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Abstract. This paper focuses on methods for detection of heat losses and defects in building constructions,
as well as on options for reduction of heat consumption in buildings. First, elements of thermographical inspection
of buildings are analysed for such inspection leads to indication of substantial defects in building envelopes and
construction elements. These considerations are followed by a study of quantitative measures: analysis of results
obtained in heat transfer measurements and their correspondence to the theoretical engineering calculations, as
well as building’s air flux which often plays a crucial role in the heat balance of the whole building. The paper
includes result examples and recommendations for analysis of heat losses for buildings.

Keywords: air tightness, heat balance, heat losses, heat requirement, heat transfer, thermography.

1. Introduction

Nowadays rational use of natural resources is of special importance, it also influences
costs of energy carriers. Major energy consumers in Latvia during the heating season are
buildings. Recent buildings in most cases are put up in compliance with the new Latvian
Building Code LBN 002-01 [1]. By contrast, inspection of a number of older buildings before
their renovation revealed substantial defects in heat insulation. This determines the necessity to
provide complex monitoring of heat losses and analysis of energy consumption, which can be
performed most efficiently by applying the following scheme shown in Fig. 1.
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Fig. 1. Scheme for complex analysis of heat losses

Upon building’s condition is visually assessed by experts, qualitative features of heat
losses and substantial defects in external building envelopes can be determined by a
thermographical analysis [2] in the result of which surface temperature is measured and shown
visually. This method can be used for external and internal temperature analysis of building's
boundary constructions. The results would help to identify defects or critical places, which
require special attention. It provides information about formation and structure of various
construction elements, which helps to choose the right places for quantitative measurements of
heat losses, i.e. for experimental determination of the heat transfer coefficient U (W/m?K) [3, 4].
Such heat transfer measurements can be performed in the building itself or — in an alternative
approach — it is possible to use analogue heat transfer coefficient measurements for finished
building constructions (e.g., windows or doors) in laboratory conditions. Depending on the



measurement method, results include recording of temperature differences, heat flow density or
amount of energy passing through the respective building construction. On the basis of the
above-mentioned data the heat transfer coefficient is calculated. By these calculations it is
possible to determine correspondence of heat transfer of specific building constructions to
theoretical calculations, as well as to determine heat transfer for building constructions of
unknown formation.

Additionally to the studies of losses by heat conduction, it is also necessary to determine
heat losses due to convection or heat losses related to air flux, which, depending on the
conduction of the particular building, can be substantial or even prevailing. For purposes these
measurements, the standardised equipment Blower Door [5] can be used whose operation is
based on creation of a pressure difference between the room or building and external air. These
measurements show the amount of air intake and exhaust per time unit, which is the necessary
quantitative measure of air flux at the specific pressure difference.

2. Thermographical analysis

For qualitative analysis of heat losses in construction elements thermographical method is
used. It is based on dependence of the intensity of body's infrared electromagnetic waves and
dependence of its maximum on the bodily temperature. As the method is based on recording of
radiation on the surface, its application and reliability of the results are considerably influenced
by various external factors, for instance, solar radiation reflected from surfaces. The surface
emission coefficient can also have a substantial impact on precision of the results. The method
can be used only during the heating season, i.e. when there is a considerable difference between
the air temperature inside and outside the building.

Such approach makes it possible to detect defects in the external envelope of the building
relating to different openings and gaps through which air is flowing, or to distinct thermal
bridges. Examples of inappropriate mounting of thermal bridges are shown in Fig. 2. This
thermographical inspection results in identification of not only the critical places in building
envelopes but also of differences in surface temperatures which indicate differences in heat
transfer of construction elements in cases of equal indoor temperatures. Determination of
quantitative indicators of heat losses in such building constructions would require separate
measurements. In case of single-type building constructions different temperatures outside the
building provide an indication of differences in indoor temperatures or at the inner surface of
building constructions. Examples of surface temperature differences are shown in Fig. 3.

Fig. 2. Increased heat losses in places of thermal bridges (a) and intake of external air (b)



Fig. 3. Surface temperature differences of construction elements
with various heat transfer (a) and various temperature of inner surface (b)

By using the thermographical method, many measurements showed defects and
imperfections in building envelopes and their junctions in the respective buildings. It should be
noted that this method becomes even more efficient when used together with an
overpressure/low-pressure device (for instance, Blower Door) as due to the pressure differences
the intensity of air flow through less tightened places increases, thus, revealing new defects and
air leakage places, which cannot be detected at a small pressure difference.

3. Heat transfer coefficient measurements

The energy amount per time unit passing through an area unit can by described by the
heat transfer coefficient U (W/m’K) (the inverse of the coefficient — thermal resistance
coefficient R — is also used). In determining of this quantitative indicator of heat conduction
losses, which is usually a key element in heat loss calculations, two methods are used —
differential and integral equations. The first method is based on measurements of heat flow
densities and temperature differences. The other one records the total amount of energy, which
for a longer period of time passes through an area of the respective construction element at the
given temperature difference. In both methods the heat transfer coefficient is calculated by using
other data recorded, i.e. it cannot be determined in a direct way.

3.1 Measurements in existing buildings Tin Tow
When performing measurements of heat transfer in
construction elements of finished buildings, a measuring q
system is used, which for a certain period of time ensures
recording of temperatures on both sides of the element and 1

density of the heat flow through it (see Fig. 4). Duration of such
measurements can be several days or up to two weeks
depending on the value U and temperatures differences for the
specific construction element. A stationery device with a
computer or a mobile data recorder (e.g., an Al/memo-type
device) can be used with respective sensors of heat flow and
temperature (see Fig. 5). Processes in real operational
conditions are usually not stationary — temperatures and thus
also heat flows are changing, and for this reason in determining
of the value of heat transfer coefficient a special mathematical 17 # Scheme for heat transfer
method is applied [3], which also takes into account thermal  medsurements in buildings




inertia of the construction element. In case of a stationery process the value of heat transfer
coefficient is determined by the following equation: U=¢/AT, where g — heat flow density
(W/m?), AT — temperature difference (K); in case of an non-stationery process the approximate
value U can be obtained by taking average values of sufficient-amount measurements.

Fig. 5. Measurements of heat transfer by using a computer or an autonomous measuring device

By using the measuring equipment developed by the Laboratory for MMETP of the
University of Latvia and the above-mentioned mathematical algorithm, several measurements
have been performed in various-type buildings in a number of Latvian cities. It should be noted
that in most cases the value of the experimentally obtained heat transfer coefficient exceeded the
theoretically calculated value. In some cases it was even 5-6 time bigger than the standard value
required under the Latvian Building Code LBN 002-01, e.g., for walls Usandara = 0.3 W/ m?K but
the measurements showed values of up to 2.0 W/m’K. This can be explained in two ways —
either construction requirements have been neglected or some changes have occurred to the
building constructions in the course of time. Non-compliance with the existing construction
standards can include ignoring of the necessary designing solutions, for instance, no air gaps in
the external walls or cases when such gaps are filled with some materials. In the course of time
building constructions can accumulate moisture or the structure of insulation wool can be
deformed in blocks, which results in considerable changes of the thermal resistance of the
respective building construction. A comparison of the values U calculated in different
measurements is given in Table 1:

Table 1. Characteristic values of coefficient U (W/m’K)

Building construction and its brief description | Measurement | Calculation
Panel of outside wall (concrete of ceramsite, 35 cm) 1.2 0.8
Panel of outside wall (concrete of ceramsite, 30 cm) 2.0 1.5

Outside wall (clay bricks, 55 cm) 1.2 0.8
Outside wall (silicate bricks, 45 cm) 1.8 1.3
Ceiling of attic in block house 1.0 0.7
Ceiling of cellar in block house (30 cm) 0.8 0.4

As shown in the table, in real operational conditions heat losses through the building
envelopes can considerably exceed both the values specified in the respective standards and
those calculated theoretically (according to the structure of the respective building construction).
For this reason such measurements are necessary in buildings already put into exploitation and
they are recommended as a quality control measure for buildings to be put up.

Nevertheless, theses measurements require several pre-conditions: a considerable
temperature difference on both sides of the building construction to be measured (at least 5 °C), a



sufficient homogeneous area of this construction (at least 60x60 cm when using a standard
sensor of sufficient resolution). If it is impossible to ensure such measuring conditions, the
above-mentioned measuring method gives unreliable results. In this case another method for
determining of the heat transfer coefficient can be used, the so-called integral method or
measurements in laboratory conditions. However, this method has a drawback — measurements
cannot be conducted in real conditions and the size of the measured object is limited.

3.2 Measurements in laboratory

In order to determine the heat transfer coefficient, a heat flow is needed through the
respective building construction, which is caused by differences in temperature. It is possible to
ensure a quasistatic temperature regime in laboratory conditions, thus, practically excluding any
problems related to non-stationery processes. Similarly to the differential method, temperature
differences are used in order to calculate the heat transfer coefficient but no complicated and
expensive sensors of heat flow density are needed. Calculations require an area S (m”) of the
building construction, duration ¢ (h) of the measurements and the input energy 4 (kW/h). Thus,
heat flow density ¢ (W/m?) is replaced by the following equation g=1000(4-f)/S. For such
measurements, in the Faculty of Physics and Mathematics, University of Latvia, has designed the
so-called thermoclimatic camera whose design is outlined in Fig. 6. Measurements are conducted
in accordance with the standard EN ISO 8990 [7].

During operation of the device, in one of its parts (the cooling chamber) temperature is
kept low (about -5 °C), but in the
opposite part (the heating chamber) Compensation chamber Cooling chamber
temperature is high (about 30 °C).
Between these two parts a fixed-size
measuring device is placed. In order
to ensure that heat flow is directed
to the cooling camera only, the
heating camera is embraced by a r=25.35°C Testing
compensating camera — in case the Structure
temperatures in both cameras are
equal, heat losses in other directions
are practically excluded. Energy

Heating chamber

. . T=25...35°C T=-10..0°C
consumption and duration of
measurements are recorded and the
heat  transfer  coefficient  is Fig. 6. Design of the thermoclimatic camera
calculated for the whole
construction.

Such measurements can be widely used in studies of thermal of complicated and
distinctly non-homogeneous constructions, e.g., for windows whose framework’s heat
transferability is inconsistent making it very hard to precisely determine heat transferability by
using the differential method. Similarly, it is impossible to determine impact of junctions on the
total losses by using the differential method. In contrary to measurements in real conditions,
temperatures in different parts of the camera are kept constant within a range of several grades,
so in calculations the average temperatures are used and the thermal inertia of the respective
construction element is disregarded. The heat transfer coefficient is calculated by using the
average temperatures of all the measurements. Placement of different samples in the
thermoclimatic camera is shown in Fig. 7. Examples of the results obtained for various-type
windows are included in Table 2. As one can see in the table, depending on the gas filling, cover
and, quite frequently, on the window frame profile used, heat transferability of windows differed
considerably.



The above-mentioned methods for calculation of the experimental heat transfer
coefficient U can be used for determining of heat losses through building constructions. Such
heat losses are prevailing in buildings with quality ventilation systems and tightened building
envelopes, but in some buildings considerable heat losses are related to air flux processes (the
so-called convective heat losses). These losses are characteristic for buildings with insufficiently
packed or tightened windows, doors or junctions of construction elements. Additional losses
relating to air circulation can be caused by defects in ventilation systems or their malfunctions.
For experimental determination of the convective heat losses a special device is used in order to
create differences in pressures.

Fig. 7. Window (a) and an thermal block wall (b) in the camera prepared for measurements
Table 2. Typical values of coefficient U for different glasses

Number Selective cover Distance between Packing | U (W/mzK)
of panels panels (mm)

2 none 12 none 2.8

2 none 15 cripton 2.3

3 none 10/12 air 1.9

2 k glass 15 air 1.8

2 Planitherm 12 air 1.7

2 Planitherm 12 argon 1.4

2 Planitherm 12 cripton 1.2

3 Planitherm 12/150 cripton/air 0.9

4. Air tightness measurements

In order to determine the degree of buildings’ tightness, a special ventilator is used with
continuously regulated number of revolutions. The equipment also includes several measuring
devices of pressure p (Pa) and ventilator’s productivity V' (m*/h), as well as a framework and
fabric to be used for tightening of the system in an opening of the building studied — in a window
or door (see Fig. 8). This equipment set is well known as Blower Door [5]. Under the respective
standard EN ISO 9972 [8], measurements are conducted when pressure in the building or in its
separate block is by 50 Pa higher or lower than outside. In order to ensure sufficient reliability of
the measurement, a number of pre-conditions have to be observed. The most important pre-
condition: the pressure difference between the respective room and outer space, caused by
atmospheric phenomena (convective air flows and wind due to differences in temperatures), may



not exceed 5 Pa. In view of the above-mentioned aspects, tests of tightness levels are more
appropriate during warm seasons when temperature differences inside and outside buildings are
small.

Fig. 8. Estimation of air tightness of buildings

Preparatory activities in buildings before measurements depend on purposes of the
measurements and condition of the building:

- if the measurement is performed before the building is commissioned, errors in
measurements should be prevented by examining whether building’s external envelope is
tightened, and it is necessary to also tighten openings of toilet facilities as there is no water yet;

- in order to examine tightness of building’s external envelope, ventilation must be
switched off and openings of the ventilation system must be tightened. By contrast, in order to
study efficiency of intake and exhaust ventilation systems, these systems must be operated in the
standard regime;

- in order to conduct measurements in a part of the building, openings to the other
building’s part must be examined and tightened. In principle, such measurements in one or
several rooms may lead to conclusions about quality of tightening of windows and doors.

For buildings with large air capacity or very low-quality tightening (e.g., with big gaps in
windows), productivity of one Blower Door
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In order to detect places that are not

tightened in building’s outer envelope, i.e. in Fig. 9. Air flux vs. pressure difference for

order to localise these places and eliminate buildings with various degrees of packing
tightening defects, it is highly recommended to



perform measurements simultaneously with thermographical diagnostics (Chapter 2). In low-
pressure conditions cold external air flows into the respective room, thus, also decreasing the
temperature of inner walls of the building constructions, which can be easily detected
thermographically. By contrast, in case of overpressure, exhaust places of warm air can be easily
detected thermographically by examining the building from outside. The Blower Door device
can also be used for specific purposes in order to examine mounting quality of constructions in
finished buildings, for instance, in order to examine quality of window tightening.

At the pressure difference of 50 Pa the air transfer coefficient is determined by dividing
the airflow intensity /" (m’/h) by building’s air capacity Vit ns=V'1Vy (1/h). Under the Building
Code LBN 002-01 [1], the maximum permissible value of air exchange is limited by setting
standards per floor area unit, its unit of measure is (m/h).

In normal conditions the value of » for buildings without forced (induced) ventilation is
0.7...0.8 but measurements in different public and dwelling houses in Latvia before their
reconstruction showed considerably bigger values of the air flux »=1.0...1.4 (1/h) which
substantially increase useless heat losses. If the building is equipped with a regulated ventilation
system, depending on the usage type of this building, its tightening degree may be considerably
higher, i.e. n<0.3 (1/h).

Measurements in apartments of large-panel buildings showed that at closed ventilation
openings the value of n was increasingly dependent on the condition of windows and outer doors
(n=5...12 1/h). At open ventilation openings the intensity of air flux can be considerably
different in building’s lower and upper floors. In staircase of multi-storey buildings with very
non-tight windows and open doors the air flux coefficient n,, reached even 100 1/h (!). In theses

cases heat losses in convection are enormous.

5. Conclusions

As proved in research and experimental measurements during recent years, most of the
inspected buildings do not comply with the requirements of the Latvian Building Code LBN
002-01 and their heat losses are unreasonably high. Generally, increased energy losses are
related to flux of heat flows due to convection in non-tight places. The amount of heat losses in
heat conduction and convection can be reduced considerably. The most efficient way to cut
losses in heat conduction is to replace the old windows with packed double-glazed windows and
by warming the external walls. Moreover, replacement of windows would also considerably
decrease convective heat losses. Re-payment period of investment depends on the chosen
renovation method but usually replacement of windows shows the biggest heat economy at the
shortest re-payment period. Building’s heat consumption upon its renovation (warming of walls
and replacement of windows) can be predicted by using mathematical models of thermal
balance, for instance, the software HeatMod [6], which has been developed by the Laboratory of
MMETP of the University of Latvia.
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