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UTILISATION OF LOW-TEMPERATURE HEAT
IN AGRICULTURE USING HEAT PUMPS
- CURRENT STATE AND PROSPECTS

Sławomir Kurpaska
Institute of Agricultural Engineering and Informatics, University of Agriculture in Krakow

Abstract. The work presents in a synthetic way available results of the research on utilisation
of heat pumps in agricultural production. Moreover, on the basis of multiannual average
values, the researchers calculated potential possibilities for storing waste heat, which may be
reused in a typical tomato-growing greenhouse.
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Introduction

When analysing various issues (also those energy-related), one should take into account
factors affecting natural environment. There are many examples, where once disregarded
factors caused environmental damage, e.g. insecticidal agent - DDT, pesticides, freon,
improperly carried out agricultural drainage, excessive fertilisation, arable crop monocul-
tures, and many other. Analysis covering recent years proved exponential (abrupt) relation-
ship between the volume of energy being consumed and mass of combustion products
emitted into the atmosphere. Admittedly, natural sources of non-renewable energy (coal,
petroleum, gas) will still last for another few generations, however natural environment
will neither absorb nor regenerate by-products formed during production and combustion
products (dust, nitric and sulphur oxides, and carbon monoxide). Hence, many scientific
centres carry out intensive research on using renewable heat sources (river, wind and solar
radiation energy, geothermal energy, or biomass) for energy purposes. Cyclically held
international conferences are dedicated to current use of renewable heat sources. Thus,
a report on geothermal energy utilisation in the world was presented during World Geo-
thermal Congresses [Lund et al. 2005]. On the basis of data gathered by 72 countries, the
researchers estimated energy production at the level of 273.3 TJ⋅year-1 (75.9 GWh·year-1) −
43% increase compared to 1995. Geothermal energy was used for: current operation of heat
pumps (32%), heating in pools and bathrooms (30%), heating in the other rooms (20%),
heating in greenhouses (7.5%).

These studies include many works analysing heat pump utilisation for energy purposes.
Thus, the purpose of the work is to present current state of knowledge and to indicate the
future concepts for using heat pump for energy purposes.
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Results of some research works in the scope of heat pumps utilisation

Below, some operating aspects of systems using heat pump are discussed on the basis
of available literature.

Berntsson [2002] presented usability analysis for lower sources working with a heat
pump, divided into investment outlays, ecological and energy effects, and work efficiency.
Then, on the basis of experimental research, Huang and Lee [2007] presented a correlation
model between heat pump energy effects and decision-making parameters affecting effi-
ciency of this system and energy efficiency coefficient. The results of computer simulation
carried out using a mathematical model of energy effects were demonstrated by Chen et al.
[1997].

Apart from the discussed issues, some researchers analysed lower heat source type. And
so, research results, where surrounding air was used as a lower heat source, were presented
by: Xu et al. [2006], Kaygusuz and Ayhan [1999], Hawlader et al. [2001], Kaygusuz
[1995], Huang and Cheng [2001], and Nicholls [1981]. In their experiments, the authors
were using heat to heat up: process water, liquid stored in an energy accumulator, and the
bed that was subject to phase transitions. Completed experiments allowed to determine the
system energy efficiency (COP - Coefficient of Performance) and energy effects (accumu-
lated energy volume).

Soil was another analysed lower heat source type. Results of the research on energy ef-
ficiency, unit output of exchangers (both horizontal and vertical), their spatial configuration
and type, the impact of ground water level and outside conditions on COP value, economic
aspects, and verification of mathematical model describing space-time temperature changes
in soil, are contained in the following works: [Nagano et al., 2006; Omer, 2006; Hepbasli et
al., 2003; Ozgener and Hepbasli, 2005a, 2005b, 2005c; Yang et al., 2006, Esen et al., 2006;
Składzień et al. 2002; Inalli and Esen, 2004; Fic et al., 2003; Kurpaska and Latała 2008a].

The COP value, comparison of energy effects obtained when using heat pump and
combustion of non-renewable carrier, reduction in the volume of deleterious substances
emitted into the atmosphere as a result of using heat pump in the system, mathematical
model describing functioning of the entire system (heat pump, lower and upper source),
analysis of a hybrid system (solar collectors heating up medium constituting lower source
for heat pump) in which water was used as a lower source, were all analysed by: Kaygusuz
[2000], Yumruta and Unsal [2000], Aye et al. [2002], Trillat-Berdal et al. [2006a, 2006b],
Baek et al. [2005], Zeng et al. [2003], Renedo et al. [2006], Gan et al.[2007], Kurpaska and
Latała [2008b]. The researchers analysed various forms and usability of water available in
natural environment as a lower heat source: surface waters, ground waters, deep waters,
and sewage plant effluent.

Moreover, available literature includes works analysing different ways of using a heat
pump. Research results were given by: Kuang and Wang [2006], Chou et al. [2004], Riffat
and Gillott [2002], Soylemez [2006], Nowak et al. [2006], Argiriou et al. [2005], Kurpaska
[2008]. The authors were determining COP value, finding optimal values of decisive vari-
ables, examining energy-ecological-economic aspects for using heat pump to: heat up resi-
dential buildings, heat up garden facilities, reduce air humidity inside a facility during its
ventilation, cooling, and seeds drying.
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Analysis of electric energy consumption to run components of the system, in which heat
pumps were used to heat up water, are contained in the following works: Huang and Lee
[2004], and Morrison et al. [2004].

Utilisation of heat pumps in agriculture, including some research results

Available literature specifies reasons confirming profitability of using heat pumps in in-
stallations. The most important of them include:
– existence of heat source characterised by relatively high temperature (preferably higher

than ambient temperature), yet insufficient for direct use,
– employing a heat pump allows to turn back and reuse energy stream flowing through

the system (e.g. in air conditioners),
– occurrence of demand, both for heat and cold,
– the case, in which heat is transmitted over long distance, where a heat pump installed at

energy consumption point would reduce capital costs.
The quoted reasons provide grounds to state that these conditions seem to be easy to

meet in agricultural production. This is the case when heat pump may be used in an alter-
native configuration, both for heating and cooling purposes, and also when there is a possi-
bility to utilise waste heat. Moreover, there is a whole range of processes in agricultural
production, where the sources of recoverable waste heat include: heated up humid air
leaving drying plants, cooled agricultural products (milk, fruit, vegetables), ventilation air
carried away from facilities, which have to be provided with proper humidity (livestock
buildings, covered garden facilities), animal excrements in solid form (manure dung) and
liquid (e.g. from liquid manure pit).

As a result of employing a heat pump, recovered heat may be used for the following
purposes: process water heating (water for irrigation, water used in production processes),
air heating and drying in drying plants, heating ventilation air supplied from outside into
production rooms, direct heating in production facilities (e.g. greenhouses, foil tunnels),
processes in agricultural and food industry.

There are some solutions, in which heat pumps have been employed in animal and gar-
dening production, and in agricultural and food industry. And so, studies carried out by
Nawrocki and Myczko [1998] proved that as a result of installing a ground exchanger
(constituting lower heat source for pump) in swine fattening farm on the so-called deep
bedding (four pens sized 4.5×19 m and livestock density 80 animals per each pen), in
autumn-winter season it would be possible to heat amenity room sized ca. 40 m2 up to the
temperature of 18-21oC, and to obtain hot water without deteriorating zootechnical condi-
tions in rooms. Kupczyk and partners [2001] presented experimental results for using heat
pump to recover waste heat during milk cooling process. Completed studies allow to ob-
serve that while cooling milk from initial temperature of 35oC down to 5oC, when acquiring
1000 l of milk at one time, pump characterised by heating power 12.2 kW and power con-
sumed by compressor motor 2.7 kW reaches COP value ca. 4.5. The authors have calcu-
lated that in this way it is possible to recover from cooled milk more than 34 GJ of heat per
year. Two-stage water heating methods (pump with an additional heat source) are em-
ployed in all cases where it is needed to obtain higher heat receiving unit temperature. The
following values are assumed to constitute profitability threshold for installing a device
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working according to heat pump principle: 150 litres of milk per 1 milking, accumulated in
tanks with capacity ca. 500-600 l.

Completed experimental studies on utilising heat pump to heat up garden facilities
[Kurpaska 2008a, 2008b] allowed to prepare nomograms for determining basic operating
parameters of a monovalent and bivalent system. Nomograms were developed for a tunnel
with usable area 54 m2, in which a heat pump (rated heating power 9.7 kW) was installed.
Vertical and horizontal ground heat exchangers characterised by diversified supply (verti-
cal exchangers: U and 2U), and also single, double and spiral exchanger (horizontal ones)
were used as lower heat source. In a bivalent system, the research was carried out at the
following configuration: solar collectors (flat-plate and vacuum-tube) − accumulating tank
(with diversified water capacity) – lower source for heat pump.

Intensive research works on utilisation of heat pumps are carried out especially in food
products processing industry. Extended review of obtained research results and technical
solutions was delivered by [Paliwoda 2001]. When making a synthetic division of analysed
works, the author divided heat pump applications as follows:
– heating up water for process and hygienic-sanitary purposes, and heating up products at

different processing stages. Heating-cooling pumps are used here (pumps, which carry
out heating and cooling process at the same time). In these installations carbon dioxide
is used as working medium in a heat pump system (compressor-condenser-evaporator).
An important advantage of the presented system is the possibility to obtain water tem-
perature reaching even 90oC. Although, this extorts using high compression pressure
values (almost 105 bar) and thus high power of electric motors driving compressors.
However, detailed tests conducted at a test stand: pump heating power 130 kW; process
water heating possible up to 90oC; cooling power 90 kW; compressor driving power
50 kW, have proven that if heating process is carried out simultaneously with water
cooling, it is possible to reach COP value exceeding 5.

– concentrating solutions (by evaporating water fraction). There are many food products
not resistant to high temperatures, since they are subject to denaturation processes. In
these cases, concentration processes have to proceed at lowered pressure conditions,
and as a consequence at reduced water fraction evaporation temperature. In one of pos-
sible technical solutions, vapours carried away from evaporator are lower heat pump
source for evaporator. Compressor draws in medium vapour (usually ammonia – NH3,
or CO2) from evaporator, compresses it and forces into condenser, which heats up con-
centrated solution. Due to vapour condensation, pressure value drops below atmos-
pheric pressure, as a result of which water fraction evaporation may take place at low
temperature (usually within range 20 to 50oC). Operating tests have proven that in the
presented system Coefficient of Performance (COP) value ranges from 6 to 8.

– convection drying of moist food products (both loose and ground). Compared to con-
ventional heating (heat generated during fossil fuels combustion, drying with atmos-
pheric air), heat pumps employed in drying technology allow to obtain higher final
quality of product subject to drying, better utilisation of raw material, reduction of its
losses, decrease in energy consumption due to high COP value (ranging from 4 to 5).
Sometimes, CO2 is used as pump working medium, which ensures ecological neutrality,
both towards product subject to drying and environment. Operating tests carried out for
fluidisation drying plant, in which the researchers installed a heat pump, have proven



Utilisation of low-temperature...

69

that there is almost 380% increase in drying intensity efficiency, while maximum oper-
ating efficiency per unit energy consumption is 4.7 kg of evaporated water per 1 kWh.

Summary and further research prospects

There are forecasts that in 2020 the share of geothermal energy (including also heat
pumps) in general renewable energy balance will increase from current 1.8 to almost 3.1%.
Therefore, there is a need to intensify studies in this field. One of potentially possible ways
for increasing heat pump operation efficiency is to ensure higher temperature of lower
sources. It is possible for example in case of production carried out under covers, which
potentially allows to accumulate heat surplus in the summer season. Fig. 2 presents the
average multiannual weather conditions for Warsaw, with marked heating and cooling
seasons in a typical greenhouse. As it can be seen then, there are periods of several dozen
days, during which it is possible to utilise surplus heat and to transfer this surplus to an
accumulator (in case of energy surplus) and to recover this energy (during higher heat
demand periods). Heat recovery using a heat pump is the most advantageous. Thermody-
namic analysis indicates that the higher temperature of lower heat source, the lower theo-
retical unit compressor work (lower power for compressor driving). Increase in cooling
effect unit value occurs as well, and as a consequence also unit thermal effect of condenser.
Finally, the COP value grows.
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Fig. 1. Average climatic conditions for Warsaw

Fig. 2 presents results of theoretical computations, which allow to estimate unit volume
of heat that may be stored in a tomato-growing greenhouse (concentration: 2.3 plants·m-2)
in the period between June and August. Transpiration intensity, energy gain inside facility
have been computed using standard dependencies [Kurpaska 2007].

One may observe that estimated maximum heat volume that may be accumulated over
a year, exceeds 130 (MJ·m-2) ·year-1.
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1 2 31 2 3

Energy from solar radiation - 700 MJm =100%-2

1 - energy used in plants transpiration process − 558 MJ·m-2 = 79.7%
2 - energy exchanged in ventilation process − 10 MJ·m-2 = 1.4%
3 - potential heat volume to be stored in the energy accumulator − 132 MJ·m-2 = 18.9%

Fig. 2. Potential heat volume that may be accumulated in a greenhouse
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WYKORZYSTANIE NISKOTEMPERATUROWEGO CIEPŁA
ZA POMOCĄ POMP GRZEJNYCH
W ROLNICTWIE - STAN OBECNY I PERSPEKTYWY

Streszczenie. W pracy w sposób syntetyczny przedstawiono dostępne wyniki badań wykorzystują-
cych pompę ciepła w produkcji rolniczej. Opierając się na średnich wieloletnich obliczono również
potencjalne możliwości magazynowania ciepła odpadowego, możliwego do powtórnego wykorzysta-
nia w typowej szklarni w której uprawiane są pomidory.

Słowa kluczowe: pompa ciepła, szklarnia, ciepło odpadowe

Correspondence address:
Sławomir Kurpaska; e-mail: rtkurpas@cyf-kr.edu.pl
Instytut Inżynierii Rolniczej i Informatyki
Uniwersytet Rolniczy w Krakowie
ul. Balicka 116B
30-149 Krakow, Poland



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


