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Abstract 

In recent years, the Life Cycle Assessment (LCA) has become an important tool to evaluate the 
environmental impacts of the building sector. The analysis of buildings through LCA is complex 
and must take different factors into account. The selection of the impact categories is one of the 
issues related to LCA. Latest European standards have established the use of seven impact 
categories to analyse buildings through LCA. However, recent researches have been choosing 
the impact categories in an arbitrary manner. In general, studies on Life Cycle Energy Analysis 
(LCEA) take into account only the Energy Demand and, in some cases, the Global Warming 
Potential. In many cases, these two impact categories are not sufficient to describe the 
environmental impacts of the buildings in the life cycle. The correct choice of the impact 
category may be made based on three approaches, that are discussed in the last part of the 
paper. 

1. Introduction 

The building sector is considered one of the largest consumers of natural 
resources and energy. Buildings consume 30%-40% of primary energy and 
natural resources over their life-span (construction, operation, maintenance and 
demolition) and respond for 30% of the emission of greenhouse gases in the 
world (UNEP, 2007; IEA, 2011; IPCC, 2011). In Europe the building energy 
demand is about 40% of the global energy requirement (IEA, 2011). 
In recent years, the research to improve the sustainability of buildings focused 
more on the reduction of energy consumption. International regulations of 
building energy performance have contributed to reduce the energy demand in 
buildings. According to the European Union guidelines (2010/31/EU), starting in 
2021 new buildings must achieve the nearly zero-energy standards. However, 
the energy efficiency assessment is usually restricted to the operational phase 
of the building. According to Cabeza et al. (2014), upon arrival at the 
construction site, the materials that will compose the building have already 
consumed a lot of energy during the manufacturing, transportation and 
construction processes. Therefore, recent studies have addressed a more 
holistic approach, which covers from the production process of materials 
involved in the construction all the way to the demolition and recycling phases. 
In this context, two different approaches were developed to improve the quality 
of buildings and reduce the environmental impacts: the Life Cycle Assessment 
(LCA) and Life Cycle Energy Analysis (LCEA). The two methods, when applied 
to buildings, are tools for predicting how a facility will perform over its lifetime, 
which includes raw material extraction, manufacturing, construction, operation, 
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maintenance, repairing, replacement and demolition. Whilst the LCA takes into 
account different environmental impacts, the LCEA focuses only on the energy 
demand in the life cycle of buildings (Anand and Amor, 2017). In recent years, 
the LCEA is increasingly being used to analyse the behaviour of the buildings in 
the life cycle. This is due to two main reasons: a more simple application related 
to LCA and to be a surplus compared to the normal analysis of the energy 
demand in the operational phase of buildings (Cabeza et al., 2014). 
Nevertheless, researchers (Pombo et al., 2016; Assefa and Ambler, 2017) have 
shown an increased interest in analysing buildings through LCAs. The use of 
LCA is complex and has to take into account different issues: definition of the 
scope, choice of data-base, number and choice of impact category and the 
interpretation of the results (Cabeza et al., 2014). The choice of the impact 
categories is one of the present issues when using the LCA methodology. The 
Life Cycle Energy Analysis method is a step forward compared to the simple 
operational energy analysis in buildings. Through the LCEA the energy demand 
of buildings is analysed over their life cycle. The main objective is to assess the 
energy demand of buildings during their different phases. Thormark (2006) 
emphasises the importance of analysing the energy performance of buildings 
using LCEA, while the embodied energy may represent up to 40% of the energy 
life-cycle. In Brazil, Paulsen and Sposto (2013) evaluated, through LCEA, a 
social housing unit located in Brasıĺia with a lifespan of 50 years. The final result 
showed that the embodied energy represented 30% of the total energy 
consumed in the building. In Turkey, two residential buildings were evaluated 
considering the energy demand and dioxide carbon emissions in the life cycle 
(Atmaca and Atmaca, 2015).  

Through the LCEA is analysed only one impact category in buildings and, in 
some cases, the associated carbon emissions. This paper inquire if the only two 
impact categories (energy demand and carbon emissions) used in the LCEA 
studies are sufficient to analyse the environmental impacts in buildings.  
The main objective of this study is to provide a specified description of the 
history, the current situation and the future outlook regarding the use of LCA 
impact categories in the building sector. The research method used is a 
thorough literature review of mostly peer-reviewed papers and standard 
specifications of LCA of buildings. 

2. Impact Categories 

The impact categories represent environmental issues of concern to which Life 
Cycle Inventory (LCI) results may be assigned. The impact categories can be 
classified depending on their geographical scaling effect: global effects, regional 
effects, local effect, working environmental effects. Over 50 Life Cycle Impact 
Assessment (LCIA) models are currently available in Europe (EPLCA, 2010). 
They are specific techniques related to environmental impacts that comprise the 
scope of evaluations in that region and have been implemented within various 
of the most broadly applied LCIA models (Bueno et al., 2016), such as 
Ecoindicator 99, EDIP 97, EDIP 2003, (Dutch) Handbook on Life Cycle 
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Assessment (LCA) (CML2002), EPS 2000, Impact 2002, Swiss Ecoscarcity 
(Ecopoints 2006), TRACI, ReCiPe, MEEuP, LIME and EPD (EN15804, 2012). 
The main impact categories used in this models are: Global warming, Energy 
demand, Depletion of stratospheric ozone, Photo-oxidant formation, 
Acidification, Eutrophication, Ecotoxicity, Human toxicity, Occupational health 
and safety, Odour, Noise, Radiation, Waste, Resource consumption, Habitat 
alterations and impacts on biological diversity, Carcinogens, Land occupation, 
Ionizing radiation, Mineral Extraction and Smog. 
Recently, two European standards have defined the impact categories to 
analyse products and buildings through the LCA (EN 15804, 2012; EN 15978, 
2011). The seven impact categories are: 
• Global Warming Potential (GWP, kg CO2 eq); 
• Ozone Layer Depletion Potential (ODP, kg CFC-11 eq); 
• Acidification Potential (AP, kg SO2 eq); 
• Eutrophication Potential (EP, kg (PO4)3− eq); 
• Photochemical Ozone Creation Potential (POCP, kg C2H4 eq); 
• Abiotic Depletion Potential—non-fossil (ADP-non-fossil, kg Sb eq); 
• Abiotic Depletion Potential—fossil (ADP-fossil, MJ net caloric value). 

3. LCA and impact categories in the buildings sector 

Life cycle assessment has been used in the building sector since 1990 (Ortiz et 
al., 2009; Anand and Amor, 2017). With the current push toward sustainable 
construction, LCA has gained importance as an objective method to evaluate 
the environmental impact of construction practices. In 2015 more than two 
hundred papers on LCA were published (Anand and Amor, 2017). 
Table 1 shows some recent researches in the building sector based on LCA. 
The seven impact categories of the European standards (EN 15804, 2012; EN 
15978, 2011), the energy demand and the characterization models of the 
different studies were analysed. Through three recent papers review (Anand 
and Amor, 2017; Vilches et al., 2017; Cabeza et al., 2014), studies after 2011 
were selected. The main objective is to understand if recent studies used the 
European standard to analyse the buildings using the LCA method. The 
researchers analysed a different number of impact categories in their LCA 
study. The number of the impact categories carries a minimum of one to sixteen 
impact categories analysed (Guan et al., 2017; Buyle et al., 2015). In Belgium 
(Buyle et al., 2015), using LCA and LCEA, different design solutions were 
analysed to improve the environmental profile of new buildings. The authors 
used the seven impact categories of the EN 15978 (2011) plus other nine 
impact categories to investigate the best design solution for buildings. Also, 
Collinge et al. (2015) and Pombo et al. (2016) used the seven impact categories 
of the EN 15978 (2011). Stazi et al. (2012) studied 70 Italian residential 
buildings, of which five case studies were monitored and one case underwent 
an in-depth environmental evaluation. The authors used only the Global 
Warming Potential, Ozone Layer Depletion Potential and the Acidification 
Potential to analyse the building using the LCA method. Ardente et al. (2011) 
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studied the energy and environmental performance (with four impact 
categories) of a number of retrofit actions in six old non-residential public 
buildings situated in various European countries. Motuziene et al. (2016) 
analysed the life cycle of a single-family house in Lithuania considering three 
impact categories: Primary Energy Demand, Global Warming Potential and 
Ozone Layer Depletion. The goal of the study was to improve the energy 
efficiency of buildings, given the impact on the environment in the life cycle. 
Atmaca and Atmaca (2015) studied the life cycle of two different residential 
buildings in Turkey through two impact categories: the Primary Energy Demand 
and the Carbon Dioxide Emissions. Similarly, Takano et al. (2015) used the 
Global Warming Potential and the Primary Energy Demand to analyse a 
building in Germany. 

Table 1. Impact categories used in the building sector. 

 

Another important point analysed is the characterization model used in 
international researches. In some studies, the model of characterization is not 
specified. The TRACI, ReCIPe and the Impact 2002+ are the characterization 
model used more often (Collinge et al., 2012; Lewandowsk et al., 2015). 
The environmental impact profile of life cycle assessments is often presented in 
different units difficult to grasp and compare. One way to make the 
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interpretation of such scores easier is to normalise them: dividing such scores 
by a reference situation’s score. According to ISO 14044 (ISO 2006), 
normalisation, in the context of Life Cycle Assessment, is an optional step of 
Life Cycle Impact Assessment which allows the practitioner to express results 
after the characterisation step using a common reference impact. This supports 
the comparison between alternatives using reference numerical scores. The 
normalisation factors express the total impact occurring in a reference region for 
a certain impact category (e.g. climate change, eutrophication, etc.) within a 
reference year. Most of the studies analysed do not use the normalisation 
method to evaluate and compare the final results. Assefa and Ambler (2017) 
analysed the potential life cycle environmental impacts of buildings in different 
scenarios on the two pathways: selective deconstruction and new construction. 
In all different scenarios, the Ozone Layer Depletion Potential resulted in the 
higher impact. Ingraro et al. (2016) analysed different solutions of external walls 
in buildings. The Global Warming Potential turned out to be the main impact 
category in the different walls analysed. Mastrucci et al. (2015), from their 
analysis of building stocks, reported that the consumption of Abiotic Resources 
was responsible for a higher environmental impact than other six impact 
categories. 

4. Discussion 

Choosing the impact categories is one of the main problems in the LCA method. 
The situation is no different for the studies about LCA in the building sector. In 
the literature analysed, it was noted that the impact categories used are 
different for quantity and typology. For a large number of LCA studies, the basis 
for choosing a particular impact category is not always clearly stated. The 
selection of indicators often depends on what is easily comprehensible by the 
stakeholders involved in comparison to what may be more relevant to the goal 
(Anand and Amor, 2017). In many cases, the studies were not based on the 
European standards and their seven impact categories (Collinge et al., 2012; 
Motuziene et al., 2016). In some researches, the impact categories choices are 
more than recommended by the two European standards (Buyle et al., 2015; 
Lewandowsk et al., 2016). Only in four studies the seven impact categories of 
the European standard were used (Collinge et al., 2015; Mastrucci et al., 2015; 
Buyle at al., 2016; Pombo et al., 2016). That is why recent studies have pointed 
out that the selection of the impact categories must be based on a method. 
Failing this can lead to neglect certain impact categories that may be essential 
(Reap et al., 2015; Anand and Amor, 2017). 
In some cases, the selection of the impact categories is due to the LCA tools 
used for life cycle assessment of buildings. The availability of the impact 
category in LCA software depends on the impact assessment methodology 
available to the software. For instance, software such as GaBi and SimaPro 
provide a wide range of methodologies from energy assessment and water 
footprints to diverse impact category assessments. The methods can be 
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customised based on the scope of the LCA. Some models may include limited 
methodologies (Assefa and Ambler, 2017). 
The impact category more used was the Global Warming Potential followed by 
the Ozone Layer Depletion Potential and Acidification Potential. Similar to LCA 
in other fields, energy and emissions are the most popular metrics used in the 
building LCA publications. Energy Demand and Global Warming Potential may 
not be the most impact intensive indicators in all studies. In the literature 
analysed, through the normalisation method it was possible to verify that other 
impact categories have had the greatest impact in the environment (Assefa and 
Afler, 2017; Mastrucci et al., 2015). Also, in other international studies the 
normalisation used to compare the different impact categories in the building 
sector. In the USA, three different shading materials on buildings and their 
impacts to the environment were analysed in five climate zones (Babaizadeh et 
al., 2015). In this case, the Human health non-cancer resulted in the higher 
impact. In Australia, Sandanayake et al. (2016) analysed the environmental 
impact of the foundation construction in two case studies. The Global Warming 
Potential was the most prominent impact from all the perspectives considered. 
Unfortunately, only a few studies used the normalisation to compare the final 
results of different impact categories (Assefa and Ambler, 2017; Ingrato et al., 
2016; Mastrucci et al., 2015). This aspect turns out to be a severe limitation and 
makes it more complex to understand which environmental impacts cause the 
greatest impact in the building sector. 
Another way to select the correct impact category in a LCA is through a survey 
based on stakeholder perspectives. Souza et al. (2015) used this method to 
obtain the impact categories to analyse the development and implementation of 
a formal Brazilian Waste Electric and Electronic Equipment (WEEE). One of the 
most important aspects is the identification and involvement of all relevant 
stakeholders. The selection of impact categories depends on the purpose of the 
LCA, e.g. what kind of decision is going to be made based on LCA. Obviously, 
such selection also depends on the type of application of LCA. Basically, 
selection of impact categories is a matter between the commissioner and the 
practitioner. Although there is a method with specific guidelines on which impact 
categories should be included in the LCA of buildings at European level, it is not 
used.  

5. Conclusion 

The purpose of this research was to investigate the selection of the LCA impact 
categories in buildings. The goal was to verify if the only two impact categories 
used in the LCEA studies are enough. The literature review shows that there is 
neither an exact number of impact categories, nor which of impact categories, 
to analyse the environmental impacts of buildings and their materials. When the 
main objective of the study is to analyse the energy behaviour of buildings the 
LCEA method was used. In this case, only the energy demand was analysed 
and, in many cases, also the Global Warming Potential. This is a great step 
forward when compared to the energy regulation or the studies about energy 
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efficiency to reduce the operational energy demand in buildings. This is not 
enough to analyse the environmental impact of the building sector. Some 
studies showed that the energy demand and the Global Warming Potential are 
not the categories with the greatest impact. The selection of other impact 
categories can assure a more comprehensive and accurate assessment. This 
choice may be made or by identifying the impact categories more used in the 
literature studies or by selecting the impact categories more significant after 
normalisation or by considering the impacts categories more relevant in the 
opinion of experts applying a survey. 
 
Through one of these methods, one can get a LCA much more detailed and 
precise, and point out other significant environmental impacts in addition to the 
Global Warming Potential and the Energy Demand. 
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