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Abstract 
 

Absorption heat transformer for water purification (AHTWPs) are an option for utilizing energy 

from industrial or natural sources.  Previous studies have demonstrated the feasibility of recycling 

the heat produced by the distillation of impure water, increasing the coefficient of performance 

(COP) values and reducing the energy requirements in the AHTWP. The present work presents 

a heat recovery proposal consisting in combining two cases: with source temperature increase 

(Case I) and without source temperature increase (Case II).  The new configuration allows the 

fractionation of the available amount of heat ( 𝜂QAB) between the two heat recovery cases. A 

simulation was carried out for different absorber operating conditions, using H2O-LiBr as the 

working mixture at different concentrations.  The results show that it is possible to increase the 

initial COP values up to 74%. 
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Resumen 
 

Los sistemas de transformador térmico por absorción para purificación de agua (TTAPA) son una 

opción para la recuperación de energía proveniente de fuentes industriales.  Estudios anteriores 

han demostrado la viabilidad de reciclar el calor latente producto de la destilación simple del agua 

impura, incrementar los valores del coeficiente de operación (COP) y disminuir los 

requerimientos de energía primaria en el sistema de absorción.  El presente trabajo presenta una 

propuesta para el reciclado de calor, que consiste en combinar las dos formas reportadas en la 

literatura: con incremento en la temperatura de la fuente (Caso I) y sin incremento de la 

temperatura de la fuente (Caso II).  Se realizó una simulación para diferentes condiciones de 

operación del absorbedor, utilizando H2O-LiBr como mezcla de trabajo a diferentes 

concentraciones.  Los resultados muestran que es posible incrementar los valores iniciales del 

COP hasta un 74%. 
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Introduction 

 

Heat pump systems represent an alternative in 

energy savings because they can be coupled to 

industrial processes for heat recovery. The 

absorption heat transformer (AHT) is a type of 

heat pump that operates with waste heat that can 

come from an industrial source or a solar 

collector and raise its thermal level to be used in 

a secondary process [1]. AHT are used to boost 

energy from low thermal level heat sources [2]. 

AHT could supply the world's demand [3]. AHT 

is considered environmentally friendly and an 

excellent alternative to traditional systems. One 

of the most widely used working pairs is 

LiBr/H2O [4].  The absorption system using 

LiBr/H2O as the working fluid plays an 

increasingly important role in heating [5].  

 

LiBr must operate near the ideal 

temperature and mass fraction to achieve its 

highest efficiency [6]. The main objective of the 

heat exchanger is to have the minimum heat 

transfer surface area for better performance, 

lower cost. The surface area is determined by the 

overall heat transfer coefficient. The correlation 

of heat transfer coefficient plays an important 

role in the optimization of the heat exchanger 

[7]. Several configurations of heat transformers 

have been proposed and studied. these 

configurations were designed to improve the 

coefficient of performance (COP) [8]. A AHT of 

5000 kW capacity with a steam stream at 98°C 

coming from a plastics plant was used to heat 

water in a range of 95-110°C, the COP obtained 

was 0.47, with a GTL of 25°C and using H2O-

LiBr as working mixture [9].  At pilot scale a 

AHT was tested using a partially miscible 

mixture of n-heptane/N,N-dimethylformamido, 

the values of thermal efficiency obtained were 

between 30 and 40% and a maximum 

temperature difference of 8°C [10].  The 

feasibility of coupling a AHT to a textile plant 

for heat recovery at 92°C and heating process 

water up to 120°C with 50% heat recovery using 

H2O-LiBr as the working mixture has been 

demonstrated [11]. In some countries absorption 

heat exchangers play an important role in district 

heating. [12]. Absorption heat transformer 

systems have also been studied as an alternative 

to conventional water desalination techniques. 

Experimentally, the results of a 1 kW water 

purification AHT are reported, the COP obtained 

was 0.228 with a distilled water flow rate of 448 

mL/h, the working mixture H2O-LiBr [13].  

A water purification system by AHT 

with a capacity of 4.1 kg/h was operated and 

analyzed, the COP values were from 0.3 to 0.38 

and the water obtained is considered within the 

limits to be drinking water [14]. Thermodynamic 

models of AHT for water purification have been 

reported in the literature.  [15] designed a model 

of a water purification system integrated to a 

AHT using H2O-(LiBr+LiI+LiNO3+LiC1) as 

working mixture and showed that this mixture 

provides higher COP values than those obtained 

with the H2O-LiBr mixture. Studies, simulations 

and experiments have been carried out on 

absorption technology, but more development 

and research on it is needed, because they are 

cost-effective, very energy efficient, compact in 

size and environmentally friendly [16].  

 

Absorption systems have generated 

interest in industry and research in recent years. 

They consume less electricity, which is the main 

advantage over conventional systems [17]. 

[18,19] and [20] developed models using neural 

networks. AHT integrated water purification 

systems have also been analyzed from the point 

of view of the second law of thermodynamics 

[21,22]. It has been found that the main 

resistances for mass and heat transfer are those 

between the vapor and the interface [23]. In 

addition to the fact that the absorber is the most 

critical component in absorption systems, 

complex heat and mass transfer phenomena 

occur simultaneously in the absorber [24].  

 

The absorber affects the efficiency of the 

absorption equipment. The mass transfer flux 

increases with increasing solution concentration 

at the inlet [25]. Understanding the heat and 

mass transfer between the solution and LiBr 

vapor is a crucial issue in absorption to intensify 

the transfer [26]. Investigations on mass and heat 

transfer behavior should be carried out under 

realistic operating conditions of adsorption 

cycling [27]. Heat recycling in water purification 

systems integrated to AHT is also reported in the 

literature [28,29,30]. Recent studies have 

evaluated heat recovery [31]. They propose 

models for the “maximum temperature rise” of a 

typical absorption heat transformer cycle [32]. 

The thermal energy by latent heat of casing and 

tubing not only improves the melting process of 

the phase change material, it also improves the 

overall performance of these systems [33].  
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Innovative strategies have been 

presented to simplify the latent heat migration 

steps in the heat recovery process, results 

indicate that the new heat recovery strategy 

exhibits higher growth rates in both flow and 

throughput ratio [34], these studies show that it 

is possible to reintroduce the latent heat from 

water distillation into the AHT and increase the 

COP values and the performance of the 

equipment. 

 

Based on the literature review, no 

theoretical works were found that propose the 

combination of two forms of heat recycling in a 

water purification system integrated to an AHT. 

This work presents the results obtained by 

simulation using H2O-LiBr as working mixture 

and different operating conditions.  The results 

show that it is possible to increase the COP 

values by adding an auxiliary condenser to the 

conventional AHTWP scheme and obtained 

increased from 74% from original value.  

 

This article shows the mathematical 

model and the analysis of results from the 

simulation, finally the conclusions of the present 

work. 

 
Basic concepts 

 
Figure 1 shows a schematic diagram of an 

absorption heat transformer (AHT). Absorption 

systems use working pairs, formed by a working 

fluid, circulating through the primary circuit, and 

an absorber located in a secondary circuit. The 

primary circuit begins in the condenser, where 

the working fluid condenses, releasing a quantity 

of useful heat (QCO), then passes to the 

evaporator, where it evaporates, exchanging 

energy with the heat source, at a PEV pressure 

higher than the PCO pressure and a TEV 

temperature higher than the TCO temperature.  

The vapour phase working fluid passes to the 

absorber, where it mixes with the absorber-rich 

solution (secondary circuit) and releases a 

quantity of useful heat (QAB) as a result of the 

exothermic reaction. The secondary circuit starts 

when the working mixture rich in working fluid 

leaves the absorber at a temperature TAB and 

enters the economizer, where it gives up heat to 

the working mixture coming from the generator 

at a temperature TGE.  

 

 

As it enters the generator, part of the 

working fluid is separated as a result of the heat 

exchange between the working mixture and the 

heat source, while the working solution rich in 

absorbent passes to the economiser to re-enter 

the absorber. 

 

Box 1 
 

EVAPORATOR ABSORBER

CONDENSER GENERATOR

ECONOMIZER

QEV

QCO QGE

QAB

PCO

PEV

TCO TEV, TGE TAB T

P

 
Figure 1 

Schematic diagram of an absorption heat transforme 

Source: [Own elaboration]      

 

Figure 2 shows a schematic diagram of 

the water purification process by AHT, which 

consists of using the useful heat of the absorber 

(QAB) to bring the impure water to its saturation 

point and partially evaporate it, the saturated 

mixture passes to a phase separator where the 

saturated vapour is sent to an auxiliary 

condenser by the energy exchange provides a 

quantity of heat (𝜂QAB) to condense and obtain 

purified water.  The quantity 𝜂QAB [28] 

represents the heat that can be recycled to the 

AHT. The recycling of this heat can reduce the 

energy requirements of the system and enhance 

the COP values. Two configurations for 

recovering this useful heat are described in the 

literature. 
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Figure 2 

Water purification process using an absorption heat 

transformer 

Source: [Own elaboration] 
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Figure 3 illustrates the initial form of 

heat recycling for an AHTWP system, as 

reported by Siqueiros and Romero [28].  In this 

configuration, the stream from the heat source is 

sent directly to an auxiliary condenser where it 

exchanges heat with the evaporated water from 

the phase separator. Upon leaving the condenser, 

the water's initial temperature increases by an 

amount ΔT, entering the generator and 

evaporator. The evaporated water then 

condenses, yielding an amount of heat (ηQAB), 

to produce purified water. This recycling method 

will be referred to as 'Case I' in the following 

discussion. 

 

Box 3 
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Figure 3 

Heat recycling configuration increasing heat source 

temperature (Case I) 

Source: [Own elaboration]      

 

Figure 4 illustrates the second form of 

heat recycling for an AHT integrated with a 

water purification system, as reported by 

Romero et al. [29].  In this configuration, the 

useful heat (𝜂QAB) product of simple distillation 

is recycled to the system by heat exchange in the 

auxiliary condenser of the heat source streams 

leaving the evaporator and generator, as well as 

the vaporized water leaving the phase separator.  

The vaporized water releases heat as it 

condenses and purifies, while the heat source 

stream increases its initial temperature to re-

enter the system. For the sake of clarity, we will 

refer to this form of recycling as 'Case II'. 
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Figure 4 

Heat recycling configuration without increasing heat 

source temperature (Case II) 

Source: [Own elaboration] 

 

Figure 5 shows the proposed heat 

recovery combination for an AHTWP. The 

useful heat obtained in the absorber (QAB) is 

used to raise the impure water to its saturation 

point and partially evaporate it.  The saturated 

mixture then passes to a phase separator, where 

the liquid phase is reintroduced into the 

purification circuit, while the vapour phase is 

split and sent to auxiliary condensers I and II. In 

the auxiliary condenser I, the vapour is 

condensed by exchanging energy with the heat 

source stream, producing purified water. The 

heat source stream gains an amount of energy, 

which subsequently enters the evaporator and 

generator with an increase in its original 

temperature, ΔT (Case I) [28]. In the auxiliary 

condenser II, the purified water is vaporised and 

exchanges heat with the stream coming from the 

evaporator and generator. This stream is heated 

to a higher temperature and re-enters the system 

(Case II) [29]. By distributing the latent heat 

product of distillation (𝜂QAB) between the two 

forms of recycling, the energy requirements of 

the AHT are reduced and the COP values are 

increased. 
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Figure 5 

[Proposal heat recovery combination 

Source: [Own elaboration] 
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Methodology 

 

The mathematical equations used for simulating 

this system are based on thermodynamic models 

previously published by other authors [1][9]. 

This modelling approach has been tested and 

proven effective. The model was developed 

based on the following considerations: 

 

- The entire system is in thermodynamic 

equilibrium. 

 

- The analysis is carry out under steady-state 

conditions. 

 

- A rectifier is not required since the 

absorbent does not evaporate under the 

operating temperature rang of the system. 

 

- The solution that lives the generator and 

absorber is saturated; similarly, the 

working fluid leaving the condenser and 

the evaporator is also saturated. 

 

- Heat losses and pressure drops in the 

tubing and the components are considered 

negligible. 

 

- The flow through the valves is isenthalpic. 
 

- The pumps are isentropic. 

 

- Temperatures at the exit of the main 

components and the heat load in the 

evaporator (QEV) are known. 

 

- The efficiency of economizer is well 

known. 

 

1. Calculation of the COP for the proposal for 

combined heat recycling 

 

The water purification system provides a finite 

amount of energy recycling to the AHT, which 

can be calculated by: 

 

QREC = 𝜂QAB     [1] 

 

Where 𝜂 is defined as: 

 

𝜂 =
ΔHV

ΔHV+ΔHS
     [2] 

 

 

 

For water purification is considered an 

initial temperature of 25 °C for impure water and 

a boiling point of 100 °C at atmospheric 

pressure, so that the value of 𝜂 is a constant with 

a value of 0.877 [14]. The QREC can be divided 

into two fractional components, which 

correspond to the two possibilities of energy 

recycling (case I and case II). The energy 

balance in the heat source can be estimated by: 

 

QHS = 𝑚HSCpΔTHS    [3] 

 

In the case I of energy recycling, TEV and 

TGE temperatures can be increased in a quantity 

ΔTN which is calculated by: 

 

ΔTN = 𝜂COPETΔTHS    [4] 

 

However, should only a portion of this 

increase be allocated to case I, the new 

temperatures in the evaporator and generator can 

be calculated using the following equation.: 

 

TEV,N = TEV + 𝛼ΔTN    [4] 

 

TGE,N = TGE + 𝛼ΔTN    [5] 

 

The value of α, which takes a range of 0 

to 1, represents the fraction of heat that is sent to 

the Case I. To evaluate the effect of the Case I 

enthalpy-based COP definition for a heat 

transformer, we used the following 

methodology: 

 

𝐶𝑂𝑃𝐻 =
𝑄𝐴𝐵

𝑄𝐸𝑉+𝑄𝐺𝐸
    [6] 

 

Depending on the temperatures, TEV,N 

and TGE, N. 

 

The temperatures will affect the TEV, N 

and       TGE, N. For Case II, we will use the 

definition of the COPWP proposed by Romero et 

al. [14]. 

 

𝐶𝑂𝑃𝑊𝑃 =
𝐶𝑂𝑃𝐸𝑇

1−𝜂𝐶𝑂𝑃𝐸𝑇
    [7] 

 

In this instance, the proportion of heat 

transferred to this category of energy recycling 

is represented by β. Consequently, the ultimate 

values of the COP, accounting for the impact of 

both Case I and Case II of energy recycling, can 

be determined using the following equation: 

 

𝐶𝑂𝑃𝑁 =
𝐶𝑂𝑃𝐸𝑇

1−𝛽𝜂𝐶𝑂𝑃𝐸𝑇
      [8] 
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Results 

 

The results of simulation are shown below. 

Three conditions of T conditions are presented 

for the same absorber and condenser temperature 

TAB=115°C, TCO=30 °C. In this first condition of 

T=5°C and TGE=TEV=70°C in Figure 6, it is 

observed that if the combination is not made, the 

COPH value will be 0.29, but if the combination 

is made, the COPN increases to a value of 0.42, 

which is closer to the theoretical value of 0.50. 

This is a consequence of increasing the 

concentration of the solution in the generator, 

which improves a better reaction in the absorber 

at constant pressure. With respect to the initial 

COP value, the COPH value can be increased by 

up to 46%. This makes it possible to save more 

primary energy in the circuit of the absorption 

heat exchanger and to increase the outlet 

temperature in the absorber. 

 

Box 6 
 

 
 

Figure 6 

Increases of COPH in function of 𝜂QAB with THS=5°C 

Source: [Own elaboration] 

 

Figure 7 presents the COP behaviour 

when a recycle heat increment of T=10 °C is 

available.  It is possible to increase the COPH 

value up to a maximum value of 0.47 which 

represents an increase of the initial COP of 62%. 

So if the combination is carried out, it is possible 

to increase the original COPH value from 0.29 to 

0.47, which represents an amount of heat that 

can be recovered very close to the theoretical 

value.  And if you compare the percentage 

increase of the COPN of the combination with 

Case I and Case II, it is convenient to make the 

combination because the increase is higher, the 

values goes to 0.34 to 0.47. These increases are 

the result of the increase the latent heat in 

auxiliary condenser II and in conclusion increase 

the vapor in evaporator promoting a better 

reaction in absorber. 

 

Box 7 
 

 
 

Figure 7 

Increases of COPH in function of 𝜂QAB with THS=10°C 

Source: [Own elaboration] 

 

In Figure 8 shows the behavior of the 

COP when increasing T=15°C. Increasing the 

latent heat T also increases the steam 

production at the outlet of the evaporator and 

facilitates a higher useful heat in the absorber, 

increasing its power, because a strong 

exothermic reaction takes place, reducing the 

concentration of the working solution going to 

the generator, also increasing the pressure, 

which increases the power of the generator to 

satisfy the energy balance. Under these 

conditions, it is possible to increase the COPH 

values up to 0.51, which represents an increase 

of 74%, using the combination, in other cases, 

using Case I or Case II alone, an increase 53% 

and 39% respectively is possible. 

 

Box 8 
 

 
 

Figure 8 
Increases of COPH in function of 𝜂QAB with THS=15°C 

Source: [Own elaboration] 

 

Figure 9 shows the three conditions 

previously discussed, demonstrating an optimal 

operational range for the combined utilization of 

the two forms of heat recycling. The most 

effective method for achieving an increase in 

COP is to combine Case I with a 40% increase 

and Case II with a 60% increase.  
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This results in an overall COPH increase 

of up to 74% through the utilization of the latent 

heat of the purified water. 

 

Box 9 
 

 
 

Graphic 4 

Comparison of COP increase for three different THS 

conditions 

Source: [Own elaboration] 

 

Conclusions 

 

In conclusion, adding an auxiliary condenser II 

to the water purification circuit integrated to a 

thermal transformer increases the COPH values. 

The COPWP increases with the latent heat of the 

purified water, which depends on the quality of 

the impure water and the atmospheric pressure. 

When heat is recycled, COP increases from 46% 

to 74%. This work shows that combining 40% to 

Case I and 60% to Case II is the best option. 
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