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Abstract 

In this paper the performance and thermodynamic analysis of seawater desalination system combined to single effect and 
double effect absorption heat transformers are investigated. Energy and exergy analysis of the two systems were performed.  
Simulation results were used to study and to compare the influence of the absorber temperature and the intermediate heat 
source temperature (evaporator and generator temperature) on the energy efficiency, exergy efficiency, and fresh water 
production of the two systems          
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1. Introduction    * 

Water and energy are two inseparable items that govern 
our lives and promote civilisation.  
Desalination of sea or brackish water is the method used 
currently to produce potable water [1].  
The most developed and widely used technique for 
seawater desalination is the distillation process. The 
distillation of sea or brackish water can be achieved by 
utilising a thermal energy source [2].  
Among the numerous options to improve the energy 
efficiency of desalination plants stands out the absorption 
heat transformer. A heat transformer is a device, which can 
deliver heat at a higher temperature than the temperature of 
the fluid by which it is fed. Absorption heat transformer 
systems are attractive for using waste heat from industrial 
processes and renewable energy such as solar energy and 
geothermal energy. 
Bourouis et al. [4] studied by numerical simulation the 
purification of seawater using AHT working with the 
solution Water-(LiBr+LiI+LiNO3+LiCl) and low 
temperature heat sources. This study is limited to evaluate 
the variation of the coefficient of performance (COP) of 
the AHT. Romero et al. [5] and Siquerios et al. [6] 
investigated the increase of the COP of the AHT in water 
purification systems, with and without increasing the low 
heat source temperature. 
In this paper a comparative study between single effect 
and double effect absorption Heat Transformer Systems 
used for Seawater Desalination is carried out. 
Mathematical models of single absorption heat 
transformer (SAHT) and double absorption heat 
transformer (DAHT) operating with the Water/Lithium 
bromide solution and the overall desalination system 
(WP) were developed to simulate the performance of 
these combination  systems.  For the two systems identical 
heat source temperature was used to simulate the heat 
input to an absorption heat transformer. Energy and 
analysis of the two systems were performed.  Simulation 
results were used to study and to compare the influence of 
the various operating parameters on the energy efficiency, 
exergy efficiency, exergy losses of the two systems 
components and fresh water production of the two systems 

exergy 

2. System description 

Figure  1. shows schematic diagram of seawater 
desalination system integrated to a single effect absorption 
heat transformer. The system consists of two parts. The 
first part is the absorption heat transformer and the second 
part is water desalination (Water Production).  

As shown in Figure  1. the main components of a single 
effect absorption heat transformer  system are the 
generator (G), absorber (Ab),  condenser  (Cd), evaporator 
(Ev), two pumps (pump1 and pump2),  an expansion valve 
(V)  and a solution heat exchanger (HEX-II).   

The AHT operates at two pressure and three 
temperature levels when the heat is supplied to the 
generator and evaporator at the same temperature. The 
generator and the evaporator are supplied with heat (Qg 

and Qev respectively) at the same temperature and the 

                                                           
Corresponding Author. wael_sal@eng.usm.my. 

upgraded heat is delivered from the absorber (Qab), with 
part of the heat flowing into the process removed at 
ambient temperature from the condenser (Qcd). 

The desalination system consists of an auxiliary 
condenser, a separation vessel, a heat exchanger (HEX-I) 
and the absorber of AHT. In the absorber Qab is used to 
heat the seawater until it reaches its boiling point and 
partly evaporates. The two phases (liquid water and steam) 
leave the absorber and are separated through a vessel 
separator.  

Figure  2. shows schematic diagram of seawater 
desalination system integrated to a double effect 
absorption heat transformer. The system consists of two 
parts. The first is the absorption heat transformer and the 
second part is water desalination (Water Production). 
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Figure 1. Schematic diagram of water purification integrated to a 
single effect absorption  heat transformer. 

 

Figure 2.  Schematic diagram of water purification integrated to a 
double effect absorption  heat transformer 
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As shown in Figure  2. the main components of a 
double effect absorption heat transformer  system are the 
High pressure generator (HPG), the low pressure generator 
(LPG), absorber (Ab),  condenser  (Cd), evaporator (Ev), 
three  pumps (pump1 pump2 and pump3),  an expansion 
valve (V)  and two solution  heat exchangers (HEX-II and 
HEX-III). The AHT operates at three pressure and four 
temperature levels when the heat is supplied to the high 
pressure generator and evaporator at the same temperature. 
The HPG and the evaporator are supplied with heat (Qg 

and Qev respectively) at the same temperature and the 
upgraded heat is delivered from the absorber (Qab), with 
part of the heat flowing into the process removed at 
ambient temperature from the condenser (Qcd). 

Table 1.  Fixed data used in the analysis

The desalination system consists of an auxiliary 
condenser, a separation vessel, a heat exchanger (HEX-I) 
and the absorber of AHT. In the absorber Qab is used to 
heat the seawater until it reaches its boiling point and 
partly evaporates. The two phases (liquid water and steam) 
leave the absorber and are separated through a vessel 
separator. 

3. Mathematical model 

The process mathematical model consists of two parts. 
The first part is the absorption heat transformer and the 
second part is water desalination 

3.1. Mathematical model for the absorption heat 
transformer 

The system is simulated  assuming the following 
conditions:  
The analysis is made under steady conditions. 
The refrigerant (water) at the outlet of the condenser  is 
saturated liquid. 
The refrigerant (water) at the outlet of the evaporator  is 
saturated vapour. 
The Lithium bromide solution  at the absorber outlet  is a 
strong solution and it is at  the absorber temperature 
The outlet temperatures from the absorber, from the HPG  
and from the LPG correspond to equilibrium  conditions of 
the mixing and separation respectively. 
Pressure losses in the pipelines and all heat exchangers are 
negligible. 
Heat exchange between the system and surroundings, other 
than in that prescribed by heat transfer at the generator, 
evaporator, condenser and absorber, does not occur. 
The reference environmental state for the system is water 
at an environment temperature T0 of 23°C  (seawater 
temperature) and 1 atmosphere pressure (P0)  
Fixed data used in the analysis are summarised in  Table 1 
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In this analysis, the equations for the thermal-physical 
properties of lithium bromide/water solution and liquid 
water developed by Patek and Klomfar [14] are used in 
this work. The equations for the thermal properties of 
steam are obtained from correlation provided  by Irvine 
and Liley [15]. 

The first law of thermodynamics yields the energy 
balance of each component of the AHT system as follows 
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as carried out in order to determine 
the

when the 
intermediate heat source temperature is varied from 74°C 

sys

re), the 
op

e SAHT-WP system are in the range of 
54.

 
 the 

integrated  to desalination system (SAHT-WP) is more 
important  than that for double  effect absorption heat 

t 
 

quickly when the absorber temperature increases.  In this 
study and when the intermediate heat source temperature is 

m are in the 
range of 0.168Kg/s-0.179Kg/s and for DAHT-WP system  
are in the range of  0.164Kg/s-0.167Kg/s 

 

5. Results and discussion 

Mass, energy and exergy balance equations and the 
various complementary relations constitute the simulation 
models of single effect  and double effect absorption heat 
transformer systems used for seawater desalination. To 
solve the large set of equations simultaneously a computer 
program, which is written in FORTRAN was developed. 
Computer simulation w

 various stream properties and the amount of heat and 
work exchanged by all equipments of the the tow systems. 
The results obtained from the present study may be 
presented as follows. 

Figure 3 shows the effect of absorber temperature (Tab) 
and generator and evaporator temperatures (intermediate 
heat source temperature) on energy efficiency (ηWP) of 
water production system integrated to single effect heat 
transformer  (SAHT-WP) and water production system 
integrated to double effect absorption heat transformer 
(DAHT-WP). It can be seen that the ηWP  of the DAHT-
WP system  is higher then that SAHT-WP system. For a 
given intermediate heat source temperature the operating 
absorber temperature interval of SAHT-WP is larger than 
that for DAHT-WP. In this study and 

tem are in the range of 0.799-0.833 and for DAHT-WP 
system  are in the range of 1.276-1.308. 

Figure 4 shows the effect of absorber temperature (Tab) 
and generator and evaporator temperatures (intermediate 
heat source temperature) on exergy efficiency (ηex-WP) of 
water production system integrated to single effect heat 
transformer  (SAHT-WP) and water production system 
integrated to double effect absorption heat transformer 
(DAHT-WP). It can be seen that the ηex-WP  of the DAHT-
WP system  is higher then that SAHT-WP system. For a 
given high generation temperature (HPG temperatu

erating interval of SAHT-WP is large than that for 
DAHT-WP. The water production system is more 

efficient for high generator and evaporator temperature. 
In this study and when the intermediate heat source 
temperature is varied from 74°C to 96°C the maximum 
ηex-WP  values of th

1%-46.9% and for DAHT-WP system  are in the range 
of  60.8%-58.5% 

Figure 5 shows the water production of the two systems
versus absorber temperature (Tab). At the reverse of
energy efficiency and exergy efficiency the production of 
water for single effect absorption heat transformer 

to 96°C the maximum ηWP   values of the SAHT-WP 

Fig 3.    Effect of  Tab  on  the water production system integrated to a  single effect and double effect absorption heat transformers 

transformer integrated  to desalination system (DAHT 
WP). For SAHT-WP the production of water is almos
constant for a wide range of temperature but for the second
system (DAHT-WP)  the water production decreases 

varied from 74°C to 96°C the maximum fresh water 
production   values of the SAHT-WP syste
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Figure 5.    Effect of  Tab  on the quantity of fresh water produced 
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6. Conclusions 
 

In this paper comparative study between single effect and 
double effect absorption Heat Transformer Systems used 

 temperature) of SAHT is large than that for 

reases quickly when the absorber 
temperature increases 
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for Seawater Desalination is carried out   
The energy efficiency and the exergy efficiency of the 
double effect absorption heat transformer (DAHT)  are 
higher then that for single effect absorption heat 
transformer (SAHT). For a given high generation 
temperature (HPG temperature), the operating interval 
(absorber
DAHT.  
At the reverse of the energy efficiency and exergy 
efficiency the production of water for single effect 
absorption heat transformer integrated  to desalination 
system (SAHT-WP) is slightly higher  than that for double  
effect absorption heat transformer integrated  to 
desalination system (DAHT-WP). For SAHT-WP the 
production of water is almost constant for a wide range of 
temperature but for the second system (DAHT-WP) the 
water production dec
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