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Abstract
The study aims to determine the optimum thickness of the roof construction of a facility for gilts when different
fuel for heating are used and various kinds of insulation. The presented methodology helps to determine the
annual energy losses through a 1 m2 of roof construction. In analyses are taken into consideration various types
of heat insulation as insulating sandwich - panels of plasticized LT-layered tin of thermal insulation with EPS,
XPS and mineral wool. Annual cost for heat insulation is calculated as the sum of annual energy costs and
depreciation for insulation. The obtained results show that the use of fuel - a dry timber at - appropriate
thickness of the thermal insulation are: for EPS and mineral wool - 100 mm; for XPS - 80 mm, and  when
Bobovdol coal is using appropriate thickness of the thermal insulation are: for EPS - 140 mm; for  XPS and
mineral wool - 100 mm respectively.
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Introduction

According to veterinary requirement of the
EU [4,5,6] with which are and Bulgarian regulations
concerted [13,14,15], for design of new construction
and reconstruction of existing buildings for pig-
breeding an important factor for ensuring the
necessary comfort of the animals is strict compliance
with the zoo-hygienic requirements to the conditions
of the living environment and parameters of the
microclimate in the premises.

In recent years, the heating of livestock
buildings during the winter season has become a
serious problem from economic point of view. On one
side are the increasing energy prices, and the other -
inefficient thermo insulation of surrounding
structures of the buildings,as a result of which no
small part of the thermal energy the surrounding air is
transmitted. This problem affects the preservation of
the environment, as the energy conservation helps to
reduce emissions of carbon oxides, sulfur oxides and
other atmosphere polluting. According to several
authors [2,3,8,9,10,17,19,23] the alternative pathway
which allowing to find away out of this situation is the
achievement of so-called "energy-saving buildings",

that have high thermal insulation capability of the
surrounding structures and are designed that less
amount of thermal energy to provides the normative
parameters for the microclimate in the premises.

In the EU-countries there is a trend towards
increasing the thermal protection of surrounding
structures of the buildings in order to realize energy
savings unto their heating [24,29]. Optimization of
thermal insulation of buildings is often based on cost-
effective thickness, i.e. such a thickness that provides
minimal investment and energy costs for a given
period of time [21,22,25, 27, 28].

In recent years the requirements to the energy
performance of buildings in Bulgaria repeatedly
increased and the current rules and regulations for
design and construction [11,12,16] correspond to the
European directives and practices.

Depending on the type of the materials and
products for the implementation of the thermal
insulating layer, the external thermal insulation
combined systems of the surrounding structures of the
buildings can be: based on foams (expanded
polystyrene, polyurethane foam, phenolic resins,etc.)
and based on solid slabs of mineral wool
(rockorglass). According to Nazarski [10] most used
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foams are those based on expanded polystyrene (EPS)
which have asubstantially smaller coefficient of
diffusion resistance to water vapor(m) in comparison
with the products made of extruded polystyrene(XPS)
or those based on polyurethane. With this favorable
conditions are create for effective evaporation of
condensed water vapor in the surrounding structure of
the buildings in winter.

The data mentioned in the literature concern
mainly the area of housing construction and the new
buildings for corporate offices or public services. Not
looking for the relationship between the thermo
technical properties and the cost price of modern
roofing constructions enclosing heated livestock
buildings.

The objective of the study is to determine
the optimum thickness of the surrounding roof
structure of a building for gilts sat different fuel used
for heating and thermal insulation of different nature.

Materials and methods

For thermal insulation were using roof panels
from XPS, EPS and Mineral (marl) wool. There are
two types of fuel, used for heating: dry wood with a
moisture content 20% and Bobovdol coal, whose data
are:

- for dry wood - 56€/t;
- for Bobovdol coal - 104€/t.
To determine the annual heat loss through the

building enclosing element bordering outside air, we
use quasi - static method [16, 26] due to negligible
thermo accumulation.

The issued object is a building for gilts. The
air temperature maintained in livestock buildings in
heating season (tn) is 20º C [15,20]. The building
construction of the enclosing element is shown in
Figure 1.

Figure 1.Roof thermal insulation panel

Initially, it is necessary to determine the heat
transfer coefficient Kof the enclosing building element
for different thickness of thermal insulation, by the
formula given below. Used different thicknesses of
the insulation (4, 6, 8, 10, 12, 14 cm) and for each of
them the coefficient K is calculated:
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where:
α1and α2are respectively the heat transfer

coefficients for the internal and external side of the
roof; α1= 10 W/m2K and α2= 25 W/m2K [18];

iz is the heat conductivity coefficient of the

thermal insulation, W/m.K;

iz is the thickness of the thermal insulating

layer, m (it is set in steps).
Determine the monthly and the annual heat

losses through the enclosing element.

The monthly heat losses through the roof are
determined according to the formula:
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where:
Fis the area of the enclosing element, m2;
tr is the air temperature in the room for the

heating period, °С;
tm, iis the mean monthly temperature for the

ithmonth, °С (16);
τiis the duration  for the ithmonth in hours,h.
Annual heat losses through the roof are

determined as the sum of the monthly losses:
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Only monthly heat losses complying with the
following condition should be considered:

tm,i<tr - Δt, °С

Δt≈ 5 ºC (1)
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Heat release from the animals compensate
thermal losses of buildings by raising tr with Δt.

The amount of fuel compensating heat losses
through the building element is determined:

.r

Q
Bа а , kg

where:
ris calorific value (the lower heat transfer

capability) of the fuel, kJ/kg (kWh/kg);
η is the efficiency systems, converting fuel

into heat and carrying it into the room, (η = 0,6 -
0,9).It is accepted η = 0,8.

The amount of the necessary fuel Bа was
determined for a thickness variation of the relevant
thermal insulation in the range from 4 cm to 14 cm.

The annual discounted costs are determined
(DC) using the general formula:

DC = С + ЕsК, €/аm2

where:
DC is the amount of discounted costs per

year, €/а.m 2;
C - amount of annual energy costs,

corresponding to the heat losses of the roof, €/а.m2 (C
= Ba. Fuel price);

Еs –standard coefficient of depreciation costs,
1/а (corresponding to the period of thermal insulation
depreciation);

K - amount of capital investment for thermal
insulation, €/а.m2.

A period is assumed for depreciation of
insulation - 25 years.

A check for the condensation of water vapor
on the inner surface of the roof panels must be done.

The temperature of the inner surface of the
roof panels is determined according to the formula:

Θin = tr - ( tr-tо)/α1R0

where:
tr is the air temperature in the room for the

heating period, °С;
tо–temperature of the outer surface of the roof

panel to the outside air, °С;
α1 - heat transfer coefficient for the theinner

surface of the panel to the air in the room, W/m2.K;
R0 = 1/K, m2.ºC/K.

For Θin should be fulfilled the condition that
guarantees the absence of condensation:

Θin> tir+1,
tir is irrigation temperature for sows, tir= 13,5

ºC (determined by the technological conditions of the
microclimate in the building of the Н-х diagram for
humid air, under the adopted room temperature 20
ºC).

Using the developed method are calculated
the heat transfer characteristics of the considered
heated livestock buildings, in order to reduce energy
costs for compliance with technological standards.
Calculations are done for 1 m2 area of the enclosing
element of building construction.

Results and Discussion

In Table 1 are shown the energy costs per 1m2

roof, corresponding to the heat losses of the heating

season, ( aQ ) for different thermal panels, and the

amount of fuels used for the season (
w
aB -drywood

and
c
aB -Bobovdol coal). It is seen that in choosing

an XPS thermal insulation, the amount of the fuels
used to compensate for the heat loss is less than that
of mineral wool. The annual heat loss in XPS is also
relatively smaller than in the wool.

Table 1. Energy costs and fuels per 1 m2 roof panel per 1 year

Insulation

thickness,δ

Roof panel with Polyurethane foam,

ХРS

Roof panel with

Rockwool

 aQ w
aB c

aB  aQ w
aB c

aB

cm kWh kg kg kWh kg kg

4 52,46 15,43 15,64 52,29 17,44 15,59

6 36,11 10,62 10,76 41,55 12,22 12,38

8 27,23 8,00 8,11 32,02 9,42 9,54

10 21,73 6,39 6,47 25,86 7,60 7,71

12 18,38 5,40 5,48 21,79 6,40 6,49

14 15,64 4,60 4,66 18,38 5,40 5,48
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Table 2 shows comparation of the results of
the discounted costs (DC) during the year per 1 m2

roof panel of different types. There are referred to and
the values of their components, C and Es K. It is seen
that the optimum thickness of the insulation by XPS
using fuel - dry wood is 8 cm, and when is using coal
- 10 cm. For mineral wool the optimum thickness,

which we can recommend the use of both types of fuel
is 10 cm. The results for the dependencies between the
thickness of the panels and the discounted costs per
year using fuel for heating, respectively dry wood and
Bobovdol coal are presented illustrated in Figure 2
and Figure 3.

Table 2. Discounted costs per 1 m2 roof panel per 1 year in using different fuels

* The value is determined by prices valid for November 2015 and exchange rate of BNB on 27.11.2015
→ 1 BGN = 0,511 EUR

Figure 2: Rate of

discounted costs

in dry wood fuel

depending on the

thickness of

thermal

insulation.

Figure 3.Rate of

discounted costs

in coal fuel

depending on

the thickness of

thermal

insulation

Insulation

thickness,

δ

Roof panel with Polyurethane foam, ХРS Roof panel with Rockwool

dry wood coal dry wood coal

C Еs*К DC C Еs*К DC C Еs*К DC C Еs*К DC

cm €/а.m2 €/а.m2 €/а.m2 €/а.m2 €/а.m2 €/а.m2 €/а.m2 €/а.m2 €/а.m2 €/а.m2 €/а.m2 €/а.m2

4 0,87 0,65 1,52 1,63 0,65 2,28 0,98 0,73 1,71 1,62 0,73 2,35

6 0,60 0,74 1,34 1,12 0,75 1,87 0,68 0,79 1,47 1,29 0,79 2,08

8 0,45 0,84 1,29 0,84 0,84 1,68 0,54 0,85 1,39 1,00 0,85 1,85

10 0,36 0,94 1,30 0,67 0,93 1,60 0,43 0,95 1,38 0,80 0,95 1,75

12 0,30 1,05 1,35 0,57 1,04 1,61 0,36 1,08 1,44 0,68 1,08 1,76

14 0,26 1,19 1,45 0,48 1,19 1,67
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From the results it is apparent that in fuel dry
wood and in both types of roof panels the relative
proportion of the energy component (C) in the
minimum discounted costs is in the range of 32-35%,
while in coal fuel the ratio is in the range of 42-45%.
This is due to the relatively higher price of the coal
and the adopted lower coefficient of efficiency of the
boilers compared with pyrolysis burning dry wood.

Upon verification for condensation of water
vapor on the inner surface of the roof panels for each
thermal panel we choose a coefficient K for the
optimum thickness, using a different type of fuel. In
both cases, we get thatΘin> tir+1,i.e.can ensure that
there will be no condensation of water vapor (Table
3).

Table 3.A check for the condensation of water vapor on the inner surface of the roof panel must be done

Type of thermal

insulation

tr tо δ α1R0

Θin = tr - ( tr - tо )/α1R0

tir=13,5

ºC ºC сm ºC

Rockwool 20 13 12 31,25 18,94 >14,5

XPS 20 13 14 43,47 19,01 > 14,5

Conclusions:

Based on our investigations and results
mentioned above, we underlining these conclusions:

1. Thicknesses up to 8 cm of the applied
thermal panels are insufficient to achieve
an effective balance between fuel used for
heating and the placed thermal insulation.

2. The most economically advantageous
thicknesses of the insulating layer of the
roof thermal insulation panels of
buildings for gilts are:

3. for dry wood-fuel - 8 сm (in thermal panel
with Polyurethane foam, ХРS) and 10 сm
(in thermal panel with Rockwool);

4. for Bobovdol coal-fuel- 10 сm (in thermal
panel with Polyurethane foam, ХРS or
with Rockwool).

5. When more expensive fuels are use, the
optimal thickness of the panel will
increase.

6. Economically justified thicknesses of the
thermal insulations perform the hygiene
requirements to prevent condensation on
their inner surfaces too.
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