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Abstract

This paper presents a solar photovoltaic powered ice-maker which operates without the use of batteries and is therefore environmen-
tally friendly and may be used in truly autonomous applications in remote areas. The successful operation of the refrigeration compres-
sors by the PV panels is ensured by the use of a novel concept dedicated controller, which provides easy startup, maximum power
tracking and power management for the four compressors of the system. The prototype results have shown very good ice-making capa-
bility and reliable operation as well as a great improvement in the startup characteristics of the compressors, which remain operational
even during days with low solar irradiation and operate with improved utilization of the available photovoltaic power.
� 2009 Elsevier Ltd. All rights reserved.
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1. Introduction

Among the various and interesting applications of solar
energy, the production of ice can be considered as an
important social and economic benefit to remote areas
and developing countries since it can be used for the pres-
ervation of agricultural products, food, medicines and vac-
cines. At present, the most common technologies to
produce ice, using solar energy, are heat driven ice maker,
with numerous investigations (Boubakri, 2006; Buchter
et al., 2003; Hildbrand et al., 2004; Khattab, 2006; Leite
and Daguenet, 2000; Li et al., 2004; Luo et al., 2005; Wang
et al., 2000) and electrically driven ice maker, where the
electricity is produced by photovoltaic panels and the ice
is formed mainly on freezer which is an integral part of
the refrigerator. Although many studies have been per-
formed in this latter technology, most of them are based
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on the vapor compression cycle where the compressor is
driven by photovoltaic through a battery, charge controller
(El Tom et al., 1991; Taha, 1995; Toure and Fassinou,
1999; Kaplanis and Papanastasiou, 2006) and inverter
(Kattakayam and Srinivasan, 1998, 2000).

In order to eliminate the battery, charge controller and
inverter with their associated environmental, operating
and economic problems, a solar photovoltaic ice-making
system, without battery, charge controller and inverter
has been developed in the Renewable Energy Laboratory
at the Technological Educational Institute of Athens.
Our approach is to store the energy in ice and therefore
to avoid the need for batteries, which are responsible for
a significant portion of the capital cost and much of the
maintenance cost. Additionally environmental pollution
might be expected from batteries, due to their contaminat-
ing elements and because their life cycle is limited. Deep
cycle batteries do not last more than about 1500 charge/
discharge cycles and are usually not produced in develop-
ing countries, making funding, purchasing and transport-
ing them to remote sights difficult. In addition, funds
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may not be available to pay for the batteries when replace-
ment is necessary. Recycling the used batteries is also very
difficult and usually is rare. Generally, batteries in photo-
voltaic applications often present many problems (Diaz
and Lorenzo, 2001; Spiers and Rasinkoski, 1996), most
of them are related to their operating conditions as inabil-
ity of the battery to get fully charged in such applications
(Wagner and Sauer, 2001; Stevens et al., 1993; Woodworth
et al., 1994).

The new trend in solar operated or assisted thermal sys-
tems is to incorporate the use of a direct-current, variable
speed compressor. It has been shown in several research
works that there occur reasons why compressors with
capacity control offer distinct advantages over compressors
with fixed capacity, especially concerning energy manage-
ment and overall system efficiency (Bessler and Hwang,
1980; Chatuverdi and Abazeri, 1987; Chatuverdi et al.,
1998; Hawlader et al., 2001; Kuang et al., 2003; Li et al.,
2007).

In our system, the PV panel is connected directly to a
capacity-modulated DC compressor via an efficient con-
troller developed in our Laboratory. The advantage of
using the developed controller is the improved utilization
of the PV electric energy, achieved by modifying the com-
pressor startup characteristics and exploiting the maximum
power of the PV. In addition, the capacity modulation
enables continuous efficient operation and also avoids the
energy and mechanical costs of repeated start–stop cycles.
A commercially available compressor is connected with a
coolant circuit which is in thermal contact with the evapo-
rator in the ice storage tank interior.

The ice storage tank consists of an inoxydable insu-
lated water tank with a submerged evaporator. The
advantage of having an ice storage tank is the small
required stores, 14–21% of the size compared to a chilled
water store, and 40–48% compared to stores with eutectic
salts (Hasnain, 1998).

The developed unit can be used as a freezer and/or a
refrigerator, and is suitable for a variety of application such
as health, commercial, agricultural and domestic purposes
in areas where utility power is unavailable or utility line
extensions would be too expensive. In the case where the
unit will be used both for refrigerator and freezer, a second-
ary air-cooled loop can be added in a second compartment.
The ability to store ice, instead of electrical energy in bat-
teries, makes the proposed system a multifunction, sustain-
able and reliable cooling source both day and night without
environmental risk.

Compared to kerosene or bottled gas fuelled refrigera-
tors, the proposed system have the advantages of elimina-
tion of fuel supply problems, elimination of kerosene fuel
and transport costs and finally lower refrigerator mainte-
nance costs. Also, compared to a typical photovoltaic
refrigerator/freezer with alternative current compressors,
the proposed system has the advantages of elimination of
battery, charge controller and inverter inefficiencies and
their associated costs.
The aim of this paper is to present the experimental per-
formance evaluation of a certain batteryless ice-making
system as well as the experimental behavior of the devel-
oped controller which considerably improves startup and
steady state operation of photovoltaic powered
compressors.

2. System configuration

The ice-making system consists of an insulated ice stor-
age tank filled with water, four small-capacity hermetic
compressors equipped with their submerged vertical
plate–surface evaporators on which ice is formed, the cor-
responding air-cooled condensers, a novel controller, and
photovoltaic array. The dimensions and configuration of
the ice storage tank can permit full immersion of a 25 l milk
or water can.

The ice storage tank is an inoxydable tank, has a volume
of 175 l and is insulated with polystyrene of 10 cm thick-
ness. Four hermetic type reciprocating, direct-current com-
pressors (Danfoss BD35F-Solar) are used which are
connected to a photovoltaic array of 440 Wp, through a
controller. The evaporator is an aluminum roll-bond and
consists of two plates which have been bonded together
over almost their entire surface. The area which is not
bonded forms the evaporator channel. It is commercially
available, and can readily be defrosted manually. A plate
finned tube condenser has been used, and a small-capacity
fan forces air between the fins and over the tubes.

Fig. 1 shows the configuration of the system. Four inde-
pendent cooling compressors are fed through a power con-
troller by a common PV array. The compressors’ cooling
circuits act on a common water tank. The power ports
(P1–P4), the speed ports (C1–C4) of the compressors and
the power ports (F1–F4) of the fans are all connected to
the system controller.

There is a number of reasons why multiple compressor
systems may present advantages over single compressor
systems. One advantage is that a much wider control range
can be achieved. Even with fixed speed/power compressors,
the utilization of energy from a variable power source, like
PVs, is increased dramatically when using many small com-
pressors instead of one large compressor (Fig. 2). The same
applies to systems with variable speed compressors. For
example, a single variable speed compressor can operate
at a minimum power of 50% of its rated power. A system
of four small, similar compressors, each rated at 1/4 of
the single compressor power, will have a total minimum
power of operation of 12.5% of the total rated power, since
it is possible to operate only one compressor at 50% of its
rated power. Another advantage is that the static friction
of small compressors is lower than that of large compres-
sors and, as a result, a multiple compressor system has
lower startup power requirements. This is of great impor-
tance to solar systems, where there is a need for maximum
exploitation of the available solar energy. Finally, a multi-
ple compressor system exhibits a much higher degree of



Fig. 1. The ice-maker configuration. (a) Block diagram, (b) The cooling circuits.

Fig. 2. (a) Operation with single compressor, (b) Operation with multiple compressors.

Fig. 3. Compressor start up procedure.
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fault tolerance than a single compressor one since it will
sustain the presence of a number of compressor faults
before it becomes inoperative.

3. Control system

A dedicated control system has been developed in order
to operate the four-compressor arrangement. The control
system goals were (a) to alleviate the specific compressors’
problematic characteristics, such as the startup and the
load management and (b) to operate the four compressors
in the most energy-efficient way.

3.1. Startup

As with all motors, the compressor requires a large
amount of current at startup in order to overcome its iner-
tia and static friction. The specific compressors might
require as much as twice the nominal current at startup,
so this requirement of the compressor cannot be satisfied
by a PV that provides only the nominal value of compres-
sor current. The result in this case, during startup, is that
the effective internal resistance of the PV panel causes a
large dip in the panel output voltage. A more macroscopic
explanation is that the transient impedance of the compres-
sor is much lower than that of the PV. Fig. 3 depicts the
effect. Before startup the compressor is supplied with the
PV panel open circuit voltage, point A. Right after startup,
the compressor causes the drop of the PV output voltage
down to point B. If the power at that point is sufficient



Fig. 5. Impedance converter.
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for startup, the compressor will operate normally and its
input voltage will slowly rise to a value defined by the cur-
rent it draws at steady state, point C. If the power at point
B is insufficient for startup, the control circuit will abort the
startup procedure and the point of operation in Fig. 3 will
return to A.

Fig. 4 shows the compressor input voltage (equal to the
PV output voltage) waveform from an experiment with a
prototype system, a 110 Wp PV panel at a solar irradiance
of 420 W/m2 supplying a BD35F-Solar compressor. Ini-
tially, the voltage is around 40 V and during startup it falls
down to around 5 V. The PV at the time of the experiment
could provide a current of 1 A. Relating this experiment to
Fig. 3, one can calculate that the power at point B is
around 5 W while the PV could provide up to 40 W at
point C. The power at point C is sufficient to start the com-
pressor but the startup transient does not allow the opera-
tion at that point. The startup is eventually successful only
when the solar irradiance reaches a relatively high level.
That is the reason why a solution to the problem is the
addition of large capacitors in parallel with the PV. The
capacitors ‘hold’ the PV voltage to a high level while they
provide a large transient current to the compressor. Capac-
itance values of over 50 mF have been used in applications
(Pedersen et al., 2004). Such large capacitors increase the
cost of the system by a considerable percentage. Another
solution is the use of oversized PV panels to provide the
startup power at point B. This again, is an irrational use
of the solar energy and additionally an unjustifiable cost
for PV panels.

It would be more efficient if the available PV power at
point C in Fig. 3 could be used to start the compressor.
In order to achieve this, one could design an impedance
step-down, Pulse Width Modulated (PWM) converter to
ensure that during startup the PV impedance will not be
higher than that of the compressor. A converter of this
kind is shown in Fig. 5. A switch, S, a diode, D, and an
Fig. 4. PV voltage waveform during the compressor startup. Scales: 10 V/
div, 250 ms/div.
LC filter (L–Co) form an impedance transformation net-
work, (Mohan et al., 2003), for which it applies that:

V o

V in

¼ D ð1Þ

Io

I in

¼ 1

D
ð2Þ

Where Vin is the input voltage to the converter (supplied
from the PV), Vo is the output voltage of the converter
(supplying the compressor) and D is the duty ratio of the
switch, which is defined as the ON time over the period
time, the period being the inverse of the switching fre-
quency. From Eqs. (1) and (2) one can deduce Eq. (3):

Zo

Z in

¼ D2 ð3Þ

Where Zo and Zin are the output and input impedances of
the converter, respectively. Eq. (3) shows that the imped-
ance transformation of the above network can be con-
trolled by the duty ratio of the switch.

The filtering capacitor, Cf, is relatively small, compared
to the capacitors used for compressor startup, as it only has
to provide high frequency current to the converter. A typ-
ical value for it would be less than a couple of milliFarads.
The resistance Re represents the effective internal resistance
of the compressors.

The circuit described can be found as a commercial
product but unfortunately with fixed frequency response
characteristics, a very important point for the required
application. One needs to tune the frequency response of
the circuit in order to effectively compensate for load tran-
sients, these exactly being the startups of the compressor.
For the tuning to be performed one needs to know the
dynamic transfer function of the compressor or to have
the compressor tested. With the circuit of Fig. 5 the opti-
mum startup is achieved on-site by adjusting the gain of
the compensating loop with just a few trials.

Since the compressor already includes a converter, the
above process could be performed by the compressor itself.



Fig. 7. PV voltage waveform during startup of the compressor with the
proposed controller. Scales: 10 V/div, 250 ms/div.
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Installing an external converter would introduce extra
losses, which is inevitable with all commercial models.
However, if one wishes to use an external converter, as
was done in this work, these extra losses can be eliminated
by employing a smart control procedure. As soon as the
compressor starts, the impedance transformation function
is no longer needed, so the control circuit can ramp up
the duty ratio of the switch up to unity, Fig. 6. The con-
verter inside the compressor will then take control of the
impedance transformation needed during steady state
(required to accommodate the wide variations in input
voltage). Increasing the duty ratio to unity effectively
means that the switch of the converter is permanently
closed, which brings the switching losses down to zero.
Moreover, the conduction losses, due to switch and induc-
tor resistance, can be eliminated by the use of a relay, R in
Fig. 5, which bridges the input of the converter to the
output.

Fig. 7 shows the transient response of the PV-compres-
sor system with the impedance converter connected
between the two. This is to be compared to Fig. 4, which
was produced under the same conditions. The voltage drop
at the input terminals of the compressor is much smaller
than that of Fig. 4, and therefore startups are guaranteed
at low irradiance levels.
3.2. Load management – maximum power tracking

The speed-power control of the compressor used in this
work is normally performed in two modes, either manually
or using the manufacturer’s control strategy. A variable
resistor can be used to control the compressor’s speed man-
ually. In manual mode the compressor will operate at con-
stant speed (defined by the control-resistor) and will draw
power from the PV depending on the load conditions and
not the environmental conditions, i.e. the available PV
panel power. For a more efficient operation, the manufac-
turer of the compressor has incorporated in it an Adaptive
Fig. 6. Duty ratio ramping for minimization of the switching losses.
Energy Optimization (AEO) algorithm. In this mode of
operation the speed is adjusted to match the capacity
needed by the thermal load. However, one can notice from
the compressor’s datasheet that, even though sufficient
energy may be available, the compressor, in the AEO
mode, will not reach maximum speed directly but with a
speed increase rate of 12.5 rpm/min. This characteristic
causes a considerable energy loss when the compressor is
operated on days with wide solar irradiance variations.
Fig. 8 shows the result of a comparative experiment carried
out with two identical compressors operating in different
mode; one in the aforementioned manufacturer supplied
AEO mode of operation and the other in our developed
maximum power tracking (MPT) mode of operation to
be discussed. The compressor is connected to a cooling cir-
cuit and is left to operate from a PV panel for the duration
of a day with wide irradiance variations. It is noticeable
that the compressor power, in AEO mode, lags the varia-
Fig. 8. Variation of solar irradiance, and PV power in two modes (AEO,
MPT).
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tions in irradiance and does not reach maximum power, for
each specific irradiance level, directly but after about
40 min of operation. This energy loss is enlarged by the fact
that the compressor stops at several time points due to low
irradiance.

A maximum power tracking (MPT) control system can
be used, in conjunction with a speed-control input on the
compressor, to extract the maximum electric power from
the PV at any time. The control method presented below
is simple enough to be implemented by the compressor’s
internal microprocessor.

For a fixed load, the output current and voltage of the
PV can be measured once and the PV equivalent internal
impedance can be calculated. An impedance converter
can then supply the load in a way that it emulates the inter-
nal source impedance and therefore MPT is achieved.
However the PV internal impedance is not fixed under all
conditions. Extra, on-line measurements are required if a
variable load and/or internal impedance are considered,
which is the case here. In an attempt to reduce the number
of sensors, fuzzy logic systems and Perturb And Observe
methods may be employed, (Hong and Hamill, 2000;
Sugimoto and Dong, 1997; Wolf and Enslin, 1993; Senjyu
and Uezato, 1994; Veerachary et al., 2002; Tse et al., 2002),
which require only the PV voltage and current measure-
ment. The control system injects a disturbance in a con-
verter, which supplies the load, and detects the derivative
of the PV power. It then operates the converter in a way
that forces the derivative to zero and therefore maximum
power tracking is achieved, irrespective of the loading or
source conditions. A similar system was used in this work
but without the employment of an additional converter.
The converter already described is only responsible for
the startup of the compressor and is expected to be
replaced by the converter inside the compressor. The
speed-control input of the compressor was used for MPT.
Fig. 9 shows the block diagram of the process. The voltage
and current of the PV are sampled and the drawn power is
measured by a computer. The computer injects perturba-
tions to the compressor by means of its speed-control input
Fig. 9. Maximum power tracking arrangement.
(a resistor-controlled input). Changing the speed-control
resistance (with a 4-bit system) results in a change in com-
pressor speed, which ultimately results in a perturbation in
the current drawn by the compressor (Fig. 10). Using a spe-
cial algorithm the computer manages to force the operating
point of the compressor around the maximum power point
of the PV.

The performance of the controller is shown in Fig. 8.
The MPT control system forces the compressor power to
follow the available PV panel energy, indicated by the irra-
diance level, and therefore achieves much higher energy uti-
lization than that with the AEO mode. The MPT algorithm
is relatively simple and does not require high computa-
tional power. It can therefore be embedded in the PIC
microcontroller already installed in the BD35F compres-
sor. Similarly, the impedance conversion can be imple-
mented by the compressor’s internal converter. The
proposed solution is thus fairly practical while it can result
in impressive increase of the system performance.
3.3. Multiple compressor operation

The power drawn by each compressor is roughly pro-
portional to its speed. Therefore, in order to adapt the
compressors to the solar panel one needs to modify the
compressors’ speed according to the available power. For
a single compressor this function can be performed
through the maximum power tracking control mentioned
above. However, when multiple compressors are operated
at the same time, one needs to consider a suitable pattern
of operation, in conjunction with maximum power
tracking.

Fig. 11 shows the proposed compressors control pattern.
At low PV power levels only one compressor can be started
and operated. As the power level increases the compres-
sor’s speed is increased automatically by the maximum
power tracking control. At some point in time the compres-
sor reaches its maximum speed. In order to start a second
compressor one would have to wait until the PV panel pro-
vided another 50–60 W, which are required for the second
Fig. 10. Perturbations on the power curve of a PV, showing the maximum
power point (mpp).



Fig. 11. Speed control pattern for the four compressors (c1–c4).
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compressor startup. In the mean time the first compressor
would not be capable of utilizing the extra energy since it is
driven at maximum speed, which means that there would
be underutilization of the PV generated energy. If, for
instance, the first compressor reached maximum speed
and then the PV supplied an excess power of only 40 W
(lower than needed to start the second compressor) for
1 h (due to environmental conditions) there would be
40 Whrs unused. It is therefore proposed here that the first
compressor speed should fall to minimum (right after it
reaches maximum speed) in order to leave an available
power level for the second compressor to start. In this
way the second compressor can start immediately after
the first one reaches maximum power (Fig. 11). If excess
power is available, both compressors will speed up to their
maximum speed and the previous procedure will be
repeated for the rest two compressors. Fig. 11 shows that
Fig. 12. Coefficient Of Performance (COP) variation
the speed-up rate (with regard to power increase) decreases
as more compressors become active.

The above-described operation is more efficient not only
due to better energy utilization but also due to the charac-
teristics of the compressors. The compressors are charac-
terized by a higher value of Coefficient Of Performance
(COP) at low speeds. Fig. 12, shows the variation of this
coefficient with speed for a given evaporation temperature,
according to the company’s specifications for the used
compressor (Danfoss, 2003). Since this temperature
remains roughly constant throughout the formation of
the ice, it is desirable to have all compressors driven at
the same speed rather than having some at their maximum
speed and modifying the speed of the last one according to
the available power.

The effectiveness of the presented speed control method
will be shown in the results section.
4. Instrumentation

In order to evaluate the performance of ice-making sys-
tem, a PC-based automatic data acquisition unit has been
used. The unit monitors total solar irradiance on the tilted
PV modules’ surface, array voltage and current, ambient
temperature, cell temperature, low and high pressure across
the compressor, inlet and outlet temperature of the refrig-
erant at the compressor, and temperature at different
points in the water tank. The unit scanned all channels in
ten seconds intervals, averaged them over 1 min periods
and stored them in a hard disk for further processing.
The solar irradiance was measured using a first class pyra-
nometer. Current, voltage and pressure were measured by
relevant sensors, and finally all temperatures were mea-
sured with platinum resistance detectors.

The system operated daily and the ice produced was
weighed at the end of the day. At the beginning of each
day, before the start of the test, the system was precondi-
tioned so as to have the system always starting with the
same condition. The condition was that there was no ice
formed on the cooling plates and that the water was at
the ice nucleation temperature that is the temperature at
which ice begins to form. From this point the ice is formed
and it grows as dendritic ice, which consists of thin plate-
like crystals of ice interspersed in the water (Akyurt
et al., 2002). This condition was dictated by the practical
use of the ice-maker in which the system would start oper-
ating every day having kept a fair amount of ice from the
previous day. That amount of ice would keep the water
with speed for a given evaporation temperature.



Fig. 14. Variation of PV power and solar irradiance on a day with wide
irradiance variations.
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temperature at around 0 �C at all times. The ice is removed
from the plates at the end of the day in order to measure
the exact amount of ice produced during the day.

5. Results and discussion

Several experimental measurements were taken through-
out many months and the collected data was used to eval-
uate the behavior of the proposed controller and the energy
efficiency and ice-making capability of the system.

Fig. 13 shows the PV power of the ice-maker and the
solar irradiance during a sunny day (17-11-2006). The first
compressor starts operating at around 8:30, quite early for
a November day. The startup is significantly aided by the
dedicated startup converter described above. A single high
power compressor without a startup system would have
required a solar irradiance of at least 400 W/m2 in order
to perform a startup, while the proposed system started
at 150 W/m2. Right after startup the compressor enters
the maximum power tracking mode. It is visible that there
is a coincidence of the supplied PV power and the solar
irradiance curves. Since the available PV power is almost
proportional to the solar irradiance one may directly
reach to the conclusion that all the available PV power
is being drawn from the PVs and delivered to the com-
pressor. After a small period of time the second compres-
sor is started. This is visible as a short/sharp reduction in
power at around 9:00. That is where the controller decides
to lower the speed/power of the first compressor to mini-
mum so as to gain a power margin for the startup of the
second compressor. Again, right after the startup of the
second compressor, the two compressors enter the maxi-
mum power tracking mode and precisely follow the avail-
able PV power. The same is done with the rest two
compressors. Between 12:00 and 14:00 the system does
not exceed a maximum power, which corresponds to the
total rated power of the compressors. The PVs are slightly
oversized, which fact gives an advantage in early startup
and in the operation on cloudy days. The same operation
pattern is followed during the descent of the solar
irradiance.
Fig. 13. Variation of PV power and solar irradiance on a sunny day.
Fig. 14 shows the operation of the ice-maker on a day
with wide irradiance variations (28-3-07). The system man-
ages again to precisely follow the variations of the solar
irradiance and effectively utilises all the available energy,
despite the fact that the solar irradiance profile is fairly
abnormal and contains sharp edges of great amplitude.
Fig. 15 shows a closer look at the 9:00–10:00 interval in
order to reveal the response of the decision-making algo-
rithm. It is evident that the number of operating compres-
sors is chosen quite fast, according to the level of the solar
irradiance. The level of activation for the compressors has
been found experimentally and certain margins have been
allowed so as to ensure successful startups. The above
response of the control system enables the ice-maker to
operate with any irradiance profile.

The complete ice-maker was tested on days with differ-
ent values of total solar irradiation in order to evaluate
the amount of produced ice. Fig. 16 shows the performance
curves of the ice-maker as regards the daily solar irradia-
tion on the tilted surface of the PV array. The compressor
Fig. 15. Response of the decision-making algorithm.



Fig. 16. The performance curves of the ice-maker. (a) Energy exploitation, (b) Ice formation.
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energy exploitation curve (a), can be approximated by a
linear function with a proportionality constant of around
0.303 kWh(compressor)/kWh/m2, which, taking into
account the PV area of 3.3 m2, suggests a combined PV
panel – compressor efficiency of around 9.2%. This value
is quite close to the PV panel nominal efficiency, revealing
the accurate maximum power tracking of the controller.

The ice quantity curve, Fig. 16(b), shows that the system
is capable of producing around 4.5 kg of ice at only 3 kWh/
m2 and up to 17 kg at about 7.3 kWh/m2, all units per day.
One may notice large deviations in the values in this graph.
These deviations are largely due to the impact of the solar
irradiance profile on the system performance. Two days
with the same total solar irradiation but different solar irra-
diance profile may lead to the production of different quan-
tities of ice. This effect can be attributed to the Coefficient
Of Performance of the compressors in combination with
the compressors’ speed at different solar irradiance levels.
Also, the ambient temperature can affect the performance
of the PV array and the condensers and the thermal losses
of the ice storage tank, therefore affecting the daily ice
production.

6. Conclusions

A batteryless, solar-powered ice-maker has been pre-
sented that is truly autonomous and environmentally
friendly. The ice energy storage renders the systems main-
tenance-free and makes it ideal for application in remote
areas with energy supply limitations. The system controller
offers a reliable operation with near-perfect solar energy
utilization, making the solar-to-compressor power effi-
ciency reach around 9.2%. This is done by providing easy
compressor startups, enabling operation at as low as
150 W/m2 of solar irradiance, accurate maximum power
tracking and efficient power management. The prototype
results have shown that the system energy exploitation is
very high and that the system can produce a relatively large
quantity of ice (up to 17 kg from a 440 Wp PV panel on a
good day), even on days with low total solar irradiation.
These results verify the success of the proposed ice-maker
configuration in providing a reliable continuous cooling
source for a wide range of solar irradiance levels.
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