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This paper presents the technology of simultaneous milk cooling and water heating on the principle of using special power equipment – heat pump. The effective ways are proposed to improve milk quality, reduce costs at its primary processing and preparation of hot water for technological purposes, while getting the environmental effect by reducing the use of traditional energy sources and reducing the emission of heat, and also improving the microclimate in the room.
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Setting the problem. The quality of dairy products largely depends on the quality of milk supplied to dairy processors. Strict adherence of its initial cooling of sanitary and hygienic measures should be provided appropriate technological equipment. Thus a significant impact on the cost of production, which in turn depends on the cost incurred in the production of energy, has used the technology of rapid cooling of milk on a dairy farm, and heating water for technological purposes. 
Analysis of recent research and publications. Both home and foreign scholars have increasingly suggested using heat pumps for recycling or reuse of excess heat [1-5, 9-10].
A research aim is to explore the ways to reduce costs in the primary processing of milk and preparation of hot water through the use of heat pump installations. 
Presentation of the main material. Usually milk processing plant isn’t transported milk at once. Until the time milk is stored in tanks and baths. Tanks are with double walls, the space between them is filled with insulating material. They keep chilled milk 36 – 48 hours. To maintain a low temperature baths TOM-1, TOM-2, TO-2 are used.  These double–walled tanks, which are located beneath the tube evaporators, are connected to the chillers. 

On dairy farms to cool milk flask are immersed in a pool of running water at the rate of 3 – 5 liters of water per 1 kg of milk cooling. Ice is also often used (100 kg of milk need 10 – 12 kg of ice). 
The above traditional technologies have such feature in common: low–grade thermal energy that is shown in milk dissipated in a room where there is refrigeration, significantly increasing its temperature. Typically, depending on the design features, efficiency of chillers varies within 0,8 – 0,9.

For heating water that is used for washing and disinfection of milking equipment electric heaters are commonly used. This uses a large amount of electricity, which the company is spending heavily. In addition, the need to ensure rapid heating of water, there is a need to establish a sufficiently powerful electric heater. In this case, their power supply also causes additional problems related to resettlement farms with strong power networks and switching equipment.
Feasibility of study, the ways and means of combined heat and cold was carried out at the dairy farm of «Bilahro» Velykobagachanskiy district Poltava region. The investigated dairy farm has 1000 cows, of which 650 are milch cows. An average daily yield per cow is 12,045 liters of milk. In order dairy processors get milk of required quality, manufacturing process requires the product to cool down the temperature from 32 ºC to 4 ºC. After each milking there is a need for hot water for cleaning of process equipment (milking machine, milk pipes and utensils, cooling tanks). The process of cleaning needs 350 liters of water3, from which 250 liters should have a temperature of 55 ºC and about 100 liters – 85 ºC.
The amount of energy that can be obtained from milk during its cooling depends on the amount of milk, its initial temperature and the temperature to which it must be cooled under sanitary rules:
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where 
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 – the weight of milk per milking cow, kg; 
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 – average daily yield, kg;  k – coefficient of inequality of daily milk yield (0,82 – 0,9).
The theoretical amount of heat energy (Qmilk), which is released by cooling the milk from 32 (C to the required 4 (C is: 
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where 
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 – heat milk, kW/(kg ( (C); Т1 – temperature of the milk after cooling,   (C;  Т2 – initial temperature of milk, (C.
Consequently, the aforementioned dairy farm during the initial cooling of milk daily disperses («thrown out into the  air») in scattered areas 103,1 kW of heat taken from  fresh milk. 
The amount of water used for cleaning and disinfection of milking units, milk pipes, and tanks for milk cooling at the same time is 350 liters. Particular attention should be given to the strict adherence of washing temperature conditions. Part of the water that is 100 liters, which is used at the start of washing should be high temperature – 85 (C. This is due to the fact that, due to the large heat capacity of the cooling tanks and other equipment, a large amount of heat energy is spent on compensation of the thermal capacity of the equipment. To complete the washing and rinsing of the equipment it should be another 250 liters of water, which is enough to heat to the temperature of only 55 °C.

Thus, according to the standard technological procedure all the water (350 L) coming from the pipeline at a temperature 12 °C to 55 °C is heated, and then some of the water (100 liters) of this amount is separated and further additionally heated in a separate boiler to 85 °С.

Let’s calculate the amount of heat energy required for the first stage – heat 350 liters of water (
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where 
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 – the weight of water, kg (L); 
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 – water temperature after heating with a heat pump 55 (C. 

[image: image13.wmf]kW

Ò

Ò

ñ

m

Q

w

w

²²

w

3

,

3

)

(

4

5

=

-

×

×

=

,
(4)
where 
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 – water temperature after additional heating in boiler to 85 (C. 
The total amount of heat thus is:


[image: image15.wmf]kW

Q

Q

Q

²²

w

²

w

sum

w

86

,

19

=

+

=

.
(5)  
Thus, considering the obtained above calculations we can conclude that 
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Nowadays, for solving the problems of combined heat and cooling supply and reuse of excess heat processes heat pumps (HP) can be most appropriately used. 
But at this stage of development of the equipment for using low-grade heat (heat pump), the basis of their technological features, the efficiency of heating to temperatures above 55 (C is significantly reduced. Therefore, in this case, to improve the overall system heat and to increase the speed of heating water, we proposed the following scenario: 350 liters of water we heat from 12 (C to 55 (C using heat pump type «liquid – liquid» because the heat of milk is enough to heat this water. In the second stage, separated 100 liters of water will additionally be heated from 55 (C to 85 (C in a separate boiler with the help of electric heater.
In addition, water heating, which watered the cattle during the cold season, a positive effect on milk yield, because warmer water requires less energy consumption of cows to heat it to body temperature of the animal [3]. The farm average heated to about 3000 liters of water for watering cows daily. So, it will take such amount of energy:
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where 
[image: image18.wmf]6

T

 – temperature of water for watering animals, 25 (C 
Technological requirements of the  process of cleaning the equipment after milking determine the  first wash cycle under elevated temperature (85 (C).  This is due to the high heat capacity of the equipment. If you start washing with water at 55 (C so getting to the equipment it quickly cools – and therefore quality washing is not possible. But according to features of work of the HP, when the temperature of the secondary circuit is more than 55(C, the pump efficiency drops sharply.  Therefore, we proposed to use an additional source of heat– heat battery with equipment electric heaters that will additionally heat water from 55 (C to 85 (C which is necessary for basic sanitizing equipment.
The capacity of the heat pump is calculated according to the requirements for milk cooling rate. According to the hygiene requirements, time (t), is required for cooling milk shall not exceed 3 hours. 
Let’s calculate the capacity of the heat pump (PHP):
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The system designed heat pump type is «liquid – liquid». With a line of heat pumps heat pumps of Ukrainian manufacturer A & K Medium of this type HP A & K Medium 57 \ 49.1 with 49 kW of cooling capacity has been selected [8]. Such power has been taken in view of the need for a significant margin. In addition, the pump of this type uses environmentally friendly Freon R407S.

As a leading indicator of the efficiency of the heat pump COP conversion factor applied (coefficient of performance), which is equal to the heat generated by HP to electrical power consumed by it: 
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where 
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 – the generated thermal energy, kw; 
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In cooling mode to evaluate the effectiveness coefficient EER (energy efficiency ratio), equal to the ratio of performance refrigeration TN to power consumption is used: 
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where 
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 – energy of cooling, kW.

In our case, the useful thermal energy obtained from the heat pump, is the sum of energy of two multidirectional heat flows and, consequently, the efficiency ratio is the ratio of useful energy (water heating and for cooling milk) to actually consumed to drive the compressor electric power (
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). In the experimental studies, it was found that the average value of the amount of electricity consumed was equal to 11,2 kW and an average time of cooling milk in terms of the farm was 2,3 hours. This is slightly less than the theoretical value, which is due to the fact that we used HP slightly more powerful, and by fluctuations in temperature of milk, water and other actual indicators. 


[image: image27.wmf]31

,

6

watering

=

×

+

+

=

+

=

fact

cool

fact

el

w

sum

w

milk

sum

t

P

Q

Q

Q

EER

COP

K

.
(10)
Coefficient of equipment when using this heat pump in a bilateral mode was 6.31. 
Thus, in comparison to traditional technology of heating of water and cooling of milk, technology of simultaneous implementation of two technological processes with the use of internal energy of milk by means of HP has greater power efficiency in 6,31 times. 

With the old technology for cooling 3506,4 kg of milk obtained by milking once it is necessary 103,08 kW of energy. Given the efficiency of refrigeration equipment (= 85%, which was spent on this process: 
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For heating water using titanium it was spent 
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In aggregate, these two technologies require 
[image: image30.wmf]141,13

 

=

+

sum

w

old

el

Q

E

 kW per milking. As for twenty-four hours there are two processes of milking, then the value got by us needs to be doubled. 

Consequently, the old technology spent on the technological needs 282,26 kW for twenty-four hours. As an actual in the moment of the research price on electric power for industrial enterprises in 1,07 UAH per kWh, the cost of wasted energy will be 302 UH. Accordingly, the year electricity consumption is 110,23 thousand UH.
At our proposed technology of using the heat pumps, electrical energy which is needed for it to work was:
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The energy for additional heating of the water (4) in the second stage is 
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per milking or 58,12 kW per day which in monetary equivalent will be under 31,09 UH and 62,19 UH. Thus, the annual cost for the use of such technology will make 22,7 thousand UH.
Daily energy savings with the application of a new technology using HP compared to the old technology will be 
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In monetary equivalent the savings are 239,82 UH.

Annual savings are 87,53 thousand UH. This kind of savings can significantly affect the cost of milk, and, consequently, the competitiveness of its production on a dairy farm of «Bilahro» Velykobagachanskiy district Poltava region. It should also be noted that the value of the pump used in the research at the time of study was 132 thousand UH. So the payback period of this type of equipment was only eighteen months.
Besides, the energy obtained by cooling milk can be used to heat additional rooms, facilities for calves, drying equipment, heating water for cattle [6]. All large-scale energy saving programs implemented abroad, provide a broad introduction of HP [7]. It is necessary to work on wide introduction of heat pumps in the agricultural production is increasingly recognized in Ukraine, and in other countries of the world. [3, 5].

Conclusions and recommendations for further research. Through the use of heat pump type «liquid – liquid» system allows you to accurately maintain temperature control processes, thereby improving the quality of dairy products. In addition, the use of innovative approaches to provide heat energy prospects to reduce emissions of CO and CO2 by reducing the use of traditional energy sources.
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