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Abstract 

Purpose: This study analyses the environmental impacts of a plus-energy house. Such 

buildings produce more energy in their use-phase than they consume, by generating energy 

with photovoltaic cells and saving energy via extensive insulation. The entire life cycle of the 

building is investigated form cradle to grave. The research focuses on the identification of 

environmental hotspots and the break-even time, after which the avoided burdens from the 

energy surplus even out the environmental impacts.  

Method:  To answer the research questions, an ISO 14040 compliant environmental 

impact assessment (LCA) was conducted. It covers the raw material extraction, production 

and manufacturing of the building, the energy consumption by the inhabitants, the 

demolition and subsequent waste processing as well as the energy generation from the 

photovoltaic cells during 50 years lifetime. The life cycle impact assessment method was 

based on EN 15804 with seven impact categories: global warming potential, depletion 

potential of the stratospheric ozone, acidification potential of soil and water, eutrophication 

potential, formation potential of tropospheric ozone, abiotic depletion potential for non-

fossil resources, and abiotic depletion potential for fossil resources. 

Results: The use-phase with energy generation and consumption dominates in all the 

impact categories except for the stratospheric ozone depletion potential. Photovoltaic cell 

production has the largest impact in terms of resource and ozone depletion. The building 

does not set off its impacts with its avoided burdens during its lifetime. The break-even time 

is calculated for each impact category and starts at 654 years for global warming potential. 

The geometric standard deviation is calculated for every process, so that a Monte-Carlo 

simulation can be run. This makes it possible to calculate the standard deviation of the 

results.  

Discussion: It is possible to enhance the environmental performance of the building by 

focusing on the hotspots. A sensitivity analysis shows that enhancing the energy surplus 

during the use-phase would be the most effective measure. This could be achieved by 

increasing the photovoltaic cell area or decreasing the energy consumption.  
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1 Introduction 

With the beginning of a new epoch, the Anthropocene, human activity is now the main 

driver of change on a planetary scale. Anthropocene is a term for the current geological 

epoch in which humans are considered a main geophysical force, causing global change due 

to burning fossil fuels, deforestation, and land use change (Crutzen 2006; Steffen et al. 

2007). 

The rapid growth of human activities has resulted in resource depletion and major impacts 

on ecosystems and habitats (Rockström et al. 2009). This calls for the development of 

strategies and technologies that are sustainable and allow for social and economic growth 

without threatening the future of humanity and life on Earth. The building sector constitutes 

24% of all resource extraction from the lithosphere and thus is a major contributor to 

anthropogenic resource depletion (Zabalza Bribián et al. 2011). Constructing high-

performance buildings stands to reason to reduce impacts in this sector.  

1.1 Literature review  

Energy efficient buildings like passive houses and zero-energy-buildings have been studied 

extensively from a life cycle perspective. There is always a trade-off between reduced 

environmental impacts in the use phase and investments in embodied energy and resources 

in the form of insulation material and other construction materials in the upstream activities, 

such as resource extraction, manufacturing, and construction. (Sartori and Hestnes 2007; 

Ramesh et al. 2010; Passer et al. 2016). 

In terms of energy, a life cycle primary energy balance includes the upstream processes and 

the operating energy demand during the use-phase of a building. For high-performance 

buildings, the upstream activities account for up to 60% (Gustavsson and Joelsson 2010) to 

77% (Stephan et al. 2013) of the life cycle energy, depending on the means of energy 

production and methodological choices. The comparison of a high-performance building 

with a conventional building is done in several studies: Energy saving measures and 

insulation increase the energy in the upstream phase while decreasing the operating energy. 

There is a linear relationship between the operating energy and the total energy, meaning 

that a building with more energy saving measures also has a lower total primary energy 

during its lifetime. However, there is a threshold at which the savings in operating energy 

are negated by the increase in embodied energy when energy saving measures are 

implemented excessively (Sartori and Hestnes 2007).  

Apart from energy, a more comprehensive investigation of the environmental impact of 

plus-energy houses is worth conducting. These high-performance buildings are characterised 

by their use-phase, in which they produce more heat and energy than they use. This is 

usually due to a combination of energy saving measures through thermal insulation and the 

use of photovoltaic cells and heat pumps. By creating more energy than they consume in the 

use phase, they should be able to offset their environmental impact over time (break-even). 
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These buildings have been investigated from a life cycle perspective in France (Thiers and 

Peuportier 2009) and in a tropical environment in Thailand (Bukoski et al. 2017; Iqbal et al. 

2017, 2018).   

The French study investigates residences with three different heating setups: heat pump, 

wood pellet micro-CHP unit, and wood pellet condensing boiler. The primary energy balance 

of the whole life cycle is negative for the setup with the heat pump and positive for both 

wood pellet setups. The study focuses mainly on greenhouse gas (GHG) emissions and is 

otherwise incomprehensive.   

In a tropical regime, according to Bukoski et al. (2017), a plus-energy house performs better 

than traditional buildings in the examined environmental impact categories. This is especially 

pronounced when the building uses photovoltaic cells to produce electricity.   

Iqbal et al. (2017) draw the same conclusion and calculate an energy-break-even time of 16 

years, by the end of which the produced energy equals the combined energy of 

manufacturing, construction, operation, and end-of-life.   

In another study, Iqbal et al. (2018) show the break-even times of different categories other 

than energy. For global warming potential it is 22 years, for terrestrial acidification potential 

it is 27 years, and for eutrophication potential 12 years. They also highlight the dominance of 

the photovoltaic cells in causing the largest share of impacts over several categories. 

The tropical climate with its resulting use of fewer insulation materials make the findings of 

these studies not transferable to European climate conditions. It can be expected that a 

plus-energy house would perform worse in European climate conditions due to less energy 

generation from less sunlight, higher energy consumption due to colder climate, and larger 

initial investments from using more insulation materials.   

There is no comprehensive life cycle assessment about the environmental impacts of a plus-

energy house in a European climate context. This gap in knowledge is the motivation for this 

thesis.  

2 Methods 

The environmental impact of the building was assessed by conducting a life cycle assessment 

(LCA). It is a holistic approach that investigates the potential impacts of a product during its 

whole life cycle, focusing on environmental aspects. The life cycle includes the raw material 

extraction, use, and disposal (cradle-to-grave). The assessment follows the four-part 

structure of standard ISO 14040: Goal and scope definition, life cycle inventory (LCI), life 

cycle impact assessment (LCIA), and interpretation of the results. (CEN 2009; Klöpffer and 

Grahl 2014; Curran 2015).  

Goal and Scope:  

The goal and scope definition outlines the purpose of the assessment and sets the research 

questions. It details the planned approach towards generating results. It specifies the system 

boundaries and what set of characterization factors shall be used for the LCIA (Curran 2015). 
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LCI:  

The life cycle inventory consists of all inputs and outputs to the investigated system that are 

crossing the system boundaries. This includes flows of materials, energy, water, and all 

emissions and waste flows. Using LCA software, the inventory can be calculated, resulting in 

a list of elementary flows. The software used in this study is GaBi by thinkstep AG.    

LCIA:   

The life cycle impact assessment is the translation of the LCI results into potential 

environmental impacts. This is done by multiplying the elementary flows with 

characterization factors. The specific factors used in this study are specified in chapter 3.5. 

Interpretation:  

The obtained results are discussed in relation to the objectives set in the goal and scope 

definition.  

2.1 LCI methods and Data Quality 

The collection of data was the most challenging part of the LCA. For this study, primary data 

was used. The bill of materials was provided by the manufacturer. To get each item from the 

bill of materials into the model, a two-step approach was used. First, the GaBi database 

(version 8.7, 2018) and ecoinvent database (version 3.5, 2018) were searched to find as 

many items as possible. If the exact item could not be found, data from previous studies was 

used.  

To assess data quality, all items in the life cycle inventory were evaluated with the pedigree 

approach by Weidema and Wesnæs (1996) (Table 15, Appendix A). Usually, data quality of 

LCA database items is assessed internally by the database providers. This ignores the fact 

that every study has its own needs for data quality. So here, the data quality was assessed 

based on how well the data fits the purpose of this study, meaning that the assessment of 

data quality was also an assessment of the goodness of fit. The pedigree score could be 

given as a vector (x1, x2, x3, x4, x5) for each process used. The assessment was specific for 

each system boundary module.  

2.2 Uncertainty 

Uncertainty is inherent of life cycle assessments. It stems from the uncertainty in the 

measurements providing data for the LCA databases, the use of average data for 

geographical regions, uncertainty due to the age of the datasets, and the uncertainty from 

the primary data collected by the manufacturer. To address and analyse this uncertainty, an 

approach based on the pedigree matrix was used. It was first developed by Frischknecht et 

al. (2004), with scores based on expert judgment. The concept was then refined by Ciroth et 

al. (2016) by using empirical data to calculate the factors, rather than using expert guesses. 

The resulting factors are shown in Table 1. 
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Table 1: Uncertainty factors based on pedigree scores (Ciroth et al. 2016) 

Indicator score 1 2 3 4 5 

Reliability (UR) 1.00 1.54 1.61 1.69 - 

Completeness (UC) 1.00 1.03 1.04 1.08 - 

Temporal Correlation (UT) 1.00 1.03 1.10 1.19 1.29 

Geographical Correlation (UG) 1.00 1.04 1.08 1.11 - 

Further technological correlation (UF) 1.00 1.18 1.65 2.08 2.80 

 

The uncertainty of each process could then be calculated as the geometric standard 

deviation (GSD) with the following formula: 

𝐺𝑆𝐷 = 𝑒√(ln(𝑈𝑅)
2+(ln(𝑈𝐶)

2+(ln(𝑈𝑇)
2+(ln(𝑈𝐺)

2+(ln(𝑈𝐹)
2+(ln(𝑈𝑏)

2
 

Ub was the basic uncertainty factor for processes, according to the framework of 

Frischknecht et al. (2005), with the following values: 

Table 2: Basic uncertainty factors 

 
Input/output group Ub 

d
em

an
d

 o
f 

thermal energy, electricity, semi-finished products, working material, 

waste treatment  

1.05 

Transport services (tkm) 2.00 

Infrastructure  3.00 

re
so

u
rc

es
 

Primary energy carriers, metals, salts 1.05 

Land use, occupation 1.50 

Land use, transformation 2.00 

 

This GSD formula is based on the standard formula for calculating the geometric standard 

deviation: 

𝜎𝐺 = 𝑒
√
∑ (𝑙𝑛

𝐴𝑖
𝜇𝐺

)²𝑖=1
𝑛

𝑛  

Ai is the set of numbers that the GSD is calculated from, µG is the geometric mean of those 

numbers, and n is the amount of numbers. For the formula used here, n is 1 and µG is already 

included in the uncertainty factors. 
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This approach assumed a log-normal distribution of the input values. This is reasonable for 

data that cannot be zero or less, as it is the case for LCA inputs. As a result, the GSD as the 

uncertainty for the foreground data for each process was calculated.  

The next step was using a Monte Carlo simulation to probabilistically address the uncertainty 

of the life cycle impact assessment results. The simulation was run 500 times. Ideally, the 

number of runs for a Monte Carlo simulation in LCA should coincide with the number of 

times each input value has been measured (Heijungs 2019). However, the GaBi database 

does not disclose the sample size used for its measurements, so the choice for 500 runs was 

a compromise between the need for accuracy and the time restrictions due to computing 

duration for each run. 

Each time, the input values were varied randomly according to their individual GSD, and with 

these randomized inputs, the LCI results were calculated, resulting in a list of elementary 

flows. The flows were then multiplied with their respective impact factors and accumulated 

into the impact categories, which are elaborated in the following chapter. The impact factors 

themselves did not have an uncertainty value. This way, 500 results were calculated for each 

impact category, which allowed to determine their mean value and standard deviation.  

2.3 Avoided burdens 

A plus-energy house is designed to generate more energy than it consumes during its use-

phase. Thus, there will be a surplus of energy as produced electricity from the photovoltaic 

cells by the end of its lifetime. This generation of electricity over the whole 50 years lifetime 

can be modelled as avoided burdens as shown in Table 3. To improve the accuracy of the 

results, future electricity grid mixes were used as predicted by the GaBi database. Since 

there was no available dataset for 2060, the 2050 dataset was used twice as the closest 

available fit. 

Table 3: Modelling of electricity generation from 2020-2070.  

period process in GaBi database 

2020-2030 Electricity grid mix 

2030-2040 Electricity grid mix (2030) 

2040-2050 Electricity grid mix (2040) 

2050-2060 Electricity grid mix (2050) 

2060-2070 Electricity grid mix (2050) 
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3 Goal and Scope 

3.1 Aim of the study 

The aim of the study is to identify and describe the trade-offs in energy and environmental 

impacts between the positive energy balance during the use phase and the energy and 

resource investments during the other life cycle phases, by using an LCA approach. It further 

aims to identify environmental hotspots in the life cycle of the building. The building was set 

to be in the oceanic and humid continental climate typical for western Europe (Peel et al. 

2007). The study is based on an already existing plus-energy house in Germany, with primary 

data from the company that built the house. The company chose to remain anonymous. 

3.2 Description of the Residence 

The house is located in Wuppertal, Germany. It covers 91 m² of floor space and has two 

storeys, resulting in 143 m² of living area. The building structure is prefabricated in Denmark 

and then moved to Wuppertal by truck over a distance of 660 km. The structural parts are 

made of spruce wood and the insulation is composed of glass wool, stone wool, and gypsum 

fibre boards. The interior construction (such as windows and flooring) is finished on site in 

Germany by using local suppliers. The building is equipped with a 59m² photovoltaic system 

to produce electricity and an electric heat pump to produce heat. The building is designed to 

accommodate four people and is supposed to produce more energy during its use phase 

than it uses, according to the plus-energy house concept. 

3.3 Functional unit 

The functional unit is defined as providing accommodation for four people in 143 m² living 

space over a lifetime of 50 years. All inputs and outputs are considered from material 

extraction to the end-of-life phase in a cradle-to-grave approach.  

3.4 System boundaries 

The LCA practitioner’s choice where to set the system boundaries can be subjective. Thus, it 

is important to clearly document the choices and motivations behind it to ensure a 

transparent process and allow for comparability of the results. For this study, the system was 

investigated from cradle to grave. Because the system under investigation was large, the 

system boundaries were structured modularly as suggested in EN 15804 (CEN 2014), shown 

in Figure 1. This divided the study in manageable work packages that are easier to 

investigate and understand. This standard is commonly used for life cycle assessments of 

buildings (Minkov et al. 2015) and thus a suitable choice. 
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Figure 1: System boundaries flowchart with arrow in flow direction. The dotted lines are within the 

system boundaries to illustrate the different modules; the solid lines are system boundaries. 

A1 raw material supply: This module describes all resources and materials necessary for the 

manufacturing of the building structure. It is based on the bill of materials and uses generic 

background data sets. 

A2 transport: This module describes the transport of all resources and materials to the site 

of manufacturing.  

A3 manufacturing: This module covers the energy and materials used for manufacturing the 

raw materials from module A1 into a product. In this case, the raw materials need to be 

connected in order to create the building shell. The manufacturer provided no data about 

any energy used for that purpose. All materials needed are already included in the list of raw 

materials from module A1, so the impacts in this module would stem from the labour 

necessary to prefabricate the building shell, which can be expected to be small compared to 

the overall building. With no basis for assumptions, this module is disregarded.  
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A4 transport from the gate to the site: This module describes the transport of the 

manufactured goods to the site of assembly.  

A5 assembly: This module describes the assembly of the building structure in Wuppertal as 

well as the fitting of the building interior with regards to materials used. 

B1 use: The use module comprises of the energy generated during the use phase by the 

photovoltaic cells. Because the studied building is a plus-energy house, the amount of 

produced energy is larger than the amount of consumed energy. To deal with this energy 

surplus, system expansion is used. System expansion is described as the inclusion of 

additional functions by expanding the system boundaries (CEN 2006). For this study, it 

means that the same amount of electricity that is produced by the PV cells does not have to 

be produced elsewhere, thus counting as an avoided burden. So, the electricity generation 

for the typical German electricity grid mix is included in the system boundaries (chapter 2.3) 

and their environmental impacts are counted negatively, because they are avoided. 

Consumed energy is addressed in module B6. 

B2 maintenance, B3 repair, B4 replacement, B5 refurbishment: These modules describe the 

need for potential repairs and maintenance and the consequential impacts of replacement 

and refurbishment. These factors are directly dependent on the individual behaviour of the 

inhabitants of the building. Thus, these modules are excluded from the scope of this study to 

eliminate their inherent subjectivity and to ensure the objectivity of the study. 

B6 operational energy use, B7 operational water use: These modules describe the energy 

and water consumption by the inhabitants during the lifetime of the building. 

C1 deconstruction, demolition: This module describes the materials and energy used during 

the deconstruction and demolition of the building at the end of its lifetime.  

C2 transport: The deconstructed and demolished parts are now considered waste and are 

transported to the site of waste treatment. 

C3 waste processing, C4 disposal: These modules include the processing and final disposal of 

the waste, according to the European waste framework. 

D Reuse, Recovery, recycling potential: This theoretical module is described in EN 15804 to 

sum up all potential positive impacts and avoided burdens that occur during the life cycle of 

the building. In this study, module D is not used. Instead, potential positive impacts and 

avoided burdens are declared directly in the module in which they occur. 

3.5 Impact indicators 

According to ISO 14044, each pollutant that is emitted during the whole life cycle, must be 

sorted and classified based on the effect it had on the environment in the life cycle impact 

assessment phase (CEN 2006). The LCIA method used for this study was based on EN 15804 

(CEN 2014). This standard was specifically designed for life cycle based environmental 

product declarations (EPD) in the construction sector. It has widely been used since its first 

introduction in 2012 (Minkov et al. 2015) and was thus a suitable choice as LCIA method. The 
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2014 version was the latest available version by the time this study was started. It utilised 

seven impact categories: 

• GWP: The global warming potential is an assessment of how much greenhouse gases 

are emitted, measured in mass of carbon-dioxide-equivalents. 

• ODP: The depletion potential of the stratospheric ozone layer is an evaluation of the 

emissions causing degradation of the ozone layer. It is measured in mass of 

trichlorofluoromethane-equivalents. 

• AP: The acidification potential of soil and water is a measure of the decrease in pH 

value of land and water due to emissions. It is measured in mass of sulphur-dioxide-

equivalents. 

• EP: The eutrophication potential is an assessment of the exposure of soil and water 

to additional nutrients. It is measured in mass of phosphate-equivalents. 

• POCP: The formation potential of tropospheric ozone evaluates the photochemical 

formation of ozone molecules at the ground level of the troposphere. It is measured 

in mass of ethene-equivalents. 

• ADPE: The abiotic depletion potential for non-fossil resources is a measure of the use 

of elements and minerals. It is measured in mass of antinomy-equivalents.  

• ADPF: The abiotic depletion potential for fossil resources is an assessment of the use 

of fossil-based energy. It is measured in megajoules. 

The characterisation factors are listed in EN 15804. Normalisation and weighting were not 

considered in this study.  

4 Results: Inventory Analysis 

4.1 Inventory analysis 

The primary data from the bill of materials could be represented by datasets from the GaBi 

and ecoinvent databases. Table 16 - Table 25  in Appendix B – Inventory results show the 

inputs to all life cycle stages of the building, organized by the modular system boundaries 

explained in chapter 3.4. The quantities used are the necessary amounts to fulfil the 

functional unit (reference flows). 

All the raw materials used are shown in Table 16. They are transported to the manufacturer 

by truck. Information on the transportation distances were not provided by the 

manufacturer and thus must be estimated. The production site is in Esbjerg in southwest 

Denmark. The distance estimates can be found in Appendix C – Estimation of transport 

distances for raw materials. They are based on information given by the manufacturer. The 

distances were weighted by the mass of the respective raw materials and the weighted 

average can be found in Table 17. The total weight of the building structure is 4.96E+04 kg, 

resulting in a payload distance of 4.96E+06 kgkm. 
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The now prefabricated building structure must be transported from Esbjerg to Wuppertal 

(Table 18). The total weight of the building structure is 4.96E+04 kg, resulting in a payload 

distance of 3.27E+07 kgkm. 

The building structure is assembled in German and fitted with its interior, a heat pump, and 

photovoltaic cells (Table 19). 

The amount of electricity that the photovoltaic cells generate every year is 8,950 kWh. This 

data is directly measured from the PV cells mounted on the building (Forschungsinitiative 

ZukunftBau 2018). Multiplied with the 50-year lifetime, this results in a total electricity 

surplus of 447,500 kWh. As explained in chapter 2.3, it is reasonable to model the electricity 

generation in periods of 10 years, each with a fifth of the total, meaning 89,500 kWh (Table 

20). The environmental impacts of this module B1 are counted as avoided burdens.  

The operational energy use by the building’s occupants is 8,377 kWh electricity each year, 

which is also directly measured from the building (Forschungsinitiative ZukunftBau 2018). 

That is less than the generated electricity from the photovoltaic cells, which confirms that it 

is a plus-energy house. The operational electricity includes the electricity used for running 

the heat pump, so no further heating needs to be considered. Multiplied with the whole 

lifetime of 50 years, 418,850 kWh are used. They can again be divided in periods of 10 years 

like the avoided burdens (Table 21), which results in 83,770 kWh per 10-year-period. For a 

fair comparison, the same database processes are used (Table 21). 

The manufacturer provided no data for the water consumption, but the average German 

consumes 123l drinking water per day for drinking, flushing, washing of clothes, 

showering/bathing, gardening, and cleaning (Federal Ministry for the Environment, Nature 

Conservation and Nuclear Safety 2019). For the functional unit with 4 people and 50 years 

lifetime, this sums up to a total of 8,757,600l (Table 22). 

The manufacturer is not involved in the demolition of a building, so the data has to be taken 

from secondary sources. Kuikka (2012) calculated that for operating the heavy machinery 

necessary for building demolition, 37 MJ of fuel are needed for each m² of the buildings floor 

space. The floor space of the residence is 143 m². The product of the area and the fuel need 

is 5.29E+3 MJ of fuel, which is provided as diesel. The production of the machinery itself is 

excluded from this study (Table 23). 

The rubble from the demolition must be transported to the waste treatment site. For this, a 

travel distance of 75km by truck is assumed. The total weight of the rubble is 1.58E+05 kg, 

resulting in a payload distance of 1.19E+07 kg (Table 24). 

The entirety of the demolished material must be processed before it can be disposed of in a 

landfill. The waste processing is already a generic database set in GaBi and can thus be used 

for this purpose. The processed waste is finally dumped in an appropriate landfill (Table 25). 
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4.2 LCI Data quality 

The data quality evaluation is organised in the same modular structure as the LCI, based on 

the information given in the pedigree matrix. The pedigree scores are listed in Table 27, 

which is moved to Appendix D – Pedigree scores  for better readability.  

For module A1, the scores for reliability and further technological correlation always have 

the value 1, because they rely on primary data submitted by the manufacturer. The 

completeness score is always 4 because the data refers to only a single building. The 

temporal correlation target year is 2018 and the geographical correlation target is Denmark, 

the scores vary according to the data from Table 16. 

In module A2, the scores for reliability and completeness have the value 5 because they are 

based on an estimate and their representativeness is unknown. The temporal correlation has 

the value 1 because the datasets are from 2018, and the geographical correlation has the 

value 2 because the datasets relate to the European Union, which is a good representation 

for the transport to Denmark. Further technological correlation does not apply here. The 

pedigree scores for the transport modules A4 and C2 are the same as for the transport 

module A2. 

In module A5, the scores for reliability and further technological correlation always have the 

value 1, because they rely on primary data submitted by the manufacturer. The 

completeness score is always 4 because the data refers to only a single building. The 

temporal correlation target year is 2018 and the geographical correlation target is Germany, 

the scores vary according to the data from Table 19. 

In module B1, the scores for reliability and further technological correlation always have the 

value 1, because they rely on primary data submitted by the manufacturer. The 

completeness score is always 2 because the data refers to only a single building but is 

measured over several years. The temporal correlation target year is 2018, so the scores are 

1 for the 2020-2030 electricity mix, 4 for the 2030-2040 electricity mix, and 5 for all others. 

The geographical correlation target is Germany, so the scores are always 1. The pedigree 

score for the processes in module B6 is the same as for module B1. 

The pedigree score of reliability in module B7 has the value 2, because the data was not 

provided by the manufacturer but was taken from another source, namely the Federal 

Ministry for the Environment, Nature Conservation and Nuclear Safety of Germany. The 

score for completeness is 1 because the amount of drinking water is assumed to be 

determined based on enough data by the ministry. The scores for temporal and geographical 

correlation are 1 because the dataset fits to Germany in 2018, and the score for further 

technological correlation is 1 because the data fits the focus of the study. 

The pedigree score for the reliability in module C1 – demolition is 2, because it is taken from 

secondary data. The score for completeness is 1 because of the high quality of this data 

source. The scores for temporal and geographical correlation are 1 because the dataset fits 

to Germany in 2018, and the score for further technological correlation is 4 because the data 
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is taken from a study for the demolition of a different type of building, namely a school 

building (Kuikka 2012). 

For the waste processing and dumping processes in modules C3 and C4, the score for 

reliability is 4, because it is only an assumption of the manufacturer that all waste goes to a 

landfill. The score for completeness is 5, because the representativeness is unknown. The 

temporal and geographical correlation have the score 1 because they fit to Germany in 2018 

and the score for further technological correlation is 5 because the dataset fits the assumed 

technology.  

4.3 LCI Uncertainty 

The individual uncertainty factors based on Table 1 are listed in Appendix E – List of 

uncertainty factors for each module. The calculated geometric standard deviations (with the 

formula from chapter 2.2) for each process are shown in the following table.  

Table 4: Geometric standard deviation for each process used 

Module Input Process name in database GSD 

A
1

 

joint filler silicone Application coating silicone (building, exterior, white) 1.1043 

bitumen sheet 

roofing 

Bitumen sheet v 60 (EN15804 A1-A3) 1.1043 

glue Crystallising Polyurethane adhesive (estimation) 1.1043 

insulation styrofoam Extruded polystyrene (XPS) (EN15804 A1-A3) 1.1043 

chipboard screws  Fixing material screws galvanized (EN15804 A1-A3) 1.1043 

stainless screws Fixing material screws stainless steel (EN15804 A1-A3) 1.1043 

glass wool insulation Glass wool insulation material - ISOVER 1.2348 

gypsum board for 

walls 

Gypsum fibre board (EN15804 A1-A3) 1.1043 

veneer board Plywood, formply, A-bond, 17 mm (formwork) (EN 15804 

A1-A3) 

1.1522 

sealing strips polyamide 6 Granulate (PA 6) Mix 1.1267 

nylon rope Polyamide 6.6 fibres (PA 6.6) 1.1043 

construction foil Polyethylene film (PE-LD) 1.2217 

PP damp proof course Polypropylene film (PP) 1.2217 

PCV damp proof 

course 

Polyvinyl chloride sheet (PVC) 1.2217 

rock wool insulation Rock mineral wool, DDP - Knauf Insulation (A1-A3) 1.1649 

fixing clamps Steel Electrogalvanized 1.1043 
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steel screws Steel screw - EJOT (A1-A3) 1.1308 

wood panels & beams Timber spruce (12% moisture; 10.7% H2O content) 

(EN15804 A1-A3) 

1.1043 

paint acrylic varnish production, product in 87.5% solution 

state 

1.1043 

joint sealer adhesive mortar production 1.1267 

sheathing oriented strand board production 1.1043 

sealing tape sealing tape production 1.1043 

joint filler gypsum stucco production 1.1267 

nail plate for truss Steel sheet 1.5mm EG (0.01mm Zn; 2sides) 1.1043 

glue PVAc PVAc adhesive (estimation) 1.1043 

A
2

, A
4

, C
2

 

transport by truck Lorry transport incl. fuel, Euro 0-6 mix, 22 t total weight, 

17.3t max payload 

6.7783 

A
5

 

breeze blocks Aerated concrete block element (EN15804 A1-A3); 

technology mix; production mix, at plant; average density 

500 kg/m3 

1.0954 

aluminium profile Aluminium extrusion profile mix 1.0954 

sealing Application coating silicone (building, exterior, white) 1.0954 

bitumen sheet Bitumen sheet v 60 (EN15804 A1-A3) 1.0954 

cables Cable 3-core mains power 10A/13A 16AWG mPPE (60 

g/m) D6.3 

1.1043 

cement Cement (CEM I 32.5) (EN15804 A1-A3) 1.0954 

gutter Chimney polypropylene (PP) (EN15804 A1-A3) 1.0954 

concrete Concrete C20/25  1.0954 

polystyrene 

insulation 

Expanded Polystyrene (EPS) Foam Insulation - EUMEPS 

(A1-A3) 

1.1475 

facing brick Facing brick (EN15804 A1-A3) 1.0954 

stainless screws Fixing material screws stainless steel (EN15804 A1-A3) 1.0954 

plaster Lightweight cementitious plaster - IWM (A1-A3) 1.1410 

lubricant Lubricant (aqueous emulsion of fatty substances) 1.1043 

window sill Natural stone slab, rigid, exterior (EN15804 A1-A3) 1.0954 

construction foil Polyethylene film (PE-LD) 1.0954 



14 
 

ductwork Polypropylene (PP) injection moulded part 1.0954 

electric sockets Polyvinylchloride injection moulding part 1.2217 

roofing tile Roofing tile - Initiative Ziegel (A1-A3) 1.1308 

mortar Special mortar (Thin-Bed mortar) - IWM 1.2170 

wall anchor Stainless steel sheet (EN15804 A1-A3) 1.0954 

galvanized screws Steel Electrogalvanized 1.1043 

rebar Steel rebar 1.1043 

gutter brackets Steel sheet 0.75mm HDG (0.03mm Zn; 1side) 1.0954 

tiles Stoneware tiles, glazed (EN15804 A1-A3) 1.0954 

elbows Structural Steel (sections and heavy plates) - 

bauforumstahl (A1-A3) 

1.1475 

downpipe Titanium zinc sheet prePatine Protect/Interieur - 

Rheinzink (A1-A3) 

1.1410 

Window frame Window frame PVC-U (EN15804 A1-A3) 1.0954 

window glass Window glass 1.0954 

paint acrylic varnish production, product in 87.5% solution 

state 

1.1043 

copper pipe copper pipe (bare) 1.1410 

doors door production, outer, wood-glass 1.1043 

joint filler gypsum stucco production 1.1267 

heatpump Electric heat pump (Water-Water) 10 kW (EN15804 A1-

A3) 

1.1043 

photovoltaics photovoltaic panel production, single-Si wafer  1.2217 

B
1

, B
6

 

electricity 2020-2030 Electricity grid mix 1.0587 

electricity 2030-2040 Electricity grid mix (2030) 1.2009 

electricity 2040-2050 Electricity grid mix (2040) 1.2982 

electricity 2050-2060 Electricity grid mix (2050) 1.2982 

electricity 2060-2070 Electricity grid mix (2050) 1.2982 

B
7

 

drinking water Drinking water mix 1.5442 

C
1

 

diesel Diesel mix at refinery 2.3433 

C
3

 

rubble  Construction waste processing (EN15804 C3) 3.1793 

C
4

 

rubble Construction waste dumping (EN15804 C4) 3.1793 
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5 Results: Impact Assessment 

This chapter provides the LCIA results of all modules. The given results are the mean value 

from the 500 results of the Monte Carlo simulations that have been run for each module and 

each impact category. The results are presented as tables and graphically.  

The overall results are shown in Table 5.  

 

 

Table 5: Total results of the LCIA for the whole building 

Impact category Unit result 

ADPF [MJ] 8.97E+05 

ADPE [kg Sb eq.] 7.10E-01 

AP [kg SO2 eq.] 2.19E+02 

EP [kg PO3-
4 eq.] 5.37E+01 

GWP [kg CO2 eq.] 5.74E+04 

ODP [kg R11 eq.] 9.56E-04 

POCP [kg C2H4 eq.] 1.41E+01 

 

To address the different standard deviations of the results in different modules, the results 

are shown per module in Table 6 -  

Table 9. 

Table 6: Life cycle impact assessment results as mean value of the Monte Carlo simulation with standard deviation in %, part 
1/4  

Impact 

category 

Unit A1 raw 

material 

supply 

SD 

[%] 

A2 

transport 

SD 

[%] 

A4 

transport 

SD 

[%] 

ADPF [MJ] 3.89E+05 13.8 5.15E+03 199.0 3.40E+04 199.0 

ADPE [kg Sb eq.] 2.42E-02 24.0 2.70E-05 199.0 1.78E-04 199.0 

AP [kg SO2 eq.] 5.51E+01 53.6 1.60E+00 199.0 1.05E+01 199.0 

EP [kg PO3-
4 eq.] 1.01E+01 44.4 4.01E-01 199.0 2.65E+00 199.0 

GWP [kg CO2 eq.] 1.55E+04 28.8 3.77E+02 199.0 2.49E+03 199.0 

ODP [kg R11 eq.] 2.25E-05 205.0 6.27E-14 199.0 4.14E-13 199.0 

POCP [kg C2H4 eq.] 8.07E+00 75.6 -6.61E-1 199.0 -4.36E+0 199.0 
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Table 7: Life cycle impact assessment results as mean value of the Monte Carlo simulation with standard deviation in %, part 
2/4 

Impact 

category 

Unit A5 

assembly 

SD 

[%] 

B1 use SD 

[%] 

B6 

operational 

energy use 

SD 

[%] 

ADPF [MJ] 5.07E+05 10.6 -2.02E+6 10.6 1.89E+06 10.6 

ADPE [kg Sb eq.] 7.55E-01 10.9 -1.60E-1 10.9 1.49E-01 10.9 

AP [kg SO2 eq.] 1.41E+02 11.9 -2.73E+2 11.0 2.55E+02 11.0 

EP [kg PO3-
4 eq.] 4.75E+01 33.7 -5.24E+1 10.7 4.90E+01 10.7 

GWP [kg CO2 eq.] 4.32E+04 8.6 -1.96E+5 10.9 1.83E+05 10.9 

ODP [kg R11 eq.] 1.81E-03 23.1 -1.82E-8 10.6 1.71E-08 10.6 

POCP [kg C2H4 eq.] 1.32E+01 10.2 -2.16E+1 10.8 2.02E+01 10.8 

 

Table 8: Life cycle impact assessment results as mean value of the Monte Carlo simulation with standard deviation in %, part 
3/4. The standard deviation of B7 is 5.54E-13% 

Impact 

category 

Unit B7 

operational 

water use 

SD 

[%] 

C1 

demolition 

SD 

[%] 

C2 

transport 

SD 

[%] 

ADPF [MJ] 2.78E+04 0.0 5.42E+03 92.0 1.24E+04 199.0 

ADPE [kg Sb eq.] 1.90E-04 0.0 3.64E-05 92.0 6.48E-05 199.0 

AP [kg SO2 eq.] 4.17E+00 0.0 1.96E-01 92.0 3.84E+00 199.0 

EP [kg PO3-
4 eq.] 3.94E+00 0.0 3.27E-02 92.0 9.63E-01 199.0 

GWP [kg CO2 eq.] 4.22E+03 0.0 3.45E+01 92.0 9.05E+02 199.0 

ODP [kg R11 eq.] 1.44E-11 0.0 1.39E-13 92.0 1.51E-13 199.0 

POCP [kg C2H4 eq.] 2.22E-01 0.0 3.54E-02 92.0 -1.59E+0 199.0 
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Table 9: Life cycle impact assessment results as mean value of the Monte Carlo simulation with standard deviation in %, part 
4/4. 

Impact 

category 

Unit C3  waste 

treatment 

SD 

[%] 

C4 

disposal 

SD  

[%] 

ADPF [MJ] 8.01E+03 149.6 3.29E+04 127.9 

ADPE [kg Sb eq.] 4.82E-04 149.6 2.35E-04 127.9 

AP [kg SO2 eq.] 2.84E+00 149.6 1.40E+01 127.9 

EP [kg PO3-
4 eq.] 6.94E-01 149.6 1.58E+00 127.9 

GWP [kg CO2 eq.] 4.26E+02 149.6 2.35E+03 127.9 

ODP [kg R11 eq.] 2.51E-12 149.6 1.38E-11 127.9 

POCP [kg C2H4 eq.] 3.13E-01 149.6 1.08E+00 127.9 

 

The modules with the highest standard deviations are the transport modules A2, A4, and C2, 

the demolition module C1 and the waste treatment in C3. 

Figure 2 shows the relative contributions of each module to the individual impact categories. 
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Figure 2: LCIA results per module as relative values 

The largest contributors overall are modules A5 with the building interior, B1 with the 

avoided burdens from the electricity generation, and B6 with the electricity consumed by 

the occupants.  

These three modules have relatively low standard deviations (Table 6 -  

Table 9). 

The uncertainty of the results is discussed in chapter 6.1. 

5.1 Avoided burdens 

The objective of this study is to investigate whether the environmental impacts that occur 

during the lifetime of the building are evened out by the benefits that occur due to the 

generation of electricity and the electricity surplus that leads to avoided burdens. This can 

be done by calculating the ratio between the avoided burdens (module B1) and the sum of 

the impacts of all other modules (Table 10).  

Table 10: ratio between the avoided burdens and the sum of the environmental impacts from all other modules 

impact category unit avoided burdens impacts  ratio 

ADPF [MJ] -2.02E+06 2.91E+06 1.44 

ADPE [kg Sb eq.] -1.60E-01 9.29E-01 5.81 

AP [kg SO2 eq.] -2.73E+02 4.88E+02 1.79 

EP [kg PO3-
4 eq.] -5.24E+01 1.17E+02 2.23 

GWP [kg CO2 eq.] -1.96E+05 2.52E+05 1.29 
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ODP [kg R11 eq.] -1.82E-08 1.83E-03 100,686 

POCP [kg C2H4 eq.] -2.16E+01 3.65E+01 1.69 

 

The avoided burdens do not even out the impacts during the lifetime of the building. The 

influence of the lifetime is investigated in the sensitivity analysis. 

6 Interpretation 

6.1 Data quality & uncertainty 

Using the pedigree approach – as explained in chapter 2.2 – and its resulting geometric 

standard deviation on the process level is a way to be able to perform the Monte Carlo 

simulation. The resulting standard deviations on the module level are a measure of the 

precision of the results. There is no estimation of the accuracy of the results. Accuracy is 

defined as the distance from the calculated results to a true or reference value. Since the 

true value is not known, accuracy cannot be quantified (Brandão et al. 2014). 

Table 6 -  

Table 9 show that the standard deviations of the LCIA results can be as high as 387.5% of the 

mean value, due to poor data quality from using second hand data and a high base 

uncertainty factor Ub. Fortunately, the modules with the highest standard deviations have a 

low share of the overall impact results. The modules that make up the bulk of the 

environmental impacts are A5, B1, and B6, which have relatively low standard deviations. 

They can be used for further discussion and as a basis for decision making.  

6.2 Avoided burdens & environmental hotspots 

Table 10 shows the ratio between the impacts and the avoided burdens. For no impact 

category, the environmental impacts are evened out by the avoided burdens during the 

lifetime of the house, which answers the research question of this thesis. This gives the 

opportunity to go through each impact category and investigate environmental hotspots and 

identify potential measures for mitigation. 

ADPF 

A ratio of 1.44 for example, as in the category abiotic depletion potential for fossil resources, 

means that the potential amount of fossil resources consumed during the building’s lifetime 

is 1.44 times higher than the amount of fossil resources that was saved due to the electricity 

surplus. 
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Figure 2 shows that the largest share of the impacts is allocated to the electricity 

consumption and generation. This is due to the share of fossil fuels in the German electricity 

mixes.  

ADPE 

The ratio of 5.81 in the category abiotic depletion potential for non-fossil resources means 

that the mass of elements and minerals (as antimony-equivalents) used during the lifetime 

of the building is 5.81 times higher than what was saved. 

Figure 2 shows that the bulk of resources is consumed in the assembly phase. The standard 
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deviation is 10.9%, which is relatively low. Table 29 shows that the dominating contributors 

are the photovoltaic panel and the use of copper piping. The use of silver in metallization 

paste for the PC panel is the main contributor (Stamford and Azapagic 2014). A possible 

mitigation measure is the use of different piping material and a different photovoltaic panel 

production technology. Reducing the area of the PV cells is not an option since they are the 

reason that there are avoided burdens exist in this study.  

AP 

In the category acidification potential, the ratio is 1.79. 

Figure 2 shows that the main contributors are the electricity use and the avoided burdens 

from the electricity generation, as well as the assembly phase. By either enhancing the 

electricity yield from the PV cells or decreasing the operational electricity use, the impacts in 

this category could be lowered. 

EP 

The ratio in the category eutrophication potential is 2.23. The environmental hotspots and 

resulting mitigation proposition are like the ones in the impact category acidification 

potential.  

GWP 

The amount of greenhouse gases emitted during the building’s lifetime is 1.29 times higher 

than the amount of greenhouse gases that was saved due to the electricity surplus. 
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Figure 2 shows that the avoided burdens make up 39.35% of the total impacts in this 

category, which is the largest share. The second largest share is the operational energy use 

with 36.74%. Both are due to electricity. The two most obvious mitigation measures are to 

either increase the lifetime of the building or the area of the PC cells, thus scaling up the 

avoided burdens, or to reduce the operational electricity consumption of the occupants. The 

influence of the lifetime on the results of this study are further discussed in chapter 6.4 

sensitivity analysis. With regards to the influence of the PV cells to the ADPE category, there 

is usually a trade-off between reducing greenhouse gases and increasing the consumption of 

non-fossil resources when it comes to electricity generation (Kouloumpis et al. 2015). 

ODP 

In the category depletion potential of the stratospheric ozone, the ratio is 100686. This is 

due to the fact that the avoided burdens contribute almost nothing to this category, since 

very little ozone depleting substances are emitted when producing electricity. 98.77% of the 

impacts occur in the assembly phase (
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Figure 2). The standard deviation is 23.1% (Table 7) and thus comparatively low. Table 29 

shows that almost 90% of the impacts to module A5 ae caused by the photovoltaic panels. 

The main contributor is the use of tetrafluoroethylene for solar cell encapsulation (Stamford 

and Azapagic 2014). The photovoltaic panels are the reason why there are avoided burdens 

during the lifetime of this building, so mitigation is difficult here. The area covered by the 

photovoltaic cells seems to be important, so it will be investigated in the sensitivity analysis 

in the next chapter.  

POCP 

The category formation potential of tropospheric ozone shows a ratio of 1.69. The largest 

contributors are the electricity generation and electricity use, which can be influenced by 

scaling up the electricity generation or reducing the consumption. The next largest impact 

stems from the assembly phase. 

It becomes clear that the production of photovoltaic panels is an environmental hotspot 

throughout the impact categories.  

6.3 Database restrictions 

The database used for this study is GaBi. It utilises system processes rather than unit 

processes. A system process depicts all inputs and outputs to a process like a blackbox. It can 

be used to calculate LCA results, but it does not allow for investigating what aspects of the 

process cause what impacts. Applied on this study, this creates the drawback that the 

production of the PV panels is identified as a main contributor. But it is not possible to 

further investigate which aspects of the production are mainly responsible, because the PV 

panel is a GaBi database element.  
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6.4 Sensitivity analysis 

The sensitivity analysis investigates how the results vary when one parameter is changed 
while the other parameters are constant. Here, these parameters are the lifetime of the 
house and the area of the installed photovoltaic panels. 
 
Lifetime 

By changing the lifetime, it is possible to investigate the relationship between the building’s 

environmental performance and its lifetime. The following tables show the ratio of 

environmental impacts to avoided burdens for 60 years and 70 years lifetime respectively. 

All B modules are affected by this change.  

Table 11: Ratio of impacts to avoided burdens for 60 years lifetime 

impact category unit avoided burdens impacts  ratio 50a ratio 60a 

ADPF [MJ] -2.42E+06 3.30E+06 1.44 1.36 

ADPE [kg Sb eq.] -1.92E-01 9.59E-01 5.81 5.00 

AP [kg SO2 eq.] -3.28E+02 5.44E+02 1.79 1.66 

EP [kg PO3-
4 eq.] -6.29E+01 1.28E+02 2.23 2.04 

GWP [kg CO2 eq.] -2.35E+05 2.91E+05 1.29 1.24 

ODP [kg R11 eq.] -2.18E-08 1.83E-03 100,686 83,905 

POCP [kg C2H4 eq.] -2.59E+01 3.90E+01 1.69 1.50 

 

Table 12: Ratio of impacts to avoided burdens for 70 years lifetime 

impact category unit avoided burdens impacts  ratio 50a ratio 70a 

ADPF [MJ] -2.83E+06 3.30E+06 1.44 1.30 

ADPE [kg Sb eq.] -2.24E-01 9.59E-01 5.81 4.42 

AP [kg SO2 eq.] -3.82E+02 5.44E+02 1.79 1.56 

EP [kg PO3-
4 eq.] -7.34E+01 1.28E+02 2.23 1.89 

GWP [kg CO2 eq.] -2.74E+05 2.91E+05 1.29 1.20 

ODP [kg R11 eq.] -2.55E-08 1.83E-03 100,686 71,919 

POCP [kg C2H4 eq.] -3.02E+01 3.90E+01 1.69 1.42 

 

In all cases, the ratio of impacts to avoided burdens slowly shrinks with increased lifetime. 

For each impact category, it is possible to calculate the exact lifetime for which the house 

must be run so that the avoided burdens cancel out the environmental impacts. The impacts 

from modules A1, A2, A4, A5, C1, C2, C3 and C4 only occur once and are independent of the 
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parameter lifetime. The impacts from the modules B1, B6 and B7 scale linearly with changes 

in lifetime. For each impact category x, the break-even lifetime LT can thus be calculated 

with: 

𝐿𝑇 =
𝐴1𝑥 + 𝐴2𝑥 + 𝐴4𝑥 + 𝐴5𝑥 + 𝐶1𝑥 + 𝐶2𝑥 + 𝐶3𝑥 + 𝐶4𝑥

𝐵1𝑥 + 𝐵6𝑥 + 𝐵7𝑥
50

 

 

It is important to note that for the lifetime dependent modules, most of the avoided 

burdens are eaten up by the environmental impacts from the electricity use and water use 

during the lifetime. Entering the values from Table 6 - Table 10 in the formula results in: 

Table 13: break-even lifetime for each impact category 

category LT [a] 

ADPF 486 

ADPE 3609 

AP 828 

EP - 

GWP 372 

ODP 84,400,348 

POCP 683 

 

For example in the category global warming potential, this means that the house would have 

to be run for 372 years for the avoided burdens to even out the sum of impacts from the 

initial investments (A1, A2, A4, A5, C1, C2, C3 and C4) and the used electricity and water (B6 and 

B7) during those 372 years. The other impact categories haven even higher values, all of 

them are way outside the range of a plausible lifetime. In the case of the eutrophication 

potential, the sum of the time dependent impacts from the electricity consumption and 

water use are higher than the avoided burdens from the electricity generation, so there is no 

break-even point. Increasing the lifetime reduces the overall environmental impacts but it 

alone cannot lead to a complete break-even of all impacts.  

PV panel area  

Investigating how the area of the installed PV panels affects the results of this study can be 

done by showing what would happen if their area was doubled from 59m² to 118m2. This 

would still fit on the roof, since only one half of the roof area is cladded with PV cells. The 

underlying assumption is that the electricity generated during the house’s lifetime would 

simply double as well. It will also affect the impacts that stem from the PV panel production, 

since double the number of panels is needed. The results are shown in Figure 3 and Table 14. 
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Figure 3: Relative results for 118m² PV panels 

Table 14: Ratio of impacts to avoided burdens for 118m² PV panels 

impact category unit avoided burdens impacts  ratio 59m² ratio 118m² 

ADPF [MJ] -4.04E+06 2.91E+06 1.44 0.96 

ADPE [kg Sb eq.] -3.20E-01 9.29E-01 5.81 7.42 

AP [kg SO2 eq.] -5.46E+02 4.88E+02 1.79 1.43 

EP [kg PO3-
4 eq.] -1.05E+02 1.17E+02 2.23 2.29 

GWP [kg CO2 eq.] -3.92E+05 2.52E+05 1.29 0.83 

ODP [kg R11 eq.] -3.64E-08 1.83E-03 100,686 188,530 

POCP [kg C2H4 eq.] -4.32E+01 3.65E+01 1.69 1.47 

 

For 118m² of PV panels, the ratio of avoided burdens to impacts is worse than for 59m² in 

the categories: abiotic depletion potential for non-fossil resources, eutrophication potential, 

and depletion potential of stratospheric ozone. This is due to the increased impacts from the 

PV panel production. In all other categories, increasing the area of the panels (and therefore 

the amount of generated electricity) has a positive effect. For the global warming potential 

and the depletion potential for fossil resources, the avoided burdens are now larger than the 

sum of all negative impacts, resulting in a net sequestration of greenhouse gases.  

The model is sensitive to changes in PV panel area and lifetime. Enhancing both will result in 

reduced overall environmental impacts. It is not possible to reach the break-even point with 

enhancing only the lifetime, at least not with the current operational water and electricity 
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consumption. Enhancing the amount of generated electricity or reducing the amount of 

consumed electricity would be the key measure to improve the environmental performance 

of the house. 

7 Discussion and Conclusions   

This thesis answers the research question whether the investigated plus-energy house can 

offset its environmental burdens that occur during construction, use-phase and end-of-life 

phase by generating more electricity than it used during the use-phase. On first glance, a 

plus-energy house sounds like the perfect solution to humanity’s energy problems. If 

everybody lives in a house that produces energy, it would be like having millions of small 

power plants. However, when including the entire life cycle of the building, it becomes clear 

that this is not the case. The avoided burdens of the energy surplus do not even out the 

environmental impacts in a 50-year lifetime (or any reasonable amount of time) in any of the 

investigated impact categories. Possible mitigation measures are the use of more PV panels 

and an increase in lifetime. Enhancing the amount of generated electricity or reducing the 

amount of consumed electricity would be the key measure to improve the environmental 

performance, since increasing the lifetime alone is not enough. Being an environmental 

hotspot, the production of photovoltaic panels can benefit from technological improvements 

to generate lower impacts.  

The study confirms the expectation that a plus energy house in European climate conditions 

performs  worse than one in tropical climate (Iqbal et al. 2018). This is expressed by the 

longer break-even times with at least 372 years (compared to 12 – 27 years in tropical 

climate). It also confirms that the impact from the photovoltaic cells is dominant in several 

categories, even in European climate conditions with larger amounts of insulation materials.  

By using system expansion and avoided burdens, this study employs a technique that is 

normally used in consequential LCAs to prevent using allocation. Consequential LCA is used 

for modelling the changes that occur due to a change in demand of the functional unit 

(Curran 2015). This premise does not apply to this study. The premise of attributional LCA 

fits better: the inputs and outputs are modelled in order to fulfil the requirements of one 

item of the functional unit (Curran 2015). Thus, this study employs a mixed approach. 

One aspect not covered by the methodology of this study is biogenic carbon and temporary 

carbon storage. Materials such as wood sequester carbon from the atmosphere and store it 

as biogenic carbon. EN 15804 does not address biogenic carbon, because all the carbon that 

may be stored inside the materials is eventually released in the end-of-life phase. However, 

this does not address the fact that the removal of carbon, even if it is temporary, still 

reduces the radiative forcing during that time period (Brandão et al. 2013). This would lead 

to a lower result in the GWP impact category for this study. For future research, this problem 

could be addressed by using the upcoming 2019 version of EN 15804, which will include 

biogenic carbon (CEN 2019; thinkstep AG 2019). 
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For further research it would be interesting to compare the environmental impacts of a plus 

energy house with those of a regular building, which has no photovoltaic cells for energy 

generation and less insulation. The focus could be the investigation of the trade-offs 

between higher energy consumption due to less insulation and the lack of avoided burdens, 

but also fewer impacts due to the absence of photovoltaic cell production and a smaller 

amount of materials used. However, it should be noted that such a regular building does not 

have a break-even time because it produces no avoided burdens.  
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Appendix A – Pedigree matrix 

Table 15: Pedigree Matrix by Weidema and Wesnæs, 1996 

score 1 2 3 4 5 

Reliability (x1) Verified data 

based on 

measurements 

Verified data 

partly based 

on 

assumptions or 

non-verified 

data Verified 

data partly 

based on 

assumptions or 

non-verified 

data based on 

measurements  

Non-verified 

data partly 

based on 

assumptions 

Qualified 

estimate (e.g. 

industrial 

expert) 

non-qualified 

estimate 

Completeness 

(x2) 

Representative 

data from a 

sufficient 

sample of sites 

over an 

adequate 

period to even 

out normal 

fluctuations  

Representative 

data from a 

smaller 

number of 

sites but for 

adequate 

periods  

Representati

ve data from 

an adequate 

number of 

sites but 

from shorter 

periods  

Representative 

data but from 

a smaller 

number of 

sites and 

shorter 

periods or 

incomplete 

data from an 

adequate 

number of 

sites and 

periods  

Representativen

ess unknown or 

incomplete data 

from a smaller 

number of sites 

and/or from 

shorter periods  

Temporal 

correlation (x3) 

Less than three 

years of 

difference to 

year of study  

Less than six 

years 

difference  

Less than 

ten years 

difference  

Less than 15 

years 

difference  

Age of data 

unknown or 

more than 15 

years of 

difference  

Geographical 

correlation (x4) 

Data from area 

under study  

Average data 

from larger 

area in which 

the area under 

study is 

Data from 

area with 

similar 

production 

conditions  

Data from area 

with slightly 

similar 

production 

conditions  

Data from 

unknown area 

or area with 

very different 

production 
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included  conditions  

Further 

technological 

correlation (x5) 

Data from 

enterprises, 

processes and 

materials 

under study  

Data from 

processes and 

materials 

under study 

but from 

different 

enterprises 

Data from 

processes 

and 

materials 

under study 

but from 

different 

technology 

Data on 

related 

processes or 

materials but 

same 

technology 

Data on related 

processes or 

materials but 

different 

technology 
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Appendix B – Inventory results 

 

Table 16: Module A1 – raw material supply 

Input mass [kg] Process name in database database year location 

joint filler 

silicone 

0.31 Application coating silicone (building, 

exterior, white) 

GaBi 2018 EU-28 

bitumen 

sheet roofing 

3,660 Bitumen sheet v 60 (EN15804 A1-A3) GaBi 2018 EU-28 

glue 24.51 Crystallising Polyurethane adhesive 

(estimation) 

GaBi 2018 EU-28 

insulation 

Styrofoam 

0.53 Extruded polystyrene (XPS) (EN15804 A1-

A3) 

GaBi 2018 EU-28 

chipboard 

screws 

55.43 Fixing material screws galvanized (EN15804 

A1-A3) 

GaBi 2018 EU-28 

stainless 

screws 

0.97 Fixing material screws stainless steel 

(EN15804 A1-A3) 

GaBi 2018 EU-28 

glass wool 

insulation 

3117.34 Glass wool insulation material - ISOVER GaBi 2008 DE 

gypsum board 

for walls 

26,639 Gypsum fibre board (EN15804 A1-A3) GaBi 2018 EU-28 

veneer board 1,592.64 Plywood, formply, A-bond, 17 mm 

(formwork) (EN 15804 A1-A3) 

GaBi 2015 AU 

sealing strips 0.05 polyamide 6 Granulate (PA 6) Mix GaBi 2018 DE 

nylon rope 8.35 Polyamide 6.6 fibres (PA 6.6) GaBi 2018 EU-28 

construction 

foil 

99.98 Polyethylene film (PE-LD) GaBi 2005 RER 

PP damp 

proof course 

7.16 Polypropylene film (PP) GaBi 2005 RER 

PCV damp 

proof course 

0.07 Polyvinyl chloride sheet (PVC) GaBi 2005 RER 

rock wool 

insulation 

1,765.11 Rock mineral wool, DDP - Knauf Insulation 

(A1-A3) 

GaBi 2011 DE 

fixing clamps 141.76 Steel Electrogalvanized GaBi 2017 GLO 
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steel screws 35.09 Steel screw - EJOT (A1-A3) GaBi 2015 DE 

wood panels 

& beams 

10,767.55 Timber spruce (12% moisture; 10.7% H2O 

content) (EN15804 A1-A3) 

GaBi 2018 EU-28 

paint 0.31 acrylic varnish production, product in 

87.5% solution state 

ecoinvent 2018 RER 

joint sealer 15.12 adhesive mortar production ecoinvent 2018 CH 

sheathing 1,610.40 oriented strand board production ecoinvent 2018 RER 

sealing tape 0.80 sealing tape production ecoinvent 2018 RER 

joint filler 

gypsum 

5.00 stucco production ecoinvent 2018 CH 

nail plate for 

truss 

11.10 Steel sheet 1.5mm EG (0.01mm Zn; 2sides) GaBi 2018 EU-28 

glue 12.38 PVAc adhesive (estimation) GaBi 2018 EU-28 

 

Table 17: Module A2 - transport 

Input transport 

distance [km], 

weighted 

average 

Process name in database database year location 

transport by 

truck 

100 Lorry transport incl. fuel, Euro 0-6 

mix, 22 t total weight, 17.3t max 

payload 

GaBi 2018 EU-28 

 

Table 18: Module A4 - transport from the gate to the site 

Input transport 

distance [km] 

Process name in database database year location 

transport by 

truck 

660 Lorry transport incl. fuel, Euro 0-6 

mix, 22 t total weight, 17.3t max 

payload 

GaBi 2018 EU-28 

 

Table 19: Module A5 - assembly 

Input quantity unit Process name in database database year location 

breeze 1,588 kg Aerated concrete block 

element (EN15804 A1-A3); 

GaBi 2018 DE 
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blocks technology mix; production 

mix, at plant; average density 

500 kg/m3 

aluminium 

profile 

187.43 kg Aluminium extrusion profile 

mix 

GaBi 2018 DE 

sealing 0.5 kg Application coating silicone 

(building, exterior, white) 

GaBi 2018 DE 

bitumen 

sheet 

450 kg Bitumen sheet v 60 (EN15804 

A1-A3) 

GaBi 2018 DE 

cables 17.2 kg Cable 3-core mains power 

10A/13A 16AWG mPPE (60 

g/m) D6.3 

GaBi 2018 GLO 

cement 3,80 kg Cement (CEM I 32.5) (EN15804 

A1-A3) 

GaBi 2018 DE 

gutter 65.85 kg Chimney polypropylene (PP) 

(EN15804 A1-A3) 

GaBi 2018 DE 

concrete 77,44 kg Concrete C20/25  GaBi 2018 DE 

polystyrene 

insulation 

439 kg Expanded Polystyrene (EPS) 

Foam Insulation - EUMEPS (A1-

A3) 

GaBi 2013 EU-28 

facing brick 9,11 kg Facing brick (EN15804 A1-A3) GaBi 2018 DE 

stainless 

screws 

43 kg Fixing material screws stainless 

steel (EN15804 A1-A3) 

GaBi 2018 DE 

plaster 460 kg Lightweight cementitious 

plaster - IWM (A1-A3) 

GaBi 2013 DE 

lubricant 1 kg Lubricant (aqueous emulsion of 

fatty substances) 

GaBi 2018 GLO 

window sill 413 kg Natural stone slab, rigid, 

exterior (EN15804 A1-A3) 

GaBi 2018 DE 

construction 

foil 

32 kg Polyethylene film (PE-LD) GaBi 2018 DE 

ductwork 4 kg Polypropylene (PP) injection 

moulded part 

GaBi 2017 DE 

electric 9 kg Polyvinylchloride injection GaBi 2005 RER 
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sockets moulding part 

roofing tile 8,443 kg Roofing tile - Initiative Ziegel 

(A1-A3) 

GaBi 2014 AT 

mortar 268.25 kg Special mortar (Thin-Bed 

mortar) - IWM 

GaBi 2006 DE 

wall anchor 36 kg Stainless steel sheet (EN15804 

A1-A3) 

GaBi 2018 DE 

galvanized 

screws 

86 kg Steel Electrogalvanized GaBi 2017 GLO 

rebar 1,74 kg Steel rebar GaBi 2017 GLO 

gutter 

brackets 

16 kg Steel sheet 0.75mm HDG 

(0.03mm Zn; 1side) 

GaBi 2018 DE 

tiles 2,90 kg Stoneware tiles, glazed 

(EN15804 A1-A3) 

GaBi 2018 DE 

elbows 319 kg Structural Steel (sections and 

heavy plates) - bauforumstahl 

(A1-A3) 

GaBi 2013 EU-28 

downpipe 112 kg Titanium zinc sheet prePatine 

Protect/Interieur - Rheinzink 

(A1-A3) 

GaBi 2011 DE 

Window 

frame 

17 pieces Window frame PVC-U 

(EN15804 A1-A3) 

GaBi 2018 DE 

window glass 17 pieces Window glass GaBi 2018 DE 

paint 1 kg acrylic varnish production, 

product in 87.5% solution state 

ecoinvent 2018 RER 

copper pipe 205 kg copper pipe (bare) GaBi 2009 DE 

doors 8 pieces door production, outer, wood-

glass 

ecoinvent 2018 RER 

joint filler 

gypsum 

613 kg stucco production ecoinvent 2018 CH 

heatpump 1 pieces  Electric heat pump (Water-

Water) 10 kW (EN15804 A1-

A3) 

GaBi 2018 EU-28 

photovoltaics 59 m² photovoltaic panel production, ecoinvent 2018 GLO 
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single-Si wafer 

 

Table 20: Module B1 - use 

Input generated 

electricity [kWh] 

process in database database year location 

electricity 

2020-2030 

-89,500 Electricity grid mix GaBi 2016 DE 

electricity 

2030-2040 

-89,500 Electricity grid mix 

(2030) 

GaBi 2016 DE 

electricity 

2040-2050 

-89,500 Electricity grid mix 

(2040) 

GaBi 2016 DE 

electricity 

2050-2060 

-89,500 Electricity grid mix 

(2050) 

GaBi 2016 DE 

electricity 

2060-2070 

-89,500 Electricity grid mix 

(2050) 

GaBi 2016 DE 

 

Table 21: Module B6 - operational energy use 

Input generated 

electricity [kWh] 

process in database database year location 

electricity 

2020-2030 

83,770 Electricity grid mix GaBi 2016 DE 

electricity 

2030-2040 

83,770 Electricity grid mix 

(2030) 

GaBi 2016 DE 

electricity 

2040-2050 

83,770 Electricity grid mix 

(2040) 

GaBi 2016 DE 

electricity 

2050-2060 

83,770 Electricity grid mix 

(2050) 

GaBi 2016 DE 

electricity 

2060-2070 

83,770 Electricity grid mix 

(2050) 

GaBi 2016 DE 

 

Table 22: Inputs of module B7 - operational water use 

Input used water process in database database year location 
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[l] 

drinking 

water 

8,757,600 Drinking water mix GaBi 2018 DE 

 

Table 23: Module C1 - demolition 

Input used fuel 

[MJ] 

process in database database year location 

diesel 7,600,000 Diesel mix at refinery GaBi 2016 DE 

 

 

Table 24: Module C2 - transport 

Input transport 

distance [km] 

Process name in database database year location 

transport by 

truck 

75 Lorry transport incl. fuel, Euro 0-6 

mix, 22 t total weight, 17.3t max 

payload 

GaBi 2018 EU-28 

 

Table 25: Module C3 - waste processing and C4 – disposal.  

Input processed material 

[kg] 

process in database database year location 

rubble 158,000 Construction waste processing 

(EN15804 C3) 

GaBi 2018 DE 

rubble 158,000 Construction waste dumping 

(EN15804 C4) 

GaBi 2018 DE 
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Appendix C – Estimation of transport distances for raw materials 

Table 26: Estimation of distances for the resource transport 

material estimated 

distance [km] 

source for estimate 

joint filler silicone 120 supplier Fermacell® is in Gedved, Denmark 

bitumen sheet roofing 5 should be obtainable at DIY store in Esbjerg 

glue 120 supplier is Fermacell® 

insulation styrofoam 100 supplier Jackon® is in Hedensted, Denmark 

chipboard screws  5 should be obtainable at DIY store in Esbjerg 

stainless screws 5 should be obtainable at DIY store in Esbjerg 

glass wool insulation 65 supplier Isover® is in Vamdrup, Denmark 

gypsum board for walls 120 supplier is Fermacell® 

veneer board 5 should be obtainable at DIY store in Esbjerg 

sealing strips 65 supplier is Isover® 

nylon rope 5 should be obtainable at DIY store in Esbjerg 

construction foil 5 should be obtainable at DIY store in Esbjerg 

PP damp proof course 180 supplier Pfeifer® is in Risgårde, Denmark 

PCV damp proof course 5 should be obtainable at DIY store in Esbjerg 

rock wool insulation 210 supplier Knauf® is in Hobro, Denmark 

fixing clamps 340 supplier Senco® is in Græsted, Denmark 

steel screws 5 should be obtainable at DIY store in Esbjerg 

wood panels & beams 100 closest sawmill is in Ikast, Denmark (e-Wood AB 

2007) 

paint 65 supplier Teknos® is in Vamdrup, Denmark 

joint sealer 310 supplier Ljungdahl® is in Hejrevang, Denmark 

sheathing 5 should be obtainable at DIY store in Esbjerg 

sealing tape 5 should be obtainable at DIY store in Esbjerg 

joint filler gypsum 120 supplier is Fermacell® 

nail plate for truss 5 should be obtainable at DIY store in Esbjerg 

glue PVAc 260 supplier Dana Lim® is in Køge, Denmark 
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Appendix D – Pedigree scores 

Table 27: Pedigree scores for all used database sets 

Module Input Process name in database x1 x2 x3 x4 x5 

A
1

 

joint filler silicone Application coating silicone (building, exterior, 

white) 

1 4 1 2 1 

bitumen sheet 

roofing 

Bitumen sheet v 60 (EN15804 A1-A3) 1 4 1 2 1 

glue Crystallising Polyurethane adhesive (estimation) 1 4 1 2 1 

insulation 

styrofoam 

Extruded polystyrene (XPS) (EN15804 A1-A3) 1 4 1 2 1 

chipboard screws  Fixing material screws galvanized (EN15804 A1-

A3) 

1 4 1 2 1 

stainless screws Fixing material screws stainless steel (EN15804 

A1-A3) 

1 4 1 2 1 

glass wool 

insulation 

Glass wool insulation material - ISOVER 1 4 4 3 1 

gypsum board for 

walls 

Gypsum fibre board (EN15804 A1-A3) 1 4 1 2 1 

veneer board Plywood, formply, A-bond, 17 mm (formwork) 

(EN 15804 A1-A3) 

1 4 2 4 1 

sealing strips polyamide 6 Granulate (PA 6) Mix 1 4 1 3 1 

nylon rope Polyamide 6.6 fibres (PA 6.6) 1 4 1 2 1 

construction foil Polyethylene film (PE-LD) 1 4 4 2 1 

PP damp proof 

course 

Polypropylene film (PP) 1 4 4 2 1 

PCV damp proof 

course 

Polyvinyl chloride sheet (PVC) 1 4 4 2 1 

rock wool 

insulation 

Rock mineral wool, DDP - Knauf Insulation (A1-

A3) 

1 4 3 3 1 

fixing clamps Steel Electrogalvanized 1 4 1 2 1 

steel screws Steel screw - EJOT (A1-A3) 1 4 2 3 1 

wood panels & 

beams 

Timber spruce (12% moisture; 10.7% H2O 

content) (EN15804 A1-A3) 

1 4 1 2 1 

paint acrylic varnish production, product in 87.5% 1 4 1 2 1 
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solution state 

joint sealer adhesive mortar production 1 4 1 3 1 

sheathing oriented strand board production 1 4 1 2 1 

sealing tape sealing tape production 1 4 1 2 1 

joint filler gypsum stucco production 1 4 1 3 1 

nail plate for truss Steel sheet 1.5mm EG (0.01mm Zn; 2sides) 1 4 1 2 1 

glue PVAc PVAc adhesive (estimation) 1 4 1 2 1 

A
2

, A
4

, C
2

 

transport by truck Lorry transport incl. fuel, Euro 0-6 mix, 22 t total 

weight, 17.3t max payload 

5 5 1 2 5 

A
5

 

breeze blocks Aerated concrete block element (EN15804 A1-

A3); technology mix; production mix, at plant; 

average density 500 kg/m3 

1 4 1 1 1 

aluminium profile Aluminium extrusion profile mix 1 4 1 1 1 

sealing Application coating silicone (building, exterior, 

white) 

1 4 1 1 1 

bitumen sheet Bitumen sheet v 60 (EN15804 A1-A3) 1 4 1 1 1 

cables Cable 3-core mains power 10A/13A 16AWG mPPE 

(60 g/m) D6.3 

1 4 1 2 1 

cement Cement (CEM I 32.5) (EN15804 A1-A3) 1 4 1 1 1 

gutter Chimney polypropylene (PP) (EN15804 A1-A3) 1 4 1 1 1 

concrete Concrete C20/25  1 4 1 1 1 

polystyrene 

insulation 

Expanded Polystyrene (EPS) Foam Insulation - 

EUMEPS (A1-A3) 

1 4 3 2 1 

facing brick Facing brick (EN15804 A1-A3) 1 4 1 1 1 

stainless screws Fixing material screws stainless steel (EN15804 

A1-A3) 

1 4 1 1 1 

plaster Lightweight cementitious plaster - IWM (A1-A3) 1 4 3 1 1 

lubricant Lubricant (aqueous emulsion of fatty substances) 1 4 1 2 1 

window sill Natural stone slab, rigid, exterior (EN15804 A1-

A3) 

1 4 1 1 1 

construction foil Polyethylene film (PE-LD) 1 4 1 1 1 

ductwork Polypropylene (PP) injection moulded part 1 4 1 1 1 
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electric sockets Polyvinylchloride injection moulding part 1 4 4 2 1 

roofing tile Roofing tile - Initiative Ziegel (A1-A3) 1 4 2 3 1 

mortar Special mortar (Thin-Bed mortar) - IWM 1 4 4 1 1 

wall anchor Stainless steel sheet (EN15804 A1-A3) 1 4 1 1 1 

galvanized screws Steel Electrogalvanized 1 4 1 2 1 

rebar Steel rebar 1 4 1 2 1 

gutter brackets Steel sheet 0.75mm HDG (0.03mm Zn; 1side) 1 4 1 1 1 

tiles Stoneware tiles, glazed (EN15804 A1-A3) 1 4 1 1 1 

elbows Structural Steel (sections and heavy plates) - 

bauforumstahl (A1-A3) 

1 4 3 2 1 

downpipe Titanium zinc sheet prePatine Protect/Interieur - 

Rheinzink (A1-A3) 

1 4 3 1 1 

Window frame Window frame PVC-U (EN15804 A1-A3) 1 4 1 1 1 

window glass Window glass 1 4 1 1 1 

paint acrylic varnish production, product in 87.5% 

solution state 

1 4 1 2 1 

copper pipe copper pipe (bare) 1 4 3 1 1 

doors door production, outer, wood-glass 1 4 1 2 1 

joint filler gypsum stucco production 1 4 1 3 1 

heatpump Electric heat pump (Water-Water) 10 kW 

(EN15804 A1-A3) 

1 4 1 2 1 

photovoltaics photovoltaic panel production, single-Si wafer  1 4 4 2 1 

B
1

, B
6

 

electricity 2020-

2030 

Electricity grid mix 1 2 1 1 1 

electricity 2030-

2040 

Electricity grid mix (2030) 1 2 4 1 1 

electricity 2040-

2050 

Electricity grid mix (2040) 1 2 5 1 1 

electricity 2050-

2060 

Electricity grid mix (2050) 1 2 5 1 1 

electricity 2060-

2070 

Electricity grid mix (2050) 1 2 5 1 1 

B
7

 drinking water Drinking water mix 2 1 1 1 1 



44 
 

C
1

 diesel Diesel mix at refinery 2 1 1 1 4 
C

3
 rubble  Construction waste processing (EN15804 C3) 4 5 1 1 1 

C
4

 rubble Construction waste dumping (EN15804 C4) 4 5 1 1 1 
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Appendix E – List of uncertainty factors for each module 

Table 28: Uncertainty factors 

Module Input Process name in database UR UC UT UG UF Ub 

A
1

 

joint filler 
silicone 

Application coating silicone 
(building, exterior, white) 

1.00 1.08 1.00 1.04 1.00 1.05 

bitumen 
sheet roofing 

Bitumen sheet v 60 (EN15804 
A1-A3) 

1.00 1.08 1.00 1.04 1.00 1.05 

glue Crystallising Polyurethane 
adhesive (estimation) 

1.00 1.08 1.00 1.04 1.00 1.05 

insulation 
styrofoam 

Extruded polystyrene (XPS) 
(EN15804 A1-A3) 

1.00 1.08 1.00 1.04 1.00 1.05 

chipboard 
screws  

Fixing material screws galvanized 
(EN15804 A1-A3) 

1.00 1.08 1.00 1.04 1.00 1.05 

stainless 
screws 

Fixing material screws stainless 
steel (EN15804 A1-A3) 

1.00 1.08 1.00 1.04 1.00 1.05 

glass wool 
insulation 

Glass wool insulation material - 
ISOVER 

1.00 1.08 1.19 1.08 1.00 1.05 

gypsum 
board for 
walls 

Gypsum fibre board (EN15804 
A1-A3) 

1.00 1.08 1.00 1.04 1.00 1.05 

veneer board Plywood, formply, A-bond, 17 
mm (formwork) (EN 15804 A1-
A3) 

1.00 1.08 1.03 1.11 1.00 1.05 

sealing strips polyamide 6 Granulate (PA 6) 
Mix 

1.00 1.08 1.00 1.08 1.00 1.05 

nylon rope Polyamide 6.6 fibres (PA 6.6) 1.00 1.08 1.00 1.04 1.00 1.05 

construction 
foil 

Polyethylene film (PE-LD) 1.00 1.08 1.19 1.04 1.00 1.05 

PP damp 
proof course 

Polypropylene film (PP) 1.00 1.08 1.19 1.04 1.00 1.05 

PCV damp 
proof course 

Polyvinyl chloride sheet (PVC) 1.00 1.08 1.19 1.04 1.00 1.05 

rock wool 
insulation 

Rock mineral wool, DDP - Knauf 
Insulation (A1-A3) 

1.00 1.08 1.10 1.08 1.00 1.05 



46 
 

fixing clamps Steel Electrogalvanized 1.00 1.08 1.00 1.04 1.00 1.05 

steel screws Steel screw - EJOT (A1-A3) 1.00 1.08 1.03 1.08 1.00 1.05 

wood panels 
& beams 

Timber spruce (12% moisture; 
10.7% H2O content) (EN15804 
A1-A3) 

1.00 1.08 1.00 1.04 1.00 1.05 

paint acrylic varnish production, 
product in 87.5% solution state 

1.00 1.08 1.00 1.04 1.00 1.05 

joint sealer adhesive mortar production 1.00 1.08 1.00 1.08 1.00 1.05 

sheathing oriented strand board 
production 

1.00 1.08 1.00 1.04 1.00 1.05 

sealing tape sealing tape production 1.00 1.08 1.00 1.04 1.00 1.05 

joint filler 
gypsum 

stucco production 1.00 1.08 1.00 1.08 1.00 1.05 

nail plate for 
truss 

Steel sheet 1.5mm EG (0.01mm 
Zn; 2sides) 

1.00 1.08 1.00 1.04 1.00 1.05 

glue PVAc PVAc adhesive (estimation) 1.00 1.08 1.00 1.04 1.00 1.05 

A
2

, A
4

, C
2

 

transport by 
truck 

Lorry transport incl. fuel, Euro 0-
6 mix, 22 t total weight, 17.3t 
max payload 

2.8 2.8 1 1 2.8 2 

A
5

 

breeze 
blocks 

Aerated concrete block element 
(EN15804 A1-A3); technology 
mix; production mix, at plant; 
average density 500 kg/m3 

1.00 1.08 1.00 1.00 1.00 1.05 

aluminium 
profile 

Aluminium extrusion profile mix 1.00 1.08 1.00 1.00 1.00 1.05 

sealing Application coating silicone 
(building, exterior, white) 

1.00 1.08 1.00 1.00 1.00 1.05 

bitumen 
sheet 

Bitumen sheet v 60 (EN15804 
A1-A3) 

1.00 1.08 1.00 1.00 1.00 1.05 

cables Cable 3-core mains power 
10A/13A 16AWG mPPE (60 g/m) 
D6.3 

1.00 1.08 1.00 1.04 1.00 1.05 

cement Cement (CEM I 32.5) (EN15804 
A1-A3) 

1.00 1.08 1.00 1.00 1.00 1.05 
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gutter Chimney polypropylene (PP) 
(EN15804 A1-A3) 

1.00 1.08 1.00 1.00 1.00 1.05 

concrete Concrete C20/25  1.00 1.08 1.00 1.00 1.00 1.05 

polystyrene 
insulation 

Expanded Polystyrene (EPS) 
Foam Insulation - EUMEPS (A1-
A3) 

1.00 1.08 1.10 1.04 1.00 1.05 

facing brick Facing brick (EN15804 A1-A3) 1.00 1.08 1.00 1.00 1.00 1.05 

stainless 
screws 

Fixing material screws stainless 
steel (EN15804 A1-A3) 

1.00 1.08 1.00 1.00 1.00 1.05 

plaster Lightweight cementitious plaster 
- IWM (A1-A3) 

1.00 1.08 1.10 1.00 1.00 1.05 

lubricant Lubricant (aqueous emulsion of 
fatty substances) 

1.00 1.08 1.00 1.04 1.00 1.05 

window sill Natural stone slab, rigid, exterior 
(EN15804 A1-A3) 

1.00 1.08 1.00 1.00 1.00 1.05 

construction 
foil 

Polyethylene film (PE-LD) 1.00 1.08 1.00 1.00 1.00 1.05 

ductwork Polypropylene (PP) injection 
moulded part 

1.00 1.08 1.00 1.00 1.00 1.05 

electric 
sockets 

Polyvinylchloride injection 
moulding part 

1.00 1.08 1.19 1.04 1.00 1.05 

roofing tile Roofing tile - Initiative Ziegel 
(A1-A3) 

1.00 1.08 1.03 1.08 1.00 1.05 

mortar Special mortar (Thin-Bed mortar) 
- IWM 

1.00 1.08 1.19 1.00 1.00 1.05 

wall anchor Stainless steel sheet (EN15804 
A1-A3) 

1.00 1.08 1.00 1.00 1.00 1.05 

galvanized 
screws 

Steel Electrogalvanized 1.00 1.08 1.00 1.04 1.00 1.05 

rebar Steel rebar 1.00 1.08 1.00 1.04 1.00 1.05 

gutter 
brackets 

Steel sheet 0.75mm HDG 
(0.03mm Zn; 1side) 

1.00 1.08 1.00 1.00 1.00 1.05 

tiles Stoneware tiles, glazed 
(EN15804 A1-A3) 

1.00 1.08 1.00 1.00 1.00 1.05 
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elbows Structural Steel (sections and 
heavy plates) - bauforumstahl 
(A1-A3) 

1.00 1.08 1.10 1.04 1.00 1.05 

downpipe Titanium zinc sheet prePatine 
Protect/Interieur - Rheinzink 
(A1-A3) 

1.00 1.08 1.10 1.00 1.00 1.05 

Window 
frame 

Window frame PVC-U (EN15804 
A1-A3) 

1.00 1.08 1.00 1.00 1.00 1.05 

window glass Window glass 1.00 1.08 1.00 1.00 1.00 1.05 

paint acrylic varnish production, 
product in 87.5% solution state 

1.00 1.08 1.00 1.04 1.00 1.05 

copper pipe copper pipe (bare) 1.00 1.08 1.10 1.00 1.00 1.05 

doors door production, outer, wood-
glass 

1.00 1.08 1.00 1.04 1.00 1.05 

joint filler 
gypsum 

stucco production 1.00 1.08 1.00 1.08 1.00 1.05 

heatpump Electric heat pump (Water-
Water) 10 kW (EN15804 A1-A3) 

1.00 1.08 1.00 1.04 1.00 1.05 

photovoltaics photovoltaic panel production, 
single-Si wafer  

1.00 1.08 1.19 1.04 1.00 1.05 

B
1

, B
6

 

electricity 
2020-2030 

Electricity grid mix 1.00 1.03 1.00 1.00 1.00 1.05 

electricity 
2030-2040 

Electricity grid mix (2030) 1.00 1.03 1.19 1.00 1.00 1.05 

electricity 
2040-2050 

Electricity grid mix (2040) 1.00 1.03 1.29 1.00 1.00 1.05 

electricity 
2050-2060 

Electricity grid mix (2050) 1.00 1.03 1.29 1.00 1.00 1.05 

electricity 
2060-2070 

Electricity grid mix (2050) 1.00 1.03 1.29 1.00 1.00 1.05 

B
7

 drinking 
water 

Drinking water mix 1.54 1.00 1.00 1.00 1.00 1.05 

C
1

 diesel Diesel mix at refinery 1.54 1.00 1.00 1.00 2.08 1.05 

C
3

 rubble  Construction waste processing 1.69 2.80 1.00 1.00 1.00 1.05 
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(EN15804 C3) 
C

4
 rubble Construction waste dumping 

(EN15804 C4) 
1.69 2.80 1.00 1.00 1.00 1.05 

 

 

For UR, UC and UG, no factor is available for a pedigree score of 5 from the framework of 

Ciroth et al. (2016). In that case, the worst available score of 2.8 was used. 
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Appendix F – Contribution of processes to module A5 

Table 29: Contribution of the individual processes to the module A5 in % 

process ADPF ADPE AP EP GWP ODP POCP 

A5 assembly <u-so> 100 100 100 100 100 100 100 

AT: Roofing tile - Initiative Ziegel (A1-A3) 

ts-EPD 

6.9 0.0 2.0 0.6 5.0 0.0 2.9 

CH: stucco production ecoinvent 3.5 0.1 0.0 0.1 0.1 0.1 0.2 0.1 

DE: Aerated concrete block element 

(EN15804 A1-A3) ts <p-agg> 

0.9 0.1 0.5 0.2 1.8 0.0 0.5 

DE: Aluminium extrusion profile mix ts 3.9 0.0 4.4 0.9 4.2 0.0 2.8 

DE: Application coating silicone 

(building, exterior, white) ts 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 

DE: Bitumen sheet v 60 (EN15804 A1-

A3) ts 

2.7 0.0 0.4 0.1 0.4 0.0 0.5 

DE: Cement (CEM I 32.5) (EN15804 A1-

A3) ts 

1.3 0.0 1.6 0.8 7.2 0.0 2.7 

DE: Chimney polypropylene (PP) 

(EN15804 A1-A3) ts 

0.9 0.0 0.1 0.1 0.3 0.0 0.2 

DE: Concrete C20/25 ts 5.4 0.1 5.8 3.2 17.6 0.0 8.0 

DE: Copper pipe (bare) - Wieland ts-EPD 0.9 0.2 1.8 0.3 1.0 1.5 1.1 

DE: Facing brick (EN15804 A1-A3) ts 6.5 0.0 1.4 0.8 5.2 0.0 2.8 

DE: Fixing material screws stainless steel 

(EN15804 A1-A3) ts <p-agg> 

0.3 1.1 0.6 0.1 0.3 0.0 0.3 

DE: Lightweight cementitious plaster - 

IWM (A1-A3) ts-EPD <p-agg> 

0.3 0.1 0.2 0.1 0.4 0.0 0.0 

DE: Natural stone slab, rigid, exterior 

(EN15804 A1-A3) ts 

0.2 0.0 1.2 0.4 0.2 0.0 0.6 

DE: Polyethylene Film (PE-LD) without 

additives ts 

0.5 0.0 0.1 0.0 0.2 0.0 0.1 

DE: Special mortar (Thin-Bed mortar) - 

IWM ts-EPD 

0.1 0.0 0.1 0.1 0.2 0.1 0.1 

DE: Stainless steel sheet (EN15804 A1-

A3) ts <p-agg> 

0.3 0.9 0.4 0.1 0.3 0.0 0.3 
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DE: Steel sheet 0.75mm HDG (0.03mm 

Zn; 1side) ts <p-agg> 

0.1 0.3 0.1 0.0 0.1 0.0 0.1 

DE: Stoneware tiles, glazed (EN15804 

A1-A3) ts 

2.3 0.0 0.5 0.3 1.7 0.0 0.4 

DE: Titanium zinc sheet prePatine 

Protect/Interieur - Rheinzink (A1-A3) ts-

EPD 

1.3 26.1 2.4 0.8 1.5 2.8 1.7 

DE: Window frame PVC-U (EN15804 A1-

A3) ts <p-agg> 

0.4 0.3 0.2 0.1 0.3 0.0 0.3 

DE: Window glass simple (EN15804 A1-

A3) ts 

0.3 0.0 0.8 0.2 0.3 0.0 -1.0 

EU-28: Electric heat pump (Water-

Water) 10 kW (EN15804 A1-A3) ts <p-

agg> 

0.5 2.6 0.5 0.1 0.4 0.0 0.5 

EU-28: Expandable polystyrene (EPS), 

white and grey PlasticsEurope 

6.6 0.0 2.0 0.5 2.4 0.0 3.1 

EU-28: Structural Steel (sections and 

heavy plates) - bauforumstahl (A1-A3) 

ts-EPD <p-agg> 

1.1 0.0 0.8 0.2 1.3 0.0 1.6 

GLO: Cable 3-core mains power 10A/13A 

16AWG mPPE (60 g/m) D6.3 ts 

0.2 3.0 0.4 0.0 0.2 0.0 0.2 

GLO: Lubricant (aqueous emulsion of 

fatty substances) ts 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 

GLO: Steel electrogalvanized worldsteel 0.5 0.3 0.4 0.1 0.6 0.0 0.7 

GLO: Steel rebar worldsteel 7.7 -3.0 10.0 1.9 8.0 0.0 10.5 

RER: acrylic varnish production, product 

in 87.5% solution state ecoinvent 3.5 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 

RER: door production, outer, wood-glass 

ecoinvent 3.5 

4.2 21.9 8.3 8.0 2.3 6.4 7.2 

RER: Polypropylene injection moulding 

part (PP) PlasticsEurope 

0.1 0.0 0.1 0.0 0.0 0.0 0.1 

RER: Polyvinylchloride injection 

moulding part (PVC) PlasticsEurope 

0.1 0.0 0.1 0.0 0.1 0.0 0.1 

RoW: photovoltaic panel production, 

single-Si wafer ecoinvent 3.5 

43.4 46.0 52.9 79.8 36.6 89.0 51.9 
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