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ABSTRACT  

This research presents a thermodynamic analysis of a Thermal LTC-10 single-effect absorption series cooling 

system using the water/LiBr pair. Four operating scenarios were modeled on an hourly basis (24h) with EES 

software using mass and energy balances and the environmental conditions of the city of Barranquilla, 

Colombia. The analysis of the results shows that the system powered only by solar energy obtains the highest 

COP between 8:00 and 16:00 hours and the lowest greenhouse gas (GHG) emissions, while the system 

powered by rice husk biogas presents stable operation throughout the day and higher SO2eq emissions. 

 

RESUMEN 

En esta investigación se presenta un análisis termodinámico de un sistema de refrigeración en serie por 

absorción de simple efecto Thermal LTC-10 utilizando el par agua/LiBr. Cuatro escenarios de operación fueron 

modelados en una base horaria (24h) con el software EES utilizando balances de masa y energía y las 

condiciones ambientales de la ciudad de Barranquilla, Colombia. El análisis de los resultados demuestra que 

el sistema alimentado únicamente por energía solar obtiene el mayor COP entre las 8:00 y las 16:00 horas y 

las menores emisiones de gases de efecto invernadero (GEI), mientras que el sistema alimentado con biogás 

de cáscara de arroz presenta un funcionamiento estable durante todo el día y mayores emisiones de SO2eq. 

 

INTRODUCTION 

Despite the efforts to reduce the energy consumption and greenhouse gas emissions, these continue 

to increase (IEA, 2019; Li et al., 2022; Saint Kadir et al., 2020). Therefore, it is very interesting for researchers 

to analyze the possibility of replacing traditional sources with renewable energy sources (Ghafoor & Munir, 

2015; IEA, 2019; A. R. Toscano et al., 2020). HVAC systems account for about 40% of the electrical energy 

consumed in buildings globally (Aune et al., 2016; Pérez-Lombard et al., 2008; Rodríguez-Toscano et al., 

2022a). Therefore, these systems are often energy-intensive, especially in the operation of the compressor, 

which coupled with leaks, lack of maintenance and cleaning can lead to a significant increase in energy 

consumption (Adel et al., 2016; Juaidi et al., 2016; Rodríguez-Toscano et al., 2022a). 

In the specialized literature, the solar energy equipment to activate cooling systems has been reported 

(Allouhi et al., 2015; Asadi et al., 2018). Other studies have used these technologies with absorption 

refrigeration systems to reduce the use of electricity and take advantage of residual thermal energy in the 

industrial sector (Asadi et al., 2018; Bellos & Tzivanidis, 2017; United States Department of Energy, 2016). 

Further research has demonstrated the feasibility of solar-powered absorption cooling systems in shopping 

malls by means of different working fluids to improve the heat transfer and COP with computational sources, 

experiments, and tests in commercial facilities (Alhamid et al., 2020; Amaris, 2013; Rodríguez-Toscano et al., 

2022a; Zapata et al., 2021). However, there is scarce information available on absorption refrigeration systems 

installed on the market that involves biomass as another energy source for their activation, along with the use 

of solar energy (Ayou et al., 2013; Ghafoor & Munir, 2015; A. D. R. Toscano et al., 2021). 

Colombia has an energy potential from solar and biomass sources (Sagastume Gutiérrez et al., 2020; 

UPME, 2015). In this country, the energy produced with biomass for self-generation and cogeneration 

purposes is higher than solar and wind energy (Federación Nacional de Biocombustibles de Colombia, 2018). 

mailto:arodrigu83@cuc.edu.co


Vol. 70, No. 2 / 2023  INMATEH - Agricultural Engineering 

 

67 

Rice is the third most-produced human-consumable agricultural product in Colombia, with more than 

2,463,689 tons/year (UPME, 2016a). From this, residual biomass called rice husk is obtained, which has an 

energy potential of approximately 7,136.53 TJ/year (UPME, 2016a). On the other hand, the Colombian 

Caribbean coast has a high solar energy potential with average solar irradiation of approximately 5 kW-h/m2, 

with high relative humidity and average ambient temperatures of up to 35ºC (Castro, 2010; EPM, 2020; 

Rodríguez-Toscano et al., 2022b; UPME, 2015; Weather Underground, 2020). This involves using cooling 

systems for air conditioning and industrial sector needs. Nevertheless, the potential of this biomass has not 

been studied in conjunction with solar energy in absorption cooling systems, which generates uncertainty about 

the use of this energy source in terms of operation, air pollution, and system performance in companies or 

industries that have these agricultural residues and are located on the Colombian Caribbean coast. 

 

MATERIALS AND METHODS 

This section describes the environmental characteristics of the city of Barranquilla, the thermodynamic 

model, and the economic model of the absorption cooling system using biomass (rice husk) and the solar 

energy as activation source considering water/LiBr as the working pair in the simulation of the absorption 

refrigeration system. 

 

ENVIRONMENTAL VARIABLES IN BARRANQUILLA 

The city of Barranquilla is characterized by maintaining a high solar potential on the Colombian 

Caribbean coast. Its ambient temperature is between 24ºC and 35ºC (Castro, 2010; EPM, 2020; Rodríguez-

Toscano et al., 2022b; Weather Underground, 2020). Figure 1 shows the behavior of the average solar 

irradiance for a day (24 h) in the months of February and October. Where it is noticeable that February is the 

month of highest solar irradiance and October the month of lowest solar irradiance. Also, the irradiation peaks 

occur between 9:00 and 15:00 hours. In this sense, the requirements for activating the solar absorption 

regeneration system during peak hours will be considered from the month with the lowest solar irradiation. 

 

 
Fig. 1 - Average hourly solar irradiation per month (IDEAM, 2020) 

 

RICE HUSK CHARACTERISTICS 

Rice husk is a biomass or plant tissue consisting of cellulose, silica, among other elements that allows 

its use as fuel. This biomass has a great potential for energy in Colombia, due to its large production in the 

country and in its Caribbean coast (Jaider et al., 2009). Table 1 shows the most important characteristics for 

the technical and environmental analysis of this research. 

 

Table 1  

Rice husk characteristics (Sánchez Lario, 2017; UPME, 2016b) 

% 

Humidity 

LHVbiomass 

(kJ/kg) 

LHVbiogas 

(kJ/Nm3) 

Volume biogas per kg of 

biomass (Nm3/kg biomass) 

Emission factor Cem biogass 

(Kg CO2/kJ) 

Emission factor Cem𝑆𝑂2 

(Kg SO2/kJ) 

10 14090 5330 0.92 0.103 0.000000153 

 

 

ABSORPTION CHILLER CONFIGURATION 

Figure 2 shows the simplified configuration scheme of the single-effect absorption refrigeration system 

based on the Thermal LTC-10 series, which has a nominal cooling capacity of 352 kW and uses the water/LiBr 

mixture as the working fluid (Absorsistem, 2014). Where this water/LiBr solution is driven by the pump to the 

desorber. The thermal energy is supplied to the desorber from an external circuit which includes solar thermal 

collectors and a gasifier.  
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In stream 7, superheated water vapor exits the desorber and, in stream 4, a lean water/LiBr solution 

leaves the desorber. Then, in the condenser, the water vapor is cooled by the water corresponding to stream 

16. After the water exits the condenser, the fluid passes through the valve and its temperature decreases due 

to the expansion that occurs. Finally, the water enters the evaporator to cool stream 18, which is water that 

will extract heat from the conditioned space. 

 

 
Fig. 2 - Absorption refrigeration system, solar collectors, and gasifier 

 

The scenarios of the absorption refrigeration system are: 

1. Solar-powered: The cooling system is solar-powered using Evacuated Tube Thermal Collectors. 

2. Activated with rice husk biogas: The absorption refrigeration system is activated only with the biogas 

produced by rice husk gasification.  

3. Activated with solar energy and biogas from rice husk: The absorption cooling system is activated 

with solar energy using the ETC collectors and the burning of biogas from the gasification of rice husk. 

4. Conventional electricity-activated cooling system: This scenario is only evaluated to determine the 

emissions of greenhouse gases (CO2 eq) and the equivalent amount of sulfur dioxide due to electrical energy 

consumed by a conventional system. This to compare the environmental effects of the previous scenarios with 

the conventional system. 

 

THERMODYNAMIC MODEL 

The thermodynamic system was analyzed with EES software. The properties of the working fluid were 

taken from the previous work of Pátek & Klomfar (Pátek & Klomfar, 2006) and provided to the EES software. 

The considerations of the thermodynamic evaluation are: 

1. The temperature of the water at the evaporator inlet (stream 18) is 12 ºC.  

2. The temperature of the water at the condenser inlet (stream 16) is 29.4 ºC (Absorsistem, 2014).  

3. The temperature of the water at the absorber inlet (stream 20) is 29.4 ºC (Absorsistem, 2014).  

4. The flow of water entering the condenser (50 m3/h), absorber (50 m3/h), desorber (74.9 m3/h) and 

evaporator (55 m3/h) is taken from the manufacturer's catalog, and the flows of water to the condenser and 

coming from the absorber have a parallel configuration (Absorsistem, 2014). The mass flow rate is calculated 

by multiplying the density of the water by the flow rate at the corresponding pressure and temperature. 

5. For scenario 2 and 3, the water temperature at the outlet of the gas burner is 90ºC. 

6. The water pressure entering the condenser and absorber is 105 kPa. 

7. The pressure of the water entering the desorber is 500 kPa. 

8. The pressure of the water entering the solar thermal collectors is 454.9 kPa. 
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9. The mass flow rate ṁ1 is 1.681 kg/s. 

10. The low system pressure is the saturation pressure of the water at T10 and the high system pressure 

is the saturation pressure of the water at T8. 

11. The refrigerant flow in the desorber (stream 7) is vapor and losses into the pipelines are negligible 

(Rodríguez-Toscano et al., 2022b).  

12. The LHVbiogas is 14090 kJ/kg, the LHVbiogas  is 5330 kJ/Nm3 and the volume biogas is 0.92 Nm3/kg 

biomass. 

13. Thermal collector area (ETC) is 840.4 m2.  

14. The efficiency of the gasifier is 0.7 (Sánchez Lario, 2017).  

15. The efficiency of the gas heater (𝜂𝐺𝑁) is 0.85 (Gomri, 2013).  

16. The length of the heat reservoir is considered equal to its diameter (Bellos et al., 2017).  

17. The efficiency of the solution pump is 0.6. 

18. The effectiveness of the Evaporator is 0.815 (Rodríguez-Toscano et al., 2022a), the effectiveness 

of the condenser is 0.676 (Rodríguez-Toscano et al., 2022a), the effectiveness of the absorber is 0.5 

(Rodríguez-Toscano et al., 2022a), the effectiveness of the desorber is 0.302 (Rodríguez-Toscano et al., 

2022a) and the effectiveness of the exchanger is 0.64 (Rodríguez-Toscano et al., 2022a).  

19. The thermal reservoir is adiabatic (Rodríguez-Toscano et al., 2022a).  

20. Thermodynamic evaluation is performed between 7:00 and 20:00 hours.  

21. The thermodynamic model has been previously validated by one of the present authors (Rodríguez-

Toscano et al., 2022a). Table 2 provides the mass and energy balance equations of the absorption chiller. 

 

Table 1 

Mass and energy balances of the absorption chiller 

Components Mass Balance Eq. Ref. Energy balance and 

effectiveness 

Eq. Ref. 

Solar thermal 

collector 
ṁ12a = ṁ13 1 - 

Q̇s = AcIs  

Ac is the area of thermal solar 

collectors in m2. Is is the solar 

radiation in W/ m2 

17 (Kalogirou, 2004) 

ηc =
Q̇u

Q̇s
=

ṁ𝟏𝟏cp(T12−T13)

AcIs 
  18 - 

ηc = no −
a1ΔTavg

Is
−

a2(ΔTavg)2

Is
  

no=0.82 

a1=2.198 

a2=0 

19 

(Asadi et al., 2018; 

Bellos et al., 2017; 

Rodríguez-Toscano et 

al., 2022b) 

Pump ṁ1 = ṁ2 2 - 

Ẇp = 𝜂p ∙ Wp el
̇   

where 𝜂p is the pump efficiency 
20 - 

Wp
̇ = ṁ1 · υ1 ∙ (P2 − P1)  21 - 

Heat 

Exchanger 

ṁ2 = ṁ3 3 - Q̇shx = ṁ2 ∙ (h3 − h2)  22 - 

ṁ4 = ṁ5 
1

4 
- 

Q̇shx = ṁ4 ∙ (h4 − h5)  23 - 

ε =
T4−T5

T4−T2
  24 - 

Desorber 

ṁ3 = ṁ7+ṁ4 5 - Q̇d = Q̇u + Q̇GN  25 (Gomri, 2013) 

ṁ3X3 = ṁ7+ 

ṁ4X4 
 

where X is the 

concentration 

of LiBr in the 

solution. 

1

6 

- Q̇GN = 
ṁ𝐺𝑁 ∙𝐿𝐻𝑉𝑏𝑖𝑜𝑔𝑎𝑠∙ ηGN

𝜌𝑏𝑖𝑜𝑔𝑎𝑠 𝑝𝑒𝑟 𝑘𝑔 𝑜𝑓 𝑏𝑖𝑜𝑚𝑎𝑠𝑠
 26 - 

 

Q̇GN = ṁ11 ∙ Cp · (T11a -T13) 27 - 

Q̇d = ṁ7 ∙ h7 − ṁ3 ∙ h3 + ṁ4 ∙ h4  28 - 

Q̇d = ṁ11 ∙ Cp · (T11a-T12) 29 - 

ε =
T4−T3

T11a−T3
  30 - 
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Eq. 48 defines the CO2eq emissions, and the environmental effects associated to the use of biogas 

(scenario 3) (Comisión del Cambio Climático, 2011; Rodríguez-Toscano et al., 2022b). 

CO2 eq = (ṁGN · Cem biogass + Ẇe · Cem el) · timeuse (48) 

where: 𝐶𝑒𝑚 𝑒𝑙 is the emission factor of kg of CO2 associated to the electricity consumption (kW-h) and it is equal 

to 0.181 kg CO2 / kWh. The above equation also applies to scenario 2.  

In this sense, Eq. 49 calculates the CO2eq emissions associated to the energy consumption (scenario 

4) (Comisión del Cambio Climático, 2011; Rodríguez-Toscano et al., 2022b). 

CO2eq = (Q̇e /(COP comp) · timeuse · Cem el (49) 

COP comp is assumed as 3 (Bellos & Tzivanidis, 2017; Rodríguez-Toscano et al., 2022a). 

Then, Eq. 50 determines the CO2eq associated with the energy consumption (scenario 1) (Comisión del 

Cambio Climático, 2011; Rodríguez-Toscano et al., 2022b). 

CO2 eq = Ẇe · timeuse · Cem el (50) 

Last but not least, Eq. 51 calculates the SO2eq associated to the biogas burning (scenario 2 and 3). 

SO2 eq = Q̇gasifier · timeuse · Cem𝑆𝑂2
 (51) 

Components Mass Balance Eq. Ref. Energy balance and 

effectiveness 

Eq. Ref. 

Absorber 

ṁ10 = ṁ1 − ṁ6 

ṁ6X6 + ṁ10 

=ṁ10X10. 
 

where X is the 

concentration 

of LiBr in the 

solution. 

1

7 
- 

Q̇a = ṁ10 ∙ h10 + ṁ6 ∙ h6 − ṁ1 ∙ h1  31 - 

Q̇a = ṁ20 ∙ Cp · (T21-T20) 32 - 

ε =
T6−T1

T6−T20
  33 - 

Condenser ṁ7 = ṁ8 
7

8 
- 

Q̇cond = ṁ7 ∙ h7 − ṁ8 ∙ h8  34 - 

Q̇cond = ṁ16 ∙ Cp ∙ (T17 − T16)  35 - 

ε =
T7−T8

T7−T16
  36 - 

Evaporator ṁ9 = ṁ10 
7

9 
- 

Q̇e = ṁ10 ∙ h10 − ṁ9 ∙ h9  37 - 

Q̇e =  ṁ18 ∙ Cp · (T18 − T19)  38 - 

ε =
T18−T19

T18−T19
  39 - 

Valve 1 ṁ8 = ṁ9 
1

10 
- h8 = h9 40 - 

Valve 2 ṁ5 = ṁ6 
1

11 
- h5 = h6 41 - 

The heat 

reservoir tank 
Vtank =

Ac

30
 

1

12 

(Asadi et al., 

2018) 
- 42 

(Bellos & Tzivanidis, 

2017) 

Gasifier 

ṁ𝐺𝑁 = ṁ14 
1

13 
- 

η𝑔𝑎𝑠𝑖𝑓𝑖𝑒𝑟 =
Q̇𝑔𝑎𝑠𝑖𝑓𝑖𝑒𝑟

Q̇ℎ𝑢𝑠𝑘
  

η𝑔𝑎𝑠𝑖𝑓𝑖𝑒𝑟 =
𝜌𝑏𝑖𝑜𝑔𝑎𝑠 𝑝𝑒𝑟 𝑘𝑔 𝑜𝑓 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 𝐿𝐻𝑉𝑏𝑖𝑜𝑔𝑎𝑠

 𝐿𝐻𝑉ℎ𝑢𝑠𝑘
  

43 (Sánchez Lario, 2017) 

ṁ𝑎𝑠ℎ

= 0.005
𝑘𝑔 𝑎𝑠ℎ

𝑘𝑔 𝑏𝑖𝑜𝑚

· ṁℎ𝑢𝑠𝑘 

 

1

14 

(Sánchez 

Lario, 2017) 

Q̇𝑔𝑎𝑠𝑖𝑓𝑖𝑒𝑟 = 
ṁ𝐺𝑁 𝐿𝐻𝑉𝑏𝑖𝑜𝑔𝑎𝑠

𝜌𝑏𝑖𝑜𝑔𝑎𝑠 𝑝𝑒𝑟 𝑘𝑔 𝑜𝑓 𝑏𝑖𝑜𝑚𝑎𝑠𝑠
 44 (Sánchez Lario, 2017) 

Q̇ℎ𝑢𝑠𝑘 = ṁℎ𝑢𝑠𝑘  𝐿𝐻𝑉ℎ𝑢𝑠𝑘  45 (Sánchez Lario, 2017) 

Absorption 

cooling system 
- 15 - 

COP =
Q̇ev

Q̇d+Ẇp
  

The COP is the coefficient of 

performance of the absorption 

chiller. 44  

46 
(Rodríguez-Toscano 

et al., 2022a) 

Total system - 16 - 𝐶𝑂𝑃𝑠𝑦𝑠𝑡𝑒𝑚  =
Q̇ev

Q̇𝑠 + Q̇ℎ𝑢𝑠𝑘 + Wp el
̇  

 47 - 

https://www.sciencedirect.com/topics/engineering/coefficient-of-performance
https://www.sciencedirect.com/topics/engineering/coefficient-of-performance
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RESULTS 

Figure 3a shows the heat rate used to activate the desorber versus the solar energy potential and the 

biomass energy of the rice husk. In this figure, scenario 1 has the best ratio between 8:00 and 16:00 hours, 

since this is the period with the highest solar irradiation and the highest efficiency of the ETC’s (0.66). 

Furthermore, the COP (see Figure 3b.) presents the highest value presented and hence the highest Q̇𝑒 of all 

scenarios. However, this system can only operate until 17:00 hours. Concerning scenario 2, the ratio (see 

Figure where X is the concentration of LiBr in the solution. 3a) and COP (see Figure 3b) remain constant 

throughout the operating hours. In general, if the area under the curve is considered, it is in this scenario where 

the energy potential during the entire operating time is used to the greatest extent. Scenario 3 exceeds the 

ratio of scenario 2 only between 9:00 and 12:00 hours and throughout the timetable it presents practically the 

same COP. With this behavior, the system in scenario 3 could improve the heat transfer in the absorber. The 

above would imply further increasing the biomass mass flow between 07:00 and 08:00 and between 16:00 

and 20:00 hours. 

   
Fig. 3 - Heat rate and COP analysis of the thermodynamic system 

a) Desorber rate in relation to the potential of energy sources.  

b) COP of the absorption refrigeration system for the different scenarios 

 

After maintaining the highest value, the COPsystem develops a downward concavity curve as the system 

increases the amount of Q̇𝑒 relative to the amount of Q̇𝑠 at peak hours. It should be noted that the COPsystem is 

changing continuously due to the indicator variation without a backup (note that Q̇e has a lower value compared 

to other scenarios due to the quantity of solar collectors and solar energy at time). For scenario 3, the COPsystem 

maintains the highest value during off-peak hours. Between 7:00 and 8:00 hours the COPsystem is 0.4 and 

between 15:00 and 16:00 hours the COPsystem is 1.36. Between 16:00 hours and 17:00 hours, the COPsystem 

takes a value of 0.38. After 17:00 hours, this value is equal to 0.37. This behavior is expected because the 

decrease in the COPsystem indicator is generated by the participation of rice husk biogas in the constant 

temperature combustion with the least amount of solar energy available at the same time. The above is 

supported by comparing the behavior of the scenario 3 with Figure 1. The COPsystem curve is concaved upward 

as the amount of solar energy is higher at peak hours for Q̇d. The constant behavior of Q̇e is because the gas 

burner works at a constant temperature (this is because the burner operates to maintain a constant 

temperature in the water at T11). 

 
Fig. 4 - Analysis of the COPsystem and �̇�e for each scenario 

a) COPsystem of the total system for scenarios 1,2 and 3. b) �̇�e of the absorption refrigeration system 
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Figure 5 shows the amount of biomass required to activate the rice husk absorption refrigeration system 

in the scenarios 2 and 3. In general, to activate the system at nominal capacity, 0.064 kg/s is required. For the 

scenario 2, the mass flow remains constant value of 0.064 kg/s. In the case of scenario 3, the amount of 

biomass mass flow decreases due to the significant solar energy input during the hours of sunshine (between 

7:00 and 17:00 hours). This allows flexibility in the nominal range of the system using rice husk of up to 71.7%. 

 

 
Fig. 5 - Mass flow of rice husk in scenario 2 and 3  

 

 

GREENHOUSE GASES AND SULFUR DIOXIDE SO2 

Figure 6a shows the GHGs for each scenario. The scenario 4 was evaluated with respect to the other 

scenarios to propose an objective comparison of the results and determine the decrease of GHGs. The 

absorption refrigeration system that achieved the greatest reduction in relation to the conventional system was 

the first described in scenario 1 (99.98%), followed by the scenario 3 (99.6%) and the scenario 2 (99.53%). 

This behavior is explained using another energy source (rice husk) which causes GHGs in a low amount. 

Figure 6b shows the amount of sulfur dioxide produced for scenarios 1, 2 and 3. The results show that the 

System evaluated in scenario 1 does not generate sulfur dioxide. Although scenarios 2 and 3 generate the 

highest values of sulfur dioxide, these amounts are low and do not tend to significantly pollute the surrounding 

environment. In these cases, filters should be used according to humidity and particulate matter to avoid the 

formation of aerosols over time. 

 

   
 

Fig. 6 - Analysis of greenhouse gases and sulfur dioxide emissions 

a) GHGs or 𝐶𝑂2 𝑒𝑞 for the various scenarios. b) 𝑆𝑂2 𝑒𝑞 for the several scenarios. 

 

CONCLUSIONS 

The absorption cooling systems using solar energy (with ETC) and biomass (rice husk) as energy 

sources are technically feasible. However, only scenarios 2 and 3 can operate throughout the proposed 

schedule. The system evaluated in scenario 1 operates between 7:00 and 17:00 hours with the partial or 

nominal evaporator cooling load for the typical day of the most critical month. The COP and COPsystem are 

highest at peak hours. In addition, this is the scenario that provides the greatest reduction in GHGs. 
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The system evaluated in scenario 1 presented the greatest reduction of GHGs and the maximum COP 

and COPsystem in relation to Q̇e. If the technical and environmental benefits such as flexibility or availability of 

the energy source, the COP, the COPsystem, the amount of GHGs and the amount of sulfur dioxide are compared 

and the behavior of a compression (conventional) cooling system is analyzed, the most favorable option is the 

absorption refrigeration system that uses both energy sources (scenario 3). If only the technical aspects and 

GHGs are taken into consideration, the best option is the technology that uses solar energy (scenario 1). 

However, this analysis does not consider the investment and operating costs of the entire system. Therefore, 

further studies may consider an assessment of these scenarios from an economic perspective. 

Concerning the rate of energy used by the desorber and the potential energy for its activation (Q̇𝑠+Q̇ℎ𝑢𝑠𝑘 

), this variable maintained a constant value in scenario 2. The system evaluated in scenario 3 only surpassed 

the indicator (ratio) corresponding to the system of scenario 2, between 9:00 and 12:00 hours. As for the 

scenario 1, in peak hours it outperformed all of them. Therefore, it is identified that a control and resource 

management strategy can be generated to improve the use of the energy needed to activate the cooling system 

by reducing the amount of rice husk while using more solar energy during peak hours. Finally, for the 

absorption refrigeration system of scenario 3, it is recommended to study in future research the amount of ETC 

to find an optimal operating condition that favors economic feasibility. 
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