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Abstract. The article is devoted to the topical problem of rational use of energy and nutrient content of 

feed in obtaining livestock products (milk) from cows by shifting the energy balance of the animal's body 

towards "productive energy", i.e. the synthesis of fat and proteins. The authors would like to point out that 

one of the main factors influencing fluctuations in the energy balance of an animal are microclimate 

parameters, as the deviation of the microclimate parameters from the established optimal limits leads to a 

reduction in milk yields by 10 to 20%. Therefore, the aim of our work is to develop an energy-saving 

technology for the formation of optimal microclimate in livestock facilities using air conditioning systems, 

which can regulate most of the parameters of the microclimate inside them, namely: temperature, relative 

humidity and internal air velocity, concentration of harmful gases (carbon dioxide, ammonia, and hydrogen 

sulfide), dust and microorganisms. The presence of the mode enabling recirculation air purification allows 

to save heat energy and energy coming with feed by up to 50% compared with typical microclimate 

systems. To this end, we have systematized separate data from scientific researches done by various 

scientists in the fields of animal hygiene and veterinary medicine and obtained dependencies of influence of 

microclimate parameters (temperature, relative humidity, internal air velocity) on the productivity of 

animals (cows) and feed consumption. 

1 Introduction  

Full feeding refers to feeding where rations fully meet 

the needs of animals not only in energy or calories 

(general nutrition) determined by feed standards, but also 

in the necessary quantity and proper ratio of various 

nutrients and biologically active substances (protein, 

carbohydrates, fats, macro- and micronutrients and 

vitamins) [5, 7]. 

The nutritional value of the feed cannot be expressed 

by a single indicator. The nutritional assessment of the 

feed is made up of the following [4, 7, 12]:  

1) its chemical composition and calorie content;  

2) nutrient digestibility;  

3) general (energy) nutrition; 

4) protein, mineral and vitamin nutrition value. 

Manufacturing of animal products such as meat, 

milk, eggs, wool, herd reproduction, as well as the use of 

livestock in agricultural work are associated with the use 

of energy and its transformation [5, 6]. The main 

elements of the energy exchange balance are shown on 

figure 1. 

The amount of metabolic energy yielding products 

other than the body's heat production is also reduced by 

so-called non-productive energy needs: the energy needs 

of the animal, consisting of thermoregulation, which is 

necessary to maintain constant body temperature, and the 

energy expended on movement [4, 6, 12, 14, 19]. 

Insufficient energy feeding of animals causes a 

decrease in dairy, meat and egg productivity and 

exhaustion of animals, and in their young it can slow 

down or stop growth, cause a decrease in fertility, 

ovulation in the uterus and fertilization [4, 6, 7, 14, 19]. 

Therefore, the main goal of our work is to shift 

energy exchange towards productive energy with new 

technologies and technical means. 

2 Background  

2.1 Development of energy-saving technology 
for formation of optimal microclimate in 
livestock facilities  

The developed technology can affect most parameters of 

the microclimate and maintain within the specified limits 

temperature and relative humidity of air, air velocity, 

concentration of harmful gases (ammonia, carbon 

dioxide, and hydrogen sulfide), dust and microorganisms 

[3, 4, 6, 7, 8, 10, 12, 14, 15, 19]. The technological 

process of a microclimate system with air conditioning 

includes such operations as heating, cooling, 

humidification, drying and purification of air from 

 

     https://doi.org/10.1051/ conf/20    2016101094
ICEPP-2020

 e3sE3S Web of Conferences 161, 010 (2020)94 

   © 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/). 

mailto:samaringn@yandex.ru


 

harmful gases, dust and microorganisms. The operations 

are carried out as follows (Figure 2). 

Electric heater 2 carries out air heating. The air is 

hydrated and cooled in the air conditioner chamber 1; 

drying is done by the electric heater 2 and air dryer 6. 

During the summer, water-evaporative air-cooling is 

used in the air conditioner chamber 1. 

To clean the internal air from moisture, an air dryer 

with a mixing chamber 7 is used, into which the outside 

and inside air is sucked in. The automatic mode of 

operation of the mixing chamber eliminates icing during 

the winter. Then this mixture moves along the air dryer 6 

and is additionally heated by the air in the upper zone of 

the room (in this case, moisture condenses on the outer 

surface of the air dryer and drains onto the lower V-

 

Fig. 1. Highlights of the energy exchange of farm animals. 

 
Fig. 2. Energy-saving technology for the formation of the optimal microclimate in livestock facilities with air conditioning (1 – 

aero-hydrodynamic air conditioning unit bubble chamber; 2 – electric heater; 3 – fan; 4 – fan; 5 – air distribution system; 6 – air 

dryer; 7 – air dryer mixing chamber; 8 – pens with animals; 9 – louvre valve with actuator; 

Outside air;   Recirculated air;  Clean air). 
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shaped apron and is drained into the sewer). The fan of 

air conditioner 3 feeds the main flow of contaminated air 

into the chamber, where it is moisturized and cleaned 

from ammonia, carbon dioxide, hydrogen sulfide, dust 

and microorganisms, and then treated with the electric 

air heater 2. Air is supplied to the room through an air 

distribution system 5. The polluted air is removed from 

the upper zone of the room using natural ventilation 

shafts. 

Preliminary studies have demonstrated that in real 

modes of operation of livestock facilities, the 

temperature and humidity of the indoor area are 

unevenly distributed and thus we can single out two 

zones: the upper one – the area of service personnel and 

the exchange ventilation and the lower zone containing 

animal pens. 

Temperature, moisture content, CO2 and NH3 

contents in pens for the stationary mode are determined 

on the basis of balance equations for heat and mass. 

2.2 Optimization of the technological regimes of 
the microclimate system of livestock facilities  

Existing microclimate systems on farms in their physical 

buildup do not have air purification and recuperation 

devices [1, 5, 11, 13, 16, 17, 18, 20, 23]. 

One of the main solutions to this problem is the 

optimization of the microclimate on farms based on 

energy-saving systems with devices performing 

chemical treatment of contaminated air from water 

vapors, ammonia, carbon dioxide, hydrogen sulfide, dust 

and harmful microorganisms. Formation of a regulatory 

microclimate on farms requires a large amount of 

energy; the energy costs of maintaining the microclimate 

are approaching the costs of feeding the animals [2, 5, 

9]. 

Therefore, research related to the development of 

energy-saving systems for ensuring regulatory 

microclimate in livestock facilities, especially at present 

as the costs of energy resources are high, is relevant, and 

the solution to this problem is associated with a great 

economic effect [21, 22].  

That is why our next goal was to optimize the 

parameters of the microclimate of the livestock facility, 

that will require the least amount of energy to create and 

maintain while achieving the greatest productivity of 

animals. 

For this, we propose a project to optimize the 

parameters of the microclimate, which for clarity is 

presented in graphical form in the figures 3 and 4. 

I quadrant presents the dependence of animal 

productivity (milk yield) on different parameters of the 

microclimate of the livestock facility. Parabolic 

dependence (see figure 3) is observed for such 

microclimate parameters as temperature and relative 

humidity, air velocity inside the livestock premises. An 

arch (see figure 4) depicts the contents of harmful gases 

in the air (carbon dioxide in particular).  

Mathematical dependence of animal productivity 

(milk yield of cows) on the various parameters of the 

farm microclimate is presented in Table 1. 

II quadrant is the section of the coordinate system 

that reflects the value of output per unit of time (hour, 

day, and year). 

III quadrant displays energy requirements for 

creating and maintaining a given microclimate parameter 

value. 

IV quadrant is the section of the coordinate system 

that shows the cost of the energy used. 

After the formation of all four sectors of the 

coordinate system, it is possible to determine—by setting 

the value of the microclimate parameter (point A) and 

moving along the arrows—energy costs, production 

efficiency. 

 

Fig. 3. Optimization of the parameters of the microclimate 

inside livestock facilities. 

 

Fig. 4. Optimization of the parameters of the microclimate 

inside livestock facilities. 

To achieve this goal, the authors summarized and 

established patterns of influence of the above factors on 

animals, developed low-energy methods and ways to 

eliminate negative actions, found positive technological 

influences of factors on productivity, product quality and 

ethology (behavior) of animals. 
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3 Conclusions  

1. According to scientists, livestock specialists, and 

technologists, animal productivity is determined by: 

50...60% – feeds, 15...20% – care, 10...30% – 

microclimate in the livestock premises. 

2. By studying the energy-saving methods of 

microclimate formation, we have compiled dispersed 

data from various scientists in the field of animal 

hygiene and veterinary medicine and have obtained 

dependence of the influence of microclimate parameters 

(temperature, relative humidity and internal air velocity, 

concentration of harmful gases (carbon dioxide) on 

animal productivity (milk yield of cows) and feed 

consumption. 

3. When designing and developing microclimate 

systems, more parameters of the microclimate should be 

taken into account than required by the typical method 

(temperature and relative humidity of air, concentration 

of carbon dioxide). 

4. Modern typical microclimate systems have the 

following drawbacks: 

• they do not provide regulatory microclimate on farms, 

as they regulate mainly temperature and air modes; 

• their work is based on the multiplicity of air exchange 

in the premises of 3...5 times/h, so the efficiency of using 

the heat of the internal air during the winter period of the 

year does not exceed 25...30%; 

• there is no air recycling regime (according to domestic 

and foreign scientists, it allows to save up to 50% of 

heating costs compared to other ventilation systems); 

• they cannot be operated during the summertime, as 

they do not provide temperature reduction inside the 

farm. 

5. Lack of methodology and principles for building 

energy-saving heating and ventilation systems in 

livestock production prevents the development of 

practical methods for the development and engineering 

calculation of energy-saving air conditioning systems in 

livestock facilities. 

References 

[1] H.A. Aguirre-Villegas, R.A. Larson, Evaluating 

greenhouse gas emissions from dairy manure 

management practices using survey data and 

lifecycle tools, Journal of cleaner Production, 143, 

169-179 (2017). 

[2] L. Bava, M. Zucali, A. Sandrucci, et al., 

Environmental impact of the typical heavy pig 

production in Italy, Journal of cleaner Production, 

140, 685-691 (2017). 

[3] S. Calsamiglia, S. Astiz, J. Baucells, L. Castillejos, 

A stochastic dynamic model of a dairy farm to 

evaluate the technical and economic performance 

under different scenarios, Journal of dairy science, 

101, 8, 7517-7530 (2018). DOI: 10.3168/jds.2017-

12980. 

[4] M.J. Carabano, B. Logar, J. Bormann, et al., 

Modeling heat stress under different environmental 

conditions, Journal of dairy science, 99, 5, 3798-

3814 (2016). 

Table 1. The impact of microclimate parameters on cow productivity and feed consumption [4, 5, 6, 7, 9, 10, 12, 14, 19]. 

Type of animals, indicator The regression equation Limits 

1 2 3 

Cow   

Taking into account the ambient temperature, tВ, °С: 

milk yield, Км, % 
Км = – 0,00013  (tВ)4 + 0,0052  (tВ)3 – 

– 0,0637  (tВ)2 + 0,3118  (tВ) + 97,651 
– 20  tВ  +40 

milk yield of a highly productive cow, Км, % 
Км = 2  10-15  (tВ)3 – 0,2  (tВ)2 + 5  (tВ) + 

+ 70 
– 5  tВ  +30 

feed consumption, Кк, % Кк = 0,0084  (tВ)2 – 1,7472  (tВ) + 131,45 – 30  tВ  +40 

Taking into account the air velocity V in terms of temperature tВ, °С: 

milk yield considering air velocity, Км, % 
Км = – 0,00011  (tВ)4 + 0,0074  (tВ)3 – 

– 0,1684  (tВ)2 + 1,5186  (tВ) + 94,131 

–20  tВ  +50 

during winter – 

VВ = 0,3…0,4 м/с 

during summer – 

VВ = 0,8…1,0 м/с 

milk yield of a highly productive cow considering 

air velosity, Км, % 
Км = – 0,2  (tВ)2 + 7  (tВ) + 40 –5  tВ  +35 

Taking into account  the relative humidity of the ambient air, В, %: 

milk yield, Км, % 
Км = – 6,6  10-4  (В)3 + 0,1207  (В)2 – 

– 7,224  (В) + 242,22 
50  В  100 

feed consumption, Кк, % 
Кк = 0,01548  (В)2 + 1,9542  (В) + 

+ 160,37 
50  В  100 

Taking into account the concentration of carbon dioxide in the indoor air, 44 (СО2), %: 

milk yield, Км, % 
Км = 1,9268  (44)2 – 27,4072  (44) + 

+ 97,3947 
0  44  6 

 

 

     https://doi.org/10.1051/ conf/20    2016101094
ICEPP-2020

 e3sE3S Web of Conferences 161, 010 (2020)94 

4

http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=E1oROHcialdSD9wbUWh&search_mode=CitedFullRecord&isickref=WOS:000392789000015
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=E1oROHcialdSD9wbUWh&search_mode=CitedFullRecord&isickref=WOS:000392789000015
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=E1oROHcialdSD9wbUWh&search_mode=CitedFullRecord&isickref=WOS:000392789000015
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=E1oROHcialdSD9wbUWh&search_mode=CitedFullRecord&isickref=WOS:000392789000015
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=E1oROHcialdSD9wbUWh&search_mode=CitedFullRecord&isickref=WOS:000392789000015
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000374712100054
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000374712100054
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000374712100054
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000374712100054


 

[5] H.I. Cobuloglu, I.E. Bueyuektahtakin, Food vs. 

biofuel: An optimization approach to the spatio-

temporal analysis of land-use competition and 

environmental impacts, Applied Energy, 140, 418-

434 (2015). 

[6] F.C. Cowley, D.G. Barber, A.V. Houlihan, et al., 

Immediate and residual effects of heat stress and 

restricted intake on milk protein and casein 

composition and energy metabolism, Journal of 

dairy science, 98 (4), 2356-2368 (2015). 

[7] R. Das, L. Sailo, N. Verma, et al., Impact of heat 

stress on health and performance of dairy animals: 

A review, Veterinary World, 9, 3, 260-268 (2016). 

[8] D. Divyalakshmi, N. Kumaravelu, B.S.M. Ronald, 

S.M. Sundaram, T.T. Vanan, Assessment of 

microclimate and gaseous pollutants in dairy and pig 

sheds in an organized farm, Indian Journal of animal 

sciences, 87, 6, 93-96 (2017). 

[9] E. Dumont, Impact of the treatment of NH3 

emissions from pig farms on greenhouse gas 

emissions, Quantitative assessment from the 

literature data, New Biotechnology, 46, 31-37 DOI: 

10.1016/j.nbt.2018.06.001 (2018) 

[10] J.B. Ferreira, H. Grgic, R. Friendship, E. Nagy, Z. 

Poljak, Influence of microclimate conditions on the 

cumulative exposure of nursery pigs to swine 

influenza, A viruses, Transboundary and Emerging 

Diseases, 65, 1, e145-e154 (2018). DOI: 

10.1111/tbed.12701. 

[11] O.D. Frutos, G. Quijano, R. Perez, et al., 

Simultaneous biological nitrous oxide abatement 

and wastewater treatment in a denitrifying off-gas 

bioscrubber, Chemical Engineering Journal, 288, 

28-37 (2016). 

[12] E. Gernand, S. Konig, C. Kipp, Influence of on-farm 

measurements for heat stress indicators on dairy 

cow productivity, female fertility, and health, 

Journal of dairy science, 102, 7, 6660-6671 (2019). 

DOI: 10.3168/jds.2018-16011.  

[13] T. Kaufmann, Sustainable livestock production: 

Low emission farm - The innovative combination of 

nutrient, emission and waste management with 

special emphasis on Chinese pig production, Animal 

Nutrition, 1, 3 104-112. DOI: 

10.1016/j.aninu.2015.08.001 (2015) 

[14] E. Kino, R. Kawakami, T. Minamino, Y. Mikurino, 

Y. Horii, K. Honkawa, Y. Sasaki, Exploration of 

factors determining milk production, Holstein cows 

raised on a dairy farm in a temperate climate area, 

Tropical Animal Health and Production, 51 (3), 529-

536 (2019). DOI: 10.1007/s11250-018-1720-6.  

[15] N.S. Lewis, C.A. Russell, P. Langat, et al., The 

global antigenic diversity of swine influenza A 

viruses Group, Author(s): ESNIP3 Consortium, 

ELIFE, 5, e12217 (2016). 

[16] F. Liu, C. Fiencke, J. Guo, et al., Bioscrubber 

treatment of exhaust air from intensive pig 

production: Case study in northern Germany at mild 

climate condition, Engineering in life sciences, 17, 

4, 458-466 (2017). 

[17] L. Loyon, C.H. Burton, T. Misselbrook, et al., Best 

available technology for European livestock farms: 

Availability, effectiveness and uptake, Journal of 

Environmental Management, 166, 1-11 (2016) 

[18] L. Loyon, P. Dupard, P. Saint-Cast, et al., 

Assessment of NH3 reduction and N2O production 

during treatment of exhausted air from fattening 

pigs building by a commercial scrubber. 

Agricultural Sciences, 7 (10), 693-709 (2016). 

[19] M. Mellado, R. Lopez, A. de Santiago, et al., 

Climatic conditions, twining and frequency of 

milking as factors affecting the risk of fetal losses in 

high-yielding, Holstein cows in a hot environment, 

Tropical Animal Health and Production, 48, 6, 

1247-1252 (2016). 

[20] A. Purdy, P.B. Pathare, Y. Wang, A.P. Roskilly, Y. 

Huang, Towards sustainable farming: Feasibility 

study into energy recovery from bio-waste on a 

small-scale dairy farm, Journal of Cleaner 

Production, 174, 899-904 (2018). DOI: 

10.1016/j.jclepro.2017.11.018. 

[21] G.N. Samarin, A.N. Vasilyev, A.S. Dorokhov, 

A.K.Mamahay, A.Y. Shibanov, Optimization of 

Power and Economic Indexes of a Farm for the 

Maintenance of Cattle, In: P. Vasant, I. Zelinka, 

G.W. Weber (eds), Intelligent Computing and 

Optimization, ICO 2019, Advances in Intelligent 

Systems and Computing, Springer, Cham, 1072, 

679-689 (2020). DOI: 10.1007/978-3-030-33585-

4_66.  

[22] G.N. Samarin, A.N. Vasilyev, A.A. Zhukov, S.V. 

Soloviev, Optimization of Microclimate Parameters 

Inside Livestock Buildings, In: P. Vasant, I. Zelinka, 

G.W. Weber (Eds), Intelligent Computing & 

Optimization, ICO 2018, Advances in Intelligent 

Systems and Computing, Springer, Cham, 866 

(2018). 

[23] C. Wenke, J. Pospiech, T. Reutter, B. Altmann, U. 

Troyen, S. Speck, Impact of different supply air and 

recirculating air filtration systems on stable climate, 

animal health, and performance of fattening pigs in 

a commercial pig farm, PLOS ONE, 13, 3 (2018). 

DOI: 10.1371/journal.pone.0194641. 

 

     https://doi.org/10.1051/ conf/20    2016101094
ICEPP-2020

 e3sE3S Web of Conferences 161, 010 (2020)94 

5

http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=E1oROHcialdSD9wbUWh&search_mode=CitedFullRecord&isickref=WOS:000349875900039
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=E1oROHcialdSD9wbUWh&search_mode=CitedFullRecord&isickref=WOS:000349875900039
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=E1oROHcialdSD9wbUWh&search_mode=CitedFullRecord&isickref=WOS:000349875900039
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=E1oROHcialdSD9wbUWh&search_mode=CitedFullRecord&isickref=WOS:000349875900039
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=E1oROHcialdSD9wbUWh&search_mode=CitedFullRecord&isickref=WOS:000349875900039
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000351317700029
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000351317700029
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000351317700029
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000351317700029
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000351317700029
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000381939400007
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000381939400007
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000381939400007
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C4Xj1rpKDa2kAAX9y9P&author_name=Dumont,%20E&dais_id=23625&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C4Xj1rpKDa2kAAX9y9P&author_name=Dumont,%20E&dais_id=23625&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C4Xj1rpKDa2kAAX9y9P&author_name=Dumont,%20E&dais_id=23625&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C4Xj1rpKDa2kAAX9y9P&author_name=Dumont,%20E&dais_id=23625&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C4Xj1rpKDa2kAAX9y9P&author_name=Dumont,%20E&dais_id=23625&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=E1oROHcialdSD9wbUWh&author_name=Kaufmann,%20T&dais_id=756146&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=E1oROHcialdSD9wbUWh&author_name=Kaufmann,%20T&dais_id=756146&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=E1oROHcialdSD9wbUWh&author_name=Kaufmann,%20T&dais_id=756146&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=E1oROHcialdSD9wbUWh&author_name=Kaufmann,%20T&dais_id=756146&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=E1oROHcialdSD9wbUWh&author_name=Kaufmann,%20T&dais_id=756146&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=E1oROHcialdSD9wbUWh&author_name=Kaufmann,%20T&dais_id=756146&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000374824500001
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000374824500001
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000374824500001
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000374824500001
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000379572100021
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000379572100021
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000379572100021
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000379572100021
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000379572100021
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=F3MjqEGa2j4K14oxd1R&search_mode=CitedFullRecord&isickref=WOS:000379572100021
https://doi.org/10.1007/978-3-030-33585-4_66
https://doi.org/10.1007/978-3-030-33585-4_66
https://doi.org/10.1007/978-3-030-33585-4_66
https://doi.org/10.1007/978-3-030-33585-4_66
https://doi.org/10.1007/978-3-030-33585-4_66
https://doi.org/10.1007/978-3-030-33585-4_66
https://doi.org/10.1007/978-3-030-33585-4_66
https://doi.org/10.1007/978-3-030-33585-4_66
https://doi.org/10.1007/978-3-030-33585-4_66

