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Abstract 

One of the main tasks of intensive pig farming is to comply with animal husbandry technology, 

providing the necessary conditions for the keeping of animals. Indoor microclimate is one of 

main factors which have impact on quantitative and qualitative indicators of pig farm’s 

productivity. Microclimate in pig farms is controlled by the ventilation and heating systems 

which provide optimal indoor parameters, temperature, humidity, air velocity, CO2 

concentrations, during the whole year. For efficient operation of ventilation and heating systems 

the properties of external building envelopes such as thermal mass and heat transfer coefficient 

should be taken into account. The aim of this paper: to determine the energy balance for heating 

season with different ventilation system devices and air treatment schemes. 

Optimization of the operation schemes of the ventilation devices and their consumption of 

energy is an important measure from the viewpoints of the animal welfare, the cost reduction, 

and the environment conservation. 

Methodology has been elaborated the calculation of energy consumption for various sets of 

ventilation systems in the air treatment processes using systems optimization. The operation of 

various air treatment devices is analyzed by the variations in the enthalpy of the outdoor air, the 

supply air and the exhaust air treatment processes. Using the climatologically data of Latvia 

about the repetition frequency of the combinations of the outdoor air parameters and 

recalculating them to the enthalpy of the outdoor air parameters. 

Keywords – ventilation; piggeries; enthalpy.  

Introduction  

An essential part of the total energy consumption at the production unit is used up 
to ensure the microclimate that is so necessary for the animals. The animals and their 
microenvironment are closely linked because when the microenvironment conditions 
change, the animals react to these changes in a different way. Optimization of the 
operation schemes of the ventilation devices and their consumption of energy is an 
important measure from the viewpoints of the animal welfare, the cost reduction, and 
the environment conservation. Intense scientific research is going on in the world how 
to ensure microclimate in the animal houses, how to reduce energy consumption and 
apply various heat retrieval devices in the ventilation systems.  
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Indoor Air Parameters in Piggeries 

 
Fluctuations in the consumption of energy in pork production units are connected both 
with internal and external factors. The external factors are: the weather conditions, solar 
radiation, the direction of the wind, and other possible and occasional circumstances. 
The internal factors are requirements for a definite microclimate at different stages of 
growth and life of animals. The operation of the heating-ventilation systems, depending 
on the meteorological parameters, varies not only by season but also during the day and 
night period. Fluctuations in the meteorological parameters are connected with the 
variations in temperature and relative moisture.  
The temperature interval from 15°C (59F) to 22°C (71,6F), which comprises the levels 
of optimum productivity and efficiency, shows the preferable designing conditions 
relating to the maximum result and efficiency to be achieved. Well-balanced 
temperature, compliance with the requirements and efficiency do not worsen the growth 
of pigs as long as the lowest or the highest critical temperatures are not reached, and, in 
the potential, worsening of the necessary conditions in the temperature interval from 
10°C (50F) to 25°C (77F) might be allowed. In my work I was guided by the 
temperature and relative moisture parameters required for a pig utilisation group:  

1) pre - farrowing /farrowed pigs with piglets up to the 21st day  
(piglets space from birth to they reach 7 kg weight);  

2) weaned piglets 22 – 65 days of age;  
3) breeding pigs/young fattening pigs 65 – 165 days of age.  

Two microclimate areas should be provided in the farrowing box: one for the sow, the 
other for the piglets. The weaned piglets need the same microclimate as the piglets in 
the farrowing box.  During the first days after weaning the temperature must not be 
lower than 26°C. Then, in a week’s time the temperature is gradually lowered to 22°C. 
In order to ensure heat for the piglets, heat lamps or heating pads are additionally used 
in the boxes. The fattening and the breeding pigs have similar microclimate 
requirements.  
 

Table 1. The necessary air parameters for different groups of pigs.  

No. Microclimate 
parameters  

Sows 
with piglets  

Weaned 
piglets 

Fattening and 
breeding pigs  

1. Temperature, °C 18-20;  22-26;  15-18; 

2. Relative humidity, 
% 

60-70 60-70 70-80 

3. Amount of 
ventilation, m

3
/on 100 

kg of live weight 

35-60 35-60 35-70 

4.  Air velocity, m/s 0.15-0.20 0.20-0.60 0.20-1.0 

5. CO2, % 0.20 0.20 0.20 

 



The main energy consumers in piggeries are the heating, ventilation and lighting 
systems. Fuel and electricity constitute an essential share of the end product costs; 
therefore energy is of great importance for the fodder conversion and production of 
animal products. A well-considered development of the design of the heating and 
ventilation systems, their operation and maintenance reduces the consumption of energy 
and raises the welfare of the pigs. 
All the ventilation systems run according to the principle of the heat balance equation 
i.e. the heat emitted by the animals vs. the losses of heat through the envelopes and 
through the ventilation systems. 
 

Methodology 

1. Calculations of Outdoor Air parameters 

The annual consumption of heat is determined by the duration of the lowest outdoor air 

temperatures. Using the climatologically data for a five-year period, the values of the 

intervals of the mean temperatures and relative Humidity were calculated for a one-

year heating season. With the help of the calculations about the outdoor air 

temperatures, how often and how long the combinations of temperatures and relative 

moisture continue in Latvia, we determined the average repetition frequency of the 

enthalpies of the outdoor air parameters. In this way the possible energy consumption 

of the air treatment devices was estimated in the animal house for a heating season. On 

the basis of an assumption about climate as a limited system in the h-x diagram in 

which every point of the outdoor air parameters has a non-uniform repetition 

frequency we determine the change in the enthalpies of each interval vs. the enthalpy 

of the working area. Calculations of the outdoor air parameters are based on the five 

years’ meteorological observations for the cold period of the year (October – April). 

The outdoor air parameters of heating season in Latvia can characterized by high 

relative humidity and temperature from -30°C to 12°C. The extreme high and low 

temperatures are typical only for short time of period but relative humidity level is 

constant high. The climatologically data about the repetition frequency of the 

combinations of the outdoor air temperatures t and relative moisture φ are summed up 

in Table 2.  
 

 

 
 

 

 
 

 

 
 

 



Table 2. The repetition frequency of the combinations of the outdoor air  
temperature t and relative humidity φ in hours τ during the heating season. 

 

 

The outdoor air enthalpy hO at various temperature and relative moisture 

combinations are summed up in Table 3. 
Table 3. The enthalpy of outdoor air at various temperature and relative humidity intervals. 

 
 

In the further course of investigation, using various ventilation systems and heat 

exchange apparatus, their application, the most economical way of ventilation systems 

was searched for in order to make it possible to use the obtained data in a far distant 

future in planning capital investments and their payback. 

 

2. Calculation of indoor air 

In practice energy saving means reduced total consumption of energy. This is 
possible by using energy efficient technologies, i.e. a lesser amount of energy is 
consumed to reach the same result. The consumption of energy can be diminished also 
by changing the organisation (management) of operation of the equipment. A correctly 



designed and completed ventilation system raises the pigs’ welfare to the maximum and 
reduces the energy input, and the price.  

The heat from the animals and from the heating devices must be equal to the losses 
of heat through the walls, the ceiling, the roof coverings of the animal house, and 
ventilation. Depending on the keeping system, 8 – 30% should be added to the losses of 
heat arising from moisture Wm, kg/h, which evaporates from the surfaces of the 
building structures of the animal house. The amount of ventilation for the cold period of 
the year is calculated according to the removed moisture and is checked by the 
concentration of carbon dioxide in the air of the animal house. Calculations for the 
warm period of the year are made according to the amount of the surplus heat and 
checked by the amount of the removed moisture. In the further course of the work, by 
the heat balance in the animal house in various temperature intervals, the supply and the 
exhaust enthalpy interval ∆h, and the admissible interval of the moisture content were 
calculated in the working area ∆x. The difference in enthalpies depends on the outdoor 
air temperature. Enthalpy at each temperature interval changes, but the moisture content 
is constant. 

The difference in the enthalpies of the exhaust and the supply air:  
∆h = Q/L = hE – hS, kJ/kg.  (1.) 

The enthalpies of the supply hS and the exhaust hE air:  
hS = hI - ∆h/2,  (2.) 
hE = hI + ∆h/2,  (3.) 

where:  Q – heat balance of piggery, W;  
  L - The required amount of the supply air, kg/s;  
hE – the enthalpy of the exhaust air, kJ/kg; 
hS – the enthalpy of the supply air, kJ/kg;  
hI – the enthalpy of the indoor area, kJ/kg.  
The difference in the moisture contents for the exhaust and the supply air: 

∆x = Wp/L = xE - xS, g/kg.  (4.) 
The moisture contents of the supply air xS and the exhaust xE air:  

xS = xI - ∆x/2, g/kg;  (5.) 
xE = xI + ∆x/2, g/kg,   (6.) 

where: Wp - The amount of moisture emitted by the pigs, kg/s;  
xE – the moisture content of the exhaust air, g/kg; 
xS – the moisture content of the supply air, g/kg;  
xI – the moisture content of the indoor area, g/kg.   
 
Data were included into the calculation model of the operation of the ventilation 

systems and the energy consumption about the heat and moisture emitted by the 
animals, about the heat endurance of the envelopes, about the amount of the required 
air, additional moisture emissions from the surfaces of the building structures and the 
technological systems of keeping. The air treatment processes and their direction were 
considered as well. The losses of heat through the envelopes may vary because new 
animal houses are built, and the heat conductive properties of the materials used in 
construction change. If an input parameters – the weight of animals, their number in the 



animal house, the heat and moisture emissions from animals or the surfaces of the 
building structures determined by other standards, the heat conduction coefficient of 
their materials after a possible renovation, the temperature intervals selected according 
to other criteria – change, then it will be possible to apply the developed methodology 
also by changing the value of a particular parameter. If the climatologically data about 
the outdoor air parameters change during a year, then they can also be recalculated in 
the existing model, but it would be expedient to take data for a longer period.   

 
3. Calculation of energy consumption 
 
The air treatment devices are made and completed according to the needs of the 

animal houses. The set of the air treatment equipment is determined by the required 
parameters of the inlet air in the ventilated animal houses. The calculus of the energy 
consumption of the air treatment devices should include the desirable inlet air 
parameters, the outdoor and the outlet air parameters; the rated capacity of the heating 
section, the moistener section and ventilators; the data about the efficiency of the rotor 
and its rated capacity, the sequence of sections. 

In the course of further investigations, using the climatologically data about the 
outdoor air enthalpy at various temperature and relative moisture combinations and the 
repetition frequency τ, the energy consumption was estimated by the necessary inlet 
and outlet air enthalpy and by the required air exchange in the animal houses for the 
treatment of air within each group of animals under 3 different conditions of the 
ventilation systems (kWh/a). The energy consumption in the heating season G with the 
outdoor air heating (the 1st ventilation system) and with the outdoor air heating and 
moistening (the 2nd

 
ventilation system) for each of the outdoor air combinations was 

determined by the formula:  
G = τ · (hS –hO) · L, kWh/a;     (7.) 
where: G - The energy consumption in the heating season, kWh/a.  
τ – the frequency of the outdoor air temperature and relative moisture combination 
in hours/a heating season. 
ho –  the enthalpy of outdoor air (see table 3), kJ/kg.  
For 3rd

 
ventilation system with a regenerative heat exchanger I calculated the heat 

utilisation of the exhaust air, the second heating and moistening for each of the outdoor 
air combinations by the formula: 

G = τ · hS – [hO + 0,5 · (hE –hO)] · L, kWh/a;    (8.) 
where coefficient 0.5 stands for the efficiency of the heat exchanger at which the 

calculation of all the boxes were made. An example of the annual consumption is 
shown in Table 4. 

 
 
 
 
 
 
 

 



Table 4. Calculation of energy consumption for the 3rd ventilation system. 

 

 
 
CONCLUSION 
A methodology has been developed for the optimisation of energy consumption 

using the climatologically data about the repetition frequency of various combinations 
of the outdoor air enthalpy, temperature and relative moisture, as well as energy 
consumption in various combined air treatment devices. A comparison is made 
according to the newly-developed methodology of the energy requirement for the 
heating season for various operation schemata of the air treatment devices. When 
applying this methodology to the industrial building of a standard design, the energy 
consumption in the ventilation systems of different sets was reduced by 46% and 87%. 
A great deal of thermal energy and, hence, electricity can be saved by ensuring 
ventilation minimum through ventilators and by supplementing the system with the heat 
utilisation equipment. When turning to the choice of the schemata of the ventilation 
devices, a research in the trends of the newest technical solutions is required for the 
next 10 – 15 years. A correctly designed and completed ventilation system raises the 
personnel productivity to a maximum and reduces the energy input and price of food 
production. On the basis of the data about the energy consumption of the operation 
schemata of the air treatment devices, considering the states of the outdoor air 
parameters, the air treatment processes and the amount of energy required for the 
heating season have been estimated and graphically depicted in the h-x diagram. 
Graphical presentation of the air treatment processes gives a qualitative idea about the 
functioning of the system.  

The developed methodology can be applied for: 
- comparison of the air treatment systems with different configurations and energy 

efficiency, expressed as energy consumption in the heating season; 
- estimation of the duration of operation of the system by the repetition frequency 

of the combinations of the climatologically data allowing to choose an optimum air 
treatment device with an optimal capacity of the various components before the 
implementation of the design; 

- comparison of the efficiency of various combinations of the air treatment devices 
at the stage of designing. 
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