
Abstract

Greenhouses play a significant function in the modern agriculture
economy even if require great amount of energy for heating systems.
An interesting solution to alleviate the energy costs and environmental
problems may be represented by the use of geothermal energy. The
aim of this paper, based on measured experimental data, such as the
inside greenhouse temperature and the heat pump performance
(input and output temperatures of the working fluid, electric consump-
tion), was the evaluation of the suitability of low enthalpy geothermal
heat sources for agricultural needs such as greenhouses heating. The
study was carried out at the experimental farm of the University of
Bari, where a greenhouse was arranged with a heating system con-
nected to a ground-source heat pump (GSHP), which had to cover the
thermal energy request. The experimental results of this survey high-
light the capability of the geothermal heat source to ensue thermal
conditions suitable for cultivation in greenhouses even if the compres-
sor inside the heat pump have operated continuously in a fluctuating
state without ever reaching the steady condition. Probably, to increase
the performance of the heat pump and then its coefficient of perform-
ance within GSHP systems for heating greenhouses, it is important to
analyse and maximise the power conductivity of the greenhouse heat-
ing system, before to design an expensive borehole ground exchanger.
Nevertheless, according to the experimental data obtained, the GSHP
systems are effective, efficient and environmental friendly and may be
useful to supply the heating energy demand of greenhouses. 

Introduction

Greenhouses play a significant function in the modern agriculture
allowing off-season cultivation of crops and flowers and growth of vari-
eties of flora also in areas where the natural climate is not conducive
(Baldoin et al., 2008; Giacomelli et al., 2012). Nowadays oil, natural gas
and electric energy are generally used to supply the great majority of
the greenhouses (Vox et al., 2008), contributing to the fossil energy
resources depletion, to greenhouse gas emissions and to environmen-
tal impact of greenhouse industry. An interesting solution to alleviate
the energy and environmental problems connected to the current fos-
sil-based energy systems for greenhouses climate control may be rep-
resented by the use of geothermal energy. The geothermal heating sys-
tems have a low environmental impact on the agricultural sector appli-
cations and are economically advantageous especially for greenhouse
heating demands (Adaro et al., 1999; Kondili and Kaldellis, 2006; Chai
et al., 2012; Benli, 2013). Generally electricity powers the heat pump
and its energy efficiency is expressed by the coefficient of perform-
ance (COP), which is the ratio between the thermal energy produced
and the electricity consumed by the heat pump (Friso, 2014). Low oper-
ating costs, reliable operation and low need for maintenance are the
main advantages of geothermal heat pumps (Barbier, 2002; Colangelo
et al., 2012) that do not produce direct emissions of greenhouse gases
(Lund et al., 2005). A further reduced emission of greenhouse gases
may be obtained powering heat pumps through electricity generated
by renewable energy sources like solar or wind (Deshmukh and
Boehm, 2008; Ozgener, 2010; Blanco et al., 2013). Actually some stud-
ies have investigated also on the integration of solar hydrogen power
systems with geothermal heating systems with the aim to provide a
possible option for powering stand-alone greenhouses (Ganguly et al.,
2010; Blanco et al., 2014; Pascuzzi et al., 2016a, 2016b). A heat
exchange system with the subsoil linked to a heat pump thermal gen-
erator, in turn connected to a heating distribution system inside the
greenhouse, make up the main components of a greenhouse climate
control system fitted with a geothermal heat pump. Using ground-
source heat pump (GSHP) systems, the heat exchange with the subsoil
takes place by means of a fluid (water or water and propylene glycol)
that flows inside the geothermal probes (Cui et al., 2011). Geothermal
vertical closed probes generate only thermal exchange without mass
flow and then are versatile and environmentally friendly (Benli, 2013),
even if these underground heat exchanges are strictly influenced by
physical and structural characteristics of the ground, such as thermal
conductivity, geothermal gradient, and water content (Florides et al.,
2011). Greenhouses’ heating does not need very high temperatures of
the heat transfer fluid and then the employment of geothermal heat
pumps can find a useful application (Dickson and Fanelli, 2004; Russo
et al., 2014). Actually experimental studies and commercial applica-
tions aimed to evaluate the potential of geothermal heat pumps for
greenhouse cultivation have been carried out and the main results in
connection with energy consumption, environmental burdens, eco-
nomic and agronomic aspects have been stimulating (Benli and
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Durmus, 2009; O’Sullivan et al., 2010). Furthermore the likelihood of
employment of geothermal heat pumps for agricultural products drying
process, such as the use of heat exchange with the subsurface through
open or closed circuits, both vertical and horizontal, have been investi-
gated (Sethi and Sharma, 2008; Fujii and Ohyama, 2009). The aim of
this paper, based on measured experimental data, such as the inside
greenhouse temperature and the heat pump performance (input and
output temperatures of the working fluid, electric consumption), was
the evaluation of a specific model of heat pump unit and its employ-
ment in connection with a borehole heat exchange. The study was car-
ried out at the experimental farm of the Department of Agricultural and
Environmental Science, University of Bari Aldo Moro, located in
Valenzano (latitude 41°, 1’, 12’’, longitude 16°, 54’, 16’’), Bari,
Southern Italy, where a greenhouse was arranged with a heating sys-
tem connected to a GSHP, which had to cover the thermal energy
request.

Materials and methods

Experimental greenhouse - heating system - geother-
mal source heat pump
The experimental greenhouse, fitted with arched shape and realised

with a structure formed by tubular galvanised steel, has area As=48 m2

and volume V=144 m3. The covering is made of a plastic film of ethyl-
ene vinyl acetate having thickness Scf=2×10–4 m. The total covering
film surface is Acf=115 m2. The heating system is composed by black
plastic pipes (length lhh=100 m, diameter Dhh=25 mm), laid and refold-
ed on the ground, for hot water circulation, in turn linked to a heat
pump equipped by a 120 m vertical double U-bend ground heat
exchangers (thermal probe).

Geothermal source heat pump
The heating pumping unit [Model RAA-EF; Riello spa, Legnago (VR),

Italy], according to the technical data provided by the manufacturer,
produces an output of 7.0 kW thermal, absorbing 1.5 kW of electricity,
with energy COP equal to 4.7. It uses R410A as refrigerant fluid circu-
lating inside its circuit and the water mass flows in the both sides (hot
and cold) is just the same Mh=Mc=0.28 kg s–1. The compound R410A,
formed by the mixture of R32 and R125 refrigerant fluids (50%
CH2F2/50% CHF2CF3), is almost azeotropic and then at boiling the vapor
has the same proportions of constituents as the unboiled mixture; fur-
thermore, its GWP100=1900, that is during 100 years 1 kg of R410A pro-
duces the same damages of 1900 kg of carbon dioxide (Saner et al.,
2010). The heating pumping unit is fitted with a scroll compressor that
works trapping and compressing pockets of fluid between a fixed scroll,
while the other one orbits eccentrically without rotating. The scroll
compressors have several advantages such as an excellent full-load and
part-load efficiency and a continuous compression process with almost
no pulsation or vibration and are suitable to be controlled by an invert-
er. As known, an inverter-based variable-speed drive is an interface
between the utility input and the compressor motor that controls the
speed of the motor by changing the magnitude of voltage, current or
frequency. But currently heat pumps manufacturers do not insure the
performance of the scroll compressor - inverter combination and
assemble only the on/off controls with the scroll compressors (Del
Mastro and Noce, 2011).
The on/off control system is driven by a thermostat placed inside the

greenhouse that maintains the temperature near the set point of 18°C.
The control system automatically cuts off the electric feed when the air
temperature reaches this value; in this operative condition, the heat

pump hot side outlet water temperature attains the highest value
(Th1=48°C). Conversely, the control system reactivates the electric feed
when the air temperature falls below the set point and Th1 is the lowest
(Th1=24°C) in this functional condition. The efficiency of the heat
pump unit is strictly influenced by both the hot side outlet (Th1) and
inlet (Th2) water temperatures, in turn affected by the performance of
the heating system placed inside the greenhouse, the cold side outlet
(Tc1) and inlet (Tc2) water temperatures, in turn conditioned by the per-
formance of the borehole-thermal probe in the ground. The authors
sized the thermal probe in the ground in accordance with the German
standard (VDI, 2004) on the strength of the specific heat evulsion by
ground. The heat exchanger between the probe and the ground was
evaluated and designed so that to keep the sustainability energy pro-
duction without alteration of the thermal characteristics of the subsoil
in the long term (Rybach, 2010; SIA, 2010). The borehole for the probe
was built in two steps. In the first step a 3 m vertical 180 mm nominal
diameter hole was drilled and a polyvinyl chloride 160 mm nominal
diameter, 3.2 mm thickness, pipe was inserted. In the second step a 120
m vertical 140 mm nominal diameter hole was drilled (borehole radius
rb=70 mm). During the drilling time the ground composition and
stratigraphy was investigated to evaluate the thermal characteristic of
the subsoil: limestone and large clay layers and crevices compose main-
ly the ground (Figure 1). Furthermore, an aquifer has been found at
about 96 m of depth where there were layers of fissured claystone and
fissured limestone (Figure 1). The thermal conductivities correspon-
ding to the soil composition have been evaluated according to the
German standard (VDI, 2009) (Figure 1).
The thermal probe, formed by a double 32 mm nominal diameter

(effective probe-pipe internal radius reff=16 mm and 2.9 mm thickness)
U-bend pipe (number of pipes inside the borehole n=4) composed by
high resistance cross-linked polyethylene (PEX) with a thermal range
of –40°C÷+95°C, was located inside the realised drilling. The double
U-bend disposition has the following characteristics: continuity of
operations in case of one pipe occlusion; lower thermal resistance than
single U bend type; lower nominal diameter of pipe and consequent
high speed of fluid inside; high boundary area extend; high possibility
of thermal short circuit (Llopis and Rodrigo, 2008).
The borehole grouting was placed through injection on pressure of

concrete from the bottom by means of a polyethylene pipe placed
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Figure 1. Litho-stratigraphy performed during the drilling.

JAE_fascicolo 2016_03.qxp_Hrev_master  29/09/16  11:11  Pagina 165

Non
 co

mmerc
ial

 us
e o

nly



[page 166]                                          [Journal of Agricultural Engineering 2016; XLVII:544]                         

between the PEX pipes. The undisturbed ground temperature is Tg=18°C
at undisturbed ground temperature radius rg=0.5 m. The heat transfer
circulating fluid was water because the altitude of the site (130 masl) and
its climatic conditions did not produce fluid freezing risks. Moreover, the
use of water without antifreeze fluids (propylene glycol, ethylene glycol,
and so on) allows preventing any pollution of the surrounding environ-
ment or chemical incompatibility with the materials of the system in
case of probe crashed (Ozgener, 2010). Within the period November 2014
- March 2015 experimental measures concerning the greenhouse inside
and outside air temperatures as well as with reference to the heat pump
Th1, Th2, Tc1 and Tc2 were carried out. The air temperatures inside and out-
side the greenhouse were measured by means of ventilated platinum
resistance thermometers (Pt100) probes, whose data were collected
through a data loggers CR10X (Campbell Scientific, Inc., Logan, UT,
USA), set with a sampling time of 10 s and a data storage time lag of 15
min. Furthermore, Pt100 probes measured the outlet and inlet tempera-
tures of both the sides (hot and cold) of the heat pump. Finally, a digital
multimeter measured its electricity consumption. 

Theoretical aspects

Greenhouse thermal systems and energy requirement
The thermal energy requirement of a greenhouse depends on many

factors as the solar radiation, the inside and outside air temperature,
the wind speed, the soil temperature, the greenhouse area, the geom-
etry and orientation, the thermal proprieties of covering materials, the
air ventilation and loss, and so on. For the aim of this study only the
main thermal exchanges has been taken into account, even if the
mathematical dynamic model of the greenhouse thermal behavior is
very composite (Ozgener and Hepbasli, 2005). Considering the steady
state and the overnight winter conditions, the heating power require-
ment Q1 [W] of a hot water pipes heating system has been evaluated
as the sum of the thermal convection and radiation exchanged among
a long black pipe and the internal greenhouse air, soil, and covering
film through the equation:

Q1 = Qh,i + Qh,cf + Qh,s                                                                               (1)

where: 
Qh,i, convection power loss between heating system and inside air [W]; 
Qh,cf, radiation power loss between heating system and greenhouse cov-
ering plastic film layer [W]; 
Qh,s, thermal radiation power loss between the heating system and the
surface of the inside soil [W].
Qh,i and Qh,cf, in turn, are linked to the thermic power balance, respectively,
of the internal air radiation and of the covering plastic film layer (Bianchi
and Scarascia-Mugnozza, 1996). Therefore, in steady and overnight win-
ter conditions, the following equations have been considered: 

carriage return:

Qh,i = Qi,o + Qi,s + Qi,cf                                                                               (2)

thermic power balance of the covering plastic film layer:

Qh,cf + Qi,cf = Qcf,o + Qcf,cs + Qcf,s                                                                (3)

where: 
Qi,o, thermal power loss due to leakage of inside air [W]; 
Qi,s, thermal convective power loss between inside air and soil [W]; 
Qi,cf, thermal convection and conduction power loss between inside air
and covering film [W]; 

Qh,cf, thermal radiation power loss between heating system and cover-
ing film [W]; 
Qcf,o, thermal convection power loss between covering film and outside
air [W]; 
Qcf,cs, thermal radiation power loss between covering film and overnight
sky layer [W]; 
Qcf,s, thermal radiation power loss between covering plastic film layer
and outside soil [W].
The system of Eqs. (1), (2), (3) allowed determining the heating

power requirement Q1 for the set up experimental greenhouse. The
authors designed the greenhouse heating system according to the aver-
age temperature of the winter night-time, out of blue sky, measured in
Valenzano in the period 2014-2015, that is To=8°C and considering an
average greenhouse indoor temperature of Ti=14°C.

Heat pump - borehole heat exchanger system
The thermal power (Q1) [W] is supplied by the hot water circulating

inside the pipes of the greenhouse heating system, coming from the
heat pump, by the following Eq. (2) (Cengel and Ricciardi, 2013):

Q1 = Mh
. cp . (Th1 – Th2)                                                                          (4)

where: 
Mh is the mass flow in the hot side of the heat pump [kg s–1]; 
cp is the specific heat of water [J kg–1 K–1]; 
Th1 and Th2 are, respectively, the outlet and inlet hot side temperatures
of the heat pump [K]. Neglecting the heat loss along the pipes that con-
nect the hot side of the heat pump to the greenhouse, Th1 and Th2
match, respectively, the input and output temperatures of the heating
system inside the greenhouse.
The energy efficiency of the heat pump, i.e., the COP, is the ratio

between Q1 and the electric power required (L):

                                                                          

(5)

where Q2 is the heat power extracted from the underground. COP is
strictly linked to the working condition of both the heat exchange sys-
tems: the borehole-probe-ground system and the greenhouse heating
system.
In the cold side of the heat pump Q2 [W] is the thermal power

exchanged with the ground through the borehole-probe heat exchang-
er. Q2 have to meet simultaneously the following equations:

Q2 = Mh
. cp . (Tc1 – Tc2)                                                                        (6)

                                                                                                                   

                                                                        

(7)

where: 
Mc is mass flow in the cold side of the heat pump [kg s–1]; 
Tg is the undisturbed ground temperature, before heat injection; 
Tc1 and Tc2 are, respectively, the outlet and inlet cold side temperatures
of the heat pump [K]; RT is the effective total thermal resistance of the
borehole-probe-ground system [K W–1]. 
Tg [K] is known and RT is estimated according to the depth of the bore-
hole and the thermic characteristics of the subsoil layers.

Borehole-probe-ground thermal system
Several technical aspects affect the performance of the thermal sys-
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tem borehole-probe-ground and therefore the evaluation of RT is very
complex. A double U-bend pipe formed the geothermal probe placed in
the realised borehole. Usually these multi pipes systems are studied as
one concentric pipe with an effective thermal resistance from a math-
ematical point of view (Figure 2A).
Indeed some Authors have simulated the U-shaped pipes as a single

pipe of equivalent internal radius rf,eq by the following equation (Gu and
O’Neal, 1998; Remund, 1999; Shonder and Beck, 1999; Sharqawya et al.,
2009):

                                                                        (8)

where reff [m] is the actual probe-pipe internal radius and n is the
number of pipes inside the borehole.
The temperatures in the fluid channels vary along the borehole-

probe heat exchanger between the inlet fluid temperature into the
probe Tc,in and the outlet fluid temperature from the probe Tc,out and the
mean fluid temperature Tc may be evaluable by the following equation:

                                                                
(9)

Neglecting the heat loss along the pipes that connect the cold side of
the heat pump to the probe placed in the borehole, it results: Tc1=Tc,in
and Tc2=Tc,out.
The heat exchanges pertinent to the thermal system borehole-probe-

ground has been approached with reference to a model arranged
through thermal resistances connected to each other by end to end or
by the same pair of terminals (Figure 2B) (Tinti, 2009). The model
points out the following thermal exchanges among: i) the fluid inside
the borehole at the average temperature Tc and the internal pipe sur-
face at temperature Tp (thermal resistance of the probe Rc); ii) the
internal pipe surface at temperature Tp and the external pipe surface at
temperature Tb (thermal resistance of the borehole stuffed with ben-
tonite Rb); iii) the external pipe surface at temperature Tb and the
ground at the undisturbed temperature Tg (total thermal resistance Rg

obtained considering the thermal resistance Ri of each ground layer
crossed by the vector fluid inside the probe) (Figure 2B). The effective

total thermal resistance of the borehole-probe-ground system RT has
been calculated by the following (Cengel and Ricciardi, 2013):

(10)

                                                                                                               
where: 
li active length of the borehole for each soil layer [m]; 
lt total active length of the borehole [m]; 
rb borehole radius [m]; 
rf,eq equivalent probe-pipe internal radius [m]; 
rg undisturbed ground temperature radius [m]; 
rp,eq equivalent borehole pipe external radius [m]; 
hf,eq convection coefficient of the water inside the borehole pipes [W m–2

K–1]; 
lb borehole filling material thermal conductivity [W m–1 K–1]; 
lg,i ground thermal conductivity [W m–1 K–1];�
lp pipe thermal conductivity [W m–1 K–1].
According to Eq. (10), the heat extraction rate qc [W m–1] at different

depth has been calculated with the following:

       (11)

Results and discussion

The heat extraction rate qc [W m–1] at different depth of the ground,
calculated taking into account of the effective litho-stratigraphy per-
formed during the drilling and the corresponding thermal conductivity
lg,i is reported in Figure 3. The graph highlights the specific extraction
power (qc) concerning the different lithologic layers and in particular
the significant increase of this parameter from a depth of about 96 m
where an aquifer was present. At those depths the ground was formed
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Figure 2. A) Multi pipes borehole simplified in a single pipe sys-
tem; B) thermal resistance model of the borehole - probe heat
exchanger and ground. Tc, mean fluid temperature inside the
probe; Rc, thermal resistance of the probe; Tp, temperature of the
internal pipe surface; Rb thermal resistance of the borehole
stuffed with bentonite; Tb temperature of the external pipe sur-
face; R1,R2,Rn, thermal resistance of the ith layer crossed by the
vector fluid inside the probe; Rg, total thermal resistance of the
ground layers; Tg, undisturbed temperature of the ground. Figure 3. Borehole-probe exchanged thermal specific power.
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by fissured claystone and fissured limestone layers (Figure 1) which
were wet and then their thermal conductivities were higher if com-
pared with those ones corresponding to the dry conditions.
Therefore, the values of lgi of the fissured claystone and fissured
limestone are more elevated higher than the values pertinent to the
other litho-stratigraphy layers (Figure 1). Nevertheless, the evaluat-
ed average heat extraction rate has been of 46 W m–1 of the probe
pipe, value in good agreement with reference to the limits proposed
by the German technical standard VDI 4640 (VDI, 2004, 2009). The
global heat extraction power can reach therefore 5.5 kW taking into
account the total length of the probe pipe (120 m).
But during the test period November 2014 - March 2015, the heat

extraction rate from the ground had a trend rather irregular and, as
example, Figure 4 reports the Q1 and the borehole-probe extraction
power (Q2) measured during February 13-15, 2015. Q1 and Q2 have been
calculated through respectively Eqs. (4) and (6) using the outlet and
inlet temperatures of both the sides (hot and cold) of the heat pump
(Figure 5), whose operating conditions have been analysed through
the evaluation of L and the energy COP by Eq. (5) (Figure 6). The trend
of the temperatures pertinent to the hot and cold sides of the heat
pump (Th1, Th2, Tc1, Tc2), strictly connected to Q1 and Q2, points out the
involvement of the control system, which automatically interrupted
or restored the electric feed when Th1 reached respectively higher or
lower values than those ones established (48 and 24°C) (Figure 5).
As a consequence, the operational conditions of the heat pump are

the changeable (Figure 6), or rather of the inside compressor, which
never reaches the steady-state requirements. Really this working
manner of the compressor is affected by the characteristics of the
aforesaid control system that works only switching on or off the elec-
tric feed in connection with the limit Th1. A better sophisticated gov-
ernor system fitted with an electric inverter could allow to control the
number of revolutions per minute of the compressor, so decreasing
or increasing continuously the flow rate of the refrigerant fluid
R410a, circulating inside its circuit, in proportion with Th1 and so
avoiding sudden breakdown.
Furthermore, when the compressor restarts after each power cut,

the energy efficiency COP has a high value that continually decreas-
es during the running of the machine (Figure 6). Correspondingly, L
has an opposite trend with the lowest values at the compressor
restarts that increase as the machine operates (Figure 6).
This operating characteristic of the heat pump is due to the heat-

ing system inside the greenhouse, which is not able to carry out a
suitable thermal exchange, in turn probably caused by both the poor
thermal conductivity of the plastic pipes and its characteristic to be
refolded on the ground. Doubtless the employment of other materi-
als, such as copper or steel for the pipes ensure an improved thermal
exchange even if these materials would be more expensive and thus
not consistent for use in greenhouses. The bad thermal exchange of
the plastic pipe gives rise to a difference between Th1 and Th2 less
than that designed one, with the raising of Th2. Conversely, being
constant the rate of the R410A refrigerant fluid circulating inside the
compressor also on the cold side of the heating pumping unit, the
difference between the temperatures is changed in regard to the
designed one with the drop of Tc1. The alteration of Tc1 and Tc2, in
turn induces a variation of the mean fluid temperature Tc inside the
borehole heat exchanger - Eq. (9) - and then also the heat extraction
rate qc is affected. In conclusion the trends of Th2 and Tc1 produce a
lowering of COP, a scaling up of L and a progressive decline of the
borehole-probe extraction power (Q2) (Figure 6). 
Figure 7 shows the outdoor-recorded temperatures during some

days (February 13-15, 2015) of the test period November 2014 -
March 2015 and the corresponding ones recorded inside the experi-
mental greenhouse with the realised heating system connected to

the GSHP switched on. The graphs highlight a nearly constant differ-
ence between the inside and outside air temperature of the geother-
mal greenhouse when the heating system is working; whereas the
low pick temperature of the greenhouse inside air is bigger than 6°C
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Figure 4. Thermal power produced (Q1) and the borehole-probe
extraction power (Q2) measured during February 13-15, 2015.

Figure 5. Heat pump hot and cold sides temperatures during
February 13-15, 2015.

Figure 6. Heat pump operative coefficient of performance (COP)
evaluated during February 13-15, 2015. L, the electric power
required.
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in order to assure at least the low comfort temperature for the culti-
vations (Figure 7). Finally, during the test period November 2014 -
March 2015, the average electric power absorbed by the heat pump
has been 1.5 kW and the average COP 4.7; therefore 7 kW of average
thermal power has been produced for heating the greenhouse.

Conclusions

On a location of Southern Italy, an experimental greenhouse
equipped with a heating system connected to a GSHP has been
arranged and tested to establish the suitableness of low enthalpy geot-
hermal heat sources for agricultural requirements such as greenhous-
es heating. The drilling and the positioning of the geothermal probes
have been the most burdensome and expensive operations for the
achievement of the geothermal source; but also the evaluation of the
thermal characteristics of the subsoil have represented a cumbersome
aspect of the design of the whole heating system. Data pertinent the
working performance of the heat pump and the environmental param-
eters of the greenhouse have been collected during November 2014 -
March 2015, when the climate conditions of the location involve the
employment of warming. The experimental results of this survey high-
light the capability of the geothermal heat source to ensue thermal con-
ditions suitable for cultivation in greenhouses even if the compressor
inside the heat pump have operated continuously in a fluctuating state
without ever reaching the steady condition. That has been caused by
the control system (on/off) of the compressor but also by the heating
system inside the greenhouse, composed by black plastic pipes, which
did not ensure a suitable thermal exchange. Therefore, the input and
output temperatures of the hot water circulating inside the pipes and
coming from the heat pump changed continuously giving rise to a feed-
back on the temperatures of cold side of the heating pumping unit and
in turn to the performance of the borehole heat exchanger. Probably, to
increase the performance of the heat pump and then its COP within
GSHP systems for heating greenhouses, it is important to analyse and
maximise the power conductivity of the greenhouse heating system,
before to design an expensive borehole ground exchanger.
Nevertheless, according to the experimental data obtained, the GSHP
systems are effective, efficient and environmental friendly and may be
useful to supply the heating energy demand of greenhouses. 
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Figure 7. Greenhouse inside and outside temperatures during
some days of February 2015. Ti, indoor temperature; To, outdoor
temperature.
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