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Abstract. The article deals with the data structure required for the Life Cycle Assessment (LCA) 
of buildings using the Building Information Model (BIM) for implementation in the Czech 
construction industry. The construction industry produces a significant amount of waste while 
the capacity of landfills is being limited. The effective management of previously used materials 
that have the potential to be reused can significantly help to decrease consumption and save 
natural resources. LCA is a method that can be used to demonstrate the suitability of proposed 
materials, structures or buildings in terms of their whole life cycle and its environmental impact. 
For an LCA evaluation, it is crucial to obtain life cycle inventory (LCI) input data, though the 
structure of this data has not yet been clearly defined for the Czech environment. BIM includes, 
in addition to geometry, an information component which is applicable to this assessment. The 
aim of the article is to analyze previous approaches and define a BIM data structure for a 
particular material for LCI purposes. The new methodology is based on the standardization of a 
non-graphical information model data structure (SNIM) which was developed for the Czech 
construction industry. “Markup syntaxes” have been taken from the SNIM database and used to 
further identify the data for LCI base structure purposes. The MatLab matrix solver was used to 
classify these data. The advantages of the proposed methodology have been demonstrated via a 
case study of a monolithic concrete slab structure in which three types of concrete were 
evaluated. The results indicated the percentage of impact categories for each concrete type. These 
results are useful for expanding the BIM model with new data necessary for further LCA 
calculations. The extension of the BIM model via LCA calculations will lead to a reduction in 
the extraction of natural resources as well as a positive impact on the environment. 

1.  Introduction 
The Life Cycle Assessment (LCA) of construction products is a very topical issue in connection with 
the current drive towards sustainable construction based on the Directive of the European Parliament 
and the European Commission No: 305/2011 [1]. The new requirement for construction products, as 
well as for all construction works, is that natural resources should be used sustainably in order to ensure 
improvements occur in the environmental performance of buildings. The sustainable use of natural 
resources is linked to the possibility of reusing or recycling previously used materials in construction. 
Moreover, sustainability is improved when a whole building is recycled or when environmentally 
friendly materials are used during construction, as proposed in the aforementioned regulation. One of 
the possible tools that can be employed in efforts to adhere to this regulation is LCA [2]. 
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LCA is an analytical method based on the assessment of the environmental impacts of products, 
services or technologies. Kočí [2] described the approach of the LCA method to assessing environmental 
impacts on the environment: the whole life cycle of products is considered, i.e., from the stage of 
obtaining and manufacturing raw materials, through the production and use of the products, and all the 
way up to their final disposal or recycling. Many authors have aimed their research activities at exploring 
the possibility of connecting the LCA method with a BIM data structure. Many different ways to obtain 
LCA data for various products have been described in the past. 

The first methods of comprehensive environmental burden analysis, fully-fledged life cycle impact 
assessment and life cycle costing were presented in the 1990s. At the beginning of the 21st century, the 
agenda called the Life Cycle Initiative was created. The goal of this agenda was to put life cycle thinking 
into practice. Guinée et al [3] produced an article concerned with the description of data entering the 
LCA. It summarizes the past, present and anticipated future ways in which data for LCA assessment 
will be obtained. 

In their conclusion, Anton and Díaz [4] presented two approaches to the integration of LCA and 
BIM. The first is the assessment of the entire construction life cycle, and the second is a materials-
oriented approach. In another article [5] the authors deal with reviews of the newest studies which are 
concentrated on BIM-based LCA. They attempt to find a way in which BIM could simplify data inputs 
and outputs in order to optimize results during LCA. 

In connection with the use of the BIM model, a database of standards and parameters has been created 
in the BIM environment for building design purposes, especially for the Czech Republic. These 
parameters constitute a non-graphical set of information and were categorized by the authors according 
to newly created classes of structures and then assigned to the individual elements of a 3D model in the 
BIM environment. In the classification section, there is also a recommended format for entering 
individual pieces of information into the model. This approach can be called Standardization of the Non-
graphical Information data structure of a 3D Model, or SNIM for short [6]. 

The aim of this article is to determine how SNIM database information that is to be applied to an 
LCA study could be selected and sorted in the design phase of construction with respect to material 
characteristics. 

Finnveden [7] describes the recent development of LCA. The author discusses areas where progress 
has been made. These areas are the difference between attributional and consequential LCA, hybrid 
LCA database development, and impact categories (such as spatial differentiation, toxicity, indoor air 
pollution, and impacts from the use of land, resources, and water). In the conclusion section, the authors 
discussed the strengths and weaknesses of LCA. Today we have a better understanding of the difference 
between attributional and consequential LCA and the methods for hybrid IOA-LCA. However, the 
authors emphasized that there are many areas to focus on in the future, for instance: the development of 
LCA tools, and of methods of assessing the impacts of land use and water use in ecosystems. The main 
area with potential for development is that of databases. 

Ortiz, Castells and Sonnemann’s review article [8] about the LCA summarizes LCA research that 
has been applied in the construction industry. The authors showed that the construction industry is trying 
to improve sustainability indicators (social, economic and environmental, for example) which could aid 
in attaining precise control over the Life Cycle Assessment of a building (from the extraction of raw 
materials to the disposal of waste). The article deals with the basic characteristics of LCA and its 
methodology, and provides a comparison between earlier LCA research and current LCA approaches 
for the purpose of finding the main challenges for the development of LCA and the construction 
industry. Moreover, the article presents the difference between the LCA of a Building Material and 
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Component Combination (BMCC) and the LCA of the Whole Process of Construction (WPC). The 
authors confirmed that the LCA method is innovative and improves the sustainability of a building’s 
life cycle throughout all its phases. 

Marzouk [9] described the connection between LCA and BIM. The study deals with the BIM method, 
which allows the estimation of six types of emissions: greenhouse gases, sulfur dioxide, particulate 
matter, eutrophication particles, ozone depleting particles and smog. This method allows the calculation 
of the direct and indirect emissions produced during the whole life cycle, i.e. the manufacturing phase, 
transportation phase, construction phase, operation phase, maintenance phase, and demolition phase. 
The authors used the Athena Impact Estimator and Autodesk Revit software tools for the calculations.  

The use of a new LCA-based automatic calculation method at an early stage of the building design 
was presented in another article [10]. This method is suitable for the first BIM level of development 
(LOD100). The authors are convinced that this would allow the calculations to be updated more easily 
throughout the development of the BIM model. For this purpose, a new layer of data and new formats 
are needed. The structure of the LCA study was divided into two parts. The first was dedicated to the 
generation of the tree structure required for the LCA calculation, while the second involved the 
subsequent filling of the data gap in order to complete the LCA calculation. The authors concluded that 
many experiments must be conducted to clearly establish this approach.  

Another study [11] also concerns the integration of environmental impacts into BIM in the early 
design stages. The main goal of the article was to show the high importance of the integration of 
information about embodied impacts in BIM. The second goal was to find a solution that enables 
designers to moderate these environmental impacts. The authors proposed the BIM-integrated 
assessment and visualization of impacts on the environment. Parameters were added at the type level 
for the respective object categories to host specific code values that indicate the respective building 
element class. The results show that this approach may make it possible to determine which 
environmental impacts the building material could have during the early stages of the design process. 
Moreover, the visualization of the building model’s geometry can be interpreted and used to achieve 
better decisions regarding material choices for individual building elements.  

The effectiveness of life cycle analysis is addressed in another article, [12], where the authors deal 
with the connection between a BIM-based tool and LCA tools (i.e. Gabi 6). The article showed that the 
BIM software plug-in can provide the data that is needed at every design stage. This means that the 
designer can perform a full Life Cycle Assessment more effectively.  

2.  Methodology 
In order to assess the life cycle of products in a manner that includes the evaluation of their impact on 
the environment via the LCA method, it is necessary to establish the values of each impact indicator of 
each category with respect to the individual phases of the product lifecycle. The values forming a set of 
results have unambiguously defined units in addition to specific values. Individual sets of results are 
assigned to specific types of impact categories that have different effects on the environment. In the 
graphical and informative part of the BIM model of the building, the parameters that can be used for 
LCA evaluation are clearly defined. In connection with the SNIM approach and the creation of the 
above-mentioned standards and parameters, it is possible to supplement the BIM model with specific 
information from SNIM to enable the complex assessment of a building in terms of its life cycle.  

2.1.  The product and the stages of its impact on the environment 
In his publication, Kočí [1] describes the product life cycle. This has various impacts on the environment 
over the course of four stages. The first of these is the acquisition of raw materials for the production of 
the materials needed to manufacture the product. It includes the extraction of oil, iron ore or wood and 
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their transport from the place where they are obtained to a place where they are processed further. The 
second stage describes the manufacture of a product from the materials and raw materials obtained in 
the first stage. It includes the transformation of the obtained raw materials into materials that are usable 
in subsequent industrial production. The transformation of raw materials includes, e.g., the consumption 
of electricity or various fuels. The third stage, the utilization of the product, includes the consumption 
of energy and materials by the product and during its use for the function for which it was produced. 
The integral parts of this stage are, again, the energy and raw materials that are required for the operation 
of the product itself, or for possible repairs to the product, or its storage or maintenance. The fourth and 
last stage describes the final disposal of the product, including the energy and materials required for its 
removal, or possibly its recycling.  

2.2.  Life cycle assessment using environmental impact categories 
The author further divides the life cycle of products and the evaluation of their impact on the 
environment via ‘impact categories’ into six specific areas. These are (i) global warming and climate 
changes; (ii) stratospheric ozone depletion; (iii) acidification; (iv) eutrophication; (v) the formation of 
photooxidants and (vi) the loss of raw materials. Each impact category contains processes and 
consequences that adversely affect the environment. Global warming involves an increase in the average 
temperature of the atmosphere due to the capture of more energy within it. This leads to climate change 
at the global level, or the so-called ‘greenhouse effect’. The loss of stratospheric ozone leads to the 
penetration of a larger amount of UV radiation to the earth´s surface, which has an adverse effect on 
human health and the quality of the environment. Acidification is a process by which a soil or water 
environment is acidified due to the release of acid-forming substances into the atmosphere, water and 
soil. Acidified precipitation condenses on solid surfaces or dissolves in water, which leads to the 
acidification of soil, water and building materials. The substances mentioned are also harmful to plants 
and trees. Eutrophication is related to the overenrichment of the environment with nutrients, which leads 
to the excessive growth of algae in surface waters. This results in a lack of oxygen in the water followed 
by a deterioration in the quality of drinking water sources. The formation of photooxidants involves the 
adverse impact of ozone or other substances in the lowest layer of the atmosphere, which has a negative 
effect on the environment by engendering various diseases and damaging the health of living organisms. 
Loss of raw materials is connected with the excessive extraction of non-renewable resources by humans, 
which leads to the disruption of ecosystems and affects the number of raw materials that will be available 
in the future [1]. 

2.3.  Standardization of non-graphical 3D model information (SNIM) 
The standardization of the non-graphical information of a 3D model, abbreviated as SNIM, is a set of 
information and standards that were developed mainly for the design of buildings using the BIM model 
in the environment of the Czech Republic. Parameters (non-graphical information) were assigned to the 
individual elements of a 3D model, and then further divided according to the requirements for the 
individual levels of project documentation in relation to a given stage of construction. SNIM contains a 
list of parameters which are assigned to specific structures, and a classification of the structures which 
divides up the individual types of structure according to their technical and parametric information. This 
classification of structures was created in order to enable the user to attain better orientation within a 
project by using a database search.  

2.4.  The method of selecting data from the SNIM for LCI concrete 
The method of selecting data from the SNIM is described in the construction study phase. The volumes 
of the individual structures and the "markup syntax" data will be taken from the SNIM database. This 
also includes the construction markings. The "markup syntax” data from SNIM will be used for the 
purposes of the LCI base structure. The impact category indicators are not included in this data 
(emission). Therefore, they must be assigned from external sources (database / individually identified 
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data from producers/material producers/products). An example of a data structure for one material 
category is shown in Table 1. 

Table 1. Example of the appearance of a data structure for one material category 

 Markup according 
to SNIM Subcategories Description MIN MAX 

Construction type XX000 Design 
specifications …. 000 000 

 
Emissions of the following substances were considered in the evaluation: CO2, SO2, NOX, CO, CH4, 

N2O, HCl and HF. The amounts of these emissions were considered in five impact categories for the 
area of the Czech Republic. These are: the global warning potential (GWP), the acidification potential 
(AP), the eutrophication potential (EP), stratospheric ozone depletion (ODP) and the photooxidant 
formation potential (POCP). The impact category indicators were taken from Gabi software [13] from 
the external EPD database, which contains 3 categories:   A1 – raw material supply, A2 – transport, A3 
– core processes. The impact category indicators were taken for the types of concrete contained in the 
reference building according to their class, strength and Exposure class.  

The matrix solver MATLAB [14] was used to assign markup syntax to the indicators. The input data 
for the calculation is presented in two tables. The first is the markup syntax as shown on data 
nomenclature Table 2 and the impact indicator data as shown in Table 3. Table 2 is also a list of elements 
that contains the name of the element, its volume, strength and density, and the exposure class it has. 
Table 3 contains the indicator values of the impact categories (LCI) for each type of concrete and the 
exposure class. 

First of all, the list of elements is loaded to the MATLAB, and from this, the element volume, the 
concrete strength and the exposure class are taken. Then, a specific LCI value is assigned from the 
second table based on the strength of the concrete and the exposure class. MATLAB assigns an LCI 
value for each environmental class. The assigned LCI value is only for a volume of 1 m3 of concrete, 
so all values are multiplied by the volume of the given element. The volume of each particular element 
multiplied by the corresponding LCI value is generated in a new table from which information is 
gradually filtered. By entering a value, a concrete type (strength class, e.g. C 20/25), the LCI value of 
the respective element is generated from the concrete. In the next step, all of the LCI values of the 
concrete are summed and the resulting values are transferred to the graph. The process is repeated for 
all selected concrete types (in our case 3 types) and then graphs are created according to the individual 
LCI values – i.e. one diagram for each LCI element. 

3.  Case study 
The case study is focused on the monolithic reinforced concrete skeleton of a library building in the 
conceptual phase (LOD 100) with data structure at the level “documentation for the building 
permit” based on SNIM. This was construction modeled in Autodesk Revit (BIM model) and 
subsequently converted for use with the Lumion program, in which the visualization was created as 
shown in Figure 1. For the purposes of the calculation, the volumes of the individual structures that form 
the carcass of the building were taken from the BIM model. It is a separately standing building with 
three floors. The ground plan of the building is square with a projecting northern part. 
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Figure 1. Reference structure: A monolithic reinforced concrete skeleton of a library 

Structurally speaking, the building has a monolithic reinforced concrete skeleton founded on a base 
plate with a thickness of 800-1200 mm. It has a beamed ceiling supported by rungs and boards which 
are reinforced in one direction. The ceiling structure is supported by monolithic reinforced concrete 
columns with a circular cross-section (C 20/25 - XC1, diameter 500 mm) and monolithic concrete 
reinforcement walls (C 20/25 - XC1, thickness 250 or 300 mm). These form reinforcement cores at the 
points where the staircase and lift are to be installed. The monolithic ceiling structure consists of a 200 
mm thick slab reinforced in one direction and supported by 250 mm wide / 400 mm high reinforcement 
beams and 700 mm high / 500 mm wide reinforcement bars in the second direction. It is, therefore, a 
beam ceiling supported by rungs with a slab reinforced in one direction. In terms of the material used, 
the entire ceiling structure is designed from C 25/30 - XC1 concrete with steel reinforcement (B500B). 
Access to each floor of the building is ensured by means of a staircase with a monolithic reinforced 
concrete skeleton made of C 30/37 – XC2 concrete. 

Table 2. Data nomenclature 

Construction 
type 

Markup 
according 
to SNIM 

Subcategories Description 
Total 

volume 
(m3) 

Density 
(kg/m3) 

Class and 
strength of 
concrete 

Exposure 
class 

Foundations ZD 220 Monolithic 
reinforced concrete Monolithic 736.54 2400 C30/37 XC2 

Columns SL 100 Monolithic 
reinforced concrete 

Unidirectionally 
reinforced 50.55 2300 C20/25 XC1 

Walls SN 250 Monolithic 
reinforced concrete Monolithic 64.55 2300 C25/30 XC1 

Dies (rungs) TM 100 Monolithic 
reinforced concrete 

Square cross 
section 240.71 2300 C20/25 XC1 

Ceiling 
construction SK 100 Monolithic 

reinforced concrete 
200 millimeters 

thick 468.15 2300 C25/30 XC1 

Staircase NA Monolithic 
reinforced concrete - 26.52 2400 C30/37 XC2 
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Table 3. Impact indicator data 

Construction 
type 

Markup 
according to 

SNIM 
Material GWP (kg CO2 

eq.) 
AP (kg 

SO2 eq.) 
EP (kg PO4

-3 
eq.) 

ODP (kg 
R11 eq.) 

POCP (kg 
C2H4eq.) 

Foundations ZD 220 C30/37 – XC2 1.13E-01 1.99E-04 3.22E-05 2.43E-16 8.19E-06 

Columns SL 100 C20/25 – XC1 9.06E-02 1.72E-04 2.74E-05 1.87E-16 5.35E-06 

Walls SN 250 C25/30 – XC1 9,06E-02 1,72E-04 2,74E-05 1,87E-16 5,35E-06 

Dies (rungs) TM 100 C20/25 – XC1 9,06E-02 1,72E-04 2,74E-05 1,87E-16 5,35E-06 
Ceiling 

construction SK 100 C25/30 – XC1 9,06E-02 1,72E-04 2,74E-05 1,87E-16 5,35E-06 

Staircase NA C30/37 – XC2 1,13E-01 1,99E-04 3,22E-05 2,43E-16 8,19E-06 

4.  Results and discussion 
The results indicated the percentage of impact categories for each concrete type. Each final diagram as 
show Figure 2 contains the LCI sum values for all 3 concrete types. The graph in Figure 3 shows the 
percentage influence of each concrete of a given strength and shows which concrete has the highest 
proportion of the LCI. The conclusion takes the form of the percentage distribution of the individual 
emission factors over the concrete types used in the building. These results are useful for the expansion 
of the BIM model with new data necessary for further LCA calculations. 

 

Figure 2. LCI percentages for the whole building with regard to the distribution of concrete types 
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Figure 3. LCI percentages according to the level of the effect of the XC1 exposure class 

5.  Conclusions 
The article summarizes the theory and the current state with regard to the investigated issues, and also 
provides the framework for a procedure which could be applied in the future for the calculation of the 
environmental impacts of specific structures. The selected case study verified the proposed methodology 
and showed the necessity of processing a far greater number of case studies of specific structures, the 
results of which could then be compared with one another. The performance of further studies, the 
comparison of the results of these studies with previously calculated values and the comparison of the 
results with results presented by other authors is recommended as an area of further research into these 
issues. When verifying the proposed methodology using a specific case study, shortcomings were found 
particularly in the area of source data with regard to the possibility of importing environmental impact 
values into specific elements and structures into the BIM model of an investigated structure. In the 
future, it would be appropriate to expand the database of LCI values specifically for the Czech 
environment. It also became apparent that not all elements within a structure can be allocated to specific 
SNIM categories. Because of this, certain specific elements would need to be added to the SNIM 
database if studies were performed on more complex structures. Last but not least, it would also be 
beneficial to create specialized software or plug-ins that deal with LCA calculations and connect LCA 
studies with the BIM model for the Czech environment. Such tools would be easy to use in the real-
world construction practice. The extension of the BIM model via LCA calculations will lead to a 
reduction in the extraction of natural resources as well as a positive impact on the environment. 
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