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1. Introduction 

Malls located in tropical environments consume high amounts of electrical energy to provide 

cooling to large volumes of air to satisfy the comfort of customers. The most common 

refrigeration system used to provide the cooling effect is the mechanical vapour compression 

system [1]. In order to move to sustainable energy technology systems, it is of interest to 

identify adequate alternatives to reduce the dependence of cooling units on the electrical grid. 

Absorption cooling systems have become one of the most promising options to mechanical 

vapour compression systems on the move toward environmentally friendly sustainable cooling 

technologies [2]. Absorption systems require small amounts of electrical energy to be powered 

while the main energy input is thermal energy. This thermal energy can come from different 

heat sources such as renewable energies, residual heat, or natural gas [3–5]. The main difference 

between vapour absorption systems and conventional vapour compression units relies on the 

way how the refrigerant flow coming from the evaporator becomes a high temperature and 

pressure vapour, which is under the required conditions to be condensed. This task is carried 

out by the compressor in the conventional compression system while the same objective is 

achieved by the absorber and generator pack where intensive heat and mass transport processes 

occur [6,7]. 

The performance of solar cooling technologies depends on the environmental conditions and 

system operating conditions [8]. Those places in tropical regions present great potential for 

solar cooling [9]. Moreover, solar thermal cooling is becoming attractive for air conditions 

applications in terms of performance and cost [8,10]. One of the reasons is that absorption 

cooling systems can be feed by various available thermal heat sources [2,5]. It has been 

demonstrated that investment returns could be obtained below 4 years for absorption chillers 

driven by waste heat. Also, studies have reported that solar energy can contribute up to 58% of 

the total energy needed to drive a 10 kW solar/gas driven water/LiBr absorption chiller in 

Algeria [11]. Additionally, studies have shown that parabolic collectors are preferred to 

evacuated tubes to drive a water/LiBr absorption system given their higher performance [12], 

however, it can increase the complexity of the solar collection system. Studies have also 

demonstrated the feasibility of solar-assisted water/LiBr absorption cooling units in buildings 

for commercial activities in Saudi Arabia [13] and buildings for residential purposes in The 

United Arab Emirates [14]. More recently, solar/gas assisted H2O/LiBr absorption systems 

showed great potential to reduce the electrical energy requirements in cooling systems applied 

to commercial buildings in the Caribbean region of Colombia, while the internal rate of return 
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could range between 40% and 54.6%, which depends on the cooling thermal load provided by 

the absorption systems [15]. 

From previous studies, it could be said that solar system dimensions are key in the technical 

and economic feasibility of the solar cooling absorption system. It strongly affects the payback 

period which also considers the environmental conditions, the cooling requirements, working 

fluids used, and operating conditions [8,9]. Regarding the working fluid used in absorption 

chillers, the most common is the H2O/LiBr for air-conditioning applications, however, this 

working pair presents high risks of crystallization in warm environments. As an alternative 

mixture, the NH3/LiNO3 appears as a promising option to the conventional mixture since there 

is no risk of crystallization at high environmental temperatures as those in tropical weather [16]. 

In Colombia, solar cooling is not exploited despite the high solar irradiation available in various 

regions because there is a lack of knowledge about the technologies with the promising use for 

solar cooling [17]. In Barranquilla, Colombia, which weather is tropical Savanna, there is a high 

demand for air conditioning and this need is mainly covered by compression chillers. Therefore, 

the objective of this study is to evaluate the performance and environmental impact of solar 

and/or gas driven NH3/LiNO3 absorption chillers for malls in Barranquilla. It involves a 

sensitivity study on the performance of the absorption chillers at different chilled water 

temperatures and solar irradiation, as well as the share of cooling and CO2 equivalent emissions 

provided by the absorption chillers considering as a base case the energy consumed by the 

mechanical vapour compression chillers operating in three selected malls. 

2. Methodology 

The methodology followed to carry out the present study involves the selection of three malls 

with different area specifications. In these buildings, the cooling loads were estimated 

considering the electrical power consumed by conventional compression units used for that 

purpose. Then, a thermodynamic simulation was conducted to evaluate the performance 

indicator of absorption chillers under various case studies as a cooling alternative to mechanical 

compression chillers. 

The three malls selected are located in the city of Barranquilla, Colombia. The city of 

Barranquilla is a well-recognized city in Colombia for its economic growth. Its population is 

over 1.2 million people. The climate in this city is defined as Tropical Savanna, with 

environmental temperatures ranging from 24 °C to 35 °C and relative humidity above 68% [18]. 
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Table 1. Air-conditioned area and available roof area of the selected malls. 

Mall Area for air conditioning 

(ACA) (m2) 

Available roof area 

(ASC) (m2) 

Ratio  

(ACA/ASC) 

M1 28390 4043 7 

M2 21000 2391 9 

M3 19800 1214 16 

Table 1 presents the main details of the malls in terms of air-conditioned areas and available 

roof areas. The roof areas are of special interest since it marks the area limits for solar panel 

applications. From Table 1 can be noted that mall 3 (M3) could be the case with the lowest 

potential for solar cooling given its wider air-conditioned area in relation to the available roof 

area. Regarding the power measurements of the conventional chillers operating in the malls, a 

power analyser FLUKE 435 II was employed. Data were collected from 7:00 to 20:30 hours, 

every one minute. The power data for M2 were collected in March 2019. The power data for 

M1 and M3 were collected in October 2019. 

Fig. 1 shows the hourly mean solar irradiation for Barranquilla. From this figure can be noted 

that March is the month with the highest mean irradiation and November the one with the lowest 

mean irradiation. The irradiation per day is on average around 846.4 Wh/m2 [18]. This value is 

used for the dimensioning of the solar panels. 

 

Fig 1. Hourly mean solar irradiation for Barranquilla [18] 

2.1 System description 

The system evaluated consists of an absorption chiller, which uses NH3/LiNO3 as a working 

fluid, and its integration with a solar panel system and natural gas burner as shown in Fig. 2. 

The operation of the absorption unit is similar to that of a mechanical vapour compression 
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system. However, in the absorption unit, the refrigerant flow in vapour phase coming from the 

evaporator is absorbed in the absorber by a mixture of NH3/LiNO3 which is weak in NH3. The 

resulting mixture, high in NH3, is then pumped to a generator where the desorption process 

takes place. In order to make the desorption process happens, the energy input to the chiller is 

supplied through the generator. This energy input comes from the solar energy captured by the 

solar panels and the thermal energy released in the natural gas burner. The vapour flow 

generated in the generator is then sent to the condenser while the mixture of NH3/LiNO3, weak 

in NH3, flows to the absorber one more time. Finally, the condensed flow leaving the condenser 

is sent to the evaporator where the cooling effect occurs. 

 

Fig 2. Simplified diagram of the solar/gas driven absorption chiller 

This study is focused on the evaluation of the absorption system powered by solar energy and/or 

gas to cover the cooling needs provided by conventional chillers operating in the selected malls. 

Therefore, a comparison of the cooling load covered by each configuration is presented. 

2.2 Model details 

The model of the chiller consists of energy, mass and species balances in each component of 

the whole chiller by applying Eq. 1, 2 and 3 [19]. The components considered include the 

absorber, generator, solution pump, internal heat exchanger (IHX), solution expansion valve, 

evaporator, condenser, and refrigerant expansion valve. 
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�̇� + ∑ �̇� ∙ ℎ𝑖𝑛 = �̇� + ∑ �̇� ∙ ℎ𝑜𝑢𝑡 (1) 

∑ �̇�𝑖𝑛 = ∑ �̇�𝑜𝑢𝑡 (2) 

∑ �̇� ∙ 𝑋𝑖𝑛 = ∑ �̇� ∙ 𝑋𝑜𝑢𝑡 (3) 

The main considerations for the model simulation are presented as follows: 

• Saturated vapour at the condenser inlet. 

• Saturated liquid leaving the condenser. 

• Saturated vapour leaving the evaporator. 

• Adiabatic flow in pipes. 

• Gas burner with efficiency (𝜂𝐺𝑁) of 0.85 [11]. 

• The solution pump with an efficiency of 0.6. 

Regarding the solar panels, the solar energy collected (Q̇s) is estimated as [20]: 

Q̇s = AcIs 
(4) 

where Ac refers to the solar collector area, and Is is the solar irradiation. The thermal efficiency 

of the solar system is presented as: 

ηc =
Q̇u

Q̇s
=

ṁ𝑤𝑎𝑡𝑒𝑟cp(T𝑜𝑢𝑡−T𝑖𝑛)

AcIs 
  (5) 

In Eq. (5), Q̇u is the heat flow to the pressurized water that flows in the solar collector. In this 

study, evacuated tube collectors are employed. In this case, the collector efficiency is 

approached as in Eq. (6) where ΔTavg is the temperature difference between the temperature in 

the solar panel taken as an average value and the environmental temperature [21,22]: 

ηc = 0.82 −
2.198 ∙ ΔTavg

Is
 (6) 

The coefficient of performance was estimated as in Eq. 7. The solar coefficient of performance 

was approached as in Eq. 8: 

COP =
Q̇e

Q̇𝑑 + Ẇp

 (7) 

SCOP =
Q̇e

Q̇𝑠

 (8) 

In the previous Equations, �̇�𝑒 refers to the evaporator heat flow and �̇�𝑑 is the energy input to 

the vapour generator. �̇�𝑑 includes the thermal energy coming from the solar panel and gas 
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burner. �̇�𝑃 refers to the pump power input. Eq. 9 indicates the relation between the cooling 

effect produced by the absorption units and that produced by the mechanical compression 

chillers: 

Share of cooling (%) =
Q̇e

Q̇e comp

 · 100               (9) 

The Equation Engineering Solver (EES) software was used in this study. Thermodynamic and 

transport properties of the NH3/LiNO3 were obtained from [23–25]. Enthalpies were estimated 

following the methodologies reported in [26,27]. 

Regarding the environmental analysis, the environmental impact of natural gas is estimated by 

means of the CO2 eq emissions as in Eq. 10 [28]: 

CO2 eq = (ṁGN · 𝐶𝑒𝑚 𝐺𝑁 + Ẇ𝑝 · 𝐶𝑒𝑚 𝑒𝑙) · timeuse          (10) 

Where 𝐶𝑒𝑚 𝑒𝑙 is the emission coefficient in kg of CO2 due to the electrical energy consumed 

(kWh). Its value was set to 0.181 kg CO2 / kWh. 𝐶𝑒𝑚 𝐺𝑁 is the CO2 emission coefficient in kg 

for the natural gas consumption (Nm3). Its value was set to 2.15 kg CO2 / Nm3 [28]. 

The CO2 eq emissions related to the electrical energy consumed by the conventional chillers 

were considered as follows [28]: 

CO2 eq = (Q̇e comp/(COP comp) · timeuse · 𝐶𝑒𝑚 𝑒𝑙                                    (11) 

The CO2 eq emissions related to the electrical energy consumed by the absorption chillers were 

considered as follows [28]. It is important to highlight that based on the cooling flow covered 

by the absorption chillers, the remaining cooling need is covered by the conventional chillers, 

and therefore, this electrical energy consumption is also considered: 

CO2 eq = (Q̇e abs/COP + Ẇ𝑝) · timeuse · 𝐶𝑒𝑚 𝑒𝑙                                     (12) 

The CO2 eq emissions related to the electrical energy and natural gas consumed by absorption 

chillers were considered as follows [28]: 

CO2 eq = ((Q̇e comp/COP + Ẇ𝑝) · 𝐶𝑒𝑚 𝑒𝑙 + ṁGN · 𝐶𝑒𝑚 𝐺𝑁) · timeuse    (13) 

3. Results and discussion 

3.1 Electrical energy measurements 

Fig. 3 presents the electrical energy consumed by the mechanical vapour compressor chillers in 

the malls selected. These malls are usually opened around 13 h every day which corresponds to 

the operation time of the chillers. From Fig. 3 can be noted that M3 is the mall with the highest 

electrical energy consumption, followed by M1, and M2. M3 is also the mall with the smallest 

available roof area (See Table 1). In general, the chillers electrical energy consumption in M3 
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varied between 330 kW to 400 kW for most of the day. In the case of M1, it varied between 

267 kW and 330 kW, while for M2, it varied between 200 kW and 240 kW. Each mall showed 

variations in the chiller’s electrical energy consumption due to the normal activities that take 

place in the malls. 

To estimate the cooling effect provided by the conventional chillers, a COP of 3 was considered 

[9,29]. Therefore, it can be said that the cooling load of the Malls 1, 2 and 3 were up to 1001.kW, 

735 kW, and 1187 kW, respectively. The estimated values were used as the thermal loads 

required to be provided by the solar and/or gas driven absorption units in each corresponding 

mall. 

 
Fig 3. Power measurements of chillers in M1, M2, and M3 [15]. 

3.2 Energy performance 

The development of the model considered as a reference base the external currents operating 

conditions and nominal cooling capacities of the absorption chillers from the brand Thermax 

which use water/LiBr as working fluid [30]. This means that the absorption chiller model, which 

uses NH3/LiNO3 as working fluid, was also developed for a nominal cooling capacity of 352 

kW, while the temperature of the chilled water was set to 6.7 °C. In the case of the heat 

dissipation water for the condensation and absorption processes, it was set to 29.4 °C. The 

pressurized water to drive the chiller was set to 90.6 °C [30]. Regarding the external currents 

water flows in each component, they were set considering those defined by Thermax [30]. Once 

defined the external currents conditions, the internal solution mass flow leaving the absorber 

was estimated as 4.791 kg/s. The mass flow obtained is around 2.8 times higher than that with 

water/LiBr, which is reasonable considering the differences in the transport properties. For 

higher cooling loads, the solution mass flow increases proportionally. Also, reasonable 

effectiveness values were defined for the main components of the chiller as shown in Table 2. 
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Table 2. Effectiveness values [19,31]. 

Component evaporator absorber solution IHX generator condenser 

Effectiveness 0.85 0.46 0.80 0.50 0.68 

Considering the estimated thermal loads, it is convenient to define the number of absorption 

chillers and the area of the solar panels required in each mall. The relation of Eq. 4 to 6 allows 

for estimating the evacuated tubes collector area. For one absorption chiller of 352 kW, the area 

of solar panels required would be 1105 m2. This area contrast with the area required to drive an 

absorption chiller using water/LiBr at the same operating conditions (around 840 m2) [15]. This 

difference is due to the higher COP of the water/LiBr chiller (around 0.78, nominal) in 

comparison to that of the NH3/LiNO3. 

Regarding the number of absorption chillers required, the maximum cooling load provided by 

the conventional chillers was up to 1001 kW in M1, then, three absorption chillers could be 

used at a nominal capacity. However, if the chilled water temperature is increased to 12 °C, the 

cooling capacity of the chiller can increase to 406 kW, which indicates that two solar/gas 

absorption chillers could be used in M1. Following the same consideration, two absorption 

chillers are also required in M2. In M3, the limiting factor is the available roof area so only one 

solar/gas driven absorption chiller can be used. If flat panels were to be considered in these case 

studies, the total area required to drive one absorption chiller could increase by 1.68 times. 

Considering that each solar/gas driven absorption chiller could operate at steady-state 

conditions at a chilled water temperature of 12 °C, the COP and SCOP of the absorption chillers 

were estimated around 0.60-0.64 and 0.41-0.44, respectively. Table 3 presents a summary of 

the number of chillers and total evacuated solar panel area used in each case.  

Table 3. Absorption chillers and solar panel area used in each case. 

Mall Chiller units Area of solar panels 

(m2) 

M1 2 2210 

M2 2 2210 

M3 1 1105 

Fig. 4 shows the hourly mean radiation in March and November vs the heat transfer flow in the 

generator (Qd), evaporator (Qe), and the solar heat flow to the solar panel (Qs) for one chiller. 

The horizontal lines represent the nominal cooling capacity of the chiller at an evaporation 

temperature of 12 °C and 6 °C. In the case of the heat dissipation water temperature, this was 

varied considering the welt bulb temperature of the environmental temperature. It is to be 

highlighted that the available roof area in each mall limits the possibility of using a larger solar 
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panel area in order to collect and store a higher amount of thermal energy.  

Fig. 4,a,b shows that in March (the month with the highest mean radiation), the solar thermal 

energy collected is enough to drive the chiller at full load to produce chilled water at 12 °C, 

between 10:00 h and 13:00 h. This period is one hour wider for an evaporation temperature of 

6 °C given the lower nominal cooling load. For the rest of the time, the natural gas burner must 

be on. In the case of November (the month with the lowest mean radiation), the solar thermal 

energy is not enough to drive the chiller at full load at any time (see Fig. 4,c,d). Therefore, the 

natural gas burner operation is required to provide additional energy and make the absorption 

chiller operate at full load. In general, solar energy can provide around 50% of the total energy 

required to drive the chiller during a working day in March. This value is reduced to 40% in 

November. Additionally, it is worth mentioning that at the operating conditions established, no 

risk of crystallization of the NH3/LiNO3 solution was detected. This is one of the advantages of 

the mixture NH3/LiNO3 in comparison to the mixture of water/LiBr. 

 
Fig 4. Hourly mean solar irradiation vs heat transfer flow in one chiller for [a,b] March, and 

[c,d] November. 

3.3 Share of cooling demand analysis 

This subsection presents the share of cooling that could be provided by the absorption chillers 

in M1, M2, and M3. The chilled water temperature was established as 12 °C in this study. 
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Moreover, the low heating value for the natural gas was set to 47.04 MJ/kg [31]. Fig. 5 shows 

4 case studies for each mall. 1 (comp) represents the share of cooling provided by using only 

mechanical compression chillers, 2 (solar) represents the share of cooling provided by using 

only solar-driven absorption chillers, 3 (comb) represents the share of cooling provided by 

solar/gas driven absorption units, and 4 (gas) represents the share of cooling provided by using 

only gas driven absorption chillers. Accordingly, Fig. 5 shows that in most of the cases (except 

M2, cases 2 and 3), the absorption chillers do not cover all the required cooling capacity, 

therefore, the mechanical compression chillers are needed to complete the total cooling load. In 

M1, M2, and M3, the solar-driven absorption chiller is the configuration that requires the major 

support of the mechanical compression systems. This is expected since solar energy is not 

available during the whole malls service time. On the other hand, the solar/gas and gas driven 

absorption chillers could provide a major share of cooling since they could be operating a full 

load regardless of the solar energy availability, being the natural gas the main energy input to 

the chillers. In M3,4, since the solar panels are not used in this case, the number of gas driven 

absorption chillers can be increased in one unit to cover a major share of cooling and then 

reduce the share of cooling provided by the mechanical compression chillers. In general, the 

solar/gas driven absorption chillers could provide between 55% and 100% of the cooling load 

of M1 and M2. In the case of M3, this share is reduced given the limitations in the available 

roof area of the building. 

 
Fig 5. Share of the cooling provided by the NH3/LiNO3 absorption chillers and conventional 

compression units for each case study 
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3.4 Environmental analysis 

Fig. 6 shows the same configuration cases as in Fig. 5, but the results are focused to present the 

equivalent CO2 emissions provided by each case study. The gas emissions values presented are 

related to the use of electrical energy and natural gas in the corresponding configuration. It also 

considers the share of cooling provided by the mechanical compression chillers. Fig. 5 shows 

that the gas driven absorption chiller was the configuration with the highest gas emissions 

because of the higher support required by the mechanical compression systems. On the other 

hand, the solar/gas driven absorption chillers provided the lowest gas emissions in M1 and M2 

given the combination of solar energy and that from natural gas, and the low share of cooling 

provided by the mechanical compression chillers. In the case of M3, the lowest gas emissions 

could be provided by the gas driven absorption chiller since in this mall 2 units can be installed. 

In the case of the solar/gas driven absorption chiller, only one unit can be installed given the 

limitations in the available roof area, so a major share of cooling by the mechanical compression 

systems is required to reach the cooling objective, therefore, a higher gas emission is provided 

in comparison to the gas driven chillers. If the contribution of the mechanical compression 

chillers is not considered, the gas/driven absorption chiller appears as the best option to reduce 

the gas emissions impact and provide the highest share of cooling possible for most of the time. 

Finally, results evidence that the energy and environmental impact of the absorption system 

relay on the system configuration, available roof area for solar applications, cooling load 

covered, and building characteristics. Therefore, the feasibility of one case study must be 

evaluated independently so results reported in the literature from studies with similar 

approaches cannot be generalized.   

 
Fig 6. Estimated CO2 eq. emissions for each case study using the NH3/LiNO3 absorption chillers 
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4. Conclusion 

In this research, the technical and environmental feasibility of an NH3/LiNO3 absorption chiller 

using natural gas and solar energy as energy sources was presented. Thermodynamic 

simulations were carried out to study the absorption chillers performance for three malls located 

in Barranquilla, Colombia. The following conclusions can be drawn from the present study: 

• The solar energy could drive the absorption chillers at full load conditions only for around 3 

hours during the month of the highest irradiation. Therefore, the energy input from natural gas 

was required to operate the absorption chillers at their full load conditions. Solar energy could 

provide around 40% and 50% of the total energy required to drive the absorption chillers on a 

service day. This value could be increased by adding a higher solar panel area, however, the 

available roof area for solar equipment is a limiting factor. Moreover, the COP and SCOP of 

the absorption chillers were found up to 0.64 and 0.44, respectively. 

• The solar/gas driven absorption chillers could cover up to 83%, 100%, and 35% of the peak 

cooling requirements in malls 1, 2, and 3, respectively. The area available for solar collectors 

in mall 3 did not allow using more than one solar/gas assisted absorption chiller to fully cover 

the cooling requirements. Furthermore, the solar/gas driven absorption chiller appears as the 

best option in terms of an environmental impact considering the specific characteristics of the 

mall under study and the cooling load covered. 

• The available roof area for solar panels in mall buildings is a limiting factor for solar 

absorption cooling, especially in those with a vertical architecture. 

5. Acknowledgements 

The authors acknowledge the Universidad de la Costa for supporting the present research 

through the INDEX CONV-13-2018. 

6. References 

[1] Li H, Li X. Benchmarking energy performance for cooling in large commercial buildings. 

Energy Build 2018;176:179–93. https://doi.org/10.1016/j.enbuild.2018.07.039. 

[2] Ravi Kumar K, Krishna Chaitanya NVV, Sendhil Kumar N. Solar thermal energy 

technologies and its applications for process heating and power generation – A review. J Clean 

Prod 2021;282:125296. https://doi.org/10.1016/j.jclepro.2020.125296. 

[3] Nikbakhti R, Wang X, Hussein AK, Iranmanesh A. Absorption cooling systems – Review 

of various techniques for energy performance enhancement. Alexandria Eng J 2020;59:707–

38. https://doi.org/10.1016/J.AEJ.2020.01.036. 



                                  Journal of Renewable Energies 25 (2022) 27 – 42 

40 

[4] Yousefzadeh M, Lenzen M, Tyedmers EK, Hassan Ali SM. An integrated combined power 

and cooling strategy for small islands. J Clean Prod 2020;276:122840. 

https://doi.org/10.1016/j.jclepro.2020.122840. 

[5] Dispenza A, La Rocca V, Messineo A, Morale M, Panno D. Absorption equipment for 

energy savings: A case study in Sicily. Sustain Energy Technol Assessments 2013;3:17–26. 

https://doi.org/10.1016/j.seta.2013.05.002. 

[6] Amaris C, Vallès M, Bourouis M. Vapour absorption enhancement using passive 

techniques for absorption cooling/heating technologies: A review. Appl Energy 2018;231:826–

53. https://doi.org/10.1016/j.apenergy.2018.09.071. 

[7] Amaris C, Bourouis M. Boiling process assessment for absorption heat pumps: A review. 

Int J Heat Mass Transf 2021;179:121723. 

https://doi.org/10.1016/J.IJHEATMASSTRANSFER.2021.121723. 

[8] Allouhi A, Kousksou T, Jamil A, Bruel P, Mourad Y, Zeraouli Y. Solar driven cooling 

systems: An updated review. Renew Sustain Energy Rev 2015;44:159–81. 

https://doi.org/10.1016/J.RSER.2014.12.014. 

[9] Bellos E, Tzivanidis C. Energetic and financial analysis of solar cooling systems with 

single effect absorption chiller in various climates. Appl Therm Eng 2017;126:809–21. 

https://doi.org/10.1016/j.applthermaleng.2017.08.005. 

[10] Alrwashdeh SS, Ammari H. Life cycle cost analysis of two different refrigeration systems 

powered by solar energy. Case Stud Therm Eng 2019;16. 

https://doi.org/10.1016/j.csite.2019.100559. 

[11] Gomri R. Simulation study on the performance of solar/natural gas absorption cooling 

chillers. Energy Convers Manag 2013;65:675–81. 

https://doi.org/10.1016/J.ENCONMAN.2011.10.030. 

[12] Al-Falahi A, Alobaid F, Epple B. Design and thermo-economic comparisons of large scale 

solar absorption air conditioning cycles. Case Stud Therm Eng 2020;22:100763. 

https://doi.org/10.1016/j.csite.2020.100763. 

[13] Al-Ugla AA, El-Shaarawi MAI, Said SAM, Al-Qutub AM. Techno-economic analysis of 

solar-assisted air-conditioning systems for commercial buildings in Saudi Arabia. Renew 

Sustain Energy Rev 2016;54:1301–10. 

https://doi.org/https://doi.org/10.1016/j.rser.2015.10.047. 

[14] Ghaith FA, Razzaq H ul H. Performance of solar powered cooling system using Parabolic 

Trough Collector in UAE. Sustain Energy Technol Assessments 2017;23:21–32. 

https://doi.org/10.1016/j.seta.2017.08.005. 



                                  Journal of Renewable Energies 25 (2022) 27 – 42 

41 

[15] Rodríguez-Toscano A, Amaris C, Sagastume-Gutiérrez A, Bourouis M. Technical, 

environmental, and economic evaluation of a solar/gas driven absorption chiller for shopping 

malls in the Caribbean region of Colombia. Case Stud Therm Eng 2022;30:101743. 

https://doi.org/10.1016/J.CSITE.2021.101743. 

[16] Amaris C, Bourouis M, Vallès M, Salavera D, Coronas A. Thermophysical properties and 

heat and mass transfer of new working fluids in plate heat exchangers for absorption 

refrigeration systems. Heat Transf Eng 2015;36. 

https://doi.org/10.1080/01457632.2014.923983. 

[17] García A. Bajar costos: reto de la refrigeración solar | ACR Latinoamérica. Bajar Costos 

Reto La Refrig Sol 2012:1. 

[18] IDEAM. Boletín Climatológico Mensual - CLIMATOLÓGICO MENSUAL - IDEAM. 

Boletín Clim Mens - Clim Mens - IDEAM 2020. 

[19] Herold K, Radermacher R, Klein S. Applications of Absorption Chillers and Heat Pumps. 

2016. https://doi.org/10.1201/b19625-14. 

[20] Kalogirou SA. Solar thermal collectors and applications. Prog Energy Combust Sci 

2004;30:231–95. https://doi.org/10.1016/J.PECS.2004.02.001. 

[21] Bellos E, Tzivanidis C, Symeou C, Antonopoulos KA. Energetic, exergetic and financial 

evaluation of a solar driven absorption chiller – A dynamic approach. Energy Convers Manag 

2017;137:34–48. https://doi.org/10.1016/j.enconman.2017.01.041. 

[22] Asadi J, Amani P, Amani M, Kasaeian A, Bahiraei M. Thermo-economic analysis and 

multi-objective optimization of absorption cooling system driven by various solar collectors. 

Energy Convers Manag 2018;173:715–27. https://doi.org/10.1016/j.enconman.2018.08.013. 

[23] Libotean S, Martín A, Salavera D, Valles M, Esteve X, Coronas A. Densities, viscosities, 

and heat capacities of ammonia + lithium nitrate and ammonia + lithium nitrate + water 

solutions between (293.15 and 353.15) K. J Chem Eng Data 2008;53:2383–8. 

https://doi.org/10.1021/je8003035. 

[24] Libotean S, Salavera D, Valles M, Esteve X, Coronas A. Vapor-liquid equilibrium of 

ammonia + lithium nitrate + water and ammonia + lithium nitrate solutions from (293.15 to 

353.15) K. J Chem Eng Data 2007;52:1050–5. https://doi.org/10.1021/je7000045. 

[25] Cuenca Y, Salavera D, Vernet A, Teja AS, Vallès M. Thermal conductivity of ammonia + 

lithium nitrate and ammonia + lithium nitrate + water solutions over a wide range of 

concentrations and temperatures. Int J Refrig 2014;38:333–40. 

https://doi.org/10.1016/j.ijrefrig.2013.08.010. 

[26] Haltenberger W. Enthalpy-Concentration Charts from Vapor Pressure Data. Ind Eng Chem 



                                  Journal of Renewable Energies 25 (2022) 27 – 42 

42 

1939;31:783–6. https://doi.org/10.1021/ie50354a032. 

[27] McNeely LA. Thermodynamic properties of aqueous solutions of lithium bromide. 

ASHRAE Trans 1979;85:413–34. 

[28] Comisión del Cambio Climático. Guía práctica para el cálculo de emisiones de gases de 

efecto invernadero (GEI) GUÍA PRÁCTICA PARA EL CÁLCULO DE EMISIONES DE 

GASES DE EFECTO INVERNADERO (GEI). Catalunya: 2011. 

[29] Jiang J, Gao W, Wei X, Li Y, Kuroki S. Reliability and cost analysis of the redundant 

design of a combined cooling, heating and power (CCHP) system. Energy Convers Manag 

2019;199:111988. https://doi.org/10.1016/j.enconman.2019.111988. 

[30] Absorsistem. Plantas enfriadoras de agua por ciclo de absorción, accionadas por agua 

caliente. 2014. 

[31] Elberry MF, Elsayed AA, Teamah MA, Abdel-Rahman AA, Elsafty AF. Performance 

improvement of power plants using absorption cooling system. Alexandria Eng J 

2018;57:2679–86. https://doi.org/10.1016/j.aej.2017.10.004. 

Nomenclature 

Ac: Area of collectors [m2] Subscripts 

Cp: Specific heat of water [kJ/kg·K] a: Absorber 

h: Specific enthalpy [kJ/kg] abs: Absorption chiller 

Is: Solar irradiation [W/m2] Amb: Environment 

ṁ: Mass flow rate [kg/s] c: Solar collector 

P: Pressure [kPa] cond: Condenser 

Q̇: Heat transfer flow [kW] comp: Mechanical compression chiller 

T: Temperature [°C] d: Desorber 

υ: Specific volume [m3/kg] e: Evaporator 

Ẇ: Power [kW] GN: natural gas 

X: Concentration of LiNO3 in solution s: Solar 

COP: Coefficient of performance shx: Heat exchanger 

SCOP: Solar Coefficient of performance p: Pump 

 u: Useful 

 Greek letters 
 𝛆: effectiveness 

 ηo: Solar collector Efficiency 

 ηGN: Gas burner Overall efficiency 

 


