
Abstract

One of the greatest growing costs in greenhouse floriculture is for
energy. To reduce energy costs for thermal conditioning was projected
an innovative root zone cooling system characterized by two coaxial
pipes with hydraulic countercurrent flows. This new system was com-
pared with a traditional system with hydraulic flows cocurrent. The
plants were equipped with coolers  for obtaining flowering in the sum-
mer period by a culture of Alstroemeria spp and were measured energy
consumption in each root zone cooling system. The tests also focused
on a particular change, made during the tests of previous years, which
allows the coaxial system in turning his operation from  countercur-
rent flows to cocurrent flows. The results obtained show that the root
zone coaxial cooling system allows to obtain, in comparison to the tra-
ditional type, a better temperature uniformity of the root zone ground,
both when it is used with countercurrent flows both when it is used
with cocurrent flow. The system also allows a slight overall reduction
in energy consumption.

Introduction

Cultivation of horticultural crops in protected environments is an
industry of considerable economic importance in Italy. Greenhouses
can greatly increase the productivity of agricultural soil by accelerating
and thus shortening the life cycles of many species, both of vegetables
and flowers, promoting crop planning and diversification and also the
optimization of inputs.
A technique commonly used in greenhouse management is the root

zone heating of seeds, cuttings, transplanted seedlings and plants
(Roberts and Mears, 1989; Takakura et al., 1994; Diver, 2002). This
method allows the cultivation of  ornamental species even when tem-
perature is not optimal for plant growth and development. The most
widely used technique for root zone heating involves the use of pipes,
laid at the bottom of the benches, in which warm water circulates,
heated by a heating boiler.
One of the major problems with this technique is the significant

reduction of water temperature along the pipeline, especially in the
terminal portion where it arrives after yielding heat to the ground. As
a consequence, the tube fails in conditioning the cultivation substrate
homogeneously and thus development differs between plants placed at
the initial or at the final portion of the heating line.
With the aim of reducing the problems described above, research

was carried out by the Research Unit for Agricultural Engineering,
Monterotondo, Rome (CRA-ING), at the experimental farm of the
Research Unit for Nursery Plant Production and Management of
Landscape and Ornamental Plants in Pescia (PT), Italy (CRA-VIV).

Materials and methods

The aim of this work was to test the ability of an innovative root
zone cooling system, characterized by the presence of coaxial pipes, to
heat homogeneously potted plants placed on benches, in comparison
with the traditional method. The tests were conducted in the experi-
mental farm of CRA-VIV, in a greenhouse consisting of a galvanized
iron structure with a polycarbonate roof and a fully automated and
motorized opening system.
Eight rectangular concrete benches (0.70 m width x 7.25 length m x

0.30 m height) were placed on concrete blocks raising them 0.35 m
above the soil level. The interior walls and bottom were coated with
polystyrene panels to a thickness of 5 cm.
Two hydraulic systems, a traditional and a coaxial pipes type, were

installed in a greenhouse and were originally used, starting in 2008,
for carrying out root zone heating tests (Figure 1)  in flower cultivation
(Fedrizzi et al., 2006). The innovative root zone temperature condi-
tioning system was placed at the bottom of 4 benches. The innovative
feature of this system consist in the presence of a pair of coaxial poly-
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ethylene radiant pipes: in the inner pipe flows the cold water coming
from a cooling water plant and in the interstice between the two pipes
(return line) flows the water returning to it.
The use of coaxial pipes is widespread for general purpose

(Carnavos, 1985; Horton et al., 1975), in heat exchange systems or
equipment such as air conditioning and refrigeration circuits
(Edwards, 1981), in carrying toxic or hazardous gases (Spiegelman,
1992), in pneumatic servo and control systems (Wolf and Reichert,
1995), in dangerous conditions such possibility of air contamination
(Wolf, 1996), in thermally insulating systems (Ziemek and Schatz,
1972). 
However, nowadays, it’s not the same in agriculture because of the

lack of specific facilities: in fact to realize the system, it was used an
italian patent (Rosati, B., 2004) that allows the connection between the
internal and external coaxial pipes through a specific junction element.
The baseline consisted of a smaller pipe (diameter 16 mm), with the
hot water flow inside, and a larger pipe (diameter 32 mm), coaxial to
the first, through which the water returned to the cooling plant, con-
nected by means of junction elements. The inner tube was inserted
manually for the whole length in the outer one that was closed at the
end by a cap. The water passed from the inner pipe to the outer one due
to the presence of this closure. The contact between the coaxial pipes
results in a continuous transfer of thermal energy between the fluid in
the inner pipe and the fluid in the outer pipe. Since the flow rate of
water is the same, the difference between the area of the section of the
inner tube and the area of the interstice between the pipes in which
the water flows back to the cooler, induces a different speed of the fluid
in the two hydraulic lines. The characteristics of the innovative
pipelines are shown in Table 1.
The hydraulic network, having a total length of 112 m, consisted of a

series of 4 benches in which four hydraulic lines, 28 m long, were
arranged in parallel. The connection pipes between the benches were
insulated with neoprene to prevent heat absorption.
The cooling system was completed by:

a) an air cooled water chiller;
b) a  thermocouple sensor for cooling plant management, placed
inside the greenhouse above the aerial part of the crop;

c) a  thermocouple sensor for cooling plant management, placed into
the substrate at the centre of the hydraulic line (Figure 2, position
2);

d) an  electric power  meter (kWh).
In order to compare the innovative system with the traditional one,

a second cooling system was set up within the same greenhouse. It was
completely independent from the innovative system and a cooling plant
of the same model was used (Figure 1 and 2). This traditional system
was realized by a unique Polyethylene (PE) pipeline (diameter 32 mm)
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Table 1. Main characteristics of coaxial pipes

Characteristics                                              Return line        Delivery line
                                                                      (outer tube)       (inner tube)

External diameter (mm)                                                       16.0                             32.0

Inner diameter (mm)                                                             12.5                             23.2

Tube section area (mm2)                                                     122.7                           422.7

Area of the interstice between the pipes (mm2)           122.7                           221.7

Figure 1. Water flow in winter using condition (heating mode) in the tra-
ditional (left) and in the innovative (right)  system placed below the pot
cultivation.

Figure  2. Scheme of the cooling systems with the position of data loggers

Table 2. CV and energy consumption.

innovative plant operation mode                                    Counter               Counter              Counter            Counter                  Counter               Counter
                                                                                            current                current               current             current                   current                current

Starting test date                                                                                      03/08/2011                   19/08/2011                  30/08/2011              11/08/2011                       24/08/2011                  26/09/2011

End test date                                                                                              11/08/2011                   24/08/2011                  26/09/2011              19/08/2011                       30/08/2011                  04/10/2011

Average CV of 3 measured points in innovative plant                            0,04                              0,03                             0,03                          0,04                                  0,03                              0,08

Average CV of 3 measured points in traditional plant                            0,10                              0,09                             0,10                          0,11                                  0,09                              0,06

Traditional system-total energy consumption  (kWh/ 24 h)                22,36                            28,75                           17,57                        25,34                                25,33                            22,13

Innovative system-total energy consumption  (kWh/ 24 h)                 17,38                            27,96                           16,94                        24,60                                20,36                            21,06

Total energy consumption: difference (kWh/ 24 h)                               -4,98                             -0,79                            -0,63                        -0,74                                 -4,96                            -1,07

Total energy consumption: difference (%)                                            -21,85                            -2,72                            -7,93                        -2,93                                -20,41                           -4,77



that was connected to the cooler at both extremities. Thus, both the
outlet and the return branch of the same pipe were located under pots.
Each of the two coolers had cooling capacity of 10.8 kW, 3 kW power

draw and were equipped with: hermetic compressor with thermal pro-
tection, plate evaporators, condensers battery materials come from cop-
per pipes and storage tanks of water having a function of buffer tanks
for the reduction of ignitions of the compressors and to standardize the
delivery water temperature. The hydraulic circuits were equipped with
water circulation pump, expansion vessel, safety valve, Y-strainer to
retain impurities contained in the water circuit.
The fan groups were constituted by helical fans in thermoplastic

material, directly driven by single-phase asynchronous electric motors.
The cooling circuits were made of copper pipe with welded joints silver
alloy comprising capillary or thermostatic expansion valve with exter-
nal equalizer that modulates the flow of gas as a function of the cooling
load.
There were pressure fixed setting, mechanical filters driers able to

retain moisture and impurities present in the circuit, differential pres-
sure between the inlet and outlet of the evaporator with the function of
flow switches.
There were present also the switchboards, for the protection and

control in accordance with International Standard IEC60335-2-40,
which included a microprocessor which, among other things, served to
control the water temperature and the setting of the set of operation.
The coolers were able to cool output water up to a temperature of

7°C. Each of the 8 benches (4 heated by the innovative system, 4 by the
traditional one) contained 2 rows of 12 plastic pots (diameter 30 cm,
volume 18.5 l) (Figure 2) placed directly above the radiant pipes. The
empty spaces between pots inside the benches were filled with a 15 cm
layer of medium-thickness expanded clay. 
The temperature, in different positions along the cooling lines, was

measured through the use of specific data logger with 2-channel, model
Testo 175-T2 (Testo AG, Germany), with internal and external sensors.
The instruments were placed in three positions along the pipelines: at
the start (Figure 2, position 1 and 4), in the middle (Figure 2, position
2 and 5) and at the end (Figure 2, position 3 and 6) of the coaxial and
the traditional system respectively. The data logger were synchronized
to the solar time and were programmed to acquire data every 15 min-
utes.
In the 2011 summer season, the two cooling systems were set up and

observation tests were carried out on the efficiency of the different
plants. With the aim to test the cooling systems in real operating con-
ditions, two bulbs of Zantedeschia aethiopica were previously trans-
planted into each pot, filled with peat and pumice, in October 2010.
This species was chosen because, in order to obtain the flowering in
the summer season, the temperature of the culture substrate must be
constantly maintained at about 14 ° C.
Temperature data were acquired by a PC and were organized in the

form of a database together with the consumption of liquefied petrole-
um gas (LPG) and electricity for both systems.
For the analysis of the uniformity of root zone cooling, contempora-

neous records of temperatures in three different positions of each line
were used. 
The measures obtained by data logger placed near the thermocouple

sensors into the pots in the central positions 2 and 5 (Figure 2) were
taken as reference to evaluate differences with the measures recorded
by  data loggers placed at the beginning and at the end of both systems.
In the course of 24 hours the soil temperature varied under the influ-

ence of many external factors (solar radiation, heating the greenhouse,
irrigation, etc..), and so the sum of substrate temperature differences
between individual measures recorded in three different points into
the bench in both systems was calculated. The electrical energy con-
sumption was recorded for each cooling plant.

In the course of the comparative tests carried out in the winter of
2007-2008, coaxial plant heating, due to operational differences
between the two systems in terms of inertia in the achievement of the
thermal regime, during periods in which they alternated days charac-
terized by temperatures daily myths and nights with cold temperatures
(between late autumn and early winter or late winter and early spring),
presented in consumption higher than those in the traditional plant.
To resolve this problem, it has been designed and built a prototype

device with hydraulic valve that can change the direction of fluid flow
in coaxial pipes, allowing you to transform the mode of operation
according to the Italian Patent No. 1351132 (hydraulic flows counter-
current) or according to the traditional type (hydraulic flows cocurrent)
and vice versa, with regard to these critical periods characterized by
intermittent operation.
Upstream of each pair of patented devices of coaxial coupling have

been inserted two three-way valves which allow the orientation in the
same direction of the flow of fluids in the two coaxial tubes, thus allow-
ing to transform the operation of two pairs of coaxial pipes from the tra-
ditional to the innovative type, and vice versa.
After actuation of the valves, the water flow within the coaxial pipes

occurs in the same direction (cocurrent) in the inner pipe and the
external one. Obviously, to enable the return of water to the boiler, the
coaxial pipes, which originally had an end cap on the external pipe,
were hydraulically connected in pairs with a pipeline with a diameter
equal to that of the external tube, equipped with a valve that must be
kept open for operation in the traditional mode and closed for the coax-
ial.
During year 2011, since August 4 to October 10, the two hydraulic

systems (traditional and innovative) were tested in root zone cooling
function. Moreover, in consequence of the changes described above,
the new coaxial system has been tested also in the cocurrent mode,
which corresponds to the operation mode of the traditional plant.
To evaluate the total energy consumption of the systems compared,

the data related to electricity consumption (kWh) detected during the
tests were converted to units of energy (J) at a rate of 3.6 MJ / kWh, in
reference a time duration of periods of tests and evidence and
expressed in MJ consumed within 24 hours (MJ / d).

Results

In table 2, the data referred to the average CV of the 3 measured
points of the plants indicate that from day 04/08/2011 to 4/10/2011 the
innovative plant, in any mode would be used, has always obtained good
conditions of cooling uniformity in the terrain of culture,  compared to
traditional plant.  In fact, in the period from day 11/8/2011 to 19/8/2011
the average CV value of the 3 temperatures in innovative plant (coax
mode, cocurrent) is 0,04 while in the traditional system is 0,11.
In the period from day 24/8/2011 to 30/8/2011 the same values were

equal to 0,03 and 0,09 respectively. In the period from day 26/9/2011 to
4/10/2011 values were 0,08 and 0,06.
This shows that, for each test of the cooling plants, the traditional

system showed much higher values than the innovative one. Since a
higher value corresponds to a less uniformity in temperature recorded
along the pipeline, it appears that the innovative system allows a
greater uniformity in cooling the cultural substrate along the bench
than the traditional one.
The results show that the innovative system, in relation to his func-

tional characteristics, always consumed lower amounts of energy com-
pared to the traditional one, ranging from  2,72% to 21,85%.
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Conclusions

An innovative root zone cooling system was described and tested in
this work. The main objective of this research, consisting in obtaining
as homogeneous as possible temperature conditions in protected crop
cultivation in relation to the different distances from the cooler, was
achieved. The results of the trials carried out during year 2011 showed
that the new root zone cooling system resulted in a much higher tem-
perature uniformity than in the traditional one. The goal achieved is
even more interesting considering that the innovative system also
showed a lower energy consumption compared to the traditional one.
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