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Abstract. Currently the cost of electric power to maintain indoor microclimate of a production facility is 

one of the highest. This issue is especially acute for livestock farming, where chambers and placements are 

not sealed from outside temperature and other factors. One of the most difficult issues of energy systems 

efficiency improvement is the development of adaptive climate controls for production areas and 

placements. A large number of factors, some of which are caused by the influence of random variables, 

makes the development of an algorithm for controlling ventilation systems a multi-faceted task. Classical 

methods of calculating microclimate parameters and their management do not allow to effectively use the 

adaptive control capabilities of energy efficiency of the processes under consideration. In this case the 

ventilation systems operation requires an excessive consumption of electric power since their design is 

calculated according to the maximum temperature indicators of the facility under study. One way to 

optimize the operation could be the introduction of an automated control system using strict algorithm or 

fuzzy logic algorithm. In this case, the economization of power consumption can reach up to 50% per a 

ventilation unit output. The authors propose using a concept of wind-cold index as a basis for constructing 

adaptive control of an accelerated ventilation system. Its assessment was made for the fixed indoor air 

movement speed. The introduction of a wind-cold index concept allows using a coefficient of correction due 

to the combined influence of an air movement speed in the room and air temperature, which, in turn allows 

to increase the minimum adjustment temperature from 16 degrees Centigrade to 18 degrees Centigrade (0C) 

while maintaining comfortable conditions for animals. The introduction of correction coefficients allows 

reducing energy expenditure by 32% in accelerated ventilation system use, that is, by the 5th month. The 

calculations made by authors show that to improve the adaptive control process, it is necessary to include air 

humidity into the algorithm as another parameter. To determine the impact of this parameter on the adaptive 

control process will be the goal of further research. 

1 Introduction 

Maintaining the microclimate at the production premises 

is one of the most difficult academic areas to analyze and 

research. A large number of interacting factors, such as 

humidity, temperature, environmental conditions, and 

others, significantly complicate the analysis. The most 

difficult in this regard are premises for keeping 

livestock, the productivity of which depends on the 

quality of maintaining the microclimate. This issue is 

particularly relevant to cattle-keeping facilities. 

Recently, the tethered method of keeping livestock 

with periodic walking of farm animals on specialized 

sites has become more widespread. In summer, high 

indoor temperatures cause overheating which leads to 

livestock death. One solution to the problem is the use of 

high-speed ventilation which cools the surface of the 

animal's body. In this case, the air flow withdraws excess 

heat and discharge it to the external environment. 

According to calculations, the heat efflux when the 

temperature drops by 3-400C can reach up to 128 kJ/h. 

[1-15] 

The most promising for this purpose are automated 

high-speed ventilation systems, the operation of which is 

based on the use of software with integrated 

microclimate parameter. In addition to optimizing these 

parameters, automated controls significantly reduce the 

cost of power required for ventilation of the premises. 

1.1 Research objective 

The purpose of this study is to consider the possibility of 

using a high-speed ventilation system with a hard 

algorithm to control the microclimate parameters in the 

cowshed and to assess the energy efficiency of such a 

system. 

1.2 Experimental base, research progress 

The research had been conducted from May to October 

at OOO “Pogranichnoe” in the Konstantinovskiy District 

of the Amur Region. The assessment was carried out in a 

cowshed for 400 heads of dairy cattle with tethered 

housing. The cowshed is made of reinforced concrete 

structures, measuring 77.2 x 21m. the height of the 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0

(http://creativecommons.org/licenses/by/4.0/). 

E3S Web of Conferences 178, 01022 (2020) https://doi.org/10.1051/e3sconf/202017801022
HSTED-2020

mailto:pus14@rambler.ru


cowshed is 6.5 m along the ridge (includes two identical 

rooms for 200 heads). In the premises of the first team, a 

hydro-wash system is installed for cleaning manure. The 

second team is located in a completely identical room of 

the cowshed with a scraper installation for manure 

cleaning. 

The room has forced ventilation. During the period of 

study, high-speed ventilation based on VOK-6,3 fans 

(Fig. 1. a) was used. The number of installed fans in the 

room is 8 on each side. The air is supplied through 

windows, the doors at the ends of the room, and the 

ventilation shafts on the ridge of the roof. For 

comparison, the design and the structure of the second 

team room was identical to that of the working room of 

the first team. The room is equipped with 1.5 kW 

Multifan fans, the temperature control is not enabled, 

and the fan operation mode is round-the-clock. 

 

Fig. 1. Cowshed premises (a. interior of a 400-head cowshed; 

b. automated control system based on PR200 manufactured by 

“Owen” company). 

The fans were controlled by a PR200 microcontroller 

(Fig. 1. b), which has software that allows you to operate 

the fans in stages depending on the room temperature, 

starting from the temperature of 160C in increments of 

20C. The fans are started in pairs with output at full 

power at a temperature of 220C. The temperature 

registration for the automated system was carried out by 

6 temperature sensors installed at key points of the room.  

The study of the operation of the high-speed 

ventilation system involved the use of LOGGER100 

loggers manufactured by the “Owen” company. 

Temperature and humidity were recorded in the 

cowshed. Such registration was performed every 30 

minutes. The obtained data could be presented in a 

graphic form, or in the MS Excel format 

 

Fig. 2. LOGGER 100 data (a. graph reflecting changes in 

temperature and humidity conditions within a month; b. graph 

reflecting changes in temperature and humidity conditions 

within a day). 

2 Research results 

Monitoring of microclimate parameters was carried out 

in the period from May to October in 2018 and 2019. An 

example of registered characteristics is given in Figure 

2a. (data from the logger for July 2018). This figure 

shows the temperature, humidity, and dew point in the 

room of the first team for the period from July 1 to July 

31, 2018. Figure 2b reflects the diurnal variation of 

temperature and humidity for July 4, 2018. 

The obtained graphs (Fig.3) allow us to estimate the 

power consumption of the ventilation unit during the day 

in different periods. If we consider the data for May 24, 
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2018 (Fig. 3a.), the room temperature ranged from 

14.50C to 190C, humidity — from 63.5% to 67.8%. 

Similar parameters for May 18, 2018 were as follows: 

humidity varied from 58.3% to 65.1%, temperature — 

from 18.10C to 240C (Fig. 3b). 

All considered parameters can be assessed for the 

entire observation period (Fig. 3). The registered 

sawtooth characteristic in the spring and autumn period 

is due to a decrease in the ambient temperature at night 

and, as a result, a delayed decrease in the temperature in 

the cowshed. 

 

Fig. 3. LOGGER 100 data (a. graph of changes in temperature 

and humidity for May 24, 2018; b. graph of changes in 

temperature and humidity changes for May 18, 2018). 

The most interesting mode of operation was noted in 

the spring and autumn period, where there are significant 

fluctuations in the studied parameters, which affected the 

amount of power consumed by the ventilation unit 

greatly. 

The analysis of the obtained experimental data 

conducted for one day (May 18, 2018) showed that the 

power consumption (Table 1) significantly depends on 

climate conditions. 

For this reason, in the spring and autumn period, the 

difference between daytime and night temperatures 

allows farms to reduce daily power consumption as 

shown by the analysis of the graph in Figure 3b to 149.3 

kW, while without automation, power consumption 

would be about 288 kW, which would reduce daily 

consumption by 138.7 kW. At the same time, in the 

summer the difference between day and night 

temperatures is not so significant, so the power 

consumption for July 4, 2018 is 264 kW 

As shown by the results obtained (Fig. 4), the use of 

an automated control system for high-speed ventilation 

allows you to smooth out diurnal temperature 

fluctuations and reduce humidity in the room. In our 

case, the operation of the ventilation system with 

automatic temperature control (Fig.4b) allowed to 

stabilize humidity (from 52.2% to 57.2%) and 

temperature (from 15.50C to 27.90C) in the room, as well 

as to improve air exchange, which resulted in the 

increase of the feed intake and milk yield. In the room of 

the second team, humidity fluctuations ranged from 

60.6% to 88.1% and the temperature varied from 16.50C 

to 28.20C (Fig. 4a.), the air in the room was more humid 

and warm, which creates discomfort. 

Table 1. Calculation of the ventilation unit power consumption 

for May 18, 2018. 
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16   24 y 4 36 

18 6 h 24 m 24 h 00 m 17 h 36 m 4 52.4 

20 7 h 54 m 19 h 24 m 11 h 36 m 4 34.4 

22 8 h 24 m 13 h 24 m 8 h 54 m 4 26.5 

15 h 54 m 17 h 54 m 

  Total 149.3 

The obtained experimental data characterize the 

energy consumption for the system with strict algorithm, 

programmed by software. However, modern automated 

systems have adaptive software, which makes quite 

relevant the study of the influence of small variables, 

such as changes in heat generated by animals while the 

external conditions change. 

The heat released by animals or humans is most often 

considered as a design value that does not require 

clarification when planning the microclimate of 

production facilities. However, practical, and theoretical 

studies show that the amount of heat generated by 

animals is closely related to inside temperature, 

humidity, and air velocity. Currently, a comprehensive 

assessment of these values for industrial facilities is not 

performed, however, to improve the accuracy of 

automated systems will require taking into account 

possible changes in the amount of heat generated by 

animals under the complex influence of factors 

mentioned above.  
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To assess the feasibility of using these parameters as 

a tool to increase the energy efficiency of automated 

control of accelerated ventilation, the authors evaluated 

air movement speed in a cow house. Based on the 

performed studies, the air flow rate ranges from 12.2 to 

3.6 meters per second while the ventilation is on. To 

calculate possible influence of the considered complex 

of factors, the authors evaluated the wind-cold index in 

the facility under consideration. Since the cowsheds are 

identical, the first team's facility was taken under study. 

The temperature values for the calculation were selected 

in accordance with the fixed values in the facility. The 

calculation of the wind-cold index is given in table 2. 

The index’s calculation is done according to the formula 

provided by U.S. National Weather Service 

 

Fig. 4. LOGGER 100 data (a. graph of changes in temperature 

and humidity conditions for July 10, 2018 (second team); b. 

graph of changes in temperature and humidity for July 10, 

2018 (first team)). 

Table 2. Calculated values of the wind-cold index for the 

facility under study. 

# Inside temperature, 

degrees Centigrade 

(0C) 

Air Velocity, meters per 

second (m/s) 

12.2 11.9 10.2 6.8 3.6 

1 16.0 13.9 13.9 14.1 14.7 15.5 

2 16.5 14.5 14.6 14.8 15.3 16.1 

3 17,0 15,2 15,2 15,4 16,0 16,7 

4 17,5 15,9 15,9 16,1 16,6 17,3 

5 18,3 17,0 17,0 17,2 17,6 18,3 

6 18,7 17,5 17,5 17,7 18,1  

7 18,9 17,8 17,8 18,0 18,4  

8 19,1 18 18,1 18,2 18,7  

9 19,5 18,6 18,6 18,8 19,2  

10 20,0 19,2 19,3 19,4 19,8  

11 20,5 19,9 19,9 20,1 20,5  

12 21,0 20,6 20,6 20,9   

13 21,2 20,9 20,9 21,0   

As it is shown by the calculations (table #2) the 

lower is the ambient temperature, the greater is its 

cooling capacity. Thus, at a temperature value of 160 C, 

the felt temperature along with the air flow speed of 12.2 

m/s will amount to 13.90 C, likewise with the air flow 

speed of 6.8 m/s, the felt temperature will amount to 

14.70 C. With increasing temperature, this difference 

decreases significantly and when a certain value is 

reached, a heat inflow to animal's body is observed 

instead of cooling. With options considered, the air flow 

rate for 6.8 m / s is 210 C, and at a speed of 3.6 m / s it is 

18.70 C. 

The table above allows to make adaptive control 

corrections in the accelerated ventilation system 

management, based on the provisions that the air flow 

takes heat from body's surface, cooling it to a certain 

temperature. Basing on this notion, the reference point 

for the temperature setting in accelerated ventilation 

systems should be the temperature value to which the 

surface of animal’s body is cooled rather than the inside 

air temperature in the facility. Therefore, taking this fact 

into account, the automatic control settings can be 

adjusted accordingly. Currently the system is configured 

to turn on / off the fans pairwise when the minimum 

value reaches 160C and start upwards with the intervals 

of 20C with the temperature reaching 220C, all fans are 

deployed. 

The introduction of wind-cold index allows to shift 

the temperature control border for 160C with an 

increment of 20C; for 180C it’s 1.50 C; for 200C - 1.00C; 

for 220C - 00C, accordingly, which will reduce the 

ventilation system operating time to achieve the desired 

effect. 

The analysis of power consumption was carried out 

for a ventilation system with strict control algorithm 

without considering the wind-cold index but taking into 

account its influence. The calculation of operating time 

for an accelerated ventilation system was done for the 

period from May to September according to the 

diagrams obtained with the help of loggers installed in 

the facility (Fig. 2, 3, 4). The total operating time of the 

ventilation system is shown in Figure 5. 
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Fig. 5. The total operating time of the accelerated ventilation 

system (I configuration – without the wind-cold index; II 

configuration - with the wind-cold index). 

The presented diagram illustrates that the number of 

operating hours of the accelerated ventilation system 

using the wind-cold index drops significantly with the 

difference of about 30%, which leads to substantial 

savings of electric energy (Fig. 6). 

 

Fig. 6. Electric energy consumption (I configuration - without 

the wind-cold index; II configuration - with the wind-cold 

index). 

The difference between power consumption in the 

first and second configurations made up 30%, which is 

significant for agricultural enterprises. 

The efficiency of wind-cold index use in a livestock 

facility will vary essentially depending on external 

temperatures. Considering system efficiency during the 

season (Fig. 7), the total energy savings will amount 

14,246 kW · h, which is about 32%, with the total energy 

consumption of 44064 kW · h by the ventilation system 

during the season. 

 

Fig. 7. The difference in power consumption between I and II 

configurations during the operation of the accelerated 

ventilation system (I configuration - without the wind-cold 

index; II configuration - with the wind-cold index). 

Consequently, the use of regulation with the wind-

cold index in adaptive control systems will lead to 

significant savings in electric energy consumption. 

It should be noted however, that the considered 

factors require further investigation of the relationship 

between the wind-cold index and the effect of humidity 

on power consumption by the accelerated ventilation 

system. 

3 Conclusions 

The optimization of temperature and humidity modes in 

a cow house is one of the key indicators for improving 

the conditions of cattle maintenance. The results 

obtained during the research indicate that the use of 

automated control systems based on microcontrollers, 

PR200, manufactured by OWEN company in particular, 

allows to smooth out fluctuations of indoor temperature 

and humidity, as well as to reduce power consumption 

for maintaining the desired microclimate inside the 

facility. This way electric power savings can reach up to 

50-52% during spring-autumn period, and up to 10-15% 

in summer. 

The introduction of wind-cold index as one of 

microclimate characteristics will allow to move to the 

adaptive control of the microclimate parameters in 

industrial facilities. The analysis of inside temperature 

changes with the use of wind-cold index together with 

air flow speed showed that the automated control system 

can be reconfigured to higher temperatures without 

losing comfortable conditions for animals. For the 

facilities of the first and second teams, the introduction 

of correcting temperature coefficients allowed to reduce 

electric power consumption by 32%. 

The study assessment shows that it is necessary to 

introduce air humidity as an additional parameter into 

the algorithm to improve the adaptive control 

management. To determine the impact of this parameter 

on the adaptive management process will be the goal of 

further research. 

The use of automated systems is based on a strict 

algorithm with exact parameters, however, the use of 
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intelligent systems will allow to remove strict 

restrictions from process control and make the system 

work variable, that is, provide a further reduction in 

electric power consumption. 
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