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Around the globe, a 60 % increase in energy demand is predicted to occur by the end of the year 2030 due to the
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ever-increasing population and development. With a registered temperature up to 50°C in August 2020, which
is classified as one of the hottest regions in the world, the demand for cool temperatures in Gabes-Tunisia to
achieve the thermal comfort of people ensuring the product storage has become more and more intense.
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Removing heat from buildings represents the most extensive energy consumption process. In this paper, an
absorption-refrigeration system driven by solar energy is proposed. A parametric simulation model is developed
based on the TRNSYS platform. A comparison between different models for global radiation calculation and
experimental meteorological data was carried out. It has been proven that the Brinchambaut model seems to be
the most convenient in describing the real global radiation, with an error of up to 3.16%. An area of 22 m² of
evacuated tube solar collector ensures the proper functioning of the generator and achieves a temperature up to
2°C in the cold room.

1. INTRODUCTION1
Despite a 3.8 % fall in worldwide energy demand due to the
Covid-19 lockout and an 8% decline in global coal demand [1],
cooling and heating in buildings continue to be the leading
energy consumers. With an ever-growing population, industrial
development, and human life enhancement [2], [3], with many
parts of the world experiencing record-breaking temperatures,
the need for cooling to ensure people's comfort and food storage
is expanding significantly and has tripled since 1990 [1], [4]. In
many countries, the primary cooling source is electrical power
[5], [6]. According to the IEA, space cooling accounted for over
8.5% of total final electricity consumption in 2019 and
approximately 15% of peak electricity demand on hot days [7].
The majority of electrical systems rely on fossil fuels [5],
resulting in a rise in emissions to around 1 Gt of CO 2 in 2019
and at ambient temperature as well [7], contributing to global
warming and ozone depletion concerns [2].
As a result, efforts to combat climate change must place a
premium
on
decarbonizing
energy
technologies.
Environmentally friendly and energy-efficient technology must
be developed to mitigate the environmental impact of cooling
required in the building industry while keeping costs reasonable
[8], [9]. Harmful emissions and fossil fuel consumption can be
significantly reduced using renewable energy [5]. Thus, solar
cooling systems are a viable alternative for reducing primary
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energy use and are an excellent solution for today's energy
challenges [10], [11] and as Tiwari et al. stated, solar energy is
a clean, unlimited and environmentally-friendly energy source
[12]. Solar cooling systems are of particular importance when
the cooling load of a building is compared to the intensity of
solar radiation. Due to the system's reliance on thermal energy
for cold production, solar energy for industrial and domestic
applications continues to be the greatest technology for
refrigeration and air conditioning, particularly in hotter areas
[13], [14]. Two common types of solar cooling systems do
exist. The first type converts sunlight directly into heat using
solar thermal collectors driven by the solar ejector, desiccant,
adsorption, or absorption systems [14], [15]. The second
category involves a photovoltaic module that powers the
system [15], thermoelectric refrigeration (TEC), and PV
compression refrigeration [14]. Since compression systems
require high-grade energy, alternative cooling systems such as
absorption cooling systems are receiving greater attention than
ever [16].
Solar cooling absorption systems are a reliable and costeffective alternative to other thermally operated refrigeration
cycles because they can be powered by low-grade thermal
energy, have a low total cost, and enjoy a higher performance
coefficient than other thermally operated refrigeration cycles
[5], [17]. Additionally, solar absorption refrigeration systems
utilize ammonia, water, and lithium bromide as
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environmentally-friendly refrigerants, have no global warming
potential, do not contribute to ozone layer depletion, and
operate at a lower temperature than other vapor compressor
refrigerants [8], [11].
Numerous studies and investigations in solar thermal cooling
have been conducted experimentally and theoretically,
examining a variety of situations, including solar thermal
collectors, and demonstrating each system's efficiency and
technical viability [10], [18]. Kalogirou et al. [19] conducted an
exergy analysis of a solar cooling system using Flat Plate
Collectors (FPCs). Zambolin and Del Col [20] examined the
same system using Evacuated Tubular Collectors (ETCs), and
Li et al. [21] studied also the same system using Compound
Parabolic Concentrating collectors (CPCs). Altun and Kilic
concluded through TRNSYS simulation and the use of
evacuated tube solar collectors (ETC) instead of flat plate
collectors (FPC), a decrease in auxiliary energy consumption
and an increase in the useful energy can be gained from
collectors. [16].
Figaj et al. [22] investigated a solar dish-concentrating system
with thermal collectors experimentally and numerically using a
dynamic simulation of solar cooling installation. The TRNSYS
program was used to perform a computer simulation of the
dynamic operation of the solar heating and cooling system. The
goal of this study was to determine the amount of heat formed
by sorption chillers that are used for heating and cooling.
Numerous configurations, locations, and periods were studied
to determine the energy and economic performance of the
system.
Jalalizadeh et al. researched "Building Integrated Photovoltaic
Thermal Collector (BIPVT)", a technology to simultaneously
generate heat and electricity for the building. They concluded
that integration of PVT with the building increased the Space
Cooling (SC) load by 5% and decreased the space heating (SH)
load by 3% [23].
Tashtoush et al. also developed a simulation program using
TRNSYS-EES software to design the solar collector system
components and evaluate the performance of solar ejector
cooling systems. To produce 7 kW for the cooling system, an
evacuated tube solar collector was chosen with an area of 60–
70 m2 and a solar fraction of 0.52– 0.542 [24]. Space cooling
has been a focus of many researchers using solar energy for air
conditioning systems [25], geothermal energy for powering
single-effect water/lithium bromide absorption chiller [26], and
solar vapor compression refrigeration cycle [27].
Numerous experimental research studies on solar thermal
technologies have evaluated and designed them. Nonetheless,
numerical simulation was used to optimize the system as
several scenarios might be examined due to its cost. According
to Lugo et al. [18], the creation of simulation software enables
the identification of the behavior of various variables under
various operating situations.
This paper aims to develop a model to determine the feasibility
of a solar refrigeration system for a low-temperature room with
a cooling capacity of 11 kW using an evacuated solar collector
(ETC). The system maintains a constant temperature of 2°C in
the cold room. To predict the performance of the cooling
thermally driven system for various climatic and seasonal
changes in the year, a configuration model based on TRNSYS
(Transient Simulation Program) is constructed and simulated.
The components and connections from the standard TRNSYS
library are used. The performance of the ETC under the climatic
conditions of Gabes, Tunisia (33°53'N, 10°6'E) has been

evaluated. The optimal collector tilt for the ETC collector was
determined to be around 30°-45° (ETC), and other effects of
operating parameters were evaluated and presented in the paper
2. SYSTEM DESCRIPTION
Absorption refrigeration machines are the most used thermally
driven cooling systems [6]. The most used combination of
fluids for low-temperature applications in absorption systems
is ammonia-water (NH3–H2O). The absorbent (H2O) on the
low-pressure side absorbs the evaporating refrigerant (NH3).
An 8-kW solar-powered absorption system provides the
cooling energy required for a cold room under different weather
conditions in the region of Gabes. The cycling fluid in the
system is the NH3- H2O. Figure 1 represents the schematic view
of the model where the absorption system is the main system of
the model, and it is interconnected with three subsystems: the
first is the solar subsystem that consists of solar collectors and
the storage tank where the ETC receives solar irradiation and is
converted into thermal heat energy, which can be used to supply
heat for the water tank. The second is the hot fluid subsystem,
where the storage tank supplies the absorption chiller with hot
water to heat the generator. The third is the load subsystem
connecting the absorption chiller to the cold room [16].
Low-pressure NH3 vapor from the evaporator is dissolved in
H2O in the absorber (10) under an intermediate temperature up
to 45°C. Then, using an ordinary liquid pump (1), the resulting
solution is pumped to high pressure (2, 3). The additional heat
provided by the solar collector separates the NH3 from the
solution in the generator (120°C) and then, directs it to the
condenser (45°C) (7). In this way, the NH3 vapor is thermally
compressed. Liquified refrigerant getting out from the
condenser can then be expanded from this high-pressure zone
(around 20 bars) (8) to the low-pressure evaporator (around 4
bars) (9). The energy required for refrigerant evaporation is
extracted from the environment to be cooled. The refrigerant is
then directed to the absorber (10) [9].
On the other hand, the weak solution (with a low percentage of
ammonia) is returned to the absorber (4) through a heat
exchanger to recover the heat (5).
This study concentrates on the first subsystem. The
thermodynamic study of the absorption chiller, as well as the
cold room design, was conducted in previous studies [9], [28],
[29].

Figure 1. The schematic diagram of the solar absorption machine

3. Modeling in TRNSYS
The model is implemented into the TRNSYS software
environment, as presented in Fig.2. TRNSYS (Transient
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System Simulation) is an application used to model and
simulate the behavior and performance of systems in a transient
manner. The first step in TRNSYS simulation is identifying the
individual components that better describe the performance of
the whole system [12], [16].
The TRNSYS solver performs several iterations until the inputs
to all of the “Types” remain stable at each time step of the
simulation.
The components used in the TRNSYS model are explained
below. In order to achieve greater efficiency, the tube collectors
(Type 538) evacuated from the “Tess library” were selected for
the system, and then the collector circulating pump was chosen
as Type 3b. An auxiliary heater (Type 4a) was used to supply
hot water when solar irradiation becomes insufficient, and
typical meteorological year (Type 109-TMY2) data of the
region of Gabes were used from the Meteonorm database of the
TRNSYS library.

3

horizontal plane, the global radiation was given as the direct
radiation and the diffuse radiation sum:
G h  I h  Dh

(3)

The following equations, respectively, give direct light-sky
radiation and diffuse radiation on a horizontal plane:
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4.2.2. Eufrat model
Eufrat proposed other equations for the calculation of direct (I i),
diffuse (Di), and global radiation (Gi) received on an inclined
plane [31]. It can be obtained as
 AM× FTL 
Ii = Ca exp  
 0,9 AM+ 9, 4 

(6)
 FTL+36 


 33 

Gi =α 1270- 56 FTL   sin  h  

(7)

Di = Gi - Iisin  h 

(8)

where
C: Solar constant (1367 W / m²)
FTL: Linke's trouble factor
AM: Atmospheric mass
h: Height of the sun
α: Correction of the distance between earth and sun
4.2.3. Perrin Brinchambaut model

Figure 2. The solar installation with TRNSYS

Perrin Brinchambaut proposed the following equations for the
calculation of direct (Ii), diffuse (Di), and global radiations (Gi)
received on an inclined plane as follows [28]:

4. SOLAR COLLECTOR DESIGN
4.1. Determination of the surface
Knowing that the helpful power of the solar collector depends
on its surface and the local-global radiation, the needed area of
the solar collector is determined using Eq. (1) to provide heat
for the generator [30].
Ac 

Pu
G   G  K   Tfm  Te 

Pu  1.1 Qg

(1)
(2)

where
Pu: Useful power (kW)
Qg: Heat absorbed by the generator (kW)
K: Heat loss coefficient (between 1.5 and 3 W/m²°C)
β: Optical coefficient for evacuated tube collector (between
0.5 and 0.8)
G: Global radiation (W/m²)
The global radiation is extracted from the climatic information
of the study site. The absence of meteorological measuring
stations requires establishing computational models based on
empirical methods to estimate solar flux on a local scale. These
models can only be applicable after comparing and validating
the experimental data during all the year's seasons.
4.2. Global radiation
4.2.1. Capderou model
The well-known Capderou model was proposed to calculate the
direct and diffuse radiation received on a plane [31]. On the
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The direct radiation Ih, global radiation Gh, and the albedo ρ for
a horizontal plane are respectively expressed as follows
0,4
Ih  A"  sin  h  

(11)

G h  A '''  sin  h  

B"

(12)
= 0.9 to 0.8 snow
ρ

= 0.8 to 0.4 Clair ground

(13)

= 0.4 to 0.2 greeneries

where A', A'', A''', B', and B'' are constants depending on the
state of the atmosphere given in Table 1.
Table 1. Values of constants according to the nature of the sky
Nature of
the sky
Major
blue
Light blue

A’
(W/m²)
1300

B’
6

A’’
(W/m²)
87

A’’’
(W/m²)
1150

Milky
blue

B’’
1.15

1230

4

125

1080

1.22

1200

2.5

187

990

1.25

To assess the accuracy of these correlations, two statistical tests
were used: the relative deviation (or error) (ER) and the average
relative deviation (ERM). Low values of ER and ERM are
desirable; they are calculated by the following relationships
[28]:
 Experimental.Value  Theoretical.Value 
ER(%)  100  

Experimental.Value


n

Experimental.Valuek  Theoretical.Valuek
ERM(%)  100  
Experimental.Valuek
k


Figure 4. The region of Gabe's radiation by Meteonorm 8
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5. RESULTS AND DISCUSSION
5.1. Site study
This study was elaborated to produce cold for 109 m3 room to
preserve food [28]. The refrigeration system was driven by an
absorption machine and installed in Gabes, a southern region of
Tunisia (33°53’N, 10°6’E) with high solar potential and a long
insolation period, particularly in June, July, and August
months. In this period, refrigeration reaches its peak demand.
Figure 3 exhibits the insolation data of the region of Gabes for
twelve months based on the data provided by Meteonorm
software. As seen, the summer season (June, July, and August)
has the longest months with an average of 12 hours of sunshine
and average radiation of 215kWh/m², as depicted in Fig.4,
reaching an average temperature of 35°C in July (fig 5).

Figure 5. The average temperature of the region of Gabes by
Meteonorm 8

Figure 6 shows the flowchart used in the calculation for the
proposed solar/cooling system.

Figure 6. The flowchart of the study
Figure 3. Sunshine period in the region of Gabes by Meteonorm 8

The heat provided to the generator of the absorption machine is
related to the ETC surface, which depends on the available
global radiation. A comparison between the presented models
for global radiation calculation (Eqs. 3-13) and the data
provided by the National Institute of Meteorology in Tunisia
(INM) was conducted.
Even though the experimental results of the global radiation for
the year 2020 were not stable, as shown in Fig. 7, the
Brinchambaut model seems to be the most convenient in
describing the real global radiation with an error of up to 3.16%
compared to 17.4% and 20% for the Eufrat and Capderou
models, respectively.
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Efficiency slope (kJ/hr.m².°K)

The solar collector area is 21 m², producing 11 kW useful
power and an average temperature on the surface up to 130°C.
The temperature fluctuation presented in Fig. 8 was due to the
variation of the global radiation measured on the surface of the
ETC, as presented in Fig. 9. oriented to the South with a tilt
equal to 45°, and 3m²/collector as a solar collector area.

Figure 7. Comparison between the numerical models of the global
radiation determination and the experimental data of the INM

5.2. TRNSYS simulation of the solar installation
The global radiation of the region of Gabes has allowed running
the TRNSYS simulation. The system was simulated during the
period of refrigeration need, that is, between the first of March
(hour number 1416) and the last day of October (hour number
6421). As presented in Table 2, the technical characteristics of
the solar system were chosen as follows: water as a heat transfer
fluid (HTF) with a flow rate of 117 kg/h, the solar collector
Table 2. Technical characteristics of the solar collector
VTC PARAMETERS
Collector area (m²)

3

Number of solar collectors in series

7

HTF Flowrate (kg/h.m²)

117

In order to validate the simulation results using TRNSYS, the
needed surface area using solar collector characteristics
available in the market was calculated. As shown in Table 3,
the needed surface area for VITSOL 200T, THERMOMAX
HP100/200, and THERMOMAX DF100 is between 21 m² and
22 m², which is the surface found with TRNSYS simulation
with a relative error up 2.8%.
Table 3. Collector area and number
Collector
type

Availability
(m²)
1,26

K

β

1,522

1,51

0.785

S
(m²)
21.47

17

1.443

0.801

20.59

14

3,03

1.103

0.801

19.3

7

Thermomax
HP100
Thermomax
HP200

3

1

0.739

20.85

7

2

1.36

0.761

21.62

11

3

1.36

0.761

21.62

7

Thermomax
DF100

2

1.45

0.773

21.59

11

3

1.45

0.773

21.59

7

Vitsol 200T

180

140
120
100
80
60
40
20
0

1416
1539
1662
1785
1908
2031
2154
2277
2400
2523
2646
2769
2892
3015
3138
3261
3384
3507
3630
3753
3876
3999
4122
4245
4368
4491
4614
4737
4860
4983
5106
5229
5352
5475
5598
5721
5844
5967
6090
6213
6336
6459

TEMPERATURE (°C)

160

TIME (HOUR)
Figure 8. Hourly Temperature variation registered on the surface of the VTC
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3500
3000
2500
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1500
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1416
1545
1674
1803
1932
2061
2190
2319
2448
2577
2706
2835
2964
3093
3222
3351
3480
3609
3738
3867
3996
4125
4254
4383
4512
4641
4770
4899
5028
5157
5286
5415
5544
5673
5802
5931
6060
6189
6318
6447

0

TIME (HOUR)
Figure 9. Global radiation fluctuation on the surface of the ETC

6. CONCLUSIONS

acknowledgment to the Ministry of Higher Education and
Scientific Research of Tunisia.

Due to environmental problems, this study attempted to find a
solution for better food storage using an available and
renewable heat source. Since a good solar potential
characterized the South of Tunisia, solar energy was chosen as
the heat generator for the absorption machine. A simulation
using TRNSYS software of a solar-based single-effect NH3H2O absorption refrigeration system in a low-temperature
room having a cooling capacity of 11 kW was carried out. The
cold room temperature was kept at 2°C. The weather data of the
region of Gabes at latitude 33.53 N and longitude 10.6 E,
collected in the year 2020, were used in the simulation.
Solar collector type, area, storage tank, and the flow rate
through the cycle were investigated.
The performance of the solar collector was assessed to meet the
desired outlet temperature adequate to run 11 kW cooling cycle
to meet the cooling load demand. The energy requirements of
11 kW cooling system are best met with an evacuated tube solar
collector having an area of 21m² and a flow rate of 117 kg/h to
provide heat for the generator in the refrigeration system.
The simulation result demonstrated that the temperature on the
collector surface varied between 120°C and 170°C due to the
global radiation fluctuation at the peak solar radiation in July.
The required area of the ETC was found to be 21m². This
number can be reduced when considering the solar radiation of
the summer months. The application of the sun as a heat source
makes such systems economically alternative.
Other studies can follow this research by designing more
environmentally-friendly buildings that meet the standards.
With harmless cooling and heating load, those buildings tend
to grant people comfort. In this context, simulations for air
conditioning and heating systems applied to green buildings are
established.

NOMENCLATURE
AM
C
CPCs
D
ETCs
FPCs
FTL
G
GtCO2
h
HWST
I
K
NH3
Pu
PV
Qg
SAC
TRNSYS
VTC
Subscript
h
i
Greek letter
α
β
ρ

Horizontal plane
Inclined plane
Correction of the distance earth-sun
Optical coefficient for evacuated tube collector
The albedo
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