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1. Introduction 

Literature states that the building sector has approx. 40% share on total energy 

consumption, approx. 40% share on total waste production and approx. 24% share 

on GHG emissions in the EU, (D'Agostino, 2015). The role of the residential buildings 

should be highlighted in this regard. The reason is the fact that they represent major 

part of the existing building stock. Statistics show that for example in the Czech 

Republic there were 1 766 046 residential and only 600 567 non-residential buildings 

in 2011, (Antonín, 2014). Moreover the non-residential buildings in these statistics 

include agricultural buildings, parking lots, etc. with minimal energy and water 

consumption or maintenance. 

Considering the information above it is no surprise that the residential (building) 

sector has major role for example in the EU’s plan for low-carbon economy. This plan 

expects that up to 91% savings of GHG emissions could be achieved in “Residential 

and Tertiary” sector (EC, 2011). Execution of this plan as well as other treaties, acts 

and directives mentioned in Sections 1.2 and 1.3 of the thesis is already influencing 

the building regulations in the EU. A prime example is the EU’s EPBD, (EC, 2010). 

This directive provides general guidelines and sets target levels for energy 

performance (and savings) of buildings across the EU. 

 

Figure 1. Primary energy consumption of buildings with different energy efficiency. (Feist, 1997) 

Main issue connected with achieving the declared energy and emission targets is 

final implementation of specific measures (and its subsequent verification). For 

example in case of the EPBD the measures are set by individual EU member states 

(D'Agostino, 2015). This process is rather slow. Only 15 member states (including the 

Czech Republic) had fully adopted the proposed nZEB requirements for new 

construction between 2010 and 2015. Moreover, only 8 member states adopted the 



5 
 

nZEB requirements for renovations of existing buildings at the same time, (BPIE, 

2015). Such underrating of the renovation measures further aggravates the issue: 

Modern building concepts (e.g. passive buildings) have rather low energy 

consumption (and other environmental impacts) during their life cycle. In comparison, 

approx. 75% of the existing buildings in the EU could be considered inefficient in this 

regard, (EC, 2016b) – see Figure 1, (Feist, 1997). 

1.1. Ways to Influence the Efficiency of Buildings 

Section 1 summed the reasons for the acceleration of the rate of efficient renovations 

of existing buildings. Suitable methods and strategies are developed both in 

government agencies, private companies and international organizations. The results 

of the development vary. Some documents (such as the EPBD) propose legal 

changes and tightening of technical standards followed by subsidy programmes. 

Other methods highlight the need for dissemination of the state-of-art knowledge to 

the owners and users of the buildings. These include for example International 

Energy Agency project Annex 56 (Ott, 2017) or voluntary certification schemes like 

BREEAM or Level(s), (BRE, 2017), (Dodd, 2017). All these methods expect that the 

owners and users of buildings would willingly improve their property to achieve 

environmental or monetary savings, increase its (their) prestige and value. Therefore 

quantification of the efficiency of implemented measures is inseparable part of these 

methods. This quantification is commonly based on principles of Life-Cycle 

Assessment (LCA). 

2. Life-Cycle Assessment 

“Increased awareness of the importance of environmental protection and the possible 

impacts associated with products, both manufactured and consumed, has increased 

interest in the development of methods to better understand and address these 

impacts. One of the techniques being developed for this purpose is Life Cycle 

Assessment (LCA).” (ISO, 2006a) 

Efforts to quantify environmental impacts of human activities quoted above started in 

the second half of the 20th century, particularly during the 60s and 70s. The 

framework that later became the basis of LCA was probably conceived by Harry E. 

Teasley, Jr. in 1969 in a packaging study for The Coca-Cola Company. (Hunt, 1997). 

It underwent massive development since that time. LCA is nowadays widely 

accepted for evaluation of (environmental) impacts of various “product systems” 

ranging in scale from simple bricks to whole regions. General LCA guidelines and 

framework (see Figure 2) are codified in ISO 14040 (ISO, 2006a) and ISO 14044 
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(ISO, 2006b). Following sub-sections briefly introduce this framework. Detailed 

explanations are provided in Section 2 of the thesis. 

 

Figure 2. LCA framework introduced in ISO 14 040 standard in 1997. (ISO, 2006a) 

2.1.1. Goal and Scope Definition 

Defining the goal and scope is the initial stage of any LCA study. Ideally, all choices 

and specifications of the boundary conditions are made during this stage. (Baumann, 

2004) This stage establishes: 

 The goals and background of the study. Both depend on the intended 

application and audience of the study. Cooperation between authors and 

commissioners of the study is crucial at this point. 

 Scope or “system boundaries” of the assessment, relations between 

individual parts of the assessed product system, its inputs, outputs, etc. This 

includes geographical, temporal, social and other boundaries, (Tillman, 1993). 

System boundaries differ depending on the goals of the particular LCA. For 

example LCA with system boundaries “cradle-to-grave” follows whole life cycle 

of the evaluated product system from raw material extraction (cradle) to final 

waste disposal (grave). 

 Function(s) of the evaluated product system. A product system may have a 

number of different functions. It is necessary to define one of them as the 

representative of the performance of the product system in a particular LCA 

study. This representative function is the basis for definition of: 

 Functional unit (or functional equivalent) quantifying the function of the 

assessed system. It serves as “… a reference to which the inputs and 

outputs of the product system are related”, (ISO, 2006a).For example 

thermal resistance in LCAs of thermal insulations (CEN, 2017). 

 Reference flow complementing the functional unit. It describes the way in 

which the function of the product system is fulfilled, “… i.e. the amount of 
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products needed to fulfil the function…” (ISO, 2006a). For example the 

amount of polystyrene necessary to provide specific thermal resistance. 

 Scope or “system boundaries” of the assessment, relations between 

individual parts of the assessed product system, its inputs, outputs, etc. 

2.1.2. Life-Cycle Inventory 

Life-Cycle Inventory (LCI) is the stage where necessary qualitative and quantitative 

data about the assessed product system (and its interactions with the environment or 

other product systems) are collected. This iterative work often results in refining of 

the initial system boundaries, (ISO, 2006b). The quality of the acquired information is 

crucial for the accuracy of the LCA. 

Accuracy-wise, it could be expected that the best data are those measured or 

calculated directly for the purpose of the particular LCA study. Acquisition of such 

data (if possible at all) would require cooperation of specialists from fields like 

ecology, toxicology or environmental chemistry. LCA practitioners therefore often rely 

on existing LCI databases, such as ecoinvent (ecoinvent, 2017). 

Result of the LCI stage is a model of the product system supplemented with a list of 

the necessary inputs and outputs. These data serve as the basis for the actual 

assessment of (environmental) impacts. The list of inputs and outputs is also known 

as the “Inventory table”. (Tukker, 2000) 

2.1.3. Life-Cycle Impact Assessment 

Life-Cycle Impact Assessment (LCIA) is the phase where the (environmental) 

impacts of the evaluated product system are calculated. Basically the “… impact 

assessment is achieved by “translating” the environmental loads from the inventory 

results into environmental impacts, such as acidification, …”, (Baumann, 2004). 

LCIA begins with selection of impact categories according to the goal and scope of 

the assessment. An impact category represents specific environmental issue affected 

by the assessed product system, e.g. global warming. Selection of impact categories 

therefore influences the informative value of the LCA. Dozens of individual impact 

categories and their indicators exist. Selection process could be based on common 

practice, state-of-art or (where available) standardized requirements. (Dong, 2017) 

The effect of assessed product system in specific impact category is quantified by so 

called impact category indicator. It could be quantified on multiple levels in a cause-

reaction chain, therefore any impact category can have multiple category indicators. 

For example impact category indicators in previously mentioned global warming vary 

from kg of CO2 to number of extinct species. (Kočí, 2009) 

Definition of impact categories and their indicators is followed by “classification” 

where all entries in inventory tables are assigned (grouped) to the individual impact 
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categories. For example CH4 emissions could be classified as a cause of global 

warming. Classification is followed by actual quantification of environmental impacts. 

This procedure is commonly described as “Characterization” and the applied 

mathematical formulae as “Characterization model”. According to (Kočí, 2009) a 

characterization model could be described by equation 

𝐸𝐼𝑖,𝑋 = 𝐶𝐹𝑖,𝑋 ×∑𝑚𝑖

𝑟

 (1) 

Where: 

EIi,x = resulting value of the impact category indicator for substance 

(elementary flow) i in impact category X 

CFi,x = characterization factor for substance i in impact category X 

mi = assessed amount of substance i, commonly quantified by mass [kg] or 

volume [m3] 

Characterization factors necessary for quantification of environmental impacts are 

result of multi-disciplinary research in the fields of chemistry, ecology, etc. However 

LCA practitioners often prefer pre-defined characterization methods (to save time). 

Selection of a suitable method depends on the goal and scope of the particular LCA 

study. There are models evaluating potential (e.g. CML) or actual (e.g. LIME) harm to 

the environment, as well as methods combining both approaches (e.g. ReCiPe or 

ILCD). Overview of the available characterization methods can be found e.g. in 

(Hauschild, 2013). 

Characterization results are a set of absolute values representing individual impact 

category indicators. The values are often incomparable as these impact category 

indicators have different units. Therefore there are the optional LCIA steps, which 

help with subsequent interpretation of the characterization results to the intended 

audience: Normalization, grouping and weighting. Normalization relates the results to 

specific reference information, e.g. overall environmental impacts of human activities 

in the same region, (Baumann, 2004). Grouping of the characterization results is 

similar to grouping in LCI. It is basically sorting of the individual characterization 

results by scale, localization, type of emissions, etc. Finally weighting is utilized to 

highlight relative importance of specific characterization results. It should be noted 

that such intentional “distorting” of results should be avoided in general LCA practice. 

2.1.4. Interpretation 

LCIA provides large quantities of data that are hard to understand and interpret. 

Therefore interpretation is the penultimate phase of any LCA study, where “the 

findings from the inventory analysis and the impact assessment are…” (ISO, 2006a) 

analyzed and further processed according to defined goal and scope of the particular 
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LCA. Important findings have to be identified and properly evaluated in this phase. 

The evaluation should always include inner review and revisions. Inner review could 

be followed by critical review by an independent expert that should verify the findings 

of the LCA in question, thus increasing its credibility. (Kočí, 2009) 

Compilation of LCA report follows after the evaluation, reviews and revisions. The 

report should describe LCA results and explain limitations. It should also highlight the 

conclusions and provide recommendations relevant to the intended audience. The 

report is the last step of any LCA study. It is followed by application and 

dissemination of results that are beyond the authors’ influence. (Baumann, 2004) 

2.2. LCA Applications in the Building Sector 

First LCA studies in the building industry were published in 1990s. Nowadays LCA is 

well-established in the building sector worldwide. It is applied in various situations 

from evaluation of individual construction materials to assessment of whole 

municipalities. Increasing importance of LCA is supported by releasing of new 

standards, such as EN 15804 (CEN, 2013) and EN 15978 (CEN, 2011). The former 

standard focuses on LCAs of construction materials and products, the later on LCAs 

of whole buildings. Both standards further develop general guidelines provided in 

ISO 14040. For example they divide building life cycle into five stages and 17 

modules (see Figure 3). Modules A1 to C4 represent building’s life cycle itself. 

Module D represents any potential (positive) impacts exceeding the standard 

boundary conditions. The standards also specify impact categories that should 

provide complex overview of environmental impacts related with evaluated products. 

 
Figure 3. Scheme of the five stages and 17 modules forming the life cycle of a building material (or 

whole building) according to EN 15804 (CEN, 2013) and EN 15978 (CEN, 2011). 

Other national and international standards also exist; e.g. ISO 15868 series of 11 

standards describing service life planning and calculation procedures, (ISO, 2011). 

Moreover there are many methods and guidelines proposed by researchers, 
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government agencies, etc. to provide framework for accurate building-related LCA, 

(Cabeza, 2014). In fact sheer amount of different methods could be one of the 

reasons limiting practical application of LCA (in building sector). It indicates that the 

development of LCA is far from over, which makes specialists such as building 

designers hesitant to use it. Another reason could be the limited number of LCA 

specialists, which results in high costs of the studies. 

2.3. Inaccuracies and Limitations of Building-Related LCA 

There is significant diversity in published LCA studies. One of the common 

shortcomings is lack of information regarding building construction. Environmental 

impacts related with the construction itself are commonly omitted as negligible or 

unquantifiable. Also the information regarding the construction material losses are 

vague. When specified, the amount of construction losses differs, which should be 

unacceptable as even relatively small difference could potentially influence LCA 

results and their comparability. (Augustsson, 2014). 

Another issue is transport distance. Some studies omit transport as unimportant, 

(Becalli, 2013). Some consider approximate transport distances, e.g. 50km 

(Famuyibo, 2013). These approximations save time and help with comparison of 

different studies, but at the same time they reduce accuracy of the results. On the 

other hand, there are studies that consider real-life transport distances, (Augustsson, 

2014). This approach ensures accurate results, but reduces comparability with other 

studies as availability of resources (and the distances) are regionally specific. 

There are also several issues related with (construction) waste management in 

building LCA. Most notable is the fact that waste management options differ between 

countries and regions, (Fischer, 2009). Accurate modelling of waste management in 

building LCA therefore limits the applicability the LCA results to a specific 

geographical region (similarly to transport modelling). 

The diversity is not limited to LCI data. There are issues with the LCA processing too. 

Some traits are common for large number of the published studies, such as 50-year 

length of estimated building service life. Other traits, such as using floor area (net, 

gross, treated, etc.) as part of the functional equivalent differ only slightly. Such slight 

differences allow at least approximate comparison. However there are differences 

such as varying system boundaries, characterization methods or utilized LCI 

databases, which make comparison outright impossible. The problem is illustrated by 

Silva et al (Silva, 2017) who performed LCA study on particle board panels with 

several different software tools. They concluded that the differences in final 

environmental impacts could reach up to 66.7% (in POCP impact category). This lack 

of unification currently limits practical use of LCA in building sector. This is rather 
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unfortunate, as application of LCA in early stages of building design could 

significantly reduce environmental impacts of buildings, (Kiss, 2016). 

3. Aim of the Thesis 

The general aim of the dissertation is expanding of knowledge of LCA in the building 

sector in the Czech Republic. Based on the literature review and authors experience 

with IEA EBC Annex 56 project the dissertation analyses the issues related to 

building LCA (see Section 2.3) on the renovations of residential buildings. The 

reasons are: 1) the cited issues are seldom analysed in existing literature, 2) it is 

necessary to accurately evaluate potential environmental savings to maximize the 

potential of building renovations and modernizations. 

The dissertation aims to: 

 Analyse environmental efficiency of renovations (or modernizations) of different 

types of residential buildings in the Czech Republic, 

 analyse impact of the accuracy of input data on the overall results of LCA of 

residential building (renovation or modernization), 

 analyse impact of specific boundary conditions, calculation methods, software 

and databases on the overall results of LCA of residential building (renovation 

or modernization), 

To fulfil the aims of the dissertation it is necessary to: 

 Perform a literature review regarding sustainable construction, LCA in general 

and applications of LCA in the building industry to identify the state-of-art. 

 Develop case studies evaluating environmental impacts of renovation of an 

apartment building and single-family house in the Czech Republic. 

 Develop variants to the case studies that would allow analysis of the impact of 

inaccuracies and variations in input data, boundary conditions or calculation 

methods. These variants should include: 

 different software, calculation methods and databases of input data, 

 different rates of material losses during construction, 

 different material transport distances, 

 different waste management scenarios. 

 Analyze and compare the results of both case studies to evaluate the impacts of 

the analyzed inaccuracies and variations on LCA of buildings of different size. 
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4. Methods and Tools 

4.1. Literature Review 

Literature review serves as the basis for specification of aims of this dissertation. 

Reviewed sources include standards, books, journal and conference papers in the 

fields of sustainable development, LCA in general and LCA in construction industry. 

The sources are available online, in the Moravian Library or library of the Faculty of 

Civil Engineering, Brno University of Technology. Results of the literature review are 

presented as Sections 1and 2 of the thesis. 

4.2. Case Studies 

Two case studies located in South Moravian Region of the Czech Republic are 

evaluated in accordance with the aims of the thesis. Both case studies are selected 

because they represent building archetypes common in the region. This fact 

improves potential application of the results of the thesis. 

  
Figure 4. Photographs of both case studies after renovation (construction). Konilecová 4 block-of-flats 

is on the left, Přibice 442 single-family house is on the right, (Mapy.cz, 2017). 

First case study is a block-of-flats located at Koniklecová Street in Brno-Nový 

Lískovec. It is an example of collective housing project from the 1980s, (Skřivánková, 

2017). Such buildings are characterized by significant heating energy consumption 

and other defects. Therefore they are being renovated and modernized during last 

two decades, (Drápalová, 2006). Selected block-of-flats Koniklecová 4 was 

renovated in 2010.  

Second case study is a terraced single-family house in Přibice, ca 35 km south of 

Brno. The original building represented archetypical South Moravian terraced house 

with living quarters, barns and storages. The building is selected due to rather 

complicated refurbishment design process. Originally the owner planned only basic 

maintenance and necessary replacement of specific building elements (e.g. 
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windows). Later (after a building survey) he requested partial demolition and 

reconstruction. In the end the state of the original building resulted in its demolition 

and construction of a new building in its place between 2012 and 2014. 

This thesis contains five LCA studies in total:  

 KO-1 evaluating environmental impacts related with Koniklecová 4 block-of-flats 

in its original state, 

 KO-2 evaluating environmental impacts related with Koniklecová 4 block-of-flats 

after the 2010 renovation, 

 PB-1 evaluating environmental impacts related with original single-family 

terraced house Přibice 275, 

 PB-2 evaluating environmental impacts related with Přibice 275 single-family 

terraced house after partial demolition and reconstruction of the original building 

proposed by the owner. 

 PB-3 evaluating environmental impacts related with the new single-family 

terraced house Přibice 442 built after demolition of the original building no. 275 

between 2012 and 2014. 

Table 1. Comparison of the energy consumption of individual evaluated variants of Koniklecová 4 

block-of-flats before and Přibice 275 (or 442) single-family house. 

 
Treated floor 

area [m
2
] 

Energy 

certificate 

Energy consumption 

Heating 

[GJ∙a
-1

] 

DHW 

[GJ∙a
-1

] 

Lighting, etc. 

[GJ∙a
-1

] 

KO-1 5412 E 1519 (district heat.) 631 (district heat.) 555 (electricity) 

KO-2 5412 B 485 (district heat.) 503 (district heat.) 555 (electricity) 

PB-1 79 G 171.01 (electricity) 8.33 (electricity) 1.41 (electricity) 

PB-2 227 E 202.30 (nat. gas) 17.32 (nat. gas) 2.80 (electricity) 

PB-3 259 C 136.94 (nat. gas) 7.53 (nat. gas) 3.31 (electricity) 

4.2.1. System boundaries of the LCA studies 

All five LCA studies follow guidelines of ISO 14040 (ISO, 2006a) and EN 15978 

(CEN, 2011). The inventory tables (LCI result) necessary for calculations of 

environmental impacts are available in Appendix A of the thesis. Table 1 below 

shows selected data to illustrate differences between the case studies. The inventory 

tables are based on available designs, building surveys, producer data and data 

provided by owners and inhabitants.  

4.2.1.1. Reference Service Life 

The reference service life of the buildings after renovation (construction) is 60 years 

in this dissertation. The value is based on Annex B of ISO 15686-1 (ISO, 2011). 50-



14 
 

year reference service life commonly seen in literature (see Section 2.2 of the thesis) 

is also considered in several variants of the LCA studies for comparison purposes. 

Description of the related material service life variants is in Section 4.3 of the thesis 

and inventory tables in Appendix A of the dissertation. 

4.2.1.2. Functional equivalent and reference unit 

The results are presented in two ways in this thesis. Most results are presented as 

total values highlight specific issues, such as differences between compared LCA 

studies. Overall results are also presented per 1m2 of treated floor area and year of 

operation to enable comparison between case studies (in Section 6.1.3) and with 

literature (in Section 6.4). 

4.2.1.3. Impact Categories and Characterization Model(s) 

LCA studies in this thesis calculate environmental impacts in four impact categories: 

Ecological Scarcity (UBP), Cumulative Energy Demand or Primary Energy (CED or 

PE), Non-Renewable Energy (NRE) and Global Warming Potential (GWP). The 

reason is the limitations of one of the LCA software tools utilized for the calculations 

(see Section 4.2.2 of the thesis). The UBP results (scarcity points) could be 

considered as equivalent to normalized environmental impacts provided by other 

characterization methods. They even incorporate CED, NRE and GWP. UBP is 

therefore utilized to present overall results in Section 5. Other impact category results 

are presented only occasionally to highlight specific issues. Full results of the 

calculations in all four impact categories are provided in Appendixes D and E.  

4.2.2. Software and LCI Databases 

Calculations of environmental impacts in this thesis are performed using two LCA 

tools: Eco-Bat 4.0 and GaBi 4. The tools are selected as they allow evaluation in the 

same (or very similar) impact categories. They also both incorporate ecoinvent LCI 

database. 

Eco-Bat 4.0 is utilized in all LCA studies. GaBi 4 is utilized only in PB-1 and PB-3 

LCA studies. Reason is the fact that evaluation in GaBi 4 requires more input data 

than Eco-Bat 4.0. Such data were not available for KO-1, KO-2 and PB-2 LCA 

studies. Thus, GaBi 4 is utilized mainly for comparative assessment of the LCA 

results. Detailed description of both tools is in Section 4.2.2 of the thesis. 

4.3. Scenarios in the Case Studies 

The LCA studies in this thesis include five variables within the boundary conditions. 

One of the aims of this thesis is identification of the impact of these variables on the 

LCA results. Detailed information on the variables is in Section 5.3 of the thesis.  
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First variable is application of different LCA tools (Eco-Bat 4.0 and GaBi 4) with their 

in-built LCI databases and characterization methods. It should be noted that the 

versions of the ecoinvent database and the characterization models in both tools 

differ. Therefore utilization of both tools in LCAs of the same buildings should provide 

insight into the accuracy of comparisons of various LCA studies found in literature. 

However, at the same time the limitations of the tools also limit applicability of other 

variables in individual case studies (see Table 8 of the thesis). 

Second variable is number of replacements of building parts during the defined 

service life. This parameter influences total embodied environmental impacts (EEIs) 

related with the necessary materials. Three scenarios for modelling the number of 

replacements of the construction materials and elements are considered: 

(1.) Number of replacements are based on the service life values in Appendix B of 

ISO 15686-1 (ISO, 2011) and rounded down.  

(2.) Number of replacements are based on the service life values in Appendix B of 

ISO 15686-1 (ISO, 2011) and rounded up.  

(3.) Number of replacements are based on the IEA EBC Annex 56 methodology 

(Almeida, 2017).  

Third variable is the amount of construction waste. It is based on the fact that the 

amount of material lost as construction waste influences EEIs of a building. Three 

levels of construction material losses (by weight) are evaluated in this thesis: 

(i.) The amount (weight) of construction materials is rounded up to individual 

pieces or packages. 

(ii.) The amount (weight) of construction materials processed on-site (e.g. mortar) 

is increased by 5% and rounded up to individual pieces or packages. 

(iii.) The amount (weight) of construction materials processed on-site (e.g. mortar) 

is increased by 10% and rounded up to individual pieces or packages. 

Four waste management scenarios representing contemporary waste management 

options are also considered in this thesis: 

(I.) Predefined datasets available in ecoinvent 2.0 LCI database are utilized for 

modelling of waste management. 

(II.) Ecoinvent 2.0 datasets are modified to represents a situation when all waste 

(excl. water) related with the life cycle of the evaluated building is landfilled. 
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(III.) Ecoinvent 2.0 datasets are modified to represents a situation when all waste 

(excl. water) related with the life cycle of the evaluated building is recycled. 

(IV.) Predefined datasets available in Eco-Bat 4.0 (based on ecoinvent 2.2 

datasets) are utilized for modelling of waste management.  

Literature review suggests that the impact of this variable on the total results of the 

LCA studies should be minimal. Five transport distance scenarios are considered to 

test this presumption: 

(a.) 100km transport distance between material producers (or waste processing 

facilities) and building site is considered. 

(b.) 50km transport distance between material producers (or waste processing 

facilities) and building site is considered. 

(c.) Median transport distances between nearest material producers (or waste 

processing facilities) and municipalities in Brno – Město and Brno – Venkov 

districts are considered. 

(d.) Actual transport distances between nearest material produces identified in 

scenario (c.) and the building site are considered. Median transport distance is 

applied when the position of the production facility is unknown. 

(e.) Transport distances pre-set in Eco-Bat 4.0 are considered. 

4.4. Necessary Idealizations 

There are two types of idealizations applied in the LCA studies in this thesis. First is 

simplification of the building life cycle defined in EN 15978 (CEN, 2011). The reasons 

include overlapping of the boundaries of specific LCA modules or limitations of the 

utilized LCA tools. The other type of idealization is based on lack of specific data in 

the LCI databases. These have to be modelled or replaced with suitable substitutes – 

see example in Figure 5. See Section 5.4 of the thesis for more information. 

 

Figure 5. Example of LCI idealization: GaBi 4 model of waste processing in scenario (II.). 
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5. Results and Discussion 

Detailed description of the results is in Section 5 of the thesis. Results in all impact 

categories are provided in Appendix D and Appendix E of the thesis. The 

environmental impacts are described mostly only in UBP impact category in this 

section to increase clarity of interpretation. Therefore if the text in this section 

describes “environmental impacts”, it refers to environmental impacts in the UBP 

impact category if not stated otherwise.  

5.1. Eco-Bat 4.0 Results 

 

 
Figure 6 Total environmental impacts per 1m

2
 of treated floor area and year of operation of the LCA 

studies evaluated with Eco-Bat 4.0. 

Figure 6 compares environmental impacts of the LCA studies evaluated in Eco-

Bat 4.0. It should be noted that only replacement scenarios and construction waste 

scenarios are evaluated in Eco-Bat 4.0 due to limitations of the tool. This means that 

six scenarios are evaluated in each LCA study. The comparison shows 

environmental impacts per 1m2 of treated floor area and year of building operation as 

the total values differ too much between KO-x and PB-x LCA studies. Overall the 

figure shows positive effect of the renovations on total environmental impacts of the 

evaluated buildings. KO-2 has on average 17.39% lower total environmental impacts 

than KO-1. Similarly PB-3 has up to 77.20% lower total environmental impacts than 

PB-1. PB-3 is also the most environmentally-friendly LCA study according to the 

figure. PB-3 scenario combination of waste scenario (i.) and replacement scenario 
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(3.) achieved only 3.33∙104 Pts∙m-2∙a-1. PB-3 is closely followed by KO-2, whose 

lowest scenario combination (construction waste scenario (i.) and replacement 

scenario (2.)) achieves 3.41∙104 Pts∙m-2∙a-1. In contrast the worst (highest) 

environmental impacts are related with PB-1 (up to 4.79∙105 Pts∙m-2∙a-1). 

 

 

Figure 7 Comparison of environmental impacts of selected scenario combinations in time. “Year 0” 

represents embodied environmental impacts of the initial renovation (modules A1-A4) and related 

waste treatment (modules C1-C4). Annual increase includes environmental impacts related with 

energy consumption (module B6) and further renovations (module B4). The increase of environmental 

impacts in module B4 is idealized to be linear due to limitations of the results provided by Eco-Bat 4.0. 

The issue of energy-related OEIs is further described in Figure 8, which divides them 

between individual technical systems. It shows that PB-1 has the highest OEIs mostly 

due to heating and DHW. This is not surprising as PB-1 has highest energy 

consumption per 1m2 of all evaluated buildings. PB-1 also utilizes electricity as the 

main energy source (see Table 1), while the remaining LCA studies consider district 

heating (KO-1, KO-2) or natural gas (PB-2, PB-3). This unfavourable combination 

causes that PB-1 has 115 times higher heating-related OEIs per 1m2 and year of 

operation than KO-1! 

Figure 8 also illustrates different distribution of OEIs caused (most likely) by shape of 

the building. Compact block-of-flats in KO-2 has 77.49% lower heating-related OEIs 

than a terraced house in PB-3. On the other hand both KO-1 and KO-2 have much 

higher environmental impacts related with lighting and electric appliances. The 

reason for this is unknown. The difference may be partially caused by the fact that 

KO-1 and KO-2 LCAs are utilizing real data on energy consumption, while PB-1 to 

PB-3 LCAs are based solely on energy certificates. 
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Figure 8 OEIs per 1m

2
 of treated floor area and year of operation of the LCA studies evaluated with 

Eco-Bat 4.0. 

It was already said that the EEIs have only minor impact on total results of the 

evaluated LCA studies. Still, there are noticeable differences visible in Figure 6. 

Figure 9 therefore brings more insight into the distribution of EEIs in selected 

scenario combinations. In absolute values the KO-1 and KO-2 would have more than 

40 times higher EEIs than PB-1 and 10 times higher EEIs than PB-2 or PB-3. 

However the “relative” EEIs per 1m2 and year of operation are much lower in KO-1 

and KO-2 according to Figure 9. The reasons for this include compactness of the 

block-of-flats and the fact that the renovations focus on surfaces, doors and windows 

or BITS in this case. Renovations (and new construction) consider more building 

parts in PB-1 to PB-3. Similarly, differences between particular scenario 

combinations in the figure are also caused mostly by varying amounts of construction 

materials (related with replacement scenarios). Prime example of this issue is visible 

in EEIs of non-bearing walls. Scenario (2.) considers their replacement, while 

scenario (3.) doesn’t. This causes for example 4.86∙102 Pts∙m-2∙a-1 difference in PB-1. 
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Figure 9 EEIs related with selected scenario combinations of all five LCA studies. The environmental 

impacts are divided among individual building elements based on grouping in inventory tables. 

5.2. GaBi 4 Results 

This section describes environmental impacts of individual scenarios considered in 

PB-1 and PB-3 LCA studies as calculated with the GaBi 4. The results were 

calculated for 324 scenario combinations in A1 to A5 modules and 27 scenario 

combinations in B1, B2 and C1 to C4 modules in each LCA study as defined in 

Section 4.3 of the thesis. 

Figure 10 shows total environmental impacts of the worst (highest) and best (lowest) 

PB-1 and PB-3 scenario combinations in comparison with scenario combinations that 

most resemble reality: individual replacement scenarios, construction waste scenario 

(ii.), waste management scenario (II.) and transport scenario (d.). Environmental 

impacts of the worst scenario combinations in the figure equal 4.15∙105 Pts∙m-2∙a-1 in 

PB-1 and 6.48∙104 Pts∙m-2∙a-1 in PB-3. The 84.37% difference is caused mostly by 

operational energy and related OEIs in module B6. Energy-related OEIs in PB-1 

equal up to 94.18% of total environmental impacts according to the figure. They are 

4.83 times higher than total environmental impacts of the worst PB-3 scenario 

combination. 
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Figure 10 Total environmental impacts related with PB-1 and PB-3 scenario combinations most 

resembling reality. 

Figure 10 also shows increased importance of EEIs compared to Eco-Bat 4.0 results. 

They make up up to 24.47% of total environmental impacts in PB-1 or 72.03% of total 

environmental impacts in PB-3. This is in part result of the fact that GaBi 4 enables 

modelling of more LCA modules. However it is also result of the particular scenario 

combinations, which is highlighted in Figure 11. The figure shows up to 52.78% 

difference in EEIs between comparable scenario combinations in both LCA studies. It 

also highlights the difference in EEIs caused by individual replacement scenarios 

within these studies: up to 36.16% or 14.26% in the particular PB-1 or PB-3 scenario 

combinations respectively. The figure shows that these differences are related mostly 

with final waste disposal (modules C3 or C4) in PB-1 and replacement of construction 

materials (module B4) in PB-3. Landfilling considered in both “real” and worst 

scenario combinations makes up to 82.87% of EEIs per 1m2 and year of operation in 

PB-1 (in the scenario combinations in Figure 11). This share is lower in PB-3, still it 

reaches up to 39.33%. It should be noted that disposal has such major share on EEIs 

in PB-1 due to the fact that the modelled renovations consider relatively small 

amounts of construction materials compared to the whole demolished building. 
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Figure 11 Total EEIs of the PB-1 and PB-3 scenario combinations shown in Figure 10. 

5.2.1. Influence of the Tested Scenarios on the Overall Results 

Figure 12 to Figure 15 show the influence of particular scenarios on the total 

environmental impacts of PB-1 and PB-3 LCA studies. Green columns in the 

individual charts show the range of total environmental impacts of all tested scenario 

combinations divided between the particular scenarios. Wider range (higher green 

column) indicates lower influence of the particular scenario on the total environmental 

impacts. 

 
Figure 12 Range of total environmental impacts (green) of individual scenario combinations in PB-1 

and PB-3 LCA studies. Separate columns represent individual replacement scenarios. Red marks 

indicate scenario combinations that most closely match reality described in Section 5.2. 
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Figure 12 shows variations of the results caused by the three tested replacement 

scenarios. PB-1 scenario combinations including replacement scenario (3.) have on 

average 4.68% (8.31∙107 Pts) or 2.60% (4.62∙107 Pts) higher environmental impacts 

than combinations including replacement scenarios (1.) or (2.) respectively. PB-3 

scenario combinations including replacement scenario (2.) have on average 6.67% 

(4.98∙107 Pts) or 0.42% (3.12∙106 Pts) higher environmental impacts than 

combinations including replacement scenarios (1.) or (3.) respectively. This 

correlates with impact of LCA module B4 Replacement on the total EEIs. Interestingly 

enough, the differences in PB-1 account for 4.33 (or 2.41 respectively) times more 

environmental impacts than modules A1-A3. This suggests that accuracy of the 

replacement scenario is more important than accuracy of the inventory table 

describing modules A1-A3 in PB-1. The situation is different in PB-3. The maximum 

difference is higher there, but it is much lower than EEIs in modules A1-A3 due to 

overall greater amount of construction materials considered in PB-3 LCA study. 

 
Figure 13 Range of total environmental impacts (green) of individual scenario combinations in PB-1 

and PB-3 LCA studies. Separate columns represent individual construction waste scenarios. Red 

marks indicate scenario combinations that most closely match reality described in Section 5.2. 

Modelled amount of construction waste during whole life cycle is up to 17.85t in PB-1 

or 17.66t in PB-3. This equals 8.86% or 4.09% of the total weight of all construction 

materials considered in the particular scenario combinations of both LCA studies. 

Environmental impacts related with processing and disposal of the construction 

waste equal up to 1.52∙107 Pts (0.77% of total) in PB-1 or 1.57∙107 Pts (1.55% of 

total) in PB-3 This suggests low influence of construction waste scenarios on the 

variations of total results, which is confirmed in Figure 13. The highest environmental 

impacts are (unsurprisingly) related with those scenario combinations that include 

construction waste scenario (iii.) in both LCA studies. Average difference between 
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these scenario combinations and scenario combinations including construction waste 

scenarios (i.) or (ii.) is only 0.45% (8.01∙106 Pts) or 0.23% (4.00∙106 Pts) respectively 

in PB-1. The relative difference is only slightly higher in PB-3. Scenario combinations 

including construction waste scenario (iii.) have 1.73% (1.25∙107 Pts) or 0.87% 

(6.30∙106 Pts) higher environmental impacts compared to scenario combinations 

including construction waste scenarios (i.) or (ii.) respectively in this LCA study. All 

these differences are lower than environmental impacts related with municipal waste 

processing in module B1, which reach up to 3.01∙107 Pts. 

 
Figure 14 Range of total environmental impacts (green) of individual scenario combinations in PB-1 

and PB-3 LCA studies. Separate columns represent individual waste management scenarios. Red 

marks indicate scenario combinations that most closely match reality described in Section 5.2. 

Charts in Figure 14 confirm high influence of waste management scenarios on the 

total environmental impacts. They show relatively narrow ranges of total 

environmental impacts in individual columns, which indicate limited influence of other 

tested scenarios. They also shows significant differences between individual waste 

management scenarios. Especially scenario (III.) is standing apart from the remaining 

scenarios. Scenario combinations including scenario (III.) have on average 13.36% 

(2.49∙108 Pts) lower total environmental impacts than the worst scenario 

combinations including scenario (II.) in PB-1. This average difference reaches 

44.04% (3.99∙108 Pts) in PB-3. On the other hand, average difference between 

scenario combinations including scenarios (I.) and (II.) is less than 1% in both LCA 

studies. The reason for the differences lies in applied database datasets and related 

characterization factors. Highest environmental impacts are related with scenario (II.), 

which models landfilling of the waste (see Figure 5) in Czech conditions. It has 

between 1.52% higher environmental impacts than generic landfilling datasets 

utilized in scenario (I.). The difference is caused mostly by more accurate modelling 
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of waste transport and application of Czech electricity supply mix in scenario (II.). 

Recycling modelled in scenario (III.) has lower environmental impacts than landfilling 

modelled in scenario (II.). It should be noted that the difference is only in the final 

module: C3 in scenario (III.) or C4 in scenario (II.). This difference reaches up to 

99.24% in the charts. The reason for such high difference in UBP is in applied 

characterization factors. UBP impact category originates in Switzerland. Therefore it 

discourages landfilling to save limited land available in the country. This situation 

suitably illustrates dangers of using generic data in LCA studies. 

 
Figure 15 Range of total environmental impacts (green) of individual scenario combinations in PB-1 

and PB-3 LCA studies. Separate columns represent individual transport scenarios. Red marks indicate 

scenario combinations that most closely match reality described in Section 5.2. 

Figure 15 shows influence of varying transport distances on the total environmental 

impacts. Unsurprisingly, the highest environmental impacts are related with scenario 

combinations including transport scenario (a.) with 100km transport distance of all 

materials and services. The lowest total environmental impacts are related with 

scenario combinations including transport scenario (d.) with transport distances most 

resembling reality. Average difference between these scenario combinations is 

3.38% (6.03∙107 Pts) in PB-1 LCA study. This is more than production of all 

construction materials and elements considered in modules A1-A3 and B4, which 

equals “only” up to 3.99∙107 Pts. In PB-3 the difference reaches 14.36% 

(1.10∙108 Pts). This is almost as much as environmental impacts related with 

production of all construction materials and elements considered in modules A1-A3 

and B4 (up to 1.16∙108 Pts). This makes transport the second most influencing 

scenario in PB-3 (after waste management). 
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5.3. Comparison of Eco-Bat 4.0 and GaBi 4 Results 

There is noticeable difference between Eco-Bat 4.0 and GaBi 4 results visible in 

Figure 6 and Figure 10. It should be noted that the differences in the UBP impact 

category in these figures are the highest. They reach up to 20.12% in PB-1 and 

39.93% in PB-3.Differences in other impact categories are lower; e.g. in GWP the 

difference reaches only up to 2.63% in PB-3. The differences are related with multiple 

issues; most notably software limitations (lack of several life cycle modules in Eco-

Bat 4.0) and differences in characterization factors. Importance of individual 

differences varies. However their combination influences total results of the evaluated 

LCA studies greatly. In fact only the differences caused by waste management 

scenarios in GaBi 4.0 calculations are comparable in scale. This shows that selection 

of LCA software and characterization method(s) is potentially more important for the 

accuracy of the LCA results than quality of the input data in the inventory tables. 

6. Summary and Conclusions of the Thesis 

Generally, the results of the case studies evaluated in this dissertation correspond 

with literature in confirming that renovation of existing buildings could help mitigate 

overall environmental impacts of our activities. Even relatively high increase of EEIs 

related with renovations or new construction (lower ratio between operational and 

embodied environmental impacts) in KO-2, PB-2 and PB-3 LCA studies does not 

overweigh reduced OEIs of the renovated buildings. It should be noted that these 

environmental savings mostly correlate with energy savings (especially heating) 

achieved through the renovations. The conclusions of this dissertation therefore may 

be of limited use in contemporary buildings with high energy efficiency. Assessors of 

such buildings may want to focus on environmental performance of energy sources 

instead of construction materials, heat losses, etc. 

Exact results vary depending on tested scenario combinations, software tools and 

impact categories. For example, calculations performed in Eco-Bat 4.0 show 17.39% 

average reduction of total environmental impacts in UBP impact category between 

KO-1 and KO-2 LCA studies evaluating a common Czech block-of-flats. The 

improvements are even more pronounced in case of Přibice 275 (and 442) terraced 

house. Calculations in Eco-Bat 4.0 show that partial reconstruction of the house 

described in PB-2 reduced its total environmental impacts in UBP impact category on 

average by 70.57% compared to the original state described in PB-1 LCA study. PB-

3 LCA study goes even farther. Even a complete demolition of the original terraced 

house and construction of a new (efficient) house in the same place is more 

environmentally sound than both PB-1 and PB-2 under the specified boundary 
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conditions. Average difference between PB-1 and PB-3 is 76.83% in UBP impact 

category. 

Part of this dissertation is evaluation of the impact of various scenarios, software 

tools and characterization methods on the LCA results. The results of the 

comparisons suggest that accuracy of individual LCA studies and their comparison is 

rather questionable. There are two main reasons for this situation. First is lack of 

standardization in available LCI databases (and uneven quality of datasets they 

contain) and tools. It creates unnecessary bias which reduces credibility of the LCA in 

general. Section 6.2.2 of the thesis illustrates that the differences could easily reach 

almost 40% (in comparable scenario combinations). 

Second reason for limited accuracy and comparability of the LCA studies is in the 

accuracy of input data and boundary conditions. This issue was tested by 

introduction of four variables in this dissertation: frequency of replacements (three 

scenarios), amounts of construction waste (three scenarios), waste management 

(four scenarios) and transport distances (five scenarios). It should be noted that 

these variables are all related to the embodied environmental impacts. Therefore 

their importance is most pronounced in PB-3 LCA study, which has the lowest ratio 

between EEIs and OEIs. Variations of total environmental impacts in the resulting 

scenario combinations calculated in GaBI 4 software tool are visible in Section 5.2.1 

of the thesis. When looking at the tested variables individually, we can say that: 

 Number of replacements has limited impact on the total environmental 

impacts of the evaluated LCA studies. Most significant difference is caused by 

the fact that one of the scenarios considers only replacements of BITS, while 

the other two scenarios include replacements of more building parts. The 

highest difference between scenario combinations caused by number of 

replacements is 6.67% in PB-3. It could be expected that this difference would 

be even more pronounced in buildings with low OEIs (such as nZEBs). 

Therefore further attention to the predictions of the durability of buildings seems 

necessary given the recent development of building regulations. 

 Construction waste amount variations influence total environmental impacts 

in the evaluated LCA studies the least. Their impact on the results is in order of 

several percent even in PB-3, with its high share of EEIs. This suggests that 

construction material losses could be omitted in LCA studies of common 

buildings and renovations. Their role may be relevant only in buildings with low 

OEIs. Still, the material losses would have to exceed 10% to become a relevant 

issue. 
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 Waste management variations most influence the results. They could change 

total environmental impacts of a building by tens of percent (44.04% in UBP 

impact category in PB-3). The highest environmental impacts (in this thesis) are 

related with scenario combinations that include localized model of landfilling 

defined in scenario (II.). This suggests that landfilling could be considered as 

worst case scenario in LCAs in Czech conditions. However accuracy of this 

conclusion requires further testing, as the model in scenario (II.) was based on 

predefined ecoinvent 2.0 datasets. 

 Transport distance variations have the second highest influence on the LCA 

results. This is partially due to utilization of particular ecoinvent 2.0 datasets in 

the calculations. The highest environmental impacts are related with transport 

scenario (a.), which considers 100km transport distance for everything. Actual 

transport distances are mostly much shorter in Czech (particularly South 

Moravian) conditions. Therefore the related environmental impacts are also 

much smaller. Still, there are arguments for utilization of either scenario. Actual 

transport distances would provide accurate results. In contrast, longer average 

distances (100km, 50km, etc.) could save time and provide intentionally higher 

results “being on the safe side”. 

Overall difference between the best and worst scenario combination is 20.48% in PB-

1 and 56.06% in PB-3 in UBP impact category. The differences are lower in other 

impact categories. Still, they could influence conclusions of the LCA studies. The 

problem posed by these differences could be illustrated by the fact that even the 

relatively low variations of construction waste amounts have higher impact on the 

total results than some of the construction materials. This is true especially for 

“auxiliary” materials which are considered in relatively low quantities, such as sealing 

tapes. These materials could have been omitted during the calculations without any 

noticeable impact on the results. Sadly, there are only vague rules for identification of 

these materials. It would require much higher number of LCA studies to draw any 

statistically significant conclusions in this regard. 

Generally, the wide scattering of total environmental impacts caused by above 

mentioned issues is unacceptable. It limits comparability in LCA to comparative 

studies with predefined boundary conditions or statistical analyses of large quantities 

of individual studies. Further development of standards, databases, characterization 

methods, etc. is therefore necessary if LCA should reach its full potential. For 

example extensive and accurate LCI databases (on national or regional basis) would 

remove the need for individual modelling of the missing datasets. Detailed guidelines 

regarding durability of the modelled materials and equipment would be also 
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necessary. These would in turn ensure that different software tools would provide the 

same (or at least very similar) results in the same impact categories. 

6.1. Contribution to the field and Future Research Prospects 

The results of the dissertation promote building renovations as a simple way towards 

cleaner, more efficient building stock. The dissertation also shows that LCA could be 

a viable tool for optimization of building renovation designs with regard to the 

environmental impacts. However, its major contribution to the field is identification 

and evaluation of the issues that reduce accuracy (and thus applicability) of the LCA 

in building renovations. 

Most prominent issue potentially compromising the building LCA results (in this 

dissertation) is lack of accurate localized national or regional LCI data. Modelling of 

the missing datasets applied in this dissertation is time consuming and potentially 

inaccurate (if improper datasets are applied – see Sections 6.1.5 and 6.2.3 in the 

dissertation). Therefore one of the aims of future Czech LCA works should include: 

 Establishing of a proper Czech LCI database (e.g. on the basis of existing 

Envimat database) and its expanding with data provided by material producers 

and other professionals. Such database could be even enhanced with a map 

application that would allow fast calculations of transport distances and related 

environmental impacts. 

 Compiling of detailed data on existing building stock. Statistics based on such 

data could for example help to fill the gaps in any future LCIs or even simplify 

the LCIs similarly as utilization of KBOB data in Eco-Bat software. The data 

could be also utilized in more LCA studies evaluating environmental efficiency 

of building renovations in buildings of different archetypes, energy 

consumption, material composition, etc. Only such detailed work could provide 

general conclusions and recommendations for (Czech) building stock. 

The dissertation also shows that selected characterization method significantly 

influences the outcome of any LCA study. Therefore it would be advantageous if the 

standards such as EN 15978 would specify not only impact categories, but also 

characterization method. This would enable accurate comparison of different LCA 

studies. Another related issue is that Czech LCA practitioners have to rely on existing 

characterization methods as there is currently no localized characterization method in 

the Czech Republic. This dissertation shows that utilized versions of UBP 

characterization are not suitable, especially when waste management is considered. 

Therefore another aim of the future research should be selection of most suitable 

characterization method. 
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Lastly, the dissertation has shown that existing standards such as EN 15978 provide 

usable boundary conditions for building LCA, however they lack some specifications, 

especially when building renovations are considered: scope of modules B3, B4, B5 

and B7 is too broad. For example module B4 Replacement covers similar issues as 

modules A1 to A5 and C1 to C4. Similarly, module B7 covers overall energy 

consumption. Lack of pre-set division of environmental impacts in these modules 

increases bias in comparisons of LCA studies. This in turn leads to bias and 

inaccuracies in optimization of renovated buildings. Similarly, there is no set division 

of buildings into individual elements. Unified structure of building elements would 

greatly improve comparability of the environmental efficiency of individual renovation 

measures as well as whole buildings. In this regard the dissertation utilized further 

division of building life cycle modules as well as building elements. These could be 

utilized in future works that would establish most suitable boundary conditions of 

building (renovation) LCA. 

Previously mentioned aims of future work could be pursued separately. However they 

could be also combined and their results compiled in easy-to-use (localized) LCA 

software. Such software could motivate common building designers to utilize LCA 

and design more efficient buildings (and their renovations). 
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9. Abstract of the Doctoral Thesis 

One of the methods utilized for quantification of environmental impacts of human 

activities is Life-Cycle Assessment (LCA). This dissertation applies the method on 

renovations of residential buildings in the Czech Republic. The reason is in high 

potential for environmental savings in existing building stock and lack of such works 

in the Czech conditions. Therefore the dissertation deals with LCA of building 

renovations to increase the knowledge in this field (in the Czech Republic) and 

introduce it to professionals and public alike. Moreover it also questions and 

evaluates accuracy of the building LCA in general to increase understanding of 

differences and inaccuracies that are often admitted, but seldom analysed in existing 

literature. 

The dissertation includes five LCAs of two case studies: a block-of-flats in Brno and a 

terraced house in a nearby village. First case study includes LCAs of the original 

state and renovation of the block-of-flats. The second case study describes LCAs of 

the original state, partial reconstruction or demolition and new construction of the 

terraced house. The LCAs are performed in two software tools: Eco-Bat 4.0 and 

GaBi 4. Detailed models of the evaluated buildings are based on available designs. 

These are transformed into datasets available in ecoinvent database in both tools. 

Environmental impacts are calculated in four impact categories predefined in Eco-

Bat 4.0 to enable comparison of results: Ecological Scarcity, Cumulative Energy 

Demand (primary energy), Non-Renewable Energy and Global Warming Potential. 

The accuracy of the performed LCAs is tested in almost 400 different combinations 

including varying scenarios for: service life of building materials, construction waste 

quantities, waste management and transport distances. 

Generally, the results confirm environmental efficiency of building renovations. The 

renovation of block-of-flats results in 17.39% average reduction of total environmental 

impacts in Ecological Scarcity. Demolition and new construction of the terraced 

house result in 76.83% savings in the same impact category. These results vary 

depending on particular scenario combinations. Sadly, the variation is rather high: up 

to 56.06% in Ecological Scarcity. This indicates that further research is needed 

before start of wide-spread application of LCA.  


