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Summary 

This paper presents selected environmental impacts of production of thermally insulating 
composite material (TICM) developed at Brno University of Technology, Faculty of Civil 
Engineering, made of secondary raw materials and its application in form of structural 
elements (insulating blocks). In building constructions these blocks could be used for 
minimization of thermal bridges, especially in structural details exposed to high 
mechanical loads, such as the substructure below doors and windows, thermal insulation of 
the base of the wall, foundations or attics. 

In previous works [1] we have identified and assessed environmental impacts of 
TICM. A preliminary comparison of these impacts with environmental impacts of other 
similar materials was conducted (see Tab. 2). These comparisons have been applied to 1 kg 
of the product. However, if we want to see things in a broader context, it is necessary to 
compare specific applications of the materials as well – building constructions are created 
from many different materials, which should be accounted for in the assessments. This 
approach ensures, that the assessment has higher informative value and that it will be easier 
to understand for general public, making it a good decision-making tool for designers, 
builders and investors. 

For the comparison of environmental impacts is chosen application of these insulating 
blocks in the structural detail of the base of the wall. For the purpose of comparison of the 
environmental impacts, also application of foam glass slabs in the same construction detail 
is assessed. 
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1 Introduction 

1.1 Life cycle assessment 

Environmental assessment in the form of EPD (Environmental Product Declaration) or 
LCA (Life Cycle Assessment) study is an objective guideline for deciding between 
products. LCA is a multi-criteria assessment that is very demanding on the amount and 
quality of input data. Its basis is the evaluation of the impact of energy and material flows 
that connect the assessed product system with its surroundings. Afterwards, this data are 
used to create an assessment of environmental impacts of the product system. The results 
of LCA are shown in individual impact categories, where the overall environmental impact 
is recalculated into the impact indicators with use of so called equivalent units (e.g. kg CO2 
Equivalent in case of Global Warming Potential). These indicators show us, what amount 
of the reference substance (CO2 in previously mentioned example) would have the same 
impact on the environment, as assessed product.  

The LCA methodology is enshrined in international standards ISO 14040 and ISO 
14044 and their national variants. General principles for the use of LCA methodology in 
building industry are provided by international standard ISO 15392. 

1.2 Compared insulating materials  

Insulating blocks made of TICM were developed during research FAST-S-11-40/1292. The 
material has a thermal conductivity λ = 0.093 W·m-1·K-1 and its density is ρTICM = 488 kg·m-3. 
The material has a high compressive strength (tested up to 10 MPa), thus it is ideal for use 
in construction details where both good thermal and mechanical properties are needed. As 
the binder recycled polypropylene (PP) is used. Filler is expanded glass granulate (EGG), 
which consists mostly of recycled glass. [3] For mass production will be used co-extrusion 
penetration line according to the Czech Patent No. P303330. During the production, EGG 
will be poured on a layer of partially molted PP. Afterwards it will be covered by molten 
PP, which will fill all the pores and cavities between the EGG granules. The individual 
blocks will be divided by insertion of spacers. This will ensure that the pores in the EGG 
granules won’t be exposed to water from the environment (which could pose a threat to 
properties and durability of the blocks). 

 
Fig. 1 Both assessed material variants (EG on the left, TICM on the right)  

of interruption of thermal bridge at the base of the wall. [2] 
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Expanded glass (EG; or foam glass) slabs are one of the most common thermal insulation 
materials used in construction details. Depending on manufacturer, expanded glass has 
thermal conductivity λ ≈ 0.05 W·m-1·K-1, density ρEG up to 165 kg·m-3 and compressive 
strength up to 1.6 MPa. Manufacturing process and raw materials used for production of 
EG slabs vary, depending on manufacturer. EG could be manufactured purely from 
recycled glass, but to improve properties of the material, manufacturers mix it with 
primary raw materials. 

2 Assessment of the structural detail 

For the comparison of environmental impacts of both materials described above is chosen 
structural detail of interruption of the thermal bridge at the base of the external wall. This 
detail is ideal example of use of EG, TICM and other similar materials, because the 
materials used in this detail has to have both good thermal and mechanical properties. 

 
Fig. 2 Both assessed material variants (EG on the left, TICM on the right)  

of interruption of thermal bridge at the base of the wall. 

The detail shows (schematically) a base of the wall of a standard family house, without 
a basement. Thermal comfort and heat loses are dependent on the thermal properties of the 
houses envelope – in this case floor and external walls. Both floor and the external wall 
have different thermal-insulating properties. At the contact of these materials there is 
a critical spot, which if unsolved creates local thermal bridge. This thermal bridge can (in 
extreme cases) cause condensation of water and growth of algae and fungi, that are 
dangerous for health of inhabitants. Comparison of thermal properties of used materials is 
out of scope of this paper. 

2.1 Installation of thermal insulation into assessed structural detail  

EG is manufactured in many shapes and sizes. For this particular assessment were used 
slabs, which’s width is similar to the width of the external wall. The slabs have fixed length, 
and height. The size or shape of the slabs could be easily adjusted with use of common 
saw. EG is a material with open porous structure. If water can get to the open pores, it 
could damage the structure of the slabs, shortening their durability and worsening their 
properties. To prevent this, part of the manufacturing process of these slabs is covering of 
the slabs with a layer of asphalt emulsion, which closes the pores on the surface. Top and 
bottom surface of the slab is than covered with a layer of impregnated paper, which 
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increases mechanical protection of the asphalt layer. If the slab is cut with a saw, the cut 
surface has to be treated with asphalt emulsion as well. On the construction site, the slabs 
are placed on the layer of mortar. There should not be any space left between the slabs, to 
ensure best functionality of the structural detail. Than on the top of the slabs is poured 
another layer of mortar, which serves as a foundation layer for the masonry (see Fig. 1). 

It is assumed that the insulating blocks made of TICM will be produced in the most 
common widths of masonry. The height of a single block is 40 mm. The blocks can be 
stacked on each other, with barbs ensuring tong and groove connection of the layers. 
Application of the blocks is similar to that of EG slabs (see Fig. 1). Only the thickness of 
the mortar layer is smaller – thanks to the barbs, cohesion between mortar and insulating 
blocks is better.  

2.2 Boundary conditions and assessment methods 

Only insulating materials and materials needed for their installation in the construction 
detail (asphalt, mortar, etc.), in amounts corresponding to Fig. 1 are taken into account 
during the assessment. In both variants is assessed amount of materials needed for 
completion of 1 m of the length of the detail (see Tab. 1). After examination of EG slab 
sample it was determined, that (for the purpose of assessment) asphalt layer on the EG slab 
is 2 mm thick and the paper cover is 0.2 mm thick. 

Tab. 1 Materials needed for completion of 1 m of the length of the detail 
Variant with EG slabs Variant with blocks made of TICM 

Material Amount Material Amount 
[kg] [kg] 

EG 8.54 
TICM 25.80 

Asphalt 3.61 
Paper 0.09 

Light mortar 9.90 
Light mortar 13.50 

 
Database tool GaBi4 with built-in database and external Ecoinvent database is used for the 
assessment. Results of the assessment are processed with use of characterization model 
CML2001-Dec.07. Because of the lack of data, only direct inputs and outputs of the 
production of the materials are taken into account. Quantifications of the inputs and 
outputs needed for production of insulating blocks made of TICM are based on direct 
measurements and consultations with operators of recycling plant and PP production line. 
It is assumed, that for lessening of energy and material demand, the recycling of PP will 
take place on the same production as production of TICM. [2] For the assessment of 
environmental impacts of EG slabs and light mortar were used generic data from the 
databases. 

3 Results of assessment 

For the purpose of comparison of the results of different approaches to the assessment, 
Tab. 2 shows the results of assessment of environmental impacts of extruded polystyrene 
(XPS), EG and TICM. The results are calculated for 1 kg of these materials. Environmental 
impacts of XPS are added for illustration only, to show environmental impacts of common 



Central Europe towards Sustainable Building 2013 
Low-tech and high-tech materials and technologies for sustainable buildings 

  5   

thermal insulation materials. TICM has the lowest environmental impacts in this 
assessment. If compared by mass and not weight, the environmental impacts of TICM 
production are higher than those of EG or XPS production, because of its relatively high 
density (ρTICM = 488 kg·m-3 in comparison with ρEG = 165 kg·m-3 or ρXPS = 40 kg·m-3). But 
if we look closely at its mechanical properties and form of application (see Tab. 3), we can 
see, that TICM’s environmental impacts are not that much worse than the environmental 
impacts of application of the EG in the same detail. 

Tab. 2 Comparison of environmental impacts of production of 1 kg of XPS, EG and TICM 

Impact Category Unit 
Material 

XPS EG TICM 
Abiotic Depletion (ADP)  [kg Sb-Eq.] 0.04 0.01 0.01 
Acidification Potential (AP)  [kg SO2-Eq.] 0.01 4.28E-03 3.01E-03 
Eutrophication Potential (EP)  [kg Phosph.-Eq.] 1.33E-03 6.23E-04 3.09E-04 
Freshwater Aquatic Ecotoxicity Pot. 
(FAETP inf.)  [kg DCB-Eq.] 0.14 0.11 0.10 

Global Warming Potential (GWP 100 
years)  [kg CO2-Eq.] 10.13 1.58 0.89 

Human Toxicity Potential (HTP inf.)  [kg DCB-Eq.] 0.57 0.27 0.14 
Marine Aquatic Ecotoxicity Pot. (MAETP 
inf.)  [kg DCB-Eq.] 676.14 416.30 546.75 

Ozone Layer Depletion Potential (ODP, 
steady state)  [kg R11-Eq.] 1.64E-04 1.52E-07 2.30E-08 

Photochem. Ozone Creation Potential 
(POCP)  [kg Ethene-Eq.] 2.81E-03 4.55E-04 1.78E-04 

Terrestric Ecotoxicity Potential (TETP inf.)  [kg DCB-Eq.] 0.01 0.01 0.01 

Tab. 3 Environmental impacts of application of EG slabs and blocks made of TICM into the 
structural detail shown on Fig. 1 

Impact Category Unit 
Variant 

EG slabs TICM 
blocks 

Abiotic Depletion (ADP)  [kg Sb-Eq.] 0.10 0.13 
Acidification Potential (AP)  [kg SO2-Eq.] 0.04 0.08 
Eutrophication Potential (EP)  [kg Phosph.-Eq.] 0.01 0.01 
Freshwater Aquatic Ecotoxicity Pot. (FAETP inf.)  [kg DCB-Eq.] 0.92 2.53 
Global Warming Potential (GWP 100 years)  [kg CO2-Eq.] 13.79 22.89 
Human Toxicity Potential (HTP inf.)  [kg DCB-Eq.] 2.39 3.67 
Marine Aquatic Ecotoxicity Pot. (MAETP inf.)  [kg DCB-Eq.] 3626.82 14089.05 
Ozone Layer Depletion Potential (ODP, steady state)  [kg R11-Eq.] 1.32E-06 5.92E-07 
Photochem. Ozone Creation Potential (POCP)  [kg Ethene-Eq.] 3.97E-03 4.60E-03 
Terrestric Ecotoxicity Potential (TETP inf.)  [kg DCB-Eq.] 0.07 0.26 
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4 Conclusion 

Assessment presented in this paper shows, that if there is a need for comparison of different 
materials, a complex approach should be considered. If only the thermal insulation 
materials are compared, than according to Tab. 2, with the weight of 25,8 kg of TICM, vs. 
only 8,54 kg of EG, the results of the assessment would be misleading to the detriment of 
TICM. Also there is a possibility, that there are inaccuracies in the generic data in used 
databases (especially data for EG), but it is not possible to obtain data from producers. If 
the production of the EG slabs is modeled the same way as the production of TICM, there 
may be different results of the comparison. Nevertheless, conducted assessment shows that 
the developed TICM has worse environmental impacts than EG. As it is still in the stage of 
development, results of the assessment will be used in further optimizing of composition 
and production process of this material. 
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