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Summary  

Residential buildings play important role in economic growth and social development, but 
at the same time the construction sector is responsible for many environmental issues. 
Buildings require large amount of materials and energy within their life cycle ranging from 
construction to demolition. On the other hand, they are responsible for massive share of 
CO2 emissions or for waste production.  

Analysis of building materials used in buildings needs balancing of their operational 
and embodied energy and emissions. In this paper 3 buildings were studied in terms of 
environmental performance of building materials. Design parameters, such as configuration 
of houses as well as material basis were analyzed. Environmental evaluation included 
assessment of weight of used materials, embodied energy, embodied CO2 and SO2 
emissions. The results showed, that concrete participated not only on the highest weight 
percentage of materials used (60.1 % – 68.7 %) but on those with the highest shares of 
embodied energy (31.4 % – 39.4 %), embodied CO2 (40.1 % – 50.6 %) and embodied SO2 
(32.8 % – 43.0 %) emissions as well. 

Keywords: Environmental assessment, environmental profile, building materials, 
embodied energy, global warming, acidification  

1 Introduction 

Construction sector is the leading industry contributing to deterioration of environment. 
The principal issues of building industry are the intensive use of raw materials and energy 
which are responsible for pollution of soil, water as well as air. Contemporary building 
activity uses almost 40 % of stone, gravel and sand; 25 % of wood; or 16 % of fresh water, 
and processes including production of building materials, build up, operation or demolition 
are responsible for 25–50 % of total energy used [1–3]. Similarly, to mitigate the climate 
change the reduction of greenhouse gasses emission by 50 % needs to be achieved by 2050 
[4]. If no action is taken to reduce this negative profile the sustainability of construction 
sector is questionable. In order to reduce a strong demand on raw materials and energy and 
to minimize the negative impacts, the European Committee has introduced regulations 
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aimed at the minimization of energy used for operation by 20 % or at the decrease of 
greenhouse gasses emissions by 20 % [5, 6]. 

However, minimization of the negative impact of building sector requires not only 
the regulation of the usage stage, but should also include other phases (extraction of raw 
materials, production of building products, erection of building, demolition etc.) [7]. 
Although the operation of buildings is stage with the highest negative impact on 
environment, in current buildings also other phases have significant environmental impact, 
especially as a result of use of high quantity of harmful materials used for building 
structures [8–10]. 

2 Material and methods 

2.1 Description of assessed houses  

Three selected buildings of same kind (2-storeyed family houses for an average Slovak 
family) were selected for evaluation of environmental performance of used building 
materials. Buildings were sized to be suitable for 3–7 inhabitants. Space configuration of 
house is presented in table 1.  

Tab. 1 Space configuration of assessed buildings 

 Basement Ground 
floor 

2nd 
floor Leeward Terrace Balcony Garage Gutter 

sidewalk 
H1 - • • • • - - • 
H2 - • • • • • - • 
H3 - • • - • • - • 

 
Areal and volumetric description of evaluated buildings is presented in table 2. 

Tab. 2 Areal and volumetric configuration of assessed buildings 

 Build-up 
area [m2] 

Useful 
area [m2] 

Living 
area [m2] 

Build-up 
cubature [m2] 

Inhabitants 
min-habita 

Inhabitants 
max-habita 

H1 120.47 159.35 99.65 653.1 3 7 
H2 78.13 122.12 70.10 524.1 3 5 
H3 127.26 183.94 105.07 770.7 3 7 

2.2 Building materials used for building structures 

Only conventional types of building materials for conditions of Slovak republic were used 
in selected buildings (table 3). 

For underwork (foundations) concrete (plain or reinforced) is the principal material. 
Gravel and concrete hollow blocks was also used. Damp proof course consisted of bitumen 
or plastic sheets. 

For exterior, internal and partition masonry walls as the main material of wall 
structures, perforated ceramic bricks together with aerated concrete blocks are the most 
preferred alternatives for Slovak houses. For pillars, lintels and stairs the reinforced 
concrete was used. 

For structures of vertical load-bearing structures (ceilings) the reinforced concrete 
plate, concrete or ceramic prefab blocks, or wood ceilings are used. However, in assessed 
scenarios only reinforced concrete was used. 
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The framework of roof was without any exception made of wood, while roof 
weatherproofing was secured by wider range of materials (concrete, ceramics, metals, 
bitumen etc.). 

For insulating purposes, polystyrene (XPS and EPS) and mineral insulation (glass 
wool and rock wool) was used to eliminate heat bridges in walls, floors, ceiling or roof. 

Materials of surfaces included lime or lime-cement indoor plasters, silicate or 
silicone external plasters, wide range of floor surfaces (ceramics, laminate, wood, 
concrete) or gypsum plasterboard used for lower ceiling mostly. 

Only standard doors and windows with wood or plastic frames and double glazing 
are used. 

Tab. 3 Materials used for building structures 
Structure House 1 (H1) House 2 (H2) House 3 (H3) 

Underwork 

concrete foundations, 
concrete hollow blocks, 
concrete base plate, gravel, 
concrete tiles, bitumen 
aluminum sheet 

concrete foundations, base 
plate-reinforced concrete, 
gravel, polymer bitumen sheet 

concrete foundations, 
concrete base plate, 
concrete hollow blocks, 
gravel, PVC sheet, 
geotextile 

Vertical 
load bearing 
walls 

aerated concrete blocks, 
pillar-reinforced concrete, 
lintels-reinforced concrete, 
stairs-reinforced concrete 

perforated ceramic bricks, 
lintels-reinforced concrete 

perforated ceramic bricks, 
lintels-reinforced concrete, 
pillars- 
-reinforced concrete 

Partition 
walls 

aerated concrete blocks, 
capping-reinforced concrete 

perforated ceramic bricks, 
capping-reinforced concrete 

perforated ceramic bricks, 
capping-reinforced 
concrete 

Ceiling 

ceiling-reinforced concrete, 
bond beams- 
-reinforced concrete, joist- 
-reinforced concrete 

ceiling-reinforced concrete, 
bond beams-reinforced 
concrete, joist-reinforced 
concrete 

ceiling-reinforced 
concrete, bond beams- 
-reinforced concrete, joist-
reinforced concrete 

Roof 
wood framework, wood 
fiberboard, ceramic tiles, 
galvanized sheet 

wood framework, wood 
fiberboard, concrete tiles, 
galvanized sheet 

wood framework, OSB, 
concrete tiles 

Thermal 
insulation 

XPS (foundations), rock wool 
(roof, floors) EPS (thermal 
bridges, facade) 

XPS (foundations), glass wool 
(roof, lower ceiling), EPS 
(facade, floors) 

glass wool (roof, lower 
ceiling), EPS (floors, 
thermal bridges, exterior 
ceiling) 

Surfaces 

concrete screed, laminate 
floor, ceramic tiles, wood 
panels, lime cement plaster, 
silicate plaster, glass-textile 
mash, gypsum plasterboard 

concrete screed, concrete tiles, 
wood floor, laminate floor, 
lime cement plaster, silicate 
plaster, glass- 
-textile mash, gypsum 
plasterboard 

concrete screed, ceramic 
tiles, wood floor, lime 
cement plaster, silicate 
plaster, gypsum 
plasterboard 

Doors & 
windows wood frame, double glazed plastic frame, double glazed plastic frame, double 

glazed 

2.3 Methodology 

In this case study assessment of environmental impact of 3 houses in terms of used building 
materials is presented. Environmental profile was calculated using quantitative description of 
used materials (volumes and areas of used materials were extracted from project 
documentation) and included the weight of used materials (kg) embodied energy (primary 
energy intensity – PEI – MJ), embodied CO2 emissions (global warming potential – GWP – 
kg CO2eq) and embodied SO2 emissions (acidification potential – AP – kg SO2eq) within 
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cradle to gate boundaries [11]. The origin of data for calculation of environmental 
performance of used materials is from broadly used database [11, 12]. 

Environmental profile was calculated for the whole building and then separately for 
groups of materials divided into 8 structures (underwork, vertical load bearing walls, 
partition walls, ceiling, roof, thermal insulation, surfaces and door & windows), as well as 
for building materials classified into groups upon their manner (11–14 material groups). 
Areal and volumetric normalization of calculated results was performed to provide more 
relevant comparison of buildings between each other [7]. 

3 Results 

3.1 Total environmental profile  

The overall environmental profile of all 3 assessed houses is presented in table 4. 

Tab. 4 Total environmental profile of assessed houses 
 House 1 (H1) House 2 (H2) House 2 (H3) 
Weight – kg 286647.7 247304.5 400143.4 
PEI – MJ 609532.9 509883.7 749120.6 
GWP – kg CO2eq 42195.0 29431.3 46384.8 
AP – kg SO2eq 186.80 144.78 213.06 

 
Analyzing the total weight of used materials, the heaviest building is H3 with 400143.4 kg 
of used materials. On the other hand the lightest one was H2 with 247304.5 kg. The 
difference in weight between H2 and H3 is 38.2 %. Embodied energy of the worst 
alternative (H3) reached 749120.6 MJ, while PEI of the best alternative (H2) reached 
509883.7 MJ. The calculated difference in embodied energy was 31.9 %. The highest 
calculated CO2 emissions were reached by materials of house H3 (46384.83 kg CO2eq), 
while the lowest measure of CO2 was reached in H2 (29431.3 kg CO2eq). The difference 
represents 36.5 %. Analyzing the acidification, the most negative building was H3 with 
213.06 kg SO2eq. Building with the lowest AP was H2 (144.78 kg SO2eq) and the 
difference between these 2 alternatives reached 32 %. 

3.2 Environmental profile of structures 

Building materials were divided into structures and the environmental profiles were 
calculated separately for particular parts of buildings. Environmental performance of 
structures of houses H1-3 is presented in figure 1. 
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Fig. 1 Environmental profile of particular structures  

(a, – weight, b, – PEI, c, – GWP, d, – AP; 1 – underwork, 2 – vertical load bearing structures,  
3 – partition structures, 4 – ceiling, 5 – roof, 6 – thermal insulation, 7 – surfaces, 8 – doors & window) 

As illustrated in figure 1a, underwork was structure with the highest mass in all of 
3 houses, with weight ranging from 130360.3 kg – 197134.9 kg. This was caused due to 
large amount of bulky material – gravel and concrete. Weight of ceilings also reached 
relatively large measure (34263.1 kg to 67633.2 kg). The weight of load bearing walls was 
also calculated and reached relatively high measure (34328.6 kg – 66803.2 kg). 

As a result of relatively large amount of materials of underwork, also embodied 
energy (figure 1b) reached high values ranging from 102017.4 MJ to 127551.1 MJ. 
However, embodied energy of underwork was the largest only in building H2, while in 
buildings H1 the PEI underwork reached the second place with 102017.4 MJ of energy 
after thermal insulation with 113420.6 MJ. In house H3 the calculated embodied energy of 
load bearing walls reached the highest value in from all assessed scenarios (159302.4 MJ). 

The highest amount of embodied CO2 emissions (figure 1c) within each building was 
calculated for foundations (10821.4 kg CO2eq – 12771.7 kg CO2eq). Fairly high GWP was 
also calculated for vertical load bearing structures of houses H1 and H3 (9180.6 kg CO2eq 
– 11444.6 kg CO2eq) or for ceilings of H1 and H3 (7481.1 kg CO2eq – 9821.7 kg CO2eq) 
and for thermal insulation of H1 (8783.3 kg CO2eq). However, when using large amount of 
natural materials (e.g. wood as used in roof), the negative contribution to global warming 
can be reached. In these assessed houses the GWP of roof reached values from –5852.8 kg 
CO2eq to –3009.9 kg CO2eq, what means a positive situation. 

Analyzing the acidification (figure 1d), the largest AP was calculated for thermal 
insulation of H1 (42.9 kg SO2eq). Large value of AP was also calculated for underwork 
(32.58 kg SO2eq – 40.43 kg SO2eq), load bearing walls and ceiling of H3 (36.37 kg SO2eq – 
35.03 kg SO2eq). 
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3.3 Material groups environmental profile  

Another point of view on environmental profile is to evaluate the contribution of particular 
building material groups to particular environmental impact. Material groups upon their 
manner include 11–14 members for this case. Percentage of particular impact categories for 
house H1 is presented in figure 2. 

 
Fig. 2 Contribution of materials to environmental indicators of house H1 

In house H1 concrete structures were those with the heaviest mass, whose share was 
calculated to 60.1 % from the total. The share of concrete on embodied energy reached 
31.4 % and on embodied CO2 emissions even 40.1 %. Concrete materials contributed to 
acidification by 32.8 %. The second heaviest material was aerated concrete with 10.4 % of 
weight ratio, 19.8 % contribution to embodied energy and with 19 % contribution to global 
warming. Materials with the second highest acidification potential were mineral thermal 
insulation materials (18.7 %). Wood product contributed to global warming in the positive 
way by negative CO2 emissions (–9.3 %). 

Percentage of contribution of particular materials groups to environmental indicators 
of house H2 is presented in figure 3. 

 
Fig. 3 Contribution of materials to environmental indicators of house H2 

Concrete materials of house H2 were identified as the heaviest ones with 68.7 % share of 
weight. Concrete participated on consumption of PEI by 39.4 %. Contribution of concrete 
materials to GWP reached 50.6 % and to AP 43 %. Ceramic materials contributed to weight 
by 15.4 %, so they were marked as the second heaviest materials of house 2. The share of 
ceramics on PEI reached 22.5 %, on GWP 18.2 % and on AP 17.4 %. The negative 
contribution to global warming reached –14.9 % in the case of wood materials. 

The percentage of particular impact categories of building materials of house H3 is 
presented in figure 4. 
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Fig. 4 Contribution of materials to environmental indicators of house H3 

The weight of concrete materials of house H3 was calculated as the heaviest one also in this 
building and its share represents 61.8 % share of the total weight. Contribution of concrete 
materials on the share of embodied energy was calculated to 36.9 %. Concrete also 
participates on GWP by 48.3 % and on AP by 41 %. Material with the second most negative 
impact is ceramics with 17.7 % share on weight, 28.9 % contribution to amount of embodied 
energy, 22.8 % contribution to global warming and 22.3 % contribution to acidification. The 
share of wood on global warming reached negative value also in this building (–13.2 %). 

3.4 Normalized environmental profile 

For a more precise comparison of environmental parameters of buildings the normalized 
environmental profile was calculated. The total environmental performance of structures 
may be relatively high comparing with normalized one [7]. Normalization per area, volume 
or inhabitant enables more relevant comparison of buildings with the different size, as 
presented in table 4.  

Tab. 5 Normalized environmental performance of assessed houses 
 House H1 House H2 House H3 
Weight/build-up area (kg/m2) 2379.4 3165.3 3144.3 
Weight/useful area (kg/m2) 1798.9 2025.1 2175.4 
Weight/living area (kg/m2) 2876.5 3527.9 3808.4 
Weight/build-up cubature (kg/m3) 438.9 471.9 519.2 
Weight/max inhabitants (kg/habita) 40949.7 49460.9 57163.3 
PEI/build-up area (MJ/m2) 5059.6 6526.1 5886.5 
PEI/useful area (MJ/m2) 3825.1 4175.3 4072.6 
PEI/living area (MJ/m2) 6116.7 7273.7 7129.7 
PEI/build-up cubature (MJ/m3) 933.3 972.9 972.0 
PEI/max inhabitants (MJ/habita) 87076.1 101976.7 107017.2 
GWP/build-up area (kg CO2eq/m2) 350.3 376.7 364.5 
GWP/useful area (kg CO2eq/m2) 264.8 241.0 252.2 
GWP/living area (kg CO2eq/m2) 423.4 419.8 441.5 
GWP/build-up cubature (kg CO2eq/m3) 64.6 56.2 60.2 
GWP/max inhabitants (kg CO2eq/habita) 6027.9 5886.3 6626.4 
AP/build-up area (kg SO2eq/m2) 1.551 1.853 1.674 
AP/useful area (kg SO2eq/m2) 1.172 1.186 1.158 
AP/living area (kg SO2eq/m2) 1.875 2.065 2.028 
AP/build-up cubature (kg SO2eq/m3) 0.286 0.276 0.276 
AP/max inhabitants (kg SO2eq/habita) 26.685 28.956 30.437 

Comparison of normalized values represents more relevant analysis, as original values 
were transformed to comparable ones and even different buildings could be compared even 



CESB13 Prague 
Decision-support tools and assessment methods 

8 

if they are of the different size. Normalization to useful area represents the most relevant 
comparative member, because the useful area consists of sum of areas of all used areas in 
each floor. Assessed building were of the different size, therefore normalization to useful 
area resulted in obtaining the more accurate values with lower divergence. The difference 
between the lowest and highest value (H1–H3) of normalized weight reached 17.3 % in the 
case of normalization to useful area. In the case of PEI the difference between the lowest 
and highest value (H1–H2) reached 8.4 %. For GWP the difference reached 9 % (H2–H1) 
and for AP only 2.3 % (H3–H2). 

4 Conclusions 

Environmental profile of building materials analyzed in this case study outlines the 
importance of selection of suitable building. Selection of building materials is a complicated 
process which requires evaluation of several parameters including environmental ones. The 
importance of sustainable construction and sustainable building design is rather important 
when the operational energy within the usage stage is minimized, so amount of used 
materials is increased. In this paper the environmental profile of 3 houses was presented, 
however the results are difficult to be interpreted. The materials with the most negative 
environmental impact were materials used in the underwork (concrete foundations and 
gravel layer). Similarly, materials used for wall structures (ceramics, aerated concrete, 
concrete), which were applied in the large scale also contributed to environmental indicators 
in substantial way. In contrast, the use of materials with lower weight ratio (e.g. thermal 
insulation materials) resulted in relatively large global warming or acidification potential. 
However, the use of wood does not contribute to production of CO2 emissions what may 
lead to fulfilling of sustainability strategies. The results of case study have proven that 
a further investigation in the branch of sustainable building is necessary in order to reduce 
the negative impact of construction sector. Results from this case study together with results 
from similar evaluations were used as a part of statistic survey of environmental impact of 
building materials of Slovak houses. 
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