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APPLICATION OF HEAT PUMPS IN RAPESEED OIL PRODUCTIO N
Summary

The production of rapeseed oil requires a lot oérggy. Before being pressed, seeds are conditiaredcheated up to the
process temperature for the whole mass. Then,rasut of pressing the extracted oil has a higlenperature compared
to the ambient temperature. The objective of thdystvas to assess the application of heat pumpexdiace the energy con-
sumption of the vegetable oil production process @rticle analyses the results of the industrigberiment in which a
heat pump was employed to cool down oil and heabppseeds before pressing. As part of B+R prdjeciNNOTECH-
K2/IN2/5/181835/NCBR/13, a prototype system wastcocted with a capacity of 1.5 Mg of oil per holihe research
shows that the return on investment in the heatpismmaximum 2 months. Profit from heating seeds h&at obtained
from oil cooling is about PLN 760,000 per annunthia analysed case.

Key words heat pump, rapeseed oil, rapeseed, oil extraction

ZASTOSOWANIE POMP CIEPLA W PRODUKCJI OLEJU RZEPAKOW EGO
Streszczenie

Produkcja oleju rzepakowego wymagayith nakladéw energii. Przed ttoczeniem nasiomgp@ddawane kondycjonowa-
niu, czyli podgrzewaniu w catej masie do tempesatrocesowej. Nagpnie na skutek ttoczenia pozyskiwany jest olej
0 temperaturze vegzej ni temperatura otoczenia. Celem badayta ocena zastosowania pompy ciepta do fma ener-
gochtonndci procesu produkcji oleju glinnego. W artykule przedstawiono wynikisdtadczenia wykonane w skali prze-
mystowej, gdzie zastosowano pensepta do jednoczesnego schfadzania oleju i gezaision rzepaku przed ttoczeniem.
W ramach realizacji projektu B+R nr umowy INNOTE®RAN2/5/181835/NCBR/13 zbudowano insta¢agjototypow

o wydajndci 1,5 Mg oleju na godzin Z wykonanych badawynika,ze zwrot inwestycji w ponagiepta to okres nie did
szy ni 2 miesgce. Zysk z podgrzewania nasion cieptem pozyskaaysahtadzania oleju to okoto 760 tys. PLN rocznie

w badanym przypadku.

Stowa kluczowepompa ciepta, olej rzepakowy, rzepak, ttoczetaguo

1. Introduction

The role of the agri-food processing industryigtoduce
ready-to-eat food from crops. As in any productmtivity,
technologies comprise processes whose proper daimgi
requires the supply of energy. The production péseaed oil is
one of the branches of the agri-food processingsitng. Its
production process involves mechanical or chenseplara-
tion of oil from seeds. The production technologngists of
several processes: preliminary seed preparatiaegses, viz.:
maceration, conditioning, crushing; specific preess single-
or multi-stage hot or cold pressing, extractioroibfwith the
use of solvents; refining processes: filtration-sti@ing,
bleaching and deodorisation [1]. Oil is pressedni®ans of
screw presses. In this process, seeds are initialshed and,
then, under pressure, oil is separated from theiréng part
of the seed. The yield and quality of oil mainlypdeads on op-
erating parameters of the press [2, 3, 4] and tiaditg of raw
materials [5].

The temperature at which the seeds are pressec isf
the parameters directly affecting the yield andligyuaf oil.
An increase in the temperature of seeds resul@nirin-
crease in oil yield [6]. The profitability of thegduction of
vegetable oil, except for the purchase price ofisesnd
taking into account only the price ratios of pragsi and
crude oil, depends on the ratio between the wafptess-
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ings and oil [7]. The price of oil is three timeglrer than
that of pressings. On the other hand, an increasthé
pressing temperature adversely affects the stavhgeess-
ings and the shelf life of oil [8, 9]. Successftieanpts were
made to heat seeds by using microwave technolo@l [1
Due to its high energy consumption, this method ais
been applied in the industry. The equipment powdrgd
fossil fuel is commonly applied to condition seeds.

Electricity is an alternative source of heat fosdil fu-
els. However, the application of a conventional meai
operated heater is not economically rational. Eiegower
can be used more effectively to heat seeds by usodern
methods, such as heat pumps [11]. This method whs p
lished by the Patent Office of the Republic of Pdlg12].
The objective of the research was to assess thetiofness
of heat pump application in the process of rapesdqulo-
duction.

2. Research methodology

In order to carry out experiments in real condisipa
prototype of the system with the capacity compliaiith
the performance of the oil production system was-co
structed (Fig. 1). The tests were carried out praduction
plant with a throughput of 30,000 tonnes of rapdseer
annum.
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Fig. 1. Flow chart of the heat balancing statioreseh 1 - oil cooling tank; 2 - heat exchanger;I8wer source loop; 4 -
lower source heat buffer tank; 5 - lower sourceraytic system; 6 - heat pump; 7 - upper source éeettanger; 8 - upper
source heat buffer tank; 9 - lower source loop: iuid-gas heat exchanger with fan; 11 - rapeldaédfer tank

Rys. 1. Rys. 1. Schemat blokowy stanowiska dosloWeania ciepta, gdzie: 1 - zbiornik do schfadzasligju; 2 - wymiennik
ciepta; 3 - ptla dolnegozrédia; 4 - zbiornik buforowy ciepta dolnegoddta; 5 - instalacja hydrauliczna dolnegoddta;

6 - pompa ciepta; 7 - wymiennik ciepta gérnegadia; 8 - zbiornik buforowy ciepta gérnegoddta; 9 - petla dolnegazré-
dia; 10 - wymiennik ciepta cieczowo-gazowy z watdyém; 11 - zbiornik buforowy na nasiona rzepaku

A portion of approximately 1.5 Mg of crude rapabee 3. Research results
oil with a temperature above 40°C was pumped iatik t
No 1 with a volume of 2 t The oil was cooled down until Having reached the operating parameters, thepusap
another portion of oil was produced (for about 6@utes). consumed 2.5 kWh. During the operation of the puneat
Heat from oil was transferred to buffer tank No #hwa  was pumped and collected at an average power @fi9ik
volume of 0.5 i filled with a cooling medium with a tem- the same time. This solution get 3,6 kWh cold aj&dk8vh
perature of 5°C. The thermal energy from the buffetk  heat energy from 1 kWh of electricity (Fig 4). Tezngture
was used to supply the heat pump. The heat pumergenof raw oil after pressing has about 40°C. The @ihpera-
ated thermal energy in the form of a medium wittem- ture jest too high for storage. Using this soluti®possible
perature of 55°C, which was supplied to buffer thitk8.  cooling the oil to about 20°C and heat rapesee@9€ in
Heat from tank No 8 was transferred via heat exghahlo  the same time (Fig. 4). The rapeseeds temperatutbei
10 to a seed buffer tank with a volume of 18 fhe time  range 20-35°C is good appropriate for pressing.
of heating up seeds was about 90 minutes (Fig. 2). The achievement of this effect by using converaion
methods in this case (about 4,5 tons rapeseedbque),
like oil cooling using chiller and rapeseeds haatiy con-
ventional heater, this both systems would consuh® 1
kWh, togheder. Assuming an average energy price of 0.55
PLN/kWh, the difference in costs of consumed endsgy
PLN 118.00 per day. At 80% of the plant's annuaftkwo
load, it amounts to PLN 54,000. An increase in tie-
perature of rapeseed results in an increase imithgeld.
On the basis of the data shown in the graph (Bigt Bhay
be concluded thanT=10°C increases on average the oil
yield by 2 Mg per dayid estby 7%. The processing power
of the plant is stable.

If market prices of 3,000 PLN/Mg for oil and 1,000
PLN/Mg for pressings are taken into consideratitite
Fig. 2. Visualisation of the system of pumping hest the profit on sale of oil will theoretically increasen @verage

Source: own studyZrddio: opracowanie wiasne

seed tank by PLN 4,000 per day. Increasing the temperatureapé-
Rys. 2. Wizualizacja instalacji do wttaczania ceeplo seed above 30°C did not produce the desired effétis
zbiornika na nasiona highest profit on the use of heat pumps can bergtin

the periods when rapeseeds stored in silos redempera-
ture of <10°C. In the period when the research gased
The electricity consumption of the heat pump wasut, the ambient temperatures were record high whie

measured with an electricity meter. The dependeficsl  fected the temperature of stored rapeseeds (FigTi®
yield on temperature was calculated on the basttatf re- temperature of rapeseeds was below 10°C only for
corded during the oil production within the perioione 3 months. For half a year rapeseeds temperaturseshesa
full calendar year. For this purpose, a control emehsure- low 20°C. Hypothetically, using heating pump only loalf
ment system dedicated to the prototype system was e year (190 days) it is possible to increase revenu®LN
ployed (Fig. 3). 760,000 in the studied case.
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Fig. 3. View of the control and measurement sygtamel
Rys. 3. Widok panelu systemu kontrolno-pomiarowego
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Fig. 4. Results of heat energy balance and oilrapdseed flow temperatures during oil production
Rys. 4. Wyniki bilansu energii ciepta i temperagtrumienia oleju i nasion rzepaku podczas produligju

Barbara t ASKA-ZIEJA, Florian ADAMCZYK, Damian MARCINKOWSKI, 26

,Journal of Research and Applications in Agricultural Engineering” 2018, Vol. 63(3)
Wojciech GOLIMOWSKI, Marta KOLODZIEJ, Katarzyna SZCZURKO



40

35

Produkcja dobowa oleju [t/d]
Daily oil production [t/d]

30

25

5 10 15 20 25 30 35

Temperatura rzepaku [°C]
Temperature of rapeseeds [°C]

Source: own studyZrodio: opracowanie wiasne
Fig. 5. Dependence of the quantity of oil produoadhe temperature of seeds
Rys. 5. Zalénasé ilosci produkowanego oleju od temperatury nasion
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Fig. 6. Storage temperature of rapeseed at theofuthe calendar year
Rys. 6. Temperatura magazynowanych nasion rzepafuwetomie catego roku kalendarzowego

4. Conclusions the operating costs should not exceed PLN 15,00(Gpe

o ) _num. The return on investment is 2 months.
1. The application of heat pumps in the rapeseedroi p

duction is justified. The simultaneous cooling df and
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