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Optimization of thickness of thermal insulation for roofs of turkey’s houses

1Department of Agricultural Engineering, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
2Department of Steel, Timber and Plastic Structures, Faculty of Civil Engeneering, University of Architecture, Civil Engeneering and Geodesy,  1000 
Sofia, Bulgaria

1 1 1 2R. Georgiev *, V. Dimova , K. Peichev , Р. Georgiev

Abstract. The thermal insulation of roofs of laying turkey hen houses is discussed. The mean monthly temperatures for the respective region were used to 
determine monthly heat losses through a roof of various  thermal insulation thicknesses (40, 60, 80, 100, 120 and 140 mm). The annual heat losses through the 
roof were calculated as the sum of the monthly heat losses. Then, these losses were used to determine the amount of fuel, and the equivalent cost in Euro to 

2cover such energy losses. Depreciation expenses were determined on the basis of the cost of the thermal insulation (panels) per 1  m  over an operational 
lifetime of 25 years. The sum of the annual energy costs to cover the thermal losses through the roof and the depreciation expenses was used to determine the 
annual discounted costs of the thermal insulation. The resulting dependence of the discounted costs on the thermal insulation thickness makes it possible to 
determine the thickness at which the discounted costs are the lowest, i.e. the optimal cost-effective thickness. When using wood pellets and black coal as 
heating fuel for laying turkey hen houses, the economically feasible thickness of thermal panels is 10–14 cm.

Keywords: thermal insulation, poultry houses, optimization, annual energy costs

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 6, No 1, pp , 201440 - 43

Introduction turkey hen houses to minimize their discounted costs.

Most of the literature referring to heat problems has widely 
investigated the topology design for maximum conductivity (Li et al., Material and methods
2004; Gersborg–Hansen et al., 2006), while thermal insulation has 
not received as much attention. Fundamentals of the problem may It is assumed that the roof can be constructed with three types of 
be directly derived, e.g. Donoso and Sigmun, 2004. The authors thermal insulation panels – polystyrene (EPS) of thermal 
address topology optimization for multiple physics problems that are conductivity λ = 0.04 W/mk, polyurethane foam (XPS) of λ = 0.035 

2modeled by the Poisson's equation, dealing with numerical schemes W/mk and rockwool of density 60 kg/m  and λ = 0.04 W/mk (Stamov, 
that are able to minimize or maximize suitable objective functions 1990).
also in the case of heat transfer. Recent trends of civil and 
mechanical engineering show an increasing interest towards the 
themes of sustainable design and energy saving, especially in the 
area of building technology. On this theme, the work (Munoz et al., 
2007) extends to the field of topology optimization of the problem 
that was originally discussed in Buttazzo, 1988, i.e. the optimal 
design of thin insulating layers around conductive media. 

The issue of thermal insulation of heated poultry houses is 
critical to reduce heat losses in winter. Improvement of the thermal 

As density of the types of thermal panels discussed is relatively performance of construction components of buildings ensures less 
low and their accumulation ability is negligible, the quasi-static energy to maintain their microclimate and at the same time prevents 
method was applied to describe the roof heat losses. Outdoor condensation and mould on interior surfaces (Boguslavski, 1981; 
temperatures are the average monthly temperatures in the region of Stoitchkov, 1986; Technological design standards, 1982). Along with 
Stara Zagora and indoor temperature of the building is 16°C this, the problem seems to be to what extent should thermal 2(Technological design standards, 1982). A roof unit area of 1m  was insulation properties of a building be improved and whether it is 
considered to obtain greater versatility of the results.always viable to recommend the highest possible insulation. The 

The heat transfer coefficient k is determined by the classical current practice in Bulgaria to use thermal panels of thickness 6–8 
formula:сm is not economically viable in the long term. There are relevant 

research publications which determine the insulation thickness 
ensuring minimum annual discounted costs (Georgiev, 1994). This 
approach is appropriate because it provides competitiveness to 
farmers in the running of poultry and livestock houses for a longer 
period.

where α and α are respectively the heat transfer coefficients for The objective of this research is to optimize the thickness of 1 2 
2the internal and external side of the roof, α = 10 W/m k and α = 25 various thermal insulation materials used on the roofs of laying 1 2

* e-mail: rgeorgiev@dir.bg
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2 Donbas coal.W/m k; 
The operational energy costs based on the roof heat losses and conductivity coefficient of the thermal insulation, W/mk.

depreciation of thermal insulation are required to determine the The thermal resistance of thermal insulation cladding is 
annual discounted costs for a thermal insulation panel roof. For this negligible and is ignored. Determination of the monthly heat losses 
purpose, the following classical formula was used:through the roof is calculated using the mean monthly outdoor 

2DC = С + Е К, €/аmtemperature t  : sm, i
2where DC is discounted costs per year, €/а.m ; С is annual energy 

2costs of fuel corresponding to the roof heat losses, €/аm ; Е  is s

standard coefficient of depreciation costs, 1/а (corresponding to the 
period of thermal insulation depreciation); К is capital investment for where t  is the air temperature in the room (house) for the heating r 2

th thermal insulation, €/а.m . Discounted costs (DC) calculated from 
period, °С; t ,  is the mean monthly temperature for the i month, °С m i the above formula depend only on the type and thickness of thermal th (Decree RD-16-1058 dated10.12.2009); τ  is the duration for the ii insulation. The optimum thermal insulation thickness is determined 
month in hours. at the minimum of this function (for DC). Other costs – for feed, 

Annual heat losses through the roof are determined as the sum medicines, labour, etc. in practice do not depend on thermal 
of the monthly losses: insulation thickness and are not considered.

Results and discussion
Heat release from turkey hens should be also considered. It has 

The specific heating costs of turkey houses  for the entire been shown (Georgiev, 1985; Stoitchkov, 1986) that heat release 
heating season, which is from November to March under the from poultry can compensate for heat losses from the building 
atmospheric conditions in Bulgaria, were calculated. Table 1 shows enclosure surfaces to a temperature difference of Δt ≈ 5°C between 

2data on energy costs per 1 m  roof, corresponding to the heat losses the indoor and outdoor temperature. In this scenario only monthly 
of the heating season, ( ) for different thermal panels, and the heat losses complying with the following condition should be 
amount of fuels used for the season ( – pellets and – Donbas considered:

t < t  – ∆t, °С coal).m,i r

Table 2 shows the calculated values of the discounted costs Heat losses should be compensated to maintain the 
2(DC) per 1 m  roof panel of different types and the values of its microclimate in the house during the heating period. More often in 

components, C and , the DC data for pellet fuel and  for Donbas Bulgaria this is done by heat boilers operated mostly on coal 
(Donbas). Ecologic fuel pellets are considered as an alternative of coal fuel. The results obtained for pellet fuel and Donbas coal fuel, 
coal. The amount of fuel needed to compensate heat losses through respectively, are graphically presented in Figures 2 and 3.

2a 1 m  roof area for the entire heating period of the turkey hens is The most cost-effective panel thickness on the basis of a 25-
determined by the formula: year depreciation period are: in pellet fuel – EPS thermal panel – 

14сm; XPS thermal panel – 10сm; Rockwool panel – 10сm; in 
Donbas coal fuel - EPS thermal panel – 12сm; XPS thermal panel – 
10сm; Rockwool panel – 12сm. The optimal cost-effective thermal 
insulation thickness δ is different for the three types of thermal 

where r is the lower calorific value of the fuel, kJ/kg (kWh/kg). For panels. Because of the lower cost of EPS thermal insulation panels, 
Donbas coal,  r = 6.70 kWh/kg and for pellets  r = 4.88 kWh/kg the operating (C) and depreciation ( ) costs at the optimal 
(Stamov, 1990). η is  the efficiency of heat boilers converting fuel into 

thickness of 14 cm have a relatively equal portion in both types of 
heat, η = 0.92  in firing pellets, η = 0.78  in firing coal. The amount of 

fuels. Almost the same proportion for the two types of costs, with a 
the necessary fuel  was determined for a thickness variation of  slight excess for ( ) at δ = 10 cm, is found in rockwool thermal 
the relevant thermal insulation in the range from 4 cm to 14 cm. The 

panels. Because of the lower heat transfer coefficient of the XPS mean fuel cost applied was 200 €/t* for pellets and 180 €/t* for 
thermal panels, the relative proportion of energy costs at optimal 
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2Table 1. Energy costs and fuels per 1 m  roof panel per 1 year

Insulation
thickness,
δ

cm

4

6

8

10

12

14

kWh

38.1

26.4

20.3

16.6

13.9

11.7

kg

8.51

5.97

4.60

3.76

3.13

2.64

kWh

33.36

23.38

17.74

14.28

12.12

10.39

kg

7.55

5.29

3.95

3.23

2.72

2.35

kg

9.96

6.98

5.29

4.26

3.62

3.10

kWh

38.1

26.4

20.3

16.6

13.9

11.7

kg

8.51

5.97

4.60

3.76

3.13

2.64

kg

11.37

7.88

6.07

4.96

4.13

4.49

kg

11.37

7.88

6.07

4.96

4.13

4.49

RockwoolPolyurethane foam ХРSPolystyrene ЕРS

е aQ е aQ е aQ
п
aB

п
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п
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*- fuel costs as at March 2013
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thickness of 10 cm is about 20% lower than the depreciation costs. depreciation costs. The optimal thickness will be greater when using 
Tests showed that the cost-effective thickness of thermal insulation more expensive fuels.
panels is also in compliance with the hygienic requirements for 
prevention of condensation on their interior surfaces.
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Table 2. Discounted costs 

Insulation
thickness,
δ

cm

4

6

8

10

12

14

4

6

8

10

12

2.05

1.42

1.09

0.89

0.74

0.45

0.48

0.51

0.54

0.56

2.50

1.90

1.60

1.43

1.30

1.79

1.26

0.95

0.77

0.65

0.64

0.73

0.82

0.90

1.03

2.43

1.99

1.77

1.67

1.68

2.05

1.42

1.09

0.89

0.74

0.71

0.77

0.84

0.93

1.05

2.76

2.19

1.93

1.82

1.79

2€/а.m 2€/а.m 2€/а.m 2€/а.m 2€/а.m 2€/а.m 2€/а.m 2€/а.m 2€/а.m

C C CDC DC DC

1.7

1.17

0.92

0.75

0.62

0.53

0.45

0.48

0.51

0.54

0.56

0.60

2.145

1.67

1.43

1.29

1.18

1.13

1.51

1.06

0.79

0.65

0.54

0.47

0.64

0.73

0.82

0.91

1.03

1.16

In pellet fuel

In coal fuel (Donbas coal)

2.15

1.79

1.61

1.55

1.57

1.63

1.70

1.19

0.92

0.75

0.63

0.71

0.77

0.84

0.92

1.06

2.41

1.97

1.76

1.67

1.68

Rockwool roof insulationPolyurethane foam roof insulationPolystyrene roof insulation

KEs KEs KEs

Figure 3. Rate of discounted costs in coal fuel depending
on the thickness of thermal insulation
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