cooling 

from the air conditioning and from the MVHR. 

In order to conduct the LCA of the building under study, six environmental categories were selected. 

These environmental categories, characterized in detail in section 2.1.2, are considered the most 

appropriate for use in the LCA of construction projects: 

• GWP – a metric utilized to assess the influence of the emission of diverse greenhouse gases 

on global warming;  

• AP – a measure of the ability of emissions to contribute to the acidification of soil and water 

systems;  

• EP – a measure of the potential for water bodies, such as lakes, rivers, and coastal areas, to 

become overly enriched with nutrients, leading to excessive growth of algae and other aquatic 

plants; 

• POCP – assesses the potential of specific emissions to contribute to the formation of ground-

level ozone (O3), which is a principal component of photochemical smog; 

• ADP – the assessment of non-living (abiotic) natural resources, which includes both fossil fuels 

(ADP-fossil) and minerals/metals (ADP-elem.), is undertaken in order to determine the extent 

of their depletion. 

In the EPDs, the indicators of environmental impacts can be conducted across four distinct life cycle 

phases: namely manufacture, construction, product use and end-of-life. In this study, the main 

differentiating factor of the three considered case studies, which are based on the same refurbished 

building, is the alteration of the insulation thickness and in the use of a different framing material for 

windows, despite the application of the same constructive solutions, as demonstrated in section 3.2. 

The enhancement of building insulation results in an improvement in indoor comfort, which in turn leads 

to a reduction in energy consumption. Taking into consideration these primary distinctions, the 

manufacture and operational phase will be the ones examined with regard to the construction materials 

and the energy consumption. While the manufacturing phase is of relevance due to the construction 

materials used, the maintenance requirements are likely to be similar, given the consistency in the 

materials employed. Furthermore, the environmental impacts at the end of the product’s life cycle are 

likely to be comparable across the solutions under consideration. 

Table 1 presents the indicators of environmental impacts for the aforementioned materials. In 

accordance with the specifications outlined in the EPD for each material, these values were obtained in 

line with the declared or functional unit for the manufacturing phase. On Appendix  E it is presented , for 

each material the EPD utilized.
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Table 1 - Unitary values for environmental impacts of retrofit materials (Soprema Group, 2021), (Volcalis - Isolamentos Minerais, 2022), (Termolan, 2019), (SILVESTRE et al., 2019),  (Knauf, 
2020), (DAP EPW, 2024), (Norbord Europe Ltd, 2022), (Danosa, 2019), (Timberlink, 2023), (Fernandes, 2019), (PIVA Group, 2023), (Strugal, 2022), (Fatra, 2023), (Processo Electricity, 2022), 
(Processo Electricity, n.d.). 

 

  

Units GWP (kg CO₂ eq.) ADP-elem. (kg Sb eq.) ADP-fossil (MJ)

XPS Soprema m² 2.92E+00 6.59E+00  (kg Ethylene eq.) 1.11E-02 (kg SO₂ eq.) 2.82E-04 (kg (PO₄)³⁻ eq.) 1.05E-06 5.04E+01

Mineral Wool Volcalis m³ 2.23E+01 5.23E-03 (kg C₂H₄ eq.) 1.16E-01 (kg SO₂ eq.) 2.43E-02 (kg (PO₄)³⁻ eq.) 4.15E-05 3.12E+02

Mineral Wool Knauf m² for 37mm thk. 1.10E+00 7.56E-08 (kg C₂H₄ eq.) 4.01E-03 (kg SO₂ eq.) 4.02E-04 (kg (PO₄)³⁻ eq.) 4.36E-08 1.85E+01

EPS Weber m²/(cm thk.) 1.10E+00 1.96E-03 (kg C₂H₄ eq.) 3.83E-03 (kg SO₂ eq.) 4.55E-04 (kg (PO₄)³⁻ eq.) 1.19E-02 2.48E+01

Rock Wool m² for 37mm thk. 1.10E+00 7.56E-08 (kg C₂H₄ eq.) 4.01E-03 (kg SO₂ eq.) 4.02E-04 (kg (PO₄)³⁻ eq.) 4.36E-08 1.85E+01

Gypsum Plasterboard m² 1.10E+00 2.27E-04 (kg C₂H₄ eq.) 2.67E-03 (kg C₂H₄ eq.) 3.35E-04 (kg (PO₄)³⁻ eq.) 7.25E-07 2.21E+01

Deck ton -2.22E+02 1.73E+00 (Kg COVNM eq.) 2.31E+00 (mol H⁺ eq.) 4.81E+00 (mol N eq.) 3.09E-03 8.28E+03

OSB m³ 8.96E+02 1.84E+00 (Kg COVNM eq.) 4.75E-01 (mol H⁺ eq.) 0.00E+00 (mol N eq.) 5.29E-01 1.13E-05

Waterproof Membrane m² 5.69E+00 1.86E-02 (Kg COVNM eq.) 3.35E-02 (mol H⁺ eq.) 6.46E-02 (mol N eq.) 1.22E-05 2.36E+02

Wood m³ -7.11E+02 3.03E+00 (Kg COVNM eq.) 1.00E+00 (mol H⁺ eq.) 4.87E+00 (mol N eq.) 8.97E-05 1.35E+03

Roof Tile kg 2.48E-01 4.11E-05 (kg C₂H₄ eq.) 9.52E-04 (kg SO₂ eq.) 7.07E-05 (kg (PO₄)³⁻ eq.) 8.27E-09

PVC Windows m² 1.49E+02 5.11E-01 (Kg COVNM eq.) 1.07E+00 (mol H⁺ eq.) 2.01E+00 (mol N eq.) 3.32E-01 2.02E+03

PVC Cladding m² 5.19E+00 1.22E-02 (Kg COVNM eq.) 1.07E-02 (mol H⁺ eq.) 2.89E-02 (mol N eq.) 4.54E-07 1.28E+02

Electricity from Portuguese Grid kWh 3.35E-01 4.28E-05 (kg C₂H₄ eq.) 8.55E-04 (kg SO₂ eq) 6.70E-05 (kg (PO₄)³⁻ eq.) 6.35E-07 5.25E+00

Electricity from Photovoltaics kWh 5.15E-02 1.54E-05 (kg C₂H₄ eq.) 2.46E-04 (kg SO₂ eq) 5.57E-05 (kg (PO₄)³⁻ eq.) 6.80E-06 6.01E-01

POCP AP EP
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4. Results analysis  

This chapter will present the results of the analysis in four sub-sections. Each sub-section will 

concentrate on three of the environmental categories, GWP, ADP-elem. and ADP-fossil. These 

categories are the most used in LCA of construction (the first one resembling carbon footprint and the 

last one embodied energy) and, furthermore, the data for each material in the other three categories 

was found to have different units. The first three sub-sections will analyse each case study individually, 

while the final sub-section will compare all three case studies, based on the aforementioned categories. 

 

4.1 Monitored PH 

The detailed environmental impacts of the monitored PH are presented in Appendix B for further 

examination. For each material, the data was collected from the corresponding EPD and calculated on 

the basis of the unit of the product and the amount of material used in the construction phase. In order 

to facilitate the comparison of the proportions of the impacts of each product and of the energy 

consumption in the three environmental categories, two charts were constructed using data from 

Appendix B. The first chart, displayed in Figure 18, compares the percentage of environmental impacts 

of the materials, namely glazing, insulation and cladding. The second chart, displayed in Figure 19, 

utilizes the data collected in the first chart to facilitate the comparison with energy consumption. 

A visual examination of the chart illustrated in Figure 18 reveals that windows occupy a relatively 

consistent percentage for the three environmental categories, with a maximum variation of less than 

10%. However, there is a greater variation in the proportion of insulation and cladding, particularly in the 

ADP-elem. category. This is due to the fact that cladding does not even account for 10% in this category, 

whereas insulation accounts for 61%. In contrast, in the GWP category, cladding and insulation account 

for 43% and 32%, respectively. In the ADP-fossil category, the respective proportions for cladding and 

insulation are approximately 28% and 46%, respectively.  

The chart displayed in Figure 19 considers the distribution of materials, grid energy and photovoltaic 

energy. Regarding the category ADP-elem., materials constitute 100% of the total, indicating that the 

environmental impacts of energy consumption is insignificant in comparison to the material within this 

category. In the remaining categories, the proportions allocated to materials, grid energy and 

photovoltaic energy are equivalent, accounting for approximately 86%, 11% and 3%, respectively. 
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Figure 18 - Distribution of the environmental impacts of materials for the monitored PH case study. 

 

 

Figure 19 - Distribution of materials, grid energy and photovoltaic energy for the monitored PH case study. 

 

4.2 Estimated PH 

The environmental impacts of the estimated PH are presented in Appendix C for further examination. 

For each material, the data was collected and environmental impacts calculated similarly to what was 

described in the case of the monitored PH. In order to facilitate the comparison of the proportions that 

the impacts occupy in the three environmental categories, two charts were constructed using the data 

from Appendix C. The percentage of environmental impacts of the materials, namely glazing, insulation 

and cladding is identical to the PH case study, which is represented in Figure 18. The chart presented 

in Figure 20 utilizes the data collected in the first chart to facilitate the comparison with energy 

consumption. 

The thermal retrofit considered for the estimated PH is identical to the monitored PH. The distinction 

between the two case studies lies in their differing energy consumption profiles. In the estimated PH, 
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the energy consumption was estimated prior to the construction of Casa da Palmeira. In contrast, the 

monitored PH is based on the actual data collected on a daily basis from the completion of construction 

until the current time. 

Figure 20 depicts the distribution of proportions between materials, grid energy and photovoltaic energy 

for the estimated PH case study. Compared to the monitored PH, the proportion occupied by energy 

consumption has increased. However, for the ADP-elem. category, energy consumption from the grid 

and from photovoltaic remains insignificant in comparison to the proportion accounted for the materials- 

in the case of the GWP and ADP-fossil categories, materials represent 70% and 67%, grid energy 

accounts for 24% and 28%, and photovoltaic energy constitutes 7% and 6%, respectively. 

 

Figure 20 - Distribution of materials, grid energy and photovoltaic energy for the estimated PH case study. 

 

4.3 Estimated non-PH 

The environmental impacts of the estimated non-PH are presented in Appendix D for further 

examination. For each material, the data was collected and environmental impacts calculated similarly 

to what was described in the previous case. In order to facilitate comparison of the proportions that the 

impacts occupy in the three environmental categories, two charts were constructed using the data from 

Appendix D. The first chart (Figure 21) compares the percentage of environmental impacts of the 

materials, namely glazing, insulation and cladding. The second chart (Figure 22) utilizes the data 

collected in the first chart to facilitate the comparison with energy consumption. 

The estimated non-PH case study differs from the PH case studies in two key parameters: the 

thicknesses of the insulation materials employed in the construction of Casa da Palmeira and the 

material used for the windows frames. Furthermore, the energy consumption of this case study will differ 

from that of the other two case studies. 

In the chart presented in Figure 21, the proportion of the glazing remains similar across environmental 

categories, 25%, 18% and 28%, for GWP, ADP-elem. and ADP-fossil, respectively. There is a maximum 
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variation of 10% between these values. However, in contrast to the other case studies, the most notable 

discrepancy in the glazing data is the comparatively lower proportion allocated to the ADP-elem. in 

comparison to the other environmental categories. With regard to insulation, the largest proportion is 

attributed to the ADP-elem. category, representing 56% of the environmental impacts, while the GWP 

and ADP-fossil categories account for 26% and 28%, respectively. Lastly, the cladding is responsible 

for almost 50% of the GWP environmental impacts, while the ADP-elem. and ADP-fossil account for 

26% and 35%, respectively. 

A review of the chart in Figure 22 reveals a reduction in the proportion of materials mainly in the GWP 

and ADP-fossil categories, in comparison to the PH case studies. In the case of GWP category, the 

proportions of environmental impacts accounted for the materials and grid energy are similar, at 43% 

and 45%, respectively, while photovoltaic energy represents 12%. In the ADP-elem. category, grid 

energy remains a relatively insignificant factor in comparison to the impacts of materials, which account 

for 93%, and photovoltaic energy - 6%. With regard to the ADP-fossil category, materials account for 

38% of the environmental impacts, grid energy for 51% and photovoltaic energy for 10%. 

 

Figure 21 - Distribution of environmental impacts of materials for the estimated non-PH case study. 

 

Figure 22 - Distribution of material, grid energy and photovoltaic energy for the estimated non-PH case study. 
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4.4 Case studies comparison for each environmental impact 

category 

After analysing each case study individually for all the environmental categories, the three case studies 

will be compared for each environmental category. The charts that will be presented consider materials, 

grid energy and photovoltaic energy, utilizing the absolute values obtained in Appendices B, C and D. 

With regard to the GWP category, Figure 23 presents a chart that compares the three case studies 

employing the same arrangement as in the preceding sub-sections. The analysis reveals that the 

monitored PH has an overall lower value, followed by the estimated PH and, lastly, the estimated non-

PH. The materials employed in the monitored PH and estimated PH case studies are identical and in a 

greater quantity, resulting in lower value for the estimated non-PH case study in this component. As 

anticipated, the estimated non-PH case study exhibits higher energy consumption values for both grid 

energy and photovoltaic energy, given that the house was not designed with the objective of reducing 

energy consumption. Furthermore, the estimated PH is a prediction of the monitored PH and 

incorporates higher energy consumption values to ensure that the building meets the PH criteria, which 

are more restrictive in terms of interior temperature than the actual conditions observed during the 

building’s real utilization.  

In comparison to the other two environmental categories, the chart obtained for the ADP-elem. category 

(Figure 24) displays a distinctive pattern. In this category, the environmental impacts from energy 

consumption are insignificant in comparison to that of materials. Moreover, the estimated non-PH case 

study indicates that materials cause, approximately, four times less environmental impacts than in the 

PH case studies. The principal reason for this distinctive pattern is that the ADP-elem. category 

represents physical resources that are not spent during the operational phase. Given that energy is not 

a physical resource, it is not well explicit in this chart. 

 

Figure 23 - Comparison between case studies for GWP category. 
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Figure 24 - Comparison between case studies for ADP-elem. category. 

 

Figure 25 presents a comparative chart of the three case studies within the ADP-fossil category. The 

interpretation of this chart is analogous to the one presented in Figure 23. In this environmental category, 

the overall value is found to be lower in the monitored PH, followed by the estimated PH and finally, by 

the estimated non-PH. From this overall value, it can be observed that, in the first two case studies, 

materials represent the largest proportion, while in the estimated non-PH case study, energy 

consumption represents the largest proportion. 

 

Figure 25 - Comparison between case studies for ADP-fossil category. 
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5. Discussion and conclusions 

5.1. Discussion 

It should be noted that this study was concluded with limitations that may have potentially influenced the 

results. The provided bill of quantities did not discriminate the quantity of timber utilized for the 

construction of the party wall. Consequently, the amount of timber used can not be determined, and the 

corresponding environmental impacts were not considered. This resulted in the values presented in 

Appendices B, C and D being reported as zero, despite the fact that they did not influence the results 

since they are equal to every case in comparison.  

The principal distinction between the energy values derived from the monitored and estimated PH case 

studies can be attributed to the fact that, at the time of estimation, prior to construction, the interval of 

the internal temperature considered in accordance with the PH standard was between 20ºC and 25ºC. 

However, the interior temperature during the monitoring exhibited fluctuations, with a minimum interior 

temperature of 16,63ºC and a maximum temperature of 28,79ºC, as illustrated in Figure 26. 

Consequently, utilizing a standard temperature of 20º might be regarding as challenging and unrealistic 

for a building in Portugal, as occupants may adopt adaptative strategies to save energy for heating and 

cooling. 

 

Figure 26 - Interior temperature fluctuations (16,63ºC – 28,79ºC) during the service life period of Casa da Palmeira 
(Homegrid, 2024). 

 

5.2. Conclusions 

This study was initially designed to focus exclusively on the PH case, with a view of assessing the actual 

monitoring of the selected case study. Nevertheless, in order to construct a building that complies with 

the PH requirements, it is essential to make an estimation prior to the construction phase in order to 

guarantee that the requirements are fulfilled upon completion. A case study was therefore incorporated 
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into the research design, specifically the estimated PH. Furthermore, it would be beneficial to conduct 

an estimate in the event that Casa da Palmeira did not meet the PH standard. This would allow for a 

comparison between the actual consumption of the building, the initial estimated consumption, and the 

estimated consumption in the event of a traditional retrofit. 

A literature review revealed no articles whose principal objective was to conduct an LCA of a PH building, 

compared with a non-PH building. This dissertation is notable for presenting three case studies in 

Portugal, two of which are monitored and estimated PH buildings, and the other is an estimated non-PH 

building.  

The results analysis presented in section 4 indicates that, in the PH case studies, the proportion of 

environmental impacts represented by the materials during the construction phase is significantly higher 

than the ones caused by energy consumption during use of 20 months. In fact, the latter is found to be 

insignificant in comparison to the materials, across all three environmental impact categories 

considered. However, in the non-PH case study, the situation is not analogous. In this scenario, the 

environmental impacts caused by the materials represent less than 50% of the proportion in comparison 

to the ones from energy use. In fact, since more materials are applied during the construction phase of 

PH buildings, mainly insulation in order to improve the interior thermal comfort and reduce the necessity 

of energy consumption for heating and cooling, it is acceptable that these impacts are superior to those 

from a non-PH case. 

A comparative analysis between the PH building and the non-PH building focusing on operational 

energy consumption, shows the same results in all categories, a reduction of 14%. In terms of materials, 

the GWP and ADP-fossil categories show an increase of 14% and 23%, respectively, while the increase 

in the ADP-elem. category, is almost three times higher. A comparative analysis of case studies across 

environmental categories revealed that the PH buildings compared to the non-PH building exhibit 

significantly reduced environmental impacts in terms of GWP, by 57%, and ADP-fossil, by 56%, whereas 

in the ADP-elem. category this is not the case due to its nature, which quantifies physical resources 

consumption, considering an increase of 29%. It can therefore be concluded that, overall, the 

implementation of a PH standard significantly reduces the majority of environmental impacts, as 

previously demonstrated by Norouzi et al. (2022). 

This study demonstrated that a positive balance was achieved by the PH buildings between the 

environmental impacts associated with the construction phase and the ones from energy resources 

savings during the operational phase. The implementation of the PH requirements has also resulted in 

a substantial reduction in the majority of the environmental impact categories associated with the 

operational phase. 
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5.3. Future work 

In the course of this dissertation, it proved beneficial to consider the use of a monitored non-PH house 

in addition to the proposed case study. In the event of the construction of two buildings in the future, 

one utilising the PH requirements and the other the traditional requirements, this would facilitate a more 

accurate comparison between the monitoring and estimation methods. 

It would also be beneficial to conduct an LCA of a PH building in the future, considering different 

insulation materials or localising the building in different climatic zones of Portugal, thus optimising the 

composition of the insulation materials for each situation. 

A further pertinent study would be to consider an eco-design for this case study. This would entail the 

development of a design that incorporates the most effective constructive solutions in terms of 

environmental performance, in comparison to those employed in the case study. 
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Appendix A.1 – references 1 to 9 

 

 

Title Local Climate Life cycle states Method Adopted Reference Application Type of intervention

Winter- cold and dry weather Passive House (PH)

Summer- hot and humid Green Buildings (GB)

Porto
Winter - mild and humid weather 

Summer - hot weather
Bragança, Vila Real, 

Braga, Viana do Castelo
-

Viseu -

Guarda -

Yekaterinburg Cold climate Residential New construction 

Tokyo Subtropical warm climate Residential New construction 

Shanghai Subtropical warm climate Residential New construction 

Las Vegas Hot and dry climate Residential New construction 

Abu Dhabi Hot and humid climate Residential New construction 

Singapore Tropical climate Residential New construction 

4
Towards net zero carbon buildings: Accounting the building embodied carbon and life cycle-

based policy design for Greater Bay Area, China

Guangdong-Hong Kong-
Macau Greater Bay Area 

(GBA) in China
--- Cradle to grave LCA - embodied carbon --- Built-up area Existing construction

Finland
China

United States of America
China

Existing buildings
Reconstructed buildings

Green buildings
Zero energy buildings

7
Carbon assessment of building shell options for eco self-build community housing through 

the integration of building energy modelling and life cycle analysis tools
United Kingdom Used average weather patterns Cradle to grave LCA - carbon impacts Residential

Existing construction 
(case study)

8 Scottish Passive House: Insights into Environmental Conditions in Monitored Passive Houses Scotland Doesn't say --- --- Passive House (PH) Residential
Existing construction 

(case studies)

9
A dynamic life cycle assessment model for long-term carbon emissions prediction of 

buildings: A passive building as case study
China

Hot summer and cold winter. 
Adopted  Shangai's weather data

Production, 
Construction, 

Operational

LCA - carbon emissions and optimize the 
insulation parameter

--- Commercial
Existing construction 

(case study)

---1

2

3

5

6

---

---

Passive Houses for different climate zones Passive House (PH)
Hygrothermal dynamic building simulation to 
understand what it takes to realize a passive 

house

High energy efficiency retrofits in Portugal --- Passive House (PH) Residential Rehabilitation

New construction ResidentialSolutions to achieve carbon neutrality
Exploring solutions to achieve carbon neutrality in China: A comparative study of a large-

scale passive House district and a Green building district in Qingdao
Qingdao, China

Existing construction 
with different building 

retrofit scenarios
Cradle to grave Doesn't say

Public, residential, 
industrial and 
transportation

Prediction of carbon emissions peak and carbon neutrality based on life cycle CO2 
emissions in megacity building sector: Dynamic scenario simulations of Beijing

Beijing, China Not important Cradle to grave LCA - direct and indirect carbon emissions SD-BLCA model

Comparative study of greenhouse gas emission calculations and the environmental impact 
in the life cycle assessment of buildings in China, Finland, and the United States

LCA - carbon optimization and embodied 
carbon

Residential building set

Public building set
Not important
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Title Scale Construction elements taken into account the LCA Forma de estimar ou quantificar os consumos energétiosEnergy mix Study period
Typical apartment from 
the chosen GB district

Renewable energy

Typical apartment from 
the chosen PH district

Energy from the grid

Reference building, XIX 
century building

XIX century building 
adapted do the city
XIX century building 
adapted do the city
XIX century building 
adapted do the city
Two-storey end-of-

terrace house
Insulation layer, airtightness, high-quality heat recovery 

system, rotary wheel energy recovery ventilator
Doesn't quantify energy consumption Doesn't say ---

Two-storey end-of-
terrace house

Insulation layer, low-e double glazing, bypass ventilation 
heat recovery system

Doesn't quantify energy consumption Doesn't say ---

Two-storey end-of-
terrace house

Insulation layer, low-e double glazing, ventilation heat 
recovery system

Doesn't quantify energy consumption Doesn't say ---

Two-storey end-of-
terrace house

Insulation layer, light 'cool' paint in the exterior,windows
feature double solar protective glazing,

Doesn't quantify energy consumption Doesn't say ---

Two-storey end-of-
terrace house

Cool colours, opaque components, triple solar protective 
glazing, extended eaves

Doesn't quantify energy consumption Doesn't say ---

Two-storey end-of-
terrace house

Cool colours, double solar protective glazing, 
airtightness, highly efficient energy recovery ventilator

Doesn't quantify energy consumption Doesn't say ---

4
Towards net zero carbon buildings: Accounting the building embodied carbon and life cycle-

based policy design for Greater Bay Area, China
Buildings volume, urban 

scale

A volume of buildings was used to acess the LCA. The 
materials taken into consideration were steel, wood, 

cement, brick, sand, gravel.

Doesn't quantify energy consumption, only quantifies 
the embodied carbon

Doesn't say ---

7
Carbon assessment of building shell options for eco self-build community housing through 

the integration of building energy modelling and life cycle analysis tools
Terraced house Superstructure, concrete slab of substructure BEM tool, One Click LCA

Comparing national grid-connected 
scenarios to: renewable and low 

carbon technology, solar PV panels 
connected to a microgrid with high 

capacity community battery, air 
source heat pumps for space 

heating and hot water

60 years

8 Scottish Passive House: Insights into Environmental Conditions in Monitored Passive Houses
4 semi-detached 

houses and 1 end of 
terrace house

Thermal comfort, Ventilation, Indoor air quality, Relative 
humidity, Absolute humidity

Doesn't quantify energy consumption Doesn't say 1 year

9
A dynamic life cycle assessment model for long-term carbon emissions prediction of 

buildings: A passive building as case study
Hotel Different thickness for the external wall insulation layer

Obtained from building simulation method, calculated 
from EnergyPlus software

It was obtained from existing 
statistical database; GCAM 

(quantity of various kinds of eletric 
production)

---

---

1

2

3

5

6

---

---

Passive Houses for different climate zones

---

High energy efficiency retrofits in Portugal
Insulation layer, central ventilation system, solar pannels 

to heat water, airghtness, MVHR
EnerPHit to compare the requirements obtained

Exploring solutions to achieve carbon neutrality in China: A comparative study of a large-
scale passive House district and a Green building district in Qingdao

Insulation layer, TB-free design, and construction, passive 
windows, airtightness, MVHR, and renewable energy

50 years life 
service

Different energy mix for each 
country, explained in the article

30 years
Prediction of carbon emissions peak and carbon neutrality based on life cycle CO2 

emissions in megacity building sector: Dynamic scenario simulations of Beijing
---Doesn't applyUrban scale Quantifies carbon emissions

Electricity, district heating, natural gas, liquified 
petroleum gas

Comparative study of greenhouse gas emission calculations and the environmental impact 
in the life cycle assessment of buildings in China, Finland, and the United States

Foundation, vertical structure, horizontal structure, 
window and door, insulation, waterproofing, finish and 

covering, other structure and material
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Appendix A.2 – references 10 to 19 

 

Title Local Climate Life cycle states Method Adopted Reference Application Type of intervention

10
Comparative life cycle assessment of renewable energy storage systems for net-zero 

buildings with varying self-sufficient ratios
Melbourne, Australia

Marine west coast climate, 4 
different seasons

Operational LCA --- Commercial
Existing construction 

(case study)

Low-energy buildings

Passive House (PH) 
buildings

12 Life cycle energy assessments of conventional building: A systematic review Pune, Maharashtra, India Hot semi arid climate
Product, Construction, 

Operational
LCA --- Residential Under construction

Bento Gonçalves- Rio 
Grande do Sul (Brazil)

Well-defined seasons with high 
thermal amplitudes

Santa Maria- Rio Grande 
do Sul (Brazil)

Well-defined seasons with low 
temperatures on winter

Florianópolis - Santa 
Catarina (Brazil)

Well-defined seasons, hot 
summers and cold winters

14
Simulation of passive ventilation strategies towards indoor CO2 concentration reduction for 

passive houses
Area of Tseri in Nicossia - 

Cyprus
Strong mediterranean climate ---

Analyse CO2 concentration, overheating and 
energy demand

Passive House (PH) Residential
Existing construction 

(case study)

15
Thermal comfort and energy performance: Sensitivity analysis to apply the Passive House 

concept to the Portuguese climate
Aveiro, Portugal

Rainy winters, dry summers and 
average air tempeature of 22ºC 

in the warmest month
--- --- Passive House (PH) Residential

Existing construction 
(case study)

Bento Gonçalves- Rio 
Grande do Sul (Brazil)

Well-defined seasons with high 
thermal amplitudes

Residential
Existing construction 

(case study)
Santa Maria- Rio Grande 

do Sul (Brazil)
Well-defined seasons with low 

temperatures on winter
Residential

Existing construction 
(case study)

Florianópolis - Santa 
Catarina (Brazil)

Well-defined seasons, hot 
summers and cold winters

Residential
Existing construction 

(case study)

Ljubljana, slovania Residential Existing construction

Budapest, Hungary Residential Existing construction

Munich, Germany Residential Existing construction

Stockholm, Sweden Residential Existing construction

19
Comparative study between the Passive House Standard in warm climates and Nearly Zero 

Energy Buildings under Spanish Tecnhical Building Code in a dwelling design in Seville, Spain
Seville, Spain

Mild winters and warm summers, 
reaching the maximum Spanish 

summer severity
--- ---

Passive House and 
nZEB

Residential Existing construction

17
Monthly, annual and specific energy and 

relevant CO2 emissions
Passive House (PH) Commercial Newly built

Identifying the feasibility of establishing a passive house school in central Europe: An energy 
performance and carbon emissions monitoring study in Germany

Erding, Southern 
Germany

Temperate continental climate ---

11

13 Residential
Existing construction 

(case studies)

Northern Ireland
Low-energy buildings in combination with grid decarbonization, life cycle assessment of 

passive house buildings in Northern Ireland

Beyond passive House: use of evolutionary algorithms in architectural design Operational Passive House (PH)LCA

ResidentialLCACradle to graveMild temperate oceanic climate
Existing construction 

(case study)

Influence of the orientation on the optimal glazing size for passive houses in different 
European climates (for non-cardinal directions)

18

Temperate oceanic climate with 
the coldest month  averaging 0°C 

or -3°C, all months average 
bellow 22°C

Passive House (PH)------

16 Passive House (PH)--- ---
Optimization of the passive house concept for residential buildings in the South-Brazilian 

region



44 

 

 

 

Title Scale Construction elements taken into account the LCA Forma de estimar ou quantificar os consumos energétiosEnergy mix Study period

10
Comparative life cycle assessment of renewable energy storage systems for net-zero 

buildings with varying self-sufficient ratios
Office building

Modules: electricity grid, photovoltaic, battery; fuel cell, 
electrolyser, storage tank. Auxiliary components for PV 

system: mounting system. Auxiliary components for 
hydrogen system: water tank, connection cables, li-on 

batteries, valves, pressure regulators, pressure 
transmitter, tubing. Auxiliary components for battery 

system: connection cables

EnergyPlus software to obtain the operational energy 
of the building

Rooftop photovoltaics (PV), Utility 
grid

25 year period

2 single-family houses
Evaluted by thermal energy performance in the 

Passive House Planning Package

Current situation 43% natural gas, 
14% coal, 2% oil, 35% wind, 6% 

others

2 single-family houses
Cumulative Energy Deamand (CED) (to measure 

direct and indirect energy)

Future scenarios: "Modest 
Progress", "Addressing Climate 

Change" and "Accelerated 
Ambition"

12 Life cycle energy assessments of conventional building: A systematic review
Building with 8 floors, 

ground floor for parking 
and other seven 

--- Calcultions shown on the article --- ---

Single-family house
Two different approaches to quantify the energy 

performance:

Single-family house
i) Technical Regulation of Quality for the Level of 

Energy Efficiency of Residential Buildings (RTQ-R)

Single-family house
ii) Optimization of various parameters using a multi-

objective evolutionary algorithm

14
Simulation of passive ventilation strategies towards indoor CO2 concentration reduction for 

passive houses
Two-storey house Overall behaviour of the building EnergyPlus software ---

10th August to 
17th August

15
Thermal comfort and energy performance: Sensitivity analysis to apply the Passive House 

concept to the Portuguese climate

Pre-fabricated 
lightweight two-storey 

LSF structure

Passive design solutions, Hybrid solutions, Active 
solutions

EnergyPlus software and na OpenStudio cross-
platform to support full building energy modelling of 

the EnergyPlus calculation tool
---

22nd October 
to 22nd 

December

Single-family house

Single-family house i) Energy efficiency rating by RTQ-R

Single-family house ii) EnergyPlus

Energy saving ordinance (EnEV)
Passive house planning package (PHPP)
Electrical energy in building construction

Two storey single-family 
house

Two storey single-family 
house

Two storey single-family 
house

Two storey single-family 
house

19
Comparative study between the Passive House Standard in warm climates and Nearly Zero 

Energy Buildings under Spanish Tecnhical Building Code in a dwelling design in Seville, Spain

Two-storey plus 
basement terraced 

single family dwelling
Doesn't consider LCA CE3x to calculate heating and cooling energy demand

Renewable energy and non-
renewable primary energy

---

---EN ISO 13790 standard Doesn't specify
Influence of the orientation on the optimal glazing size for passive houses in different 

European climates (for non-cardinal directions)
18 ---

16
Thermal insulation thickness; Different window solutions; 

Building airtightness; Mechanical ventilation with heat 
recovery (MVHR)

--- ---
Optimization of the passive house concept for residential buildings in the South-Brazilian 

region

11

13 Windows and shading ------

Low-energy buildings in combination with grid decarbonization, life cycle assessment of 
passive house buildings in Northern Ireland

Beyond passive House: use of evolutionary algorithms in architectural design

Lifespan of 60 
years for 

operational

Airtightness,  Ventilation, Mechanical ventilation system, 
Heating systems, Materials used in the reference building 

case studies

--- 3 year study17
Identifying the feasibility of establishing a passive house school in central Europe: An energy 

performance and carbon emissions monitoring study in Germany
---School
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Appendix A.3 – references 20 to 29 

 

 

  

Title Local Climate Life cycle states Method Adopted Reference Application Type of intervention

20
An integrated energy simulation and life cycle assessment to measure the operational and 

embodied energy of a Mediterranean net zero energy building
Rome, Italy

Mediterranean weather. Cool 
winters and warm and hot 

summers
From cradle to grave

LCA - embodied energy and environmental 
impacts

NZEB Residential
New construction 

building

21
Life cycle analysis of GHG emissions from the building retrofitting: The case of a Norwegian 

office building
Norway —- From cradle to grave LCA - GHG emissions Passive House Commercial

Existing construction 
(1980)

22
Assessment and optimisation of life cycle environment, economy and energy for building 

retrofitting
Maindenhead, UK

Historical weather was adopted 
to evaluate the current and 
retrofitted building energy 

performance in a real world 
situation

Production, Use (only 
B6.1-B6.3), End-of-life, 

Benefits and loads 
beyond the system 

boundary

LCA - reduction of carbon emissions, cost-
saving and energy usage 

—- Commercial
Case study based on 

Costain House 

23
Whole-building Life Cycle Assessment (LCA) of a passive house of the sub-tropical climatic 

zone
Nicósia, Cyprus Sub-tropical climatic zone Cradle to site LCA Passive House Residential

Existing construction 
(case study) 

24
Life cycle assessment of a single-family residence built to either conventional or passive 

house standard
Stord municipality, 

western Norway
Mild winters and cool summers Cradle to grave LCA

Passive House and 
Norwegian building 

code from 2010
Residential Existing construction ?

Passive House
Base case - existing 

construction
Current minimal 

thermal performance 
standards for Brussels

Alternative 1 - standard 
new construction

—-
Alternative 2 - retrofitted 

construction

26
Life cycle assessment of embodied and operational energy for a passive housing block in 

Austria
Austria Cold winters and warm summers Cradle to grave LCA - embodied and operational energy Passive House Residential Existing construction

27
Life cycle primary energy implication of retrofitting a wood-framed apartment building to 

passive house standard
Sweden

Cold winters and mild and warm 
summers

Cradle to grave LCA Pasive House Residential Retrofitted construction

Passive House
Conventional buildings

29
Dissertation: Environmental and energy assessment of nearly zero buildings. Application to a 

thermal retrofit intervention in Portugal.
Aveiro, Portugal

Rainy winters, warm summers 
and average air tempeature of 

22ºC in the warmest month
Production and use LCA Passive House Residential

Case study of a 
retrofitted passive house

Residential
LCA - embodied energy, primary operational 

energy, transport energy
Cradle to grave except 

end of life
—-

Braine-le-chateau, 
Walloon Brabant, Belgium

A comprehensive assessment of the life cycle energy demand of passive houses25

LCACradle to grave
Cold and cloudy winters and mild 

summers
Poznan, western Poland

Comparative life cycle assessment of passive and traditional residential buildings' use with a 
special focus on energy-related

28 Residential Existing construction
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Title Scale Construction elements taken into account the LCA Forma de estimar ou quantificar os consumos energétiosEnergy mix Study period

20
An integrated energy simulation and life cycle assessment to measure the operational and 

embodied energy of a Mediterranean net zero energy building

Three levels: 
unconditioned ground 

floor, two floors with two 
apartments each

Building envelope (roof, external opaque walls, interstorey 
floors, windows) with two different insulation materials 

(two scenarios) and integrated technical components (PV 
system, BSS, air conditioning and DWH systems)

TRNSYS for building simulation and Cumulative Energy 
Demand (CED) for calculation of the primary energy 

cnsumption

Grid-connected photovoltaic with 
and without battery storage system 

(BSS)
---

21
Life cycle analysis of GHG emissions from the building retrofitting: The case of a Norwegian 

office building
Office building

Vertical structure and façade, horizontal structure, 
fenestration, elevator and staircase, HVAC and heating 

supply systems.
The only thing quantified is the CO2-eq emissions —-

Retrofitting 
scenarios 

were 
compared to 
life service of 

60years

22
Assessment and optimisation of life cycle environment, economy and energy for building 

retrofitting
3 storey office building

Roof, external walls, windows, PV panel, solar heater, 
wind turbine

Workshop was held with different building managers
Natural gas consumption, electrical 

power, renewable energy for the 
case study

—-

23
Whole-building Life Cycle Assessment (LCA) of a passive house of the sub-tropical climatic 

zone
Detached, two-floor 

house

Whole building, foundations and floors,external wall, 
indoor wall, ground floor roof, first floor roof, roofs and 

insulation, external works 
—- —-

Building 
lifetime of 50 

year

24
Life cycle assessment of a single-family residence built to either conventional or passive 

house standard
Wooden two-storey 

single-family residence
Heating systems

Simulated by Nordbohus in the Norwegian building 
simulation program SIMIEN

Norwegian (Nordel) electricity mix 
and European (UTCE) electricity mix

Lifetime 
service

Detached single-family 
house for 4 people

Same dimensions and 
characteristics as base 

case
Apartment on building 

from 1970

26
Life cycle assessment of embodied and operational energy for a passive housing block in 

Austria

6 storey structure, 
comprising 96 

apartments

Building envelope,  slabs and corresponding layers, 
interior walls, doors and stairs, underground garage, heat 

supply system, ventilation ducts and distribution pipes
Information from the past 3 years Austrian Power mix —-

27
Life cycle primary energy implication of retrofitting a wood-framed apartment building to 

passive house standard
Wood-framed 

apartment building
Thermal insulation materials, windows and doors, 

ventilation system, structural elements
ENSYST Software

Fuel sources, district heating 
system, energy upply technologies, 

end use heating technologies
—-

Two single-storey house
Two single-storey house

29
Dissertation: Environmental and energy assessment of nearly zero buildings. Application to a 

thermal retrofit intervention in Portugal.
Double storey house Building envelope Real time monitoring

Energy from the grid and 
photovoltaic energy

30 years

—- —-
100 year 

period
Comparative life cycle assessment of passive and traditional residential buildings' use with a 

special focus on energy-related
28

Roofs, facade, floors, interior, rafter framing, energy 
efficiency

A comprehensive assessment of the life cycle energy demand of passive houses25 100 yearsGas/electricity and solar panels—-— 
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Appendix B 

 

 

MONITORED PH SOLUTION Units GWP (kg CO₂ eq.) ADP-elem. (kg Sb eq.) ADP-fossil (MJ)

XPS Soprema 60mm 115.50 m² 3.37E+02 7.61E+02  (kg Ethylene eq.) 1.28E+00 (kg SO₂ eq.) 3.26E-02 (kg (PO₄)³⁻ eq.) 1.21E-04 5.82E+03

XPS 200mm (2*100mm) 245.68 m² 7.17E+02 1.62E+03  (kg Ethylene eq.) 2.73E+00 (kg SO₂ eq.) 6.93E-02 (kg (PO₄)³⁻ eq.) 2.58E-04 1.24E+04

XPS - Roofmate 30mm 4.50 m² 1.31E+01 2.97E+01  (kg Ethylene eq.) 5.00E-02 (kg SO₂ eq.) 1.27E-03 (kg (PO₄)³⁻ eq.) 4.73E-06 2.27E+02

Mineral Wool 50mm Volcalis 6.87 m³ 1.53E+02 3.60E-02 (kg C₂H₄ eq.) 7.97E-01 (kg SO₂ eq.) 1.67E-01 (kg (PO₄)³⁻ eq.) 2.85E-04 2.14E+03

Mineral Wool 50mm Knauf 87.84 m² for 37mm thk. 9.66E+01 6.64E-06 (kg C₂H₄ eq.) 3.52E-01 (kg SO₂ eq.) 3.53E-02 (kg (PO₄)³⁻ eq.) 3.83E-06 1.63E+03

EPS Weber 80mm 660.00 m²/(cm thk.) 7.26E+02 1.29E+00 (kg C₂H₄ eq.) 2.53E+00 (kg SO₂ eq.) 3.00E-01 (kg (PO₄)³⁻ eq.) 7.85E+00 1.64E+04

Rock Wool 145mm 209.62 m² for 37mm thk. 2.31E+02 1.58E-05 (kg C₂H₄ eq.) 8.41E-01 (kg SO₂ eq.) 8.43E-02 (kg (PO₄)³⁻ eq.) 9.14E-06 3.88E+03

GypsumPlasterboard 425.48 m² 4.68E+02 9.66E-02 (kg C₂H₄ eq.) 1.14E+00 (kg C₂H₄ eq.) 1.43E-01 (kg (PO₄)³⁻ eq.) 3.08E-04 9.40E+03

Deck 0.31 ton -6.84E+01 5.33E-01 (Kg COVNM eq.) 7.12E-01 (mol H⁺ eq.) 1.48E+00 (mol N eq.) 9.52E-04 2.55E+03

OSB 1.70 m³ 1.52E+03 3.12E+00 (Kg COVNM eq.) 8.05E-01 (mol H⁺ eq.) 0.00E+00 (mol N eq.) 8.97E-01 1.92E-05

Waterproof Membrane 9.00 m² 5.12E+01 1.67E-01 (Kg COVNM eq.) 3.02E-01 (mol H⁺ eq.) 5.81E-01 (mol N eq.) 1.10E-04 2.12E+03

Wood 225*75mm 0.00 m³
Wood 145*45mm 0.00 m³
Wood 35*42mm 0.00 m³

Roof Tile 2,437.50 kg 6.05E+02 1.00E-01 (kg C₂H₄ eq.) 2.32E+00 (kg SO₂ eq.) 1.72E-01 (kg (PO₄)³⁻ eq.) 2.02E-05

PVC Windows 12.11 m² 1.80E+03 6.19E+00 (Kg COVNM eq.) 1.30E+01 (mol H⁺ eq.) 2.43E+01 (mol N eq.) 4.02E+00 2.45E+04

PVC Cladding 95.00 m² 4.93E+02 1.16E+00 (Kg COVNM eq.) 1.02E+00 (mol H⁺ eq.) 2.75E+00 (mol N eq.) 4.31E-05 1.22E+04

Electricity from Portuguese Grid 2,635.42 kWh 8.83E+02 1.13E-01 (kg C₂H₄ eq.) 2.25E+00 (kg SO₂ eq) 1.77E-01 (kg (PO₄)³⁻ eq.) 1.67E-03 1.38E+04

Electricity from Photovoltaics 4,685.18 kWh 2.41E+02 7.22E-02 (kg C₂H₄ eq.) 1.15E+00 (kg SO₂ eq) 2.61E-01 (kg (PO₄)³⁻ eq.) 3.19E-02 2.82E+03

0.00E+00 0.00E+00

POCP

(Kg COVNM eq.)

EP

0.00E+000.00E+00 0.00E+00 0.00E+00(mol N eq.)

AP 

(mol H⁺ eq.)
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Appendix C 

 

ESTIMATED PH SOLUTION Units GWP (kg CO₂ eq.) ADP-elem. (kg Sb eq.) ADP-fossil (MJ)

XPS Soprema 60mm 115.50 m² 3.37E+02 7.61E+02  (kg Ethylene eq.) 1.28E+00 (kg SO₂ eq.) 3.26E-02 (kg (PO₄)³⁻ eq.) 1.21E-04 5.82E+03

XPS 200mm (2*100mm) 245.68 m² 7.17E+02 1.62E+03  (kg Ethylene eq.) 2.73E+00 (kg SO₂ eq.) 6.93E-02 (kg (PO₄)³⁻ eq.) 2.58E-04 1.24E+04

XPS - roofmate 30mm 4.50 m² 1.31E+01 2.97E+01  (kg Ethylene eq.) 5.00E-02 (kg SO₂ eq.) 1.27E-03 (kg (PO₄)³⁻ eq.) 4.73E-06 2.27E+02

Mineral wool 50mm Volcalis 6.87 m³ 1.53E+02 3.60E-02 (kg C₂H₄ eq.) 7.97E-01 (kg SO₂ eq.) 1.67E-01 (kg (PO₄)³⁻ eq.) 2.85E-04 2.14E+03

Mineral wool 50mm Knauf 87.84 m² for 37mm thk. 9.66E+01 6.64E-06 (kg C₂H₄ eq.) 3.52E-01 (kg SO₂ eq.) 3.53E-02 (kg (PO₄)³⁻ eq.) 3.83E-06 1.63E+03

EPS Weber 80mm 660.00 m²/(cm thk.) 7.26E+02 1.29E+00 (kg C₂H₄ eq.) 2.53E+00 (kg SO₂ eq.) 3.00E-01 (kg (PO₄)³⁻ eq.) 7.85E+00 1.64E+04

Rock wool 145mm 209.62 m² for 37mm thk. 2.31E+02 1.58E-05 (kg C₂H₄ eq.) 8.41E-01 (kg SO₂ eq.) 8.43E-02 (kg (PO₄)³⁻ eq.) 9.14E-06 3.88E+03

Plasterboard 425.48 m² 4.68E+02 9.66E-02 (kg C₂H₄ eq.) 1.14E+00 (kg C₂H₄ eq.) 1.43E-01 (kg (PO₄)³⁻ eq.) 3.08E-04 9.40E+03

Deck 0.31 ton -6.84E+01 5.33E-01 (Kg COVNM eq.) 7.12E-01 (mol H⁺ eq.) 1.48E+00 (mol N eq.) 9.52E-04 2.55E+03

OSB 1.70 m³ 1.52E+03 3.12E+00 (Kg COVNM eq.) 8.05E-01 (mol H⁺ eq.) 0.00E+00 (mol N eq.) 8.97E-01 1.92E-05

Waterproof membrane 9.00 m² 5.12E+01 1.67E-01 (Kg COVNM eq.) 3.02E-01 (mol H⁺ eq.) 5.81E-01 (mol N eq.) 1.10E-04 2.12E+03

Wood 225*75mm 0.00 m³
Wood 145*45mm 0.00 m³
Wood 35*42mm 0.00 m³

Roof tile 2,437.50 kg 6.05E+02 1.00E-01 (kg C₂H₄ eq.) 2.32E+00 (kg SO₂ eq.) 1.72E-01 (kg (PO₄)³⁻ eq.) 2.02E-05

PVC windows 12.11 m² 1.80E+03 6.19E+00 (Kg COVNM eq.) 1.30E+01 (mol H⁺ eq.) 2.43E+01 (mol N eq.) 4.02E+00 2.45E+04

PVC cladding 95.00 m² 4.93E+02 1.16E+00 (Kg COVNM eq.) 1.02E+00 (mol H⁺ eq.) 2.75E+00 (mol N eq.) 4.31E-05 1.22E+04

Electricity from portuguese grid 7,345.27 kWh 2.46E+03 3.14E-01 (kg C₂H₄ eq.) 6.28E+00 (kg SO₂ eq) 4.92E-01 (kg (PO₄)³⁻ eq.) 4.66E-03 3.86E+04

Electricity from photovoltaics 13,058.27 kWh 6.73E+02 2.01E-01 (kg C₂H₄ eq.) 3.21E+00 (kg SO₂ eq) 7.27E-01 (kg (PO₄)³⁻ eq.) 8.88E-02 7.85E+03

AP EP

(mol N eq.) 0.00E+000.00E+00 0.00E+00 (Kg COVNM eq.) 0.00E+00

POCP

0.00E+00(mol H⁺ eq.) 0.00E+00
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Appendix D 

 

ESTIMATED NON PH SOLUTION Units GWP (kg CO₂ eq.) ADP-elem. (kg Sb eq.) ADP-fossil (MJ)

XPS Soprema 40mm 115.50 m² 3.37E+02 7.61E+02  (kg Ethylene eq.) 1.28E+00 (kg SO₂ eq.) 3.26E-02 (kg (PO₄)³⁻ eq.) 1.21E-04 5.82E+03

XPS 100mm 245.68 m² 7.17E+02 1.62E+03  (kg Ethylene eq.) 2.73E+00 (kg SO₂ eq.) 6.93E-02 (kg (PO₄)³⁻ eq.) 2.58E-04 1.24E+04

XPS - roofmate 30mm 4.50 m² 1.31E+01 2.97E+01  (kg Ethylene eq.) 5.00E-02 (kg SO₂ eq.) 1.27E-03 (kg (PO₄)³⁻ eq.) 4.73E-06 2.27E+02

Mineral wool 30mm Volcalis 4.12 m³ 9.20E+01 2.16E-02 (kg C₂H₄ eq.) 4.78E-01 (kg SO₂ eq.) 1.00E-01 (kg (PO₄)³⁻ eq.) 1.71E-04 1.29E+03

Mineral wool 30mm Knauf 52.70 m² for 37mm thk. 5.80E+01 3.98E-06 (kg C₂H₄ eq.) 2.11E-01 (kg SO₂ eq.) 2.12E-02 (kg (PO₄)³⁻ eq.) 2.30E-06 9.75E+02

EPS Weber 20mm 165.00 m²/(cm thk.) 1.82E+02 3.23E-01 (kg C₂H₄ eq.) 6.32E-01 (kg SO₂ eq.) 7.51E-02 (kg (PO₄)³⁻ eq.) 1.96E+00 4.09E+03

Rock wool 145mm 209.62 m² for 37mm thk. 2.31E+02 1.58E-05 (kg C₂H₄ eq.) 8.41E-01 (kg SO₂ eq.) 8.43E-02 (kg (PO₄)³⁻ eq.) 9.14E-06 3.88E+03

Plasterboard 425.48 m² 4.68E+02 9.66E-02 (kg C₂H₄ eq.) 1.14E+00 (kg C₂H₄ eq.) 1.43E-01 (kg (PO₄)³⁻ eq.) 3.08E-04 9.40E+03

Deck 0.31 ton -6.84E+01 5.33E-01 (Kg COVNM eq.) 7.12E-01 (mol H⁺ eq.) 1.48E+00 (mol N eq.) 9.52E-04 2.55E+03

OSB 1.70 m³ 1.52E+03 3.12E+00 (Kg COVNM eq.) 8.05E-01 (mol H⁺ eq.) 0.00E+00 (mol N eq.) 8.97E-01 1.92E-05

Waterproof membrane 9.00 m² 5.12E+01 1.67E-01 (Kg COVNM eq.) 3.02E-01 (mol H⁺ eq.) 5.81E-01 (mol N eq.) 1.10E-04 2.12E+03

Wood 225*75mm 0.00 m³
Wood 145*45mm 0.00 m³
Wood 35*42mm 0.00 m³

Roof tile 2,437.50 kg 6.05E+02 1.00E-01 (kg C₂H₄ eq.) 2.32E+00 (kg SO₂ eq.) 1.72E-01 (kg (PO₄)³⁻ eq.) 2.02E-05

Aluminium windows 12.11 m² 1.56E+03 5.26E+00 (Kg COVNM eq.) 1.08E+01 (mol H⁺ eq.) 1.77E+01 (mol N eq.) 6.45E-01 2.10E+04

PVC cladding 95.00 m² 4.93E+02 1.16E+00 (Kg COVNM eq.) 1.02E+00 (mol H⁺ eq.) 2.75E+00 (mol N eq.) 4.31E-05 1.22E+04

Electricity from portuguese grid 19,186.42 kWh 6.43E+03 8.21E-01 (kg C₂H₄ eq.) 1.64E+01 (kg SO₂ eq) 1.29E+00 (kg (PO₄)³⁻ eq.) 1.22E-02 1.01E+05

Electricity from photovoltaics 34,109.19 kWh 1.76E+03 5.25E-01 (kg C₂H₄ eq.) 8.39E+00 (kg SO₂ eq) 1.90E+00 (kg (PO₄)³⁻ eq.) 2.32E-01 2.05E+04

0.00E+00 (mol N eq.) 0.00E+00 0.00E+00

POCP AP EP

0.00E+00 0.00E+00 (Kg COVNM eq.) 0.00E+00 (mol H⁺ eq.)
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Appendix E 

 

Materials EPD number EPD System

XPS DAPcons.Nte.003 DAPcons
Mineral Wool 010:2022 DAP Habitat

EPS

Rock Wool 001:2019 DAP Habitat
Plasterboard DAPcons.100.036 DAPcons

Deck DAP 007:2024 DAP Habitat
OSB S-P-01850 The International EPD System

Waterproof Membrane S-P-01493 The International EPD System
Wood S-P-07431 The International EPD System

Roof Tile

Aluminium Windows S-P-05211 The International EPD System
PVC Windows 289942502022 INIES
PVC Cladding S-P-10512 The International EPD System
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