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Abstract - A pig-shed with under floor heating is 

considered. Heating was implemented by a heating 

coil embedded in the floor. Polyurethane foam (XPS) 

was place under the heating coil to reduce heat losses. 

The method of heat balance was used to study annual 

operating costs for heating of the building at different 

thickness of the thermal insulation under the coil. 

Data have been obtained for annual consumption of 

different types of fuel – wood pellets, coal and natural 

gas needed for heating. Thermal insulation of 

thickness 8-10 cm was found as suitable and cost 

effective for an operating period of 20 years. Smaller 

thickness would result in higher and non cost effective 

energy costs. 
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1. INTRODUCTION 
Thermal resistance of the floor Rf of livestock buildings is 

one of its most important characteristics. It determines the 

heat losses of the floor, respectively of the room and 

surface temperature of the floor affecting the health of 

animals [2],[5], [6],[11], [12]. 
The thermal insulation placed under the heating coil is the 

main layer which creates the thermal resistance of the 

floor and thus prevents heat losses to the floor/ground. 

Recommendations and requirements for this layer are 

high. In addition to its high thermal resistance, it must 

also have sufficient strength and thickness to carry the 

load from the upper layers, animals and any motor 

vehicles. It is recommended to use highly efficient 

thermal insulation of thermal conductivity coefficient in 

the range of λ = 0.025 – 0.040 W/m.K and thickness of 

thermal insulation layer δ=20– 60 mm [2], [5] [6], [10] - 
[12]. 

Part of the heat losses of the pigs are dependent on the 

floor on which they rest. This occurs by conduction when 

pigs are lying and by radiation from floor when in 

standing position. A well insulated bed (bedding) for the 

pig can provide comfort equivalent to an increase of air 

temperature by 3.5 - 8.0 ºС (7-15 ºF). Feed intake of 

mature animals is 0.45 kg more per day, if floor 

temperature is lower by 5 ºС [8].  

Optimization of thermal insulation of buildings is often 

based on cost-effective thickness, i.e. suchthicknessthat 

providesa minimuminvestmentandenergy costsfor a given 

periodof time [1], [3], [4], [9],[14]. 

Thepurpose of thisstudyis to determine such thermal 
insulation thickness offloorheatingin weaning pigs,where 

discounted costsare lowest for the period of 20 years. 

 

2. MATERIALSANDMETHODS 
A pig-shed with group pens on solid floor for weaning 

pigs was used for this study. Pens are adjoined in pairs to 

use a common channel. The building has three access 

pathways inside, arranged along its length.  The building 

is of floor area 480 m2, of which 148 m2 is with 

underfloor heating divided in four sections. The area of 

the windows is 72 m2, surrounding walls 248 m2, and roof 

area 497 m2. Heat transfer coefficients of walls, roof and 

windows are 1.92; 2.25 and 3.38 W/m2K, respectively.  

The building has a forced ventilation system which 

provides 4.4 m3/h fresh air per pig. Each section of the 

underfloor heating has a heating coil (Figure 1). The coil 
is 0.30 m pitch, installed under the lye-in pens which are 

of length 37 m and width 1.0 m. 
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Fig. 1.Structure of floor covering. 

 

The floor with underfloor heating has thermal insulation 

under the heating coil (Fig. 1). Thermal insulation is of 

the XPS type and in this study its thickness δva every 

other 2 cm; that is,δva= 2, 4, 6, 8 and 10 cm. This creates 

conditions for different heating losses to the ground. The 

heating coil has cement plastering 4-5 cm over it, that is, 

there is a small and constant thermal resistance over the 

heating coil. The thermal insulation of the coil rests on 

reinforced concrete 10 cm, compacted gravel 15 cm and 

compacted earth. The portion of floor without heating has 

no thermal insulation. It was assumed that the building 
was inhabited by 360 weaning pigs each of weight 15 kg 

and apparent heat transfer of 65 W from pig [9]. 

The annual required heat Qais defined by the amount of 

the annual energy losses: 

 
…(2.1) 

where index “a” is the amount of the respective value (w-

for walls; f – for floor;  v – for ventilation; a – for 

animals)  for the heating months.  

For determination of the monthly heat losses the average 
monthly temperature of the heating months for the region 

of Southern Central Bulgaria was used (November 7.4 ºС, 

December 1.9 ºС, January 0.2 ºС, February 1.8 ºС, March 

6.9 ºС). The amount of fuel needed to heat the building 

during the year was determined by the formula: 

    …(2.2) 

where r is the caloric value of fuel, kWh/kg (4.88 

kWh/kg for wood pellets, 9.5 kWh/m3  for natural gas, 

2.77 kWh/kg for moulded coal), η - the efficiency of the 

heat generating device, -(0.92 for pellets; 0.95 for natural 

gas; 0.82 for moulded coal). 
Discounted costs per year (DC) were determined by the 

classical formula: …(2.3) 
where: DC – discounted costs, BGN/a; C – energy costs 

per annum (fuel costs), BGN/a; Еs - standard coefficient 

of depreciation costs, BGN/a; K – amount of capital 

investment for thermal insulation, BGN. 

A depreciation period of 20 years was assumed for the 

thermal insulation. Prices of thermal insulation (XPS) as 

at March 2014: 2 cm – 3.50 BGN/m2; 4 cm – 7.00 BGN/ 

m2; 6 cm – 10.50 BGN/m2; 8 cm – 14.00 BGN/m2; 10 cm 

– 17.50 BGN/m2. Fuel prices: wood pellets - 350 BGN/t; 

natural gas –0.0872 BGN/kWh; coal – 180 BGN/t (1 

EUR =1.95583 BGN). 

 

3. RESULTSANDDISCUSSION 
The results obtained for the annual heat required, 

corresponding quantity of fuel and its  

 
Table 1. Energy consumed Qa and quantities of fuel Ba at 

different thickness of thermal insulation. 

 

 
Fig. 2.Price of pellets per heating season. 

 

The amount of discounted costs (DC) for various 

thickness of thermal insulation is shown in Table 2 and 

illustrated (for pallets) in Fig. 3. 
Table 2.Amount of discounted costs (DC) at different δva. 
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Fig. 3. Amount of DC for various thickness of thermal 

insulation in pellets as fuel. 

 
Some important analyses can be drawn from the results 
obtained. The released annual energy by the heating coil 

decreases with the increase of the thickness of the thermal 
insulation under it from 46377.2 kWh at δ=2 cm to 41117.9 
kWh at δ=10 cm, i.e. by 11%. The highest reduction in the 
released annual energy was found in the transition from 
thickness of thermal insulation 2 cm to thickness 4 cm, because 
the thermal insulation layer increases its thermal resistance two 
times. Absolute reduction of annual energy consumed was not 
high (11%), because the main portion of this energy was 
released from the upper surface of the floor, and with the 

increase of thermal insulation only heat losses to the ground 
were decreased. Quantities and prices of fuels decrease 
following a parabolic relation with the increase of the thickness 
of thermal insulation, because thermal resistance of the other 
layers remained constant. Discounted costs (DC), as an integral 
indicator of the economic evaluation, decreased slightly with the 
increase of thermal insulation from 6 cm to 10 cm, which was 
noted also by other researchers [4]. This is due to the increasing 

costs of thermal insulation against insignificant decrease of the 
consumed energy. 

 

4. CONCLUSIONS 
1. It is advisable to use thermal insulation of thickness 

8-10 cm beneath the underfloor heating in pig-sheds 

for weaning pigs. Then, discounted costs will be 

minimal. 
2. Fuel costs are lowest at thermal insulation of 

recommended thickness 10 cm. 

3. Fuel price increase leads to an increase in the 

thickness of the thermal insulation used. 

 

REFERENCES 
[1] Anastaselos D., F. Giama, A. 

Papadopoulos,Anassessmenttoolfortheenergy, 

economicandenvironmentalevaluation of 

thermalinsulationsolutions, Energy andBuildings 41, 

2009,pp.1165–117. 

[2]  Angelova V., Thermal insulation of floors, 

  http://stroiteli.elmedia.net/smt/bg/2008-2/finishing-

works/топлоизолация-на-подове_00524.html, 2008. 

[3]  Axaopoulos P, P. Panagakis, IAxaopoulos,Effect of 

wallorientationontheoptimuminsulationthickness of a growing-

finishingpiggerybuilding, Energy and Buildings 84, 2014, 

pp.403–411. 

[4]  Comakli K.,B. Yüksel, Optimum insulation thickness of 

external wallsfor energy saving, Applied Thermal Engineering 

23, 2003,pp. 473–479. 

[5]  Decree No 7, Of the Ministry of Regional Development and 

Public Works on energy efficiency, heat conservation and 

energy savings in buildings, 15.12. (The State Gazette, No 5, 

14.01.2005 amended),2004 . 

[6]  Decree No 18,Of the Ministry of Energy and Energy Resources 

on energy performance of buildings, 12.11.2004 effective as 

from 01.01.2005 (The State Gazette, No 108, 10.12.2004), 

2004. 

[7]  Gerhart E., ZurBemessung der Wärmedämmung von 

Stallen,Grundl. Landtechnik Bd.38, №2, 1988. 

[8]  Jones D., W. Friday, S. Sherwood, E. Deforest, Insulating 

Livestock and other Farmbuildings. Purdue University, 

Cooperative Extension Service, West Lafayette, IN 47907, 

2008. 

[9]  KaynakliO.,A review of the economical and optimum thermal 

insulation thickness for building applications,Renewable and 

Sustainable Energy ReviewsVolume 16, Issue 1, January 2012, 

pp. 415–425. 

[10]  Pedersen S. and P. Ravn, Characteristics of slatted floors in pig 

pens; friction, shock absorption, ammonia emission and heat 

conduction. Agricultural Engineering International: CI GR E-

journal, Manuscript BC 08 005, Vol. X. July, 2008. 

[11] Savov P., Energy efficiency – thermal insulation systems of 

buildings. Sofia, Technica, 2006. 

[12]  Stamov S., A guide to heating, air conditioning and cooling. 

Part 2: Heating, heat and gas supply, 2001. 

[13] Technological codes for design of livestock and poultry 

complexes and farms, NAPS, Sofia, 1982. 

[14]  Yu J, C. Yang, L. Tian, D. Liao, A study on optimum insulation 

thicknesses of external walls in hot summer and cold winter 

zone of China, Applied Energy 86, 2009, pp. 2520–2529. 
 

AUTHOR’SPROFILE 

 

Rashko Ivanov Georgiev, PhD, Assoc.Prof at 

Department of Agriculture, Trakia University, 
Stara Zagora, Bulgaria. Scientific interests: 
Heating, ventilation and airconditioning in 
animal husbandry. 

 

 

Kancho Vasilev Peychev, PhD, Assoc.Prof at 
Department of Agriculture, Trakia University, 
Stara Zagora, Bulgaria. Scientific interests: 
Mechanization and automation in dairy 
farming, Heating, ventilation, aircondition in 

animal husbandry, Renewable energy sources. 

 

 

Vanya PetrovaDimova, PhD, Assoc.Prof at 
Department of Agriculture, Trakia University, 
Stara Zagora, Bulgaria. Scientific interests: 
Modern Buildings and Technologies in the 
Stock-Breeding, Systems for Cleaning, 
Conservation and Utilization of the Manure in 
Cattle-Breeding Farms. 

 

 

Galina Teneva Dineva, PhD, Assis.Prof.at 
Department of Agriculture, Trakia University, 
Stara Zagora, Bulgaria. Scientific interests: 
Mechanization and automation in dairy 
farming, Heating, ventilation, aircondition in 

animalhusbandry. 

 

 

Ivan Georgiev Binev, Assis. Prof. at 
Department of Techniques and Technology, 
Trakia University, Yambol, Bulgaria. 

Scientific interests: Energetics, Energy 
efficiency. 

 

 
 

http://stroiteli.elmedia.net/smt/bg/2008-2/finishing-works/?????????????-??-??????_00524.html
http://stroiteli.elmedia.net/smt/bg/2008-2/finishing-works/?????????????-??-??????_00524.html
http://www.sciencedirect.com/science/article/pii/S1364032111004163
http://www.sciencedirect.com/science/journal/13640321
http://www.sciencedirect.com/science/journal/13640321
http://www.sciencedirect.com/science/journal/13640321

