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THE USE OF HEAT PUMPS IN AGRARIAN PRODUCTION

Abstract. Reuse of excess thermal energy of technological processes in agrarian production
gives possibility not only to save energy sources of enterprise due to reuse, but also to limit
emissions of heat in the atmosphere. The article compares traditional technologies of cooling of
milk and heating of technological water and shows efficiency of technology of the combined
production of heat and cold on the basis of heat pump use. The technical and economic calculations
of efficiency of heat pump use is presented. Through the use of heat pump of "liquid - liquid" type
system allows to maintain high precision temperature control of technological processes, thereby
improving the quality of dairy products and reduce production costs.
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BUKOPUCTAHHA TEIIVIOBUX HACOCIB B ATPAPHOMY
BUPOBHUILTBI

Anomauin. Ilosmopre UKOPUCMAHHA HAOIUWKOBOI MENi060i eHepeii MeXHON02TYHUX
npoyecie 'y azpapHomy GUPOOHUYMSI 00360J5€ He MINbKU 3a0Wadumu  eHepeopecypcu
NIONPUEMCMBA 3d PAXYHOK IX NOBMOPHO20 BUKOPUCMAHHA, A U 0OMedcumu SUKUOU menia 8
ammocghepy. Y cmammi cniscmasieno mpaouyiiii mexHono2ii 0Xon002ceH s MOJIOKA U nidiepigy
MEeXHON02IYHOI 800U MaA NPOOEMOHCMPOBAHO  eheKMUBHICMb  MeXHON02ii KOMOIHO8AHO20
8UPOOHUYMEA Menaa U X0aA00y HA OCHO8I BUKOPUCMAHHA mMennoeux Hacocis. llpeocmasneno
MeXHIYHI ma eKOHOMIYHI pPO3PAXYHKU e@deKxmueHoCmi BUKOPUCMAHHA Menioso2o Hacocy. 3a
PAXYHOK BUKOPUCMAHHS MENI08UX HACOCI8 MUNY «PIOUHA — PIOUHAy, cucmema 003805€ 3 8UCOKOIO
MOYHICMIO NIOMPUMYBAMU MEMNEPAMYPHI  PedCUMU MEXHONO0IUHUX Npoyecis, wo 00360J1€
NOKpAwumu AKicmos MOJIOYHOL NPOOYKYIL ma smeHwumu cooisapmicms nPoOyKyii.

Knrouoei cnosa: mennosi Hacocu, 6i0H061108ANbHI 0dcepeia eHepaii, MOIOYHA NPOOYKYis

AHTOHMHA KaJIMHN4YeHKoO,
Ouabra KaJauHn4ueHko

HNCITIOJIb3OBAHHME TEIIJIOBBIX HACOCOB B AT'PAPHOM
HNPOU3BO/JICTBE

Annomayun.  I[loemopHoe — ucnonvzogaunue  U30bIMOYHOU  MENIOBOU  IHepIUl
MEXHONI02UYECKUX NPOYECCO8 6 ACPApHOM HPOU3B00CHEe NO3B0IAEN He MOJbKO CIKOHOMUNMD
9Hepaopecypcyl NPEONPUAMUS 3 CYem UX NOBMOPHO20 UCNONb308AHUSL, HO U OZPAHUYUMb 8bLOPOCHI
menia 6 ammocgepy. B cmamve conocmasienvl mpaouyuorHble MmexHoL02UU OXAANHCOeHUSt MOOKA
U nooozpeéa MexHOLOSUYeCKOol 600bl U NPOOEMOHCMPUPOBAHA IPDEKMUBHOCb MEXHOI02UU
KOMOUHUPOBAHHO20 NPOU3BOOCMEA MENid U X0100d HA OCHO8E UCHOJb308AHUSL MENIOHACOCO8.
Ilpeocmasnenvt mexuuueckue u 3SKOHOMUYECKUe pacuemvl dPOeKmusHoCmy UCNOIb308AHUSA
Mensio8020 Hacoca. 3a cuem UCNONL308AHUS MENIOHACOCO8 MUNA «HCUOKOCHb - IHCUOKOCHIbY,
cucmema Mno360J5em C  BbICOKOU MOYHOCBIO HOO0EPHCUBAMb  MeMNePaAmypHble PedCUMbl
MEXHONIO2UYECKUX —NPOYeCcos, NO360Jem  YIVUMUMb —KAYeCmeo MOJIOYHOU NPOOYKYuu U
VMEeHbUUMb cebecmoumocms RPOOYKYUU.

Knrwuesvie cnosa: mennogvle Hacocwl, 80300HOGIsIEMbLE UCTOYHUKU IHEPIUU, MOTOYHASL
NPOOYKYUsL.

Introduction. The basis of dairy products quality is laid mainly in the process of receiving
and primary processing on the farm. Strict adherence of milk cooling and sanitation measures is
provided by appropriate technological equipment.

Significant impact on the cost of production has technology of milk cooling and water
heating on a dairy farm, which depends on the cost of energy incurred in the production process.

Fresh milk initial temperature is about 32 °C. Prior to transportation it is cooled to 4 °C and
stored on the farm in special tanks and baths up to 36-48 hours. Refrigeration equipment dissipate
thermal energy using cooling radiators in condenser circuit. In this case the thermal energy of milk
scatters in premises with refrigeration equipment, thus significantly increasing its temperature. In
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addition this process consumes a large amount of electric energy. Water required for cleaning of
milking equipment is typically heated by electric heaters.

So, today up to 65% of electricity on dairy farms is consumed for two main processes:
cooling of milk and heating of technological water for cleaning of milking equipment. Moreover,
these processes are performed completely independently from each other. A more rational approach
would be to redistribute and reuse thermal energy already existing in the technological process.
Reducing energy costs will allow to reduce the cost of the final product.

The world experience shows that one of the most effective and economical types of
equipment to obtain heat is the heat pump. This is ecological, low-temperature heating device,
which in contrast to traditional technology of heating and cooling uses the internal energy of
production processes [4-6].

Heat pumps allow to receive heat from low potential sources and at the same time use it in
both the cooling and heating processes in different circuits. The principle of operation is based on
the Carnot cycle, that describes converting a given amount of thermal energy through transfer of
fluid from one aggregate state to another.

The tasks of work was to compare traditional technologies of cooling of milk and heating
of technological water; to present the energy saving methods of their improvement; to show
efficiency of technology of the combined production of heat and cold on the basis of heat pump use;
to prove the economic efficiency of the offered technology and feasibility of its implementation.

Results of the experiment. Reuse of excess thermal energy of technological processes in
agrarian production gives possibility not only to save energy sources of enterprise due to reuse, but
also to limit emissions of heat in the atmosphere. The combined production of heat and cold
currently is one of the most economic-effective systems with the use of heat pumps [1-3, 16, 17].

The research work was on the basis of dairy farm Ltd "Bilahro" in Velikobagachansky
region (Ukraine). Investigated farm has 1,000 cows, including 650 milch. On average, for one
milking get almost 3.5 thousand liters, or 7 thousand liters per day. To receive the required quality
of milk, manufacturing process needs to cool product from 32 to 4 °C. Twice a day after each
milking it needs hot water for washing technological equipment. It takes 350 liters, part of which —
100 liters, used at the start of washing (it should have 85 °C). To complete the washing and rinsing
equipment it is used 250 liters of water, which is enough to heat only to the temperature of 55 °C.

We calculated the heat balance of agritechnological processes [7, 9, 11, 14-17].

Milk cooling. The amount of energy that can be obtained from the milk during its cooling:

Opitk = Muitc” itk (T2 — T1) kW = 3506,1° 0,00105 (32-4) = 103,1 kWh, (1)

where m,,;;; — mass of milk per milking, kg;

cmine — heat capacity of milk, kWh/(kg - °C);

T; — temperature of milk after cooling, °C;

T, - initial temperature of milk, °C.

So, during the initial cooling of milk on a farm 0.2 MW of the collected heat is daily
scattered in premises ("released into air").

Water heating. The amount of energy required for the first phase — heating of 350 liters of
water from 12 ° C to 55°C.

O,/ = my ey (Ts- T3)= 350" 0.0011 (55 - 12) = 16.56 kWh, )

where m,, - mass of water, kg (1)

¢y - heat capacity of water, kWh / kg °C

T; - initial temperature of milk, °C

T, - temperature of milk after heating, °C

The amount of energy required for the second phase — heating of 100 liters of water from 55
°Cto85°C.
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O '=my ¢ (Ts-Ty) =100 0.0011 (85 - 55) = 3.3 kWh (3)
The total amount of heat thus will be:
0,“' =0,/ + 0, =16.56 + 3.3 =19.86 kWh 4)

We propose technology for simultaneous cooling of milk and heating of water by the use of
heat pump of "liquid - liquid" type (A & K Medium 57 / 49.1). Heat pump, unlike traditional
technologies of heating and cooling, uses the internal energy production processes (Fig. 1) [8, 10,
12-15].

. . Heating of water
Low potential energy of milk -»

F‘?.:ﬁ-fﬂ

" “Cold steam

compressor

- =3 Hot steam
(R OISR
— —y _,:'
SR A
2 8 5 I
EJJ | g Low ngh §
£ | g temperatures =
S [5) S
4 |
Q { —
«
throttle valve
Cooled milk &= return of coolant

Fig. 1. The operation principle of heat pump in the manufacturing process of primary milk
processing

At this stage of heat pumps development, given their technological features, efficiency of
heating to temperatures higher than 55 © C is significantly reduced. Therefore, to improve the
efficiency of total heating system and to increase speed of water heating, we propose the following
scenario: 350 liters of water will be heated from 12 ° C to 55 ° C using heat pumps of "liquid -
liquid" type. In the second stage, separated 100 liters of water will be additionally heated from 55 °
C to 85 ° C in a separate boiler by thermal electric heaters (Fig. 2).

For the system a heat pump of "liquid - liquid" type was designed (A & K Medium 57 /
49,1). Coefficient of effectiveness is the ratio of the sum of useful energies (of water heating and
cooling of milk) to electricity (P,;) actually spent to drive the compressor for actual time of milk
cooling to the desired temperature (t..,;). During the experiment, it was determined that the average
value of amount of spent electricity is equal to 11.2 kW, and the average time of milk cooling in
conditions of the farm is 2.3 hours.
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Compressor

Milk 32 C @ Technical water 12 'C
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D‘ Hot water
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Distribution valve storage

85°C(1001)
Additional heating (EH)

BB P

Fig. 2. Technological scheme of the proposed system

total (5)
Keﬁ‘icienc =COP+EER= Qmjlk * Qw = 103’05 T 16’56 = 4,64
. ’ [)e{ ’ téf)oling 1 172 ’ 293

COP (coefficient of performance) — is the ratio of produced heat to the consumed electrical
power;
EER (energy efficiency ratio) — in cooling mode is used to assess the effectiveness.

Analysis of the results.
Expenses using traditional technology.
To cool the milk obtained per one milking, with the efficiency of refrigeration equipment
85%, it is spent: A
E" = O 103,08 _ 121,27 kW (6)
n 0,85

With the traditional technology to heat 350 liters of water we need

0, =0.+0" =19,86 kWh )

1 1
where Q, — energy for water heating in the first stage, O, — in the second stage.
TotallyEZ + Q‘tft =121,27+19,86=141,13 kW) electricity per one milking, that will
be 282,25 kWh per day.
For current prices for electricity company spends 302 UAH per day, which is almost 110

thousands UAH a year'.

Expenses using new technology.
With the use of heat pumps, electrical energy required for simultaneous milk cooling and
water heating in the first stage was:

Eel:Pactel ‘ l‘aczcoolz]],2'2,3:25,76kWh

" All calculations were made as of September 2013.
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For additional heating of water in the second stage 0", = 3,3. kWh

Total expenses E .; + QHW = 25,76 + 3,3 = 29,06 kWh per one milking or 58,12 kWh (62.19
UAH) per day. Annual costs — 22.7 thousand UAH.

Daily saving of electricity with new technology

Equiyy = 282.25 - 58.12 = 224.13 kW or 239.82 UAH.

Annual savings — 87.53 thousand UAH.

Pump cost was 132 thousand UAH, thus the payback period was only 18 months.

Conclusion. In our work two methods of primary milk cooling and water heating for
technological needs on a dairy farm are compared: standard and non-standard (combined heat and
cold production using heat pumps).

Found that the use of the heat pump in bi-directional heat flow (cooling and heating) in
industrial processes of agricultural companies is the most effective use of this type of equipment.

With traditional technology for milk cooling and water heating it is totally consuming up to
180 kilowatts of electricity per day. For current prices for electricity company spends ~302 UAH
per day, which is almost 110 thousands UAH year.

With the using of heat pumps, electrical energy required for simultaneous milk cooling and
water heating in the first stage, was approximately 25 kW, the for heating water in the second stage
3.3 kW total 29 kW per milking or 58 kWh per day, that is = 62 UAH. Annual spending — 22.7
thousand UAH.

Daytime saving makes 224.13 kW or almost 240 UAH per day, or 87.5 thousand UAH a
year. It should be noted that the value of the used pump is 132 thousand UAH so the payback period
is only 1.5 years.

Found that through the use of heat pump type "liquid - liquid" system allows to maintain
high precision temperature control of technological processes, thereby improving the quality of
dairy products. In addition, the use of non-traditional approach to the heat energy production can
reduce emissions of CO and CO, by reducing the use of traditional energy sources.

Thus, the use of heat pump equipment on a dairy farm of Ltd. "Bilahro" in
Velykobahachansky region (Ukraine) has considerable technological, economic and ecological
effects. The system was designed based on the technical task of dairy farm Ltd. "Bilahro" and is in
the process of implementation.
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