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Abstract: This paper presents the recent studies on hybrid air conditioning systems. Additionally, the fundamental vapour
compression system and components involved within the solar air conditioning system are discussed. The introduction of low-
temperature storage is an interactive solution and improve economically which portrays different modes of operating
strategies. Yet, only a few studies have examined on the optimal operating strategy of the hybrid system. Finally, the findings
of this review will help suggest optimization of solar absorption and vapour compression-based hybrid air-con systems for
future work while considering both economic and environmental factors. 4 comprehensive review has been conducted on the
previous research's that were published, which includes studies, specifications, and experimentally measured values of air
conditioning systems in various tropical or subtropical climates in all countries of the world. The air conditioning regulators
were divided into two main parts, the traditional cycle and the hybrid cycle, and a study of the working mechanism of each
of the two systems, with illustrations for each cycle. A brief overview of solar collectors with different specifications and
values, available spaces, and amounts of energy produced from emitted solar radiation was also discussed. Solar energy is
also categorized into two main categories: solar thermal collectors, solar photovoltaic panels. The focus of the research has
been on the past ten years. Different results were obtained in terms of economic and energy savings, with an average of 25%
to 60% of the total energy consumed in the refrigeration cycle annually. Improvement in COP (Coefficient of Performance)
is also observed at rates ranging from 10% to 20% at peak temperatures during the summer. Researchers recommended the
use of vacuum tube types of solar collectors because they are more efficient, effective, and serviceable in volatile conditions,
as well as occupying less space than other types of solar collectors. In terms of performance, the COP was recorded at a rate
of 5.6 to 4.6, while the COP for the absorbance system was very low, with a rate of 1.2 to 2.

Keywords: Keywords: Hybrid air conditioning system solar powered AC, solar assisted AC, hybrid air conditioners.

affects the climate significantly as a result of carbon
emissions resulting from the combustion of fossil
fuels, and global warming that affects the ozone layer
(Cabeza & Serrano, 2015 and Kabeel, 2017) causing
negative changes in the climatic atmosphere leading
to negative changes in temperature and humidity,
(Seving & Glingdr, 2012) increasing average
temperatures and weather fluctuations during the
seasons of the year, especially during the summer.
Higher temperatures during the summer lead to an
increase in the demand for air conditioning.

1.Introduction

Conventional air conditioners or vapor
compression systems are primary contributors to
energy consumption in modern buildings. Common
environmental issues emanating from vapor
compression systems include greenhouse emission
and warmth waste. These problems are often reduced
by the adaptation of alternative energy components to
vapor compression systems. However, intermittence
input of daily solar radiation was the central issue of
the solar power system Due to the remarkable

population increase in the world during recent years,
the increase in demand for electric power, and the
depletion of fossil fuels in the world have been
enrolled, leading to an increase in environmental
pollution. The increase in pollution leads to an
increase in global warming, which in turn negatively

Air conditioners excessively consume electrical
energy, exacerbating the increase in energy and fossil
fuel consumption, which is the main cause of climate
and environmental pollution from carbon emissions
(El-Sayed et al, 2018) with the study and
investigations taking place all over the world, the air
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conditioners are the most resident and communicant
appliances, which consume electrical energy by
(Pinto et al., 2019).

Scientists and researchers around the world have
come up with economic solutions and found strategic
systems that reduce fossil fuel consumption by
switching to a sustainable and environmentally
friendly renewable energy sector with zero carbon
emissions (Mohanraj et al., 2018). Solar energy is
renewable and sustainable energy.

Solar energy is more feasible and effective than
other energies because it is more, more available than
other renewable energies, and less expensive to reach
the earth, the amount of solar energy day-by-day solar
dose of 108 kW-hr, which is identical to 500,000
billion oil (Fong et al., 2018). The emitted solar
radiation is exploited by converting solar radiation
into thermal energy or electrical energy through solar
thermal collectors or photovoltaic solar panels
(Brahmankar & Bhushan, 2018). Researchers used
solar energy by connecting solar collectors to air
conditioners to reduce compressor power
consumption (Jani et al., 2016). The solar compressor
is responsible for increasing the pressure of the
refrigerant to reduce the consumed energy to get the
required amount of work. The compressor consumes
the bulk of the energy in the air conditioning cycle
(Wang et al., 2014).

2. The refrigeration cycles

2.1 The conventional

A conventional air conditioning system consists
of the following main parts: an evaporator,
compressor, condenser, expansion valve, and
refrigerant, with appropriate physical properties. The
conventional refrigeration cycle system consists of
the following main parts as shown in Figure 1:

» Evaporator

* Compressor

» Condenser

* Valve expansion control

The cycle starts from 2 as shown in Figure 1.
Where the refrigerant absorbs temperatures from
inside the room through the evaporator that
contains the liquid refrigerant at a low
temperature and low pressure. After obtaining
room temperature, the refrigerant reaches the
saturation temperature for evaporation, after
which it begins to evaporate, and after gaining
heat, the vapor moves to compressor 3. The

compressor increases the pressure of the gas and
pushes it from the compressor to condenser 4.

Heated fad
Q

Figure 1: Conventional air conditioning system.

The compressor acts as a pump in the cycle
increases vapor flow rate and pressure amount. The
vapor goes to condenser 4 in the cycle. The fan works
by forced convection method to remove the heat
generated and transfer it from the refrigerant from the
indoor environment represented in the room to the
outdoor environment by placing air on the fins of the
condenser. Then the gas goes to expansion valve 1 as
shown in the Figure 1. The valve serves to convert
the cooled gas into a cooled liquid with a lower
pressure, the lower the pressure, the lower and the
saturation temperature for evaporation. Then the
refrigerant fluid returns to the evaporator, at low
pressure and temperature, to the compressor...etc.
The cycle continues until the cooling load required to
provide adequate comfort conditions for an individual
is reached (Al-Alili & Reinhard, 2012).

2.2 Hybrid air conditioning cycle

The cycle of hybrid air conditioners is quite
similar to that of a conventional air conditioning
system that relies on the electrical grid as the power
source. The two cycles, hybrid and conventional,
consume the most energy in the compressor. The
energy source in a conventional air conditioning
system depends entirely on the electric power from
the electric power grid.

Figure 2: Hybrid air conditioning system with solar.
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Figure 3: Cycle of Hybrid air conditioning system
with heating.

The hybrid air conditioning system derives part or
all of the energy required to accomplish the cooling
process from sustainable solar energy sources
(Fatouh et al., 2017). The compressor draws energy
from the solar inverter directly as photovoltaic energy
or through solar panels or batteries charged by solar
panels and a solar inverter that converts solar PV
energy into electrical energy (Al-Alili & Reinhard,
2012).

Another method reduces the workload imposed
on the compressor by solar thermal collectors and its
service function, increasing the temperature and
pressure of the refrigerant, which leads to a reduction
in energy expenditure on the compressor (Al-Alili &
Reinhard, 2012). As shown in Figures 2 and 3
(Vakiloroaya et al., 2013).

The last method is absorption it is a cycle that
operates within the refrigeration cycle that
compensates for the work of the compressor and
depends on the heat provided by the solar thermal
collectors. Dependent on the heat supplied from the
solar collector ( Bellos & Tzivanidis, 2017). The
hybrid cooling system consists of the following main
parts, as shown in Figure 2:

» Evaporator

* Compressor

» Condenser

» Expansion Valve control
* Solar collector

The system performance was studied in previous
researches through the process of connecting a solar
thermal collector with a commercial air conditioning
system as shown in Figure 3.

Air conditioning is carried out through the
process of transferring the refrigerant from the
expansion valve to evaporator (1). Figure 4 at low
pressure and low temperature, the evaporator works

Investgation the Solar Powered Gybrid ...

as a heat exchanger between the internal environment
and the refrigerant liquid in the evaporator. Because
of the temperature difference, heat is transferred from
the point with high temperature to the point with low
temperature, and thus the temperature of the
refrigerant increases. Gradually the refrigerant begins
to shift from the liquid phase to the gas phase and then
moves to the compressor (2) as shown in Figure (3).
The amount of energy entering the compressor is
controlled to reduce the operation of the compressor
and thus reduce the energy consumed through the
power regulator works to reduce compressor action.
The solar thermal collector compensates the lack of
pressure required for the refrigerant in the cycle. The
refrigerant goes to the heat exchanger (3) as shown in
Figure 3, connected to the solar thermal collector. The
cooled vapor is heated to a high temperature; the
pressure rises because of the high temperature of the
refrigerant acquired from the solar thermal collector,
which derives its energy from the solar radiation
available on the surface of the complex Figure 6. The
refrigerant exits from the solar collector to the
condenser (4) as shown in Figure 3. The condenser
expels heat to the external environment by applying
forced air to the fins of the condenser. The role of the
condenser is a heat exchanger with the external
environment.

The refrigerant temperature drops and then moves
to the expansion valve (5) in Figure 3 the valve
reduces the pressure and temperature of the
refrigerant, so the refrigerant returns from the gas
phase to the liquid phase at a lower temperature and
pressure. The refrigerant at a temperature of between
(0-10°C) arrives at the evaporator and the refrigerant
is heated up to be transferred to the compressor. Then
on to the solar collector etc. The justification process
continues to reach the desired temperature for the
individual's comfort or the appropriate conditions for
human comfort.

Figure 4: Evaporator.
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3. Solar system combined with air
condition

The solar collector is a system that works on the
energy of the solar radiation emitted to the surface of
the earth. The solar collector works on absorbing the
available solar radiation to heat the liquid inside the
thermal conductors that absorb solar heat, from the
available solar radiation, the water or liquid is heated,
which is responsible for transferring the heat energy
resulting from the fall of solar radiation on the solar
collector (Goswami, 2015). Many carrier Medias are
Figure 5: Compressor. selected according to the thermal conductivity and the
thermal conductivity coefficient of the material as
shown in Table 1.

The best and most widely used solar collectors are
flat-panel thermal solar collectors. The average
efficiency of a flat-panel solar collector is (45% to
65%) of the total solar energy flowing onto the
surface of the solar collector.

Table 1: Thermal conductivity coefficient of some

material.
. AT
Figure 6: Solar Collector. . : Heat The
No. Materials Density i i
Capacity Resulting o
" (°C)
X Water 1.00 4.19 4.19 0-100
Ethanol 0.78 2.46 1.92 117
2 79
Glycerin 1.26 242 3.05 17-
3 4 : : : 290
Canola oil 0.91 1.80 1.64 -10-
4 ’ : : 204
Synthetic -10-
s oil 0.91 1.80 1.64 400

Figure 7: Condenser.

Flat-panel solar collectors are considered the least
expensive and most abundant, the other type of solar
collectors Thermal evacuated tube solar collectors are
the best types of current solar energy solar collectors
because their design allows for preference in their use
(Nagaraj et al., 2020. It consists of glass evacuated
tubes of air containing a heat transfer medium inside
the inner tube that transfers the absorbed heat. The
vacuum tube acts as an insulating medium that
increases the efficiency of the solar collector. The
average efficiency of the evacuated tube solar
collector is 95% of the total solar energy absorbed by
the evacuated tubes of the collector Solar (Chen,
2011). In addition to the presence of another type of

Figure 8: Expansion valve.
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multi-use, there is another type of solar thermal
collector, a solar heater placed on the surface of the
basin at a certain angle of 18 °C shown in the figure
(9) that works to introduce the incoming solar
radiation. In addition, the bathtub is painted from the
inside in black or good dark colors that absorb solar
radiation, Average temperatures from 45 °C to 65 °C
(Nagaraj et al., 2020). The solar heater consists of a
well-insulated basin that contains internal tubes and a
glass plate.

v

— -

i i
_ WINDOW, H =18
= OCCUPANCY =20
::3 - DEVICES =2
o~ o TUBELIGHTS =1

:ﬂ COMPUTER, PRINTER,

* 1LAPTOP
= QLm -
:?: - 0
RS

| &m ¢

- o — E

(b)

HTWaR PERAED PALRON @

MEBOMR

N

N
N\ -
A ‘ \ .
N N

1

X
y—y—y - v ey
77 F 77
! J / J
P . P

NN
NS N

Q_‘ﬂ\\_‘\ﬂﬁiiwﬁﬂ\:
OSSN NUNUSNOSUON N NN NN NN

(c)

Figure 9 (a, b, and c): Experimental setup of a solar
water heater tank with the detailed dimensions of the
solar tank for the researcher (Nagaraj et al., 2020).
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3.1 Solar
conditioning

PV panel hybrid air

Photovoltaic solar collectors are a type of solar
energy collector that is based on renewable energy.
These collectors convert light energy from the sun
into electrical energy that is used to power air
conditioning systems (Jie et al., 2008).

The solar panel system consists of a
photovoltaic solar panel made of chemically treated
silicon with gaps to increase cooling and increase the
performance of the solar panels. For solar modules,
several methods have been proposed to cool the solar
panels to increase production efficiency and prevent
damage caused by damage to treated silicon modules
manufactured for photovoltaic cells. Solar PV Hybrid
HVAC System consists of (Air conditioning system
with suitable cooling load, PV solar panels
(modules), inverter, batteries, power charger, charge
controller, meter...etc.) (Al Qdah, 2015). The
proposed system works by linking the hybrid air-
conditioning system with the photovoltaic units, the
inverter, the batteries, and the battery charger as
shown in the following Figure 10 and 11.

To compensate for the lack of energy supplied
to the compressor during operation due to increased
heat load, climatic changes, cloudy clouds that need
sunlight, Low level of solar radiation, reduced sunrise
hours, and the fact that photovoltaic panels act as a
mechanism. To produce energy from the available
solar radiation to generate more energy. The energy-
consuming refrigeration cycle that circulates the
refrigerant and compresses the vapor to the required
pressure is the refrigeration cycle that circulates the
refrigerant and compresses the vapor to the required
pressure. This is done by studying the connection of
solar panels directly to the air conditioning system.

Figure 10: PV panels.
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Figure 11: Cycle hybrid air conditioning system with
PV panels solar.

Among the most important papers presented. (Al
Qdah, 2015) presented a study on solar panels in the
atmosphere of Medina in the Kingdom of Saudi
Arabia, with six panels, two batteries for 8 hours, and
12 batteries for two days, with a cooling capacity of
3.5 kilowatts in areas not connected to the electrical
network in the mountainous areas surrounding the
Haram al-Sharif in August and January.

Mohankumar et al, (2017) used photovoltaic
collectors to produce electrical energy 4 panels of 250
watts and 48 volts batteries were used. 220-watt
inverter and 12-volt battery to feed the 3.5 kW
cooling load. Hashim A. H. et al, (2020) also
presented a detailed study of the mechanism of solar
panels in the atmosphere of the State of Iraq in the
city of Baghdad in the Tajik region. Where the
researcher used 8 solar panels and batteries with a
capacity of 75 AH 3.5 KW cooling load the
experiment was conducted from 11:00 to 17:00.

Li et al, (2020) took advantage of photovoltaic
collectors to provide electrical energy to withstand
the required cooling in the volatile atmosphere of the
city of Shanghai and a rate of 37.17% was obtained,
while in the atmosphere of Shenyang the average
energy saving rate was 26.40%.

Abdoulha et al, (2021) where the researchers
conducted a study on the required cooling load on the
SHIATS campus by relying on photovoltaic panels to
provide electrical energy. The data were studied each
month separately, in July; 2,942.8 watts were
obtained from solar PV panels. The energy that the
solar photovoltaic panels can provide is used to run
the required cooling load and also transfer the excess
energy via the charger to the batteries during the
afternoon from 1:30 to 4:00 pm, when solar radiation
and solar modules are at their peak during some time
In the afternoon and afternoon, recover the energy
stored in the batteries charged by the inverter to
compensate for the reduced amount of energy

supplied to the compressor during periods when solar
PV output is low and during the night due to lack of
solar radiation which is the main generator of energy
production.

The amount of energy was taken into account.
The equipment required and the amount of cooling
load required for a room, office, or space intended to
provide it with individual thermal comfort conditions
in a well-thought-out, accurate, and recorded form of
data and tabular calculations to reduce consumption
is to exhaust the available energy and reduce the
economic costs of building a photovoltaic system on
the individual consumer.

3.2 Flat plate solar collector hybrid air
conditioning

As for the hybrid air-conditioning system
connected to a flat-type solar collector, it was used to
reduce energy consumption in the compressor. Al-
Nayer et al, (2015) presented an empirical study on
the work of the flat solar collector and the efficiency
of water heating in the atmosphere of the city of
Sudan during winter periods in addition to heating
and daily used. Other studies also presented
descriptions on the work of solar panels connected to
a cooling load of 3.5 kilowatts in four different
climatic regions in the State of Egypt and the results
were 66.02% in Alexandria, 60.10% in Cairo, and
50.39% in Al-Fardqa, while in Aswan it amounted to
41.16% while consuming more from the traditional
previous regime in Aswan.

Jingkang et al, (2020) presented a detailed study
on the mechanism for developing the efficiency of the
level solar collector to bring the thermal productivity
to an average of 100 Up to 120 ° C under the effects
of ambient air without optical focus, where the rate of

improvement in the efficiency of solar radiation
reached 13%.

Nagaraj et al, (2020) took advantage of the
simplified solar collector that was connected to a
conventional cooling system with a capacity of 3.5
kilowatts. The experiment was conducted at times
between 1:30 in the afternoon and 4:00 in the
afternoon, the highest rates were recorded during time
between 3:00 and 3:30 in the afternoon In April and
May, 32% of the total energy consumed in the
compressor was saved, but in the height of the
summer it was saved by 45%, and it also improved
the performance coefficient of the system from 2.25
to 4.04.
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3.3 Evacuated tube solar collector
hybrid air conditioning

Increasing the temperature and efficiency of the
solar heating collector increases the amount of energy
saved, and according to the available studies it was
found that the efficiency of the solar collector is
directly proportional to the area exposed to solar
radiation, that is, the larger the area of the solar
collector. Collector, ACR (Air Conditioning &
Refrigeration) increases the amount of water heating
and reduces the required period. The researchers urge
the use of vacuum tube solar collectors consisting of
double glass tubes. Among the most important
research presented in the hybrid air conditioning
cycle in recent years has been the proposal to reduce
the amounts of energy expended in the air
conditioning cycle is Fong et al, (2010) where
researchers studied the performance of a hybrid
system that derives thermal energy from solar
radiation emitted on a pressurized vacuum tube,
which is one of the proposed types of solar thermal
collectors, and compared it with the conventional
system. One-year air conditioning regimen in the
climatic atmosphere of Hong Kong with a subtropical
climate. Researchers have 6 alternatives, including 3
alternatives to an air distribution system and a
completely fresh air split, and 3 to return air to the
building. Through this process, an amount of energy
was saved with 35.2% of the energy consumption.

Vakiloroaya et al, (2013) exploited the
mechanism of working on a hybrid air conditioning
system connected to a vacuum solar collector, where
the researcher worked to increase the gas pressure
through the process of adding a solenoid valve
installed after the compressor and regulating the
compressor rate. Compressor block. The passage of
gas vapor through the hot water tank when testing the
system results in reduced energy consumption
between 25 and 45% of the total energy per month,
with a cooling capacity of 6 Assadi et al, (2016)
studied the hybrid air conditioning system with a
cooling rate of 3.5 kW on five different models of the
evacuated solar tube collector by equipping an
evacuated tube between 10, 12, 14, 16, and 22) and in
five different regions where 45% of The total energy
consumed in the compressor during the day and 25%
during the night period. 3.5 KW cooling capacity.

Kaidir et al, (2017) worked on a compressor with
a cooling capacity of 3.51 kW. The study and work
were carried out in the atmosphere of the city of
Indonesia; temperatures from 50 to 65 ° C were
recorded in 105 to 290 minutes, with a storage

Investgation the Solar Powered Gybrid ...

capacity of 22.5 to 120 liters for a hot water tank.
Thermal temperature recorded the highest
temperature of 88.5 °C as the recorded starting
temperature was raised to 27 °C and the results of the
performance coefficient for a period between 3.35 to
8.86 °C during an average of 6 hours a day. Chetan et
al, (2018) presented the results of energy saving of
29% of the total electrical energy when using a
vacuum-type solar collector and the comparison was
made between the conventional system and the
hybrid solar system.

Rahman et al, (2019) worked on adding 5% of the
volume of secondary single-walled pipes from the
total area of the cooler and the temperatures were
from (283 to 308 K) in addition to reducing the
required cooling load. Through the process of
shadowing the buildings with trees and using double-
glazed thermal insulators for the walls and ceiling of
the cold room, a 31.5% reduction in the amount of
refrigerant required was achieved, the researchers
obtained a 17.02% improvement in COP performance
and 10.06 at a given heat for the dual system
operation, as a result of reducing compressor load
With 34% of the total energy and an increase in COP
of 4, 39% compared to the. Per day by noting the
change in the conventional system.

Patel et al., (2020) presented a detailed study on
the performance of the hybrid air conditioning system
and its comparison with the traditional system. Where
the results were presented to save an amount of
energy ranging from 25% to 40% of the total energy
and saved energy by 30% of the total energy per
month, Rankine cycle shown in Figure 12.

T

N = constant —

Figure 12: T-s diagram of vapor compression
refrigeration cycle.

After adding the solar discharge tube and
improving the obtained through the process of
developing the refrigeration cycle and improving its
performance. Consisting of double glass tubes and an
outer tube that allows the entry of solar radiation, and
the inner tube is coated with a dark substance.
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The inner tube is made of copper or aluminum,
being conductive materials and possessing a high
thermal quality that absorbs solar radiation and
reduces light reflection Incoming radiation there is a
space gap between the two tubes to increase thermal
insulation and reduce heat loss from incoming
radiation. On the evacuated solar tube. Vacuum tubes
vary in size.

Tube diameter 65mm, length from 850mm to
1080mm, the distance between tubes 20mm to
provide optimum heat transfer and heat exchange
between surroundings and tubes, and has an
engineering design that allows working in fluctuating
climatic conditions with high-performance efficiency
and less exploited surface area. Several flat pools, in
which the overall temperature increase above the
ambient temperature is estimated to be 95 °C (Figure
6, 13, and 14 (A partial section of the evacuated tube
assembly detailing the assembly and operation of the
solar collector.

Evacuated Tube Diagram

Hot vapour

rises to the top
To storage
tank heat
exchanger

Evacuated

Heat transfer /(‘.u“ Tube

liquid
Coppe Cool vapour
e r hos liquities and
flows to the
bottom to
repeat cycle

Figure 13: Vertical cross-section of the evacuated
tube (Kumar et al., 2016).

Header Pipe

-

Manifold

Hoat Transfer Fin
Evacuated Tube

Heat Pipe

Figure 14: Critical component of the evacuated tube.

4. Absorption refrigeration cycle with
solar energy

One of the most important modern methods that
have spread over the past two decades is the sorption
air conditioning system. The researchers resorted to
such methods to reduce the excessive consumption of
electric energy and fossil fuels, and the resulting
carbon emissions, which negatively affect the Where
the environmental rates. The mechanism of action in
the absorption system depends in particular on the
physical properties of materials, crystals of salt,
ammonia, and water, chemical reactions, and changes
of their phases in the substance, since a change in
temperature and pressure periodically occurs through
an organized system. In addition, a sequential,
periodically stable process, as shown in Figure 15-a
and 15-b. System works on absorption or a small
absorption cycle. The compressor works in the
refrigeration cycle system, and the absorption
depends entirely on the temperatures gained from the
solar collectors that receive it. The heat from solar
radiation or through conventional heaters or electric
heaters, in the absence of sufficient temperatures
from solar energy sources.

Jasim et al, (2008) the researchers added different
types of liquids, depended on the basics of the
material and a detailed study of the energy balance,
and based on the thermal properties of ammonia and
water where ammonia and lithium nitrate were added.
Ammonia and sodium thiocyanate were added and it
was found that the ammonium nitrate, lithium,
ammonia, and sodium thiocyanate cycles are much
better than the ammonia and water cycles.

Farhan et al, (2013) used solid particles as an
auxiliary medium in increasing the absorption of
solar energy, as the metals silver, copper, iron,
secondary materials carbon oxide, and ammonia have
high thermal conductivity, and AGO was added with
weights 1.0, 0.2 and 0.4% and compared them among
themselves where it was found The best weight used
is 0.1% and the results are an increase in the heat
transfer rate of the solar collector and a decrease in
the fluid quantity required for cooling, the system In
addition to increasing the heat capacity of the system.

El-Shaarawi & Al-Ugla, (2017) studied the
performance of the absorption device in the
atmosphere of the city of Dhahran, Kingdom of Saudi
Arabia. The researcher used a flat-type solar collector
to provide the necessary heat, the system provided a
cooling amount of 5 kilowatts for 24 hours
throughout the year, and the researchers observed a
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decrease in the level of COP during the winter due to
the decrease. At the level of the solar heat source.

Solanoe-Olivares et al, (2019) presented a study
on the performance of the absorptive air conditioning
system in the weather conditions of the city of
Mexico, and the results were saving nearly 80%.
Reducing carbon emissions causing greenhouse gas
emissions, and saving between 20% and 80% of
conventional energy annually, in addition to an
environmental study on the negative effects of the
system and its operational life, where the operational
life reaches 25 years.

Bouhal et al, (2020) used vacuum tube-type solar
collectors in the atmosphere of the city of Morocco.
The study was conducted in the residential, office,
and corporate buildings in three different climate
zones: Fez, Marrakesh, and Zagora, with the
researchers concluding that it is possible to save
between 40% and 70% of energy annually.

Dardouch et al, (2020) benefited from the
pressurized cooling technology, which relies on solar
energy as a source of energy, as it was developed
from the system through the use of a distillation
column, which facilitates the process of ammonia
distillation. Steam instead of a boiler, which has a
negative role in system performance, and the results
have been an increase in scientific performance,
system cooling efficiency and longer service life. The
distillation column also provides 30% less space than
the total area of a conventional system.

Areeba et al, (2021) the R410A refrigerant was
used in the climatic atmospheres of the city of
Pakistan, where the solar collector saved about 71%
of the required energy used program simulation
software TRNSYS ® to finished the word. In
addition, the tank temperature was up to 92 © C, which
was studied on three different rooms and the cooling
results obtained from during the process. Average
temperatures ranged between 30 and 19 °C in thermal

conditions recorded at 78 °C, over one week.

5. Conclusions

Practical and theoretical studies by previous
researchers explained a number of important results
and hypotheses in the mechanism of work and
development of hybrid and conventional systems, and
a comparison between hybrid air conditioning
systems (integrated with photovoltaic panels -
integrated with solar thermal collector with
compressor unit). The results reached in the following
points clarified the following:

Investgation the Solar Powered Gybrid ...
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Figure 15: (a) Solar generation system with collector.
(b) Modified solar-driven platen-munter diffusion
absorption refrigerator.

1.a) One of the advantages of the hybrid cooling
system by solar panels is that it works with high
efficiency and a good performance factor of 4 to 5
COP= and an energy-saving rate ranging from 30%
to 80%.

b) From an economic point of view, this type
of system is very expensive. Moreover, needs a
large space for providing a small amount of cooling
load and it needs periodic and continuous
maintenance to avoid damage to solar cells and
batteries, and this is one of the common defects in
1it.

2.a) While the absorption cooling system is
characterized by high-energy savings, as it directly
depends on solar thermal energy.

b) However, it has a low-performance factor
that does not exceed 1.2 to 2, and the cooling rate is
directly proportional to the low rate of heat
available, in addition to the large area and complex
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composition of the embedded parts, as well as the
chemicals used in the absorption process.

3.a) While the hybrid cooling system has proven
to be efficient in both practical and service terms, it
has saved an average of 25% to 60% of total energy
annually, in addition to being easy to install and low
economical cost.

b) You need small spaces to operate a system
to provide cooling with a variable load, but it is
limited to working in terms of climatic conditions
in addition to the high and good performance
coefficient.
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