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I. INTRODUCTION

 

In recent years underfloor heating is gaining in 

popularity in animal raising, especially in the area of 

industrial-scale pig raising. Its use in this subsector is 

associated with an increase in the average daily growth of 

adolescent animals, decrease of the rate of

kilogram of live weight, improvement of health status and 

general indoor micro climate [1]. 

In terms of applied thermal engineering, underfloor 

heating is a low temperature solution employing radiation 

heat release. The necessary energy can be su

conventional or renewable energy sources. Integration of 

underfloor heating modules in solar thermal installations 

gives a real opportunity to improve energy efficiency in 

modern animal raising farms. Achieving of widespread 

use of this approach involves a preliminary analysis of the 

potential annual energy output of solar collectors within 

particular installation and engineering parameters [2].

Fig.1. Pig
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NTRODUCTION 

years underfloor heating is gaining in 

popularity in animal raising, especially in the area of 

scale pig raising. Its use in this subsector is 

associated with an increase in the average daily growth of 

adolescent animals, decrease of the rate of feed per 

kilogram of live weight, improvement of health status and 

In terms of applied thermal engineering, underfloor 

heating is a low temperature solution employing radiation 

heat release. The necessary energy can be supplied from 

conventional or renewable energy sources. Integration of 

underfloor heating modules in solar thermal installations 

gives a real opportunity to improve energy efficiency in 

modern animal raising farms. Achieving of widespread 

h involves a preliminary analysis of the 

potential annual energy output of solar collectors within 

particular installation and engineering parameters [2]. 

The efficiency of solar thermal systems is dependent in 

a very high extent on the orientation and til

collector field [3][4], especially in those cases where the 

energy is used for heating of residential, public and 

industrial structures. Monthly or seasonal adjustment of 

the tilt angle of solar panels is mandatory in view of 

maximum energy output [5]. Precise values of this 

parameter are essential for the temperature potential of the 

thermal agent circulating inside each system [6][7].

These findings underline the need for analysis of the 

influence of collector field parameters on the operat

mode of radiation underfloor heating integrated into a 

solar thermal system. 

Aim and Objectives of the Study
The aim of this study is a theoretical exploration of the 

opportunities of using solar energy in a radiation 

underfloor heating system of a bui

adolescent pigs and the influence of collector field 

parameters on the monthly energy output. On the basis of 

the established relations, a schematic diagram of a solar 

collector system for operation with underfloor coils of a 

low-temperature radiation heating system has been 

proposed. 

II. MATERIALS

The experimental study and its analysis were based on a 

conventional pig-shed for raising of adolescent pigs in 

group pens with solid flooring. The general layout of the 

building is shown in the drawing of

Fig.1. Pig-shed with solid floor pens for raising of adolescent pigs.
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The efficiency of solar thermal systems is dependent in 

a very high extent on the orientation and tilt angle of the 

collector field [3][4], especially in those cases where the 

energy is used for heating of residential, public and 

industrial structures. Monthly or seasonal adjustment of 

the tilt angle of solar panels is mandatory in view of 

output [5]. Precise values of this 

parameter are essential for the temperature potential of the 

thermal agent circulating inside each system [6][7]. 

These findings underline the need for analysis of the 

influence of collector field parameters on the operating 

mode of radiation underfloor heating integrated into a 

Aim and Objectives of the Study 
The aim of this study is a theoretical exploration of the 

opportunities of using solar energy in a radiation 

underfloor heating system of a building for raising of 

adolescent pigs and the influence of collector field 

parameters on the monthly energy output. On the basis of 

the established relations, a schematic diagram of a solar 

collector system for operation with underfloor coils of a 

rature radiation heating system has been 

 

ATERIALS AND METHODS 
 

The experimental study and its analysis were based on a 

shed for raising of adolescent pigs in 

group pens with solid flooring. The general layout of the 

building is shown in the drawing of Figure 1.   
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The building was of floorage 480 m

with thermal insulation for underfloor heating. The area of 

windows was 72m
2
, enclosing walls 248 m

497m
2
. Heat transfer coefficients of walls, roof and 

windows were 1,92; 2,25 and 3,38W/m

The building had a forced ventilation 

radiation underfloor heating system. The building was 

used to raise 360 adolescent pigs in the average (maximum 

capacity being 400 pigs). Calculations made are applicable 

for the climatic zone of Central Southern Bulgaria.

The total thermal energy demand for provision of micro 

climatic comfort for animals in the shed (E

determined from the following general model:

 

E��� � Q� � Q� � Q	 
 Q�, kWh
 

where: 

Q1 – heat transfer trough building enclosure;

Q2 – heat loss through floor; 

Q3  - heat loss from ventilation; 

Q4 – heat flow release by animals.

 

Calculations of the components Q

made using standard thermal engineering methods [8] 

which are not subject to discussion in this study.

of ingredient Q4 was assumed  in accordance the current  

animal hygiene standards. 

Energy to be supplied from the underfloor heating coil 

was calculated from the formula: 

 

E���� �
����

���
, kW                                

 

where: 

Еcoil –thermal energy required from coil, kWh

rng - relative thermal resistance of the layers under floor 

heating system (determined in accordance with the thermal 

engineering methods (Stamov St., 2001).

Solar energy utilized by the collector field per month of

the heating period shall be: 

 

E� � E��. η. D, kWh/m�                    

 

where: 

Еm– energy utilized within a specific month of the 

heating period; 

Еdy– total solar radiation for a specific day of the month 

recorded at a specific angle to the sun. 

statistical parameter from a climatological guide (Stamov 

St., 2001), kWh/m
2 
.day. 

η – efficiency of solar collectors of flat design and with 

selective coating, being an integral value of the interval 

0.20÷0.75. 

D – number of days of the month considered. 

The required area of solar collectors integrated with an 

underfloor heating coil was determined from the formula:

 

F � �
!"#$%.τ

η.��&
. k,m�  
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The building was of floorage 480 m
2
, of which 148 m

2
 

with thermal insulation for underfloor heating. The area of 

, enclosing walls 248 m
2
, and roof 

. Heat transfer coefficients of walls, roof and 

windows were 1,92; 2,25 and 3,38W/m
2
K, respectively. 

The building had a forced ventilation system and a 

radiation underfloor heating system. The building was 

used to raise 360 adolescent pigs in the average (maximum 

capacity being 400 pigs). Calculations made are applicable 

for the climatic zone of Central Southern Bulgaria. 

ergy demand for provision of micro 

climatic comfort for animals in the shed (Edmd) was 

determined from the following general model: 

kWh                …(1) 

   

heat transfer trough building enclosure; 

heat flow release by animals. 

Calculations of the components Q1, Q2 and Q3 were 

made using standard thermal engineering methods [8] 

which are not subject to discussion in this study. The value 

was assumed  in accordance the current  

Energy to be supplied from the underfloor heating coil 

                               …(2) 

thermal energy required from coil, kWh 

relative thermal resistance of the layers under floor 

heating system (determined in accordance with the thermal 

engineering methods (Stamov St., 2001). 

Solar energy utilized by the collector field per month of 

                   ….(3)    

energy utilized within a specific month of the 

total solar radiation for a specific day of the month 

recorded at a specific angle to the sun. Calculated as a 

statistical parameter from a climatological guide (Stamov 

efficiency of solar collectors of flat design and with 

selective coating, being an integral value of the interval 

nth considered.  

The required area of solar collectors integrated with an 

underfloor heating coil was determined from the formula: 

 …(4) 

where: 

Fsc– required collector area, m

coilQ  - coil thermal power rating, kW;

τ - duration of effective solstice per typical day of the 

specific month, h. 

 k – coefficient allowing for heat loss in the solar 

system, of assumed fixed value k=1.1.

Coil thermal power rating was obta

 

Q���� �
����

���τ .	'((
, kW 

 

Analysis of the influence of the tilt angle "

collector field was made on the basis of the unspecified 

type of functions: 

 

E� � f*β+, kWh	per	month
 

F � � f*β+,m�   

 

Results of energy output of the solar collector field at 

=40°,45°50°,55°,60° for the months of November, 

December, January, February, and March were 

considered. 

III. RESULTS 

 

Data from Table 1 clearly suggests the possibility of real 

thermal energy output from solar radiation. The potential 

was of close values for all months of the discussed period. 

The lowest energy output at all tilt angles were for 

December and January. This finding was quite reasonable 

in view of the solstice duration and general

conditions in these two months.
 

Table 1. Energy output per 1 m2 collector area as a 

function of tilt angle within the heating season.

Regardless of the small differences in energy output 

among the individual gradations of the table parameters

is worth noting that the potential of collector area 

increased with the increase of the tilt angle from 40 to 55°, 

and at 60° decreased. 

The above pattern was similar for each month within the 

period considered. 

In Figure2 is shown a graphical profile

average energy output at different values of 

visualization of the dependence of the collector field 

parameters on the tilt angle.
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required collector area, m
2
 

coil thermal power rating, kW; 

duration of effective solstice per typical day of the 

coefficient allowing for heat loss in the solar 

system, of assumed fixed value k=1.1. 

Coil thermal power rating was obtained from: 

   …(5) 

Analysis of the influence of the tilt angle "β" of the 

collector field was made on the basis of the unspecified 

month  …(6) 

  
…(7) 

energy output of the solar collector field at β 

=40°,45°50°,55°,60° for the months of November, 

December, January, February, and March were 

 

 AND DISCUSSION 

Data from Table 1 clearly suggests the possibility of real 

output from solar radiation. The potential 

was of close values for all months of the discussed period. 

The lowest energy output at all tilt angles were for 

December and January. This finding was quite reasonable 

in view of the solstice duration and general climatic 

conditions in these two months. 

Table 1. Energy output per 1 m2 collector area as a 

function of tilt angle within the heating season. 

 
 

Regardless of the small differences in energy output 

among the individual gradations of the table parameters, it 

is worth noting that the potential of collector area 

increased with the increase of the tilt angle from 40 to 55°, 

The above pattern was similar for each month within the 

In Figure2 is shown a graphical profile of the total and 

average energy output at different values of β for better 

visualization of the dependence of the collector field 

parameters on the tilt angle. 



 

 

 

 

 

Fig. 2. Annual and average energy output at different 

values of the tilt angle.

 

Graphic interpretation clearly leads to the conclusion 

that energy performance was best at tilt angle 

angle value provides a total energy output of 152.7 

kWh/m
2 

and respectively an average of 30.6 kWh/m

November and March of the period discussed.

Table 2 was constructed on the basis of the results from 

formula (4). The required collector area to supply adequate 

energy to the underfloor heating coils was highest for 

December and January. The interval was in the range of 

119-145 m
2
. That result is in full measure in line with the 

above pattern of the lowest energy output and 

corresponding reasons for those two months.
 

Table 2.Required area of the collector field as a function 

of tilt angle. 

 

On examination of the values of the required collector 

area with relation to the angle β, it is evident that 55° was 

the most suitable tilt angle for the collector field. At this 

tilt angle the average collector area calculated for the 

period considered was the lowest at F

The graph in Fig. 3 highlights the relation established. 

In addition, it should be noted that March was excluded 

from the above patters. The required collector area within 

March was the same at 66 m
2
 for all values of the tilt 

angle. This was reflected in the similar average values

the collector areas at angles 55° and 60°.

 

Fig. 3. Influence of the tilt angle on the required collector area.

Copyright © 2015 IJAIR, All right reserved 

1417 

International Journal of Agriculture Innovations and Research

Volume 3, Issue 

 
Fig. 2. Annual and average energy output at different 

values of the tilt angle. 

rpretation clearly leads to the conclusion 

that energy performance was best at tilt angle β=55°. This 

angle value provides a total energy output of 152.7 

and respectively an average of 30.6 kWh/m
2 

for 

November and March of the period discussed. 

Table 2 was constructed on the basis of the results from 

formula (4). The required collector area to supply adequate 

energy to the underfloor heating coils was highest for 

December and January. The interval was in the range of 

full measure in line with the 

above pattern of the lowest energy output and 

corresponding reasons for those two months. 

Table 2.Required area of the collector field as a function 

 

 

On examination of the values of the required collector 

β, it is evident that 55° was 

the most suitable tilt angle for the collector field. At this 

tilt angle the average collector area calculated for the 

period considered was the lowest at Fsc = 98.6 m
2
. 

ghts the relation established. 

In addition, it should be noted that March was excluded 

from the above patters. The required collector area within 

for all values of the tilt 

angle. This was reflected in the similar average values of 

the collector areas at angles 55° and 60°. 

 
Fig. 3. Influence of the tilt angle on the required collector area. 

Summarizing these results leads to the conclusion that 

in terms of the minimum collector area the most 

appropriate tilt angle was 55°. The

entirely consistent with the analysis of Table 1 and the 

graph in Figure 1. 

Irrespective of the conclusions made so far, there arises 

the question as to the practical sizing of the collector field 

with a view to the energy needs of

corresponding underfloor heating system. Should the 

average required collector area of 98,6 m

be applied as a criterion, then there will be a risk of energy 

shortage during certain days of December and January. In 

view of completely ensuring of the required heat release 

performance of coils (and their corresponding floor 

surfaces)throughout the heating period, the actual size of 

the collector field should match the maximum required 

136 m
2
 at a tilt angle 55°. 

In Fig. 4 is shown the schematic diagram of aunderfloor 

heating system for adolescent pigs, powered by a solar 

collector system. 

 

Fig. 4. Schematic diagram of integrating a solar collector 

field with radiation underfloor heating system for raising 

of adolescent

1- Collector field of tilt angle 55

with inner heat exchanger of collector field; 3 

recirculation pump of solar collector field; 4 

accumulator for additional heating up of thermal agent; 5 

three-way module with mot

6 – recirculation pump of underfloor heating; 7 

underfloor heating coils; 8 

heating up by standby resource (for example, pellet 

boiler).  

The collector field (1) should be constructed by 

selective collectors of total area 136 m

68 single modules). These were connected in parallel and 

installed at an angle of 55° to the horizontal plane. Heat 

accumulator (2) and recirculation pump (3) provided 

reserve energy and indirect heati

in the coils (7) of the underfloor heating system. The 

second heat accumulator (4) was connected in series to the 

collector system. It was designed for standby heat up of 

the heat agent on days with insufficient solar radiation a

at hours when the heat accumulator (2) was of exhausted 

capacity. The three-way mixing module (5) ensured a 

constant temperature (about 30°

coils (7) of the underfloor heating system. The hydraulic 
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field with radiation underfloor heating system for raising 

of adolescent pigs. 

 

Collector field of tilt angle 55
ο

; 2 – heat accumulator 

with inner heat exchanger of collector field; 3 – 

recirculation pump of solar collector field; 4 – heat 

accumulator for additional heating up of thermal agent; 5 – 

way module with motorized valve and PID control; 

recirculation pump of underfloor heating; 7 - 

underfloor heating coils; 8 – heat exchanger for additional 

heating up by standby resource (for example, pellet 

The collector field (1) should be constructed by 

tive collectors of total area 136 m
2 

(corresponding to 

68 single modules). These were connected in parallel and 

installed at an angle of 55° to the horizontal plane. Heat 

accumulator (2) and recirculation pump (3) provided 

reserve energy and indirect heating up of the thermal agent 

in the coils (7) of the underfloor heating system. The 

second heat accumulator (4) was connected in series to the 

collector system. It was designed for standby heat up of 

the heat agent on days with insufficient solar radiation and 

at hours when the heat accumulator (2) was of exhausted 

way mixing module (5) ensured a 

constant temperature (about 30°С) of the heat agent to the 

coils (7) of the underfloor heating system. The hydraulic 



 

 

 

 

 

flow though it was regulated by PID controlled motorized 

valve as a function of the heat agent temperature.

Recirculation pump (6) provided mechanical energy to 

transfer the heat agent through the coils, accumulators and 

three-way mixing module. 
 

IV. CONCLUSION

 

Solar collector systems can successfully provide low

potential heat for radiation underfloor heating in pig

sheds. 

Average monthly energy output and total energy output 

throughout the heating period depend on the value of the 

tilt angle. During winter months the highest e

was obtained at tilt angle 55°. 

Angle tilt affects the solar collector area required for a 

building. The smallest solar collector area can be obtained 

at tilt angle below 55°. 

Actual installed collector area shall comply with the 

maximum required area for the heating period at tilt angle 

β =55°. 
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