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Abstract 

The present study provides an energy-saving design of a desalination plant that 
uses the waste heat of the exhaust of a diesel generator. The proposed model 
consists of a multistage flash (MSF) desalination unit in which the sea water is 
heated by the flue gases instead of steam. A mathematical model is derived to 
design the entire plant including the waste heat recovery heat exchanger and the 
MSF plant. The model is flexibly designed in order to deal with wide range of 
diesel generators rates and any number of stages of MSF. A database of diesel 
generator sets are imported including temperature of exhaust, gas flow rates and 
the back pressures for each set. Two test cases are carried out with two different 
salinity levels and diesel generator rates, results show that the amount of distilled 
water in kg/s can be correlated to the rate of diesel generator according to the 
second order polynomial: 0.54 + 4.1	x	10-3(kVA)	+ 4.1	x	10-6(kVA)2 in the case 
of brackish water and 0.36 + 2.7	x	10-3(kVA) + 3.1	x	10-6(kVA)2 in the case of 
seawater. The survey of power generation in Lebanon reveals that the waste heat 
from a diesel generator can be utilized to get around 100 million m3 of distillate 
water usable for drinking and for domestic use. This quantity can provide fresh 
water for more than 300,000 person/year. The performance of proposed plant is 
assessed during summer and winter conditions and the model can deal with any 
salinity ranges.  
Keywords:  desalination, waste heat, diesel generators, MSF. 
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1 Introduction 

The Arab countries are generally regarded among those extremely needy for fresh 
water natural resources. The Arab countries represent only 5% of the earth’s 
population, as the population in the Arab world reached 260 million in 1995. 
Regarding its area, the Arab World takes up to 10% of the earth’s area, and yet its 
fresh water resources do not exceed 0.5%, Figure 1 illustrates the fresh water 
resources and the individual share of fresh water in the Arab countries. A decrease 
in the share of the Arab citizen is noticeable, reaching far below the water poverty 
index (1500 m3) assigned by World Health Organization [1]. The situation is 
worsening within the upcoming years, with the increase of population and 
development. 
     Moreover, it is rare to find natural resources for fresh water in countries like 
the Persian Gulf countries and North African countries, This, therefore, imposes 
cooperation and coordination among the Arab countries and their neighbours [2]. 
Water supplies in these countries cannot meet urban and industrial development 
needs as well as associated changes in lifestyle. Moreover, common use of poor 
water in developing countries causes 80−90% of all diseases and 30% of all deaths. 
Continued water scarcities will affect the region’s social and economic potential, 
increase land vulnerability to salinization and desertification and raise the risk for 
political conflict around the limited water available [3]. Even in the industrial 
countries, long dry seasons and limited rainfall force governments, states, and 
municipalities to adopt severe water restriction programs that affect the population 
at large [4], the main solution for these countries is the sea water desalination 
techniques which is the most important for achieving the people water needs. The 
desalination processes can be split into two major categories: thermal and 
membrane processes.  
 

 
Figure 1: Traditional water resources in Arab countries. 
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     The greatest advantages of thermal desalination processes is being driven by 
any type of thermal sources such as the waste heat and solar energy collectors and 
has less electricity consumption. The thermal desalination processes includes: 
multi-stage flash distillation (MSF), multi-effect distillation (MED), thermal 
vapor compression (TVC), mechanical vapor compression processes (MVC). 
Membrane processes including reverse osmosis (RO) [5]. Development of more 
productive models of MSF is essential in the Arab region suffering from water 
scarcity.  
     On the other hand in industrial and power generation there is a portion of the 
energy input which is discarded as waste heat [6]. The efficiency of such systems 
is directly proportional to the heat that can be recovered. For example, the internal 
combustion engine has efficiency not more than 40% of the input energy. The 
remaining energy is being lost in the cooling water, exhaust system, and as 
radiation. Much of this waste heat is recoverable by relatively simple means. There 
are many different heat recovery methods available for capturing engine waste 
heat, including thermal electric conversion; heat-to-power conversion direct heat 
application heat for refrigeration and air conditioning; and heat for desalination 
which will be used in present study.  
     The objective of this study is to design a small scale MSF desalination plant 
that can be driven by the waste heat of Diesel engines. A simple program is 
designed in order to provide the expected distilled water based on the rate of diesel 
generator sets available and the space which can accommodate the MSF plant. The 
study will provide details of the heat exchanger used to heat the brine, number of 
the MSF chambers, their specifications that fit with the available space, and an 
estimation of the payback time for the proposed unit. The performance of the 
proposed unit in summer and winter can be assessed and the degree of the water 
salinity is considered as well.  

2 Motivation 

A survey of the diesel generator sets in Lebanon has been carried out which reveals 
the availability of various rates ranging between 100 kW to 2 MW sets. The total 
production of diesel generators contributed 34% of the total electricity production 
in 2009. In numbers, diesel generators produced 4434 GWh and the EDL produced 
8056 GWh while the remaining is 701 GWh as suppressed demand [7]. Assuming 
that the feasible recovered amount of waste heat to be 80% of total waste heat, 
therefore the available energy for desalination or any other heat processes can be 
around 2000 GWh. Multi-flash stage desalination needs 22.13 kWh/m3 distilled 
water [8]. Therefore, the expected distillate water production using the 2000 GWh 
as the waste energy from different types of diesel engines is estimated to be 100 
million m³/year. Based on the statistics of individual consumption of water in 
Lebanon [9], this amount may be sufficient to provide fresh water to around 
400,000 person/year. Databases of the exhaust gases temperature, flow rate, 
allowed back pressure are accumulated for different sizes of diesel generators in 
the Lebanese market as listed in . 
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3 Literature review 

Utilizing the waste heat in seawater desalination has not attracted the expected 
interests of researches. However, couple of projects could be surveyed in 1960s. 
The pioneer research in using diesel waste in desalination was by the Navy. It 
relies almost entirely on diesel electric generator plants at all its bases. In 1968, 
Williams and Hodgson [10] used 25 MSF plant constructed from aluminium to 
reduce the weight and could produce around 9–22 m3/d for diesel engines of 60 
and 150 kW capacities, respectively. The Ebeye (Marshall Islands) sea water 
desalination project used the waste of diesel station of 3.2 MW capacity and 
produced 1100 m3/d using 12 effects of MED [11]. Rautenbach and Arzt [12] 
discussed several alternatives of thermal energy supply for evaporation processes 
including MSF and carried out cost analysis to utilize the waste heat of 10 MW 
gas turbine. They estimated the distilled water to be 4000 m3/d. Another study on 
using the waste of gas turbine for seawater desalination was carried by Aly [13].   
     His thermal analysis revealed that a gas turbine of 32 MW can produce around 
11750 m3/d. Moustafa et al. [14] introduced the concept of a total energy, diesel 
powered greenhouse-desalination system that offers a reasonable approach to 
agricultural production in remote arid areas. The electric generator is driven by a 
diesel engine to provide the electric energy requirements for the integrated 
complex. The heat rejected by the engine cooling system is recovered by a heat 
pipe that provides the thermal energy needed by a MSF desalination unit. The fresh 
water production Md in kg/hr was estimated as a function of the electric energy 
output of the diesel generator expressed by Md=0.29.2 + 13.4 kWe.  

4 Proposed model 

The main idea of the present project is to prepare a robust mathematical model that 
can deal with different diesel capacities. More than 25 model of diesel generators 
could be collected from companies in Lebanon. A sample of them are listed in  
. The model integrates the full them with a MSF plant with varying number  
 

Table 1:  Technical data for various Diesel engines power. 

Model Engine 

 
Exhaust 
gas flow 
(m³/min) 

Exhaust  
gas temp. 

(°C) 

 

Engine 
power (kW) 

Back 
pressure 

(mm H2O) 
PT 9 403D-11G 7.2 1.8 420 1040 
PT 20 404D-22G 18.4 3.64 445 1040 
PT 60  1103A-33TG2 53.8 10.1 557 1092 
PT 100 1104C-44TAG2 99.5 15.2 514 1835 
PT 200 1306C-E87TAG3 180 36.5 524 1070 
PT 400 2206A-E13TAG3 368 64.6 630 1000 
PT 800 4006A-23TAG3A 705 193 500 610 
PT 1000 4008TAG2A 1065 245 460 306 
PT 1500 4012-46TAG2A 1267 350 500 816 
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of stages and generate the design parameters including the distilled water, size of 
the brine heater and the required sizing of MSF chambers. The proposed model 
will implement the brine mixing MSF approach rather than the one-through 
approach because of its higher productivity. The objective of brine recirculation is 
the decreasing the feed sea water flow rate which lowers the rate of chemical 
additive consumption and the pretreatment facilities size for the feed stream.  
shows the proposed system where the brine heater will be heated by the exhaust 
of the diesel generator. In order to maintain a low pressure at the last stages of the 
MSF, steam-jet ejector is used where the motive steam can be pumped from the 
distilled water with a special evaporator heater. Other evacuation equipment can 
be also used. Shell and tube heat exchanger is used for brine heater. The sea water 
enters the shell inlet at T1 and leaves it at Tco which is ready to enter the first 
flashing stage at a saturated state. The exhaust gas passes from the Diesel engine 
at	T୥ୟୱ,୧	to the brine heater and will be admitted to the stack not less than not less 
than 180°C. Although the model can deal with any number of MSF stages, eight 
chambers will be implemented due to the expected limitation of space in engine 
rooms in real applications.  
 

 

Figure 2: Schematic of diesel generator exhaust waste heat driven MSF-mixing 
desalination plant. 

5 Numerical analysis  

In the present study, the heat transfer area is equal in all flashing stages which has 
been approved as the basic practice in the desalination industry. It reduces design 
and construction costs and the stocking of different sizes of spare parts. 
Following [5], a number of simplifying assumptions are adopted in the present 
model which have a negligible effect on the accuracy of model predictions. These 
assumptions are: 

 the distillate product is salt free;  
 the subcooling of the condensate or the superheating of the heating 

steam has a negligible effect on the system energy balance; 
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 the power requirements for pumps and auxiliaries are not considered in 
the system analysis; and  

 the heat losses to the surroundings are negligible. 

5.1 Mathematical formulation of the mixing-bring MSF plant  

The equations used in the analyses include the continuity, energy balance, and heat 
transfer equations. The mass balance for the water leads to  
 

௙ܯ ൌ ௕ܯ ൅ܯௗ                                                   (1) 

 

and the salinity balance 

௙ܺ. ௙ܯ ൌ ܺ௕.ܯ௕																																																								(2) 

 
where M is the mass flow rate, X the salt concentration, and the subscripts b, d, 
and f denotes the brine, distillate, and feed streams, respectively. 
     The brine heater and condenser energy balances are given, respectively, by 
 

௉,௚௔௦ሺܥ௚௔௦ܯ ௚ܶ௔௦,௢ െ ௚ܶ௔௦,௜ሻ ൌ ௉ሺܥ௙ܯ ௢ܶ െ  (3)																									ଵሻݐ

 

ௗ݄௩ܯ ൌ ௉ሺܥ௙ܯ ௢ܶ െ ௡ܶሻ                                         (4) 

 

where ܥ௉ is the specific heat at constant pressure, ܶ  the temperature of the flashing 
brine, t the temperature of the seawater flowing in the condenser tubes, ݄  the latent 
heat of evaporation, the subscripts o and 1 denote the brine stream entering and 
leaving the first stage, and the subscript v denote the flashing vapor. 
     The heat transfer rate equation for the brine heater denoted by the subscript  
bh is 
 

.௚௔௦ܯ ௉,௚௔௦ሺܥ ௚ܶ௔௦,௢ െ ௚ܶ௔௦,௜ሻ ൌ ܷ௕௛ܣ௕௛ሺܦܶܯܮሻ௕௛                   (5) 

 

where 

 

ሺܦܶܯܮሻ௕௛ ൌ ሾ൫ ௚ܶ௔௦,௜ െ ௢ܶ൯ െ ൫ ௚ܶ௔௦,௢ െ ሾ	ଵ൯ሿ/lnݐ
൫்೒ೌೞ,೔ି ೚்൯

൫ ೒்ೌೞ,೚ି௧భ൯
ሿ          (6) 

 
     The heat transfer rate equation for the condenser is 

ଵݐ௙ሺܥ௙ܯ െ ଶሻݐ ൌ ௖ܷܣ௖ሺܦܶܯܮሻ௖                                 (7) 
 

where ሺܦܶܯܮሻ௖ ൌ ሺݐଵ െ ሾ	ଶሻ/lnݐ
ೡ்భି௧మ

ೡ்భି௧భ
ሿ                            (8) 
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     The heat balance equations are made for the recycle brine mixer. The equations 
include a mixer energy balance and salt balance, where 
 

൫ܯ௥ െ ௉ሺܥ௙൯ܯ ௡ܶ െ ௖ܶ௪ሻ ൌ ௉൫ܥ௥ܯ ௙ܶ െ ௖ܶ௪൯																											(9) 
 

and the salinity balance reads 
 

௥ܺ௥ܯ ൌ ௙ܺ.ܯ௙ ൅ ܺ௡ሺܯ௥ െ  ௙ሻ                                  (10)ܯ
 

     The subscript ݎ refers to the recycled stream. The MSF model contains 
additional equations for the recycle salt balance, the cooling water energy balance 
and the temperature drop in the condensers in the rejection section. These 
equations are as follows: 
 

ܺ௥ ൌ ൣ൫ ௙ܺ െ ܺ௕൯ܯ௙ ൅ܯ௥ܺ௕൧/ܯ௥                                (11) 
 

௖௪ܯ ൌ ሾܯ௦	݄௦ െ ௉ሺܥ௙ܯ ௡ܶ െ ௖ܶ௪ሻሿ/ሺܥ௉ሺ ௡ܶ െ ௖ܶ௪ሻሻ               (12) 
 

Δݐ௝ ൌ ሺ ௡ܶ െ ௖ܶ௪ሻ/݆                                            (13) 
 

where ݆ is the jth stage out of n stages and it takes the value between 2 and n. 
     Width of the MSF stage 
 

Widthୱ୲ୟ୥ୣ ൌ ௥ܯ ௕ܸ⁄ 																																																	(14) 
 

     Length of the MSF stage 
 

Lengthୱ୲ୟ୥ୣ ൌ
.௥ܯ ܻ. ሺ1 െ ܻሻ௡

.௩௔௣௢௥௦௧௔௚௘ߩ ௏ܸ௡.ܹ݄݅݀ݐ௦௧௔௚௘
																										(15) 

 

      The gate height of the MSF 
 

GH୧ ൌ
ሺܯ௥. 2. .௦௔௟௧௪௔௧௘௥ߩ ∆ ௦ܲ௧௔௚௘௜ିଵ;௜

ሻି଴.ହ

.ௗ௪௘௔௥ܥ ௦௧௔௚௘݄ݐ݀݅ݓ
																											 (16) 

 

     The height of a demister that keeps the water vapor only goes to condenser 
 

Hୢୣ୫୧ୱ୲ୣ୰ ൌ 0.1776. ሺexp଴.଴଴ହସ.௄೓ሻ																																		(17) 

 

where the height constant Kh is obtained using the following relation: 
 

௛ܭ ൌ ௟ߩ௩ሺߩ௩/ሾܩ3.281 ⁄௩ߩ െ 1ሻ଴.ହሿ														        							    (18) 

 

     The height of the brine pool must be set higher than the gate height by  
0.2 meters.  
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5.2 Mathematical formulation of the brine heater 

The brine heater is chosen to be a shell and tube heat exchanger; the most versatile 
type of industrial heat exchangers. It is responsible of rising the sea water 
temperature to a specified top brine temperature before entering into the MSF 
stages. The analysis presented here will provide the overall heat transfer 
coefficient of the brine heater Ubh which is needed for Eq. (5) and the pressure 
drops in both the seawater and exhaust sides. The most important factor in the 
analysis is to limit the pressure drop in the exhaust side within the allowable back 
pressure indicated by the diesel engine. 
     Attention will be paid to the size of the brine heater length (L) and diameter 
(Ds) to be fit with the available space in the generator room and be proportional to 
the engine size in order to simplify the assembly process of the entire plant.  
In the present study,  Bell-Delaware  method  [15,  16]  is  applied  in  order  to
determine the heat transfer coefficient and pressure drop in the shell side.  
     The average heat transfer coefficient hs is calculated using the following 
relation 

݄௦ ൌ ݄௜ௗ௘௔௟	ܬ஼	ܬ௅	ܬ஻	ܬோ	ܬௌ		 		(19) 

where hideal is the heat transfer coefficient for ideal flow over tube bank and is 
calculated from 

݄௜ௗ௘௔௟ ൌ ݆ܿ௣,௦ሺ݉௦
° ⁄௦ܣ ሻ൫݇௦ ܿ௣௦ߤ௦⁄ ൯

ଶ ଷ⁄
ሺߤ௦ ⁄௦௪ߤ ሻ 			ሺ20ሻ 

Here, ݆ is the Colburn j-factor for an ideal tube bank, As	 is the cross-flow area at 
the centerline of the shell for one cross-flow between two baffles. The ideal values 
of Colburn j-factor may be calculated by using the curve fit correlations [15] which 
are expressed in the following forms 

݆ ൌ ܽଵ ൬
1.33

்ܲ ݀௢⁄
൰
௔

ሺܴ݁௦ሻ௔మ, ܽ ൌ
ܽଷ

1 ൅ 0.14ሺܴ݁௦ሻ௔ర
		(21) 

     The correlation coefficients a1,	a2,	a3	and a4are given by Serth [16] for wide 
range of Reynolds number in the shell. the correlation factors  JC,  JL,  JB,  JR,	and 
JS  appearing in Eq. (19) are the correction factors for the bypassing flow streams 
that deviate the real flow from the ideal flow over tube bank. They account for 
baffle window flow, baffle leakage effects, bundle bypass effects, laminar flow 
correction factor and correction for unequal baffle spacing, respectively. They are 
using complete set of equations taken from Serth [16].  
     The pressure drop across the shell side is calculated using the following 
relation:   

∆ ௦ܲ ൌ ൣሺ݊௕ െ 1ሻ∆ ௜ܲௗ௘௔௟ܴ஻ ൅ ݊௕∆ ௪ܲ,௜ௗ௘௔௟൧ܴ௅ 
				൅2∆ ௜ܲௗ௘௔௟ሺ1 ൅ ௖ܰ௪ ௖ܰሻܴ஻ܴௌ⁄ 		(22) 
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where nb is the number of baffles, ∆Pideal is the pressure drop for an ideal cross-
flow section, ∆Pw	is the pressure drop for an ideal window section, Ncw is the 
number of effective cross-flow rows in each window, Nc is the number of tube 
rows crossed in one cross-flow section, RL	is the correction factor for leakage 
streams, RB is the correction factor for bypass flow, and RS is the correction factor 
for unequal baffle spacing. Once tentative values of the shell diameter, tube 
diameter, baffles spacing, baffle cut, and number of tubes are estimated, the 
correction factors RL,	RB,	and	Rs; and the numbers; nb,	Nc,	and	Ncw can be 
computed. Details equations of all these variables are given by Serth [16].  
     The ideal pressure drop in the cross flow and in the window in case of turbulent 
flows, can be calculated as follows:  

∆ ௜ܲௗ௘௔௟ ൌ 4 ௦݂
௦ଶܩ

௦ߩ2
ሺߤ௦௪ ⁄௦ߤ ሻ଴.ଵସ				  (23ሻ 

∆ ௪ܲ,௜ௗ௘௔௟ ൌ
ሶ݉ ௦ଶሺ2 ൅ 0.6 ௖ܰ௪ሻ
௪ܣ௦ܣ௦ߩ2

		(24) 

where G is the mass flux and Aw is the area of the window in the baffle. 
     Similar to the Colburn j-factor, Serth provides a curve fitting correlation to 
obtain the friction factor in the shell side, f௦ in the form: 

௦݂ ൌ ܾଵ ൬
1.33

்ܲ ݀௢⁄
൰
௕

ሺܴ݁௦ሻ௕మ, ܾ ൌ
ܾଷ

1 ൅ 0.14ሺܴ݁௦ሻ௕ర
		(25) 

The a’s and b’s factors that appeared in Eqs. (21) and (25) are tabulated in 
Serth [16] based on Reynolds number in the shell and the tube layout. For 
simplicity, a square layout of the tube is selected in order to provide flexibility in 
cleaning the outer sides of the tubes. The tube side heat transfer correlations are 
given by the following Nusselt number correlation corresponding to turbulent flow 
which is mostly dominant inside the tubes as well as in the shell: 

݄௧ ൌ 0.023ሺ݇௧ ݀௜⁄ ሻܴ݁௧
଴.଼ܲݎ௧

଴.ଷଷሺߤ௧ ⁄௧௪ሻߤ ଴.ଵସ 		(26)	

 The tube side pressure drop is given by the following expression: 

∆ ௧ܲ௨௕௘ ൌ 2 ௧݂
ܮ௧ଶܩ ௣ܰ

݀௜ߩ௧ሺߤ௧ ⁄௧௪ߤ ሻ଴.ଵସ
		(27) 

where Np is the number of tube passes and L is the tube length and subscript t 
refers to the tube side. 

 The friction factor in the tube ft is calculated from the following relation: 

௧݂ ൌ 0.046ܴ݁௧
ି଴.ଶ				  (28) 
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     Once the heat transfer coefficients in the shell hs and in the tube ht are 
calculated, the overall heat transfer coefficient of the brine heater Ubh can be 
obtained. Relations for the heat transfer coefficients and specific heat at constant 
pressure of seawater are typical to those used by El-Dessoukey and 
Ettouney [5]. The above equations are solved using Engineering Equation 
Solver EES software. 

6 Results and discussions 

Verification of the mathematical formulation is done by comparing the steam 
driven MSF done by El-Dessoukey and Ettouney [5]. Comparison between 
summer and winter operation is shown in . Excellent agreement with the numerical 
values can be seen in the figure. Comparisons with El-Dessoukey and Ettouney’s 
data for different number of stages, different top brine temperatures and in 
different seasons are done revealing reasonable matching. The agreement shown 
indicates that the present mathematical model is reliable for waste heat recovery 
calculations.   

Figure 3: Comparison with data of El-Dessoukey and Ettouney (2002). 

     Various operating parameters have been evaluated using the present model. 
Sample of the assessment is shown in , in which the salinity of the feed water 
changes between 10,000 to 40,000 ppm. The amount of distillate water is larger in 
summer than that in winter and it inversely proportional to the salinity of the water. 
The full list of database of diesel generators is used to determine the amount of 
distillate water that can be produced at each engine capacity. Two salinity values 
are used; 37,000 ppm corresponding to the Mediterranean sea and 10,000 ppm 
corresponding to the brackish water level in most areas of Lebanon. The number 
of MSF stages in the following analyses is limited to 8 stages due to the expected 
limitation of the space in engine rooms. The produced distillate water flow rate is 
plotted for both summer and winter conditions in . The cooling water temperature 
changes from 10C in winter to 25C in summer. The design of the heat exchanger 
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in this part of the study has been performed without limitation on sizing. The only 
restriction is the back pressure on the engine. Based on the above conditions, two 
correlations are derived for sea and brackish water during summer and winter 
operation. Each correlation can give roughly the expected amount of distillate 
water/kVA of the engine capacity. The correlations reveal a second order 
dependency on engine kVA rather than the linear correlation derived by Mustafa 
et al. [14] and the rate of the distillate water is larger than that derived by them 
(Md	=	0.0095 +	0.0044 kVA in kg/s). This may be attributed to the improvements 
on technologies of diesel engine in recent years.  
 

  

Figure 4: Distillate flow rate production versus water salinity. 

 

Figure 5: Distillate flow rate production versus generator capacities. 

     Two study cases have been carried out using the mathematical model. In Case 
(1), three sets of 450 kVA Diesel generators is Beirut Arab University DEBBIEH 
Campus are used to desalinate brackish water of 10,000 ppm. In Case (2) two set 
of 1000 kVA Diesel generators in a hotel near the seaside are used with seawater 
of salinity 37,000 ppm. The number of stages is kept at 8 MSF stages.  shows the 
effect of the rejected brine temperature Tb on both the distillate water and the 
rejected brine flow rates in summer and winter operation. In general, the flow rates 
decrease with increasing Tb. The amount of distillate water in case of the brackish 
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is smaller than the rejected brine flow rate due to the limitation on the rejected 
brine salinity in mountain side areas to be less than 35,000 ppm. In  
Case (2), the rejected brine may reach to 70,000 ppm, which allows for higher 
flow rate of the distillate water and lower flow rate of the rejected brine. Details 
about the data of the flash chamber listed in . 

 

  

Figure 6: Effect of rejected brine temperature on: (a) Distillate water flow rate 
and; (b) rejected brine flow rate. 

Table 2:  Data of each stage of the MSF desalination plant. 

n Case ݉ௗ௜ 
(kg/s) 

݉௕௜ 
(kg/s) ௜ܺ (ppm) ௕ܶ௜(°C) ܪܩ௜ (m) ܪୈୣ୫୧ୱ୲ୣ୰.୧ 

(m) 

1 
(1) 0.8066 71.61 32000 88.13 0.061 0.178 
(2) 1.164 103.4 64481 83.75 0.01598 0.1779 

2 
(1) 0.7977 70.81 32603 85.83 0.01783 0.1779 
(2) 1.151 102.2 65207 77.5 0.01757 0.1779 

3 
(1) 0.7888 70.02 32971 71.25 0.01969 0.1779 
(2) 1.138 101.1 65941 71.25 0.0194 0.1779 

4 
(1) 0.78 69.24 33342 65 0.02183 0.1778 
(2) 1.126 99.94 66684 65 0.02151 0.1778 

5 
(1) 0.7713 68.47 33718 58.75 0.02431 0.1778 
(2) 1.113 98.83 67435 58.75 0.02396 0.1778 

6 
(1) 0.7627 67.71 34097 52.5 0.02719 0.1778 
(2) 1.101 97.73 68195 52.5 0.0268 0.1778 

7 
(1) 0.7542 66.96 34482 46.25 0.03057 0.1778 
(2) 1.089 96.64 68963 46.25 0.03013 0.1777 

8 
(1) 0.7458 66.21 34870 40 0.03454 0.1777 
(2) 1.076 95.56 69740 40 0.03405 0.1777 
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7 Conclusion 

The EES analysis program for exhaust heat recovery for MSF desalination unit 
integrated with wide range of diesel engines can deal with any sets and power 
(kVA) of Diesel engines with any condition of water (well, sea, brackish…) and 
for the all semesters. This program gives the details of the shell and tube heat 
exchanger responsible for the recovering of heat and its dimensions parameters.  
     The program can work with two types of MSF desalination, the one through 
and the brine mixing with a stages number up to 32 stages according to the 
available area, cost and demand. 
     The present study selects a MSF desalination unit with eight stages for brine 
mixing type which is more efficient and gives more distillate water according to 
presented heat recovered from a specified set of Diesel engines. Inputs and outputs 
data are available after selection of the Diesel engine sets and then the design 
parameters of the heat exchanger and the MSF plant are gutted from the present 
study and program. 
     It can be shown from the results of the presented study that the summer 
production of distillate water is high in comparison with winter semester because 
of variation of the feed water temperature which is high in summer and affects the 
distillate water productivity. 
     Studying of the discontinuity of the operation of Diesel generators in result of 
the discontinuity of the EDL electricity power supply in Lebanon and studying 
of the continuity of producing distillate water around the clock in dependence from 
the effect of the EDL electricity power. 
     Designing a waste heat recovery system for a diesel generator containing three 
waste heat systems, oil, water jacket and exhaust gas and collecting them in one 
system with a MSF desalination unit. 
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