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Abstract - The aim of the research is to 

ascertain in the conditions of production the 

suitability of the use of the outside air-to-water heat 

pump for providing energy for heating the water for 

resting places of piglets’ panels. Researches were 

made in conditions of production in the pigsty with 

96 farrowing pigpens. The results shows, that heat 

pump OCTOPUS in Latvian weather conditions 

(average relative air humidity all over the year is 

80%) becomes covered with frost at the outside air 

temperature above the +10°C, what facilitates 

decrease of obtained heat energy for 40-50 %. 

Add-on heat pumps are designed to be used 

with another source of supplementary heat, such as 

an oil, gas or electric furnace (in our case the electric 

furnace is used). Air-source heat pumps have also 

been used in some building ventilation systems to 

recover heat from outgoing stale air and transfer it to 

incoming fresh air or to hot water. In our experiments 

the method of the use of air heat pump is improved 

by blowing the ventilation stale air from the hall of 

the pigsty to the evaporators, the achieved results - 

heat pump is working in non-frost regime till +2°C. 

 

Keywords – air heat pump, pigsty, Latvian 

weather conditions 

1. INTRODUCTION 

Provision of heat energy demand in the 

intensive production of piglets is very important all 

over the year. Amount of heat energy depends on 

different factors, including construction of resting 

places of piglets, climatic conditions, and age of 

piglets. 

Air-source heat pumps draw heat from the 

outside air during the heating season. Air-to-water 

heat pumps are used in buildings with water heat 

carrier distribution systems. During the heating 

season, the heat pump takes heat from the outside air 

and then transfers it to the water heat carrier 

distribution system. The aim of the research is to 

ascertain in the conditions of production the 

suitability of the use of the outside air heat pump for 

providing energy for heating the water for resting 

places of piglets’ panels. Researches were made in 

conditions of production during the period June 2009 

till December 2009 in the pigsty with 96 farrowing 

pigpens, where in the resting places of piglets panels 

(heated with the warm water) are built-in. Air-source 

heat pumps can be add-on, all-electric or bivalent. 

Add-on heat pumps are designed to be used with 

another source of supplementary heat, such as an oil, 

gas or electric furnace (in our case the electric 

furnace is used). All-electric air-source heat pumps 

come equipped with their own supplementary heating 

system in the form of electric-resistance heaters. 

Bivalent heat pumps are a special type, developed in 

Canada, that use a gas or propane fired burner to 

increase the temperature of the air entering the 

outdoor coil [6]. This allows these units to operate at 

lower outdoor temperatures. Air-source heat pumps 

have also been used in some building ventilation 

systems to recover heat from outgoing stale air and 

transfer it to incoming fresh air or to hot water. In our 

experiments the method of the use of air heat pump is 

improved by blowing the ventilation stale air from 

the hall of the pigsty to the evaporators [3]. 

A possibility of transformation of heat 

energy determines coherence [5]: 

, (1) 

where 

COP – coefficient of performance of a heat 

pump; 

TH – the highest (required for the user) 

temperature, K; 

TL – the lowest (heat source) temperature, K. 

The higher temperature difference of heat 

source temperature and required for the user 

temperature, the smaller will be the COP. This is the 

reason why it is gainfully to use the air heat pump in 

pigsties, because heat for the piglets’ panels is 

needed in summer also, when COP of heat pump can 

be the highest. During the warm weather conditions 

at positive outside air temperatures outside air heat 

pumps are running at eligible high COP, on the 

average 3-4 [8]. During the cold and frigid weather 

conditions, when COP of the heat pump dramatically 

decreases, it is hopefully to use outflow ventilation 

air of the hall of the pigsty as heat resource for heat 

transformation [3]. 
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2. MATERIALS AND METHODS 

For the performance of experiments one of 

the pig farm farrowing sow compartments with two 

sections was chosen. The consecutive technological 

rhythm at farm is realized with one week interval. 

The cycle in section from sow farrowing till weaning 

of piglets including cleaning and disinfection of 

section goes on for 7 weeks. There is a joint heat 

supply system with warm water circulation system 

for heating 96 panels of resting places. For the 

performance of experiments were set up two outside 

air evaporators beside the pigsty, compressor block 

with the automatized control panel inside the hall of 

the pigsty. 

During the experiments amount of used heat 

energy for heating the floors was counted with 

ultrasonic heat meter, amount of electric energy 

needed for driving the compressor and electric boiler 

was registered with electric energy meters. If we 

know mentioned above measurements, we can 

determine efficiency of the heat pump using the 

following coherence:  

, (2) 

where   - amount of obtained heat 

energy, kWh;  

 - work consumed for heat pump 

operation, kWh.  

During particular periods temperature of 

water (which is heating the panels) at start and end of 

the circuit was registered with HOBO data logger 

with precision 0.02°C. 

In order to insure the necessary air change in warmed 

cattle-breeding premises, a lot of heat energy is lost 

through the operating ventilation system. The 

deviation of the warm inside air flow to the outside 

placed heat pump evaporators can considerably raise 

its COP during winter months, so insuring the 

necessary heating power. For implementation of such 

a solution, less available is a heat pump with a 

radiator type evaporator, because of the possibility 

that the plates of the evaporator are getting choked 

with dust and other particles existing in the flow of 

warm inside air. From that point of view less 

dangerous are heat pumps with passive vertical 

evaporators. On the base of the analyzed results, for 

practical experiments a heat pump produced by the 

company OCTOPUS (Sweden) has been chosen. An 

agreement with a pig farm, where panel floor heating 

by hot water is already installed, on the experimental 

investigation of the heat pump has been reached. The 

necessary heating power for one pen is 

approximately 180 W. It means that the total power 

necessary for floor heating is about 17 kW. It was 

stated that for this power the heat pump IS 81 

corresponds best. The technical characteristic of the 

heat pump is given in Table 1. 

 

Table 1. Technical characteristic of heat pump 

OCTOPUS IS 81 
 

Parameters 
Units of 

measurements 
Value 

Evaporators – vertical 

radiators 
number 2 

Heat carrier – R290 

(propane) 
  

Power of Scrol type 

compressor 
kW 5 

Operational pressure of 

the compressor, 

min/max 

bar/bar 
1.5 

23 

Productivity m
3
h

-1
 19.2 

Average power of 

produced heat energy 
kW 17 

Maximal temperature 

of circulation water 
C 55 

Power of additional 

electric heater 
kW 9 

3. RESULTS AND DISCUSSIONS 

Evaluating results of the experiments from 

the farm technological regime point of view, some 

tendencies for ensuring heat energy for one resting 

place are seen in Table 2, Fig. 1 and Fig. 2. Firstly, 

need of the heat energy demand is varying cyclic: at 

the sow farrowing period heat energy demand is the 

highest and then gradually decreasing until the 

weaning of piglets when minimum of energy demand 

appears. Secondly, heat energy demand is affected by 

outside air temperature. In June at the start of the first 

farrowing cycle, when outside average temperature 

was about 15°C, heat energy demand for one panel 

heating was 33 kJh
-1

. Heat energy decreased up to 11 

kJh
-1

 at the period of the weaning of piglets. During 

the 2
nd

 farrowing cycle (August till the middle of 

September) twenty four hours and period temperature 

fluctuations were very minimal and appropriate 

effect on the heat energy demand: 25 – 15 kJh
-1

. In 

general the COP of the heat pump was stable as well, 

it was 3.25 – 3.30. During the 3
rd

 farrowing cycle 

outside air temperature decreased gradually from 

18°C to 5°C. Need of heat energy was ensured till the 

start of October (when only the compressor of the 

heat pump was operating) when outside air 

temperature was above 10°C. When outside air 

temperature declined under 10°C intensive frosting 

of the surface of evaporators started and electric 

boiler started being switched on. The COP of the heat 

pump decreased substantially wherewith.  

To find possibilities and solutions of the 

prevention of intensive frosting of evaporators and 

wherewith maintaining the COP of the heat pump on 

the quite high level, during the autumn period were 

made train of experiments when outflow air of pigsty 

was breezed to the one of evaporators. Results of the 
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experiment when outflow air of pigsty was breezed 

to the one of evaporators are generalized in Table 3, 

Fig. 5 and Fig. 6. 

When blowing outside air to the evaporator 

with intensity in average 1.5 m
3
·sek

-1
 achieved results 

was dependent on outside air temperature. At outside 

air temperature 10°C when frosting of the evaporator 

was minimal, increase of heat power was up to 1 kW 

what in point of fact is a little bit more than power 

required for operation of ventilator - 0.5 kW. At 

outside air temperature 6°C, increase of heat power 

achieved up to 3 kW. Insignificant increase of heat 

power still remained when outside air temperature 

was declining more, but it was not able to thaw the 

frosting of the surface of evaporator due to operation 

of compressor. Therefore around the evaporator 

screens were placed (Fig.3 and Fig. 4) and from the 

hall of the pigsty to the surface of the evaporator 

warmer air was supplied with temperature 7-9°C 

what improved usage of heat. Positive effect with 

increase of power for 2.4 – 3.2 kW was still achieved 

at outside air temperature +2°C [1, 2]. 

Like it was mentioned before, if the outdoor 

temperature falls to +2 °C, when the heat pump is 

operating in the heating mode, moisture in the air 

passing over the outside coil will condense and 

freeze on it. The amount of frost buildup depends on 

the outdoor temperature and the amount of moisture 

in the air (in Latvia average outside air relative 

humidity is about 80%, and the lowest outside air 

temperature is -33°C). 

This frost buildup decreases the efficiency 

of the coil by reducing its ability to transfer heat to 

the refrigerant. At some point, the frost must be 

removed. More advisable it would be to organize the 

defrost cycle. The heat pump will switch into the 

defrost mode. First, the reversing valve switches the 

device to the cooling mode. This sends hot gas to the 

outdoor coil to melt the frost. At the same time the 

outdoor fan, which normally blows cold air over the 

coil, is shut off in order to reduce the amount of heat 

needed to melt the frost. While this is happening, the 

heat pump is cooling the air in the ductwork. The 

heating system would normally warm this air as it is 

distributed throughout the house [7]. It is advisable to 

organize new train of experiments with, firstly, 

defrost cycle of the heat pump and secondly, blowing 

the air directly from the pigsty farrowing sections, 

where temperature is about 18°C - 20°C. Analyzing 

the available literature [4, 5, 6, and 7] and making 

calculations it is expected to extend energy efficiency 

for operation cycle till -15 °C. This will give the 

good possibility to decrease the payback time of the 

heat pump capital costs. Using data from authors 

previous and present experiments [1, 2], the payback 

time of a heat pump system, using heat pump in its 

original way will be about 9 years; blowing 

ventilation air to the evaporators and using screens 

[3] it would be possible to achieve 7 year payback 

time, and implementing defrost cycle it is possible to 

payback the capital costs of heat pump for only 5 

years. Of course it is necessary to arrange train of 

experiments to get the practical results, but analyzing 

available literature it seems to be realistic. 
 

 

Table 2. Amount of heat energy for ensuring 

required temperature of panel of resting places for 

piglets 

N
r 

o
f 

th
e 

fa
rr

o
w

in
g
 c

y
cl

e 

 

P
er

io
d

 o
f 

ti
m

e,
 

m
o

n
th

 

O
u

ts
id

e 
ai

r 

te
m

p
er

at
u

re
, 
ºC

 

Use of heat 

energy, 

kJ·h
-1

 

C
O

P
 o

f 
th

e 

h
ea

t 
p

u
m

p
 

A
t 

fa
rr

o
w

in
g

 

A
t 

w
ea

n
in

g
 

o
f 

p
ig

le
ts

 

1. 10.06.-02.08 12 – 26 33 11 3.25 

2. 3.08.-22.09 18 – 22 25 17 3.3 

3. 23.09-09.11 18 – 5 25 24 2.80 

4. 10.11 – 5 – 2 35  3.00 

 

 

 

 

 

 

 

  

 

Figure 3. Evaporator of the heat pump covered with 

screens during the supply of warm air 
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Figure 4. Covering screens are opened. Plates of the 

evaporator almost thawed 

During the use of heat pump it was kept 

track of operating regime. Making the analysis of the 

switching on/off of the compressor, it is operational 

cycle duration in dependence on set up of back-flaw 

water temperature  
 

from 36°C to 38°C (Table 4). From Table 4 follows, 

that rising the working temperature from 36°C to 

38°C, the duration of the operational cycle of the 

compressor becomes longer. The same situation 

appears when outside air temperature declines until 

heat pump starts operating in uninterrupted regime 

without switching off. From the point of view of 

exploitation of heat pump it is preferable that 

durations and interruptions of the cycle would be 

longer. Mentioned above conditions contributes to 

defrost of the evaporator during the interruption of 

operation of the compressor at sufficiently high 

outside air temperatures. 

Important assessment tool of evaluation of 

the heat pump are costs of the fuel. At the particular 

object liquefied gas before experiments was used as 

fuel (predominant propane). During the summer 

period, when the power of a heat pump is sufficient 

without operation of an electric boiler, difference in 

costs of energy sources (electric energy - liquefied 

gas) reached 598 € or in average 150 € per month 

(Table 5). In July 2009, when energy demand was the 

lowest, difference in costs was only 94 € (Fig. 7). 

During autumn period (2.25 months), when average 

outside air temperature was below +10°C, for 

ensuring required energy amount for heating power 

of the heat pump was insufficient, therefore electric 

boiler was operating and difference in costs reached 

only 254 € or in average 112 € (Table 6, Fig. 7). It is 

necessary to reduce operation of electric boiler 

because price of electric energy is higher than price 

for liquefied gas and the COP of electric boiler is 

only 0.98. Electric boiler was operating nearly 10% 

of the heat pump operational time during the autumn 

period.  
 

Table 3. Results of experiments with airflow around 

the evaporator 
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Figure 5. Results of experiments with airflow around 

the evaporator at 

+6°C

 
Figure 6. Results of experiments with airflow around 

the evaporator at +2°C 

Table 4. Switching on/off operational rhythm of the 

compressor of the heat pump depending on set up of 

back-flow water 

Set up of back-flow water temperature, °C / 

at amount of heat energy for heating the panel, Wh·h
-1

 

O u
t si d e ai r te m p er at u
r e,
 

° C
 

36 / 60 37 / 105 38 / 120 
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Table 5. Balance and costs of energy resources 

during the summer period 
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Table 6. Balance and costs of energy resources 

during the autumn period 
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Figure 7. Heat energy demand for heating the resting 

places and difference in costs during summer/autumn 

period 

5. CONCLUSIONS 

1. The results shows, that heat pump 

OCTOPUS in Latvian weather conditions (average 

relative air humidity all over the year is 80%) 

becomes covered with frost at the outside air 

temperature above the +10°C, what facilitates 

decrease of obtained heat energy for 40-50 %. 

2. The payback time of a heat pump system, 

using heat pump in its original way will be about 9 

years; blowing ventilation air to the evaporators and 

using screens it would be possible to achieve 7 year 

payback time, and implementing defrost cycle and 

making the combination with previous method it will 

be possible to payback the capital costs of heat pump 

for only 5 years. 

It is necessary to arrange train of experiments to get 

the practical results, but analyzing available literature 

it seems to be realistic. 
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Figure 1. Average parameters of the heat pump operation by week intervals during 1
st
 (I) and 2

nd
 (II) 

farrowing cycle, which are assigned to one heated panel 
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Figure 2. Average parameters of the heat pump operation by week intervals during 3
rd

 (III) and 4
th
 (IV) 

farrowing cycle, which are assigned to one heated panel 


