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The paper formulates the role of thermal inertia of the building materials in
the energy supply of buildings and in solution of the energy efficiency problems. The
evolution of construction entails the application of new building materials as well as
of glazed surfaces in the envelopes of buildings. An analysis is made of the influence
of the thermal resistance of building materials and their heat capacity on the thermal
inertia indicators of buildings. An inertia scale of buildings has been developed for the
choice of the heat supply capacities of buildings at low outdoor temperatures under
extreme conditions of the Latvian climate. The ratio of the ventilation capacities has
been analysed in the total heating balance at a low thermal inertia of buildings. The
significance of innovative ventilation technologies for raising the energy efficiency
has been considered.

1. INTRODUCTION

Due to the development of market economy also in the real estates and
construction, the architects’ unconstrained fantasy finds expression in the building
of dwelling houses and public houses, offices and trading centres, disregarding the
amount of energy to be consumed for heating such constructions.

There are also several ideas about energy-saving buildings, yet they are only
on the level of ideas. The new normative acts on heat supply, too, allow rather free
interpretation of the thermal endurance of the envelopes of buildings. The new
building materials have high thermal resistance but low thermal capacity, which
lowers the thermal inertia of buildings. Thermal inertia plays the decisive role in
the choice of a heat supply capacity under extreme conditions at low outdoor air
temperatures. According to the existing norms, it is sufficient to have a 92%
insurance for the buildings with a great thermal inertia in Latvia in an average
perennial year (ensures 5 coldest days), but the buildings with a small inertia re-
quire, respectively, a 98% insurance (ensures 3 coldest days), which determines the
choice of the heat supply capacity. However in the buildings of modern archi-
tecture, particularly in those the envelope of which is completely or partly made of
glass, thermal inertia is much lower, and the heat supply capacity under the Latvian
weather conditions must be increased from 10% up to 27%. Besides, a problematic
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comfort zone arises near such glazed surfaces of buildings where additional venti-
lation capacities are needed in order to ensure full comfort, which increases the
ratio of the ventilation energy in the total consumption of thermal energy for
heating. Therefore, in such situations innovative energy-saving ventilation systems
are of great importance for the solution of energy efficiency problems. A separate
problem is connected with the improvement of normative acts for the calculation of
the heat supply of building considering the unlimited possibilities of the modern
architecture and the new building materials. The norms existing in Latvia are still
connected with the views of traditional construction: historically, starting from
massive brick structures, later — precast concrete blocks, and so on. Architects, too,
have certain possibilities to take part in tackling the problems how to raise the
energy efficiency of buildings by correct orientation of the glazed surfaces in
relation to the dominating directions of the impact of the sun, the wind, etc.

In order to ensure such an important energy efficiency improvement in the
country, the building normative LBN 002-01 was introduced in 2003, which
provided for higher thermal resistances of the envelopes of the newly-built and
repaired houses, normative losses of heat and glazing restrictions. Theoretically,
the energy efficiency issue of buildings could be settled efficiently because the
increased demands for thermal resistance of buildings and the limited optimal
glazing, which is 20% of the floor area of the heated rooms, allows radical cutting
of the heat losses. In practice, however, when energy efficient building materials
are considered in the projects of houses (3—4 times higher thermal resistances of
the envelopes of buildings in contrast to the thermal resistances as fixed in the
previous normative), a possibility was seen to interpret rather freely the building
normative LBN 002-01 on the issue about increasing the window area. In indi-
vidual public buildings the envelope is replaced by glazing. In several dwelling
houses the window area of some rooms exceeds even 66% of the floor area, paying
insufficient attention to thermal inertia of the building and the comfort problems.

Under such circumstances it becomes of essential importance to economise
energy for the ventilation of warm air (in winter) and cold air (in summer). In the
same time, at a sufficient cooling extent, a heat supply system can be used if a
chillier is installed in the building, which produces the energy of cold from heat.
This would raise the efficiency of the heat networks and also the sources of co-
generated heat.

2. THERMAL INERTIA INDICATORS OF BUILDINGS
AND THEIR CHANGES

In the early 1960-ties, a process of intense building started in Latvia, parti-
cularly in Riga. The traditional erection of brick houses was replaced by the fast
industrial slab construction, because the rates of the traditional construction could
not satisfy the growing demand for the production, dwelling and public buildings.
The industrial construction brought into practice the use of the lightweight con-
crete — aerocrete and claydite-concrete.

The better physical properties of aerocrete —the low unit mass of 600—
800 kg/m” for aerocrete as compared with 1100-1200 kg/m’ for claydite-concrete,
and the low heat conductivity of 0.26-0.37 W/(m*°C) for aerocrete, and
respectively, 0.46-0.52 W/(m*°C) for claydite-concrete, in contrast to the effective
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(perforated) brick wall with its unit mass 1600 kg/m’ and heat conductivity
0.64 W/(m*-°C), determined the application of aerocrete in making the envelopes
of buildings from industrial slabs.

This solution was seen as a promising perspective for the construction of
cheap and, at the same time, sufficiently energy-efticient buildings. Technical nor-
malisation of construction was adjusted to the social and economic requirements of
that time, and it was also very appropriate for the existing building technologies.

For economic considerations the envelope of the traditional brick houses was
built as an effective brick wall, 510-540 mm thick, covered from both sides with a
2x15 mm thick sand and cement plaster.

The thermal resistance of such a brick envelope is R, = 99 (m*°C)/W. The
thermal resistance of aerocrete envelope slabs was normalised in the 1960-ties,
meeting the demands of the building economy of that time, and was calculated as

Ro :n(tint _text)/ (AtN iy )(mZ‘oC)/W’ (1)

where: n a coefficient that characterises the condition of the envelope in

relation to the external environment. For the envelope n = 1, but

for the overhead coverings of upper storeys of the buildings and

the buildings with attics n = 0.9.

t.w — the rated internal (indoor) temperature °C corresponding to the way
the room is used (for dwelling houses ¢, = +18 °C).

t.« — the rated external temperature in winter in the geographical posi-
tion of the building. It is used to determine the thermal resistance
of the envelope and is selected depending on the thermal inertia (or
massiveness) of the envelope D, which characterises the thermal
endurance of the envelope and the entire house.

A — the normalised temperature difference between the indoor tempe-
rature and the temperature on the inner surface of the envelope,
which is determined depending on the way the rooms are used. In
the living rooms of the dwelling houses A7 = 6 °C.

o,y — the heat conductivity of the inner surface of the envelope equal to
8.7 W/(m® -°C) (~ const).

The thermal inertia of single-layer envelopes was calculated as
D =R-S, )
but for multi-layer envelopes as

D:R1S1+R2S2 +...RnSn, (3)

where: Ry, R, ... R, are the thermal resistances (m”-°C)/J of a multi-layer envelope
or a building element, a single-layer envelope material or a
multi-layer envelope material.
S1, S5...S, are the heat intake coefficients J/(mZ-OC) of a single-layer
envelope material or a multi-layer envelope material.
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The heat intake coefficient was calculated as

S=051JA-C-y (J/(m*°QC)), “4)

where: A — the heat conductivity of a layer of the envelope material, J/(m*-°C).

C — the specific thermal capacity of a layer of the envelope material,
J/(kg-°C).
y — the specific weight of a layer of the envelope material, kg/m’.

The rated thermal resistance of the envelopes of the dwelling houses under
the climatic conditions of Latvia and, in particular, of Riga was calculated
according to formula (1), the rated outdoor temperature being selected depending
on the massiveness or thermal inertia of the envelope:

R,=0.728 (m*°C)/W — for massive envelopes with great thermal inertia, with the
numerical value of thermal inertia D > 7.

R, =0.785 (m*°C)/W — for the envelopes of medium massiveness, medium ther-
mal inertia, with the numerical value of thermal inertia
4<D<T.

R, =0.824 (m*°C)/W — for the envelopes of small massiveness or small thermal
inertia, with the numerical value of thermal inertia D < 4.

Using the already mentioned calculation values, the external (outdoor) rated
temperatures ., corresponding to the thermal inertia of the envelope, in
compliance with the normative of that time for the calculation of R, under the
climatic conditions of Riga, were set:

o for massive envelopes of high thermal inertia with the numerical value of
thermal inertia D > 7, t,,, = —20 °C, which corresponds to the mean tempe-
rature of the coldest 5 days;

« for the envelopes of medium massiveness, medium thermal inertia, with the
numerical value of thermal inertia 4 <D <7, t,,;, = —23 °C, which corres-
ponds to the mean temperature of the coldest 3 days;

« for the envelopes of low massiveness and light weight, with the numerical
value of thermal inertia D <4, t,,, = =25 °C, which corresponds to the mean
temperature of the coldest 1 day.

In the calculations of R,, lower outdoor rated temperatures but greater
temperature differences ¢, — t., correspond to lower thermal inertia envelopes,
and, hence, greater values of R,. In the calculations of thermal inertia D, the
increased value R of the layer of the envelope material and, hence, also the
thickness of the envelope is compensated by the lowered heat intake S of the
material with a low specific weight. The increased thermal resistances R, of the
envelope at lower values of thermal inertia should be ensured by the heat
endurance of the buildings and normal thermal comfort in them when the outdoor
temperatures fall in winter below —20°C, at which, according to the demands of the
normative, the losses of heat in the buildings were calculated and a heating
capacity to compensate them was defined.

In reality, the values of thermal inertia of the light-weight concrete —
claydite-concrete and aerocrete (industrial slabs of the envelopes) D = 3.46 and
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D = 3.50 allow relating or qualifying them as envelopes of low massiveness, low
weight and low thermal inertia (D < 4).

The full calculated thermal resistance of the envelopes from light-weight
concrete — claydite-concrete and aerocrete — industrial slabs is correspondingly
R=0.664 (m*°C)/W and R =0.782 (m*-°C)/W. It should be stated that the real
thermal resistance of the envelopes from light-weight slabs does not meet the
demands of, and, by their actual thermal inertia, is even lower than the norm for the
envelopes of high thermal inertia. As a result, the buildings with a low thermal
inertia and a low rated thermal resistance R, of the envelope have a low thermal
endurance. The external temperature z,,, falling below the calculated normalised
capacity of the heating systems, the temperature in the buildings starts falling
rapidly below the lowest limit of comfort +18 °C causing further consequences to
the indoor air —a possible still sharper decrease in the indoor temperature with
great losses of heat through the moistened envelopes and still greater possibilities
for the water vapour existing in the indoor air to condensate on the internal surface
of the envelope, with increased thermal discomfort and decreased energy efficiency
of the building.

At that time the thermal inertia of buildings was formally identified with the
thermal inertia of the envelope. Before the construction of buildings with the
envelopes from light-weight concrete industrial slabs started, houses were basically
built with massive brick envelopes and internal walls and with massive reinforced
concrete inter-storey coverings. The building elements of the buildings possessed a
great heat accumulation capacity and, therefore, a great heat endurance or thermal
inertia.

The massiveness and heat endurance of the envelopes from large light-
weight industrial slabs was lower and practically corresponded to the indicated rated
thermal inertia D < 4. Therefore, in contrast to the brick houses, these buildings
had lower energy efficiency with a worse thermal comfort in them.

These conclusions have by now been confirmed by the 40-year maintenance
of the buildings from light-weight concrete slabs in Latvia.

The severe winter of 1978-79 clearly showed the low heat protection
capacities of the large light-weight industrial slabs. In January, at the beginning of
the year 1979 and later, the outdoor temperature fell in Riga for two to three days
down to —32 °C, with the mean temperature around the clock being —26 —27 °C.
The indoor temperature in the twelve-storey dwelling houses having envelopes
from large light-weight concrete slabs decreased even to 10—12 °C, the central
heating systems operating to full capacity. The capacity of the heating systems,
which had been designed for the outdoor temperature —20 °C, did not compensate
the losses of heat in the buildings, and the low thermal inertia of the buildings
could not ensure heat endurance even for 2—3 days of the great cold.

3. INORDINARY TRENDS IN ARCHITECTURE
AND IMPROVEMENT OF ENERGY EFFICIENCY

In the 1970-ties in the construction of buildings (especially public buildings)
a trend appeared to increase the area of the windows, motivating it by both a
necessity to increase the distribution of light and raise the architectural expressivity
of buildings from large industrial slabs.



This additionally reduced the already low heat inertia of the houses from
large light-weight slabs, the energy efficiency and thermal comfort in them not
only in winter but also in summer, because solar radiation through the increased
glazing overheated the rooms.

In order to ensure energy saving so needed for the country by raising the
energy efficiency of the buildings, the building normative LBN 002-01 “Heat en-
gineering of the envelopes of buildings”, which came in force on January 1, 2003,
set higher thermal resistances, normative losses of heat and glazing restrictions for
the newly-built and renovated buildings.

Formally, the purpose of this new building normative was to achieve the
desired energy efficiency and energy saving of buildings. Theoretically, the energy
efficiency issue was expected to be resolved effectively, since the increased
thermal resistances and the restricted optimal glazing of the envelopes, which was
10% of the floor area in the heated rooms, allows the losses of heat in the buildings
to be reduced dramatically. However in practice this issue is not tackled as it was
intended by passing the building normative LBN 002-01.

When perspective energy-efficient building materials were envisaged in the
projects of houses, the elements of the envelopes were designed with a particularly
high thermal resistance. The high thermal resistances of building envelopes, which
are 3—4 times higher than those envisaged in the former normative and ensure 3—
4 times lesser losses of heat in the buildings, were qualified as an indicator of high
energy efficiency without paying attention to the thermal inertia of these buildings.
Apparently, the high energy efficiency, by identifying it according to the technical
resistances of the building envelopes, was seen as an opportunity to interpret freely
the normative LBN 002-01, p. 16, on the possibilities to increase the area of the
windows.

As a result, houses were and are designed and erected with a very increased,
even exaggerated glazing, which are not suitable for our weather conditions. In
individual public buildings the external walls are sometimes fully glazed. In some
new dwelling houses the area of windows in separate rooms exceeds even 66% of
the floor area.

As mentioned above, the energy-efficient building insulation and heat-insu-
lating materials increase the thermal resistance of the envelopes; yet, being of a small
volume mass (for example, aerocrete “Aerok” y= 400 kg/m’, A =0.15 W/(m>-°C),
they do not ensure sufficiently high thermal inertia to produce, in combination with
the thermal inertia of glazing, at least medium thermal inertia which, together with
the heating system, would be able to maintain the temperature on the comfort level
in the buildings for two or three days when the outdoor temperature falls below the
rated mean temperature of the coldest five days, which is —20.7 °C (in Riga,
according to the Latvian building normative LBN 003-01, Tab. 6).

Assuming that the thermal inertia of the building envelope, in accordance
with the new building normative LBN 002-01, is indirectly qualified and identified
by the volume mass of the envelope 100 < p < 100 kg/m?”, though on condition that
the areas of the windows in a house cover 20% of the heated area of the rooms set
by this normative, then formally everything may be all right with the thermal
inertia in a building in which the volume mass of the envelope is p> 100 kg/m?,
whereas in the buildings with increased glazing and light-weight internal walls or
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planning of the rooms without separating internal walls the identification of the
thermal inertia by the thermal inertia of the envelope cannot be considered
sufficiently precise. Assuming that the house may have internal walls from light-
weight structures with a low thermal inertia but massive inter-storey coverings, the
thermal inertia of the very-glazed buildings should be determined as the medium
thermal inertia of all — the external and the internal — envelopes:

_ DyF+DyFy +..DyFy

De
F+F A+ Fy

; )

where: Dy, D, ... Dy — the rated thermal inertia of individual envelopes (con-
struction elements) of the building;
F,, F, ... Fy — the rated areas of individual envelopes (construction ele-
ments) of the building (m?).

If the thermal inertia of this building is medium (4 <D <7) or small
(1.5 < D £ 4), then the mean outdoor air temperature of the five coldest days with a
92% insurance cannot be applied for the calculation of the heat losses in the
heating system and its rated capacity. To ensure a building with sufficient heat en-
durance, the rated outdoor air temperatures could be applied for designing
continually operating heating systems in agreement with the Latvian building
normative LBN 003-01 “Building climatology”, depending on the rated thermal
inertia of the building (see Tab.1).

Table 1
Determination of the rated outdoor air temperature ensuring comfort
under extreme conditions
The rated thermal The rated outdoor air temperature in winter for designing
inertia D of buildings the heating systems of buildings, #,,, °C
D>7 The mean temperature of the five coldest days with a 92% ensuring
(LNB 003-01 Tab. 6).
4<D<7 The mean temperature of the five coldest days with a 98% ensuring
(LNB 003-01 Tab. 6).
1.5<D<4 The (arithmetic) mean temperature of the three coldest days with a 98%

ensuring (LNB 003-01 Tab. 6) and the mean temperature of the coldest
twenty-four hours (in LBN 002-01 defined as the minimal temperature
that can be exceeded once in 10 years, Tab. 2).

D<15 The mean temperature of the coldest twenty-four hours (in LBN 002-01
defined as the minimal temperature that can be exceeded once in
10 years, Tab. 2).

This proposal for applying outdoor temperatures to design continually
operating heating and ventilation systems for the provision of buildings with heat
agrees with the corresponding reference in the building normative LBN 002-01,
p. 54, that the thermal inertia D of a construction element is to be used in the
calculations of the capacity of the heating and ventilation systems of buildings in
accordance with the Latvian building normative LBN 231-03 “Heating and venti-
lation of the dwelling and public houses”.
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The analysis of the real practice of designing and construction shows that
the reference defined in LBN 002-01, p. 54, about the application of the thermal
inertia of construction elements of the building or the entire building with possible
deviations in order to calculate the capacity of the heating and ventilation systems
has a motivation.

Determination of the rated outdoor air temperature in the calculations of the
heating capacity of the heating and ventilation systems of buildings depending on
the thermal inertia D of the structural elements of the building or the entire building
will raise its thermal comfort. Meanwhile one should be aware that the indicated
quality of the buildings will be achieved by raising the construction costs of the
heating systems in them, because the rated heating capacity of the heating systems
will rise when the numerical values of the thermal inertia are D < 7.

The rated heating capacities of the heating systems, depending on the rated
thermal inertia D of the buildings will increase with the rated thermal inertia of the
buildings reducing. If the rated capacity of the heating system is assumed as 100%
when the rated thermal inertia of the building D > 7, then there will be an increase
in the heating capacity at other numerical values of the thermal inertia (see Tab. 2).

Table 2
A thermal inertia scale of buildings for the capacity evaluation
of the heating system
The thermal inertia indicator D The capacity of the heating system

of the building (%)
D>7 100
4<D<7 110
1.5<D<4 119
D<1.5 127

This rise in the rated capacities and, hence, the installation costs of the
heating systems continually operating in the buildings will increase their thermal
comfort, which will promote the regeneration of the working capacity of the
population when they are at home and their labour efficiency at work, and decrease
their sickness rate during the cold winter months. According to the statistical data
published in the technical literature, decrease in labour efficiency of the population
is almost proportional to the fall of the outdoor air temperatures. The lower the
outdoor air temperature is, the higher the thermal discomfort because of the
insufficient heating and thermal inertia of the building.

The thermal comfort can already be qualified as an economic factor which
will compensate the rise in the installation costs of the heating systems during the
operation of the buildings, increasing the set capacity of the heating systems.

Essential problems can be seen in the houses having low thermal inertia and
increased glazing — both in the dwelling and public buildings.

The increased glazing of buildings can be a cause of discomfort and low
energy efficiency unless thermal inertia of the envelope is considered and corres-
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ponding energy efficiency measures are taken. The low thermal inertia of the
envelope is an important criterion in solving how to remove possible discomfort.
Potential consumption of energy, connected with the comfort in the problematic
comfort zone near glazed surfaces, should be minimised. Energy efficiency can be
raised using modern ventilation systems (with the recuperation and repeated utili-
sation of heat), considering special air supply, distribution and exhaustion devices.

The temperature on the internal surface of the windows with double glazing
and low average thermal resistance of about 0.4 (m*°C)/W, which is the most
appropriate for the traditional Latvian climate, in winter may fall down to +6 °C at
the outdoor air temperature being —20 °C. This is the condensation temperature of
the water vapour existing in the air of the room at the room temperature +18 °C
and relative moisture 45%. To avoid condensation, special heating elements of the
heating system are arranged under the windows for their “heating”. As a result of
this “heating”, the air temperature in the window zone of a room rises up to 30 °C,
raising the temperature of the internal surface of the windows up to 16 °C, the
outdoor air temperature being —25 °C. Thus condensation is avoided but the losses
of heat through the windows increase at least by 30% and the energy efficiency of
the buildings decreases. Consequently, the greater the area of the windows is, the
greater the losses of heat through the windows. Without heating the windows and
without a possibility of condensation the windows are a cause of thermal
discomfort for the people working or being for a long time at a close distance
(~ 1.0 m) from the windows.

Heat radiation proceeds from the human body, transferring this heat to the
cold internal surface of the window. When the temperature difference between the
limiting surfaces — the surface of the human body in the clothes and the internal
surface of the window glazing — is 20-25 °C, there will be a great radiation transfer
from the light clothing of the human body to the cold surface of the window
glazing. Radiation heat transfer will increase when this temperature difference
increases, i.e., the outdoor air temperature falling, the intensity of radiation heat
transfer may reach the freezing effect. Such an effect is fixed in close vicinity
(~ 1.0 m) to the windows in the rooms of modern glazed office buildings and
similar dwelling houses at the outdoor air temperature —25 °C, and the room tem-
perature +20 °C.

Introduction of modern rational ventilation systems may essentially increase
the energy efficiency and reduce the heat consumption for ventilation, which, in the
buildings with large glazed surfaces, may even exceed the energy consumption for
heating.

In the rooms of very-glazed edifices the thermal discomfort is felt in sum-
mer, too, when the rooms become overheated by the direct solar radiation through
the glazing of the windows. On the territory of Latvia, which is situated between 56
and 58 degrees northern latitude, the intensity of solar radiation through the glazing
of a house with the fagade oriented to the south, southwest and southeast reaches
~ 145 W/m?, but with the fagade oriented to the east and west — up to 168 W/m’.
Active ventilation is already needed to maintain comfort in the rooms at such an
intensity of radiation with the cooling of the air supplied to the rooms and the
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consumption of electric energy, reducing the energy efficiency of the building also
in summer. In the overheated rooms of excessively glazed offices and dwelling
houses the consumption of electric energy to cool the rooms in order to maintain
normal thermal comfort exceeds 100 W/m” per hour, which is a potential for
energy saving and for the development of a rational ventilation system.

4. CONCLUSION

The creative power of architects is unlimited, and it should be attracted to
raising energy efficiency of buildings, their heat supply, ventilation and cooling, in
order to achieve the maximum comfort with the minimum consumption of energy.
It is hard to prognosticate the constructive development and design of the buildings
created by modern architects; however the simplest ways would be: up-to-date
blinds, orientation of the glazed surfaces of houses to the cardinal points, modern
barriers and structures for deflection of the dominating winds away from the glazed
surfaces in order to reduce their cooling in winder and increase it in summer, etc.
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JAUNO BUVMATERIALU TERMISKAS IPASIBAS
UN TO IETEKME UZ ENERGIJAS EFEKTIVITATI

J. Ekmanis, V. Zgebergs, N. Zeltins, V. Vrublevskis
Kopsavilkums

Darba formuléta buivmaterialu siltuminerces loma &ku energoapgades un
energoefektivitates problému risinasana. Biivniecibas attistibas saistita ar jaunu
buvmaterialu pielietoSanu, ka arT ar palielinatu stikloto virsmu ievieSanu eku argjo
konstrukciju veidosana. Analizeti buvmaterialu termiskas pretestibas un siltuma
ietilpibas iespaids uz €ku siltuminerces indikatoriem. Izstradata &ku inerces skala
€ku siltumapgades jaudu izvelei ekstremalos apstaklos pie zemam argaisa tempe-
ratiiram Latvijas klimatiskajos apstaklos. Analizéts ventilacijas jaudu Tpatsvars
kopgjas apkures jaudas pie €ku zemes siltuma inerces. Izvert€ts nozimigums
energijas efektivitates paaugstinasana inovativam ventilacijas tehnologijam.

02.06.2008.
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