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Abstract — The paper deals with the energy performance of buildings with regard to the
requirements of Directive 2010/31/EU of the European Parliament and of the Council of 19 May
2010 on the energy performance of buildings. One of the basic principles of energy efficient
buildings is perfectly airtight envelope of buildings. Untightness leads to uncontrolled air
exchange and increased heat loss. Energy efficient buildings situated in areas with lots of wind
and in exposed locations could constitute up to 10 % of total heat consumption. The objective of
the paper is defining and characterizing parameters and variables influencing the airtightness of
energy efficient buildings. Quality design of the building envelope contributes to the principles of
sustainable building. The obtained results were presented at the conference ACE 2013 in
Singapore [1], ICEET 2013 in Kunming [2] and they were also published in the scientific journal
JET 2013 [3].
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l. Introduction

According to laws in force, the construction process is required to be as efficient as possible in
terms of energy because the building industry is growing and more and more energy is needed. In EU
member states, buildings consume now more than 40 % of energy. In accordance with energy principles
which apply with respect to sustainable building processes, measures should be taken which could
reduce energy dependence and emissions of carbon dioxide. A reasonable and careful use of energy
from non-renewable resources which are now the main source of energy as well as use of alternative
natural sources make it possible to reduce considerably consumption of energy and keep sources of
energy for future generations in line with principles of sustainable construction. [1, 4]

In line with the approved revision of the European Parliament and Council Directive
2010/31/EU on energy performance of buildings of 2010, the European Union member states are
required to take measures which will reduce consumption of energy. Among others, it is required to

make each and every effort to comply with commitments resulting from the Kyoto Protocol on Climate
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Changes and to keep the increase of global temperature below 2 °C as well as the commitment to reduce
by 2020 total emissions of greenhouse gases at least by 20 % against values of 1990. [1, 4]

Airtightness, this means the ability of the building envelope not to let in/out the air, is among
key preconditions for energy efficient constructions which may reduce energy performance of the
buildings. Except for the EU countries in the south of Europe, in the typical climate the temperatures of
air inside the building are, for most days of the year, higher than the temperature of the outdoor air. If
the building envelope is not airtight enough, heat escapes most of the year from the inside to the outside
through cracks, joints and leaks. The heat typically escapes in connections of structures and materials.
If the building envelope is perfectly airtight, there are not any ventilation gaps and leaks in the external
cladding. [1, 5]

Il.  Airtightness of Energy Efficient Buildings

Airtightness is characterized by air leakage through the external wall and it is a key component
of energy efficient buildings. Undesirable and uncontrolled leakage of air from the inside through the
building envelope to the outside will reduce efficiency of the thermal insulation, reduce heat resistance
of the structure and increase losses by ventilation. The increased losses by ventilation directly increase
the heat demand for heating purposes, in some cases up to 10%. High consumption of energy for
operation negatively influences economy. [1]

To achieve low air permeability of the building envelope is required careful design, careful

realization and, of course continuous control. Figure 1 shows a diagram of the process, including the
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Figure 1: Scheme of the design and realization process including controls [2]
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Preparation and design. The first step of quality airtight envelope is proper and careful
preparation of conception and design documentation. During the design phase it is necessary to
coordinate the designer with the other team members (structural engineer, MEP engineers, and
technologists). The designer must have sufficient knowledge about the airtightness. It is important to
avoid the complicated and difficult details. [2, 6]

Realization. In the case of quality project documentation with appropriate actions of airtight
system is also required careful and professional implementation. Carefulness and consistency are
essential for quality airtight building envelope. During the implementation of airtight layer are required

higher demands on the experience and skills of craftsmen. [2, 6]

Control and measuring. The airtightness of the building envelope can be determined using the
Blower Door Test. Principles of this test are very simple. A calibrated fan is installed into an opening,
typically into an entrance door or window. The fan creates underpressure or overpressure in the building.
The fan is connected through an automatic control unit to a PC which automatically starts and evaluates
the measurement. [2]

The airtightness can be measured automatically, using software which is supplied along with
the airtightness measuring unit, for instance TECTITE Express. The software processes data and plots
charts, showing dependence of the fan flow rate [m*/h] on intervals entered for the pressure difference
[Pa]. It is possible then to fit a regression curve through the obtained points and, in turn, to evaluate the
air change rate nso or air permeability gso for the pressure difference of 50 Pa in line with relations above.
According to the CSN EN 13829 [7], there are two possible methods of measuring airtightness of the
building envelope. [2, 7]

I11.  Importance of Airtightness in Energy Efficient Building

Undesirable and uncontrolled leakage of air from the inside through the building envelope to
the outside will reduce efficiency of the thermal insulation, reduce heat resistance of the structure and
increase losses by ventilation. The increased losses by ventilation directly increase the heat demand for
heating purposes. High consumption of energy for operation negatively influences economy. [1. 8]

Forced ventilation with heat recovery is planned in order to have fresh air supplies and to fulfil
health requirements for the energy efficient buildings. Too much passage of air through the external
cladding influences negatively and reduces efficiency of the heat recovery system. [1]

Figure 2 shows dependence of the specific heating demand and specific thermal loss by
ventilation on airtightness of the reference energy-efficient building with a heat recovery (efficiency 85
%). The reference building is located in the climate which is typical of the Central Europe. This is a two-
floor building built of wooden mass materials. The use floor area is 150 m? The surface of the building

envelope which is being cooled down is 420 m? and there are 440 m® air in the heated space. [1]
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Figure 2: Relationship between air change rate and annual specific heating demand and specific heat
loss by ventilation [1]

It is clear that the lesser airtightness of the building is, the higher the specific thermal loss by
ventilation is. This, in turn, influences directly the specific heat demand for heating purposes. If the
building is naturally ventilated and the recommendation is fulfilled, the specific heat demand for heating
purposes is 26.41 kWh/(m2.a) pursuant to CSN 730540 - 2 (nsp = 4.50 ACH) [9]. If the maximum
airtightness as specified by the Passivhaus Institut [10] is fulfilled (nso = 0.60 ACH), the specific heat
demand for heating purposes is 23.96 kWh/(m?.a). This will save more than 10% of energy for heating
purposes. [1]

If the envelope is not airtight enough, the energy demand will increase and there will be also a
risk that the envelope structure will degrade and shorten its service life. The pressure difference causes
the moist air to leak from the inside through joints and untightness into the envelopment structure, which

may, in turn, result in water vapours condensing and fungal growth. [1, 11]

IV. SWOT Analysis of Building Airtightness

SWOT analysis is one of the basic tools of strategic management and quality management.
SWOT is an abbreviation of the initial letters of words of analysis: Strengths, Weaknesses, Opportunities
and Threats. SWOT analysis is a simple, specific and based mainly on facts, not feelings. [2. 12]

The basis of method consists in the classification and evaluation of individual factors, which are
divided into four basic groups referred above. Strengths and weaknesses are mainly focused on internal
factors in the process, such as production rate and efficiency. Strengths and weaknesses are the factors
that generate or decrease the intrinsic value of the analysis process. In contrast, evaluation of
opportunities and threats focuses on the external environment of the process. External factors of the

process are not controlled. [2, 12]

[W/K]
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Table 1 illustrates SWOT analysis of the building airtightness. Scope of the verdicts is
determined with respect to capture the essential characteristics without limitation clarity and
conciseness. Hierarchy of importance verdicts is performed by order of decreasing significance in each
group. The total significance of each group reaches maximum 1. The verdicts destitute of major impact
are not shown in table. [2]

Strengths. The most significant strength is the reduction of heat loss of the building and reduce
energy consumption. Sufficiently airtight construction is characterized by the exclusion of mold and

condensation inside construction. [2]

Weakness. The increased cost to ensure good airtightness of the building envelope will be back
in a few years through reduced costs for energy consumption. HVAC equipment is required for buildings
with high levels of airtightness for supply of fresh air. During construction and after its completion, it is
necessary to measure the air tightness of the building envelope (Blower Door Test). Which negatively
affects the financial and time costs of construction. Another weakness is the increased cost of training

and qualification of craftsmen. [2]

Opportunities. From a global perspective, energy-efficient buildings bring positive in
improving energy efficiency and reducing greenhouse gas emissions. Energy saving and emission
reduction is in accordance with the EPBD |1 [4]. [2]

Threats. With a global reduction of energy consumption in the buildings sector can expect an
escalation of trade policy and the fight between energy suppliers. Sensitive persons cannot stand

residence in air-tight buildings. They can express a feeling constraint and non-breathability. [2]

Table 1: SWOT analysis of building airtightness [2]

Strengths Weaknesses

- The increased life of the structure 0.1 | - The increased purchase costs 0.4

- The reduction energy consumption 0.4 | - The need of HVAC equipment 0.3

- The elimination of mold inside the structure | 0.2 | - The need to inspection airtightness | 0.2
measurements

- The exclusion of interstitial condensation 0.3 | - The increased cost of training craftsmen | 0.1

Opportunities Threats

- Possibility of reducing global energy | 0.5 | - Escalation of trade policy of energy | 0.8

consumption companies

- Possibility of reducing global green gas | 0.3 | - Possible to feeling constraint and non- | 0.2

emissions breathability.

- Development of building materials and | 0.2

technology
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V. Influence of Building’s Parameters on Airtightness

The 50 energy efficient buildings are chosen to analysis. The whole group of buildings is a
random sample of energy efficient buildings in the Czech Republic. Buildings are different from each
other in, among other things, year of construction, construction type, size and shape. All the buildings
were built in years between 2007 and 2011. All analyzed energy efficient buildings were designed and
constructed in accordance with the rules of the Passive House Institute (PHI) [10] in Darmstadt. [1, 3]

Figure 3 is a plot of histogram air change rate per hour at 50 Pa with the cumulative curve. It is
clear more than 90 % of all buildings has air change rate per hour at 50 Pa less than 0.6 ACH. The value
of 0.6 ACH is the maximum value for the energy passive houses according to Passive House Institute.
The mean air change rate at 50 Pa is 0.44 ACH, with standard error 0.03. The highest value is 1.00 ACH,
and the lowest is 0.13 ACH. [1, 3]
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Figure 3: Histogram of freguence for air change rate at 50 Pa with the cumulative frequence [3]

Year of construction. Increased interest in measuring the airtightness of energy efficient
buildings evoked The Green Savings programme of Ministry of the Environment in 2009. The Green
Savings programme focuses on support for investment in energy savings in reconstructions and new
buildings. The program Green Savings programme established the conditions for financial support to
construction of energy passive houses. One of the many conditions is also a requirement to achieve the
air change rate at 50 Pa 0.60 ACH, as set out in TNI 73 0329 [9] for the construction of energy passive
house. [3, 8]

The Green Savings program was suspended for new applications at the end of 2010. Since, it is
possible to observe a noticeable decline in demand for airtightness measurement of the energy efficient
buildings. Currently, Green Savings program is started again. In this situation it is possible to expect a
renewed interest in measurement of the airtightness of the energy efficient buildings. [3]

Plot shows in Figures 4 illustrates the dependence of the building airtightness on year
construction. There is a slight but not a significant trend of newer buildings being more airtight than the
older ones. The number of buildings is relatively small for definite conclusions. The decrease represents

trendline in Figure 4. [3]
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Figure 4: Airitghtness of energy efficient buildings grouped by years [3]

Other parameters. When calculating the airtightness of the building, it is essential to take into
account not only the volumetric flow rate of a fan with the pressure difference of 50 Pa, but also
parameters of the building. The purpose of this paper is to verify whether those parameters play a
statistically relevant role for the final airtightness of the building. Attention is paid to of building
parameters, for instance, the envelope are, the internal volume, the built-up area, the floor area, the
enclosed space and volumetric factor A/V of the building shape which depend all on the airtightness of
the building. [1]

Correlation Analysis. The correlation analysis is used to determine closeness of dependence
(the strength of relation) of two continuous random variables. Two random variables correlate, if certain
values of one variable tend to co-occur jointly with certain values of the other variable. [1, 13]

The closeness of two random variables can range from complete absence of correlation (all
values of Y occur with the same probability with any value of X) to absolute correlation (for each value

Y, there is an only one value of X). [1]

Table 2: SWOT analysis of building airtightness

Correlations Nso
Spearman's rho . - Correlation Coefficient 0.121
Built-up area of the building Sig. (1-tailed) 0.202
Floor area C_orrelatiqn Coefficient -0.095
Sig. (1-tailed) 0.257
Internal volume of a heated | Correlation Coefficient -0.098
space | Sig. (1-tailed) 0.264
Enclosed space C_orrelatiqn Coefficient 0.042
Sig. (1-tailed) 0.390
Volumetric factor of the | Correlation Coefficient -0.023
building shape | Sig. (1-tailed) 0.443
Envelope surface area C_orrelatiqn Coefficient 0.147
Sig. (1-tailed) 0.186
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Table 2 shows the Spearman correlation coefficients for the airtightness of the building, where
the variable is represented by the air change rate equal to nso, and other parameters of the building. The
nonparametric correlation is calculated in IBM SPSS Statistics ver. 19.0.0. [1]

The values of the correlation coefficient as very small and some are even zero. The strength of
relation of the variables is trivial and almost does not exist in terms of statistics. According to Table IV,

the relation is most close for the following pair of variables: air change rate, nso.

Determination Coefficient. The determination coefficient, d, is used to clarify clearly the
dependence between two coefficients. The determination coefficient is typically expressed in per cent
and is defined as a square of the correlation coefficient multiplied with 100. The determination
coefficient defines the percentage through which the parameter contributes to the final effect. [1]

Table 3: Determination Coefficient

Parameters Correlation Coefficient | Determination Coefficient
Built-up area of the building 0.121 1.464 %
Floor area 0.095 0.903 %
Internal volume of a heated space 0.098 0.960 %
Enclosed space 0.042 0.176 %
Volumetric factor of the building shape 0.023 0.053 %
Envelope surface area 0.147 2.161 %

The determination coefficients are very low and, in terms of statistics, those factors do not
contribute to the final airtightness of the building. The building envelope area influences the airtightness
at most. The envelope’s contribution to the airtightness of the building is 2.161%. 97.839% of the

airtightness is influenced by other factors than the envelope surface area of the building. [1]

VI.  Conclusions

The points of SWOT analysis show that sufficiently airtight building envelope is an important
competitive advantage compared to conventional construction. The output of interaction between factors
are valuable information characterizing and evaluation the level of their mutual conflicts. In the case of
sufficiently airtight construction of energy efficient buildings dominate the strengths and opportunities

above the weaknesses and threats. [2]

No normality of the sample file has been proved for the building parameters and it was necessary
to make the testing using the nonparametric correlation with the Spearman rank correlation coefficient.
The values of the correlation coefficient are very small, almost zero. But the zero hypothesis cannot be

ruled out and it can be assumed that the parameters of the building do not have a relevant influence on
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the airtightness where such influence could be linear or nonlinear in terms of statistics. The

determination coefficient which describes, in per cent, the influence on the final quantity is not relevant

in terms of statistics. It is the surface area of the building envelope which influences at most the air

change rate, n50. The contribution of the surface area of the final airtightness is 2.161%. [2]
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