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Abstract. The aim of the study is to determine the optimum thickness of the surrounding wall structure of a building for nursing sows by using
heat insulation from straw and different fuel (pellets and dry wood) for heating the building. To achieve the purpose, 6 models of walls made of
environmentally friendly panels with wooden skeleton, thermal insulation from pressed straw bales and double-sided clay plaster have been
developed, such that the accepted thickness of the thermal insulation layer is respectively: 20, 25, 30, 35, 40 and 45 cm. The construction
value of the finished wall is determined by adding the value of the construction and assembly works on the construction site to the value of the
preparation of the panels (in a workshop), including the payment of labor, materials and additional costs for the implementation of clay plaster
and waterproofing membrane. The annual energy losses through 1 m2 of the enclosing wall and the annual heat insulation costs (as a sum of
annual energy cost and the depreciation deductions) are determined through the described methodology and verification of condensation of
water vapor on the inner surface of the wall was carried out. The results of the research show that by using pellets for fuel, the optimal thickness
of the thermal insulation is 45 cm, and by using dry wood it is 35, 40 and 45 cm. All studied models of enclosing straw wall meet the hygienic
requirements for preventing condensation on their inner surfaces.
Keywords: annual costs, energy losses, dry wood, heat insulation, nursing sows, pellets

Introduction
Global environmental changes on the planet and the
growing requirements for environmental protection in
recent years (in Bulgaria - Atmospheric Air Purity Act, 1996;
Agricultural Land Protection Act, 2000; Water Act, 2000;
Environmental Protection Act, 2002; Animal Protection Act,
2008; Directive 2008/1/EC of the European Parliament
and of the Council on integrated pollution prevention and
control) significantly change the concepts for the design of
heated livestock buildings, including pig farms. According to
the EU regulatory documents (European Convention for the
Protection of Animals, 1992; Directive 98/58/EC, Directive
2008/120/EC) and the Bulgarian regulations (Regulation
No. 21, 2005; Regulation No. 16, 2006; Regulation No. 44,
2006) the building must create a healthy and comfortable
environment for the animals. It must also be “energy efficient”,
meaning the thermal insulation capacity of its enclosing
elements to be increased, and to ensure the normative
parameters for the microclimate in the premises to use as little
heat as possible (Regulation No. 7, 2004; Energy Efficiency
Act, 2008; Regulation No. E-RD-04-1, 2016; Regulation No.
E-RD-04-2, 2016). Zbashnik-Senegachnik (2012) states that
in a “low-energy” building, the annual energy consumption for
heating should be between 40 and 60 kWh/m2, or at least
50% less than in traditional buildings.

When choosing thermal insulation materials, one must
take into account their main insulation characteristics:
• heat conduction: with good thermal insulation capacity
are materials with heat conductivity coefficient (λ) in the
range 0.03-0.18 W/m°C, and materials with λ≤0.06 W/m°C
are considered as typical thermal insulators. Their insulating
properties are due to the porous structure and the air enclosed
in them;
• density: the heat conductivity coefficient increases with
increasing bulk density (ρo), humidity and temperature, which
impairs the thermal insulation properties of materials;
• water absorption: water is a good conductor of heat, so
the thermal insulation boards are plastered with water-repellent
plasters;
• vapor permeability coefficient: the technical
characteristics of materials with low vapor permeability are
retained longer;
• coefficient of linear expansion: takes into account the
change that would occur over time in the size of the insulation
boards.
A number of authors studied various thermal insulation
materials for the external walls of buildings. Aditya et al.
(2017) indicate as energy-efficient conventional materials:
fiberglass, mineral wool, cellulose (ground-up waste
paper), perlite, vermiculite, expanded polystyrene, extruded
polystyrene, polyurethane. Minke (2016) recommends

*e-mail: vpdimova@abv.bg

167

bamboo for thermal insulation, Mutani et al. (2020) prefer
straw and Gupta and Maji (2019) focus on wood, cork and
their composites. According to Pacheco-Torgal (2014), the
future of ecological construction belongs to highly efficient
thermal insulation materials obtained by nanotechnology for example, aerogel, which is composed of air above 90%
and silica nanoparticles with a heat conductivity coefficient
of around 0.01 W/m°C. Other authors (Betul et al., 2012;
Kaynakli, 2012; Altan et al., 2016; Baniassadi et al., 2016;
Georgiev et al., 2017; Paraschiv et al., 2017) consider that
thermal insulation should be optimized by looking for costeffective thicknesses of the enclosing elements, providing
minimal investment and energy costs.
Today, the construction industry offers a wide range of
thermal insulation materials and innovative wall solutions,
but they often have a negative environmental impact. In this
respect, biomaterials (wood, straw, clay, peat, sheep wool,
flax, hemp, etc.) are environmentally friendly and prove to be a
good alternative to conventional materials, while satisfying the
required insulation characteristics (Bonova, 2011; Dimova and
Dinev, 2014; Cornaro et al., 2020; Greenspec®, 2020; Koh and
Kraniotis, 2020; Minke and Krick, 2020).
Straw is a light biomaterial obtained from naturally dried
stalks of cereals (wheat, rye, oats, millet, barley) or other
plants (hemp, flax). For construction purposes, it is delivered
in the form of rectangular bales. It is most often used as an
insulating material in houses made of bales of straw, where it
is placed in the wooden frame of the structure. The straw can
be external insulation of walls or tile-shaped insulation of floors
and roofs. According to laboratory data of ACNM (2011) the
heat conductivity coefficient of the separate layers for a wall of
straw bales with 3 cm clay plaster on both sides is respectively:
for external and internal clay plaster - λ=0.7 W/m°C; for straw
bales 45 cm - λ=0.05 W/m°C, and the heat transfer coefficient
for the specified wall is U=0.104 W/m2°C. According to some
authors (Minke and Mahlke, 2005; Zaharieva and Belev, 2015)
the heat conductivity coefficient of straw strongly depends
on the direction of the fibers, as well as the type of straw.
According to FASBA (2015) data in the perpendicular position
of the stems λ=0.052 W/m°C, and in the direction of the stems
- λ=0.08 W/m°C.
In recent years, the thatched houses (Figure 1) have
become increasingly popular in the USA, Canada, Germany,
France, Britain, Switzerland, Austria, Italy, China, Lithuania,
Russia and other countries. Their environmental advantages
are: breathable walls, good thermal and sound insulation
properties, no harmful substances are released and their
price is relatively low (ACNM, 2011; Zaharieva and Belev,
2015; Cascone et al., 2018; Kaesberg et al., 2019; Koh and
Kraniotis, 2020; Minke and Krick, 2020; Mutani et al., 2020).
For construction purposes, the authors recommend rye straw,
which is not attacked by rodents.
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a
b
Figure 1. Buildings with straw walls (a- FASBA, 2015; bHomenest, 2020b)

There are various methods of construction with straw bales
in the world (ACNM, 2014; Zaharieva and Belev, 2015; Mutani
et al., 2020), the most common of which are:
“Post and beams” (In-fill) method: the load of the building is
most often carried by a wooden (rarely steel or steel-wooden)
structure, and straw bales are used as a filling, insulating
material with a non-bearing function (Figure 2).

Figure 2. Construction of straw walls in a wooden structural
frame (“Post and beams” method), (Archive Saastvad
Ehituslahendused, Estonia- according to ACNM, 2014)

“Nebraska” method, also known as “Load Bearing”: the
building does not have a separate structure, and the weight of
the wall and the roof are borne and carried entirely by the straw
bales (Figure 3).

Figure 3. Execution on a straw wall without a load-bearing
structure (“Nebraska/Load Bearing” method) (https://www.
pinterest.com/pin/374080312773510103/)

There are also Mixed systems in which straw is part of
multilayer load-bearing walls, where it is usually used for the
finishing layer, together with wood and plaster (Mutani et al.,
2020).
The rapid pace of technology development today allows the
production of panels of pressed rye straw (called ”Prefabricated
panels”) (Figure 4) on a modular system (origin Lithuania).
The panels are self-supporting (without additional reinforcing
elements) and are most often 0.60-1.25 m wide, 0.50-3.00 m
high and 0.20-0.40 m thick. They are made in a production plant,
and a pre-prepared wooden frame is filled with straw bales. The
bales are compacted, compressed under pressure to a density
of 100-120 kg/m3 and are firmly attached to each other. The
heat conductivity coefficient of the straw is 0.057 W/m°C. The
finished straw panels are delivered to the construction site and
mounted on a strip foundation (EcoCocon, 2020; Homenest,
2020b; Mutani et al., 2020).

additional supporting and reinforcing structural elements; are
produced for the specific site; they are a completely recyclable
and harmless product, tested and certified for the whole of
Europe, etc. (EcoCocon, 2020; Homenest, 2020b; Mutani et
al., 2020; Straw Works Ltd., 2020).
There are already companies in Bulgaria that design and
build residential buildings with straw walls. Straw houses
were built in Kladnitsa village, Pernik municipality and in
Kokalyane village, Pancherevo municipality, and in the
process of construction are such in Ochusha village, Samokov
municipality; Patalenitsa village, Pazardzhik municipality, etc.
(Barbali Ltd., 2020; Sponets Ltd., 2020; Homenest, 2020b).
The first house in our country made of pressed straw panels is
located near the Iskar dam, in the area of Pancharevo village,
Sofia Municipality (Homenest, 2020b).
For the modern conditions in Bulgaria there are no studies
for optimizing the thickness of the enclosing structures of
heated livestock buildings, built of biomaterials, depending on
the type of fuel chosen for heating. The purpose of the study
is to determine the optimum thickness of the surrounding wall
structure of a building for nursing sows by using heat insulation
from straw and different fuel (pellets and dry wood) for heating
the building.
Material and methods

Figure 4. Execution of walls with bearing straw panels
(Homenest, 2020b)

After assembling the walls, a waterproofing membrane
is placed at their upper end. To protect from rain during
construction, the building is covered with polyethylene, which is
removed after installing the roof (Figure 5). Finally, the walls are
covered on both sides with plaster - clay or lime (clay plaster is
recommended) or lined with wood paneling (Zakupka, 2015).

a

b

Figure 5. Waterproofing of walls from bearing straw panels
(a- EcoCocon, 2016; b- Morris, 2015)

The modular system has 10 years of experience in the
European market. Compared to other methods of construction
of buildings with straw enclosures, the panels have a number
of advantages - strength (from them you can build a building on
three floors); quick installation (area of 100 m2 can be built in 2-4
days); uniform quality due to the industrial billet; do not require

The object of study were the external walls of a building
for nursing sows with maintained (by forced ventilation) air
temperature (tr) in the room during the heating season equal
to +20°C (Regulation No. 44, 2006). The technology of rearing
the animals and the ventilation system in the building are
not considered, as it is assumed that all parameters of the
microclimate satisfy the regulatory requirements, in which they
do not affect the elements of the study. Important for it are the
required air temperature in the room, which is provided by
any technological solution, as well as the radiated heat from
an animal, adopted according to the Technological norms for
design of livestock and poultry complexes and farms (1982). In
this aspect, the results of the study will be valid for the enclosing
walls of any building for nursing sows, regardless of its capacity
and the internal distribution.
To achieve the set purpose, models of enclosing wall
structures (suitable for heated livestock buildings) at different
degrees of thermal resistance have been studied and their
thermal properties have been established. For the enclosing
walls of the building according to the EcoCocon (2016, 2020)
construction system (origin Lithuania) with pre-prepared
modules (wooden frames and pressed rye straw) 6 variants of
self-supporting panels have been developed and dimensioned.
During their development the following identical conditions
were adopted:
• It is assumed that the panels are made in advance in a
workshop, taken to the construction site and installed there;
• Straw bales of rye straw with humidity up to 15%, density
ρ=100 kg/m3 and dimensions: width 45-50 cm, length 85-90 cm
and height 35-37 cm;
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• Dimensions of the finished panels are accepted: width
120 cm, length 300 cm and thickness of the thermal insulation
layer, respectively 20, 25, 30, 35, 40 and 45 cm;
• The workshop prepares a wooden frame in advance ribbed with movable ribs (the ribs are used for pressing straw
bales), which is filled manually with straw bales arranged in
rows parallel to the width of the panel. In the rows, the bales
pass each other like bricks in a brick wall, after which they are
pressed and firmly attached to each other;
• The finished straw panels are delivered to the construction
site and mounted on a pre-built strip foundation. The installation
is done manually;
• After assembling the walls, a special waterproofing
membrane is placed at their upper end. Before mounting on
the wall, it is also laid under the wall on the foundation;
• The walls of straw panels are covered on both sides with
3 cm of clay plaster;
• The heat conductivity coefficient has been adopted
(according to literature data - ACNM, 2011; FASBA, 2015):
-for pressed straw - λ=0.057 W/m°C;
-for clay plaster - λ=0.7 W/m°C.
• Two types of fuel are used for space heating: dry wood
with a humidity of 20% and pellet boiler, the prices of which as
of October 2020 are the following:
- for dry wood - 0.08 EUR/kg;
- for pellets - 0.20 EUR/kg.
The calculations in the conducted researches refer to 1 m2
area of the enclosing wall.
To determine the annual heat loss through the building
enclosing element bordering outside air, we use the quasistatic method (Georgiev et al., 2014) due to negligible thermo
accumulation. With the help of the indicated method, the thermal
characteristics of the straw wall are studied to reduction of the
energy costs in compliance with the microclimatic requirements
and use of the accepted fuel for heating. The study has been
carried out in the following sequence:
1) For each of the developed models (а straw wall with
different thickness, covered on both sides with clay plaster)
the heat transfer coefficient (U) is calculated according to the
following formula:
n

U=1/(1/α1+∑ δi/λi+1/α2),W/m2°C
i=1

(1)

Where:
δi - thickness of the respective layer (i) of the wall (straw,
internal and external clay plaster), m;
n - number of the layers in the wall (n=3);
λi - heat conductivity coefficient of the material in the
corresponding layer of the wall, W/m°C;
α1 - heat transfer coefficient from the inner surface of the
wall to the air in the room, W/m2°C;
α2 - heat transfer coefficient from the outer surface of the
wall to the outside air, W/m2°C.
They are accepted: α1 =10 W/m2°C, α2 =25 W/m2°C
(Stamov, 1990).
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2) There are determined monthly and the annual heat
losses through the wall, refered to a unit area from it - 1 m2
(Stamov, 1990):
- monthly heat losses (Qm,i) – they are calculated by the
formula:

Qm,i = UF (t r − tm, i )

i

1000

, kWh

(2)

Where:
F is the area of the enclosing element, m2;
tr - the air temperature in the room for the heating period, °C
(object of study is a building for nursing sows with maintained
room air temperature during the heating season tr =+20°С);
tm,i - the mean monthly temperature for the ith month out of
the heating season, °C (Regulation No. Е-РD-04-2/22.01.2016
г.);
τi - the duration of the month in hours, h.
- annual heat losses (Qа) - they are determined as a sum of
the monthly losses by the formula:
r

Qà = ∑ Qm ,i , kWh

(3)

i =1

Only monthly heat losses complying with the following
condition should be considered:
tm,i < tr - Δt, °С
(4)
Where:
Δt ≈ 5°C (heat release from the animals compensates
thermal losses of buildings by raising tr with Δt) (Georgiev,
1985).
3) The amount of fuel required (Ba) compensating heat
losses through the building element is determined for a
thickness variation of the thermal insulation in the range from
20 to 45 cm. For this purpose the formula is used:

Bà =

Qà
, kg
r.η

(5)

Where:
r is the lower heat transfer capability of the fuel, KJ/kg (kWh/
kg);
η are the efficiency systems, converting fuel into heat, and
carrying it into the room, (η=0.6-0.9).
For the different fuels used we accept:
- for pellets: r=4.8 kWh/kg, η=0.9;
- for dry wood in humidity 20%: r=4.0 kWh/kg, η=0.7
(Georgiev and Peichev, 2014).
4) For each of the developed wall models when using
different fuel for space heating, the annual discounted costs
(DC) are calculated according to the formula:
(6)
DC = С + ЕsK
Where:
DC is the amount of discounted costs for 1 year, EUR/аm2;
C - the amount of annual energy costs, corresponding to
the heat losses through the wall (C = Ba.Pf), EUR/аm2;

Еs - standard coefficient of depreciation costs, 1/а
(corresponding to the period of thermal insulation depreciation).
A term of depreciation of the thermal insulation 20 years has
been accepted;
Pf - the fuel price, EUR/m2;
K - the amount of investment costs (the construction value
of the wall), EUR/аm2
To determine the amount of required capital investments (K)
for each model, a quantitative and value account is prepared,
using the price lists in force in the country (Deenichina et al.,
2020; Homenest, 2020a,c; Ekoteknika JSC, 2020). The price
of one straw panel is calculated, including only the construction
works for its preparation (in a factory) and refers to 1 m2. The
construction value of the finished wall is obtained by adding to
the value of the workpiece the value of the construction and
installation works on the construction site. This includes the cost
of labor for the installation of panels, materials and others for
the implementation of clay plaster and waterproofing membrane.
The values for the variants are determined and refer to 1 m2.
A structural diagram of the studied wall panel variants is
shown in Figure 6.

For Θin should be fulfilled the condition that guarantees the
absence of condensation:
(8)
Θin > tir+1
Where:
tir is the dew point (the temperature to which the air must be
cooled to saturate with water vapor), °C
By the technological conditions of the microclimate in a
building for nursing sows tir=13.5°C (determined from the Н-х
diagram for humid air).
The check is performed for the wall with the smallest
thickness - d=20 cm. It is accept that if the check is fulfilled, this
will also apply to the other variants.
During the study the lowest outdoor temperature during
the year is taken (tо = -2°C), as well as the average outdoor
temperature for the cold months - tо = -15°C.
The results are presented in tabular and graphical form.
Based on the performed research, variants of enclosing walls
made of pressed straw panels with corresponding thickness
are recommended.
Results and discussion
Table 1 shows the heat transfer coefficient (U) at different
thicknesses of straw insulation in the studied wall models, the
energy costs for the heating season for one year (Qa), which
correspond to the heat losses per 1 m2 of finished wall and the
amount of fuel required to compensate for them ( Bap - pellets
w

or Ba - dry wood). The data show that the studied energy

Figure 6. Construction diagram of a bearing panel of pressed
rye straw

5) A check for condensation of water vapor on the inner
surface of the enclosing walls of straw panels with clay plaster
is performed.
The temperature of the inner surface of the enclosing wall
(Θin) is determined according to the formula:
(7)
Θin=tr-(tr-tо)/α1Rо
Where:
tо is the temperature of the outer surface of the wall to the
outside air, °C;
Rо is the thermal resistance to heat transfer (Rо=1/U),
m2°C/W.

indicators decrease in direct proportion to the heat transfer
coefficient with increasing thickness of the thermal insulation
layer. At a layer thickness of 45 cm, the values of
 the indicators
are 2.18 times lower than those at a thickness of 20 cm. The
data also shows that it is more economical to choose fuel
pellets instead of dry wood.
The results show that the calculated value of the heat
transfer coefficient is completely identical with that at the
recommended by the EcoCocon (2016, 2020) construction
system thermal insulation thickness δ=40 cm in a panel
from pressed straw - U=0.138 W/m 2°C. For comparison,
the minimum required value of the heat transfer coefficient
for external walls of buildings with internal temperature
above 15°C is U=0.28 W/m 2°C (Regulation No. E-RD-042, 2016). The data in the table also show that the obtained
values of the studied parameter at straw layer thicknesses
δ=40 cm and δ=45 cm (U=0.123 m 2°C) correspond to
the “passive building” standard, for which walls U=0.138
W/m 2°C is required (Zbashnik-Senegachnik, 2012;
Homenest, 2020 b).
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Table 1. Annual energy costs and fuels for 1 m2 of enclosing wall of straw panels and double-sided clay plaster of 3 cm

Insulation thickness, δ, cm

U, W/m2.°C

20
25
30
35
40
45

0.268
0.217
0.182
0.157
0.138
0.123

Qa, kWh

Table 2. Relative construction value (per 1 m2) of a straw
panel and of a ready enclosing wall

Insulation
thickness, δ, cm
20
25
30
35
40
45

Value per 1 m2
of a straw panel
EUR/m2
9.20
11.03
12.81
13.87
15.07
16.21

Value* per 1 m2
of a ready enclosing wall
EUR/m2
46.68
48.51
50.10
51.08
52.55
53.69

*The value (withоut VAT and transport) is determined by
prices valid for October 2020 and exchange rate of BNB on 20
March 2021 → 1 BGN = 0.511 EUR

From the results obtained, reflected in Table 3, it can be seen
that if fuel pellets are selected, the discounted costs for the year for
the construction of 1 m2 of enclosing wall are the lowest at a wall
panel thickness of 45 cm (3.60 EUR/am2), and at a thickness of 20
cm they are the highest (4.31 EUR/am2) - a difference of 19.7%.

B

*Ва, kg

4.94
4.00
3.36
2.90
2.55
2.27

21.35
17.29
14.50
12.51
11.00
9.80

*It is determined in low thermal conductivity of the fuel

Table 2 for the different studied models shows the calculated
relative construction values (per 1 m2) of a number of pressed
straw panel (with dimensions 300x120xδ) and the finished
enclosing walls. The big influence of the thickness of the thermal
insulation layer can be seen - the difference in the relative value
of one panel at a thickness of 45 cm (16.21 EUR/m2) and at 20
cm (9.20 EUR/m2) is 1.76 times. The influence of the clay plaster
on the relative value of the finished wall is significant - its share of
the total value is from 41.1% (at a thickness of 45 cm) to 47.3%
(at a thickness of 20 cm). The difference in the relative values of
the panels and the finished walls is indicative, which decreases
with increasing thickness - at 20 cm it is 5.1 times (wall value 46.68 EUR/m2), and at 45 cm - 3.3 times (wall value - 53.69 EUR/
m2). This is due to the fact that the import of clay still makes the
construction of buildings with straw panels more expensive.

p
a

Baw

7.63
6.18
5.18
4.47
3.93
3.50

When using dry wood for fuel, the lowest discounted costs (3.22
EUR/am2) are at three insulation thicknesses - 35, 40 and 45 cm,
and the highest (3.47 EUR/am2) - at the smallest studied thickness
- 20 cm (the difference with the optimal thicknesses - 7.8%).
The energy-efficient thicknesses obtained in the study based
on the discounted costs per 1 m2 external enclosing wall for one
year made of pressed straw panels with double-sided clay plaster
in both types of fuels studied correspond to the thicknesses,
used by the construction system EcoCocon (2016, 2020) and
referred to as such by Zakupka (2015), Homenest (2020b) and
Ekopanely Service Ltd. (2020). The standard thickness of the
walls built by the mentioned companies is 40 cm, but walls with
thicknesses of 35 and 45 cm are also widely used. According
to Homenest (2020b) and Ekopanely Service Ltd. (2020) in the
Czech Republic, a 36 cm thick wall meets the requirements for a
low-energy building with minimal operating costs.
From the results in Table 3 it is clear that the discounted costs
are significantly affected by the price of fuel. The comparative
analysis shows that, for example, with a straw panel thickness
of 20 cm, the relative value of the pellets is 1.98 EUR/am2, and
of the dry wood - 1.14 EUR/am2 (difference 73.7%). At the same
time, the difference in the discounted costs for the finished wall
is 24.2% (values respectively: for fuel pellets - 4.31 EUR/am2;
for dry wood - 3.47 EUR/am2).
The discounted costs per 1 m2 external enclosing wall for
one year when using both types of fuel for heating the building
are presented graphically in Figure 7. The relation between the
thickness of the thermal insulation of pressed straw and the
reduced costs of the respective fuel, as well as the difference in
the values of the studied indicator at each specific thickness when
using pellets and dry wood stand out clearly. There is a smoother
reduction of the discounted costs (from 3.47 to 3.22 EUR/am2
- difference of 7.8%) with an increase in the thickness of the
insulation when using the cheaper dry wood, compared to those
for pellets (from 4.31 to 3.60 EUR/am2 - difference of 19.7%).

Table 3. Discounted costs per 1 m2 external enclosing wall for 1 year in using different fuels, *EUR/am2

Insulation thickness, δ, cm
20
25
30
35
40
45

C
1.98
1.60
1.34
1.16
1.02
0.91

Pellets
Еs**K
2.33
2.43
2.50
2.55
2.63
2.69

DC
4.31
4.03
3.84
3.71
3.65
3.60

C
1.14
0.93
0.78
0.67
0.59
0.53

Dry wood for fuel
Еs**K
2.33
2.43
2.50
2.55
2.63
2.69

DC
3.47
3.36
3.28
3.22
3.22
3.22

*EUR/am2 - EUR/annual.m2; **The value (withоut VAT and transport) is determined by prices valid for October 2020 and
exchange rate of BNB on 20 March 2021 → 1 BGN = 0.511 EUR.

172

The results of the check for condensation of water
vapor on the inner surface of the straw wall in the variant
with the smallest insulation thickness (δ=20 cm) are given
in Table 4. It can be seen that for the month of January
(with the lowest temperature t o = -2°C) and for average
monthly temperature during the cold months of the year - t o
= -15°C the condition for prevention of condensation Θ in >
from top + 1 is fulfilled.
Figure 7. Dependence between the thickness of the enclosing
straw wall and the relative discounted costs in using different
fuels for heating the building
Table 4. A verification of condensation of water vapor on the inner surface of the enclosing straw wall

Θin = tr - (tr - tо)/α1 Rо
tir = +13,5

Type of thermal insulation

tr , ºC

tо , ºC

δ, сm

α1 R0

Straw

°C
20

°C
-2

сm
20

37.31

ºC
19.41>14.5

Straw

20

-15

20

37.31

19.06>14.5

Conclusion
The designed variants of self-supporting straw panel with
width 120 cm, length 300 cm and thickness respectively 20,
25, 30, 35, 40 and 45 cm for the conditions in Bulgaria do not
increase the cost of construction of enclosing walls of buildings
for nursing sows. The price of one panel varies from 9.20 to
16.21 EUR/m2. The designed models of enclosing walls made
of straw panels with double-sided clay plaster of 3 cm have
a relatively high value for the conditions in Bulgaria (from
46.68 to 53.69 EUR/m2), due to the higher price of imported
clay (0.31 EUR/kg). With a 20-year term of depreciation of
the wall straw panels, the most economically advantageous
thicknesses of their thermal insulation layer for buildings for
nursing sows are: when using fuel for heating pellets - 45 cm;
for fuel dry wood (with humidity 20%) - 35, 40 and 45 cm. With
more expensive fuels, the optimal thickness of the panels
increases. All studied models of enclosing straw wall also meet
the hygienic requirements for preventing condensation on their
inner surfaces. They have good thermal characteristics and
are recommended for practice in the design of energy efficient
heated pig farms. It is recommended in practice, especially in
inaccessible (mountainous) areas, construction with bales of
straw to be developed and optimized.
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