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buildings. A new idea is the application of statistical cluster analysis for the identification of "ty-

pical" apartment buildings in the LCA context. The functionality of this approach is demonstra-

ted in the course of this study and the idea is generally applicable to any type of building. 





xii  

Originalität / Mehrwert – Die Herleitung von vereinfachenden und zuverlässigen Strategien für die 

Durchführung von vergleichenden Ökobilanzen ist notwendig, um Gebäude-Ökobilanzen zukünf-

tig leichter handhabbar zu machen. Eine neue Idee hierzu ist die Anwendung von statistischer 

Clusteranalyse zur Identifikation von "typischen" Mehrfamilienhäusern im Ökobilanz-Kontext. 

Die Funktionalität dieses Ansatzes wird im Rahmen dieser Studie demonstriert, und die Idee ist 

allgemein anwendbar auf jede Art von Gebäuden.





2 1 Introduction

energy requirements of residential buildings and of evaluating their overall environmental impact, 

the extensive LCA procedure still exceeds the competence of most architects and planners. As a 

result, few of the 14 000 to 17 000 new residential buildings that were erected annually between 

the years 2004 and 2009 [3] have been assessed with LCAs, the majority of them being part of 

scientific studies at universities due to the complexity of the LCA procedure. This fact is par-

ticularly unfortunate as it is beneficial to conduct LCAs in the preliminary design stages of a 

building in order to evaluate and optimise the choice of materials, building elements and building 

installations prior to the building construction phase. In the preliminary design stages changes 

to the building concept are still easy and cost-efficient to implement and environmental impact 

reduction can be optimised for the whole building life cycle. Since the European ISO regulations 

on LCAs were published in the year 2006 [4, 5], numerous new individual, comparative build-

ing LCA studies have been conducted in Europe. Nevertheless, the very fact that LCAs call for 

detailed knowledge of how to deal with inventory data, system boundaries, allocation procedures 

and sensitivities tends to quickly overtax non-experts. Moreover, the abundance of varying and 

sometimes contradictory information and recommendations is confusing. This is evident in the 

many existing studies in the field of LCAs on buildings from different countries. Ramesh et al. 

[6] and Sharma et al. [7] provide some insight into the similarities and disparities of a selection of 

different studies. Due to the fact that each study usually works individually with different inven-

tory data or varied scopes, system boundaries and functional units, their results are not directly 

comparable. Furthermore, the majority of existing studies typically analyse a very small sample 

of individual buildings, so that a generalisation of the results is problematic, especially as the 

transportation), and their implementation in 

the building, have an increasing, relative influ-

ence on the building life cycle. Furthermore, 

LCA for residential buildings will be especially 

important in the future in order to minimise 

environmental impacts, as they typically con-

stitute a considerable part of the overall exist-

ing building stock (for instance, they contribute 

about 88% of the Swiss building stock [2] when 

comparing the energy reference areas of differ-

ent building types as presented in Figure 1.2). 

Although LCA has in recent years evolved into 

a viable method of quantifying the resource and 
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(taken from p. 24, [2])



31 Introduction

examined buildings represent only a fraction of the versatile building stock. Another challenge for 

non-experts in the field of LCAs is the interpretation of the life cycle impact assessment results, 

as the environmental impact indicators and impact categories are abstract values combining vari-

ous aspects, which are hardly tangible. Consequentially, there is a definite need to simplify the 

LCA procedure for buildings, while at the same time the LCA results need to be comparable and 

reliable, so as to make comparative LCAs applicable for architects and planners.

1.3 State of the art approaches to simplify building LCAs

Malmqvist et al. [8] identified several possible approaches to simplifying LCAs of buildings, 

namely to either reduce the effort of data acquisition by means of focusing on larger building 

elements and omitting certain processes like transport, or to simplify the inventory analysis by 

examining only the materials most relevant in terms of environmental impact and, for example, 

neglecting the end of life of the building. Other options are to simplify the analysis by applying 

only selected impact categories, or to reduce the expenditure of time for the acquisition of build-

ing data through the application of improved CAD solutions, which allow for gathering informa-

tion on material quantities from architecture drawings. The suggested approaches however are 

not evaluated by the authors and therefore leave some important questions unanswered: Is there 

a favourable combination of the different strategies or is it more advisable to leave each approach 

as a stand-alone solution in order to render reliable results? Are there more possible strategies 

that might also serve as solutions to simplifying building LCAs? To what extent can the results 

of a comprehensive LCA and a simplified LCA differ and still be considered reliable? 

At least, the last question has been addressed by several researchers who are engaged in simplify-

ing building LCAs. Kellenberger & Althaus [9] examined possible ways of achieving a simplifica-

tion by omitting certain aspects of the construction of a building element, exemplarily analysing 

five building elements at varying levels of detail. Their paper states that "It cannot be concluded 

from the overall contribution that a simplified approach, neglecting transports, cutting waste and 

additional materials leads to a different rating of various components than a detailed assessment 

would do." (p. 825, [9]) Nevertheless, the paper observes that under certain conditions the trans-

portation processes to the building site can still have a comparably large influence on the LCA 

results (e.g. for heavy materials that travel long distances like reinforcing steel) and should there-

fore be included, while building processes and cutting waste have such small influences on the 

results for all five building elements that they may as well be omitted. In their paper, differences 

in the LCA results of 15 to 30% occur for the simplified LCA in comparison to the comprehensive 

LCA. The paper concludes that it is certainly not feasible to draw general conclusions from the 
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analysis of only five very different building elements. However, the findings expressed are sup-

portive of approaches to simplify building LCAs of Rossi et al. [10] and Zabalza Bribián et al. [11]. 

They each introduce a different simplified LCA tool for buildings, which calculates the embodied 

energy and embodied carbon emissions as well as the operational energy and operational carbon 

emissions. Table 1.1 illustrates the similarities and differences in their approaches, categorised 

according to the life stages, as proclaimed by the forthcoming European CEN/TC 350 standard. 

Zabalza Bribián et al. on the one hand suggest excluding all processes of the construction process 

stage as well as all processes of the end-of-life stage and including only the processes from the 

product stage and the operational energy use during the use stage. Rossi et al. on the other hand 

recommend including also transport processes to and from the building site, indirectly including 

replacement of building elements by applying a flat augmentation of 5% for every 10 years on 

the final LCA result and considering the deconstruction and recycling / re-use of metal (steel).

As opposed to Zabalza Bribián et al., who introduce their approach without comparing the sim-

plified LCA results to the possible results of a full LCA, Rossi et al. present a case study [12] on 

* Zabalza Bribián et al.   ** Rossi et al.  
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which their basic tool is applied and compare the results of their simplified LCA to the results 

gained from a comprehensive LCA with a professional LCA software solution for buildings (Equer 

[13]). They come to the conclusion that "The basic tool and Equer software give similar results 

regarding operational carbon and operational energy ... with a relative difference that doesn't 

exceed 17.4%." (p. 400, [10]) However, the results for the embodied energy and embodied carbon 

differ significantly, by a maximum of a 125% for the two LCA tools. The authors explain this 

large difference in the results by the fact that each LCA tool uses different input data for calcu-

lations and addresses the recycling of steel in different ways. They suggest that their basic LCA 

tool be applied to the pre-design phase of buildings, while admitting that further improvement of 

the tool is desirable in order to provide more accurate results.

In conclusion it can be stated that a difference in the results of a simplified and a comprehen-

sive LCA of 15% to 30% appears to be acceptable as long as the qualitative assignment of both 

results has the same definite direction, e.g. when displaying the impact of each building element 

in comparison to the others. However, as the presented studies apply their simplification strat-

egies to a very small building sample, it is impossible to derive general conclusions from their 

findings. Consequently, examining different simplification strategies and their possible combina-

tions in more detail and testing them against the reliability and definite direction of the results 

obtained appears to be a desirable approach to the prototypical conception of reliable strategies 

for a simplified building LCA procedure. In order to procure results that can be generalised, it is 

preferable that a larger sample of buildings is examined, comprised of one specific building type 

(e.g. apartment buildings) so as to maximise the informative value of the LCA results. Further-

more, before being able to omit certain building elements or materials for simplification purposes, 

it is crucial to provide a thorough compilation of all parameters that need to be considered in a 

comprehensive building LCA and to use this as a basis for further analysis to assure intelligible 

simplification. 

1.4 Approach and structure of this dissertation

Prototypically developing a reliable and simple approach for the comparative LCAs of Swiss 

apartment buildings requires an assessment of possible strategies. Thus, as a first step, a compre-

hensive, comparative LCA is conducted for a sample of 12 individual newly built Swiss apartment 

buildings, with the objective of identifying the building elements, materials and life phases which 

are most relevant in terms of the overall environmental impact of the buildings. Based on the 

results, possible strategies for simplification are evaluated for each individual building ("phase 1" 

strategies). As a second step, a new approach to LCA modelling is introduced by means of sort-

ing individual buildings into groups of buildings that share certain similarities in their attributes 
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and determining "typical" buildings from within these groups. For these "typical" buildings, the 

most relevant building elements, construction materials and life phases are identified. This allows 

for a superordinate level of simplification ("phase 2" strategies). Additionally, the LCA results, 

as represented by different environmental impact categories and indicators, are compared to each 

other in order to identify those indicators which could prospectively enable a further simplifica-

tion in the assessment of LCA results.  

The dissertation consists of twelve chapters. The introduction is followed by basic information 

on LCA of buildings in chapter 2 to provide a better understanding of the procedures, categories 

and indicators applied to the evaluation of the environmental impact of buildings. This chapter 

also includes an overview of the relevant, existing literature on and tools for conducting a compre-

hensive building LCA. The aim and objectives of this thesis are presented in chapter 3, followed 

by the hypothesis and the leading research questions in chapter 4. The applied methodology is 

described in chapter 5 and in chapter 6 the infrastructure (html user form, project website and 

database structure) which was created exclusively for the effective acquisition of building data 

for a larger building sample is introduced. The specific characteristics of the individual buildings 

from the collected sample are presented in chapter 7. Chapter 8 provides detailed information 

about the comprehensive LCAs conducted for the 12 individual apartment buildings of the sam-

ple, designating the most relevant building elements, materials and life phases for different impact 

categories and indicators. Based on these findings suggestions for "phase 1" simplification strate-

gies in the LCAs conducted on individual apartment buildings are made in chapter 9. Chapter 10 

presents the new approach towards the identification of "typical" buildings from the sample by 

applying statistical cluster analysis and provides the LCA results for these "typical" buildings, 

determining their most relevant building elements, materials and life phases for different impact 

categories and indicators. These findings lead to suggestions for possible "phase 2" simplifica-

tion strategies in chapter 11 that can be applied to "typical" apartment buildings rather than 

individual ones. Chapter 12 offers a critical discussion of the presented simplification strategies, 

followed by a visionary outlook and conclusion. In Appendix A, all building parameters which 

have been inquired about in the course of the data collection process are listed in English and 

German translation. In Appendix B, relevant background information on the calculations made 

in the LCAs is presented in detail, so as to allow for a thorough understanding of the underlying 

causal connections between the LCA procedure and the gained results. 





8 � ✁✂✄☎✆✄✝ ✞☎✟✠ ✡☛✆☞✠ ✌✄✄✠✄✄✍✠✎✏ ✑✞✡✌✒ ✓✟ ✔✕☎☞✖☎✎✗✄

When conducting a building LCA, the term "product system" naturally refers to the building 

that is to be analysed and the "inputs" and "outputs" correspond to, on the one hand, the re-

sources (natural resources, materials and energy) required for material production, construction, 

replacement, use / operation and deconstruction / end-of-life phases of a building and on the 

other hand, the caused emissions to air, water and ground as well as solid waste. Usually, the 

whole building life cycle "from cradle to grave" is considered for a comprehensive building LCA. 

Figure 2.2 illustrates three different levels of detail (material-level, building element level and 

building level) that can be addressed, depending on the goal and scope of the LCA study. On the 

✘☎✗✙ �✙�✝ ✞✠✚✠☞✄ ✓✟ ✖✠✏✂☎☞✝ ✔✕☎☞✖☎✎✗✛ ✔✕☎☞✖☎✎✗ ✠☞✠✍✠✎✏✛ ✍✂✏✠✜☎✂☞
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material level, the inputs and outputs of a specific construction material may be of special interest 

and be compared to possible alternative materials so as to allow for general advice on the mate-

rial choice. On the building element level, the combination and interplay of different materials is 

the focal point (e.g. for material replacement optimisation within a certain building element that 

is composed of a variation of materials with a different durability and lifetime). On the much 

more complex building level, the interplay of the building elements in the context of the overall 

building design is of interest, alongside the energy demand for building operation (e.g. energy for 

heating, domestic hot water and ventilation). On this level of detail, superordinate aspects like 

the compactness or energy standard of a building can have a strong influence on the LCA results 

as they directly affect the surface area of the building envelope and thus the amount of material 

used for the building construction or the energy demand during the operation phase. Addition-

ally, preparatory work on the building site (i.e. mass excavation, backfill and foundation) as well 

as transportation of the materials to the building site (construction and replacement phase) and 

transport to the disposal facility (deconstruction / end-of-life phase) might be considered in a 

comprehensive building LCA.

✘✙✘ ✚✛✜ ✢✣✤✥✦✧★✣✦

The LCA procedure is comprised of four main consecutive steps as shown in Figure 2.3. The first 

one is the "Goal and scope definition" which is followed by the "Inventory analysis" and the "Im-

pact assessment", before the final "Interpretation" concludes the LCA procedure. The directly 

opposed arrows in Figure 2.3 indicate that iterative adaptations of certain assumptions or even 

the general setup of the LCA study might be necessary during any stage of the LCA procedure 

in order to better meet the goal and scope of the LCA framework. 

The LCA procedure can help architects and planners in the decision making process. As the pre-

liminary design stage offers the best opportunity for optimising the later environmental perfor-

mance of a building, LCAs should be applied as early as possible in order to consider alternatives 

(not only for the construction phase but for the whole building life cycle) and to enable the best 

possible choices for an individual building project. Clearly, the information density concerning 

material and energy flows of a complex product system like a building is rather low at the be-

ginning of the planning process. Figure 2.4, taken from Pulli [14], illustrates a strategy that can 

help overcome this problem by implementing a hierarchic system structure in the preliminary 

design stage, thus allowing rough estimates at the beginning and adding detailed information 

at a later point. This approach is especially interesting in the Swiss building context since the 

Swiss Research Centre for Rationalisation in Building and Civil Engineering (CRB) developed a 

classification catalogue called eBKP-H [15] for Switzerland, which distinguishes different levels of 
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detail for the standardised calculation of construction costs of buildings. It divides them into main 

groups on the building level (preparatory works, building construction, building installations etc.) 

that comprise element groups (e.g. foundation), which consist of different elements (e.g. flat foun-

dation) that are made of certain materials (e.g. concrete). The hierarchy of eBKP-H allows the 

architect and planner a high degree of flexibility in the application of these four levels of detail 

with regard to the state of the planning progress. As this structure is already well established it 

is convenient to apply it for the structuring of the data collection process in building LCAs. The 

level of detail of the material and energy flow analysis can thus also be adapted with the increase 

of the available information density. Another advantage is the fact that the reference units used 

for eBKP-H (e.g. m2 or m3) can be easily transformed into the unit that is needed for the flow 

analysis of the LCA (e.g. kg). Furthermore, a well-structured approach to building LCA allows 

for a straight-forward goal and scope definition within the LCA framework.
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At the beginning, the goal and scope of the study is defined in order to determine where the sys-

tem boundary for the LCA is to be set and to elicit which product shall be analysed and respec-

tively what processes shall be included in the LCA study. During this first step, the functional 

unit has to be determined. This is the unit that defines the specific function(s) that a product 

system has to fulfil during its entire life and to which all inputs and outputs of the inventory 

analysis and impact assessment results of the LCA refer. Additionally, the choice of impact cat-

egories and indicators is addressed alongside the initial assumptions and limitations of the study 

and the source and quality of the data used for the analysis.

For the comparative assessment of buildings, this first step requires a thorough consideration of 

the extent of the LCA study. The determination of the system boundary, allocation method, func-

tional unit, data quality, assumptions and impact indicators can have an especially huge influence 

on the LCA results. As each building will be seen as an individual system, comparative LCA 

studies need to have a scope that allows the comparison of those individual systems by means of 

applying the same system boundary, functional unit etc. to all of the buildings and reporting any 

differences between the individual systems with regard to these aspects.

Fig. 2.4:  LCA structure for buildings depending on the available density of information (taken from p. 6, [14]
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Choice of system boundary

The system boundary helps to illustrate the scope of an LCA study and to clarify the general 

LCA modelling approach. Determining which processes shall be included and which ones omitted 

in the life cycle model of a building is a crucial step. For instance, by including only certain as-

pects (e.g. only the main constructive elements) in the system boundary, different results can be 

expected than from a very detailed building LCA. The system boundary is best expressed through 

a diagram, which helps to demonstrate the LCA approach.

 

Choice of allocation method

When modelling a particular process or product system in LCA, it might be necessary to partition 

the input and / or output flows between the product system under study and one or even more 

other product systems. This partitioning procedure is understood as allocation in LCA [4]. During 

the production phase of a product, allocation is required in cases where more than one product 

is resulting from a certain process (combined production) and where it is therefore important 

to assign each of the products a certain share of the overall environmental load. But allocation 

can also be essential for the end-of-life modelling of a product if recycling of intermediate or dis-

carded products and their (re-)use as raw materials is involved. There are various approaches for 

allocation which each lead to differences in the LCA results. Possible allocation approaches are 

for instance a mass / volume based allocation or an economic allocation. ISO 14044 [5] gives an 

overview of the general principles of allocation in LCA and different allocation methods.

✘✙✚✛✜✢✜✣✛ ✣✤ ✤✥✛✦✢✜✣✛✧★ ✥✛✜✢

As described in the ISO standards, the functional unit "defines the quantification of the identi-

fied functions (performance characteristics) of the product" (p. 23, [4]). Different alternatives in 

the definition of this function can not only lead to significantly different results, but also exacer-

bate the comparability of the assessment and its findings in relation to other LCA studies. If for 

instance the LCA results refer to the functional unit of "one building" which shall meet certain 

requirements in its performance (e.g. a specific surface area, energy standard, level of noise pro-

tection or the like), a relative comparison with other buildings might be more complicated (due to 

the individual nature of each building) than if a more universal functional unit is chosen like "1 

m2 of floor area" or "1 m2 of energy reference area". In a comparative LCA, the system function 

must always be comparable for all buildings within the sample. The chosen functional unit can 

also either consolidate or weaken the results and assertions of a study. LCA results which refer 

to 1 m2 of floor area will usually display a lower numeric value than the ones which refer to 1 m2 

of energy reference area, as the energy reference area corresponds to the heated floor space and 
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therefore typically contributes only a certain amount to the overall floor area. Thus, the higher 

environmental impact results, as displayed for the functional unit of 1 m2 energy reference area, 

might look less appealing than the lower ones for 1 m2 floor area, when trying to stress the posi-

tive environmental performance of a building. 

Data requirements and quality

The proper choice of life cycle inventory data is also essential and should be determined in the 

course of the goal and scope definition to meet the defined requirements of the study. The data 

quality influences the depth and detail of the whole LCA study. Suitable data can be obtained 

from professional life cycle inventory databases, like Ecoinvent [16] (for general data on material 

and energy processes), from open-source information like for example the LCIA list provided by 

the Swiss Coordination of Federal Building and Real Estate Authorities KBOB [17] (for data 

on a selection of building materials, building installations, energy and transport processes) and 

from environmental product declarations type III according to ISO 14025 [18] (for specific build-

ing products). Also, individual primary data may be collected and used for an LCA study. It is 

however advisable to use data from a reliable data source, which provides a high level of data 

transparency, especially when the results of the LCA are to be published. More information on 

data sources for LCA of buildings is presented in chapter 2.4.

Assumptions and limitations

Furthermore, the assumptions that are made in the course of an LCA study need to be defined 

and well documented. For instance, the determined lifetime of a building and its associated build-

ing elements can affect the LCA results significantly. For example, in a static LCA model (which 

assumes that the boundary conditions for the replacement of materials and the annual energy de-

mand will remain the same over the years) an assumed building lifetime of 30 years will naturally 

lead to a higher relative influence of the construction phase in comparison to the replacement 

and operation phase than a lifetime of 60 or 120 years would do. And the shorter the anticipated 

lifetime of the building elements and materials is, the more frequently they need to be replaced 

during the building's lifetime, which consequently leads to an overall higher environmental im-

pact in the LCA results. As LCA modelling of buildings can vary with each individual study, a 

critical discussion of the limitations in the LCA setup and the assumptions made is important in 

order to help the reader understand that the LCA results of one specific study are only valid in 

their particular context and should not be seen as absolute values. 
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Impact categories and indicators

Another possible way to strengthen the results is the sensible choice of impact categories and 

indicators for the impact assessment phase, which can help support the goal and scope of a study. 

As the different environmental impact indicators are especially varied in their individual weight-

ing of the categories, it is possible to improve the LCA results by simply comparing different 

indicator results in advance and communicating only those ones that best match the predication 

of the LCA study.

 

The above mentioned examples illustrate how many possibilities there are already in the goal and 

scope definition phase that allow for the influencing of the direction and results of an LCA study 

in advance. It is therefore important to perceive that the LCA framework provided by the ISO 

standards 14040 and 14044 offers only a guideline which still leaves ample room for interpreta-

tion, especially in the building context. Hence, responsible handling of the various options for 

manipulation in building LCAs is indispensable in order to derive reliable results, which are as 

objective as possible. 

✘✙✘✙✘ ✚✛✜✢ ✣✤✣✥✢ ✛✦✧✢✦★✩✪✤ ✫✦✫✥✤✬✛✬ ✭✚✮✯✰

Once the goal and scope of the study is defined, the following step is the life cycle inventory 

analysis (LCI), where a life cycle model is created. This model includes all relevant input (raw 

materials, energy) and output flows (solid waste, emissions) for the studied product (Figure 2.3). 

For all in- and output flows, appropriate inventory data needs to be procured in order to meet the 

data requirements and quality as defined in the goal and scope definition. For an LCA of build-

ings, at this point, the assumptions which were made about the building's lifetime and the build-

ing element and material properties (e.g. density, frequency of replacement etc.) are taken into 

account in the mass and energy balance. Usually the life cycle model depicts the entire life cycle 

of a product, from manufacture to disposal. Consequently, the result is a long list of all in- and 

output streams of a product system (i.e. all resource consumption and caused emission). Since 

an interpretation of that list in terms of identifying the environmental impact of the product is 

rather difficult (especially when analysing a product system as complex as a building), a further 

step is inevitable: Life cycle impact assessment (LCIA) which is introduced in the following sec-

tion. However, having gathered all LCI information, it is already feasible during the LCI phase 

to assess the required primary energy content /cumulative energy demand / embodied energy 

demand of a building throughout its lifetime. Those input related indicators each have a slightly 

different focus and are defined as follows:
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and characterisation of the LCI results designate the life cycle impact assessment. In this step, 

the in- and output resulting from the LCI phase are sorted and assigned to environmental impact 

categories such as climate change, stratospheric ozone depletion, photo-oxidant formation, abiotic 

depletion, human toxicity, ecotoxicity, acidification and eutrophication. Each impact category is 

represented by means of equivalents of a certain substance (for instance [kg CO
2
 eq] representing 

the impact category climate change). All emission-relevant substances (for climate change this 

would be carbon dioxide (CO
2
), methane (CH

4
), fluorochlorinated hydrocarbons (CFCs) etc.) are 

weighted by certain characterisation factors and then added to the final equivalent value. There 

is a selection of impact categories and corresponding potentials which are typically utilised [22] in 

building LCAs (see figure 2.5). They are defined as follows: 

Climate change -> Global warming potential (GWP) [kg CO
2
 eq]

The impact category "climate change" refers to the global warming potential, which is linked to 

the anthropogenic emissions of greenhouse gases (e.g. CO
2
, CH

4
, CFCs) and their effects on the 

atmosphere. Greenhouse gases are characterised by their capacity to absorb infrared radiation, 

causing the atmosphere to heat. This greenhouse effect is caused to a varying extent by differ-

ent greenhouse gases. As CO
2
 has the lowest effect in comparison to other greenhouse gases, it 

has been chosen as the reference unit of GWP. Thus, for each greenhouse gas, its effect on the 

absorption of infrared radiation in the atmosphere is expressed as a relative equivalent to the ef-

fect that is caused by 1 kg of CO
2
. The characterisation model for GWP has been established by 

the UN Intergovernmental Panel on Climate Change (IPCC) [23], [24], [25]. A detailed list of the 

characterisation factors of the various greenhouse gases and of different life spans (20 years, 100 

years and 500 years) can be found in the publication by the Centrum Milieukunde Leiden in the 

Netherlands (CML) [26].

Ozone depletion -> Ozone depletion potential (ODP) [kg CFC-11 eq]

The ozone depletion potential indicates the thinning of the ozone layer within the stratosphere. 

The ozone layer is responsible for filtering about 99% of the sun's ultraviolet radiation.  Thinning 

of the ozone layer leads to dangerous amounts of UV radiation entering the atmosphere and caus-

ing damage to human health (e.g. skin damage). Especially chlorinated substances like fluorochlo-

rinated hydrocarbons (CFCs) have been identified as harmful to the stratospheric ozone layer. 

The reference unit of the ODP is 1 kg CFC-11 eq. This means that the effects of other relevant 

substances causing ozone depletion (e.g. halon or HCFC) are expressed as relative equivalents to 

the effect of 1 kg of CFC-11 (trichlorofluoromethane). Details of the ODP characterisation model 

have been published by the World Meteorological Organisation in Geneva, Switzerland [27], [28] 
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and the characterisation factors are listed in the publication of CML [26].

Photo-oxidant formation -> Photochemical ozone creation potential (POCP) [kg C
2
H

4
 eq]

Photo-oxidants (especially the photo-oxidant ozone) are often referred to as photochemical smog 

(widely known as "summer smog"). They consist of aggressive pollutants which, under the in-

fluence of sunlight, arise in the lower atmosphere from substances like nitrogen oxides NO
x
 or 

hydrocarbons. High concentrations of photochemical smog have a toxic influence on the human 

health (e.g on the respiratory system). The photochemical ozone creation potential (POCP) refers 

to the effect of the substance ethane (C
2
H

4
) on the photo-oxidant formation. The effects of other 

substances (like NO
x
, formaldehyde etc.) are expressed as relative equivalents to the effect of 1 kg 

of C
2
H

4
. Information on the characterisation factors of POCP has been published by the Centrum 

Milieukunde Leiden in the Netherlands CML [26].  

✘✙✚✛✚✜✙✢✣✚✤✥ ✦✧ ✘✙✚✛✚✜✙✢✣✚✤✥ ★✤✣✩✥✣✚✢✪ ✫✘✬✭ ✮✯✰ ✱✲
2
 eq]

The environmental issue of ecosystem damage through soil and water acidification, which is 

caused by the transformation of certain air pollutants like sulphur dioxide (SO
2
) or nitrogen ox-

ides (NO
x
) to acids ("acid rain"), is addressed by the acidification potential (AP). The respective 
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air pollutants typically originate from the incineration of fossil fuels like oil or coal and induce a 

decrease in the pH-value of rainwater and fog which, for instance, results in dying forests or cor-

rosive damages on building materials like natural stone or metals. The reference unit of the AP is 

1 kg SO
2
 eq. The effects of other acidifying substances (e.g. ammonia NH

3
 or nitrogen oxides NO

x
) 

are expressed as relative equivalents to the effect of 1 kg of SO
2
 (sulphur dioxide). Characterisa-

tion factors for the different substances are available from CML [26].

Eutrophication -> Eutrophication potential (EP) [kg PO
4

3- eq]

Eutrophication of soil and water is caused by certain air pollutants like nitrogen oxides (NO
x
) as 

well as by nutrients in wastewater and agricultural fertilisers (e.g. nitrate (NO3-) and phosphate 

(PO
4

3-)). A surplus of nutrients leads, for example, to algae growth and fish dying in the water, 

while the eutrophication of the soil weakens plants so that their resistance to disease is decreased. 

A nitrate accumulation in ground water and potable water has another bad effect, as the nitrate 

reacts chemically to form human-toxic nitrite. The eutrophication potential is expressed as phos-

phate equivalents. The eutrophication potential of other substances is consequentially expressed 

as relative equivalents to the effect of 1 kg of PO
4

3-. The EP characterisation factors are available 

from the Centrum Milieukunde Leiden in the Netherlands CML [26]. 

CML also published characterisation factors for the impact categories depletion of abiotic re-

sources, land use, human toxicity and ecotoxicity. For further details on those categories and 

their impact potential and characterisation factors see [26]. 

There are also various environmental impact assessment methods, which each perform a specific 

normalisation and weighting of the individual environmental impact categories and display the 

results as environmental impact indicators. The two very varied indicators utilised for the com-

prehensive LCA in this thesis are ReCiPe [29] and Ecological Scarcity (UBP 06) [30], [31]. They 

are introduced in the following section.

ReCiPe 

The standardised LCIA method ReCiPe was developed in the Netherlands in 2008 to enable bet-

ter interpretation of the results from the life cycle inventory analysis, using harmonised category 

indicators for normalisation. For this purpose, the methods of the most commonly used existing 

impact categories and indicators (CML [26], Eco-Indicator 99 [32]) were combined in ReCiPe in 

an attempt to create an improved method which combines the advantages of the different meth-

ods in one indicator. ReCiPe addresses two different levels: The midpoint level (which includes 

18 different impact categories) and the endpoint-level (which consists of three major categories 
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Green building standards and rating systems

Standards and rating systems prescribe practices for reducing the environmental impact of build-

ings. The Swiss Association of Engineers and Architects SIA issued several recommendations and 

green building standards in this context. SIA 112/1 [33] recommends strategies for the sustain-

able construction of buildings while SIA 380/1 [34] provides guidance for the calculation of the 

energetic performance of a building, and SIA 2032 [21] gives insight on the assessment of a build-

ing's embodied energy and embodied carbon emissions. For the preliminary design phase, the SIA 

tool SNARC [35] was developed to enable a comparison and rough estimate of the sustainability 

performance of buildings. Additionally, a Swiss building certification system was established 

(MINERGIE-ECO [36], [37]) which awards newly built and refurbished sustainable buildings.

Tools for evaluating building materials and building elements

Life cycle inventory (LCI) databases and software have been developed to assist building profes-

sionals in their choice of building materials and components. The Swiss Coordination of Federal 

Building and Real Estate Authorities KBOB issued a list of freely available life cycle inventory 

data [17] of the most important building materials as well as for transportation, energy and build-

ing installations. This list is based on detailed data provided by the internationally accredited 

Swiss commercial LCI database Ecoinvent [16]. Furthermore, an online software tool has been 

developed for architects and planners ("Elektronischer Bauteilkatalog" [38]), covering LCA in-

formation on a variety of different building elements and thus allowing building professionals to 

compare the life cycle impact of a selection of materials and components. The Swiss Research 

Centre for Rationalisation in Building and Civil Engineering (CRB) issued a set of typical build-

ing elements with prices and appurtenant ecological performance information [39]. 

LCA software solutions

The overall building performance depends on the interactions between individual building ele-

ments (forming the building envelope), the occupants (determining the annual building energy 

demand) and the natural environment (affecting, for instance, possible active and passive energy 

strategies). For modelling a comprehensive building LCA, commercial life cycle assessment soft-

ware (e.g. SimaPro [40], GaBi [41], Umberto [42]) can be used. There is also an open source LCA 

software solution available, called Open LCA [43]. All of these software solutions either already 

include the aforementioned Ecoinvent database [16] or have the option of embedding it. These 

software tools are thus not restricted to LCA of buildings. Instead, any other product system can 

be modeled. A specific building LCA software tool that seeks to assess the overall building design, 

while also taking into account life cycle cost, is LEGEP [44].
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The presented tools each have their specific functions. The green building standards provide 

the planner with various general recommendations on how to improve the environmental per-

formance of a building and the certification systems award and label those planners (and their 

buildings) that were capable of transferring the good advice into building practice. The tools for 

assessing building materials and elements range from rough to very detailed and allow for an esti-

mation and comparison of different solutions depending on the individual scope of the assessment. 

General LCA software and software for building LCA can be utilised to model a whole building 

lifecycle, using extensive lifecycle inventory databases. This approach to building LCA however is 

very complex and time consuming. What is missing so far, are strategies for reliably attesting the 

environmental impact of a building while simplifying the procedure for building LCA. 

2.5 Existing literature on comparative LCA of apartment buildings

* The intention behind conducting a literature review on existing comparative LCAs for apart-

ment buildings was to clarify the state of the art methods and findings in the field within Europe. 

As this study aims particularly at comparing a larger sample of buildings, only existing LCA 

studies with a sample of at least four newly built apartment buildings were taken into considera-

tion for comparison. Additionally, only studies which have been carried out since the year 2000 

were selected, so that they represent the state of the art in building LCA for each of the European 

countries involved. These constraints limited the number of suitable studies significantly.

The aim of the literature review was to identify similarities and differences in the building pa-

rameters that were analysed, so as to compile a complete list of possible parameters for consistent 

data gathering (see Table 2.2). Also, variations in system boundaries, functional units and the 

use of environmental impact indicators were compared, along with the findings and results of 

the studies. Table 2.1 gives an overview of the LCA studies selected for comparison. Not only do 

all of them apply different functional units, but they also choose different goals and scopes for 

their analysis. Adalberth [45] aims to identify the life cycle phase with the highest environmental 

impact, in due consideration of different building constructions and energy mixes, while Matasci 

[46] analyses and compares a set of buildings to assess which life phases and factors require par-

ticular consideration in order to reduce the buildings' environmental impact. Nemry and Uihlein 

[47] focus on the analysis of the environmental improvement potentials of residential buildings 

in the EU-25 countries, and Passer [48] works on the identification of the most relevant building 

criteria (e.g. operation, construction works) for LCAs of apartment buildings. Although the stud-

ies utilise different inventory databases, investigate varying material and energy flows and use 

varied environmental impact categories and indicators for the LCA, there are certain similarities 

* The content of chapter 2.5 has been published in [58].
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                  LCA study                 
Parameters  

  Energy Use and 
Environmental 
Impact of New 

Residential  
Buildings  

  Life Cycle  
Assessment of 

21 buildings 

  Environmental 
Improvement 
Potentials of 
Residential 
Buildings 

  Zur Bewertung 
der umwelt-
bezogenen 
Qualität von 
Gebäuden 

Author  K. Adalberth  C. Matasci  F. Nemry, A. 
Uihlein 

 A. Passer 

Year  2000  2006  2008  2010 

Functional Unit  1 m² 
of usable floor 

area  

 1 m²  
of gross  

building area 
(Brutto-

Grundfläche, 
BGF) 

 ‘use’ of 1 m²  
living area over 

the period of one 
year 

 1 m²  
of net building  
area (Netto-
Grundfläche,  

NGF) 

Life Cycle Inventory data  LCA Tool of the 
Danish Building 

Research  
Institute, using 

various  
inventory  

datasets from 
different sources 

 Ecoinvent  
database  

(v. 1.1  
and v. 1.2)  
with unitary  
inventory  
datasets 

  GaBi 4 database        
[LBP & PE 2007] 

 Ecoinvent  
database  
(v. 2.1)               

with unitary  
inventory  
datasets 

         

General building information 
              

Building location  Sweden  Germany  EU  Austria 
Type of building  Residential: new 

apartment  
buildings (all built 

in 1996)

 Residential: new 
apartment 

buildings (built 
in 1989 - 1995) 

 Residential: new 
apartment  

buildings (built 
since 2006) 

 Residential: new 
apartment  

buildings (built in 
2004 and 2008) 

Number of apartment 
buildings 

 4  4  8  5 

Number of  
accommodation units 

 6, 8, 16, 15  16, 15, 6, 9  -  10, 12, 12, 17, 
15 

Type of construction  massive or  
lightweight  

constructions 

 massive  
constructions 

 massive or  
lightweight 

constructions 

 massive or  
lightweight 

constructions 

Building life span   50 years   80 years   40 years   80 years 

in the results. All four studies come to the conclusion that for their set of buildings, the occupa-

tion phase accounts for the highest environmental impact, followed by the construction phase. 

However, Adalberth discovered no significant difference in the results when comparing massive 

and lightweight structures, while Nemry and Uihlein suggest using wood as a substitute for prod-

ucts like concrete, reinforced concrete and brick for improvements in the LCA results. Nemry and 

Uihlein also detect that for the construction phase, exterior walls, basement and floors play an 

important role in terms of total primary energy (PE), while in the use phase, heating energy has 

the highest influence on total PE and environmental impact categories. Passer discovered that 

Tab. 2.1:  Literature review: Comparison of existing LCA studies (published in [58])
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Building construction phase 

 

Transportation Transportation of materials to the building site 
Preparatory work Excavation, basement and foundation 
Building envelope Floors and ceilings, outer and inner walls, roofs, 

windows and outer doors 
Building installations Heating, ventilation, electrical and sanitary installations 

Building use / operation phase 

 

Energy demand Energy for heating  
 Energy for mechanical ventilation 
 Electricity for lighting and household appliances 
Refurbishment Replacement of building materials / elements 

Building deconstruction phase, end-of-life  

 

Transportation Transportation of materials to the disposal facility 
Disposal Demolition waste management 
 
 

Refurbishment waste management 

Tab. 2.2:  Literature review: List of possible building parameters as used in existing LCA studies (published in [58])

with improved building energy standards, the influence of the occupation phase decreases while 

the importance of the construction phase increases for both massive and lightweight structures.

The list of all building parameters used in at least one of the studies is shown in Table 2.2. For the 

research of this dissertation, all of those parameters will be included in a comprehensive LCA in 

order to depict the apartment buildings in the most detailed way possible. This approach allows 

for the generation of a broad basis for the identification of the most relevant building parameters 

and for the derivation of reliable simplification strategies for LCAs of buildings.
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rior perspective through the identifi-

cation of "typical" buildings from the 

sample and presenting simplification 

strategies for those "typical" build-

ings and their most relevant building 

parameters.

Further information on the applica-

tion and results of each step of this 

methodology is provided in the fol-

lowing chapters, describing how data 

from a larger sample of individual 

newly built Swiss apartment build-

ings is collected (chapters 6 and 7) 

and how this sample of individual 
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Fig. 5.1: Methodological approach
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6.3 Database structure

An extensive structure for a MySQL database was programmed and connected to the html user 

form, facilitating the immediate storage of the collected building data. Any information that was 

entered in the user form was automatically saved to this database. The database structure itself 

was created using the software tool "Dendroid" by futureLAB. This tool was developed for the 

Swiss Research Centre for Rationalisation in Building and Civil Engineering (CRB) and allows 

for the individual creation of database structures with an intuitive dendroid texture. Figure 6.3 

shows a screenshot of the software and the designed tree-structure for the database within it. The 

tool also allows easy administration of the database contents in an intuitive way, which is of great 

advantage in the handling of an extensive data volume. The database structure of this study has 

been designed in a logical way, looking, for instance, at the building elements as the parts that 

help construct a building. Therefore, the class "Building_lca" contains the classes of the building 

elements. In order to better illustrate the underlying structure of the designed database, Figure 

6.4 shows a detailed UML (Unified Modelling Language) class diagram with all the building pa-

rameters about which the user form inquires and displaying the classes with their attributes and 

the relationships between these individual classes. The UML terms presented in Figure 6.4 should 

be understood as follows:

Fig. 6.1: Website Fig. 6.2: Html user form for data acquisition
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Class

The classes in this diagram each represent a 

certain characteristic with several attributes. 

Each class is depicted as a rectangle that con-

tains a top compartment with the name of the 

class and a bottom compartment with a list of 

all the class's attributes. For example, the class 

"Project_lca" is the superordinate class within 

this structure. It has the attributes "lca_pro-

jectName", "lca_password" and "lca_agree-

ment". The data type of each attribute is also 

specified there. For instance, "string" attributes 

consist of text data, "int" attributes represent 

numeric integer data, and "double" attributes 

include numeric data with two decimal places. 

Abstract class

An abstract class is a base class with an incomplete declaration, as it represents a group of specific 

subclasses. It defines the basic characteristics of those subclasses without already implementing 

them in practice. In this UML diagram, "Component_lca" is one such abstract class. It represents 

for example the classes "Floor_lca" and "Ceiling_lca" and is linked to the classes "Layers_lca" 

and "Area_lca". The classes "Floor_lca" and "Ceiling_lca" therefore inherit the predefined links 

from the abstract class "Component_lca".

Association

An association represents a relationship between different classes. Associations which are depicted 

as an open arrow are uni-directional. The arrow indicates that of two related classes only one 

knows that the relationship between the classes exists. For instance, the class "Area_lca" is asso-

ciated with different classification sets (the surface areas are classified according to SIA 416 [49], 

SIA 380/1 [34] and EKG by CRB).

Generalisation

Generalisation is an association between two classes, one inheriting all of its instances from the 

other. For example, the classes "Outer_wall_lca" and "Inner_wall_lca" both inherit the attributes 

of class "Wall_lca".

Fig. 6.3: Dendroid database structure
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Aggregation

Aggregation is a special type of association. The associated classes have a different status: one 

contains the other. The class next to the rhombus contains the other class. For example, the class 

"Building_lca" consists of the classes "Excavation_lca" and "Backfill_lca". But the connection is 

not as strong as that of a composition.

Composition

Compositions represent an aggregation so strong that the contained classes cannot exist with-

out the containing class. An example is the relationship between the classes "Building_lca" and 

"Component_BuildingEnvelope_lca". The latter depends strongly on the existence of the class 

"Building_lca". In other words, it wouldn't make any sense to collect data on the building enve-

lope of a building that doesn't exist.

In the following chapter, the characteristics of the apartment buildings from the collected sample 

are presented.
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Unfortunately, it was impossible to derive the missing information from what was present so that 

in the end only 12 apartment buildings were analysed. 

The building sample under examination is composed of five massive, five medium weight and two 

lightweight timber buildings (as categorised by the Swiss standard SIA 380/1 [34]). The number 

of accommodation units ranges from 2 to 132, and the sizes of the buildings' energy reference area 

cover a spectrum from 350 m2 to 20 400 m2. All of the buildings are situated in the northern to 

central part of Switzerland as displayed in the map in Figure 7.1. Table 7.1 gives an overview 

of the basic information on the sample (the buildings are ordered by the number of their accom-

modation units). The initial construction cost numbers in the table refer to the BKP structure by 

the Swiss Research Centre for Rationalisation in Building and Civil Engineering (CRB), where 

BKP 21 and 22 cover the initial building construction costs and BKP 24 the initial costs for the 

installations of the heating and ventilation system (for further details see Appendix A, p. A4 ff). 

The materials for the main construction parts of the buildings range from reinforced concrete, to 

different kinds of brickwork, to steel, timber and derived timber products. There is also a variety 

of insulation materials utilised within the sample. Figure 7.2 and 7.3 provide an overview of the 

amount of construction and insulation materials for each individual building. The information 

given takes into account construction as well as replacement of the building elements during a 

lifetime of 60 years. On the left-hand side, the total weight of each material is shown in the unit 

of tons [t], while on the right-hand side, the same weight is converted to the unit of kilograms per 

m2 of energy reference area and 1 year of building lifetime [kg/m2a]. The denominator of this unit 

represents the defined functional unit of this LCA study (see chapter 8.1.3 for more details about 

the functional unit). In order to give an overview of the individual characteristics of each build-

mfh05: 

mfh01:     

mfh07: 

mfh11: 

mfh10:

mfh12: 

mfh08: 

mfh04: 

mfh09:  

mfh06:  

mfh03:  

mfh02:  

20400.00
12430.00
13441.00

2966.00
1120.00
1170.00
1121.90
622.20
510.10
408.00
374.00
350.40

Number of accommod. units 

(type of construction)

(medium weight)
(massive)
(massive)
(massive)
(massive)
(medium weight)
(medium weight)
(massive)
(medium weight)
(lightweight)
(lightweight)
(medium weight)

132
111
89
22
10
10

6
4
4
3
3
2

Energy reference 

area A
E
 [m2]:

Roof shape

flat
flat
flat
flat

sloping
flat
flat

sloping
sloping

flat
flat

sloping

Initial construction cost 

BKP 21 + 22 [CHF/m2]*

899.99
952.82

-
-

1511.05
1354.97
1404.26
1447.17
1511.29
2746.27
2012.99
2507.39

Building envelope

number A
th
/A

E

0.88
1.05
0.78
0.96
1.38
1.36
1.39
1.46
1.49
1.81
1.95
1.84

* m2 = energy reference area A
E

Initial construction cost 

BKP 24 [CHF/m2]*

172.61
228.86

-
-

183.03
173.02
198.95
250.97
232.87
186.27
315.83
267.84

Tab. 7.1:  Overview of the basic building characteristics
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ing, detailed building profiles can be found on the following pages. These profiles provide general 

information about the buildings, as well as a detailed list of all building elements (material layers, 

thickness of layers), preparatory work, building installations and annual energy demand. Addi-

tionally, a graph illustrates the initial construction costs of each building according to the BKP 

cost structure. The different energy standards of the buildings are defined as follows:  

SIA 380/1 (ed. 2007)

In this standard [50], limits and target values for the annual energy demand of buildings are de-

fined, which must not be exceeded. These limits are defined depending on the building envelope 

number, which is the ratio of the thermal building envelope surface and the energy reference area 

(A
th
/A

E
). For apartment buildings, this number may not exceed 1.3. The critical value for the 

annual energy demand of newly built apartment buildings is set to 197 MJ/m2 of energy refer-

ence area for heating (Q
h
) and 75 MJ/m2 for domestic hot water heating (Q

ww
). Alternatively, the 

standard is met if the U-values of all building elements and heat bridges comply with the specified 

limits and target values as defined in the standard. The building mfh04 matches this standard. 

Mark: The latest update of the standard (ed. 2009) operates with an improved critical energy 

value for the heating energy demand of 140 MJ/m2 instead of 197 MJ/m2. The different MIN-

ERGIE standards (as described in the following section) refer to this latest edition of SIA 380/1. 

MINERGIE

MINERGIE [36] is a Swiss registered trade mark and a certified voluntary building standard. The 

heating energy demand of a MINERGIE certified building may not exceed 90% of the critical 

value for the annual energy demand Q
h
 defined in SIA 380/1 (ed. 2009 [34]), i.e. the critical value 

of MINERGIE for the annual heating energy demand equals 126 MJ/m2 of energy reference area. 

In order to meet this requirement various measures must be taken: The building envelope has to 

be air tight and well insulated with about 20-25 cm of insulation material. Heat bridges have to 

be avoided and additionally, a comfort ventilation system is applied. The buildings mfh01, mfh07 

and mfh10 have been MINERGIE certified. 

MINERGIE-P

This standard demands a better energetic building performance than the MINERGIE standard. 

Buildings with a MINERGIE-P certificate may have an annual heating energy demand of no 

more than 60% of the critical value for Q
h, li

 defined in SIA 380/1 (ed. 2009) (-> 84 MJ/m2) or no 

more than 54 MJ per m2 of energy reference area. Typically, an insulation thickness of 25-35 cm 

is necessary in order to meet these requirements. Building mfh03 meets this standard.
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MINERGIE-ECO

The MINERGIE as well as the MINERGIE-P standard can be extended with an ECO label. In 

order to acquire this label, certain ecological requirements need to be fulfilled (e.g. concerning 

indoor air quality, recyclability of materials, noise protection and others) in addition to the regu-

lar MINERGIE and MINERGIE-P demands. The building mfh02 fulfils the requirements of the 

MINERGIE-ECO standard, but it is not certified. The buildings mfh05, mfh06, mfh08, mfh09, 

mfh11 and mfh12 all claim to meet the MINERGIE-P-ECO standard, although not all of them 

have been certified.

Due to the fact that the collected building data had to be treated partly confidential, the build-

ing profiles in chapter 7.1 refrain from communicating the exact site of the buildings or providing 

additional background information like photographs and floor plans etc. For the same reason, all 

cost information is given only in relation to the energy reference area. Nevertheless, any required 

information for commenting on the results obtained in the comparative LCA of the buildings is, of 

course, provided and can be found in the building profiles in chapter 7.1 and in the LCA model-

ling details in chapter 8 and in Appendix B. 

�✁✂ ✄☎✆✝✞✆✟✠ ✡☛☞✌✝✍✎

On the following pages, detailed profiles of each building are introduced in order to give an im-

pression of the differences and similarities of the buildings and to provide the basic necessary 

background information which is needed for the comparative building LCA as presented in chap-

ter 8. Mark that the caption of each one of the cost charts is always presented on the page which 

succeeds the page that contains the chart.





































































76 8 LCA for a sample of 12 individual newly built Swiss apartment buildings

8.1.1 System boundary

The system boundary for this LCA study is displayed in Figure 8.1. It comprises the material and 

energy input of all building parameters which have been identified in the course of the literature 

review (see Table 2.2) and their corresponding outputs of waste and emissions to the environ-

ment. Explicitly excluded from the list of investigated processes are craftsman works such as 

construction and maintenance works on site, cleaning services and demolition works, as well as 

additional construction (e.g. staircases) or furnishing parts, offcuts of materials and energy use on 

site. For the modelling of this comparative building LCA, the professional LCA software SimaPro 
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Fig. 8.1: System boundary for this LCA study (published in [58]) 
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[40] is used (version 7.3.0) with the implemented LCI database Ecoinvent (version 2.2) [16].

✚✛✜✛✢ ✣✤✤✥✦✧★✩✥✪ ✫✬★✭✥✮

Detailed information regarding the individual allocation assumptions for each material process 

can be taken from the Ecoinvent reports [16], as they are already implemented in the life-cycle 

inventory data of the Ecoinvent database. The applied allocation method for end-of-life in this 

study is "cut-off", meaning that all environmental loads which are caused by a specific product 

are directly assigned to that product.

✚✛✜✛✯ ✰✱✪✦★✩✥✪✧✤ ✱✪✩★

The functional unit which has been chosen for this LCA study is 1m2 of energy reference area per 

1 year lifetime of a newly built (as of 2006) Swiss apartment building. All input and output flows 

of the Life Cycle Inventory Analysis, as well as all results of the Impact Assessment refer to this 

unit. The specifications are as follows:

Energy reference area

The energy reference area (EBF or A
E
) is defined in the Swiss standards SIA 380/1 [34] and 

416/1 [51] respectively as the sum of all floor spaces (above ground and underground) that require 

heating and / or cooling. It is genuinely utilised by architects and planners as a reference unit 

for calculations of the annual energy demand of a building (i.e. [MJ of annual energy demand/

m2]). 1 m2 of energy reference area being implemented as functional unit for an LCA study thus 

facilitates the comprehensible comparison of operational energy demand and emissions with the 

embodied energy and emissions of a building. Additionally, variations in the individual floor sizes 

of the buildings are partly levelled out by this approach. 

Lifetime

The presumed lifetime of the buildings is 60 years and corresponds to the service life of the main 

construction of residential buildings as specified by a variety of publications and tools that have 

been established in recent years for the Swiss building industry ([21], [35], [38]). The functional 

unit takes into account one year in this 60-year lifetime. 

Newly built Swiss apartment building

All buildings from the sample were erected between 2006 and 2012. Due to the fact that the basic 

regulatory framework for these construction years is the same for all buildings in the sample, it 
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is anticipated that each of the buildings meets the state-of-the-art constructive requirements for 

Switzerland (e.g. concerning static structure, fire and noise protection levels, thermal comfort 

etc.), as demanded by the Swiss building regulations provided by SIA [52]. This implies that 

the general functional comparability of each building within the sample is granted, regardless of 

possible variations in the usage of construction materials. The energy standards of the buildings, 

however, may differ significantly and, therefore, supplementary information about the energetic 

performance and the heating system of each building needs to be communicated, as well as the 

functional unit, so as to account for differences caused by individual amounts of insulation ma-

terial and the use of particular systems and energy sources for building operation. In order to 

account for differences in the overall building size the thermal building envelope surface A
th
 can 

be considered. A
th
 is also defined in the standard SIA 416/1 [51] and represents the sum of all 

envelope surfaces that enclose the heated and / or cooled floor space, thus allowing one to deduce 

volume-specific building information, to which the LCA results can be related. Furthermore, the 

thermal building envelope surface in relation to the energy reference area (A
th
/A

E
) displays the 

compactness of the building. All of this supplementary information can be useful for setting the 

LCA results, which are expressed by the functional unit, into a comprehensible context and thus 

help compare the 12 individual building systems. 

✚✛✜✛✢ ✣✤✥✤ ✦✧★✩✪✦✧✫✧✬✥✭ ✤✬✮ ✮✤✥✤ ★✩✤✯✪✥✰

The dependability of the LCA results of this study relies to a great extent on the quality of the 

building data collected. The building data has been obtained through a third-party data col-

lection process in the course of which the contributing architects and planners stated they had 

provided all input data to the best of their knowledge. Additionally, a constant quality check was 

conducted in order to identify possible shortcomings of the given information wherever feasible. 

Nevertheless, slight uncertainty in the quality of the data cannot be completely ruled out, despite 

the fact that great efforts were undertaken to minimise inadequacies. This should be kept in mind 

when communicating the LCA results. 

In order to procure LCA results that are as reliable as possible, a dependable source for the uti-

lised life cycle inventory data is required. Extensive inventory datasets for all the utilised building 

materials as well as energy and transport processes are provided by the internationally renowned 

Swiss Ecoinvent database [16]. Due to its excellent reputation for data quality and transparency, 

this database was considered eligible for meeting the quality standards of this study. Addition-

ally, information from the Swiss information leaflet SIA 2032 was applied (for the processes of 

electrical and sanitary installations as well as for the ventilation system). The LCA results for 

these three processes are available at bauteilkatalog.ch [38] for different impact indicators. 
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✚✛✜✛✢ ✣✤✤✥✦✧★✩✪✫✤

A number of consistent assumptions had to be made in the course of the LCA modelling of the 12 

apartment buildings from the sample. They are documented thoroughly in Appendix B, alongside 

the modelling details for the LCA software SimaPro. The purpose of this documentation is trans-

parency on all information that is required for placing the final LCA results in the appropriate 

context. Assumptions were made on:

Information gaps in the collected data

For some material layers within a building element the thickness could not be determined from 

the collected data, so that either an educated guess had to be made or the thickness of the mate-

rial had to be deducted from another building element for which information was available and 

where this material served the same function. For instance the thickness of the vapour barrier was 

often not specified, so that the necessary information was derived from other building elements 

within the sample that provided this information. 

Data on the preparatory works (excavation, backfill and foundation) could not be obtained for 

every building. In order to minimise uncertainties in the LCA results, making assumptions about 

this missing data was ruled out. Therefore, LCA results for these processes are presented only 

where the collected data allows for it.

Density of materials

For the LCI modelling of the material inputs, the amounts of most materials within the building 

elements, which had been specified in the html user form, required a conversion from meter square 

[m2] to the equivalent to cubic metres [m3] or kilograms [kg], as these are the typical material units 

utilised in the database Ecoinvent, from which the life cycle inventory data was taken. Therefore, 

unified assumptions about the density of the materials had to be made, based on reliable sources.

The lifetime of building materials

Concerning the lifetime of the materials within the building elements, assumptions were made 

based on the service life information provided by bauteilkatalog.ch [38], which is in turn based 

upon publications provided for the Swiss building practice (as presented in chapter 2.4). The ba-

sic assumption in this context is that all static construction materials (i.e. the main building con-

struction parts) endure the whole building lifetime of 60 years, as it can be reasonably assumed 

that the building as a product system ceases to exist without its main construction. All other 

materials, however, are naturally subject to regular replacement cycles throughout the building's 
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lifetime. In general, replacement is anticipated to be required after 30 years, whereas for some 

materials it can even be 40 years. Some components of the heating installations need replacing 

after only 20 years. The lifetime of a replaceable material is also dependent on its position within 

the building element and can thus differ significantly from its general service life. For example, if 

an insulation material or sealing is placed beneath the construction material of the floor slab, it 

cannot be replaced during the building's lifetime, although it might have a general service life of 

30 years. Consequently, the service life of such a material has to be the same as that of the main 

construction. 

The end-of-life of the building materials

In general, it was presumed for this study that the building materials are going to final disposal 

at the end of their lives. However, some materials are an exception to this rule, as no processes of 

final disposal were available in Ecoinvent. Paper and rubber for example go to municipal incin-

eration instead. Excavation and backfill are declared as inert waste and consequently go to inert 

material landfill (see Appendix B for more details).

Transportation distances

The transportation of the materials to the disposal facility is already included in the Ecoinvent 

disposal processes. However, assumptions had to be made with regard to transportation of the 

materials to the building site during the construction and replacement phase. It was presumed, 

that locally available material travels a distance of 50 km from the production site to the building 

site, whereas all material that is not locally available travels about 200 km. As building materials 

are usually delivered to the building site by lorry, the outward and return journeys of the lorry 

were included in the calculation. These rather high transportation distances have been set in order 

to avoid an underestimation of the transportation load. Moreover, as the LCA results in chapter 

8.3 show, the assumptions made about the transportation processes bear only a small potential 

for uncertainty in this context, as transport has a comparably low influence on the overall results. 

Household electricity consumption

Household electricity consumption is not directly related to a building's performance, but to its 

inhabitants' behaviour. Due to the fact that there was no specific consumption data available 

for the buildings, a typical value for Swiss apartment buildings was applied to help calculate the 

household electricity consumption for each individual building. This typical value was taken from 

the paper of Nipkow et al. [53]. The paper states that in a household with 2 people, the annual 

consumption of household electricity equals 3 500 kWh (= 12 600 MJ), including general electric-
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ity consumption as well as electricity consumption for lighting and for household appliances. 

Thus, for the 12 apartment buildings, it was anticipated that the mean number of people per 

accommodation unit is two, presuming that those households which are inhabited by a larger 

number of people are levelled out by the single households. For each apartment building, the 

given value was multiplied by the number of accommodation units and the result was then di-

vided by the energy reference area of the same building, so that the resulting value referred to 

the functional unit.

✚✛✜✛✢ ✣✤✥✦✧★ ✧✦★✩✪✫✬✭✩✮ ✦✯✰ ✭✤✥✦✧★ ✭✯✰✭✧✦★✫✬✮

In order to cover all the different facets of the environmental impact of the 12 buildings for this 

study, the indicators Cumulative Energy Demand (CED) [19], the Non-renewable embodied and 

operational energy [21] , the Embodied and operational emissions, as well as the impact indicators 

ReCiPe and Ecological Scarcity (UBP 06) are utilised. While CED and Non-renewable embodied 

and operational energy refer exclusively to the input-related energy flows, ReCiPe and UBP 06 

display variations in the assessment and weighting of different impact categories and their re-

sults. One important category is climate change, describing the global warming potential of the 

building. It is expressed by the Embodied and operational emissions. The applied indicators and 

their impact categories are described in the chapters 2.2.2 and 2.2.3. The results are presented in 

chapter 8.2.2. and 8.3.1 to 8.3.3. In chapter 8.4.3, the differences and similarities of the results of 

the different indicators are outlined.

✚✛✱ ✲✭✳✩ ✧✴✧✵✩ ✭✯✶✩✯★✫✬✴ ✦✯✦✵✴✮✭✮ ✷✲✸✣✹

In accordance with the goal and scope definition, the life cycle model of the buildings is specified 

and modelled with the LCA software SimaPro version 7.3.0. The life cycle inventory data which 

is used for the implementation of material, energy and transport processes is taken from the LCI 

database Ecoinvent version 2.2. Additional information on sanitary, electrical and ventilation 

installations is provided by SIA 2032 and bauteilkatalog.ch respectively (see chapter 8.1.4) and 

not modelled with SimaPro. All details of the modelling of the buildings in SimaPro are provided 

in Appendix B. The input and output flows that need consideration for the life cycle inventory 

analysis are presented in chapter 8.2.1. Since an interpretation of the extensive list of all input 

and output flows is not feasible, as already stated in chapter 2.2, procurement of the list is con-

sciously avoided in this chapter. Instead, in chapters 8.2.2 and 8.2.3 the results for the indicators 

Cumulative Energy Demand CED and Non-renewable embodied and operational energy of the 

buildings are produced. However, the results are only discussed later, in chapter 8.4.
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As stated in chapter 2.2.3, the life cycle impact assessment phase of an LCA has the purpose 

of describing the relative environmental impact of the buildings in a clearly structured way, by 

means of converting the input and output flow information from the life cycle inventory analysis 

phase to various impact categories that quantitatively address aspects of resource use, human 

health and ecological consequences. This procedure is also referred to as "classification and char-

acterisation of results". Environmental impact indicators then apply an additional normalisation 

and weighting to the different categories.

The results of the life cycle impact assessment of each apartment building from the sample are 

presented in the three following subchapters. Chapter 8.3.1 shows the embodied and operational 

CO
2
 equivalent emissions (Global Warming Potential GWP 100a), while chapters 8.3.2 and 8.3.3 

display the results of the environmental impact indicators ReCiPe and Ecological Scarcity. A 

discussion of the results is presented in chapter 8.4.
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The embodied and operational equivalent CO
2
 emissions of the 12 apartment buildings are shown 

in the charts of figure 8.9 to 8.12. They have been assessed using the global warming potential 

GWP 100a (referring to a time horizon of 100 years for the emissions) [25]. The pie chart above 

each bar chart indicates the percentage of building elements, building installations and building 

operation respectively. Take note that the household electricity use is again excluded from the 

charts as it is a user-specific rather than a building specific value. The associated household elec-

tricity results are instead presented in Table 8.2. Figure 8.13 gives the percentage of each building 

element (and transportation) of the 12 buildings. The influence of the different life phases of the 

building is addressed in Figure 8.14.
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In chapter 2.2.3 it has already been mentioned that Ecological Scarcity (UBP 06) [30], [31] is not 

an environmental impact indicator that meets the requirements of the LCA standards ISO 14040 

and 14044. Nevertheless, as it is an indicator which is usually applied for Swiss LCA studies, Eco-

logical Scarcity results shall be displayed in this study as well. The results of characterisation and 

weighting are presented in the Figures 8.39 to 8.50. The household electricity results are shown in 

Table 8.3 and the influence of the different life phases of the buildings is displayed in Figure 8.51.
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It can be stated that the LCA results for the 12 individual apartment buildings display a strong 

variance, which emphasizes the uniqueness of each building. There are buildings with low em-

bodied but high operational energy / emissions (e.g. mfh05) and others with high embodied and 

low operational energy / emissions (e.g. mfh02, mfh06), and in between there are variations of 

the two extremes. It is therefore challenging to draw universally valid implications from a com-

parison of the buildings. Nevertheless, some interesting observations can be made. For instance, 

the LCA results of the individual apartment buildings imply that the type of construction does 

not necessarily allow for general conclusions about the environmental performance of a build-
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ing. Instead, lightweight, medium-weight and massive constructions all display a similar range 

of possible embodied energy and emissions (see Figures 8.8 and 8.14). It can furthermore be 

observed that the combination of construction and insulation materials contributes a major part 

to the environmental impact of the building elements. Another observation is that a high energy 

standard does not seem to automatically guarantee good LCA results. Even buildings that fulfil 

the ecological motivated standard MINERGIE-ECO or MINERGIE-P-ECO do not necessarily 

have a lower overall environmental impact, as can be seen in the Figures 8.8 and 8.14. Another 

interesting consideration is that when comparing the initial construction costs to the embodied 

energy of the building elements, the utilisation of materials with a low embodied energy appears 

to correlate to low initial construction costs in most of the buildings (see Figure 8.52). Of course, 

there is always a certain price range for building products and materials on the market and typi-

cally market prices do not reflect expenditure of energy and resources but rather respond to laws 

of supply and demand. And yet, there seems to be a trend for this building sample, indicating a 

certain relation of low cost and low embodied energy. 

For this building sample, household electricity apparently is a determining factor, while the relative 
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Type of construction

Most influential 

building elements

★✩✪✪✫✬✭ ★✭✮✫✯★

✰✭✫✱✲✳

✴✫✱✲✳-
✰✭✫✱✲✳

roof 
✵✭✫✴✫✶✱✪

✰✫✶✮✷✰s

✰✩✴✴✪ ✭

✵✭✫✴✫✶✱✪

✸ ✹oof

roof
✰✫✶✮✷✰s

floor

roof
✵✭✫✴✫✶✱✪

✰✩✴✴✪ ✭

floor
✵✭✫✴✫✶✱✪

✸ ✰✩✴✴✪ ✫

roof
✵✭✫✴✫✶✱✪

✸ ✰✩✴✴✪ ✭

✵✭✫✴✫✶✱✪

✰✫✶✮✷✰s
floor

✰✩✴✴✪ ✭

✵✭✫✴✫✶✱✪

✰✫✶✮✷✰s

✵✭✫✴✫✶✱✪

✰✩✴✴✪ ✫

✰✫✶✮✷✰s

roofs
✵✭✫✴✫✶✱✪

✰✩✴✴✪ ✭

✵✭✫✴✫✶✱✪

✰✩✴✴✪ ✭

roof

✰✩✴✴✪ ✫

✵✭✫✴✫✶✱✪

✰✫✶✮✷✰s

★✩✪✪✫✬✭ ★✭✮✫✯★
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✴✫✱✲✳-
✰✭✫✱✲✳

★✩✪✪✫✬✭ ★✭✮✫✯★

✰✭✫✱✲✳

★✩✪✪✫✬✭ ★✭✮✫✯★

✰✭✫✱✲✳

★✭✮✫✯★

✰✭✫✱✲✳

★✩✪✪✫✬✭

952.82

CHF/m²

2507.39

CHF/m²
2012.99

CHF/m²

1447.17

CHF/m²
899.99

CHF/m²

2746.27

CHF/m²

1404.26

CHF/m²

1511.29

CHF/m²

1511.05

CHF/m²
1354.97

CHF/m²

✺✷✶✪✳✹✯✵✳✫✷n
✻✭✼✴✩✵✭★✭✶✳

✽✭✵✷✶✪✳✹✯✵✳✫✷n

✾✶✫✳✫✩✴ ✵✷✶✪✳✹✯✵✳✫✷✶

✵✷✪✳ ✿❀❁ ✦✤ ❂ ✦✦

❃✹✩✶✪✼✷✹✳✩✳✫✷✶ ❄✺❂✻❅
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Internal wall

constr. 

surface per A
E
 

[m2/m2]

0.85
1.54
0.60
0.55
1.23
0.55
0.65
0.80
2.82
0.77
0.69
3.55

mfh01

mfh02

mfh03

mfh04

mfh05

mfh06

mfh07

mfh08

mfh09

mfh10

mfh11

mfh12

Roof

constr. 

surface per A
E
 

[m2/m2]

0.25
0.81
0.52
0.43
0.09
1.46
0.16
0.50
0.28
0.37
0.24
0.29

External wall

constr. 

surface per A
E
 

[m2/m2]

0.32
1.80
0.50
0.52
0.14
1.33
0.22
0.66
0.66
0.98
0.46
0.42

Ceiling

constr. 

surface per A
E
 

[m2/m2]

1.13
1.56
0.71
0.88
0.30
1.23
0.99
0.83
0.93
0.83
0.71
0.75

dition, the rather large assumptions made about transport distances, must be considered. Besides, 

the LCA results suggest that the input of installation processes are not necessarily considered, as 

they contribute little to the overall results (an exception to this rule is the result of the indicator 

Ecological Scarcity for electrical installations, which is comparably high). 

✚✛✜✛✢ ✣✤✥✦ ✧★✩★✪✫✬✦ ✭✮✯✩✰✯✬✱ ★✩★✲★✬✦✥

As a general statement, the relevance of a building element in the context of overall environ-

mental impact varies with each individual building. While in some buildings the windows can 

be neglected, in others the floors or the internal walls are comparably insignificant. The building 

elements that account for the negligibly smaller part of the environmental impact of all 12 build-

ings are exterior doors and columns. This is mainly due to the fact that these elements occur very 

seldom in the buildings and therefore contain only small amounts of material. 

Building elements that typically contribute a comparably large part to the overall building im-

pact during the whole building lifecycle are ceilings and roofs. Also the external and internal walls 

can have a comparably large influence for some buildings. Nevertheless, the ratio of the overall 

construction surface area of a single building element to the energy reference area does not auto-

matically stand for the element's significance in terms of environmental impact, as can be seen in 

Table 8.4. For instance, the ratios of the ceilings vary hugely within the whole building sample 

and still the ceilings are highly influential over the whole building lifecycle of each building (as 

indicated by the green dots in the table) and equally for each one of the applied environmental 

impact indicators. It is also observed that the comparison of the ratios of different building ele-

ments within the same building does not allow conclusions about the significance of a specific 

and absolute influence of the energy demand 

for heating, domestic hot water and ventila-

tion on the impact of the buildings differs to 

a great extent. Furthermore, the influence of 

preparatory works is obviously negligible for 

this building sample. The transportation of 

building materials to the building site is also 

relatively insignificant, especially when con-

sidering the fact that this process contains 

the transport related flows of all building el-

ements, meaning that the specific transport 

load for each building element represents a 

considerably smaller part of the whole. In ad-
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building element. For example, for mfh01 the ratio of the internal walls is rather high in compari-

son to the ratio of the roofs, and yet the influence of the roofs on the LCA results is far higher. 

The table displays the ratios for the ceilings, external and internal walls and roofs. The green dots 

in this table indicate the particularly high significance of a building element. 

In the following section, the most influential building elements in terms of environmental impact 

are presented for each individual building, along with the materials which contribute most sig-

nificantly to the results (compare Figures 8.2, 8.7, 8.13 and 8.15 - 8.50).

mfh01

The most relevant building elements here are ceilings and roofs. On the material level, the main 

contributors to this result are the reinforced concrete of the main construction and the insulation 

of polystyrene. Additionally, wherever sanitary ceramics are used in the ceiling build-up, they can 

be identified as having a significantly high impact on the result of these ceilings. Concerning the 

roofs, the natural stone plates as well as the polyethylene products and the glass foam insulation 

add a comparably high impact to the results.

mfh02

External walls, ceilings and roofs contribute the larger part of the overall impact of the building 

elements. The materials which mainly account for this result are in general the log wood panel 

construction in combination with fibre board and laminated board. Furthermore, the external 

wall construction parts that are made of reinforced concrete and the insulation of polystyrene are 

important. The fibre cement roof slates need to be mentioned as well. 

mfh03

The building elements which are most relevant for this building are the roofs, windows and floors. 

The materials most meaningful in this context are the main timber construction, in combination 

with the insulation of mineral wool, and the polyethylene products for the roofs. For the floors, 

reinforced concrete and foam glass insulation are the main contributors. 

mfh04

Roof and ceilings are the most significant building elements for this building. The main contribut-

ing materials to the roof are reinforced concrete, polyurethane insulation, synthetic rubber, poly-

ethylene products and natural stone plates. For the ceilings, reinforced concrete and polystyrene 

insulation are of particular relevance. 
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mfh05

The most relevant building elements are floors, internal walls and ceilings. The most influential 

materials in this context are reinforced concrete and mastic asphalt on floor level, reinforced con-

crete, brick, sand-lime brick and timber on internal wall level, and reinforced concrete and rock 

wool on ceiling level.

mfh06

Roofs, ceilings and external walls are the most influential building elements. On the material 

level, the most important contributors to the roofs are reinforced concrete, the box beam element 

and polyethylene products. The impact of the ceilings is mainly caused by reinforced concrete and 

timber for the main construction and polyurethane and rock wool insulation. The most relevant 

materials of the external walls are reinforced concrete, timber, oriented strand board and fibre 

cement.

mfh07

The building elements which are most relevant are ceilings, floors and windows. The materials 

which are most relevant in the ceilings and floors are reinforced concrete and polyurethane insu-

lation.

mfh08

External walls, ceilings and windows are the most influential building elements. With regard to 

external walls, reinforced concrete, polystyrene insulation and fibre board are particularly rel-

evant materials. For the ceilings, reinforced concrete, polystyrene insulation and timber are most 

notable.

mfh09

Ceilings and internal walls are most influential for this building. On the material level of the ceil-

ings, timber construction and polystyrene insulation are most relevant. Reinforced concrete and 

three-layered laminated board are the main contributors to the impact of the internal walls.

mfh10

The most notable building elements are the roofs, the ceilings and the external walls. Regarding 

the materials for the roofs, the roof covering of titanium zinc has a major influence on the results. 

Apart from that, reinforced concrete needs to be mentioned as another main contributor to the 
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roofs as well as to the ceilings and external walls. For the results of the ceilings and external walls, 

the polystyrene insulation is also relevant. Furthermore, sand-lime brick and rock wool insulation 

have a major influence on the results of the external walls.

mfh11

Ceilings, external walls and roofs are the most influential building elements. With regard to the 

ceiling materials, sanitary ceramics, reinforced concrete and polystyrene insulation contribute the 

major part. The impact of the external walls is mainly due to polystyrene insulation, reinforced 

concrete and brick, while the most relevant materials of the roofs are polyurethane insulation, 

reinforced concrete and bitumen sealing.

mfh12

The building elements which are most relevant for this building are the internal walls and the 

ceilings. Particle board, reinforced concrete and rock wool are the main contributors to the im-

pact of the internal walls. Glued laminated timber and reinforced concrete are the most relevant 

materials of the ceilings.

✚✛✜✛✢ ✣✤✥✦ ✧★✩★✪✫✬✦ ✭✮✯✩✰✯✬✱ ✩✯✲★ ✳✴✫✥★✥

The life phases of the buildings that were assessed and compared are the construction, replace-

ment and disposal phases of the building elements / materials and installations as well as the use 

phase (annual energy demand for heating, domestic hot water and ventilation). While for the 

building elements construction, replacement and disposal are examined separately, this was not 

feasible for the components of the building installations, as for these processes only one combined 

value of all life phases was present (see information on the utilised data for these processes in 

chapter 8.1.4 and in the sources [21], [38]). This is why for each installation process only one value 

is presented (for instance in the charts in Figures 8.8 and 8.14). The two most relevant life phases 

of each building are listed below:

mfh01

CED: 1. Use phase, 2. Construction phase

Non-renewable embodied and operational energy: 1. Use phase, 2. Construction phase

Embodied and operational emissions (GWP 100a): 1. Construction phase, 2. Use phase

ReCiPe: 1. Use phase, 2. Construction phase

Ecological Scarcity: 1. Use phase, 2. Construction phase
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mfh02

CED: 1. Use phase, 2. Construction phase

Non-renewable embodied and operational energy: 1. Construction phase, 2. Replacement phase

Embodied and operational emissions (GWP 100a): 1. Construction phase, 2. Replacement phase 

ReCiPe: 1. Construction phase, 2. Use phase

Ecological Scarcity: Use phase, 2. Construction phase

mfh03

CED: 1. Use phase, 2. Construction phase

Non-renewable embodied and operational energy: 1. Use phase, 2. Construction phase

Embodied and operational emissions (GWP 100a): 1. Construction phase, 2. Replacement phase

ReCiPe: 1. Construction phase, 2. Replacement phase

Ecological Scarcity: 1. Use phase, 2. Construction phase

mfh04

CED: 1. Use phase, 2. Construction phase

Non-renewable embodied and operational energy: 1. Use phase, 2. Construction phase

Embodied and operational emissions (GWP 100a): 1. Use phase, 2. Construction phase

ReCiPe: 1. Use phase, 2. Construction phase

Ecological Scarcity: 1. Use phase, 2. Construction phase

mfh05

CED: 1. Use phase, 2. Construction phase

Non-renewable embodied and operational energy: 1. Use phase, 2. Construction phase

Embodied and operational emissions (GWP 100a): 1. Construction phase, 2. Use phase

ReCiPe: 1. Use phase, 2. Construction phase

Ecological Scarcity: 1. Use phase, 2. Construction phase

mfh06

CED: 1. Construction phase, 2. Replacement phase

Non-renewable embodied and operational energy: 1. Construction phase, 2. Replacement phase

Embodied and operational emissions (GWP 100a): 1. Use phase, 2. Construction phase

ReCiPe: 1. Construction phase, 2. Use phase

Ecological Scarcity: 1. Construction phase, 2. Use phase
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mfh07

CED: 1. Use phase, 2. Construction phase

Non-renewable embodied and operational energy: 1. Use phase, 2. Construction phase

Embodied and operational emissions (GWP 100a): 1. Use phase, 2. Construction phase

ReCiPe: 1. Use phase, 2. Construction phase

Ecological Scarcity: 1. Use phase, 2. Construction phase

mfh08

CED: 1. Use phase, 2. Construction phase

Non-renewable embodied and operational energy: 1. Use phase, 2. Construction phase

Embodied and operational emissions (GWP 100a): 1. Construction phase, 2. Use phase

ReCiPe: 1. Use phase, 2. Construction phase

Ecological Scarcity: 1. Use phase, 2. Construction phase

mfh09

CED: 1. Use phase, 2. Construction phase

Non-renewable embodied and operational energy: 1. Use phase, 2. Construction phase

Embodied and operational emissions (GWP 100a): 1. Construction phase, 2. Replacement phase

ReCiPe: 1. Construction phase, 2. Replacement phase

Ecological Scarcity: 1. Use phase, 2. Construction phase

mfh10

CED: 1. Use phase, 2. Construction phase

Non-renewable embodied and operational energy: 1. Use phase, 2. Construction phase

Embodied and operational emissions (GWP 100a): 1. Use phase, 2. Construction phase

ReCiPe: 1. Use phase, 2. Construction phase

Ecological Scarcity: 1. Use phase, 2. Construction phase

mfh11

CED: 1. Use phase, 2. Construction phase

Non-renewable embodied and operational energy: 1. Use phase, 2. Construction phase

Embodied and operational emissions (GWP 100a): 1. Construction phase, 2. Use phase

ReCiPe: 1. Construction phase, 2. Use phase

Ecological Scarcity: 1. Use phase, 2. Construction phase
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polyethylene products

The interpretation presented in chapter 8.4.1 implies that by taking into account only the materi-

als of the main construction in combination with insulation materials and polyethylene products, 

a sensible simplification of the building elements is derived. The results of this approach are how-

ever less reliable than an evaluation of the complete building elements due to the fact that other 

potentially significant materials (e.g. roof covering of titanium zinc) are disregarded. Neverthe-

less, this strategy leads to satisfactory results, while at the same time reducing the effort of the 

life cycle inventory analysis to a great extent. 

✴✙ ✚✛✜✢✢✜✣✤ ✥✦ ✧★✥✩✪✫✫✪✫ ✬ ✜✣✩✭✮✯✜✣✤ ✥✣✭✰ ✢✲✪ ✛✥✫✢ ★✪✭✪✵✱✣✢ ✭✜✦✪ ✧✲✱✫✪✫

For an assumed building lifetime of 60 years, the three most relevant life phases are the use phase, 

the construction phase and the replacement phase. The individual impact of each of these life 

phases varies with the different characteristics of each building as can be seen in the Figures 8.7 

and 8.13. However, no significant simplification improvement with regard to the LCA procedure 

can be expected from this approach, as only the deconstruction / end-of-life phase of the build-

ings is eliminated.

✶✙ ✷✧✧✭✜✩✱✢✜✥✣ ✥✦ ✫✪✭✪✩✢✪✯ ✜✛✧✱✩✢ ✩✱✢✪✤✥★✜✪✫ ✱✣✯ ✜✣✯✜✩✱✢✥★✫

As the LCA results of all indicators display a similar trend, a suitable simplification strategy is 

to communicate only the results of the two most widely utilised ones: Non-renewable embodied 

and operational energy and embodied and operational carbon emissions. This strategy is already 

favoured by existing approaches to simplify building LCA as mentioned in chapter 1. The findings 

from the analysis of the 12 buildings from this sample are supportive of this approach.

✸✙ ✴✥✛✹✜✣✪✯ ✫✢★✱✢✪✤✜✪✫

A combination of the suggested strategies offers different possible solutions which range from a 

high degree of simplification and a low degree of reliability to a low degree of simplification and a 

high degree of reliability. Combined strategies which represent a relatively balanced composition 

of the two extremes are:
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A relatively high degree of simplification and a medium degree of reliability can be achieved by 

including only the material expenses for construction, insulation and polyethylene products of 

the most relevant building elements alongside the most relevant building parameters during the 

use, construction and replacement phase of a building and displaying the results with the two 

preferred indicators. 
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The assessment of the most relevant building parameters during the construction, replacement 

and use phases with the two preferred indicators provides a high degree of reliability but only a 

medium degree of simplification with regard to the LCA procedure.
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the building raw data operational for cluster analysis, it must be prepared in such a way that 

enables it to express the distances of the individual variable values. For this purpose, two steps 

of data pre-processing are required: variable transformation and standardisation. 

✚✛✜✚✜✚ ✢✣✤✥✦✧★ ✩✧✪✥✧✫★✬ ✭✣ ✦✮✤✬✪✥✯✧★ ✩✧✪✥✧✫★✬ ✭✪✧✦✰✱✣✪✤✧✭✥✣✦

The raw building data, which has been provided by architects and planners, consists of numerical 

(numbers) as well as nominal (words) variables. In order to enable mathematical and statistical 

data processing, as a first step the nominal information needs to be converted to numerical data. 
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For the data sample of this study, this is achieved by means of two different methods, depending 

on the function of the variables. If for instance the options of a nominal variable follow an order of 

precedence (e.g. from "low" to "high"), a numerical ordinal ranking can be applied to each nomi-

nal variable option. Table 10.1 shows the result of this method for the transformation of the data 

variable "Energy Standard" from a nominal to a numerical value. As presented in the table, the 

energy standards are sorted in an order, beginning with the "lowest" standard "SIA 380/1" and 

concluding with the "highest" standard, which is "MINERGIE-P-ECO". The assigned numbers 

are also sorted in an order from 1 to 5. Table 10.2 shows the resulting Euclidean distance matrix 

for the different Energy standards, computed by the following equation:

Nominal value

Numerical value

SIA 380/1

1

MINERGIE

2

MINERGIE-

ECO

3

MINERGIE-P

4

MINERGIE-P-

ECO

5

When comparing the Euclidean distance of the energy standards "MINERGIE-P-ECO" and 

"MINERGIE-P" d
4,5

 = 1 to the distance of "MINERGIE-P-ECO" and "MINERGIE-ECO d
3,5

 = 2,

Table 10.2 indicates that "MINERGIE-P-ECO" is closer to "MINERGIE-P" than to "MIN-

ERGIE-ECO" d
4,5

 < d
3,5

 . Regarding the given definitions of the different energy standards (see 

chapter 7), this result is reasonable. Take note that if the ordinal ranking for this variable was 

applied from the "highest" to the "lowest" energy standard instead, a different distance matrix 

would naturally be the result. Since the later cluster analysis is based on the Euclidian squared 

distance, the nominal to numerical conversion has a strong impact on the cluster result and thus 

the assignment has to be conducted carefully.

For nominal data variables which cannot be sorted in a reasonable order, the aforementioned 
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conversion method is not applicable. In this 

case, a method for data conversion without 

ranking must be applied instead. This is 

achieved by applying equal distances to each 

variable value. The data variable "External 

Wall Construction", for instance, is a type of 

variable that requires equal distances. Possi-

ble values that this variable can take on are 

"wood", "reinforced concrete", "masonry", 

(1)dij = (v i vj )
2
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"clay", "metal", "natural stone", and "other". The following conversion scheme is suitable for 

this variable: The nominal variable is converted to a "binary" variable with 1 digits, where N 

is the number of possible discrete values this variable can take on. Each digit can have the value 

"0" or "1". For the variable "External wall construction", the number of possible variable values 

is N = 7 which leads to 7 1 = 6 required digits for the binary display of these values. The result 

of this conversion approach is presented in Table 10.3.

The Euclidean distance is then computed according to the following expression:
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The distances resulting from this calculation are presented in Table 10.4. As required, each vari-

able value now displays an equal distance to all other values. 
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The raw data of the building sample consists 

of a variety of data variables which differ not 

only in the range of values they can take on, 

but also display differences in their statisti-

cal properties (e.g. the mean value ( ) and 

the standard deviation ( )). For further data 

processing, like cross-correlation computation 

and cluster analysis, the variables need to be 

normalised to a common scale, regardless of 

their original dimensions. Z-score standardi-

sation is the most commonly utilised method 

for this purpose [55]. It converts all numerical 

raw data into values with a mean of 0 and a 

standard deviation of 1, according to the fol-

lowing equation,

  

where  is the mean value and  the standard 

deviation of the variable X. 
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Figure 10.2 displays the raw data and Figure 10.3 the associated z-score values of the collected 

sample of 12 apartment buildings. In Figure 10.3, the wide range of possible values is normalised 

to a scale of about ±3. 

With this second step of raw data pre-processing, the building data is now well prepared for the 

following computing. 
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With the purpose of determining suitable variable combinations for the diversification of the 

clustering process, all variables of the sample are cross-correlated. This step provides an overview 

of all possible variable partners and their individual correlation strengths. Figure 10.4 shows the 

cross correlation matrix for the building sample, the colour red indicating a very high correlation 

of a variable combination and white indicating missing data values, so that in both cases, that 

particular variable combination is considered not favourable for clustering. For this study it has 

been decided that variable combinations with a correlation less-than or equal 0.6 (blue to green 

colour range) are applicable in order to maximise the cluster diversity. The results of the cross-

correlation have been checked for context plausibility in the interests of reducing interpretational 

errors, especially in the handling of the formerly nominal data. For example, the variable "Type 

of construction" is strongly correlated with the variables "External wall construction" and "In-
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terior wall construction". This is obviously a 

perfectly plausible correlation result. 

 

Additionally, there are strong correlations ob-

served that were not necessarily anticipated 

but are plausible for this particular building 

sample. For instance, there appears to be a 

strong correlation for variable "Type of con-

struction", with the variable "Building enve-

lope number". Uncovering those rather unex-

pected correlations offers new possibilities for 

gaining a broader understanding of the build-

ings and their latent similarities. Although it 

is not feasible to derive representative obser-

vations regarding latent building similarities 

from a sample of only 12 buildings, this proce-

dure offers a great potential for the compara-

tive analysis and classification of large build-

ing samples. 

 

From the results of the cross-correlation pro-

cess, all potential variable partners for the 

clustering of the building sample can be iden-

tified. However, in order to ensure a reasona-

ble clustering result with regards to the objec-

tive of allocating LCA results to the building 

clusters at a later point, conceptually suitable 

variables must be determined in advance. 

Consequently, the chosen variables must de-

pict the main characteristics of the buildings 

in relation to their construction materials and 

energy demand. Table 10.5 gives the 21 vari-

ables which have been chosen for characteris-

ing the building sample in the LCA context. 

They are defined as follows:
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N o . 12 17 20 25 49 52 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184

12 1.0 0.9 0.4 0.0 0.8 0.6 0.3 0.2 0.1 0.6 0.4 0.8 0.2 0.4 0.6 0.1 0.3 0.4 0.2 0.3 0.0

17 0.9 1.0 0.4 0.3 0.8 0.9 0.3 0.1 0.4 0.5 0.3 0.8 0.2 0.4 0.6 0.1 0.4 0.4 0.2 0.4 0.2

20 0.4 0.4 1.0 0.3 0.6 0.2 0.1 0.1 0.2 0.3 0.1 0.5 0.4 0.4 0.4 0.4 0.3 0.0 0.3 0.2 0.0

25 0.0 0.3 0.3 1.0 0.1 0.2 0.4 0.5 0.3 0.1 0.1 0.2 0.2 0.3 0.2 0.1 0.6 0.0 0.3 0.4 0.5

49 0.8 0.8 0.6 0.1 1.0 0.6 0.5 0.2 0.3 0.5 0.2 0.8 0.2 0.4 0.6 0.4 0.1 0.3 0.5 0.6 0.0

52 0.6 0.9 0.2 0.2 0.6 1.0 0.4 0.1 0.3 0.5 0.3 0.6 0.1 0.5 0.2 0.1 0.2 0.5 0.1 0.6 0.2

170 0.3 0.3 0.1 0.4 0.5 0.4 1.0 0.9 0.1 0.2 0.1 0.1 0.3 0.3 0.1 0.2 0.2 0.2 0.1 0.7 0.4

171 0.2 0.1 0.1 0.5 0.2 0.1 0.9 1.0 0.2 0.2 0.1 0.1 0.1 0.0 0.1 0.1 0.0 0.4 0.4 0.4 0.6

172 0.1 0.4 0.2 0.3 0.3 0.3 0.1 0.2 1.0 0.2 0.1 0.3 0.3 0.2 0.3 0.3 0.1 0.1 0.1 0.3 0.9

173 0.6 0.5 0.3 0.1 0.5 0.5 0.2 0.2 0.2 1.0 0.2 0.5 0.3 0.3 0.5 0.1 0.3 0.4 0.2 0.6 0.2

174 0.4 0.3 0.1 0.1 0.2 0.3 0.1 0.1 0.1 0.2 1.0 0.2 0.2 0.1 0.1 0.0 0.1 0.1 0.1 0.0 0.2

175 0.8 0.8 0.5 0.2 0.8 0.6 0.1 0.1 0.3 0.5 0.2 1.0 0.3 0.6 0.7 0.1 0.4 0.4 0.4 0.4 0.2

176 0.2 0.2 0.4 0.2 0.2 0.1 0.3 0.1 0.3 0.3 0.2 0.3 1.0 0.4 0.6 0.1 0.7 0.2 0.3 0.2 0.2

177 0.4 0.4 0.4 0.3 0.4 0.5 0.3 0.0 0.2 0.3 0.1 0.6 0.4 1.0 0.0 0.1 0.1 0.4 0.0 0.4 0.0

178 0.6 0.6 0.4 0.2 0.6 0.2 0.1 0.1 0.3 0.5 0.1 0.7 0.6 0.0 1.0 0.2 0.7 0.1 0.3 0.2 0.2

179 0.1 0.1 0.4 0.1 0.4 0.1 0.2 0.1 0.3 0.1 0.0 0.1 0.1 0.1 0.2 1.0 0.2 0.3 0.4 0.1 0.0

180 0.3 0.4 0.3 0.6 0.1 0.2 0.2 0.0 0.1 0.3 0.1 0.4 0.7 0.1 0.7 0.2 1.0 0.3 0.2 0.1 0.2

181 0.4 0.4 0.0 0.0 0.3 0.5 0.2 0.4 0.1 0.4 0.1 0.4 0.2 0.4 0.1 0.3 0.3 1.0 0.3 0.1 0.1

182 0.2 0.2 0.3 0.3 0.5 0.1 0.1 0.4 0.1 0.2 0.1 0.4 0.3 0.0 0.3 0.4 0.2 0.3 1.0 0.3 0.1

183 0.3 0.4 0.2 0.4 0.6 0.6 0.7 0.4 0.3 0.6 0.0 0.4 0.2 0.4 0.2 0.1 0.1 0.1 0.3 1.0 0.0

184 0.0 0.2 0.0 0.5 0.0 0.2 0.4 0.6 0.9 0.2 0.2 0.2 0.2 0.0 0.2 0.0 0.2 0.1 0.1 0.0 1.0
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which can be displayed graphically. For the final cluster process all 21 variables of Table 10.5 will 

be employed, which leads to a non-displayable 21-dimensional variable grid.

One parameter which has to be provided to the k-means algorithm is the number of clusters k in 

which the data has to be partitioned. Consequently, this number has to be determined a-priori. 

To analyse the data sample with respect to the optimum number of clusters it contains, an ag-

glomerative hierarchical cluster algorithm can be utilised. This algorithm groups the data-set 

step by step, beginning with n clusters (i.e. one cluster for each building) down to one common 

cluster (containing all buildings). The result of this process can be shown visually by a dendro-

gram as depicted in Figure 10.6, generated with the linkage-algorithm provided by the statistical 

toolbox of MATLAB [54], employing the ward-method. This method helps to generate maximal 

homogeneous clusters, which is the main objective in order to find representative prototypes for 

each cluster. The dendrogram in Figure 10.6 shows that this specific data sample of 12 buildings 

is best divided into 2 different clusters. Cluster 1 contains the buildings mfh01, mfh04, mfh07 and 

mfh10, and cluster 2 the remaining buildings.

With the optimum number of clusters identified, the k-means algorithm is applied to determine 

the clusters and their centroids, i.e. the "typical" buildings (note, the hierarchical linkage-algo-

rithm does not provide cluster centroid information). The result of the algorithm for the identified 

k = 2 cluster solution and the 21 data variables is presented in Table 10.9. As it can be seen from 

✙✞✔✚ �✁✚✛✜ ✢☎✆✄✖☛✔✖✡✗
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the table, the result of the non-hierarchical 

k-means algorithm coincides well with the 

result of the hierarchical linkage-algorithm. 

In the same Table 10.9, the weighting factor 

w is introduced. This factor is used to deter-

mine "typical" buildings based on the mem-

bers of the corresponding clusters as follows:

where clb
k
 is the representative "typical" 

building of cluster k, mfh
i,k
 is the i-th build-

ing of cluster k, N
k
 the number of members of 

cluster k, and w
i,k
 the weighting factor of the 

i-th building of cluster k. For each member 

(4)clb k =
N k

mfh i,k

w i,k · mfh i,k
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This distance d
i,k
 is then utilised to define the 

weighting factor w
i,k
 according to the follow-

ing mathematical equation:

where d
i,k
 is the Euclidean squared distance of 

the i-th building of cluster k, N
k
 the number 

of members of cluster k, and the sum 
j=1

 
 
rep-

resents the sum over all members of cluster k. 

(d
i,k
 + 1 prevents the denominator to become 

0 in cases where the building mfh
i,k 

coincides 

with its cluster centroid c
k
). The result of 

this weighting is, that a building with a high 

distance to its cluster centroid is weighted 

lower than a building that is closer to the 

cluster centroid. The sum of all weighting 

factors within the same cluster equals one. It 

is presumed that this procedure enables the 

identification of suitable cluster prototypes 

(i.e. "typical" buildings).

✙✚✛✜ ✢✣✤✥✦✤✧★✩✪ ✩✫ ✧✬✭ ✮✭✧✭✯✰★✪✭✮ ✱✥✦✲✧✭✯✲

A common method of analysing the qual-

ity of the cluster result is the creation of a 

graphical "cluster-silhouette plot". The sil-

houette value for each building indicates its 

similarity to the buildings in its own cluster 

Nk

of a cluster k the Euclidean squared distance d between the cluster member mfh
i,k
 and its corre-

sponding cluster centroid c
k
 is calculated according to the formula: 
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(5)

(6)

di,k =( mfh i,k ck )
2

w i,k =

1
di,k +1

N k

j =1
1

dj,k +1

Euclidean sq distance

( d )

Weighting

 ( w )
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of the different categories and indicators, the two "typical" buildings clb01 and clb02 display a 

variation in their characteristics which is mainly expressed by differences of the annual energy 

demand for heating, domestic hot water and ventilation, and contrasting influences of the build-

ing elements. The overall impression is that the cluster results which lead to the determination 

of the two "typical" apartment buildings allow for a satisfactory classification of the individual 

buildings from the sample. The main aspects leading to this conclusion will be presented in the 

following subchapters.

 

✙✚✛✜✛✙ ✢✣✤✥ ✦✧★✧✩✪✫✥ ✬✭✮★✯✮✫✰ ✧★✧✱✧✫✥✤ ✣✲ ✳✥✴✵✮✶✪★ ✬✭✮★✯✮✫✰✤✷

clb01

The most influential building elements of this building are ceilings and roofs. But the external 

walls and windows should also be considered. When compared to the LCA results of the indi-

vidual buildings that this prototypical building represents, a strong similarity can be identified 

(see chapter 8.4.1). In building mfh01 as well as mfh04 and mfh10, the most relevant building 

elements are ceilings and roofs, while building mfh07 is best accounted for when considering ceil-

ings, floors and windows. Furthermore, the relative distributions of the LCA results to the various 

building elements exhibit a strong resemblance (compare results presented in the chapters 8.2 

and 8.3 with the results in chapter 10.5). It can therefore be stated that this "typical" building 

evidentiary represents mfh01, mfh04, mfh07 and mfh10.

clb02 

The ceilings, external walls, internal walls and roofs are most influential in this building. The 

comparison of the building clb02 with the eight buildings that it represents indicates that on the 

building element level the "typical" building is a suitable representative. Although the absolute 

values of the typical and individual buildings differ, the relative distribution of the LCA results 

to the building elements is similar (see the results presented in the chapters 8.2, 8.3 and 10.5 for 

comparison).

✙✚✛✜✛✸ ✢✣✤✥ ✦✧★✧✩✪✫✥ ✬✭✮★✯✮✫✰ ★✮✲✧ ✵✹✪✤✧✤ ✣✲ ✳✥✴✵✮✶✪★✷ ✬✭✮★✯✮✫✰✤

clb01

In the building clb01 the use phase is most influential with regard to most of the impact catego-

ries and indicators, contributing the relative share of up to 57% (for the indicator non-renewable 

embodied and operational energy) to the overall LCA results (note that the fraction of the house-

hold electricity is not included in this calculation. Adding this contribution to the use phase as 
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building: Including only the material expenses for construction, insulation and polyethylene prod-

ucts of the most relevant building elements alongside the most relevant building parameters 

during the use, construction and replacement phases and displaying the results with the two 

preferred indicators. This offers a relatively high degree of simplification and a medium degree of 

reliability.

✒✓✔✓✕✓✖ ✗✘✙✚ ✛✜✙✢✜✜ ✣✤ ✥✘✦✧★✘✩✪✫✬✘✣✭ ✮ ✚✘✙✚ ✛✜✙✢✜✜ ✣✤ ✢✜★✘✫✯✘★✘✬✰

Step 1: Assigning a new individual building to a "typical" building.

Step 2: Applying the given information of the "typical" building which represents the individual 

building: Assessing the most relevant building parameters during construction, replacement and 

use phases with the two preferred indicators. This provides a high degree of reliability and a rela-

tively high degree of simplification with regard to the LCA procedure.





178 12 Discussion, visionary outlook and conclusion

In this research study, the issue of reducing complexity in building LCA is addressed on several 

levels. 

�✁✂✄☎✁✆✝✞✟✁✠✡

In order to simplify the LCA procedure, a number of singular and combined "phase 1" and "phase 

2" strategies are suggested in chapters 9 and 11. The concept of the "phase 2"strategy to pro-

spectively allocate new buildings to predefined clusters and their associated "typical" buildings 

offers the chance to estimate the environmental impact of a building especially quickly by means 

of categorising it by a maximum of only 21 simple building characteristics (see cluster variables 

in Table 10.5 but take note, that for each individual building the number of required variables 

can even be much smaller than 21, as usually only some of all possible construction and insula-

tion materials are present in a particular building). For this purpose, however, a representative 

building sample would be a prerequisite. 

The omission of certain identified less relevant building parameters is another reasonable way 

of reducing the effort required for the LCA procedure. Nonetheless, it should be noted that the 

identified most influential building parameters of this study are not qualified for general asser-

tions, due to the non-representative nature of the building sample. It was also shown that the 

choice of two of the considered environmental impact indicators suffices for roughly presenting 

the environmental performance of the buildings. The indicators non-renewable embodied and op-

erational energy and embodied and operational carbon emissions were chosen for their intelligible 

depiction of the buildings' environmental impact. These two indicators are especially useful in 

communicating the LCA results, as they comply with the climate and energy targets "20-20-20" 

of the European Commission [56], which aim at reducing the greenhouse gas emissions of the EU 

to at least 20% below the level of 1990 and covering 20% of the energy consumption of the EU 

with renewable resources by the year 2020.

☛✠✂✄✞☞✞✌✁☎✁✟✍

To account for the comparability of the LCA results of this research study, a possibly complete 

list of building parameters was identified through the literature review of existing studies (see 

chapter 2) and all these parameters were inqired into. However, as it was not possible to collect 

consistent data on all the inquiry parameters of each building, there are information gaps (espe-

cially with regard to preparatory works) that impede the comparability of the LCA results to a 

certain extent.
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emission architecture might be the standard by then. This development leads, of course, to a 

complete shift in the LCA results of these future buildings. And if, for instance, in the near future 

a perfect solution to permanently securing the world-wide energy supply by renewable energy 

sources had been found, this would, naturally, reduce the relevance of conducting an LCA. And if 

it were the case that resource depletion was also no longer an issue in the future, LCAs might even 

be rendered superfluous. Therefore, the important finding of this study is not the identification 

of the most relevant building parameters in a sample of today's apartment buildings, but rather 

the conclusion that the presented approach to the derivation of reliable simplification strategies 

for LCAs of buildings is functional. This means that it can be applied and adapted to changes in 

the context and requirements of future LCA studies. And until all energy- and resource-related 

problems have been solved, the presented simplified approach can help to build a broader basis 

for the understanding and improvement of the environmental impact of buildings. 
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