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Resumen 

 

El uso de energías renovables permite disminuir el impacto al ambiente producto del 

consumo eléctrico para satisfacer necesidades humanas, entre ellas la refrigeración a nivel 

residencial o industrial. Los sistemas de refrigeración por absorción activados con una fuente 

de calor proveniente de la energía geotérmica son una alternativa para sobrellevar la demanda 

de enfriamiento a nivel mundial, ya que pueden ser utilizados para conservación de alimentos 

o acondicionamiento de espacios, entre otras aplicaciones de refrigeración. 

Por tal motivo, en este trabajo se evalúa el potencial de utilización y viabilidad de sistemas 

de enfriamiento por absorción de una etapa y avanzados activados con energía geotérmica de 

baja, media y alta temperatura. El estudio se llevó a cabo usando datos reales de pozos del 

campo geotérmico Cerritos Colorados en el bosque de “La primavera”, Jalisco. 

En primera instancia se analiza el rendimiento (COP) y el potencial de enfriamiento de un 

sistema de simple efecto que utiliza una mezcla H2O/LiBr para diferentes temperaturas de 

evaporación (TE) de 6°, 8°, 10° y 12°C y para un rango de temperatura de generación (TG) 

de 77-110°C. Se compara la variación en las temperaturas de condensación-absorción 

(TA=TC) para las distintas estaciones del año. Las temperaturas de generación se relacionan 

directamente con la profundidad a la que se podrían obtener mediante el uso de un 

intercambiador de calor en U dentro del pozo. Las simulaciones fueron realizadas utilizando 

el Engineering Equation Solver (EES). 

  

Posteriormente se presenta una comparación de los sistemas simple y avanzados (doble, triple 

y medio efecto), se analiza el potencial de enfriamiento y del COP mediate la variación de la 

temperatura ambiente para las cuatro estaciones del año para una TE fija de 8°C. El rango de 

temperaturas de funcionamiento fue de 59-80°C para el medio efecto, de 77°-110 °C para el 

simple efecto, de 135-162°C para el doble efecto y de 180-187°C para el triple efecto. Para 

este estudio se muestra un nuevo modelado del intercambiador de calor en U para la 

obtención de la temperatura dentro del pozo.  

Por último, se analiza la problemática de un Ejido para mantener su actividad productiva a 

falta de red eléctrica y se propone una unidad de refrigeración por absorción H2O/LiBr de 

simple y doble efecto que utiliza el calor de un pozo geotérmico cercano e inoperante para la 

producción de potencia. Se presenta el diseño un almacén (cuarto frio) para conservar la leche 

que ordeñan a 10°C y el dimensionamiento del sistema de absorción, usando EnergyPlus, 

con una carga de enfriamiento de 5 kW. Además, se muestra un análisis económico para 

compararlo contra un sistema convencional y un sistema solar.  
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Abstract 
 

Using renewable energies makes it possible to reduce the impact on the environment due to 

electricity consumption to satisfy human needs, including refrigeration at a residential or 

industrial level. Absorption refrigeration systems activated with a heat source from 

geothermal energy are an alternative to meet the global cooling demand since they can be 

used for food preservation or space conditioning, among other refrigeration applications. 

For this reason, this work evaluates the potential use and feasibility of single-stage and 

advanced absorption cooling systems activated with low, medium, and high-temperature 

geothermal energy. The study was carried out using actual data from wells in the Cerritos 

Colorados geothermal field in the "La primavera" forest, Jalisco. 

The coefficients of performance (COP) and the cooling potentials of a simple-effect system 

using an H2O/LiBr mixture for different evaporation temperatures (TE) of 6°, 8°, 10°, and 

12°C and at a generation temperature range (TG) of 77-110°C were analyzed. In addition, the 

variation in the condensation-absorption temperatures (TA=TC) for the different seasons of 

the year was compared. Generation temperatures are directly related to the depth at which 

they could be obtained by using a U-shaped heat exchanger within the wellbore. Simulations 

were performed using the Engineering Equation Solver (EES). 

Subsequently, a comparison of the simple and advanced systems (double, triple, and half 

effect) was presented. The cooling potential and the COP were analyzed by varying the 

ambient temperature for the four seasons of the year at a fixed TE of 8°C. The operating 

temperature range was 59-80°C for the half-effect system, 77°-110°C for the single-effect, 

135-162°C for the double-effect, and 180-187°C for the triple-effect. For this study, a new 

model of the U-shaped heat exchanger was shown to obtain the temperature inside the well. 

Finally, the problem of a rural area maintaining its productive activity in the absence of an 

electrical network is analyzed, and a simple and a double effect H2O/LiBr absorption 

refrigeration unit were proposed using the heat of a nearby and inoperative geothermal well 

for the power output. The design of a warehouse (cold room) to keep the milk that is milked 

at 10°C and the sizing of the absorption system, using EnergyPlus, with a cooling load of 5 

kW, is presented. In addition, an economic analysis is shown to compare it against a 

conventional system and a solar cooling system. 
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Capítulo 1. Introducción 
 

Introducción general 

 

Dentro de las prioridades que actualmente la humanidad debe afrontar se encuentra de forma 

imprescindible el deterioro climático. Este gran problema, ocasionado por el aumento de 

población y la consecuente demanda de energía, es el motivo de numerosos temas de 

investigación relacionados a mitigación del daño ambiental. Los esfuerzos van encaminados 

a la búsqueda de procesos y materiales más limpios, y al uso de energías renovables, como 

alternativas que cubran el consumismo y las necesidades poblacionales. 

En relación con dichas necesidades poblacionales se encuentra la refrigeración. Este es un 

proceso de uso cotidiano, tanto a nivel residencial para confort humano y conservación de 

alimentos como en la industria en procesos productivos y de almacenamiento. 

Aproximadamente el 50% de la energía consumida a nivel mundial se debe a procesos de 

refrigeración y más del 20% de la energía es usada en acondicionamiento térmico de 

espacios. Se estima que para 2024 la demanda de servicios de cadena de frío en Norteamérica 

aumentara un 76%, lo que conlleva a una demanda progresiva de servicios, energía, 

alimentos, medicamentos, etc., (IEA, 2018). Esta demanda de refrigeración es actualmente 

suministrada en su mayoría por sistemas convencionales de refrigeración y aire 

acondicionado, actualmente 2 mil millones operando en el mundo (IEA, 2018).  

Con base a estas cifras se investigan sistemas alternos de refrigeración con menor impacto 

en el medio ambiente. En este campo adquieren importancia los sistemas de refrigeración por 

absorción, como una alternativa a los sistemas convencionales de refrigeración, al prescindir 

del trabajo de compresión (Sureshchandra Bhurat et al., 2022); y por ende el empleo de 

energía eléctrica. La consecuente reducción de la demanda de energía de enfriamiento es 

importante y la capacidad de estos sistemas para operar con aporte térmico, haciendo posible 

la introducción de energías renovables o calor residual de otros procesos  (Ozcan et al., 2019). 

Adicionalmente, los sistemas de refrigeración por absorción son una tecnología que utiliza 

refrigerantes considerados “respetuosos” con el medio ambiente como el agua, amoniaco y 

algunas sales, los cuales se ajustan a los protocolos internacionales como el de Montreal y 

Kioto (Coskun et al., 2010). Asimismo, son sistemas con un bajo costo de mantenimiento 

según la fuente de energía térmica, con rango de temperaturas desde de 50 a 200 °C. En este 

rango puede usarse la energía geotérmica, la solar, el calor residual de plantas de 

cogeneración o proceso de vapor, entre otros (Keçeciler et al., 2000).  

Entre las fuentes mencionadas en el párrafo anterior, la energía geotérmica se presenta como 

una opción poco explotada y con gran potencial, sobre todo en México. El término renovable  

describe una característica del recurso, su continuidad para producción de calor, es decir, la 

energía extraída del recurso se sustituye de manera continua, aun  cuando su generación  

depende  de la explotación del fluido geotérmico en el yacimiento,  el volumen extraído se 
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puede llegar a recuperar logrando un explotación sostenible, lo que significa que el sistema 

de producción sería capaz de mantener un nivel de producción durante largos periodos de 

tiempo si se administra adecuadamente (Rybach & Mongillo, 2006).  

Para mencionar datos de interés, se estima que el calor almacenado en el interior de la Tierra 

es de 12.6 billones de exajoules (12.6 x1012 EJ), el cual se transfiere a la superficie terrestre 

a una tasa de 65 miliwatts por metro cuadrado (mW/m2), con un flujo de calor global neto de 

1,388 exajoules anuales (Gupta & S. Roy, 2007). Este flujo de calor es en gran parte de las 

regiones del mundo lo suficientemente alto para ser aprovechado mediante la perforación de 

pozos poco profundos o bombas de calor geotérmicas (Saemundsson et al., 2011). Se 

proyecta para el 2030 un crecimiento del 70% para la energía geotérmica, con 3.800 MWt de 

aplicaciones en usos directos los cuales procederán principalmente del uso en cascada en 

campos geotérmicos (Gutiérrez-Negrín et al., 2020).  Debido a sus características, la energía 

geotérmica tiene un futuro prometedor para contribuir a satisfacer las necesidades energéticas 

del mundo, y puede ser ampliamente utilizada para operar sistemas de refrigeración por 

absorción. Con el uso de la energía geotérmica para calefacción y climatización se puede 

reducir el consumo energético entre un 30% y 70% en modo calefacción, y entre un 20 y 

95% en modo refrigeración, en comparación con los sistemas convencionales (Sierra 

Rodríguez, 2016).  

Considerando las ideas anteriores, esta tesis doctoral se enfoca en el uso de energía 

geotérmica como fuente de calor para operar los sistemas de refrigeración por absorción. A 

partir de la identificación de la demanda energética a nivel mundial para sostener la 

refrigeración/enfriamiento en todos los sectores, el enorme potencial que tiene la energía 

geotérmica  en el país y revisando el estado del arte de los sistemas de refrigeración por 

absorción activados con energía geotérmica; el trabajo tiene como finalidad la evaluación del 

potencial de enfriamiento de los sistemas refrigeración  por absorción  de una etapa y 

avanzados para ser operados con pozos geotérmicos inoperantes para la producción de 

energía eléctrica, pero no así para el suministro de calor. De esta manera se pretende 

contribuir a la disminución de la demanda de refrigeración y al consumo de energía eléctrica, 

así como al aprovechamiento del potencial de recursos infrautilizados. 

 

 Objetivo general 
 

Evaluar el potencial de utilización y viabilidad de sistemas de enfriamiento por absorción de 

una etapa y avanzados activados con energía geotérmica de baja, media y alta temperatura.  
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Objetivos específicos 
 

• Investigar el estado del arte de los sistemas de refrigeración por absorción operados 

con energía geotérmica.  

• Simular el potencial de enfriamiento y operación para los ciclos de absorción de una 

etapa y avanzados. 

• Evaluar viabilidad operacional de ciclos de absorción de una etapa y avanzados 

mediante comparación de resultados de simulación.  

• Definir caso de estudio para implementación teórica del sistema de enfriamiento.  

• Realizar modelación y análisis técnico-económico para definir la factibilidad del 

aprovechamiento geotérmico para máquinas de absorción.  

 

Estructura de la tesis 
 

La presente tesis doctoral está conformada por cinco 6 capítulos estructurados de la siguiente 

manera:  

 

El Capítulo 1 presenta una introducción general sobre el panorama de los sistemas de 

refrigeración por absorción operados con energías renovables, en específico con recursos 

geotérmicos como una alternativa a la demanda energética. Además, se plantean los objetivos 

generales y específicos de esta tesis de investigación doctoral. 

 

El Capítulo 2 abarca el marco conceptual de la tesis, en el cual de describe los principios de 

la refrigeración por compresión y por absorción.  Incluye una breve descripción de las 

mezclas de trabajo, principalmente Agua/Bromuro de litio (mezcla seleccionada para este 

estudio), se describe las características de energía geotérmica como fuente de calor 

renovable, su origen, aplicaciones, sus ventajas y desventajas. Por último, se presenta el 

panorama mundial de su uso y el potencial de tiene esta alternativa en México.   

 

El Capítulo 3 presenta el análisis del potencial de enfriamiento para un sistema de 

refrigeración por absorción de simple efecto operado con una fuente de calor geotérmica. 

Como cuerpo del capítulo se muestra el artículo correspondiente que describe a detalle el 

estudio realizado. 

 

El Capítulo 4 muestra el análisis del potencial de enfriamiento para sistemas avanzados de 

refrigeración por absorción (doble, triple y medio efecto) operado con una fuente de calor 

geotérmica. Se ofrece el artículo correspondiente que describe a detalle el estudio realizado. 
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El Capítulo 5 exhibe el caso de estudio que considera el diseño, modelado y costos de un 

sistema de refrigeración por absorción para conservación de leche, el cual incluye el propio 

diseño del almacén, el dimensionamiento del sistema de refrigeración y el análisis económico 

de dos propuestas de sistemas de absorción. Se presenta el artículo correspondiente. 

 

Finalmente, el Capítulo 6 presenta las conclusiones generales de proyecto doctoral. 
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Capítulo 2. Marco conceptual 
 

En este capítulo se presenta las generalidades de los sistemas de refrigeración por absorción, 

principios de operación, clasificación, una breve descripción de las mezclas de trabajo y su 

comparación con un sistema convencional por comprensión. Posteriormente se hace 

referencia a la energía geotérmica como fuente de calor renovable, su origen, aplicaciones, 

ventajas y desventajas.  Además, se describe el panorama mundial de su uso y potencial en 

México.    

 

2.1 Generalidades de los sistemas de refrigeración por absorción 

 

2.1.1 Principios de la refrigeración  

 

Los procesos de enfriamiento natural consisten en la pérdida o eliminación de calor de un 

cuerpo o espacio de manera espontánea. Naturalmente, los cuerpos pueden enfriarse hasta 

llegar a la temperatura del ambiente, pero se requieren de técnicas específicas para lograr 

mantener el cuerpo a una temperatura inferior al ambiente. Por otra parte, el enfriamiento 

artificial se basa en el uso de distintos procesos que utilizan fluidos conocidos como 

refrigerantes. Estas sustancias tienen propiedades termodinámicas que los sitúan como 

grandes absorbedores de calor, cuya función es extraer el calor de un cuerpo de manera 

constante, y con ello realizar el proceso de refrigeración (Dimas et al., 2018). El enfriamiento 

se puede realizar por medio de un abatimiento de la temperatura sin que el cuerpo sufra un 

cambio de estado físico a temperatura constante o mediante procesos que provocan un 

cambio de estado como la evaporación, fusión, sublimación, etc. (Dimas et al., 2018). 

La refrigeración pertenece a las tecnologías que transfieren calor de una temperatura baja a 

una temperatura alta. Con base al enunciado de Clausius de la “Segunda Ley de 

termodinámica”, esta transferencia requiere una entrada termodinámica en forma de trabajo 

o de calor, es decir, demanda un gasto de energía (Herold keith E. et al., 2016). 

Los sistemas de absorción son un ejemplo de una tecnología impulsada por calor, en la cual 

es posible transferir calor de una temperatura baja a una alta temperatura mientras suministra 

sólo calor como energía impulsora. Al eliminar la necesidad de una entrada de trabajo, un 

ciclo de absorción proporciona una solución a las necesidades de enfriamiento y 

refrigeración.  

El desempeño de los sistemas de refrigeración se define por el COP (coeficiente de operación 

o coefficient of performance), el cual se describe como la relación entre el beneficio obtenido 

y la energía requerida. En el caso de la refrigeración se define como la relación entre la 

capacidad de refrigeración QE y la potencia neta necesaria (Herold keith E. et al., 2016). 
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𝐶𝑂𝑃 =
𝑝𝑜𝑡𝑒𝑛𝑐𝑖𝑎 𝑑𝑒 𝑒𝑛𝑓𝑟𝑖𝑒𝑚𝑖𝑛𝑡𝑜 𝑝𝑟𝑜𝑑𝑢𝑐𝑖𝑑𝑎 

 𝑡𝑟𝑎𝑏𝑎𝑗𝑜 𝑛𝑒𝑡𝑜 𝑠𝑢𝑚𝑖𝑛𝑖𝑠𝑡𝑟𝑎𝑑𝑜
=

𝑄𝐸

𝑊𝑛𝑒𝑡𝑜
                      (2.1) 

 

Existen características operativas que diferencian a los sistemas de refrigeración por 

absorción y los de compresión. En el siguiente apartado se describen y se comparan ambos 

sistemas. 

 

2.1.2 Sistema convencional de compresión  

 

Los sistemas de refrigeración por compresión de vapor constituyen aún la tecnología más 

utilizada en calefacción, refrigeración residencial o comercial, refrigeración de alimentos y 

aire acondicionado de automóviles, etc. (Herold keith E. et al., 2016). El ciclo de compresión 

está compuesto por cuatro elementos principales: un compresor, un condensador, una válvula 

de expansión y un evaporador. Utiliza un refrigerante de composición química fija, el cual 

es comprimido en el compresor. Para llevar a cabo esta compresión es necesario el consumo 

de una cantidad de energía eléctrica, con el fin de elevar la presión y temperatura de este 

refrigerante hasta las condiciones requeridas. Alcanzadas éstas, el refrigerante entra al 

condensador, en donde mediante la extracción de calor cambia de fase de vapor a líquido a 

alta presión. Pasa luego por la válvula de expansión en la cual se reduce la presión y por tanto 

la temperatura, de tal manera que se obtiene una mezcla liquido-vapor, a baja temperatura. 

En estas condiciones, la mezcla entra al evaporador en donde absorbe calor ya sea del espacio 

o productos a enfriar, produciéndose el efecto de enfriamiento. Por último, el refrigerante 

sale del evaporador como vapor saturado y es de nuevo comprimido, comenzando el ciclo 

nuevamente. En la Figura 1 se presenta el diagrama esquemático del sistema de refrigeración 

por compresión. En este sistema el compresor mecánico, normalmente accionado por un 

motor eléctrico, proporciona la entrada de trabajo que impulsa la transferencia de calor desde 

la temperatura baja a la alta temperatura. 

 Siguiendo la definición de COP, para el sistema de compresión (Herold keith E. et al., 2016): 

𝐶𝑂𝑃 =
𝑝𝑜𝑡𝑒𝑛𝑐𝑖𝑎 𝑑𝑒 𝑒𝑛𝑓𝑟𝑖𝑎𝑚𝑖𝑒𝑛𝑡𝑜 𝑝𝑟𝑜𝑑𝑢𝑐𝑖𝑑𝑎 

 𝑒𝑛𝑒𝑟𝑔𝑖𝑎 𝑠𝑢𝑚𝑖𝑛𝑖𝑡𝑟𝑎𝑑𝑎 𝑎𝑙 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑜𝑟
=

𝑄𝐸

𝑄𝐶  −𝑄𝐸
      (2.2) 
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Figura 1. Diagrama esquemático del sistema de refrigeración por compresión. 

 

2.1.3 Operación de los sistemas de refrigeración por absorción 

 

La absorción se refiere a la capacidad que tienen algunas sustancias para absorber en fase 

líquida el vapor de otras sustancias.  Termodinámicamente los ciclos de refrigeración por 

absorción se basan en el principio de condensación y evaporación de un refrigerante a 

diferentes presiones, al igual que los de compresión. Sin embargo, la diferencia entre estos 

ciclos se presenta en el proceso en el cual dicho fluido se traslada desde la zona de baja 

presión a la zona de alta presión. Además, se usa una mezcla (solución absorbente –

refrigerante) cuya concentración varía durante todo el ciclo, en lugar de un solo refrigerante. 

El refrigerante vaporizado en la zona de baja presión es absorbido por una solución que tiene 

afinidad fisicoquímica por dicho fluido conocida como absorbente. La mezcla líquida 

resultante es bombeada a la zona de alta presión, donde el refrigerante es extraído de nuevo 

de la solución mediante la aportación de calor (Dimas et al., 2018). En el caso de los sistemas 

de compresión, este proceso se realiza mediante la acción mecánica de un compresor activado 

por energía eléctrica. 

En la Figura 2 se muestra el diagrama de un sistema de refrigeración por absorción. Como se 

puede observar, algunos de los componentes los tienen ambos sistemas, como lo son el 

evaporador, condensador, y válvula de expansión; sin embargo, en un sistema de absorción 

se remplaza el compresor por varios dispositivos siendo estos: un  generador, un absorbedor, 

un intercambiador de calor de solución, una válvula de expansión y una bomba.  

Válvula 
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A continuación, se describen cada uno de los componentes del sistema de absorción: 

- Generador: es un intercambiador de calor que recibe calor de una fuente externa de 

alta temperatura, con lo cual se evapora en primera instancia parte del refrigerante 

contenido en la solución.  

- Condensador: intercambiador de calor cuya función es condensar el vapor de 

refrigerante proveniente del generador, mediante la eliminación de calor por 

intercambio entre el calor latente del refrigerante a alta presión y con el aire exterior 

o con agua fría.  

- Válvula de Expansión:  dispositivo cuya función es bajar la presión del líquido y 

producir una mezcla de líquido-vapor a baja temperatura y presión. 

- Evaporador: es un intercambiador cuya función es llevar a cabo el proceso de 

enfriamiento o refrigeración, retirando el calor de los alimentos almacenados o del 

espacio a acondicionar. 

- Absorbedor: intercambiador de calor donde se lleva a cabo el proceso de absorción 

del refrigerante por la solución proveniente del generador, liberando una cantidad 

calor. 

- Bomba: dispositivo que se usa para circular la solución del absorbedor al generador 

elevando su presión.  

 

Estos componentes operan de la siguiente manera. En el generador se tiene la solución con 

alta concentración de refrigerante, a la que se le suministra una cantidad de calor (de una 

fuente externa) para aumentar su temperatura y lograr vaporizar parte del refrigerante 

contenido en la solución en condiciones de alta presión y temperatura. Este vapor de 

refrigerante producido entra al condensador, y luego a la válvula de expansión y al 

evaporador de la misma forma que lo hace el sistema de compresión. Pero ahora y a 

diferencia del ciclo de compresión, el refrigerante en fase vapor que sale del evaporador, va 

a ser absorbido por la solución pobre de refrigerante proveniente del generador, de tal forma 

que una vez que se absorbe forma una a solución rica de refrigerante, lo que produce un 

cambio en su concentración (de débil a fuerte), y desprendimiento de calor.  Por último, esta 

solución se vuelve a enviar al generador a través de la bomba, dando inicio nuevamente al 

ciclo. 

El intercambiador de solución es un componente adicional que se coloca entre el absorbedor 

y el generador para hacer más eficiente el sistema, al precalentar la solución que va del 

absorbedor al generador, con la solución caliente y con ello aumentar la temperatura y 

eficiencia del generador al disminuir el calor trasferido. 

Para el COP del sistema de absorción, el término de la energía requerida involucra la energía 

que se suministra al generador más el trabajo que se consumen por el bombeo de la solución 

al generador (Herold keith E. et al., 2016).  
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𝐶𝑂𝑃 =
𝑝𝑜𝑡𝑒𝑛𝑐𝑖𝑎 𝑑𝑒 𝑒𝑛𝑓𝑟𝑖𝑎𝑚𝑖𝑒𝑛𝑡𝑜 𝑝𝑟𝑜𝑑𝑢𝑐𝑖𝑑𝑎 

 𝑒𝑛𝑒𝑟𝑔𝑖𝑎 𝑑𝑒 𝑒𝑛𝑡𝑟𝑎𝑑𝑎 𝑟𝑒𝑞𝑢𝑒𝑟𝑖𝑑𝑎
=

𝑄𝐸

𝑄𝐺  + 𝑊𝐵
      (2.3) 

 

 

 

Figura 2. Diagrama del sistema de refrigeración por absorción simple efecto. 

 

 2.1.4 Sistemas avanzados de absorción 

 

El sistema descrito en el apartado anterior es el sistema básico y corresponde al sistema más 

simple llamado sistema de una etapa o simple efecto, debido a que tiene una sola etapa de 

generación o producción de refrigerante y una de evaporación. Existen diferentes 

configuraciones o arreglos de estos sistemas de absorción. 

Los sistemas de simple efecto tienen rangos de operación que van de temperaturas de 

generación de 80-120ºC.  y pueden llegar a obtenerse COP de 0.85- 1.1 (Best & Rivera, 2015) 

(Herold keith E. et al., 2016). 

Los sistemas avanzados son los sistemas de doble efecto, triple efecto y medio efecto (Herold 

keith E. et al., 2016). A continuación, explica de forma general las configuraciones de estos 

sistemas. Una descripción detallada se presenta en el capítulo 4. 
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Sistema de doble efecto 

 

El sistema de doble efecto se llama así por tener dos etapas de generación de refrigerante y 

una de evaporación, y opera de la siguiente manera: en la parte inferior se tienen los mismos 

dispositivos del ciclo de simple efecto (un generador que produce el vapor refrigerante, 

posteriormente se condensa, se produce el frío a través del evaporador, y se absorbe en el 

absorbedor) como ilustra la Figura 3. Sin embargo, y a diferencia del sistema de simple 

efecto, en alta presión el sistema de doble efecto se le adiciona un componente, un generador-

condensador, que en una etapa la principal función es de generar refrigerante y en otra etapa 

su función es la de condensar.  

Al tener un segundo generador (a más alta presión) se obtendrá una producción de 

refrigerante con una presión mayor que la se tenía con el simple efecto. Otra característica 

de este sistema es que el calor liberado en la condensación se utiliza directamente para 

suministrarse al generador del ciclo de presión menor, de tal manera que con un solo 

suministro de energía se está produciendo doble efecto de generación de refrigerante. Se 

llama de doble efecto porque se tienen dos etapas de generación de refrigerante y una de 

evaporación. 

La ventaja de estos sistemas es que tienen un coeficiente de operación mayor que los de 

simple efecto, es decir son sistemas más eficientes, ya que al tener doble producción de 

refrigerante alcanzan valores de COP entre 0.9 y 1.33. La desventaja es que se requiere una 

temperatura de activación mayor a los de simple efecto, entre 130 y 185º C, para que cuando 

se realice la condensación se pueda hacer a 80ºC y ese calor del condesado sea suficiente 

para activar la segunda etapa. 

Los sistemas de doble efecto tienen diversas configuraciones, algunos de los más comunes 

son en serie, inverso y en paralelo. 
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Figura 3. Diagrama del sistema de refrigeración por absorción de doble efecto. 

 

Sistema de triple efecto 

 

El sistema de triple efecto opera de manera análoga al sistema de doble efecto, pero en este 

sistema se tienen tres etapas de generación o producción de refrigerante. Además, tiene un 

tercer generador-condensador a más alta presión que el sistema de doble efecto y un tercer 

intercambiador de calor de solución (SXH).  

Este ciclo es el más complejo pero el más eficiente de los sistemas descritos anteriormente, 

ya que se pueden llegar a obtener valores de COP por encima de 1.4. La desventaja es que 

necesita temperaturas de activación más altas también, en el rango de 170 a 200º C.   
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Figura 4. Diagrama del sistema de refrigeración por absorción de triple efecto. 

 

Sistema de medio efecto 

 

El sistema de medio efecto, a diferencia de los ciclos descritos anteriormente, tiene dos 

suministros de calor en los dos generadores y solo una etapa de enfriamiento. El generador 

de baja presión se utiliza para activar el circuito de la solución de alta, lo que hace que tenga 

dos circuitos de solución, uno de ellos a alta presión y el otro a baja presión. Por lo tanto, el 

ciclo de medio efecto tiene además de dos generadores, dos absorbedores, y dos 

intercambiadores de calor. Donde una sola corriente entra al condensador, pero se produce 

vapor refrigerante en los dos generadores y se suministran uno a otro. 

La ventaja de este sistema es que utiliza menores temperaturas de activación 55-80° C, pero 

prequiere mayor cantidad de energía a menor temperatura lo que lo hace menos eficiente con 

COP entre 0.4-0.5 
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Figura 5. Diagrama del sistema de refrigeración por absorción de medio efecto. 

 

 2.1.5 Mezclas de trabajo  

 

Como ya se había mencionado, los ciclos de absorción operan con mezclas de trabajo 

refrigerante-absorbente. El desempeño y costo de operación del sistema de absorción va a 

depender en su parte de las propiedades de las mezclas de trabajo (Pérez-Blanco, 1984). 

Los refrigerantes son substancias con la capacidad de producir el efecto de enfriamiento en 

el sistema de refrigeración, mediante la absorción de calor de otro cuerpo o sustancia. Estos 

van cambiando sus propiedades a lo largo del todo el ciclo. De manera general cualquier 

sustancia con la capacidad de cambiar de estado de líquido a vapor y viceversa puede actuar 

como refrigerante (Hernández Magallanes, 2017). 

Por su parte los absorbentes debe tener ciertas propiedades para poder ser utilizado como 

fluido (Dimas et al., 2018): 

- Tener una fuerte afinidad por el refrigerante.  

- Menor volatilidad que el refrigerante para facilitar su separación en el generador.  

- La presión de vapor en el generador debe ser despreciable o muy baja, en 

comparación con la presión de vapor del refrigerante.  

- El absorbente debe permanecer en estado líquido durante todo el ciclo, para evitar el 

problema de cristalización. 

- Estabilidad química. 

- No corrosivo. 
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- No tóxico.  

- El calor específico debe ser bajo para evitar pérdidas. 

- La conductividad térmica alta. 

- La viscosidad y la tensión superficial deben ser bajas para facilitar la transmisión del 

calor y la absorción.  

 

El mecanismo de funcionamiento de los sistemas de refrigeración por absorción es el mismo, 

pero pueden utilizar diferentes tipos de mezclas de trabajo, es decir diferir entre el 

refrigerante y absorbente utilizado. Las mezclas más utilizadas y estudiadas son mezcla 

agua/bromuro de litio, amoníaco/agua.  

En la mezcla agua/LiBr el agua actúa como refrigerante y el LiBr como absorbente. Presenta 

las siguientes ventajas: no tóxica ni inflamable, el refrigerante (agua) tiene una alta capacidad 

calorífica, la solución de LiBr no es volátil. Como desventajas presenta rangos más limitados 

de temperatura a los que puede trabajar debido a los problemas de cristalización del fluido, 

ya que el sistema no puede enfriar a temperaturas menores del punto de congelación del agua. 

Opera en condiciones de vacío y el costo del LiBr es elevado. 

Por su parte, la mezcla amoníaco-agua tiene las ventajas de que puede alcanzar temperaturas 

de refrigeración muy bajas. Las desventajas son: toxicidad, necesita presiones muy altas y 

por ende tuberías más gruesas, presenta problemas volatilidad del solvente por lo que es 

necesario adicionar un componente al sistema (rectificador) para realizar la separación de 

vapor. 

La elección de la mezcla a utilizar dependerá de la aplicación que se requiere, es decir, del 

trabajo final en el que se empleara el sistema de absorción:  para la refrigeración y 

almacenamiento de alimentos se requiere un rango de 0-7 °C, para aire acondicionado de 7-

18 °C, para congelación y producción de hielo < 0°C (b. Dorgan et al., 1995). 

En este trabajo se utiliza la mezcla agua-LiBr debido a las ventajas citadas, y a la aplicación 

requerida de acondicionamiento de espacios y almacenamiento de alimentos. 
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2.2 Energía geotérmica  
 

2.2.1 Origen del calor geotérmico  

 

La palabra geotérmia se deriva del griego geo: "Tierra", y thermos: "calor"; literalmente 

"calor de la Tierra". La energía geotérmica es aquella energía natural térmica/calorífica que 

se encuentra en el interior de la Tierra, y que se transmite desde sus capas internas hacia la 

parte más externa de la corteza terrestre, a través de la roca y/o de fluidos. Este término de 

Geotermia se utiliza para designar tanto la ciencia que estudia los fenómenos térmicos 

internos del planeta, así como el conjunto de procesos industriales para producir energía 

eléctrica y/o calor útil para el ser humano (Trillo & Angulo, 2008). 

 

El origen del calor interno de la tierra es el resultado de distintos fenómenos como:  

• Desintegración de isotopos radiactivos presentes en la corteza y el manto, 

principalmente U235, U238, Th282 y K40.  

• El calor inicial que se liberó dúrate la formación del planeta hace 4500 Ma y que 

todavía está llegando a la superficie.  

• Los movimientos diferenciales entre las diferentes capas que constituyen la Tierra, 

principalmente entre el manto y núcleo.  

•  La liberación de calor por la continua cristalización tanto en el núcleo externo 

(líquido), como en la zona de transición del núcleo interno (sólido).  

 

Este calor fluye debido al movimiento de las placas tectónicas (zonas de subducción, 

expansión del suelo oceánico y rift) las cuales, al chocar, separarse o moverse constituyen 

regiones geológicamente activas (Andraca Gutiérrez F. H. & Rodríguez Marian J. R., 2012), 

en la cuales se producen terremotos, erupciones volcánicas y fallas, que son las señales de la 

tectónica originada por los flujos de calor desde el interior de la tierra. En estas zonas los 

valores de flujo geotérmico son anómalos, donde el incremento del gradiente geotérmico es 

entre 15 y 30ºC cada 100 m, por lo que se llegan a encontrar temperaturas desde 150 a 300ºC 

a profundidades de 1.5 a 2 km, y es ahí, donde se encuentran los sistemas geotérmicos 

explotables o con potencial geotérmico (IDAE & IGME, 2008). 

 

2.2.2 Tipos de sistemas geotérmicos  

 

Se denomina yacimiento geotérmico al espacio de la corteza terrestre donde se encuentran 

materiales permeables que almacenan los recursos geotérmicos capaces de ser explotados 

por el hombre en condiciones técnicas disponibles y económicas adecuada(IDAE & IGME, 

2008). Para que estos yacimientos geotérmicos logren ser explotados, es necesario que tengan 

suficiente calor natural que se transforme en presión y lleve el vapor a la superficie. 
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Por tanto, un sistema geotérmico se refiere a todas las partes que conforman el sistema, desde 

el sistema hidrológico, la superficie implicada y el flujo saliente del sistema. Se diferencia 

del campo geotérmico el cual se refiere a una zona geográfica definida, que indica un área 

donde se presenta actividad geotérmica en la superficie de la Tierra o en su caso al yacimiento 

geotérmico debajo de ella (Hiriart & Bert, 2011). 

 

Con base a su tipo de explotación, los principales de yacimientos o sistemas geotérmicos son: 

los yacimientos hidrotermales conocidos también como sistema convencionales, y los 

yacimiento de roca caliente seca (HDR:Hot Dry Rock)  o sistemas geotérmicos  mejorados  

(EGS ,Enhanced or engineered geothermal systems,) conocidos también como sistema no 

convencionales (Hiriart & Bert, 2011). Los yacimientos hidrotermales conforman la mayoría 

de los sistemas geotérmicos, en los cuales el medio de transporte es el agua; las condiciones 

clásicas para que se conforme este yacimiento son: que se tenga una fuente de calor activo 

(cuerpo magmática en proceso de enfriamiento) , que se  forme un acuífero con alta 

permeabilidad natural del cual circula un fluido, por lo general agua de origen meteórica ya 

sea en fase líquida o vapor la cual se encuentra dominados por los estratos o controlados por 

fracturas ,y por ultimo que tenga una cobertera o sello que impida o límite que  escape del 

fluido (IDAE & IGME, 2008).  Cuando el agua del acuífero se mezcla con los fluidos 

magmáticos y se calienta, da origen a estos yacimientos.  En la Figura 6 se representa el 

esquema general de este tipo de yacimientos. 

 

Figura 6. Esquema general de un yacimiento geotérmico convencional (tomado de (Hiriart, 

2013). 
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Por su parte los yacimientos tipo HDR (Figura 7) son sistemas que se han calentado mediante 

volcanismo o flujo de calor anormalmente alto en volúmenes de roca, pero a diferencia de 

los hidrotermales, estos tienen baja permeabilidad o son impermeables, debido a esto, no se 

pueden explotar de la misma forma que un sistema hidrotermal (forma convencional). En los 

sistemas de HDR es necesaria la estimulación hidráulica y/o química de las rocas del 

subsuelo con patrones de flujo construidos artificialmente para mejorar las redes de fracturas; 

como es el caso del método hidro fracturado o “fracturado hidráulico” entre otras tecnologías 

(Hiriart, 2013).  Estos campos aún están en etapa de desarrollo por la tecnología que requieren 

y por el aporte externo del recurso agua lo que limita su uso. 

 

 

 
Figura 7. Esquema general de un yacimiento geotérmico de RDH tomado de (IGME, n.d.). 

 

Otras de las clasificaciones más utilizadas de los sistemas geotérmicos es la relacionada con 

su temperatura, categorizándolos en recursos o sistemas de alta temperatura que alcanzan 

temperaturas >150°C, de media temperatura con temperaturas entre 90 y 150°C, de baja 

temperatura con temperatura entre 30 y 90°C y de muy baja temperatura con temperatura < 

30°C (Dickson & Fanelli, 2003). 

 

2.2.3 Pozos geotérmicos  

 

La explotación/extracción de la energía geotérmica se realiza mediante la perforación de 

pozos, llamados pozos geotérmicos, similares a los pozos petroleros. En la actualidad se 

cuenta con tecnología de perforación propia para la geotermia con algunas diferencias a las 

técnicas petroleras, debido a la naturaleza y a las características de los fluidos geotérmicos 

como son las altas temperaturas y presiones.  Algunas de estas adaptaciones en la perforación 

son la necesidad de enfriamiento de los lodos de perforación, mayor diámetro en las tuberías 

de producción, aditivos especiales en la cementación  (Morgado Ruiz, 2009). 
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Por definición la perforación de pozos geotérmicos es el conjunto de operaciones mediante 

las cuales se crea y acondiciona un ducto, medio por el cual los fluidos geotérmicos se 

transportan o extraen desde el yacimiento hasta la superficie para ser aprovechados; o en su 

caso transportar agua desde la superficie hasta el yacimiento (Delgado & Juarez, 2014). 

 

La perforación de los pozos geotérmicos puede alcanzar distintas profundidades, 

dependiendo de la geología del yacimiento. A su vez, estos pueden ser perforados 

verticalmente o desviados.  Dentro de una misma plataforma de perforación, se pueden 

perforar varios pozos, que se dirigen en diferentes direcciones para obtener un mayor 

volumen del recurso, y a su vez cortar estructuras permeables, y así reducir los impactos 

superficiales (Hiriart, 2013). 

Existen pozos productores que descargan agua caliente (salmuera) y/o vapor. Y los pozos 

inyectores los cuales se utilizan para regresar al yacimiento la salmuera recuperada con el fin 

de mejorar la recarga caliente profunda (Armstead & and J.W. Tester, 1987; Dickson & M. 

Fanelli, 2003). 

Las perforaciones de pozos representan el 40% del costo total un proyecto geotérmico, esto 

es aproximadamente entre uno y dos millones de dólares. Y va a depender de diferentes 

factores como la geología del subsuelo (tipos de rocas y características de permeabilidad o 

fractura miento), el gradiente geotérmico, así como de las propiedades petrofísicas y termo-

físicas de las formaciones geológica (Augustine et al., 2006). 

 

 

2.2.4 Aplicaciones de la energía geotérmica  

. 

A pesar de que la energía geotérmica se considera una energía renovable y abundante, sólo 

una fracción de los recursos a nivel mundial se aprovecha con la tecnología que existe 

actualmente (Santoyo & Barragán-Reyes, 2010).  

El principal uso que se le da a la energía geotérmica es como uso indirecto, para la producción 

de electricidad a través de plantas o centrales geotermoeléctricas, las cuales pueden ser de 

distintos tiempos dependiendo de las propiedades del fluido geotérmico, como son la 

temperatura, la profundidad, calidad del agua y del vapor (Dickson & Fanelli, 2003). 

Una clasificación estándar de estas centrales geotérmicas es: platas de tipo binaria, de flash 

individual, de doble flash, de contrapresión y vapor seco (ESMAP, 2012).  

Para que se produzca electricidad mediante energía geotérmica es necesario que los fluidos 

geotérmicos sean de alta o muy temperatura, es decir se encuentren por encima de los 150°C 

para tener calidad eléctrica. Estos recursos geotérmicos de alta temperatura se encuentran en 

zonas específicas de la tierra, y son escasos en comparación con los recursos de media y baja 

temperatura que se encuentran distribuidos más ampliamente, de aquí que a lo largo de ellos 

años se han desarrollado otras aplicaciones para el aprovechamiento en forma de calor de 

esta energía que y se denomina utilización o usos directos. 
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El uso directo del calor geotérmico es una de las aplicaciones más antiguas en balnearios, o 

aguas termales, posteriormente se expandió su uso a la agricultura, acuicultura, invernadero, 

para climatización calefacción, así como en la refrigeración, entre otros usos industriales. 

Otro de los usos directos es el uso en cascada, en el cual se puede reusar y beneficiarse de 

los distintos niveles térmicos del recuso geotérmico para diferentes aplicaciones, por 

ejemplo, después de la producción eléctrica, el fluido aún caliente puede ser aprovechado 

para calefacción o refrigeración; tras este segundo uso, el fluido puede ser nuevamente 

utilizado para otros usos con menores requerimientos de temperatura como climatización, 

etc., (IDAE & IGME, 2008). 

A continuación, se presenta el diagrama clásico de los principales usos de la energía 

geotérmica en función de su temperatura. 

 

 
 

Figura 8. Principales usos de la energía geotérmica en función de su temperatura (tomado 

de (Sánchez-Upton et al., 2010). 

 

En la relación a los usos específicos en procesos de refrigeración y/o enfriamiento, un 

compendio de los posibles sectores del mercado para las aplicaciones de refrigeración 

geotérmica se presenta en la siguiente tabla.  

 

 

 

 

 

 



28 
 

Tabla 1. Sectores del mercado para las aplicaciones de refrigeración geotérmica tomada de  

(Robins et al., 2021). 

 

Aplicaciones de refrigeración Sectores del mercado 

Refrigeración de distrito Aire acondicionado para ciudades, campus, 

bases militares etc. 

Procesos de refrigeración y 

enfriamiento  

Sector manufacturero 

Sector agrícola (procesos de comida y 

almacenamiento) 

Centros de datos 

Centros turísticos y otros usos misceláneos 

Enfriamiento de la entrada de la 

turbina (turbine inlet cooling) 

Sector energético, servicios públicos 

Producción de hielo Sector agrícola/pesquero 

almacenamiento de hielo 

 

 

2.2.5 Ventajas y desventajas energía geotérmica  

 

Existen diversas ventajas que distinguen la energía geotérmica de otras energías renovables, 

sin embargo, también presenta sus restricciones o inconvenientes.  Estas se presentan en la 

siguiente tabla: 

 

Tabla 2. Ventajas y desventajas de la energía geotérmica,(ESMAP, 2012). 

 

Ventajas Desventajas 

 La energía geotérmica es considerada una 

forma de energía natural y renovable.  

Aun cuando la generación de energía 

geotérmica depende del fluido geotérmico, 

el volumen extraído se puede reinyectar de 

manera continua. 

Agotamiento de los recursos debido a una 

tasa de extracción insosteniblemente o 

errores al reinyectar el fluido geotérmico 

utilizado.  

 

 

Su explotación es sostenible cuando se 

realiza en forma apropiada.  

Algunos gases de efecto invernadero que se 

encuentran bajo la superficie terrestre 

pueden liberarse durante el 

aprovechamiento de la energía geotérmica y 

acabar en la atmósfera. 
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Es una fuente constante de energía, y con 

técnicas adecuadas se puede predecir la 

producción. 

 La construcción de plantas geotérmicas y 

pozos puede afectar a la estabilidad del 

terreno. 

Su gran potencial Mundial. Los proyectos geotermales son caros. 

Para calefacción y enfriamiento se pueden 

aprovechar menores gradientes de 

temperatura entre la superficie y el interior 

del planeta.  

El recurso geotérmico presenta restricciones 

de ubicación. 

 

Las principales emisiones de las plantas 

geotermoeléctricas consisten en vapor de 

agua, con un contenido mínimo de gases.  

 

No depende de combustibles fósiles, por lo 

que no está sujeta a precios internacionales. 

 

 

 

2.2.6 México en el panorama mundial de la energía geotérmica 

 

A pesar de su potencial, la energía geotérmica solo representa alrededor del 1% del total de 

energía renovables (REN21, 2020), en comparación con otras fuentes de energía.  

La generación de electricidad geotérmica en 2019 sumó alrededor de 95 TWh, mientras que 

la producción térmica útil directa alcanzó 117 TWh (421 petjulios). El uso directo de la 

energía geotérmica para aplicaciones térmicas creció casi un 8% alcanzado de 30 GWth en 

promedio en los últimos años, principalmente en calefacción de espacios (alrededor del 

13%). Los principales países en uso directo de energía geotérmica en el año 2019 fueron 

China, Turquía, Islandia y Japón, estos abarcan aproximadamente el 75%. El mercado más 

activo y de más rápida expansión fue China con 47% del total. (REN21, 2020). 

México fue uno de los países que aumento su capacidad de energía geotérmica un 4% en 

2019, como se presta en la Figura 9. Con una capacidad instalada en México de 1005.8 MWe, 

por los cinco campos geotérmicos en operación: Cerro Prieto, Los Azufres, Los Humeros, 

Las Tres Vírgenes y Domo de San Pedro. La generación eléctrica producida en esos campos 

fue 5.375 GWh, lo que representa el 1,7% de la producción eléctrica nacional. Los usos 

geotérmicos directos en México son en su mayoría subutilizados, con 156.1 MW instalada 

en piscinas calientes y spas (Gutiérrez-Negrín et al., 2020).  
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Figura 9. Adiciones globales en la capacidad de energía geotérmica en 2019 por país 

tomada de (REN21, 2020). 

 

En relaciona la potencia geotérmica instalada a nivel mundial, en 2021, Estados Unidos se 

posiciono como mayor productor con aproximadamente 3.900 megavatios, seguido de 

Indonesia con 2.277, México ocupo el sexto lugar con 976 megavatios(Orús, 2022) como se 

observa en la Figura 10. 

 
Figura 10. Países con mayor potencia geotérmica instalada en 2021 tomada de (Orús, 

2022). 

 

Con base a los datos anteriores, México es uno de los principales productores de energía 

geotérmica y con gran potencial, tanto para usos directos como para producción de 

electricidad. Este potencial se puede ver reflejado en la Figura 11 donde los valores del flujo 

de calor indican que en gran parte de México se tiene áreas óptimas para la explotación y 

utilización directa de la energía geotérmica (Prol-Ledesma et al., 2018). 
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Figura 11. Mapa de flujo de calor tomado de (Prol-Ledesma et al., 2018). 
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Capítulo 3. Evaluación del potencial de enfriamiento de un sistema de 

absorción en un campo geotérmico. 
 

3.1 Resumen 

 

En este capítulo se presenta un análisis para determinar el potencial de enfriamiento y el 

rendimiento (COP) que se puede obtener de un pozo geotérmico ubicado en el campo 

geotérmico Cerritos Colorados, Jalisco, México. La introducción contiene los estudios 

relacionados con sistemas de absorción activados parcial o totalmente con energía 

geotérmica. Posteriormente se describe el sistema de absorción y la fuente geotérmica, la 

metodología utilizada para el cálculo del potencial de enfriamiento. Esta incluye cálculos 

para la estimación de la energía total del yacimiento, la simulación del sistema de absorción 

mediante balances de energía, la obtención del COP y las ecuaciones para el cálculo de 

trasferencia del intercambiador de calor dentro del pozo. En la última sección se discuten los 

resultados que se obtuvieron y se presentan las conclusiones de este artículo.  

Para este análisis se considera un sistema de refrigeración por absorción de simple efecto, o 

también conocido como de una sola etapa, que utiliza una mezcla H2O/LiBr. El sistema de 

absorción se simuló usando el software EES, modelando un día típico de cada estación del 

año con base en la variación de la temperatura ambiente y la temperatura de condensación y 

absorción (TA=TC). Así mismo, se modelo el potencial de enfriamiento para diferentes 

temperaturas de evaporación (TE) de 6°, 8°, 10° y 12°C y para un rango de temperatura de 

generación (TG) de 77-110°C. Estas temperaturas de generación se relacionaron directamente 

con la profundidad a la que se podrían obtener mediante el uso de un intercambiador de calor 

en U dentro del pozo. 

Los resultados muestran la dependencia del potencial de enfriamiento y el COP con los 

valores suministrados en la TA=TC. Se observó que cuando la temperatura ambiente es mayor 

(en primavera y verano), y por ende la TAC, se produce una disminución del potencial y del 

COP. Así mismo, los resultados mostraron que, para una temperatura de generación fija, se 

podría obtener un potencial de enfriamiento máximo de 71 594 GW, 70 649 GW, 71 164 

GW, 70 859 GW en invierno, primavera, verano y otoño con una TE de 12°C. 

El análisis de transferencia de calor del intercambiador de calor de tubo en U fue evaluado 

por un código numérico escrito en Fortran, que permite estimar la temperatura máxima del 

agua a la salida del intercambiador de calor. Los resultados mostraron que la profundidad 

requerida para la mínima recuperación de calor a 77° C se obtiene a 260 m en primavera, 270 

m en verano, 290 m en otoño y 310 m en invierno. Para el caso de la temperatura máxima de 

110° C, las profundidades obtenidas son 590 m en primavera, 600 m en verano, 620 m y 640 

m, en otoño e invierno respectivamente. 

 

3.2 Artículo 
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Introduction

At present, the search for solutions for the environmental deterioration that humanity has
caused is extremely important. There is no time to lose. The negative ecological impact of
energy utilization, growing demand, and restricted resources accentuate the need to diminish
emissions.

Conventional refrigeration systems, based on steam compression, require large amounts
of electrical energy to operate. This, together with the environmental effect of chlorofluor-
ocarbons, has stimulated interest in the development of absorption systems. These systems
are attractive because they can use natural refrigerants (water, ammonia, etc.) and can also
operate with renewable energy such as solar or geothermal, which reduces the consumption
of fossil fuels.

Geothermal energy, unlike other renewable energy sources, has its origin in the gradient
of temperatures that exist inside the earth. These range from 15�C of the surface to 4000�C
in the core. The use of geothermal resources is strongly influenced by the nature of the
system that produces them: in general, the resources of hot volcanic systems are mainly used
for electric power generation, while the resources of lower temperature systems are mainly
used for space heating and other direct uses. A number of factors should be considered to
determine the optimal use of a geothermal resource. These include the type (water or hot
steam), flow rate, temperature, chemical composition and pressure of the geothermal fluid,
as well as the depth of the geothermal reservoir (ESMAP, 2012).

The importance of geothermal energy to the contribution of sustainable development for
a country is well covered by Dursun and Gokcol (2012), for the case of Turkey. Mexico has
a large number of areas that have high- and low-enthalpy geothermal potential. More than
1300 geothermal manifestations have been recorded. However, currently, geothermal energy
in Mexico is used almost entirely as indirect energy to produce electricity. Direct uses of
geothermal energy remain restricted for recreational purposes, and some of them with ther-
apeutic uses (Guti�errez-Negrin et al., 2015).

In the literature, both theoretical and experimental work on absorption cooling systems
activated with renewable energy has been reported. A review of these works is presented in
Best and Rivera (2015), which includes the use of solar energy as a thermal source to operate
absorption systems. However, work on absorption cooling systems driven partially or total-
ly by geothermal energy in Mexico is practically scarce.

Systems partially driven by geothermal energy include the joint operation of compres-
sion–absorption technologies or the use of geothermal energy in conjunction with another
energy source, such as solar energy.

The first documented studies on systems operated entirely with geothermal energy date to
1970. Reynolds (1970) describes aspects of the design, control, and general installation of an
air conditioning system using geothermal energy and a hot water system for the Tourist
Hotel in New Zealand, by Fisher & Paykel Engineering. Rafferty Kevin (1986) presents
some of the considerations for the use of absorption refrigeration equipment in geothermal
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applications. The absorption cycle and performance for large and small tonnage machines
are described, the capital and operating costs of steam absorption and compression equip-
ment are compared, showing the data for a real geothermal installation. Breindel et al.
(1978) conducted an economic analysis of the potato processing, freeze-drying, and large-
scale meat packaging industries, using the geothermal resource in a cascade system. It was
concluded that the use of cascade systems improves economic results. Rogowska and Szaflik
(2005) designed a model for a 10 kW cooling machine with a one-stage absorption cycle, by
calculating thermal parameters and fluid flow, for the production of air conditioning. The
results were applied to more advanced design of 500 kW refrigeration units in the region
studied. Ma et al. (2010) and Yilmaz (2017) analyze and evaluate different thermodynamic
performance parameters, such as the cooling load and the coefficient of performance (COP).
In addition, an economic analysis was performed to assess the cost structure, potential
revenues and the recovery periods, for a geothermal absorption cooling system used for
the cooling of buildings. The feasibility of using the absorption system for the case study was
concluded. Uwera et al. (2015) designed an absorption cooling unit for the storage of agri-
cultural products, which uses geothermal hot water as a heat source. The thermodynamic
analysis of the cycle concluded that the COP of the absorption cooling cycle is 0.49, but it
can reach 0.6 when a heat exchanger is used. Erickson et al. (2005) describe the installation
of a chiller (“ThermoChiller”) that operates with a double-effect ammonia absorption cycle
at the Aurora Ice Museum in Chena Hot Springs, Alaska. The ThermoChiller operates with
thermal spring water and provides 15 tons of cooling at –20�F. Angrisani et al. (2016) carry
out a dynamic simulation study to evaluate the energy, economy, and performance of a new
heating and cooling system based on the coupling between a geothermal source of low or
medium enthalpy, an Air Handling Unit and a desiccant wheel. Simulations demonstrated
the technical and economic feasibility of the proposed system. Ram�ırez (2016) compares the
performance of an absorption cooling cycle and a cycle ejector using data from a low
enthalpy geothermal well. The evaluated data show that for the specific conditions, both
systems are feasible as an alternative to conventional refrigeration. Arreola N�u~nez (2016)
develops the thermodynamic model of a commercial absorption machine, replacing the gas
heat supply with the geothermal resource. The thermodynamic feasibility of making this
change in heat input is concluded, with a small decrease in the machine’s performance
coefficient. Tugcu and Arslan (2017) analyzed parametrically the designs of an absorption
cooling system using resources in a geothermal field, with the use of artificial neural
networks. The results determined the best training architectures and algorithms and the
optimal system. In Hernández-Magallanes et al. (2019), the results of the modeling of a
medium-effect absorption system with a mixture of ammonia/lithium nitrate driven by a low
enthalpy geothermal source from two geothermal wells are presented. The results showed
that with the temperatures of the wells, the cooling system is operable, but obtained a low
cooling effect. In a similar focus, Xu et al. (2020) reported a simulation of a heat pump
system activated with a single well groundwater in China. The fluctuation range of the
output temperatures was obtained. The system can supply heat for an area of approximately
9000m2 per year, saving an important quantity of coal. An analogous study was presented
by Wang et al. (2018) introducing intermittent strategies for 25 years. They compared three
operating conditions with positive results in favor of intermittent operation.

In relation to the work reported with partially driven systems with geothermal energy,
Kairouani and Nehdi (2006) developed a combined cooling system to improve the overall
efficiency of the conventional cascade steam compression refrigeration cycle with a

Velázquez et al. 3



geothermal water-driven absorption system. The results showed that the COP of this com-
bined system is significantly higher than that of a single-stage refrigeration system. Sikorska-
Bączek (2015) analyzes the compression–absorption circuit of a refrigerator powered by
geothermal energy, used for the production of suspended ice or binary ice for an air con-
ditioning system. It is concluded, through the analysis of the physical and thermodynamic
properties, that the conditions of the geothermal deposit studied have the temperature
necessary to feed the generator of the absorption system. A more recent study is presented
in Salhi et al. (2018), who perform a simulation that incorporates energy, exergy and eco-
nomic factors in the development of an absorption–compression cycle for air conditioning.
The simulation results showed a decrease in electricity consumption when the proposed
system is used in opposition to the classic steam compression cycles. In addition, they
showed that the COP varies according to the combination of working fluids used and the
costs are related to depth. Equally, Galindo-Luna et al. (2018) propose a hybrid system by
using a field of parabolic trough collectors coupled to a low enthalpy geothermal well, as a
thermal source of an air conditioning absorption system to increase the temperature of the
working fluid. A COP of 0.71 was obtained for a temperature in the generator of 90�C.

On the other hand, there have also been several studies on cooling systems related to
complex energy systems; based on the use of geothermal energy, Mahmoudi and Akbari
Kordlar (2018) and Parikhani et al. (2018) performed a parametric, exergy, and economic
analysis to a combined cogeneration system to produce cooling and power, using geother-
mal energy as a heat source. The results of the analyses performed determined the most
optimal operating characteristics of the proposed systems. Tesha (2010) models an integrat-
ed energy generation and absorption system, in which the residual heat from the power
generation process feeds the heat demand of the absorption cooling system, which in turn
supplies cooling water to the power plant. It was concluded that the integrated energy and
absorption system could not meet the viability requirements because it requires a large
cooling capacity, increasing the total investment cost. Nasruddin and Wibowo (2018)
carry out an analysis of an integrated energy generation and absorption cooling system
through the use of residual heat from the separation process of a geothermal power
plant, and the implementation of an absorption cooling system, to improve the plant per-
formance. Optimal values were identified to minimize energy efficiency and the annual cost
for the integrated system. In Ghaebi et al. (2018), they perform energy, exergy, and eco-
nomic analysis for a trigeneration system that includes the absorption refrigeration cycle, a
heat pump system for heating, and cold natural gas energy. The results determined that the
overall system performance can be optimized based on the state temperatures of the absorp-
tion cycle components. Ambriz-D�ıaz et al. (2017) analyze the cascade production of five
integration alternatives of a system composed by three thermal levels: in the first level, an
organic Rankine cycle for the production of electricity, in the second level, an absorption
refrigeration cycle for the production of ice, and on the third level, a dehydrator for drying
agricultural products. The results indicate that the dehydration process drastically improves
the economic benefits of all alternatives, achieving recovery periods of around one year and
reducing greenhouse gas emissions. In addition, the production of electricity alone is not
desirable, because it has the worst energy and economic performance.

According to the literature review presented above, the cooling potential (CP) of the
different absorption cycles (medium, single, double, and triple effect) operated solely with
geothermal energy and for the same geothermal system has not been evaluated. In this
article, we evaluate the CP that can be obtained from an inoperative geothermal wells
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located in Cerritos Colorados geothermal field, Jalisco Mexico. The work developed is

original and can have a great impact in areas where there are optimal conditions to explore

the geothermal resource.

System description

A simple effect absorption cooling system (SEACS) consists of a generator, a condenser, an

evaporator, an absorber, and an economizer, as shown in Figure 1. An amount of geother-

mal heat _QG is supplied to the generator at a high temperature TG to separate part of the

water from a lithium bromide solution. The vaporized water passes to the condenser, where

it is condensed delivering an amount of heat _QC, at an intermediate temperature TC. The

water in a liquid phase is expanded through an expansion valve, decreasing its pressure and

temperature. Then the water enters into the evaporator producing the cooling effect _QE, at

the lowest system temperature. The water leaving from the evaporator in a vapor phase

passes to the absorber where it is absorbed by the solution with high lithium bromide

concentration coming from the generator, delivering an amount of heat _QA, at an interme-

diate temperature TA. The solution with low lithium bromide concentration leaving the

absorber returns to the generator starting the cycle again. An economizer is placed between

the absorber and the generator to preheat the solution going from the absorber to the

generator by means the heat supplied at higher temperature from the solution leaving the

generator, thus reducing the amount of heat supplied to the generator.

Methods

Geothermal source

The study area is the Cerritos Colorados geothermal field, located in the central-southern

portion of La Primavera Caldera or “La Primavera Forest” (Gutierrez-Negrin, 1988), 20 km

west of the Guadalajara metropolitan area (Figure 2). It is located in the overlapping zone

of two floristic provinces: Sierra Madre Occidental and Sierras Meridianos or

Figure 1. Schematic diagram of a single-stage absorption cooling system.
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Transmexicano Volcanic Belt, one of the volcanic reliefs with the highest morphological

wealth in Mexico. Volcanologically, this area is a volcanic caldera about 11 km in diameter,

with an approximate age of 95,000 years (Mahood, 1980) and as a remnant of volcanic

activity. It presents hydrothermal manifestations (fumaroles, hot springs, sulfates, and

hot soils), which appear in various parts of the caldera (Villa Merlo et al., 1987).
Due to the expansion of the city, the surroundings of the forest are populated. In “La

Primavera” forest, there are several lands (ejido) with active agrarian activity. For instance,

the Santa Ana de Tepetitlán Indigenous Community resides permanently within the forest

and the distance to the nearest well is 1.82 km (Zarate, 2017).
Given its geothermal potential, during the period 1980–1989 civil works were developed

to explore this geothermal area, which includes the drilling of 12 geothermal wells

(Universidad Aut�onoma de Chapingo, 2008). The location of such wells is presented in

Figure 3.
The necessary data of depth, temperature, and geothermal gradient of wells PR2, PR8,

PR10, and PR11 are available. For this first study, well PR2 is analyzed using data obtained

from Table 1. The depth and geothermal gradient data were taken from Pr�ol-Ledesma et al.

(2018), and the temperature data from Gutierrez-Negrin (1988).

Calculation of total thermal energy

The volumetric method, also called the “volumetric heat” or “stored heat” method, is based

on calculating the energy contained in a certain volume of rock, which contains a reservoir

of water that can be exploited. The fraction of this energy that is recoverable is then esti-

mated, and subsequently, the geothermal reservoirs are evaluated from the estimated ther-

mal energies. This summarizes the physical and technological links that prevent the total

Figure 2. Location map of the Cerritos Colorado geothermal field (Zarate, 2017).
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extraction of thermal energy from the reservoir for its use in the production of electricity.
The method evaluates the amount of heat stored in the rock and the heat obtained from the
fluid, to obtain the heat available in the reservoir (Muffler and Cataldi, 1978). Equations (1)
to (3) summarizes the calculation process.

Energy stored in the rock volume:

Qr ¼ AHð1� /ÞprCrðTi � TmÞ (1)

Fluid energy:

Qf ¼ AHpfCf/ðTi � TmÞ (2)

Total thermal energy:

Qt ¼ Qf þ Qr (3)

Figure 3. Location and access to the wells of the Cerritos Colorados field (Rocha Ruiz, 2013).

Table 1. Data from geothermal wells in the geothermal field Cerritos Colorados.

Well Latitude Longitude

Geothermal

gradient (�C/km) Depth (m) Temperature (�C)

PR2 20.66423 –103.53115 114.9 1988 320

PR8 20.66012 –103.52068 137.3 1855 262

PR10 20.66183 –103.51935 107 2086 301

PR11 20.65634 –103.52418 77.7 2125 300
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Some of these parameters can be known with acceptable accuracy and others can be
estimated with great uncertainty. However, it is important to remember that underground
phenomena are always uncertain since detailed studies would need to be made, which give us
exact values for each existing site. Uncertainties in geothermal energy result mostly in the
estimated values for the area, reservoir thickness (H), and initial reservoir temperature (Ti).
However, it is difficult to obtain areas of precise reservoirs, even in well-studied reservoirs,
with extensive drilling in them. Therefore, because the only evidence obtained is the initial
reservoir temperature, the evaluations are carried out considering a minimum area ¼1 km2,
probable ¼2 km2 and maximum ¼3 km2 (Muffler and Guffanti, 1979). In addition, for the
majority of the reservoirs, the uncertainties regarding the depth are small compared with
those of the respective area (Muffler and Guffanti, 1979). In equation (2), the area is con-
sidered as a probable area (A¼ 2 km2), in relation to the thickness of the reservoir (H), there
is information on the depths of the geothermal wells drilled in the geothermal field Cerritos
Colorados, where H¼ 2000 m and corresponds to the average depth of the four wells (PR2,
PR8, PR10, PR11).

The porosity of the rock (Ø) is defined as the relationship between the volume of empty
spaces in the host rock or spaces occupied by the water in it, and the total volume of the
material (DiPippo, 2015). In equations (1) and (2) an intermediate value of Ø¼ 10% is
contemplated. In relation to the type of rock, it is considered that the reservoirs are pre-
dominantly constituted by volcanic igneous rock of intermediate composition (DiPippo,
2015). For the case study, the values of density (qr) and specific heat (Cr) of each type of
rock were used according to the stratigraphic column of the Cerritos Colorados geothermal
field (Figure 4). In the case of the fluid, the specific heat water values Cf¼ 4.18 kJ/kg�C and a
density qf¼ 1000 kg/m3 are used.

Figure 4. Simplified lithology based on core drilled wells from Cerritos Colorados geothermal field (taken
and modified from Verma et al., 2012).
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The minimum operating temperature (Tm) is set in relation to the technology used. In the
case of geothermal power plants, a temperature of 135�C for a unit cycle and 90�C for a
binary cycle is assumed (Hiriart, 2011). For the case study, the minimum temperature (Tm)
was varied according to the requirements of each absorption cycle: for the SEACS, a min-
imum temperature of Tm¼ 77�C was considered; for the medium system effect, Tm¼ 58�C;
for the double effect, Tm¼ 134�C; and for the triple effect, Tm¼ 170�C. To define the res-
ervoir initial temperature (Ti), an average of the temperatures recorded in the four wells
(PR2, PR8, PR10, PR11) was taken based on the data in Table 1.

Calculation of the CP for a single effect absorption system

For this study, the CP is calculated based on the geothermal potential formula, equation (4),
which is used to obtain the installable capacity of a geothermal plant. To convert stored
thermal energy to an electrical potential, the amount of heat that could be recovered must
first be estimated. The geo-thermoelectric potential is calculated from the estimated energy,
using the volumetric method (Hiriart, 2011)

P ¼ QtRfCe

Fpt
(4)

To obtain the CP, equation (4) was modified by replacing the efficiency factor (Ce) for the
binary or unitary cycles with the COP of the cooling system (equation (5))

CP ¼ QtRfCOP

Fpt
(5)

In equation (5), Qt represents the total thermal energy, or heat, calculated in equation (3).
In DiPippo (2015), it is reported that the heat recovery factor (Rf) under normal conditions
of porosity and permeability can reach up to 25% in some convective systems, but most of
the time, it is significantly lower. In many cases, it is known with very little precision, and it
is often considered subjective. For the purposes of this evaluation, a conservative factor of
Rf¼ 12.5% is considered. Hiriart (2011) reports that in recent geothermal units, the typical
plant factor (Fp) is 90% or higher. This plant factor (Fp) of 90% is also considered for this
calculation. The durability of the geothermal reservoir depends on the energy extracted from
it, and therefore varies depending on the type of project to be carried out. For the case
study, the calculation t¼ 1 h is performed.

Simulation of the single-effect LiBr-water absorption cooling system

To obtain the COP of the SEACS, a mathematical model was developed in the Software
Engineering Equation Solver based on the first law of thermodynamics.

The assumptions for the thermodynamic modeling of the cycle were the following

• The system operates in thermodynamic equilibrium.
• The analysis is performed under steady-state conditions.
• The solution is in a saturated state when leaving the generator and absorber.
• The refrigerant is in a saturated state when it leaves the condenser and the evaporator.
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• Heat losses and pressure drops in the pipe and components are considered insignificant.
• The flow through the valves is isenthalpic.
• Heat exchanger efficiencies¼ 0.8.
• Runs were made each hour for a representative day of every season.
• The inlet temperatures in the condenser–absorber (TAC) are 7

�C above the ambient tem-

perature (presented in the Results section).
• For the case base, a generator temperature of 100�C is considered.

Table 2 shows the steady-state mass and energy balances for each of the components of

the SEACS.

Heat transfer analysis in a U-tube heat exchanger

The convective heat transfer analysis between the geothermal wells (PR2, PR8, PR10, PR11)

from Cerritos Colorados geothermal field and the U-tube heat exchanger was evaluated by

using a numerical code written in Fortran, which allows estimating the maximum water

temperature to the heat exchanger outlet. The heat transfer was solved following the empir-

ical relationship for pipe and tube flow given by the following expression (Galindo-Luna

et al., 2018; Holman, 1986)

_Q ¼ hpdL TW � T1 þ T2

2

� �
¼ _mCP T2 � T1ð Þ (6)

Table 2. Mass and energy balance for each of the components of the SEACS.

Component Balances

Generator _m3 ¼ _m7 þ _m4

_m3X3 ¼ _m7X7 þ _m4X4

Qg ¼ _m4H4 þ _m7H7 � _m3H3

Condenser _m7 ¼ _m8

_m7X7 ¼ _m8X8

Qc ¼ _m7 H7 � H8ð Þ
Evaporator _m9 ¼ _m10

_m9X9 ¼ _m10X10

Qe ¼ _m10ðH10 � H9Þ
Absorber _m1 ¼ _m10 þ _m6

_m1X1 ¼ _m10X10 þ _m6X6

Qa ¼ _m10H10 þ _m6H6 � _m1H1

Efficiency of the solution heat exchanger eSHX ¼ H3�H2

H4�H2

Pump work Wb ¼ V1ðP8 � P10Þ
COP COP ¼ Qe

QgþWb

COP: coefficient of performance.
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where h is the convective heat transfer coefficient (W/m2�C), d is the tube diameter (m), L is

the length of well (m), TW is the wall temperature along the depth of the tube, _m is the mass

flow (kg/s), CP is the fluid heat capacity (J/kg �C), and T1 and T2 are the inlet and outlet

water temperatures. For this study, T2 is the heating temperature of water at depth and the

one supplied to the generator (TG,i). The turbulent flow inside the U-tube was estimated

using the empirical relation proposed by Dittus and Boelter (1930)

Nld ¼ 0:023Re0:8d Prn (7)

where Red and Pr correspond to Reynolds and Prandtl numbers, respectively, and the

exponent n is equal to 0.4 for heating and 0.3 for cooling (Dittus and Boelter, 1930). The

thermodynamic properties of water at temperatures between 20 and 300�C were used.

Results and discussion

Results

Ambient temperature data per hour. For the analysis, the station closest to the site to be eval-

uated is “La Primavera” station, with coordinates 20�40034.600, 103�38038.700, and altitude

1468.15 msl. The ambient temperature data for the entire year 2018 were obtained directly

from the National Water Commission (Comisi�on Nacional del Agua, CONAGUA, in

Spanish).
A representative day of each season (spring, summer, autumn, and winter) was chosen.

Subsequently, an average temperature per hour was obtained for each selected day. Figure 5

illustrates a comparison of ambient temperatures for a representative day of each season.
This information is basic for the subsequent cooling system analysis. This will define the

condenser–absorber inlet temperature TAC, considering 7
�C above the ambient temperature.

Total thermal energy. Using equations (1) to (3) and lithological parameters based on Figure 4,

the total energy can be obtained from the reservoir. Table 3 presents the results for simple

and advanced absorption cycles. As can be seen, the values of Qt are different for each

absorption system because the total energy, related to the minimum operating temperature

of the system (equation (1)), varies according to the thermal requirements of it. For this

work, we present the results corresponding to the SEACS.

Cooling potential. Using equation (5), the CP was calculated based on Qt and COP for an

SEACS. The hourly results for a representative day of each season are presented in Figure 6

(a) to (d), for a fixed generation temperature and different evaporation temperatures.
Figure 6(a) to (d) illustrates the dependency of CP with the season, due to the variation of

the ambient temperature throughout the day. As already mentioned, this is directly related

to the TAC, which affects the COP.
The effect of ambient temperature is observed in Figure 7, which shows that the CP is

proportional to the COP. This is illustrated in Figure 8 for the different seasons.

CP against depth. Based on the calculation of the temperature with depth profile, the thermal

requirements to operate an SEACS can be obtained, depending on the installation depth of
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the heat exchanger. The temperature supplied to the generator in the SEACS, TG,i, using a
thermally insulated U exchanger (section 3.5) at different depths is shown in Figure 9,
according to the season. Knowing the resulting COP, the cooling capacity for the entire
temperature profile was calculated using equation (5). A generation temperature ranging
from 77�C to 110�C (see Figure 9) was considered for the SEACS.

From the values of TG,i at different depths, the CP for the entire temperature profile was
calculated every 10 m, considering 24 h, see Figure 10.

Figure 11 shows the behavior for a fixed Te, which shows the variation of the annual
potential according to the season.

Discussion

The Results section presented the results corresponding to CP analyses from two
approaches: for a fixed TG,i, observing the influence variations in the ambient temperature,
and for TG,i varying according to the depth along the well and according to the average
seasonal temperature.

Table 3. Total energy.

System Qt (kJ)

Single effect 1.8832Eþ15

Half effect 2.0416Eþ15

Double effect 1.74322Eþ15

Triple effect 1.34094Eþ15

Figure 5. Ambient temperatures for a representative day of each season.
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Figure 6(a) to (d) illustrates the first approach. It is observed that the CP, and therefore
the energy recovered, increases as the evaporation temperature (Te) increases. The maxi-
mum CP is obtained with Te¼ 12�C (Figure 6(a)), which reaches a maximum value as big as
71,594 in winter. The corresponding values for spring, summer, and autumn are 70,649,

Figure 7. COP vs. TAC for the different seasons.

Figure 6. Cooling potential per hour for a representative day of (a) winter, (b) spring, (c) summer, (d)
autumn, at different evaporation temperatures for a simple effect absorption system.
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71,164, 70,859GW, respectively. In addition, Figure 6 illustrates that in autumn, the results
have less variation compared to the other seasons. In winter, when ambient temperatures are
lower (see Figure 5 between 11 and 14 h), the cooling system cannot be simulated due to
crystallization conditions. Likewise, in spring, when the ambient temperature is higher, and
therefore the TAC, there is a decrease in the COP and CP (equation (5)).

Figure 8. Cooling potential vs. COP for the different seasons.

Figure 9. Temperature supplied to the generator in the SEACS against well depth, for each season.
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Figure 10. Cooling potential (CP) vs. depth for (a) winter, (b) spring, (c) summer, (d) autumn, at different
evaporation temperatures for a simple effect absorption system.

Figure 11. Cooling potential (CP) vs. depth for each station at a fixed evaporation temperature.
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From Figure 9, it can be appreciated that the ambient temperature influences the depth at

which heat is recovered in the exchanger. In winter, when the temperature is lower, the

heating temperature of water recovered is 110�C (TG,i), by installing an exchanger at a depth

of 640 m. In spring, the same temperature is recovered at 590 m. The corresponding depth at

TG,i¼ 77�C was 310m in winter and 260m in spring.
For the temperature range considered, Figure 10 demonstrates that the CP increases

linearly with the depth in summer and spring. However, in winter and autumn, the CP

exhibits a small decrease in the COP, related to lower values of generation inlet temperature

obtained for the same depth. As in the previous analysis, it was observed that the ambient

temperature (TAC) influences the COP, and therefore the CP. For a fixed evaporation tem-

perature (Figure 11), the results of CP vs. depth show that the greatest potential is obtained

in spring and summer, with an average seasonal temperatures of 22.6�C and 21.4�C,
respectively.

The advantage of the system proposed in this work is that the energy supplied to the

absorption system is obtained from a drilled and inoperative well, so the installation costs

are negligible because only the cost associated with the process (pumping) is considered.

This makes this option cost-effective if it is compared, for instance, with solar energy. This is

because the acquisition of other technology such as solar collectors is not required to obtain

the heat used to activate the absorption system since it is already available in this case.
In Mexico, there are several inoperative geothermal and oil wells, which can meet the

thermal requirements for various applications (Caulk and Tomac, 2017), such as absorption

systems. According to the economic study developed by Hernández-Magallanes (2017), in

which the costs of different cooling systems in Mexico are compared (absorption, a solar

absorption, and a conventional compression system), the absorption cooling machine was

the most profitable system. This was concluded considering a useful life period of 20 years,

for the three systems. The payback period resulted in seven years, compared with the solar

absorption cooling system with a payback almost equal to the lifetime period.

Conclusions

An SEACS, fed by a geothermal well, was used to evaluate the CP of a geothermal field in

Mexico. The absorption system was simulated using actual data from the site and the PR2

well.
The CP of the geothermal site was estimated for each season of the year, based on the

variation of the ambient temperature. The dependence of the COP and the CP with the TAC

is manifested in the variations throughout the day and season of the year. The obtained CP

values are of great magnitude considering an area of 2 km2. For a fixed generation temper-

ature, the maximum CP is obtained with Te¼ 12�C, with a value of 71,594GW in winter.

When the ambient temperature is higher (spring and summer), and hence the TAC, there is a

decrease in the COP and CP.
On the other side, using the temperatures obtained from the well, for a fixed depth the

results show that higher CP is obtained in spring and summer, with an average seasonal

temperature of 22.6�C and 21.4�C, respectively. The required depth for heat recovery at

77�C was obtained at 260m in spring, 270 in summer, 290m in autumn, and in 310m winter.

For the case of 110�C, the depths are 590m, 600m, 620m, and 640m, respectively.
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Appendix

Notation

A area
Ce efficiency factor
Cf specific heat of the fluid
CP heat capacity
Cr specific heat of the rock
d diameter

Fp plant factor
h heat transfer coefficient
H thickness of the reservoir
L well length
_m mass flow
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pf density of the fluid
pr density of the rock
Qt total energy
Rf recovery factor
t time

TAC condenser–absorber temperature
TG,i temperature supplied to the generator
Tm minimum temperature
Ti initial deposit temperature
T1 inlet temperatures water
T2 outlet temperatures water
TW wall temperature
Ø porosity of the rock
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Capítulo 4. Evaluación del potencial de enfriamiento de sistemas de 

absorción simples y avanzados en un campo geotérmico 

 

4.1 Resumen 

 

En este capítulo se evalúa y compara el potencial de enfriamiento y el rendimiento de los 

sistemas de enfriamiento avanzados, utilizando una mezcla H2O/LiBr, accionados con 

energía geotérmica. Esta última proviene de un pozo inoperante en el campo Cerritos 

Colorados, y para su aprovechamiento se hace uso un intercambiador de calor de tubo en U 

dentro del pozo. 

En la introducción se presentan los estudios relacionados con sistemas avanzados de 

refrigeración por absorción activados parcial o totalmente con energía geotérmica.  Después 

se presenta una descripción del funcionamiento de cada uno de estos sistemas (simple, doble, 

triple y medio efecto), se describe la fuente geotérmica, la metodología utilizada para el 

cálculo del potencial de enfriamiento y las simulaciones para cada uno de los sistemas de en 

software EES. Consecutivamente se presenta un nuevo modelo para la obtención de la 

temperatura dentro del pozo mediante intercambiador de calor en U. Por último se discuten 

los resultados obtenidos y se muestran las conclusiones respectivas. 

Los resultados revelaron que este pozo puede alcanzar temperaturas de 59° C a 190° C, 

dependiendo de la profundidad del tubo en U y el espesor del aislamiento. Para una TE=8°C, 

el rango de temperaturas de funcionamiento fue de 59-80°C para el medio efecto, de 77°-110 

°C par el simple efecto, de 135-162°C para el doble efecto y de 180-187°C para el triple 

efecto. El máximo potencial de refrigeración fue de 99,334 GW el cual se obtuvo con el 

sistema de doble efecto, seguido de 92,995 GW con el sistema de triple efecto, 70,939 GW 

con el sistema de simple efecto y 38,721 GW con el sistema de medio efecto. El rango de 

COP fue: 0.43–0.49 para el sistema de medio efecto, de 0.89–0.97 para el de simple efecto, 

de 1.27–1.47 para el de doble efecto y 1.78–1.95 para el de triple efecto. Los valores máximos 

de los COPs obtuvieron en otoño e invierno cuando las temperaturas ambientales eran más 

bajas. 

Del análisis del pozo geotérmico se determinó que, sin colocar una capa aislante en el tubo 

de retorno, es posible obtener temperaturas alrededor de los 60°C, las cuales son suficientes 

para accionar un sistema de medio efecto.  Sin embargo, es necesario el aislamiento para 

alcanzar temperaturas más altas y así poder impulsar los otros sistemas, especialmente los 

sistemas de doble y triple efecto. 

 

4.2 Artículo 
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Abstract: Climate change is one of the main problems humanity is currently facing due to the use
of fossil fuels. At present, 20% of the total electricity consumed in buildings worldwide is for air
conditioning. The development and use of thermally driven cooling systems is very important,
since they can be activated by renewable energies, such as geothermal, reducing the consumption
of electricity produced by fossil fuels. In this paper, we analyze a geothermal field located in the
state of Jalisco, Mexico, with the aim of comparing the performance of different advanced absorption
cooling systems driven by a geothermal heat source. The analysis includes the influence of water
temperature obtained from an abandoned geothermal well, using a U tube heat exchanger inside the
well. The results show that this well can reach temperatures from 59 ◦C to 190 ◦C, depending on the
depth of the U tube and the insulation thickness. At a TE = 8 ◦C, the operating range temperatures
were 59–80 ◦C, 77–110 ◦C, 135–162 ◦C, and 180–187 ◦C for the half-effect, single-effect, double-effect
and triple-effect systems, respectively. The maximum cooling potential was 99,334 GW obtained with
the double-effect system, followed by 92,995 GW with the triple-effect system, 70,939 GW with the
single-effect system, and 38,721 GW with the half-effect system.

Keywords: absorption cooling systems; geothermal cooling; cooling potential

1. Introduction

Climate change is one of the main problems humanity is currently facing due to
the use of fossil fuels for different applications. Currently, 20% of the total electricity
consumed in buildings worldwide is for air conditioning [1]. In 2018 it was estimated
that refrigeration systems consumed 3900 TWh/year of electricity worldwide, and this
energy is mainly produced by the consumption of fossil fuels [2]. Therefore, it is important
that alternative cooling systems capable of operating with renewable energies, such as
geothermal, are used.

A geothermal resource is the portion of heat released from the interior of the Earth
that can be used in the appropriate technical and economic conditions available [3]. The
potential of the Earth’s geothermal resources is enormous, considering their current use
and prospects, given the energy needs of humanity. The total heat content of the Earth is
estimated to be around 1013 EJ (1 EJ = 1018 J) and it would take more than 109 years to
deplete it, through a current global terrestrial heat flux of 40 million MW [4]. Therefore,
the geothermal resource base is large enough and is practically everywhere. In 2020, the
total global electricity production was 26,000 TWh, of which geothermal energy supplied
an estimated 225 TWh (97 TWh of electricity and the rest in the form of heat) [5]. These
amounts represent a low contribution to the total energy consumed around the world, even
with the known potential.
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The distribution of thermal energy used by category is approximately 58.8% for
geothermal heat pumps, 18.0% for bathing and swimming, 16.0% for space heating, 3.5%
for greenhouse heating, 1.6% for industrial applications, 1.3% for aquaculture pond and
raceway heating, 0.8% for other applications [6].

In Mexico, the indirect use of geothermal energy almost entirely encompasses electric-
ity production. Its direct uses are still restricted to bathing and swimming in recreational
facilities and some of them for therapeutic uses (reported in 20 locations), including the
geothermal field studied in this work, La Primavera. Likewise, Mexico’s Federal Electricity
Commission developed some of the direct uses of geothermal resources in the Los Azufre
field, including a wood dryer, a fruit and vegetable dehydrator, a greenhouse, and a heat-
ing system of offices [7]. National studies related to geothermal energy and absorption
cooling systems are presented next. Galindo-Luna et al. [8] proposed a hybrid system
using a parabolic-trough collector field coupled to a low-enthalpy geothermal well to drive
an absorption air conditioning system. A coefficient of performance (COP) of 0.71 was
obtained for a generator temperature of 90 ◦C. The results of the modeling of a half-effect
absorption system were reported using an ammonia/lithium nitrate mixture driven by a
low-enthalpy geothermal source from two geothermal wells [9]. The results showed that at
the wells temperatures, the cooling system can operate but obtaining low cooling effects.
The potential that can be obtained from a geothermal well to operate a single-effect system
was presented considering seasonal variations [10]. The COP values varied between 0.91
and 0.97. Ambriz-Díaz et al. [11] analyzed a cascade hybrid system operating in different
modes. The system was composed in the first thermal level by an organic Rankine cycle
to produce electricity, in the second level by an absorption refrigeration cycle to produce
ice, and on the third level by a dehydrator for drying agricultural products. The results
indicated that the dehydration process significantly improved the economic benefits of all
the alternatives, achieving payback periods of around one year and reducing greenhouse
emissions. Also, it was reported that the production of electricity alone was undesirable
because it had the worst energy efficiencies and payback periods.

At an international level, several studies have been realized using geothermal energy
to drive cooling systems or hybrid systems to produce cooling and an extra output. These
studies are mainly based on single-effect, half-effect, and double-effect systems. Rogowska
et al. [12] modeled a 10 kW single-stage absorption cooling system to produce air condition-
ing. The results were applied to a more advanced design of 500 kW refrigeration units in
the studied region. An absorption refrigeration unit for the storage of agricultural products
driven by geothermal hot water [13] reported a COP of 0.49, reaching a maximum value of
0.6 by using an extra heat exchanger. A dynamic simulation study to evaluate the perfor-
mance of a new heating and cooling system was made based on the coupling between a low
or medium-enthalpy geothermal source, an air handling unit, and a desiccant wheel [14].
The analysis demonstrated the technical and economic feasibility of the proposed system.
The performance of an absorption refrigeration cycle and an ejector cycle using data from a
low-enthalpy geothermal well were compared [15], deducing that at specific conditions,
both systems were feasible as alternatives to conventional refrigeration systems. Arreola
Núñez [16] modeled a commercial absorption machine driven by geothermal energy in-
stead of gas. The results showed the thermodynamic feasibility of the system operating
with geothermal energy but obtaining slightly lower coefficients of performance. Two
works [17,18] have performed a parametric exergy and economic analysis of a combined
cogeneration system to produce cooling and power using geothermal energy as a heat
source. The results determined the most optimal operating conditions of the proposed
systems. An integrated power and absorption cooling system was modeled including the
waste heat from the power generation process as heat input in the cooling system, which
in turn supplied the cooling water to the power plant [19]. It was concluded that it was
not feasible, since it required a larger cooling capacity, increasing the total investment
costs. Regarding advanced absorption cooling systems, a study presented a performance
comparison of four different configurations for water/LiBr absorption cooling systems,
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being these a single-effect, a half-effect, a double-effect in series, and a double-effect in
reverse [20]. The maximum COPs achieved were 0.89, 0.4, 1.5, and 1.48, respectively. Simi-
larly, calculations of the COPs and exergy analysis for single, double, triple, and half-effect
water/LiBr absorption cycles were performed in another work [21]. It was observed that
the COP significantly increased with the double and triple-effect cycles with values of
1.65 and 2.32, respectively. In the last two studies, the authors did not consider a special
heat source, they only analyzed the performance of the systems at different operating
temperatures. Shirazi et al. [22] analyzed the feasibility of single, double, and triple-effect
heating and cooling absorption systems operating with solar collectors. The most favorable
results were obtained with the double-effect system. The influence of various operating
parameters on the COP and exergy efficiencies of the system were evaluated in [23]. The
COPs for the single, double, and triple-effect chillers were in the range of 0.73–0.79, 1.22–
1.42, and 1.62–1.90, respectively, while the maximum exergy efficiencies were in the range
of 12.5–23.2%, 14.3–25.1%, and 17.7–25.2%, respectively. Best and Rivera [24] carried out
a review analyzing both theoretical and experimental studies on absorption refrigeration
systems operated with renewable energies such as geothermal. It was observed that the
studies on absorption cooling systems driven partially or totally by geothermal energy in
Mexico were very scarce. The installation of a thermo-chiller was described [25] operating
with a double-effect ammonia absorption cycle at the Aurora Ice Museum in Chena Hot
Springs, Alaska. The thermo-chiller was powered by thermal spring water providing
52.8 kW of cooling at −29 ◦C. Han et al. [26], proposed a double-effect water/LiBr ab-
sorption cooling system, based on an enhanced geothermal system (EGS) using concentric
circle wells. The influence of key parameters such as well depth and injection rates in the
cooling system were analyzed. The results showed that the driven temperature of EGS
hot water can reach more than 150 ◦C steadily for 20 years. A thermodynamic analysis
of a parallel-flow water/LiBr double-effect absorption system powered by geothermal
energy was performed by using the Engineering Equation Solver (EES) software [27]. The
results showed the behavior of the chiller at different operating conditions. A COP of up
to 1.43 and a cooling load of 420 kW were obtained. Another thermodynamic study to
utilize an existing low-temperature geothermal heat source was presented including six
different models, with simple and half-effect systems [28]. The COP obtained with the
half-effect system was approximately half (0.424) of the COP obtained with single-effect
chillers (0.825). The results showed that the geothermal heat source can be used to drive
both single and half-effect systems.

This bibliographic review showed that several studies have been carried out to com-
pare the performance of advanced systems (half, double, and triple-effect systems) operat-
ing with solar energy. However, studies related to advanced absorption systems directly
operating with a geothermal heat source are very scarce. Specifically, no studies were found
for double and triple-effect systems driven by geothermal energy in which the geothermal
well was analyzed.

The purpose of this article is to compare different configurations of absorption cooling
systems driven by a geothermal field located in Mexico. The analysis includes the temper-
atures that can be obtained from a geothermal well considering different cases, and the
variation of the cooling potential and COP for each one of the systems over the course of
the year as a function of the driven and ambient temperatures. Real ambient temperatures
were used in the analysis obtained from a meteorological station installed in the geothermal
field.

2. Systems Description
2.1. Single-Effect Cooling System

A single-effect water/LiBr refrigeration system is mainly integrated by two circuits: a
refrigerant circuit formed by a condenser, an expansion valve, and an evaporator, and a
solution circuit integrated by a generator, an absorber, a solution heat exchanger, a pump,
and a valve. Figure 1 shows a schematic diagram of the system.
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Figure 1. Schematic diagram of a single-effect absorption cooling system.

A solution with a high amount of refrigerant leaving the absorber (1) is pumped (2)
to the generator, passing first through the solution heat exchanger, where it is preheated
before entering the generator (3). In this component, an amount of heat Qg is supplied
to separate part of the water from the water/LiBr solution. The water in a vapor phase
(7) goes to the condenser where it is condensed by means of an amount of heat removed
Qc. The liquid leaving this component (8) passes through an expansion valve reducing
its pressure and temperature (9) and then to the evaporator producing the cooling effect
Qe. The water in a vapor phase leaving the evaporator (10) goes to the absorber where
it is absorbed by the solution coming from the generator (4). The solution leaving the
generator passes through the solution heat exchanger (5), preheating the solution going to
the generator, and then through the valve reducing its pressure before entering the absorber
(6). In the absorber, an amount of heat Qa is delivered due to the exothermic reaction from
the water absorption process. The solution with a high amount of refrigerant formed is
then ready to be pumped to the generator starting the cycle again.

2.2. Half-Effect Cooling System

As can be seen in Figure 2, the half-effect cycle has one refrigerant circuit and two
water/LiBr solution circuits, one of them at high pressure and the other one at low pressure.
The refrigerant produced in the high-pressure generator passes through the condenser, the
expansion valve, the evaporator, and the absorber similarly to the single-effect system. The
solution low-pressure circuit also operates in the same way as previously described but
with the difference that the refrigerant produced in the low-pressure generator is absorbed
in the high-pressure absorber to produce a solution with a high amount of refrigerant which
is used in the high-pressure circuit. Because in this system the heat is supplied into the two
generators and produces only one stream of refrigerant which passes to the evaporator to
produce the cooling effect, this system is called half-effect.
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2.3. Double-Effect Cooling System

A double-effect system is shown in Figure 3. In the low part of the schematic diagram,
it can be observed a single-stage system as described in Figure 1 but additionally, it has a
second generator (Qg2) operating at higher pressure and temperature, and a second solution
heat exchanger (SHE2). Although a second condenser appears in the diagram (Qc2), this
component and Qg1 is the same component. The shell part of a heat exchanger operates as
a generator, while the side tubes operates as a condenser. As will be seen, the objective of
adding the components above mentioned is to improve the system COP.
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In this system, an amount of heat is supplied to Qg2 at a higher temperature than
that supplied to a single-stage system to produce the refrigerant. The water in a vapor
phase is then condensed in Qc2 leaving as a saturated liquid. The heat removed from
the condensation processes is used as heat input to Qg1 to produce an extra amount of
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refrigerant which is then condensed in Qc1. Both condensed streams join before passing
through the expansion valve and the evaporator. The rest of the cycle operates similarly
to the single-stage system with the difference that the solution leaving from the absorber
is pumped to Qg2 to produce the refrigerant at the highest pressure, and the solution
leaving this component passes to Qg1 to produce more refrigerant. The two solution heat
exchangers SHE1 and SHE2 are used to preheat the solution going from the absorber to the
generator to reduce the heat supplied to Qg2.

As can be seen from Figure 3, and the above explained, the heat is supplied to this
system only in Qg2, since Qg1 uses the heat delivered from the condensation process in Qc2.
Because the heat is supplied in only one component and produces two refrigerant streams,
this system is denominated as a double-effect.

2.4. Triple-Effect Cooling System

A triple-effect system is shown in Figure 4. This system is similar to the double-
effect system previously described but additionally, it has a third generator (Qg3) and a
third solution heat exchanger (SHE3). The operation of this system is analogous to the
double-effect system but in this case, the heat source is supplied to Qg3 at an even higher
temperature than the second-stage system to produce the first stream of refrigerant. The
other two streams of refrigerants are produced in Qg2 and Qg1, using the heat delivered
from the condensation processes in Qc3 and Qc2. Because this system has the capability
of producing three streams of refrigerant by suppling heat in only one component, this
system is called a triple-effect system.
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3. Location and Solution Methods
3.1. Geothermal Source

The “Cerritos Colorados” geothermal field is located in the central-southern portion
of the “La Primavera forest” [29] which is located 20 km west of the city of Guadalajara, in
the state of Jalisco, between the extreme coordinates 103◦28′ to 103◦42′ West longitude and
20◦32′ to 20◦44′ North latitude (Figure 5).
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Figure 5. Location map of the Cerritos Colorado geothermal field [30].

In the present study, the data of the PR2 well are used. This well was chosen due to all
the necessary data for analysis were available [31]. In Table 1 the characteristics of the well
are presented, and Figure 6 presents its lithology.

Table 1. Data from PR2 geothermal well in the geothermal field Cerritos Colorados [29,31].

Well Latitude Longitude Geothermal Gradient (◦C/km) Depth (m) Temperature (◦C)

PR2 20.66423 −103.53115 114.9 1988 320
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3.2. Calculation of Total Thermal Energy

To determine the energy gained by the fluid circulating through the well, the volu-
metric method was used. This method takes into consideration the energy contained in a
certain volume of rock containing a hot water reservoir which supplies the energy to the
fluid circulating through the pipe. The energy gained by the fluid is determined by using
heat transfer equations and energy balances [32]. The procedure is repeated again for each
control volume.

The energy stored in the rock volume (Qr) can be determined by

Qr = AH(1−∅)ρrCr(Ti − Tm) (1)

where A is the area of the control volume; H is the thickness of the reservoir; ρr is the
density of the rock; Cr the specific heat of the rock; φ the porosity of the rock, defined as
the relationship between the volume of empty spaces in the host rock or spaces occupied
by the water in it and the total volume of the material [33]; and Ti and Tm, the initial and
minimum temperatures, respectively.

The fluid energy Qf can be estimated by Equation (2)

Q f = AHρ f C f∅(Ti − Tm) (2)

where pf and Cf, represent the density and specific heat of the rock, respectively.
Thus, the total energy is calculated as:

Qt = Q f + Qr (3)

Some of these parameters can be known with acceptable accuracy, but others, such
as the area and thickness of the well, are uncertain even with extensive drilling, due to
underground phenomena and morphology. Therefore, study areas of 1 km2, 2 km2, and
3 km2, were considered as a minimum, probable, and maximum areas, respectively. For
the majority of the reservoirs, the uncertainties regarding the depth are small compared
with those of the respective area [34].

In Equations (1) and (2) H was considered as 2000 m which is an average value of
divers well of the geothermal field. φ was established as 10%, which is related to the type
of rock which is predominantly constituted by a volcanic igneous rock of intermediate
composition [35]. The values of ρr and Cr of each type of rock were used according to the
stratigraphic column of the Cerritos Colorados geothermal field (Figure 6). In the case of
the fluid, the specific heat water values Cf = 4.18 kJ/kg◦C and a density pf = 1000 kg/m3
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are used. Tm is set according to the technology used. For geothermal power plants,
a temperature of 135 ◦C for single cycles and 90 ◦C for binary cycles are assumed in
general [36]. For the present study, Tm varied according to the requirements of each
absorption cycle. From the modeling of each one of the systems, it was found that for the
specified conditions, Tm was 58 ◦C, 77 ◦C, 134 ◦C and 170 ◦C for the half, single, double,
and triple-effect systems, respectively, and Ti was taken from the recorded temperatures of
the analyzed geothermal well. It is important to mention that although a Tm of 58 ◦C for
the half-effect cycle seemed to be a low temperature to drive an absorption cooling system,
the double solution circuit used in this cycle (see Figure 2), allows the system to operate at
such low temperature.

To define the reservoir initial temperature (Ti), an average of the temperatures recorded
in the well PR2 was taken based on the data in Table 1.

3.3. Calculation of the Cooling Potential (CP) for the Absorption Cooling Systems

The power (P) produced by a geothermal power plant can be calculated by Equation
(4) using the volumetric method [36].

P =
Qt R f Ce

Fpt
(4)

where Qt is the total energy obtained by Equation (3), Rf is the recovery factor, which
represents the fraction of the energy that could be recovered, Ce is the efficiency factor, Fp
is the plant factor, and t the operation time in hours. Values of Rf up to 25% have been
reported for good conditions of porosity and permeability into the well but normally lower
values are reported [35]. For the present study, an Rf of 12.5% and an Fp of 90% were
considered since they are typical values reported in the literature [36].

Based on this equation, the cooling potential (CP) can be estimated by Equation (5) as:

CP =
Qt R f COP

Fpt
(5)

where the efficiency factor (Ce) is replaced by the COP for each one of the cooling analyzed
systems.

3.4. Simulation of the Water/LiBr Absorption Cooling Systems

To obtain the COP of each system, mathematical models were developed based on
the first-law of thermodynamics, and then the simulation was carried out by using the
Engineering Equation Solver (EES) software.

The following assumptions were considered in the modeling of each one of the cooling
cycles:

• There is thermodynamic equilibrium in the cycles.
• The cycles operate under steady-state conditions.
• The solution is saturated at the exit of the generators and absorbers.
• The refrigerant is saturated at the exit of the condensers and evaporators.
• Heat losses and pressure drops in piping and components are negligible.
• The flow through the valves is isenthalpic.
• The effectiveness of the heat exchangers was 0.8.
• A ∆T = 7 ◦C was considered between the ambient temperature and the temperature of

the condensers and absorbers.
• The evaporation temperature TE was 8 ◦C.

The value of TE = 8 ◦C was chosen since it was the optimum value of the evaporation
temperature obtained from the analysis of diverse absorption cooling systems [10]. These
authors also reported that the values of CP and COP are directly proportional to TE.
However, higher values of TE were not considered in the present study, since higher
temperatures cannot provide good air condition temperatures.
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Appendix A shows the tables with the energy balances for each one of the components
integrating the four analyzed systems [20].

3.5. Heat Transfer Analysis in a U-Tube Heat Exchanger

The heat transfer analysis inside the “U” type heat exchanger was performed using a
mathematical model developed with the finite volume numerical method and implemented
in Fortran 90 programming language. This computational mathematical method consists
of dividing the study domain into a finite quantity of control volumes. The equation which
models the physical phenomena is discretized and solved for each control volume [37].
The main advantage of this mathematical model is that allows the estimation of fluid
temperature through the heat exchanger based on pipe diameter, fluid velocity, boundary
temperatures, the total length of the heat exchanger, the total length of the insulator, and
soil thermo-physical characteristics. The study domain includes the soil, the well, the heat
exchanger walls, the insulator material, and the space inside the heat exchanger where the
fluid flows. Figure 7 shows a schematic diagram of the underground U tube heat exchanger.
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(black), and (e) space inside the heat exchanger (blue).

In total, 1400 control volumes were used to represent the study domain. These control
volumes are organized irregularly, presenting a greater density near the pipe walls of the
heat exchanger.

The assumptions considered for the mathematical model are:

• The fluid viscosity is neglected, thus, the fluid velocity profile inside the heat exchanger
is constant.

• The space inside the heat exchanger is represented as one-dimensional due to the
constant fluid velocity.

• Inside the heat exchanger, the convection is the main heat transfer phenomenon;
therefore, the conduction heat transfer among the fluid and the pipe walls is neglected.
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• Outside the heat exchanger, the conduction is the main heat transfer phenomenon;
therefore, the convection heat transfer through the soil porous is neglected.

• The heat exchanger walls thickness is neglected as the thermal dynamic is led by the
soil.

• The soil thermal diffusivity changes as a function of the soil type presented in the
lithology [32].

• The boundary temperature is equal to the temperature calculated with the geothermal
gradient.

• The inlet fluid temperature remains constant.
• Environmental factors are neglected in soil surface temperature.
• Condensation and phase change for the fluid are omitted.

The energy equation (Equation (6)) is used for modeling purposes. All the terms in
this equation (temporal, convective, and diffusive) are discretized for each node in the
mesh represents the study domain [38].

∂T
∂t

+∇·(υT) = α·∇2T (6)

In the previous equation, υ and α represent the fluid velocity and thermal diffusivity, re-
spectively. When Equation (6) is discretized, and the coefficients are arranged for each mesh
node, a linear equation system results. This equations system is solved using an iterative
Tridiagonal Matrix Algorithm (TDMA), which solves each dimension separately [39].

4. Results and Discussion

To determine the CP and COP for each of the systems driven with the energy provided
by the geothermal well, first it is necessary to know the ambient temperatures in the zone
since the geothermal well temperatures and the systems cooling performance depend upon
these.

4.1. Ambient Temperature Data per Hour

The ambient temperature data used for the analysis were requested from the National
Water Commission, CONAGUA. The data from the meteorological station “La Primavera”
was used since it is the nearest station to the geothermal field.

Figure 8 shows the average ambient temperature per hour for the entire year 2018 for
Spring, Summer, Autumn, and Winter. As can be seen, the temperatures varied between
10.3 ◦C and 33 ◦C for the whole year.
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4.2. Determination of the Geothermal Well Temperature

As stated in the assumptions, the initial temperature distribution is equal to the
geothermal gradient for the specific site, which is equal to the boundary temperature.



Processes 2022, 10, 583 12 of 20

Equations (7) and (8) show temperature correlations used in this study as a function of
depth z.

T (z,t=0) = 20 + (0.115 ·z), 0 < z < 2000 (7)

T (z,t=0) = 480− (0.115 ·z), 2000 < z < 4000 (8)

Six different cases were simulated changing the fluid velocity, the heat exchanger
total length, the insulator length, and thickness. The thermal diffusivity for each type
of soil used in the simulations was calculated using data from the stratigraphic column
presented previously (Figure 6) and is constant for each test. The thermal diffusivity of the
insulator material was considered equal to 1.08x10−9 (

m2/s
)
. For all the tests carried out,

the fluid inlet temperature was fixed at 20 ◦C, which is the average value of the seasonal
environmental temperature. Finally, a “U” tube heat exchanger with a 3” pipe diameter was
considered for the 6 cases. This value is considered because this is the maximum allowable
diameter to cover the largest contact area inside the well. Table 2 shows the values of total
length (TL), insulator length (IL), insulator thickness (IT), and fluid velocity (v) for each
one of the 6 tests. The outlet fluid temperature is also reported (TO).

Table 2. Values considered for the simulations of the geothermal well.

Case TL (m) IL (m) IT(in) v (m/s) TO (◦C) Cooling System Possible to Activate

1 4000 - - 6 60.8 half-effect

2 4000 1000 1 6 174.7 triple-effect

3 4000 500 2 6 116.2 single-effect

4 4000 1000 1 4 160 double-effect

5 3000 1000 1 6 145.9 double-effect

6 3000 - - 6 59.6 half-effect

The base case (first) was done without insulation, resulting in a temperature of 60.8 ◦C.
This outlet temperature is enough to be used in a half-effect cooling system and was set as
the starting point to compare subsequent results. Afterward, distinct values of total length,
insulator length, insulator thickness, and air velocity were used to analyze their effects on
the outlet fluid temperature, which is used to drive the absorption systems.

For the second case, insulator material was considered with 1000 m length and 1” of
thickness, keeping the remaining parameters as in the first case. The result shows that the
fluid outlet temperature was 174.7 ◦C.

The insulator material was considered again for the third case but changing the length
and thickness. As result, the outlet fluid temperature was 116.2 ◦C. Compared with the
first one, simulating 500 m less insulator material, allows the fluid to continue exchanging
energy with its surroundings.

The fourth case considers 1000 m of insulator material, 1” of insulator thickness but
a fluid velocity of 4 m/s. The result shows that the change in the velocity caused less
turbulence, but the outlet fluid temperature was greater compared with the first case
achieving a temperature of 160 ◦C.

Figure 9 illustrates the results obtained for cases 1 to 4. It shows the initial temperature
condition in blue, equal to the temperature at the boundary obtained with the geothermal
gradient. The fluid temperature profile is also shown, along with the heat exchanger for
examples 1 to 4 (all 4000 m in total length). It is observed that the energy gain occurs in
the first 2000 m, which is the downward section of the exchanger, while, depending on the
simulator conditions, the energy gained was different.
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For the fifth case, the total length of the heat exchanger was reduced, while in the sixth
one the insulator material was omitted. The results showed that both cases´s temperature
for were 145.9 ◦C and 59.6 ◦C, respectively. As in the first 2 cases, there is a difference of
almost 100 ◦C in the final temperature of the fluid caused by the absence of the insulator
material. Figure 10 shows the results for cases 5 and 6 (3000 m total length).
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Figure 10. Fluid temperature inside the exchanger: I.C. initial condition (blue), C.5. (coffee), C.6.
(pink).

4.3. Determination of the Cooling Potential (CP)

The CP can be determined for each one of the proposed systems by using Equation
(5). The hourly results for the four seasons are presented in Figure 11a–d at a TE = 8 ◦C.
It can be observed that the CP is higher for the double-effect system with a maximum
cooling potential of 99,334 GW, followed by the triple-effect with 92,995 GW, 70,939 GW
for simple-effect, and 38,721 GW for the half-effect system. These maximum potentials are
obtained in winter when the ambient temperature is lower. For the double and triple-effect
system, when the environmental temperatures are very high, the systems cannot operate.
This happened since the absorber and condenser temperatures were fixed 7 ◦C above the
ambient temperature, and at considerably high absorber temperatures and low pressures, a
crystallization phenomenon occurs.
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Figure 11. Cooling potential per hour for each absorption system for the season, (a) Spring, (b)
Summer, (c) Autumn, and (d) Winter.

From the analysis carried out in Section 4.2, it was clear that the geothermal well can
produce useful heat at temperatures up to 175 ◦C, depending on the analyzed case as it
was shown in Table 2 and in Figures 9 and 10. Figure 12a–d show the cooling potential
for each one of the proposed systems at a TE = 8 ◦C for Spring, Summer, Autumn, and
Winter, respectively. First, it is noticeable that the triple-effect system cannot operate in
the Spring and Summer seasons due to the high ambient temperatures. The rest of the
systems may operate for all seasons. Although it was expected that with the triple-effect
system the highest cooling potential could be reached, due to its limited operating ranges
the CP values are slightly lower than those obtained with the double-effect system. So, the
highest potentials are obtained with the double-effect system, followed by the triple-effect
system, and then for the single-effect system. The lowest CP values are obtained with the
half-effect system, but with the advantage that these type of system may operate at very
low temperatures from 59 ◦C to 79 ◦C. The single-effect system operates at temperatures
between 77 ◦C and 112 ◦C, while the other systems require temperatures higher than 140 ◦C
to operate, which can be only obtained for the analyzed cases 2, 4, and 5.

Figure 13a–d show the coefficients of performance for each one of the systems for
Spring, Summer, Autumn, and Winter, respectively. As it was expected, according to the
data reported in the literature [21], the highest COPs are obtained with the triple-effect
system. However, this system has a more limited operating temperature range in contrast
to the other systems. The lowest COP values were obtained for the half-effect system
varying from 0.43 to 0.49. For the single-effect system, the COPs varied between 0.89 and
0.97, while for the double-effect and triple-effect systems varied from 1.27 to 1.47, and from
1.78 to 1.95, respectively. The maximum COPs are obtained in the Winter and Autumn
seasons.
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5. Conclusions

A geothermal field located in Mexico was studied with the purpose to assess the perfor-
mance of the four advanced absorption cooling systems driven by a geothermal heat source.

From the analysis of the geothermal well, it was found that without placing an insulation
layer in the tube of return, it is possible to obtain temperatures around 60 ◦C, which are
enough to drive a half-effect system; however, it is necessary the insulation to reach higher
temperatures to drive the other systems, especially the double-effect and triple-effect systems.

At a TE = 8 ◦C, the operating range temperatures were 59–80 ◦C, 77–110 ◦C, 135–162 ◦C,
and 180–187 ◦C, with the half-effect, single-effect, double-effect, and triple-effect systems,
respectively.

The range of the coefficients of performance for the four systems were: 0.43–0.49
for the half-effect system, 0.89–0.97 for the single-effect system, 1.27–1.47 for the double-
effect, and 1.78–1.95 for the triple-effect system. The maximum values of the coefficients of
performance were obtained in Autumn and Winter when the ambient temperatures were
the lowest. This occurs since at low ambient temperatures, the condenser and absorber
temperatures are also lower, thus reducing the operating pressures of the systems. The
lower operating pressures cause an increase of the refrigerant production and therefore an
increase of the coefficients of performance.

The maximum cooling potential was obtained with the double-effect system, achieving
values up to 99,334 GW, followed by the triple-effect system with 92,995 GW. With the
single-effect and half-effect systems the cooling potentials were up to 70,939 GW and
38,721 GW, respectively.

From the analysis, it was demonstrated that the triple-effect system does not present
any advantage over the double-effect system, since it is more complex, it requires higher
operating temperatures, it has a more limited operating range, and achieved lower cooling
potentials.

The technical feasibility to produce cooling at temperatures as low as 58 ◦C by using
geothermal energy was also demonstrated. This fact is very important because around the
world there are numerous geothermal wells which can be used for these purposes. However,
it is important to consider both the distance from the wells to towns and the possible
applications. This is relevant since long distance result in the economic infeasibility because
the geothermal areas (hydrothermal) are, in many cases, located far from urban areas.
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Nomenclature

A area
Ce efficiency factor
C specific heat
COP coefficient of performance
CP cooling potential
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Fp plant factor
h enthalpy
H thickness of the reservoir
IL insulator length
IT insulator thickness
.

m mass flow
p pressure
P geothermoelectric potential
Q heat load
Qt total energy
Rf recovery factor
SHE solution heat exchanger
T temperature
TL total length
t time
W work
v fluid velocity
Z depth
Subscripts
a absorber
b pump
c condenser
e evaporator
f fluid
g generator
G,I introduced to the generator
i initial
m minimum
o outlet
r rock
w wall
Greek letters
α thermal diffusivity
ρ density
ε effectiveness
v volume
Ø porosity of the rock

Appendix A

Table A1. Energy balances for each one of the components of the single-effect absorption cooling system.

Component Balances

Generator Qg =
.

m4h4 +
.

m7h7 −
.

m3h3

Condenser Qc =
.

m7(h7 − h8)

Evaporator Qe =
.

m10(h10 − h9)

Absorber Qa =
.

m10h10 +
.

m6h6 −
.

m1h1

Effectiveness of the SHE εSHE = h3−h2
h4−h2

Pump Work Wb = v1(P8 − P10)

COP COP = Qe
Qg+Wb
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Table A2. Energy balances for each one of the components of the half-effect absorption cooling system.

Component Balances

Generator
Qgh =

.
m13h13 +

.
m10h10 −

.
m9h9

Qgl =
.

m4h4 +
.

m17h17 −
.

m3h3

Condenser Qc =
.

m13(h13 − h14)

Evaporator Qe =
.

m16(h16 − h15)

Absorber Qal =
.

m6h6 +
.

m16h16 −
.

m1h1
Qah =

.
m17h17 +

.
m12h12 −

.
m7h7

Effectiveness of the SHE
εSHE1 = h3−h2

h4−h2

εSHE2 = h9−h8
h10−h8

Pump Work Wb1 = v1(P2 − P1)
Wb1 = v7(P8 − P7)

COP COP = Qe
Qgh+Wb1+Qgl+Wb2

Table A3. Energy balances for each one of the components of the double-effect absorption cooling system.

Component Balances

Generator Qg2 =
.

m14h14 +
.

m17h17 −
.

m3h3

Condenser Qc1 =
.

m7h7 −
.

m8h8

Generator-Condenser
Qg1 =

.
m7h7 +

.
m4h4 −

.
m16h16

Qc2 =
.

m17h17 −
.

m18h18

Evaporator Qe =
.

m10(h10 − h9)

Absorber Qa =
.

m6h6 +
.

m10h10 −
.

m1h1

Effectiveness of the SHE
εSHX = h3−h2

h4−h2

εSHX = h13−h3
h14−h3

Pump Work Wb = v1(P2 − P1)

COP COP = Qe
Qg2+Wb

Table A4. Energy balances for each one of the components of the triple-effect absorption cooling system.

Component Balances

Generator Qg3 =
.

m22h22 +
.

m27h27 −
.

m21h21

Condenser Qc1 =
.

m7h7 −
.

m8h8

Generator-Condenser

Qg2 =
.

m25h25 +
.

m14h14 −
.

m24h24
Qc3 =

.
m27(h27 − h28)

Qg1 =
.

m7h7 +
.

m4h4 −
.

m16h16

Qc2 =
.

m25(h25 − h26)

Evaporator Qe =
.

m10(h10 − h9)

Absorber Qa =
.

m6h6 +
.

m10h10 −
.

m1h1

Effectiveness of the SHE

εSHE 1 = h3−h2
h4−h2

εSHE 2 = h13−h3
h14−h3

εSHE 3 = h21−h13
h22−h13

Pump Work Wb = v1(P2 − P1)

COP COP = Qe
Qg3+Wb
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Capítulo 5. Caso de estudio: Diseño un sistema de refrigeración por 

absorción para conservación de leche 
 

5.1 Resumen 

 

Este análisis se centra en el diseño de un sistema de refrigeración para el almacenamiento de 

leche en el ejido Adolfo López Mateos, ubicado dentro del Bosque de “La Primavera”, 

Jalisco. Se propone una unidad de refrigeración por absorción H2O/LiBr que utiliza una 

fuente de calor geotérmico para impulsar el ciclo de absorción del proceso de refrigeración. 

Se presenta un análisis económico y su comparativo contra un sistema convencional y un 

sistema solar. 

Luego de exponer la revisión de los trabajos relacionado con sistemas de absorción para 

diversas aplicaciones de refrigeración y aire acondicionado, se explica el campo geotérmico, 

y se exhibe el problema a resolver. Posteriormente, se describe a detalle el almacén propuesto 

incluyendo diseño, materiales y cálculo de las cargas térmicas, además del dimensionamiento 

y análisis económico del equipo de absorción.  En la sección final se ofrecen los resultados 

y conclusiones de este análisis. 

Se presenta el análisis de un sistema de simple efecto y de doble efecto para su comparación. 

El sistema propuesto debe conservar leche a 10°C y proporcionar la refrigeración al almacén 

(cuarto frio) con una carga de enfriamiento de 5 kW, una fuente de calor geotérmica de 80°C 

para el sistema simple efecto y 163°C para el sistema de doble efecto. Para el diseño del 

almacén se obtuvieron las cargas térmicas a través de techos, muros, por iluminación, 

infiltración y por ocupación a través del software EnergyPlus. 

 

Los resultados mostraron que el sistema de simple efecto ofrece un COP de 0.85, a un costo 

total aproximado de $13,083 USD, mientras que para el sistema de doble efecto el COP es 

de 1.38 con un costo de $18,144 USD. Los valores de cargas térmicas mensuales oscilan 

entre 0.94 y 1.1 kW. 

 

 

 

 

 

5.2 Artículo 
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Abstract: 

 

This article presents a case study focused on the design of a refrigeration system for milk storage 

in a town located in Jalisco, Mexico. An absorption refrigeration unit is proposed, activated with 

a geothermal heat source from an existing well. An economic analysis of the proposal and its 

comparison with a conventional system and a solar system is presented. The proposed system must 

provide refrigeration to the warehouse (cold room) with a cooling load of 5 kW, with a geothermal 

heat source temperature of 80°C for the single effect system and 163°C for the double effect 

system. For the design of the warehouse, the thermal loads were obtained through ceilings and 

walls, by lighting, infiltration, and by occupation, through the EnergyPlus software. The results 

show values of monthly thermal loads ranging between 0.94 and 1.1 kW. The single-effect system 

offers a COP of 0.85 at a total cost of approximately $13,083 USD, while the double-acting system 

offers a COP of 1.38 at the cost of $18,144 USD. 

 

Keywords: Absorption refrigeration system, Geothermal energy, Thermal loads, Cooling load, 

Economic analysis. 

 

1. Introduction: 

 

One of the main current challenges is to meet the world's growing energy demands, making it 

accessible to all social sectors and, simultaneously, reducing greenhouse gas emissions due to 

global warming derived from such growing demand. Therefore, a more rational and efficient use 

of energy is necessary [1], as well as the use of energy sources that, in turn, contribute to reducing 

greenhouse gas emissions. 

The energy problem is both one of supply and the search for new energy sources. The demand is 

a challenge that must be analyzed [2] since it is necessary to cover food needs due to population 

growth worldwide, which entails food conservation using refrigeration systems. For instance, 

perishable foods such as milk, meat, fruits, and vegetables, among others, are heat-sensitive 

products, so it is necessary to maintain them under certain thermal requirements, by storing them 

in a refrigerated space. 

Food security is one of the most prominent global problems and is strongly related to food waste 

and losses. Globally, 33% of food production is wasted, affecting food security and the 
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environment, and wasting the earth's resources. Around 1.4 million hectares are globally occupied 

by uneaten food [3]. 

The lack of refrigeration in remote or rural places is one of the main causes of food waste and 

loss. Therefore, the development of sustainable refrigeration systems using local resources to 

meet the demand for refrigeration is very important [4]. Furthermore, the need for cooling and 

refrigeration is related to the ability to slow down the decomposition of food to allow its 

production, transport, and storage [5]. 

It is estimated that of 100% of the energy consumed worldwide, approximately 50% is consumed 

by refrigeration processes [6] and cold rooms are widely used throughout the world for food 

preservation. The most widely used cold storage is mainly based on a conventional vapor 

compression system, in which the compressor consumes electrical energy. The latter is obtained, 

in general, from fossil fuels and in combination with the use of refrigerants, implies a high 

economic and environmental cost [6]. 

Using alternative energy sources and cooling systems could contribute significantly to decreasing 

electricity consumption and the negative environmental impact. In this context, absorption 

refrigeration systems powered by renewable energies are an alternative that has been implemented 

more over time, as presented in Best & Rivera [7]. Work has been carried out on absorption 

refrigeration systems for various refrigeration and air conditioning applications, driven mainly by 

solar energy or in cascade. Among these alternatives is also geothermal energy, which can be used 

to drive absorption refrigeration systems for space conditioning and other refrigeration 

applications. However, its direct application for food preservation purposes is still scarce. 

In Breindel et al. [8], a first approach is presented on the potential of using absorption systems for 

freezing or storing food, using geothermal energy in cascade. Best et al. [9] developed an 

experimental ammonia/water absorption chiller installed in a geothermal field, which could be 

used for food storage. The system operated at temperatures close to 91 ºC achieving a coefficient 

of performance (COP) of 0.433. In Keçeciler et al. [10], the design of an absorption refrigeration 

system using water-lithium bromide was presented. The results showed that the geothermal 

resource in the studied site could not be used efficiently for electricity generation, but it could be 

used for storing fruits and vegetables at 4–10°C and for air conditioning. Ábrago Castillo [11] 

proposed a cascade absorption refrigeration system for tropical climates, which can be used for 

daily product storage, such as cured meat, to hydroponic plantations, with a COP of 0.6. Isaza C. 

et al. [12] simulated the performance and analyzed the feasibility of simple-effect solar absorption 

refrigeration systems using monomethylamine-H2O solutions for applications in food preservation 

in rural regions. They reported that the maximum COP was achieved at a generation temperature 

of around 70ºC. Uwera et al. [13] designed a refrigeration system to store agricultural products. A 

simple-effect absorption refrigeration unit driven by geothermal energy with a thermal load of 140 

kW achieved COP values from 0.49 to 0.6. In Yepez & Ramos[14], a prototype of an intermittent 

absorption refrigeration system driven by solar energy was designed and built to conserve tropical 

fruits. The system obtained a COP of 0.35. De & Ganguly [15] compared the performance of a 



single-effect and a double-effect vapor absorption system for the operation of a cold storage facility 

operating by a combination of a grid-interactive photovoltaic solar system and parabolic trough 

collectors. The COP of the double-effect system was 1.32. El Haj Assad [16] presented the use of 

cascade to take advantage of the residual heat of a simple flashing geothermal plant to activate a 

simple-effect absorption system for the cooling of a residential building. The results showed that 

with a geo-fluid temperature of 120 ℃, a COP of 0.87 can be obtained. Ozcan et al. [17] designed 

an ammonia-water refrigeration system using a geothermal source for cooling a single-family 

house. The system was analyzed through an energy and exergy analysis. A COP of 0.30 was 

attained at a TG = 90°C and a TE = 2°C. Sofyan et al. [18] examined the performance of an 

absorption refrigeration system operating with a lithium bromide-water mixture using residual heat 

from a power plant for the cold storage of fish. The results evaluated the system performance by 

varying the temperatures of the system components. Jimenez-Garcia and Rivera [19] built a new 

absorption refrigeration system driven by solar energy built with plate heat exchangers using the 

NH3/H2O mixture. The system could be used for air conditioning and food preservation. The 

results showed that it was possible to obtain cooling power close to 3 kW achieving a COP of 0.61 

at temperatures as low as -19 °C. Sadi et al. [20] proposed a solar single-effect absorption cooling 

system with lithium bromide to store apples and potatoes. The results showed the performance of 

different solar collectors, and a maximum COP of 0.7 was obtained. Sur et al. [21] designed a 

system for milk storage using an activated carbon-methanol adsorption refrigeration driven by 

solar energy. The results showed that the maximum COP varied between 52 and 57 kW/kg at a 

desorber temperature of 80 °C. Pilatowsky et al. [22] analyzed the performance of a 

monomethylamine-water absorption refrigeration system using solar energy to cool milk in rural 

regions. The evaporator temperature varied from -5 to 10 °C at TG from 60 to 80 °C, achieving 

COP varying from 0.15 to 0.7. 

The literature review showed that although absorption refrigeration systems have been investigated 

for about 3 decades, their use in projects for direct applications such as food preservation is scarce. 

In addition, the existing developments are mainly based on solar energy. 

This article proposes the design of a warehouse (cold room) and an absorption refrigeration system 

to conserve milk from Ejido Adolfo López Mateos, with geothermal energy supplied from the 

nearest geothermal well. The purpose is that the settlers can continue this productive activity. Two 

absorption system configurations are presented, a simple and double-effect system, comparing 

their performance and cost. 

 

2. Description of the geothermal field 

The Cerritos Colorados geothermal field is located in the central-southern portion of “La 

Primavera forest” [23], within the “Ejido Adolfo Lopez Mateos” (Figura 1,2). This area is a 

volcanic caldera about 11 km in diameter, with an approximate age of 95,000 years [24]. As a 

remnant of the volcanic activity, a strong hydrothermal activity occurred, and a geothermal system 

developed, which currently manifests itself with fumaroles, hot springs, solfataras, and hot soils, 



which outcrop in various parts of the volcanic complex, such as in Cerritos Colorados, Las 

Barrancas, La Azufrera, and El Nejahuete, as well as outcrops of springs in Rio Caliente [25]. 

Given its geothermal potential, the Federal Electricity Commission (CFE, for its initials in 

Spanish) of Mexico, during the period 1980-1989, developed civil works to explore the geothermal 

zone called Cerritos Colorados. The works consisted of the opening of access roads, the 

construction of platforms and mud dams, as well as the drilling of 12 geothermal wells. 

Unfortunately, these works were suspended, so the existing wells are inoperative (Figure 1). The 

Cerritos Colorados geothermal field has great potential for direct use, as well as for electricity 

production. 

 
 

Figure 1. Location of platforms and wells within the Cerritos Colorado geothermal field in “La 

primavera” (image edited from google earth) 

 

 

 

2.1 Statement of the problem and need for the study. 

 

The location “Ejido Adolfo López Mateos” is within the La Primavera Forest (Figure 2), in the 

municipality of Zapopan, with coordinates of latitude 20.65 and longitude -103.512. It has 1,500 

hectares with 94 settlers, of which only around 30 partially live in the ejido, there is no electricity 

within the ejido, and hence they do not have refrigeration systems. On the other hand, those with 

the economic capacity have a power plant, or gas refrigerator, and some brick ovens (cement 

coolers). Among the productive activities are pig farming, planting of corn, lemon orchards, 

avocado, and dairy cattle. 

The lack of means to preserve the milk was identified. There were 90 dairy cows which were 

mostly sold due to a lack of refrigeration systems. 



 

 

Figure 2. Location of the “Ejido Adolfo López Mateos” (Image modified, provided by the 

Decentralized Public Organization Bosque de la Primavera) 

Once the needs of the place have been identified, a warehouse (cold room) is proposed to conserve 

milk at 10°C, based on an absorption refrigeration system with geothermal energy supplied from 

the nearest geothermal well. This corresponds to well PR5 with an approximate distance of 600 

meters from the ejido (Figure 1), with the objective that the inhabitants can resume this productive 

activity. 

 

 

2.2 Conditions for milk storage 

The temperature of freshly milked milk is 37°C. The frequency with which the milk is collected, 

and its amount determine the necessary heat load to be removed to keep the milk at the desired 

temperature. When the collection is done twice a day, the milk must be cooled within two hours 

of milking to a temperature below 15°C. If the collection takes place only once a day, the 

refrigeration and storage temperature must be close to 10°C. Lastly, if the collection is carried out 

every 48 hours, the milk should be kept at around 4°C [5]. In the location, milk will be collected 

once a day, so the design temperature for the cold store was established at 10°C. 

 To keep the milk at that temperature, it is necessary to calculate the refrigeration cooling load and 

to determine the heat transfer rate necessary to remove the heat from a space to lower its 

temperature to the desired value. The cooling or refrigeration load is calculated with equation 1 



[26]; where: Md corresponds to the maximum reception per day (kg/day), Cp to the specific heat 

of the product (J/kg°C), T1 is the entry temperature of the product (milking temperature = 37°C) 

and T2 the storage temperature (10°C). 

 

 

QR = Md ∗ CP ∗ (T1 − T2)                 (1) 

 

3. Warehouse description 

This section describes the warehouse design, including materials, the construction budget, and 

the calculation of thermal loads. 

Based on the information provided by the community inhabitants, a dairy cow needs 1 hectare 

for grazing. The ejido has 1,500 hectares; therefore, the maximum production would be 150 

cows. Each cow produces around 20-25 liters a day in two milkings. Thus, there would be a 

maximum production of 3750 liters/day with 150 cows. With this information, the necessary 

storage capacity was calculated, considering the maximum milk production, and it was 

concluded that 20 containers of 200 liters each one would be needed for total storage. Then, 

the warehouse was dimensioned based on the arrangement of the drums inside the warehouse, 

considering an additional 10%. The measures proposed for the warehouse design are 

3.6m*5m*2.3m. (Figure 3). 

 

 

 
Figure 3. Plan layout of the warehouse for milk conservation. 

 

The materials proposed for the construction of the warehouse are: 



• Concrete floor of 10 cm. 

• Brick walls with polystyrene plate (as insulation) and galvanized sheet. 

• Lightened roof with partition. 

Next, the detailed design and engineering of the milking warehouse is presented, which was 

modeled using ArchiCad: 

 

 

 

Figure 4. Detailed model of the milk storage warehouse 

 

Once the sizing and construction design was conducted, the budget for the unit and the total price 

was obtained for the warehouse construction based on local prices. 

 

4.  Calculation of the thermal loads of the warehouse 

 

Once the warehouse was designed, the total thermal loads (sensible and latent) were calculated 

monthly to compare their behavior at different periods of the year. The climatological data for this 

model were obtained from the Climate.OneBuilding.Org database from the closest meteorological 

station to the study area: the Zapopan-766015 station. 

Thermal loads consist of the amount of heat that must be removed from the space to be cooled 

during a given period. It depends on two main factors: heat leakage or heat transfer load and heat 



use or service load [13]. The following thermal loads have been considered in the design of this 

warehouse: loads through ceilings and walls, lighting loads, infiltration loads, and occupation 

loads. 

The modeling of the construction system was carried out in the Sketchup and OpenEstudio 

software, in which the design characteristics are loaded, such as dimensions, type of materials, 

thickness, quantity and type of luminaires, number of people, the activity to be carried out, 

machinery or equipment to be used, window characteristics if applicable, etc. With this 

information, the total thermal loads were calculated in the EnergyPlus software (equation 2). 

 

Q̇
load=∑ Qi  +∑ hi  Ai  (Tsi−TZ )+∑ ṁi  CP  (Tzi−TZ )+ṁinf  CP  (T∞−TZ )̇Nsurfaces

i=1
̇Nsurfaces

i=1
̇Nsl

i=1

         (2) 

 

Where: ∑ Qi  
̇Nsl

i=1  is the sum of the internal convective loads,  

∑ hi  Ai  (Tsi − TZ )̇Nsurfaces
i=1  is the heat transfer by convection from the surfaces,  

ṁinf  CP  (T∞ − TZ ) is heat transfer due to infiltration of outside air 

∑ ṁi  CP  (Tzi − TZ ) + ṁinf  CP  (T∞ − TZ )̇Nsurfaces
i=1  transfer of heat due to air mixing between 

zones,  

Tz corresponds to the desired zone temperature. 

 

The EnergyPlus program performs an integrated simulation of program modules working together 

to calculate the energy required to heat and cool a building using various energy sources and 

systems. This means that the three main parts, building, system, and equipment, must be solved 

simultaneously. It does this by simulating the building and associated energy systems when they 

are exposed to different environmental and operating conditions. The core of the simulation is a 

model of the building that is based on the fundamental principles of heat balance. EnergyPlus 

provides three different solution algorithms to solve the energy and humidity balance equations of 

the air (ZoneAirHeatBalanceAlgorithm): 3rdOrderBackwardDifference, EulerMethod, and 

AnalyticalSolution. The first two methods use the finite difference approximation, while the third 

uses an analytical solution. 

EnergyPlus takes advantage of the climatological database to determine the amount of energy 

entering or leaving the storage room as a function of the temperature of the air in the zone. Thus, 

the net charge of the area is given by equation (2). A detailed description of how the software 

calculates thermal loads is presented in the Engineering Reference manual, 2022 [27]. 

 

 

 



5.  Sizing of the absorption equipment 

This section describes in detail the dimensioning of the absorption system, which includes the 

determination of the design conditions of each system (simple and double). The average 

logarithmic temperatures are used to obtain the cost of the absorption equipment. 

For the supply of cold to the warehouse, and thus keep the milk at the desired temperature, it 

is necessary to dimension the capacity of the refrigeration system and model it under specific 

design conditions. The single-effect water/LiBr refrigeration system consists of two circuits: a 

refrigerant circuit consisting of a condenser, an expansion valve, and an evaporator, and a 

solution circuit consisting of a generator, an absorber, a heat exchanger solution heat, a pump, 

and a valve. A double-effect system, in addition to these components, has a second generator-

condenser, which works as a generator in one stage and as a condenser in another, which 

operates at higher pressure and temperature, and has a second solution heat exchanger. A 

detailed description of the teams is given in [28]. 

The following table shows the design conditions proposed for the single and double-effect 

systems. 

 

Table 1: Design conditions 

 

Component Single effect Doble effect 

Evaporator 4 °C 4°C 

Condenser 35°C 35°C 

Absorber 35°C 35°C 

Generator 80° C 164°C 

Condenser-generator - 105°C 

COP 0.85 1.38 

HX efficiency  0.8 0.8 

 

A condensation temperature (TC) of 35°C was chosen considering ta ∆T of 7°C with respect to the 

ambient temperature Tamb. This was established based on the histogram of Tamb records, which 

determined that 95% of the year, there are Tamb less than or equal to 28 ° C (Figure 5). 



 
Figure 5. Histogram of the ambient temperature of the study area 

The evaporation temperature (TE) of 4°C was established based on the thermal requirements for 

milk storage at 10°C, considering a ∆T of 6°C. 

The temperature supplied to the generator (TG) for the simple-effect system was chosen as the 

minimum value with which this system can operate (80°C), based on the established 

considerations. Besides being the most optimal value, as shown in Figure 6, with an increase to a 

maximum of 120°C in the TG, the COP value increases only 0.5, that is, with a ∆T of 40°C the 

increase in COP is minimal so it is not affordable to use a higher generation temperature. 

In the case of the double effect system, the minimum operating temperature is not the most optimal 

temperature. As can be seen in Figure 6, the COP values show a significant change in slope as the 

TG increases, unlike the simple effect system that showed an almost linear trend. Based on this, a 

TG of 163°C was chosen, in which this change in the slope of the COP is observed. 

 

Together with these temperature values, favorable COPs are achieved based on simulations carried 

out in [28,29] 

 

 

85% 95% 



 
Figure 6. Coefficient of performance as a function of TG 

 
Figure 7. Coefficient of performance as a function of TC 

 

As can be seen in Figure 7, if a condensation temperature lower than 35°C is considered, for 

example, 31°C, the system would have an increase in performance (COP); however, it could only 

operate 85% of the year (Figure 5). From this, a TA=TC of 35°C was established, even though the 

performance slightly decreased. It is a value with which it is possible to operate most of the year 

practically, being the most useful characteristic in practice. 

Once the design conditions were established, the thermal loads per component were calculated 

with the energy balances in the EES (Engineering Equation Solver) software. Appendix A shows 

the corresponding energy balances for each of the components of the absorption system. 

Subsequently, the logarithmic mean temperature difference (∆TML) was obtained. This parameter 

is used to determine the heat loads in the components helping to size equipment and cost 

estimation.  
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The average logarithmic temperatures are calculated with equation (3), except for the evaporator, 

since the cold and hot currents remain constant at the inlet and outlet.  

                                          ∆TML =
= ∆T1 − ∆T2

ln ( ∆T1 /∆T2 ) 
                                                    (3) 

 

with: ∆T1 =Tc,ent − Tf,sal y ∆T2 = Tc,sal – Tf,ent 

 

6.  Economic analysis of the absorption system 

Mathematical correlations proposed in [30] were used to determine the cost of the absorption 

equipment based on the thermal loads and the ∆TML of each component. These correlations are 

presented in Equations 4-11. 

Generator cost: 𝑍𝐺 = 309.14 [
𝑄𝐺

0.2𝛥𝑇𝐺
]

0.85
                         (4) 

Condenser cost: 𝑍𝐶 = 516.62 [
𝑄𝐶

0.15𝛥𝑇𝐶
]                             (5) 

Evaporator cost: 
𝑍𝐸 = 309.14 [

𝑄𝐸

0.2𝛥𝑇𝐸
]

0.85
                        (6)              

Absorber cost: 𝑍𝐴 = 516.62 [
𝑄𝐴

0.2𝛥𝑇𝐴
]                               (7) 

Pump cost: 𝑍𝑃 = 1120[𝑊̇𝑃]0.80                                 (8) 

Solution heat exchanger cost 𝑍𝐸𝑐 = 12500 [
𝐴𝑠ℎ𝑥

100
]

0.60
                            (9) 

Valve cost 𝑍𝑉 = 114.5[𝑚̇𝑣]                                     (10)   

Total cost                                         𝑍𝑇𝑜𝑡𝑎𝑙 = 𝑍𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝑒𝑠                       (11)                                

 

A more detailed economic analysis includes determining various parameters to have an overview 

of the investment and the capital recovery time compared to other systems. These parameters are 

presented in Table 2. 

Table 2. Economic analysis equations 

Capital recovery factor  𝐶𝑅𝐹 =
𝑖(1+𝑖)𝑛

(1+𝑖)𝑛−1
        (12) 

sinking fund factor 𝑆𝐹𝐹 =
𝑖

(1+𝑖)𝑛−1
      (13) 

Annual capital cost 

 
𝐴𝐶𝐶 = 𝑍𝑇𝑜𝑡𝑎𝑙 × 𝐶𝑅𝐹     (14) 

Salvage value 𝑆𝑉 = 0.20 × 𝑍𝑇𝑜𝑡𝑎𝑙     (15) 

Annual salvage value ASV=SV×(SFF)    (16) 

Maintenance cost  

 
𝐶𝑀 = 𝐴𝐶𝐶 × 0.1   (17) 

 



The system's operating time was established at 24 hours a day, with a lifetime of the equipment of 

10 years. The Interbank interest rate was 8.50% based on the latest update from the Bank of 

Mexico. For the comparison of costs and capital recovery time, actual quotes were obtained from 

specialized suppliers. 

 

7. Results and Discussion 

7.1.Milk storage 

The result of calculating the refrigeration load necessary to keep the milk at the desired temperature 

based on equation (1) is presented. 

𝑄𝑅 = 4.65 𝑘𝑊 

Considering a safety factor of 10%, a refrigeration load of 5.11 kW is required, equivalent to 1.45 

tons of refrigeration. 

 

7.2. Warehouse analysis 

7.2.1. Calculation of thermal loads in the warehouse 

Figure 8 shows the monthly thermal loads calculated in Energyplus. 

 

Figure 8. Monthly thermal load 

As can be seen, the highest values occur in the months of May to September, when the ambient 

temperature is higher. Therefore, removing more heat from the outside is necessary to preserve the 

product at the desired conditions. The thermal load values range between 0.94 and 1.1 kW. 

 

7.2.2.  Sizing of the absorption equipment 

The ∆TML values for each component are shown in Table 3 for the single-acting system and in 

Table 4 for the double-acting system, based on their respective diagrams shown in Figures 9 and 

10. 



 

Figure 9. Single-effect system 

Table 3. Loads by component and ∆TML for the simple-effect system 

Component 
Q 

(kW) punto 

Temperature 

°C 

∆TML 

°C 

Condenser 8.48 

8 80 

24.5 
9 35 

c1 26 

c2 28 

Absorber 8.83 

1 4 

10.3 

2 35 

7 43.8 

a1 26 

a2 28 

Generator 9.31 

8 80 

9.7 

4 70.5 

5 80 

g1 90 

g2 87 

Evaporator 8 

10 4 

6.0 
1 4 

e1 10 

e2 10 

Heat 

exchanger 
4 

3 35 

9.2 
4 70.5 

5 80 

6 44 

 



 

Figure 10. Double effect system 

 

Table 4. Loads per component and ∆TML for the double effect system. 

Componente 
Q 

(Kw) punto  

Temperatura 

°C 

∆TML 

°C 

Condenser 2 

4.8 

17 163 

37.9 
18 105 

Generator 1 

16 80.4 

7 91.7 

4 91.7 

Condenser 1 4.1 

7 91.7 

28.0 
8 35 

c2 28 

c1 26 

Absorber 9.8 

10 4 

14.8 

1 35 

6 54.6 

a2 28 

a1 26 

Generator 2 5.98 

17 163 

13.9 13 146.5 

14 163 



g1 173 

g2 170 

Evaporator 8 

9 4 

6.0 
10 4 

e1 10 

e2 10 

Heat exchanger 

1 
2.3 

2 35 

11.3 
3 80.4 

4 91.7 

5 46.4 

Heat exchanger 

2 
2.3 

3 80.35 

16.5 
13 146.5 

14 163 

15 96.9 

 

For both systems, the highest values of ∆TML are obtained for the condenser, where more heat is 

transferred. 

 

7.2.3.  Economic analysis of the absorption system 

Below, the results of the economic analysis of the warehouse construction and the absorption 

refrigeration cost based on the mathematical correlations are presented. Also, it is shown the 

comparison of the proposed systems against a conventional compression system driven with solar 

panels. 

Table 5 shows the budget for the construction of the warehouse (cold room), including materials 

and labor, based on local prices. 

Cold Room Budget 

  Item U Amount PU Subtotal 

1 Excavation, fine-tuning, and compaction of a 

trench for continuous cementation 
ml. 17 $15.00 $255.00 

2 
Construction of continuous cementation based 

on: Concrete footing of 60 x 15 cm with 3/8" 

rods and a 15 x 15 cm footing with 3/8" rods. 

ml. 17 $45.00 $765.00 

3 10 cm concrete floor reinforced with 10.10 

10/10 electro-welded mesh. 
m2 17.5 $12.50 $218.75 

4 Red annealed partition wall (7.14.28), grouted 

with a mixture of cement, lime, and sand. 
m2 36.55 $22.50 $822.38 

5 Concrete castle with Armex 15.15cm ml. 19.35 $14.00 $270.90 

6 Button and top concrete beam 15.15 cm ml. 34 $15.50 $527.00 



7 

Lightened slab: Concrete reticule with 3/8" 

rebar and wire rod stirrups, with 20 cm cant 

plus 5 cm thick compression slab with 6.6 

10/10 electro-welded mesh ( slope total cant 25 

cm) 

m2 17.5 $75.00 $1,312.50 

8 Exterior and soffit plastering of a fine mix m2 54.05 $11.00 $594.55 

9 

Insulation system based on: Galvanized profile, 

fiberglass quilt (5cm), and 22 gauge galvanized 

sheet. 

m2 36.55 $50.00 $1,827.50 

10 Waterproofing with white rubber  m2 17.5 $7.50 $131.25 

11 Iron door with counter frame and glass fiber 

insulation on the inside 
. 1 $250.00 $250.00 

12 
solvent-based enamel white paint on exterior 

walls 
m2 36.55 $7.50 $274.13 

Total $7,248.95 

 

From equations 4-11, the cost per component for the two systems was obtained. As shown in Table 

6, the total cost of the double-effect system is higher than the single-effect system as it has 

additional components; however, it has better performance, as can be observed in Figure 7. 

Table 6. Cost of absorption refrigeration equipment by component 

Component Costo (USD) 

Simple-

effect 

Double-

effect 

Generator 1169.2 594.5 

Condenser 1191.4 505 

Evaporator 1550.5 1550.5 

Absorber 2942.1 2285 

Valves 5.3 13.6 

Pump 10.6 10.45 

Heat exchangers 57.9 41.6 

Generator-condenser NA 645.1 

Total 6926.9 7931 

Total with 10%  7619.6 8724.1 

 

The following table shows some of the most used parameters for the economic project analysis, 

considering the annual interest as well as the lifetime of the system. With this, annual values can 

be determined and an estimate of the maintenance cost and buffering at the project end. 

Table 7. Parameters for economic analysis 

 Simple-

effect 

Double-

effect 

Capital recovery factor 0.15 0.15 

sinking fund factor 0.07 0.07 



Annual capital cost ($USD) 1161.3 1329.7 

Maintenance cost  ($USD) 116.1 133 

Salvage value ($USD) 1524 1744.8 

Annual salvage value ($USD) 102.8 117.6 

Annual total cost ($USD) 1174.8 1345 

 

Finally, a comparison between the proposed absorption system with a conventional system and 

against a solar system is presented. 

 

Table 8. Comparison of costs of refrigeration systems 

System Cost (USD) 
Annual 

electricity cost 

(USD)  

 Annual 

maintenance 

cost (USD) 

Pipe cost 

(USD) 
Total cost 

(USD) 

Simple effect  $7,619.6 N/A $109.49 $5,354 $13,083 

Double effect $8,724.00 N/A $133 $9,287 $18,144. 

Conventional  $10,091 $2,916 $201.00 N/A $13,208 

Solar $101,987 N/A $678 N/A $102,665 

 

Concerning the total cost, as a first investment, the simple-effect absorption system and the 

conventional system have a similar cost. However, the absorption system has the advantage that it 

will not generate an annual cost of electricity consumption, so at the end of the lifetime of 10 years, 

both absorption systems will represent significant savings, as shown in Table 9. The increase in 

the cost of the double-effect system, in contrast to the simple-effect, is reflected in the piping since, 

by requiring higher temperatures, the cost of specialized piping is higher. In the case of a solar 

system, the investment is too high, so this system for this case study is not competitive. These costs 

may vary according to inflation and suppliers. 

Table 9. Savings of absorption systems 

Sistema  Savings at 10 years (USD) 

Simple-effect Double-effect 

conventional $27,192.48 $21,920.00 

solar $94,693.48 $89,421.00 

   

 

 

8. Conclusions 

The design and economic analysis of an H2O/LiBr absorption refrigeration system for milk 

conservation at 10°C were conducted in Mexico using a geothermal heat source obtained from 



a well. The analysis of a simple effect and double effect system is presented to select the most 

suitable from its comparison. 

For the design of the proposed warehouse, a refrigeration load of 5 kW is needed (1.45 tons of 

refrigeration) with a geothermal heat source of 80°C for the simple-effect system and 163°C 

for the double-effect system. 

In the design of this warehouse, the following were calculated: loads through roofs, walls, 

lighting loads, infiltration loads, and occupation loads. The highest values in thermal loads 

occur in the months of May to September, when the ambient temperature is higher. Therefore, 

it is necessary to remove more heat from the outside to preserve the product at the desired 

conditions. The thermal load values range between .094 and 1.1 kW. 

The single-effect system achieves a COP of 0.85 at 10°C, at a total cost of approximately 

$13,083 USD, while the double-effect system reaches a COP of 1.38 at the cost of $18,144 

USD. Although the cost of the double-effect system was around 27% higher than the single-

effect system, also achieved a 61% increase in the COP. 

The solar system offers no advantage against the proposed absorption systems. 

The heat exchanger size influences the costs for each component in the case of the absorption 

system. For example, if geothermal energy is used, the distance from the well to the place of 

application, since the cost of the pipe necessary to transport the fluid is derived from this. 

 

Nomenclature 
 
A= area 
COP= coefficient of performance 
CP= specific heat 
𝒎̇= mass flow 
h= enthalpy 
Md = maximum reception per day 
Q= heat load 
QR  = cooling refrigeration load 
T = temperature  
T1= temperature of the product  
T2  = storage temperature 
TG,I =temperature supplied to the generator 
Tz = desired zone temperature 
W= work 
 
Subscript 

A= absorber 

amb  = environmental 
p=pump 

C= condenser 

E= evaporator 

G= generator 

Inf= infiltration 



s= surface 

SHX = Heat exchangers 

 

Greek 
 
ε= Effectiveness 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Apéndice A 

 

Table A1. Energy balances for each one of the components of the single-effect absorption 

cooling system. 

Component Balances 

Generator 𝑄𝑔 = 𝑚̇4ℎ4 + 𝑚̇7ℎ7 − 𝑚̇3ℎ3 

Condenser 𝑄𝑐 = 𝑚̇7(ℎ7 − ℎ8) 

Evaporator 𝑄𝑒 = 𝑚̇10(ℎ10 − ℎ9) 

Absorber 𝑄𝑎 = 𝑚̇10ℎ10 + 𝑚̇6ℎ6 − 𝑚̇1ℎ1 

Effectiveness of the SHE 𝜀𝑆𝐻𝐸 =
ℎ3 − ℎ2

ℎ4 − ℎ2
 

Pump Work 𝑊𝑝 = 𝑣1(𝑃8 − 𝑃10) 

COP 𝐶𝑂𝑃 =
𝑄𝑒

𝑄𝑔 + 𝑊𝑏
 

 

Table A2. Energy balances for each one of the components of the double-effect absorption 

cooling system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Component Balances 

Generator 𝑄𝑔2 = 𝑚̇14ℎ14 + 𝑚̇17ℎ17 − 𝑚̇3ℎ3 

Condenser 𝑄𝑐1 = 𝑚̇7ℎ7 − 𝑚̇8ℎ8 

Generator-Condenser 
𝑄𝑔1 = 𝑚̇7ℎ7 + 𝑚̇4ℎ4 − 𝑚̇16ℎ16 

𝑄𝑐2 = 𝑚̇17ℎ17 − 𝑚̇18ℎ18 

Evaporator 𝑄𝑒 = 𝑚̇10(ℎ10 − ℎ9) 

Absorber 𝑄𝑎 = 𝑚̇6ℎ6 + 𝑚̇10ℎ10 − 𝑚̇1ℎ1 

Effectiveness of the SHE 

𝜀𝑆𝐻𝑋 =
ℎ3 − ℎ2

ℎ4 − ℎ2
 

𝜀𝑆𝐻𝑋 =
ℎ13 − ℎ3

ℎ14 − ℎ3
 

Pump Work 𝑊𝑝 = 𝑣1(𝑃2 − 𝑃1) 

COP 𝐶𝑂𝑃 =
𝑄𝑒

𝑄𝑔2 + 𝑊𝑏
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Conclusiones  
 

En esta tesis doctoral se evaluó el potencial de utilización y viabilidad de sistemas de 

enfriamiento por absorción operando con energía geotérmica en una localidad en México. El 

estudio se llevó a cabo usando datos reales del pozo PR2 Y PR5 del campo geotérmico 

Cerritos Colorados en el bosque de “La primavera”, Jalisco. 

A continuación, se presenta un resumen de las principales conclusiones de esta tesis. 

Con respecto a la simulación del potencial de enfriamiento para un sistema de simpe efecto:  

− Las simulaciones, desarrolladas en el software EES, permitieron analizar la influencia 

que tienen las temperaturas de entrada de los distintos componentes sobre el 

rendimiento (COP) y el potencial de enfriamiento de los sistemas. Se observó que 

cuando la temperatura ambiente es mayor (en primavera y verano), y por ende la TAC, 

se produce una disminución del potencial y del COP.  Se evaluaron temperaturas de 

evaporación (TE) de 6°, 8°, 10° y 12°C para un rango de temperatura de generación 

(TG) de 77-110°C. La profundidad requerida para la mínima recuperación de calor a 

77° C se obtiene a 260 m en primavera, 270 m en verano, 290 m en otoño y 310 m en 

invierno. Para el caso de la temperatura máxima de 110° C, las profundidades son 

590 m en primavera, 600 m en verano, 620 m y 640 m, en otoño e invierno 

respectivamente. 

− Para una temperatura de generación fija, se podría obtener un potencial de 

enfriamiento máximo de 71 594 GW, 70 649 GW, 71 164 GW, 70 859 GW en 

invierno, primavera, verano y otoño con una TE de 12°. Los valores de potencial de 

enfriamiento son de gran magnitud debido a que en los cálculos se considera un área 

de 2km2 que abarca todo el yacimiento. 

 

Con base a la evaluación de sistemas avanzados de absorción: 

− El pozo analizado puede alcanzar temperaturas de 59° C a 190° C, dependiendo 

de la profundidad del tubo en U y el espesor del aislamiento. 

− A una TE = 8°C, el rango de temperaturas de funcionamiento fue de 59-80°C para 

el medio efecto, de 77°-110 °C para el simple efecto; 135-162°C para el doble 

efecto y de 180-187°C para el triple efecto. 

− El máximo potencial de refrigeración fue de 99,334 GW el cual se obtuvo con el 

sistema de doble efecto, seguido de 92,995 GW con el sistema de triple efecto, 

70,939 GW con el sistema de simple efecto y 38,721 GW con el sistema de medio 

efecto.  

− El rango de los COP para los cuatro sistemas fue: 0.43–0.49 para el de medio 

efecto, de 0.89–0.97 para simple efecto, de 1.27–1.47 para doble efecto y 1.78–

1.95 para el sistema de triple efecto.  

− Los valores máximos de los COPs obtuvieron en otoño e invierno cuando las 

temperaturas ambientales eran más bajas. 
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− Se observó que, sin colocar una capa aislante en el tubo de retorno del 

intercambiador en U, es posible obtener temperaturas alrededor de los 60°C, las 

cuales son suficientes para accionar un sistema de medio efecto. Sin embargo, es 

necesario el aislamiento en el tubo para alcanzar temperaturas más altas y así poder 

impulsar los otros sistemas, especialmente los sistemas de doble y triple efecto. 

 

Con respecto al caso de estudio: 

− Para el diseño del almacén (cuarto frio) propuesto, se necesita una carga de 

refrigeración de 5 kW, con una fuente de calor geotérmica de 80°C para el sistema 

simple efecto y 163°C para el sistema de doble efecto. 

− El sistema de simple efecto ofrece un COP de 0.85, a un costo total aproximado 

de $13,083 USD, mientras que el sistema de doble efecto ofrece un COP de 1.38 

con un costo de $18,144 USD.  

− El sistema más idóneo es el sistema de doble efecto, ya que ofrece un incremento 

en el COP de 61%, con un costo total 27% más alto comparado con el sistema de 

simple efecto. 

− El sistema solar no ofrece ventaja contra los sistemas de absorción propuestos 

activados con energía geotérmica.  

− Se calcularon las cargas a través de techos, muros, por iluminación, por infiltración 

y por ocupación mediante el software Energyplus. Los valores de cargas térmicas 

totales oscilan entre .94 y 1.1 kW. 

− Los valores más altos en las cargas térmicas se presentan en los meses de mayo a 

septiembre donde la temperatura ambiente es mayor, por tanto, es necesario retirar 

más calor del exterior para conservar el producto a las condiciones deseadas. 

− Los principales parámetros que influyen el costo total son el tamaño de los 

intercambiadores de calor que componen el sistema de absorción y la distancia del 

pozo al lugar de aplicación ya que de eso se deriva el costo de la tubería necesaria 

para transportar el fluido. 

 

Con base a estos argumentos se demostró la viabilidad del uso de los sistemas de 

refrigeración por absorción para la refrigeración y/o acondicionamiento de espacios, 

mediante el uso de energía geotérmica como fuente de calor impulsora. 

 

Los resultados de la presente tesis doctoral pueden usarse en las zonas con activada 

productiva que requiera almacenamiento de productos perecederos para su conservación por 

más tiempo, carente de suministro de energía. 

 

Mediante esta evaluación se demostró la factibilidad de instalar una unidad de enfriamiento 

a través de sistemas de refrigeración por absorción en una zona remota donde existe la 
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disponibilidad de calor de una fuente geotérmica cercana, aún con potencial para su 

aprovechamiento. 

 

El trabajo a futuro de la línea de investigación puede ser dirigido al desarrollo un caso 

práctico para su comparación con este trabajo teórico y la búsqueda de tecnología para 

trasportar largas distancias el fluido geotérmico a bajo costo. Esto debido a que alrededor del 

mundo existen numerosos pozos geotérmicos que pueden ser aún aprovechados para diversas 

aplicaciones, sin embargo, las largas distancias resultan en la inviabilidad económica. 

.  
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