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INTRODUCTION

ABSTRACT

This study presents a thermodynamic analysis of a solar-driven vapor compression refrigera-
tion (VCR) system designed for use in the region of Ghardaia (Southern Algeria) which is lo-
cated in a desert with a semi-arid climate where the demand for cooling is high, and the solar
radiation is abundant. Two working fluids are tested and compared, the HFC high GWP going
to phased out, R134a and the low GWP, HFO refrigerant recently introduced R1234ze. The
performance of the solar VCR system was evaluated using a numerical model developed in
MATLAB software, based on thermodynamic properties of R1234ze and R134a refrigerants.
The results showed that coefficient of performance (COP) and thermodynamic efficiency of
the solar VCR system increased with decreasing ambient temperature due to the increase in
the compressor power consumption. The COP during the 21* day of July month is obtained
in the range of 4.37-5.77 for R1234ze refrigerant which are close and more than 90% of the
maximum COP value, while it is in the range of 2.56-3.17 for R134a fluid. The lowest COP
values are found around noon hours during 12:00 AM and 15:00 PM. In addition, the greatest
amount of the PV power production for R134a and R1234ze refrigerants occurs in the middle
of the day (12:00 PM) as 2.8 and 1.6 kWh, respectively.

Cite this article as: Selloum A, Triki Z, Chiba Y. Thermodynamic analysis of a solar-driven
vapor compression re-frigeration system using R1234ze for cooling applications in Ghardaia
region (Southern Algeria). ] Ther Eng 2024;10(1):130—141.

Furthermore, solar cooling stands out for its environmen-

tally conscious nature, given its absence of greenhouse gas

Solar-based cooling is an indispensable domain within
the realm of renewable energy and has garnered noteworthy
accomplishments. Its significance arises from the height-
ened requirement for cooling during periods of intensified
solar radiation, which often aligns with hotter climates.
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emissions and its contribution to curbing reliance on fossil
fuels. Notably, it offers cost-effective advantages by lowering
energy expenditures and entailing minimal maintenance
costs. Another notable advantage lies in its applicability to
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remote regions lacking easy access to electricity, rendering
it a viable solution for off-grid scenarios [1].

Solar cooling systems can be broadly categorized into
two primary types: solar thermal cooling systems and
photovoltaic (PV) cooling systems. Solar thermal systems
directly utilize solar radiation to expose the refrigerant,
eliminating the need for electrical power. Conversely, PV
cooling systems harness electricity generated by PV mod-
ules to drive their operations. Within the realm of thermal
cooling systems, there exist four distinct categories: solar
adsorption, absorption, ejector, and desiccant systems.

On the other hand, PV-based solar cooling systems can
be classified as either thermoelectric refrigeration systems
or PV compression refrigeration systems. Among these,
PV solar vapor compression refrigeration (VCR) systems
prevail as the most commonly utilized and commercially
accessible options. Notably, they have found practical appli-
cations in cold storage and the preservation of vaccines in
rural areas [2-4].

Numerous experiments have been conducted to eval-
uate the effectiveness of vapor compression solar cooling
systems, encompassing both alternating current (AC) and
direct current (DC) variants [5-17]. In addition, various
researchers have undertaken theoretical investigations into
solar cooling systems using PV technology [18-26]. One
particular focus in recent years has been on low global
warming potential (GWP) refrigerants, with studies explor-
ing the utilization of refrigerant mixtures with low GWP
values to enhance the performance of vapor refrigeration
systems. Hydro-Fluoro-Olefin (HFO) refrigerants like
R1234yf and R1234ze have emerged as promising alterna-
tives to Hydro-Fluoro-Carbon (HFC) refrigerants due to
their reduced GWP values.

Mota Babiloni et al. [27] compiled relevant research on
R1234ze, encompassing investigations into its thermophys-
ical and compatibility properties, heat transfer and pressure
drop characteristics, and the performance of vapor com-
pression systems incorporating this refrigerant. Other stud-
ies have assessed the viability of R1234ze and HFO1234yf
as alternatives to HFC-134a, analyzed vapor compression
refrigeration (VCR) systems employing different evapora-
tors, and compared the performance of various vapor com-
pression configurations utilizing low GWP refrigerants.

In a study by Ben Jemaa et al. [28], an exergy analysis
was conducted on an air-cooled vapor compression chilled
water system utilizing R1234ze, with findings indicating
no significant differences in energy and exergy efficiencies
when compared to R134a.

Rajendran Prabakaran et al. [29] conducted a compre-
hensive examination of the thermodynamic performance of
an automobile air conditioning (AAC) system at three dis-
tinct vehicle speed conditions, employing R134a, R1234yf,
and a 50/50 mixture of R1234yf and R134a. Their findings
indicated that the performance of the R1234yf/R134a mix-
ture closely resembled that of R134a within the AAC unit.
However, they proposed utilizing a 90/10 R1234yf/R134a

mixture to adhere to environmental protocols (GWP <150)
without necessitating component modifications.

Toualbi et al. [30] investigated the energy performance
of a vapor compression refrigeration cycle employing low
GWP fluids (R1234yf and R1234ze) and compared it to
high GWP fluids. The study revealed that R1234ze exhib-
ited a superior coefficient of performance (COP) of 3.14,
which closely approached that of R134a (3.17).

More recently, Shamkar Prased et al. [31] carried out
both experimental and simulation investigations to explore
various refrigerants and blends as potential replacements
for R134a in vapor compression refrigeration systems. The
researchers analyzed heat transfer parameters and pre-
dicted the performance of low-GWP refrigerants across the
HFO and HEC categories through energy and exergy anal-
yses, considering commercial refrigerants such as R134a.

Despite the various studies found in the literature, there
seems to be a lack of comprehensive thermodynamic analy-
sis for solar-driven vapor compression refrigeration system
using R1234ze fluid as an alternative of R134 refrigerant for
cooling applications. The mentioned gaps in the existing
literature have been addressed by the presented study. In
addition, the use of solar energy to power refrigeration sys-
tems is an emerging area of research and innovation, espe-
cially in regions with abundant sunlight. The aim of this
paper is to evaluate the thermodynamic performance of a
solar-driven VCR system in the Ghardaia region (southern
Algeria) located in in the Sahara Desert with hot and arid
climate zone, which makes it an ideal location for the use
of solar energy for cooling applications. The traditional
method of cooling in this region is through the use of evap-
orative coolers, which are not very efficient and consume
a significant amount of water. The use of a solar-driven
VCR systems can provide a more energy-efficient and envi-
ronmentally friendly cooling solution for this region. Two
working fluids are studied and compared, the HFC high
GWP going to be phased out, R134a and the low GWP,
HFO refrigerant recently introduced R1234ze.

MATERIALS AND METHODS

System Description

The diagram in Figure 1 illustrates the key components
of the solar VCR system under investigation. The system
consists mainly of an AC refrigeration unit, a charge con-
troller that prevents the battery from being over charged or
deep-discharged, a DC-AC inverter which converts direct
current from the solar PV panel or the battery into alter-
nating current that can be fed to a conventional AC com-
pressor, a battery to store and supply energy when the sun
is not available and a PV generator which supplies power
to the refrigeration unit and charges the battery with excess
energy.

The compressor plays a crucial role in compressing
the refrigerant gas (1) to form a high-pressure and high
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Figure 1. Schematic diagram of the solar PV assisted cooling system.
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the cycle anew. A pressure-enthalpy diagram depicting the
vapor compression cycle is provided in Figure 2.
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Figure 2. Pressure-enthalpy diagram of a vapor compres-
sion refrigeration cycle.
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Site Description

The city of Ghardaia, situated in the southern region of
Algeria at latitude 32.26° N and longitude 03.46° E, expe-
riences a hot and arid climate characterized by minimal
annual rainfall. In this study, climatic data were obtained
from the meteorological station located at the Renewable
Energy Applied Research Unit (URAER) in Ghardaia [32].
Figure 3 illustrates the monthly variations in ambient tem-
perature and solar global radiation for the Ghardaia region.
It is evident that February registers the lowest tempera-
tures, averaging at 23.3°C, while June represents the warm-
est month with an average temperature of 33.7°C. The
annual average ambient temperature hovers around 25°C.
Regarding solar radiation, the highest monthly value of 205
kWh/m? occurs in July, making it the selected month for
the ongoing research.

Working Fluids

R134a, categorized as a hydrofluorocarbon (HFC), is
known for its absence of Ozone Depletion Potential (ODP).
Nevertheless, the environmental impact of a working fluid
extends beyond the depletion of the stratospheric ozone
layer when it is released into the atmosphere. While HFCs
do not harm the earth’s stratospheric ozone layer, certain
HFCs with high Global Warming Potential (GWP) can sig-
nificantly contribute to climate change. Under the Kyoto
Protocol in 1997 [33], HFCs were classified as greenhouse
gases and efforts have been made in many developed
countries to reduce their emissions. Consequently, there
is a search for alternative substances to replace high GWP

250

HFCs, including R134a, which possesses a GWP of 1430 (as
shown in Table 1).

Hence, the utilization of HFCs with a Global Warming
Potential (GWP) exceeding 150 in HVAC and VCR sys-
tems is regulated by European Regulation No. 2006/40/
EC and No. 517/2014 [34,35]. As a result, R134a is slated
for prohibition in the near future, prompting the search for
viable alternatives such as the hydro-fluoro-olefin (HFO)
R1234ze(E). This particular HFO shows promise due to its
significantly lower GWP and shorter atmospheric lifetime
(17 days for R1234ze compared to 13.8 years for R134a)
[36]. However, despite its environmentally friendly charac-
teristics, some drawbacks have been identified, including
its slight flammability and potential negative impact on
overall performance, particularly in terms of vapor com-
pression efficiency [37].

Table 1. Refrigerant properties of R134a and R1234ze [38,39]

Property R134a R1234ze
ASHRAE safety classification Al A2L
ODP (Ozone Depletion Potential) 0 0

GWP (Global Warming Potential) 1430 7
Critical temperature [K] 247.08 253.88
Critical pressure [kPa] 4059.28 3623.90
Specific heat ratio (y) 1.12 1.101
Vapor density [kg-m™] 14.35 11.65
Liquid density [kg-m~] 1295 1240
Latent heat of vaporization [k]-kg"] 198.72 184.28
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Figure 3. Monthly solar radiation and average daily ambient temperature (Ghardaia site) [32].
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Thermodynamic Analysis

Vapor-compression refrigeration system

To model the solar vapor compression refrigeration sys-
tem, the principles of mass conservation and the first law
of thermodynamics are utilized for every cycle component,
considering the following assumptions:
o Steady-state operation
o Reversible heat transfer
o Polytropic compression
o Negligible variations in kinetic and potential energy
o Insignificant pressure drops
o Consistent cooling capacity

When considering a control volume encompassing the
refrigerant side of the evaporator, the refrigerant’s mass
flow rate (1) is defined as follows [40]:

Q.
"y - hy) ()

Where: h, and h, are the specific enthalpies at states (1)
and (4), respectively (kJ/kg).

Q, is the heat transfer rate, which is referred to as the
cooling capacity (kW).

The compressor power consumption is defined as fol-
lows [41]:

m(h, — h
e — ) o
Ne-MNp-Nin

Where: h, is the specific enthalpy at state (2) (kJ/kg).

1, My and 7, are respectively called as electric motor
efficiency, belt transmission efficiency and compressor
mechanic efficiency.

Knowing the compressor exit temperature, the specific
enthalpy (h,) at the exit of the compressor can be deter-
mined. The discharge temperature based on the polytropic
is calculated as follows [42]:

P, y—1/y
T, =T, (P_) G)
e

Where: P, and P, are the condenser and evaporator
pressures, respectively (bar).

y is the polytropic exponent (defined as the ratio
between the specific heat at constant pressure and constant
volume, C/C,.

For a control volume enclosing the refrigerant side of
the condenser, the rate of heat transfer (Q,) from the refrig-
erant per unit mass of refrigerant is as follows:

Q. = m(h; — hy3) (4)

The process in expansion valve is usually modeled as a
throttling process for which:

h; =h, (5)

where h; is the specific enthalpy at state (3) (kJ/kg).
Coefficient of the performance (COP) is defined as the
cooling power, Q, divided by the work input, W:

Q.
CoP=2¢ ©)

Heat losses are a common occurrence in cooling sys-
tems, leading to a deviation between the actual coefficient
of performance (COP) and its theoretical maximum COP.
The thermodynamic efficiency refers to the ratio between
the COP of the actual refrigeration system and the COP of
a reversible refrigeration system operating within the same
temperature range:

_ COP -
rllh a COP”I(IX

Where: COP,,,. is the maximum coefficient of perfor-
mance of the refrigeration system which depends mainly
on its operating temperatures.

T,
T.—T, ®)

COP"I((X =

Equations for calculations of the thermodynamic prop-
erties of R134a and R1234ze refrigerants are presented in
[43] and [44], respectively. The developed correlations are a
function of one variable for the state of saturation and two
variables for the subcooled liquid and superheated vapor
regions.

Solar PV panel

The calculation of PV power production involves the
utilization of the solar electric panel’s efficiency, denoted as
#py> and the solar radiation input, represented as Q, [45].

Wpy =npy. Qs 9)

The generation of solar radiation from the surface area
of the panel and the overall efficiency of a cooling system
assisted by solar PV are defined as follows:

Q;,=A.1 (10)

Q.
s = Npy.COP=—

0. (11)
Where: A is the solar cell or panel surface area (m?) and
Iis solar radiation (kKW/m?).
In the solar vapor compression refrigeration system,
the objective is to fulfill the compressor’s power require-
ments through electricity generated by solar PV panels.
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Consequently, it is necessary to ensure an adequate num-
ber of PV panels with appropriate characteristics to meet
the system’s energy demand entirely. The daily cumulative
power consumption of the compressor and the daily cumu-
lative power production of the PV panels can be calculated
using the following expressions:

Ik
Wy = Z W, (k=12 .,24) (12)

i=1

k
W)r= Y (Wpp)y (k=12,..,24)  (13)
-1

Where: k is the hour of the day.
The required PV panel area can be determined by using
the following equation:

WT

= (14)
Npy- Iy

A

Here: I is the daily total solar radiation (kWh/m?/day).

The fundamental operational parameters, derived from
previous studies, which determine the performance of the
cycle, are provided in Table 2.

RESULTS AND DISCUSSION

Figure 4 illustrates the measured hourly average vari-
ations of solar radiation and ambient temperature for
the Ghardaia region during the 21* day of June, July, and
August. As depicted in Figure 4(a), the hourly ambient
temperature experiences a significant range of variation
throughout the day, with the highest average temperature
occurring in June and July, and the lowest in August. Figure
4(b) demonstrates that solar irradiation increases with
sunlight, reaching its peak values at noon. Subsequently,
it gradually decreases during the evening hours when the

Table 2. Operating parameters

Parameter Value

Nominal cooling capacity 2kW

Evaporating Temperature 0°C

Condenser temperature approach 15K

Superheat 5K

Subcooling 5K

Electric motor efficiency 95%

Belt transmission efficiency 100% (direct transmission)
Compressor mechanic efficiency 80%

PV panel efficiency 20%

Ambient temperature (°C)

3 T T
—0—21Jun
Swa == 21 Jul
25 » \ =@ 21 Aug

1.5

Solar radiation (kWh/mzlday)

0.5

Time (h)

(b) Solar radiation

Figure 4. Hourly mean variation of solar radiation and am-
bient temperature (Ghardaia site).

solar energy’s influence diminishes, and there is no solar
energy effect between 8:00 PM and 4:00 AM. Moreover, the
hourly solar radiation values in July surpass those of other
months. The maximum solar radiation value, with a magni-
tude of 2.726 kWh/m?, is recorded at 12:00 PM on June 21.
Comparing the maximum values of ambient air tempera-
ture and solar radiation, it is observed that the maximum
atmospheric temperature occurs between 1:00 PM and 2:00
PM, whereas the maximum solar radiation is registered
between 12:00 PM and 1:00 PM.

Figure 5 presents a comparison of the hourly mass
flow rates for both refrigerants on July 21. The calculation
results indicate that the mass flow rate of R1234ze is notice-
ably higher than that of R134a. This difference is primar-
ily due to R134a having a higher boiling point and heat of
vaporization compared to R1234ze at a given temperature.
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Consequently, R134a exhibits a greater cooling capacity, as
depicted in Figure 6, meaning that a lower mass flow rate
of R134a is typically required to achieve the same cooling
effect as R1234ze. The lower cooling capacity for R1234ze
refrigerant compared to R134a, with an average reduc-
tion equal to 10% is comparable with the findings of other
experimental works present in the literature [46-48].

Furthermore, R134a has a lower specific volume and
higher density in comparison to R1234ze. This implies that
a smaller mass of R134a can occupy the same volume as a
larger mass of R1234ze, resulting in a reduced mass flow
rate requirement for R134a. Additionally, the mass flow rate
experiences variations throughout the day. As the ambient
temperature rises, the heat load on the system increases,
necessitating a higher mass flow rate of refrigerant to main-
tain the desired cooling capacity.

0.0175
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— e K134
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0.0165

0.016

0.0155

0.015

Mass flow rate (kgs)

0.0145
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Figure 5. Hourly variation of mass flow rate (Ghardaia site).

150

— e 123478
— 134

145

140

135

130

125

Cooling capacity (kJ/kg)

120

15 I I T L

Time (h)

Figure 6. Hourly variation of cooling capacity (Ghardaia
site).

Figure 7 illustrates the variation of the coefficient of
performance (COP) for both refrigerants throughout the
21st day of July. The graph indicates that the COP of the
R1234ze refrigerant surpasses that of R134a, given the spe-
cific evaporating and condensing temperatures. Moreover,
the COP of R1234ze remains consistently above 4 through-
out the entire 24-hour simulation period, demonstrating its
superior performance within a broad operational range. For
R1234ze, the COP of the VCR system fluctuates between
4.37 and 5.77, while for R134a, it ranges from 2.56 to 3.17.
Therefore, the use of the refrigerant R1234ze(E) leads to an
average increase of the COP value to 43.5%. The experi-
mental works conducted by Leighton et al. [49] and Kabeel
et al. [50] also shown the same trends as in the presented

6.5

— e R123420
— Qe R34
@) COPIEX

Coefficient of performance

25 1 1

Figure 7. Hourly variation of coefficient of performance
(Ghardaia region).

— e R123420
— e R34

Thermodynamic efficiency (%)
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Time (h)

Figure 8. Hourly variation of thermodynamic efficiency
(Ghardaia region).
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work. They concluded that R1234ze has high COP by about
37.5% and 33%, respectively compared to R134a.

During the period from midnight to sunrise, the COP
exhibits an increase due to the decrease in outside tem-
perature, resulting in enhanced system performance.
Conversely, as the atmospheric temperature rises, lead-
ing to higher condenser temperatures, the system’s per-
formance diminishes. Subsequently, from sunrise until
around 14:00 PM, the COP experiences a decrease as the
outside temperature gradually rises during this daytime
period. However, the COP begins to rise again as the
outside temperature decreases during the nighttime. It
is worth noting that the COP values for R1234ze remain
close to and exceed 90% of the maximum COP value, as
depicted in Figure 8.

Figure 9 depicts the comparison of solar-to-cool-
ing COP values for both refrigerants on the 21st day of
July. It is evident that the solar-to-cooling efficiency of
the VCR system tends to decrease as the ambient tem-
perature rises. This decrease can be attributed to the
decline in solar collector efficiency at higher tempera-
tures, resulting in reduced conversion of solar energy
into cooling output. The overall solar efficiency reaches
its peak value around 03:00. Additionally, the VCR
system’s COP shows a downward trend at higher tem-
peratures due to increased power consumption of the
compressor and reduced refrigerant performance. The
R1234ze refrigerant exhibits relatively favorable solar
COP compared to R134a fluid. Between 10:00 and 19:00,
the solar-to-cooling COP values range from 0.92 to 0.94.
It is worth mentioning that currently available refrigera-
tion systems typically have COP values ranging from 3 to
6 across standard operating temperature ranges, result-
ing in total solar-to-cooling COPs in the range of 0.3 to
0.6. However, the solar-to-cooling COP values for VCR

@ R12347
— e R134a

0.9

0.8

Overall solar efficiency

0.7

0.6

0.5 1 1 1

Time (h)

Figure 9. Hourly variation of overall solar efficiency (Ghar-
daia region).
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Figure 10. Hourly variation of PV power production
(Ghardaia region).
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Figure 11. Hourly variation of compressor power (Ghar-
daia region).

systems can vary significantly depending on various fac-
tors, including solar collector efficiency, efficiency of
electrical components (such as the compressor and fan),
choice of refrigerant, and operating conditions.

Figure 10 presents the hourly variation of PV power pro-
duction in terms of amount. Based on the results obtained
for the 21st day of July, the highest PV power production
for R134a and R1234ze refrigerants is observed at midday
(12:00 PM) with values of 2.8 kWh and 1.6 kWh, respec-
tively. The daily total power consumption of the compres-
sor aligns with the daily total PV power production, as
depicted in Figure 11. The compressor power consumption
reaches its peak values between 14:00 PM and 18:00 PM
when the atmospheric temperature and cooling load are at
their maximum levels.



138

J Ther Eng, Vol. 10, No. 1, pp. 130-141, January, 2024

Conversely, the compressor power consumption grad-
ually decreases during the morning and evening hours,
corresponding to the decrease in atmospheric temperature.
For the 21 day of July, the compressor power consump-
tion ranges from 0.46 kW to 0.61 kW for R1234ze and from
0.83 kW to 1.02 kW for R134a. Thus, the compressor power
consumption of R1234ze is 42.2 % lower than R134a. The
obtained results are in accordance with the experimental
data presented in [51-54].

The maximum compressor power consumption is
observed at 14:00 PM. Consequently, the compressor
power consumption increases in direct proportion to the
atmospheric temperature and cooling load. Under these
conditions, the compressor requires a higher driving power
and may struggle to operate efficiently.

Figure 12 illustrates the hourly variation of the required
PV panel area on July 21. It is evident that the PV surface
area for both refrigerants exhibit an inverse relationship
with ambient temperature, which is to be expected. Solar
panels have a temperature coefficient, indicating the rate
at which their efficiency decreases as temperature rises.
As the temperature of the solar panels increases, their effi-
ciency declines, resulting in reduced power generation for
the same amount of sunlight. In hotter environments, the
solar panels produce less power, necessitating an increase
in the required panel area to compensate for this efficiency
decrease.

Additionally, the required solar PV area for R134a
refrigerant is higher compared to R1234ze fluid. This can
be attributed to the larger quantity of R134a refrigerant
needed to generate the same cooling effect as R1234ze.
Consequently, a larger solar PV system is required to
power the compressor responsible for circulating the
refrigerant in the system. The larger system necessitates

N
o

—O— R1234ze
—8— R134a ]

N
o
T

w
(9]

?)

N N w
o o o

PV required area (m

N
a1

10

20

Figure 12. Hourly variation of PV required aera (Ghardaia
region).

more solar panels and, therefore, a larger surface area for
capturing sunlight and generating electricity. However, it
is worth noting that the PV panel surface area does not
vary significantly with ambient temperature between
08:00 AM and 16:00 PM. This is because the power output
of a PV panel primarily depends on the amount of solar
radiation it receives rather than the ambient temperature.
While temperature can impact panel efficiency, it does not
directly influence the surface area required to generate a
specific amount of power.

Figure 13 presents a comparison between the power
consumed by the compressor and the power generated
by PV panels on July 21st, utilizing R1234ze refrigerant
at an evaporating temperature of 0°C. During the period
of 7:00 PM to 6:00 AM, the PV panels generate a rela-
tively low amount of power due to limited solar energy
availability. Consequently, the energy demand cannot
be fully met during this timeframe. However, from 8:00
AM to 16:00 PM, the PV panels produce more elec-
tricity than what the compressor motor requires. Any
excess energy generated during this period is stored in
an accumulator and utilized later to partially or entirely
fulfill the compressor power demand between 19:00
PM and 6:00 AM.

According to Figure 14, the cumulative PV power
production until 10:00 AM falls short of meeting the
cumulative compressor power consumption. At 11:00
AM, the cumulative energy production and consump-
tion become equal, and from that point onwards, the
cumulative energy production surpasses the consump-
tion, resulting in surplus solar-electricity being stored in
the accumulators.

Power (kW)

Time (h)

Figure 13. Comparison of the compressor power consump-
tion and PV power production for R1234ze (Ghardaia re-
gion).
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Cumulative Power (kW)

Time (h)

Figure 14. Comparison of the cumulative compressor pow-
er consumption and cumulative PV power production for
R1234ze (Ghardaia region).

CONCLUSION

The growing demand for cooling applications and envi-
ronmental concerns have spurred the development of solar-
driven vapor compression refrigeration (VCR) systems
with low GWP refrigerants. This study focuses on analyz-
ing a solar-driven VCR system for cooling purposes in the
Ghardaia region of Southern Algeria. The study compares
the performance of R134a and its potential replacement,
R1234ze, as working fluids. Key findings are as follows:

o In Ghardaia, the peak solar radiation occurs at 12:00
PM on July 21, reaching 2.726 kWh/m2, with July gen-
erally experiencing higher radiation levels.

o At a given temperature, R134a requires a lower mass
flow rate due to its higher enthalpy of vaporization.
However, density becomes the dominant factor favoring
a higher mass flow rate for R1234ze.

o RI1234ze demonstrates a higher COP compared to
R134a, thanks to its lower compressor power require-
ment and improved thermodynamic efficiency for the
same cooling capacity.

o The solar-to-cooling COP declines as temperatures
rise, primarily due to increased compressor power con-
sumption and diminished refrigerant performance.
Consequently, cooling capacity and efficiency are
reduced.

o Although the required surface area of solar PV panels
shows minimal variation with ambient temperature,
panel temperature directly influences performance and,
consequently, affects the required area.

o Cumulative PV power production exceeds compressor
power consumption, indicating excess energy genera-
tion that can be stored for future use.

In conclusion, employing a solar-driven VCR system
with low GWP refrigerants offers an energy-efficient and
environmentally friendly cooling solution for the Ghardaia
region. Utilizing R1234ze as the refrigerant significantly
enhances system performance, resulting in noteworthy
energy savings and cost reductions. Further research is nec-
essary to assess the feasibility and scalability of implement-
ing this system for commercial applications.
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