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ABSTRACT 
Many countries worldwide experience water shortages on a daily basis and this water 

crisis is expected to increase even more in the near future due to limited fresh water 

resources. Alternative sources of fresh water such as desalinated seawater are 

becoming an attractive option for many developing countries. Although various 

desalination technologies exist today, interest in multi-effect distillation (MED) is 

growing rapidly worldwide. Today various energy power sources are utilized in MED 

plants, but the use of nuclear power as a clean and effective heat source for the MED 

process seems to be gaining interest. Implementation of HTGR technology, such as 

the Pebble Bed Modular Reactor being developed in South Africa is ideal for MED 

desalination purposes. In these types of reactors high temperature water is available 

as waste heat as opposed to high temperature steam from conventional steam power 

plants. Currently conventional MED plants utilize steam as the process heat source, 

to drive the MED process. 

In this study a system simulation model was developed in the computer language 

C++. It evaluates different MED process flow configurations in order to identify an 

optimum MED plant configuration for both water and steam as process heat source. 

Simulation results indicate that a steam-heat-source (SHS) MED plant produces 

approximately 25-30% more product water than a water-heat-source (WHS) MED 

plant while utilizing less plant stages. Plant layout and economics are impacted by 

the available process heat source. Results also indicate that a parallel feed 

configuration (PFC), which incorporates preheating of feed water, seems to be the 

optimum process flow configuration type for both the SHS and WHS type plants. 

Product water costs for optimized SHS and WHS MED plants were also compared. 

Various system parameters influence plant performance, but the serie effect 

temperature difference seems to be the most influential parameter in terms of water 

production. Preheating of feed water increases production levels up to 30%. Results 

from the C++ model have been compared to results calculated with MEE-TVC, a 

desalination system design program and were generally in good agreement. 

Keywords: Desalination, MED, nuclear, PBMR, flow configurations, MED simulation 

PERFORMANCE PREDICTION FOR MULTI-EFFECT DISTILLATION (MED) PLANTS 



Ill 

TITEL: Vertoning Voorspelling vir Multi-Effek Distillasie (MED) aanlegte 
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OPSOMMING 
Menigte lande wereldwyd ervaar daagliks waternood. Hierdie water krises word 

verwag om te groei in die toekoms siende dat varswater bronne beperk is. 

Alternatiewe bronne van varswater, soos ontsoute seewater, raak al hoe meer 

aanloklik vir ontwikkelende lande. Alhoewel verskeie ontsoutings tegnologiee 

bestaan, groei die huidige belangstelling in multi-effek distillasie (MED) wereldwyd. 

Huidiglik word verskeie energiebronne aangewend in MED aanlegte, maar die 

gebruik van kernkrag as 'n skoon en effektiewe hittebron vir die MED proses lok 

belanstelling. Die implementering van HTGR tegnologie, soos die Korrelbed 

Modulere Reaktor (PBMR) wat tans in Suid-Afrika ontwikkel word, is ideaal vir MED 

ontsoutings doelwitte. In hierdie tipe reaktore is hoe temperatuur water beskikbaar as 

afval hitte in teenstelling met stoom van konvensionele kernkrag stasies. Huidige 

MED aanlegte gebruik stoom as die proses hittebron. 

In hierdie studie is 'n stelsel simulasie model ontwikkel in die rekenaar taal C++. Die 

model evalueer verskillende MED proses vloei konfigurasies om sodoende 'n 

optimum MED aanleg, vir beide water en stoom hittebronne, te identifiseer. Simulasie 

resultate dui aan dat stoom-hitte-bron (SHS) MED aanlegte ongeveer 25-30% meer 

produk water produseer as 'n water-hitte-bron (WHS) MED aanleg, terwyl minder 

aanleg effekte gebruik word. Die beskikbare proses hittebron het 'n inwerking op 

aanleg uitleg en ekonomie. Resultate dui ook aan dat 'n parallele voer konfigurasie 

(PFC), met voorverhitting van voerwater, die moontlike optimum proses vloei 

konfigurasie vir beide SHS en WHS tipe aanlegte is. Produk water kostes vir 

optimeerde SHS en WHS MED aanlegte was ook ondersoek. Verskeie stelsel 

parameters beinvloed aanleg vertoning, maar die serie-effek temperatuur verskil lyk 

die mees invloedrykbare parameter in terme van water produksie. Voerwater 

voorverhitting verhoog produksie met tot 30%. Resultate met die C++ model is 

vergelyk met resultate verkry van MEE-TVC, 'n ontsoutings stelsel ontwerp program 

en stem redelik goed ooreen. 

Sleutelterme: Ontsouting, MED, kernkrag, PBMR, vloei konfigurasies, simulasie 
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thinking." - Albert Einstein. 

"Any darn fool can make something complex; it takes a genius to make 

something simple." - Pete Seeger 
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Chapter 1: Introduction Page 1 

CHAPTER 1 INTRODUCTION 
1.1 Introduction 
Seventy percent of the planet is covered with water, but only 2.5% of that is fresh 

water. Nearly 70% of this fresh water is frozen in the icecaps of Antarctica and 

Greenland [WATERAID, 2007]. Fresh water resources are poorly distributed across 

the globe since the majority of fresh water is contained in the ice-caps and in the 

unreachable rivers of the world. Uneven rainfall leads to devastating floods in some 

regions while arid conditions may remain for several years in other countries. Less 

than 0.08% of the world's water is thus readily accessible for direct human use. Many 

regions of the world already face water shortages and many others are expected to 

experience the same water crisis in the near future. It is estimated that by 2025 about 

two thirds of the world population will be lacking access to clean water [Colak, 

2005:427]. This predicted situation could become more problematic with rising 

population growth, uncertainties in fossil fuel supplies, escalating energy prices and 

growing concern over carbon emissions and global warming. 

Currently about 2.3 billion people live in water-stressed areas and among them 1.7 

billion [Misra, 2004:1] live in water-scarce areas where the water availability per 

person is less than 1000 m3/year [Ingersoll, 2004:1]. Water shortage is a global issue 

and every year new countries are affected by growing water problems. Possible 

solutions to these water stress levels include better water conservation, water 

management and pollution control. To meet this ever-increasing demand for fresh 

water, desalination offers one of the most promising alternatives for the required 

supply of potable water in many countries. This is because seawater is the biggest 

source of water available and can be considered as unlimited when compared with 

all natural fresh water resources. In addition to this, seawater can be considered a 

relatively unpolluted source of water. 

With the removal of salinity, seawater can become an immense water resource and 

provide a possible solution to this growing water crisis. Many countries will have an 

increased dependency on alternative sources of water which include seawater 

desalination. Certain regions of the world already use seawater as a dependable 

resource to produce drinkable water. Desalination technologies have been well 

established since the mid 20th century and are widely deployed in the Middle East 

and North Africa. Today more than 17 000 plants with various capacities produce 

more than 37 million m3/day of drinkable water worldwide. These plants mainly utilize 
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fossil fuel energy sources such as coal, oil and natural gas [IAEA, 2000a:25], 

Different desalination technologies have been developed and are either based on 

evaporation and condensation or are membrane technologies. In either case the 

desalination process is an energy intensive process and it must be supplied with a 

clean and effective energy source [Colak, 2005:428]. Various energy sources are 

utilized in desalination plants today, but interest in using nuclear energy for producing 

drinkable water has been growing worldwide in the past decade. This has been 

motivated by a wide variety of reasons such as economic competitiveness of nuclear 

energy to energy supply diversification, from conservation of limited fossil fuel 

resources to environmental protection. 

1.2 Background 
Commercial seawater desalination processes that are proven and reliable for large 

scale freshwater production includes multi-stage flash (MSF) and multi-effect 

distillation (MED) for evaporative desalination and reverse osmosis (RO) for 

membrane desalination. Vapour compression (VC) plants based on thermal and 

mechanical vapour compression are also employed for small and medium capacity 

ranges. These processes have their respective advantages and disadvantages. The 

selection of a particular desalination process depends on the saline feed water 

quality, product water quality requirement, reactor type (heat source availability) and 

process economics. Thermal desalination plants provide pure water that is directly 

usable for industrial process applications whereas RO plants provide drinking quality 

water [Colak, 2005:428]. The advantages of MSF plants are a high quality distillate 

and a long operating history with easy operation, but high quality materials are 

needed and MSF is generally not suited for a single purpose plant. Reverse osmosis 

plants require lower capital costs than thermal processes and are more flexible due 

to variable sizes and modules, but requires pre-treatment of feed-water and leads to 

short membrane lifetimes [IAEA, 2000a:32]. 

Studies conducted by the IAEA with the code DEEP in 2002 suggests that 

desalination water product costs range from 0.40 $/m3 to about 1.90 $/m3 depending 

on the water plant type and size, energy source, specific regions and economic 

scenarios. Water production costs from MSF appear to be higher than those from RO 

or MED. Capital costs for MSF range from $1000- $3000 per m3/d, for MED $900 -

$2000 per m3/d and for RO $900 - $1700 per m3/d capacity. The advantages of MED 

plants are fast start-up and shutdown with low power consumption. MED has a short 

operation history, but it is superior to MSF plants in terms of evaporation process 
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efficiency mainly because of higher heat transfer coefficients. Distillation is the 

process with the largest installed capacity in the world - almost two-thirds of the 

world's capacity. Saline water is heated to produce water vapour that is then 

condensed to form fresh water. For a desalination plant to be economical the boiling 

point is controlled by adjusting the atmospheric pressure of the water being boiled. 

As the ambient pressure above the water decreases it leads to a reduction in the 

water boiling temperature. Reduction of the boiling point is important in the 

desalination process for two major reasons namely multiple boiling and scale control. 

To significantly reduce the amount of energy needed for vaporization the distillation 

desalting process usually utilizes multiple boiling points in successive vessels each 

operating at a lower temperature and pressure [DESWARE, 2007). 

1.3 Problem statement 
Conventional MED plants utilize steam as a process heat source to produce clean 

water in a desalination plant, consisting of a number of stages (effects) in serie. Many 

options are available today for generating the steam for conventional MED plants and 

this steam heat source is usually generated in the boilers of fossil-fired type steam 

power stations. Nuclear power could also be harnessed to generate steam, cleanly, 

in Generation II and III type reactors, whether by means of a single-purpose heating 

nuclear reactor or by a dual-purpose nuclear plant (water and electricity production). 

In Figure 1-1 a three stage MED process layout utilizing steam as external heat 

source is illustrated. In a conventional MED plant the seawater enters the first effect 

and is raised to the boiling point after being preheated in tubes. Seawater is either 

sprayed or otherwise distributed onto the surface of evaporator tubes in a thin film to 

encourage rapid boiling and evaporation. Steam, supplied from a boiler, heats the 

tubes and is then condensed on the opposite sides of the tubes while the condensate 

from the boiler steam is recycled to the boiler for reuse [DESWARE, 2007]. 
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Figure 1-1: A three stage MED process layout [courtesy of DESWARE, 2007], 
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Only a portion of the seawater applied to the tubes in the first effect is evaporated. 

The remaining feed water is collected and fed to the second effect where it is again 

applied to a tube bundle. These tubes are in turn being heated by the vapour created 

in the preceding effect. This vapour is condensed to form fresh water product while 

giving up heat to evaporate a portion of the remaining seawater feed in the next 

effect. This continues for several effects with 8 or 16 effects found in a typical large 

plant. Usually the remaining seawater in each effect must be pumped to the next 

effect so as to apply it to the next tube bundle. Additional condensation takes place in 

each effect on the tubes that transport the feed water from its source through the 

plant to the first effect. Pre-heating of feed water occurs before it is evaporated in the 

first effect. 

Generation IV type reactors, such as the Pebble Bed Modular Reactor (PBMR), 

which is currently being developed in South Africa, could also provide a clean source 

of energy to drive the MED process. The PBMR is a helium-cooled, graphite-

moderated High Temperature Reactor (HTR). Helium is used as the coolant and 

energy transfer medium to a closed cycle gas turbine and generator system. To 

remove the heat generated in the core, helium flows to the reactor vessel at a 

temperature of 500°C and a pressure of 90 bars. It then moves down between the 

hot fuel spheres, after which it leaves the bottom of the vessel having been heated to 

a temperature of about 900°C. The hot gas then enters the first of three gas turbines 

in a series, the first two of which drive compressors and the third of which drives the 

electrical generator. The coolant leaves the last turbine, after which it is cooled, 

recompressed, reheated and returned to the reactor vessel. The process cycle used 

is a standard Brayton cycle with a closed circuit water-cooled inter-cooler and pre-

cooler. This cycle consists of two water-cooled heat exchangers (pre-cooler and 

intercooler), which have gas inlet temperatures of 159°C and 119°C respectively. By 

changing the heat exchanger size and water flow rates, a water outlet of 220 MW 

with a temperature of 80-90°C is possible with minor impact on the electrical output. 

The PBMR thus leads to a good desalination product, but water as waste heat is now 

available instead of a steam heat source. Having this free waste heat source, the 

option of using high temperature process water in a MED plant needs to be 

investigated. However, when water is available as process heat source, such as in 

High Temperature Gas-cooled Reactor (HTGR) nuclear power plants, the MED plant 

design differs from conventional MED plants due to the nature of the heat source. 
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The economics of a desalination process is impacted by various factors such as the 

number of plant effects, desalination costs, process flow configurations and the 

temperature range of operation. These factors should be evaluated individually and 

as part of an integrated system in order to gain understanding into the performance 

of desalination and the impact of different parameters on system design. Economic 

aspects such as water production rates, capital cost and water specific cost play a 

major role in decision making. Overall safety, product water quality, the power-to-

water ratio and operational flexibility and availability of a desalination plant are crucial 

factors. These factors also influence the choice of reactor type and coupling 

technique used in the plant. 

Research and development (R&D) in modern-day desalination designs tend to focus 

on optimizing the number of effects (stages) which determines the plant efficiency 

(performance ratio) and plant cost. Practical operating temperature ranges determine 

both the size of components, such as the heat exchangers, as well as the amount of 

scale control needed. Stage layout (horizontal or vertical tubes) determines the 

material cost and plant capacity whereas fouling and material selection plays a role in 

the plant specific performance. 

Based on the above mentioned R&D activities, it can be seen that simulation models 

are needed to evaluate and simulate MED plant parameters. Development of generic 

tools, which determine the temperature and pressure of the brine and product 

streams in the MED plant, is needed to optimize and determine MED desalination 

plant capacities. Currently there are limited system simulation tools available which 

allow the use of water and steam as process heat sources. However, these tools are 

usually only available for commercial simulation purposes. The modelling and 

simulation of a MED desalination unit will lead to a greater understanding and 

personal knowledge of MED desalination technology for further local development. 

These tools will be helpful in selecting the number of stages needed and sizing of the 

plant components as well as investigating the impact of different process heat 

sources and flow configurations on MED plant design. 

1.4 Objective of study 
The objective of this study is to develop a system simulation model that will be able 

to predict the impact of different design parameters and process layouts on the 

performance of the plant. This model will be used for optimizing the plant design. 
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1.5 Outline of study 
In Chapter 2 an extensive literature survey is documented which includes a look at 

alternative energy sources employed in MED desalination plants today, current and 

previous MED plant development, economic evaluations of nuclear desalination 

systems as well as previous work done on the modelling and simulation of MED 

plants. Chapter 3 indicates the fundamental thermodynamic process which occurs 

inside each effect in order to show which system parameters influence system 

efficiency. The impact of external heat sources on plant layout, cost and efficiency 

are also shown in order to gain understanding into MED system performance. 

Different practical MED process flow configurations are identified in Chapter 4 which 

could be utilized to produce drinking water in actual plants. Each flow configuration is 

discussed according to operation, layout motivation and characteristics. The option of 

preheating in MED plants is also proposed. Chapter 5 introduces the simulation 

model and model validations in order to perform different investigation studies in 

Chapter 6. Fixed system parameters are used in Chapter 6 to evaluate product 

capacities of the different process flow configurations when steam and water is used 

as external heat source. The effect on plant product capacity is shown when 

preheating is incorporated. System parameters are then varied to perform system 

simulations of all the different process flow configurations in order to evaluate the 

sensitivity of different system parameters on plant performance. This allows the 

identification of an optimized MED plant configuration. 

In Chapter 7 recommendations are made, conclusions are drawn and future work is 

mentioned. 
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"I believe that every right implies a responsibility; every opportunity, an 

obligation; every possession, a duty," John D. Rockefeller, Jr. 

"Smooth seas do not make skilful sailors." - African Proverb 
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CHAPTER 2 LITERATURE STUDY 
2.1 Introduction 
A number of technologies has been associated with MED desalination and are 

largely related to the increased desalination system efficiency, practical conditions in 

countries and the choice of the energy source for the process. Firstly the aim of this 

chapter is to provide an overview of alternative MED process energy sources utilized 

in desalination plants today. Secondly the aim of this chapter is to provide an 

overview of past and current operating experiences with MED desalination and 

design approaches followed. Models are very useful and efficient tools for 

investigating system performance over a wide range of operating conditions as well 

as evaluating the performance of existing plants. Thirdly the aim of this chapter is to 

provide information on previous work done on MED modelling. 

2.2 MED plant considerations 
Various factors influence the choice for a suitable desalination process and it 

requires understanding of the processes, knowledge of the interaction effects and an 

approach to optimal integration. Some factors to consider during the design phase of 

a MED desalination plant are (according to [IAEA, 2000a:75-106]): 

2.2.1 Desalination costs 
One of the most important factors influencing the choice for a suitable desalination 

process is process economics. There should be a balance between costs and 

benefits. The costs depend on the capacity and type of plant, the region, the quality 

of raw and product water and capital and labor costs [Faibish, 2003:244]. Cost 

comparisons of current desalination plants have been conducted with DEEP and 

found that desalination costs are currently declining worldwide [IAEA, 2000b, 14-17]. 

2.2.2 Number of effects 
For conventional MED the Gained Output Ratio (GOR) is the ratio of the mass of 

potable water generated to the mass of steam consumed. The energy efficiency of 

the MED plant can be increased by increasing the number of effects and increasing 

the heat transfer area [Methnani, 2007]. In the ideal limit where each effect 

evaporates a mass of steam equal to the mass condensed, the GOR value 

approaches the number of effects. However, as the number of effects increase, the 

total heat exchanger surface area required increases as well. Plant production 

capacities also increase with increasing number of effects. The capital cost of MED 

systems is proportional to the total heat exchanger area. Thus the optimal number of 
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stages depends upon the relative cost of energy to generate steam versus capital 

cost of the heat exchanging equipment. As the cost of energy increases, the optimal 

value of the GOR also increases. The choice for the optimal amount of MED plant 

effects becomes a trade-off between product capacity and capital cost. 

2.2.3 Effect layout and design arrangement 
MED plants are built in vertical tube or horizontal tube arrangements. The main 

differences are in the arrangement of the evaporation tubes, the side on which 

evaporation takes place and the materials used for the evaporation tubes. 

In the Vertical Tube Evaporator (VTE) the seawater boils in a thin film flowing inside 

the tubes and steam condenses on the heat transfer tubes. VTE processes include 

falling film evaporators, rising film evaporators and evaporators with forced and 

natural circulation. A significant improvement in heat transfer is achieved by using 

double fluted tubes to extend the surface and reduce the film thickness. Normally 

several effects are used in series along the direction of vapour flow in a desalination 
plant [Ophir, 2005:190]. 

Figure 2-1: MED plant with horizontal tubes 

In the Horizontal Tube Thin Film (HTTF) evaporator the seawater feed is sprayed 

onto the outer surface of the tubes and vapour flows inside the horizontal tubes 

where it condenses and supplies product water. The advantage is that the overall 

heat transfer coefficient is about three times that of a submerged tube desalination 

plant. However the evaporation of seawater in a HTTF evaporator is sensitive to the 

distribution of brine on the tubes. Seawater supply to each effect should also be large 

enough to prevent dry spots. Significant improvements in heat transfer are achieved 

by using oval tubes for distribution and film thinning. 
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A low temperature (up to 70°C) version of the HTTF is the LT-MED which is used for 

low and medium capacity desalination plants. The advantages of LT-MED include 

high heat transfer coefficients, increased thermodynamic efficiency, lower pressure 

drops, utilization of economical and durable tube materials (aluminium alloy) because 

of low temperature operation and the increase of the heat transfer area per ton of 

water produced in the desalination plant for the same investment costs. The 

thermodynamic superiority of MED over the MSF process results in a very low 

temperature drop per effect (1.5-2.5°C) which enables the incorporation of a large 

number of effects (10-16) even with the Maximum Brine Temperature (MBT) as low 

as 70°C. This results in favourable economics. 

A high temperature (up to 130°C) version of the HTTF is the HT-MED which uses 

expensive materials. HT-MED plants can incorporate a larger number of effects and 

therefore have a greater GOR. The number of effects in HT-MED generally varies 

from 2 to 24. Current MED plants usually have a GOR in the range of 6 to12 with 

some HT-MED plants having a GOR of 20 or higher. The HT-MED and LT-MED only 

differ in terms of temperature range and number of plant effects. 

Thin film Horizontal Tube Multiple Evaporation (HTME) distillation technology is 

presently considered the most promising for the production of fresh water from 

seawater. The process has all the main features of the MED process described 

above with the evaporator being the centrepiece of the process. This is where 

heating steam condenses inside horizontal tube bundles while a thin film of seawater 

is sprayed over the external surface of the tubes. Low-pressure saturated steam is 

used as the heat source. This is typically supplied by steam boilers in dual-purpose 

plants co-generating electricity and steam. 

2.2.4 Optimum process flow configurations 

Based on the direction of the feed water, vapour and brine flow, available heat 

source and thermodynamic considerations, MED plants may be further divided into 

various process flow configurations which impact the capital cost (amount of 

evaporators and piping) and performance ratio (product capacity) of the plant. The 

evaluation of the optimum process flow configuration usually occurs during the 

preliminary design phase in order to evaluate the plant production capacity and cost 

of desalinated product water. Different process flow configurations or plant layouts 

lead to different advantages and disadvantages. 

2.2.5 Temperature range 
Temperature ranges of distillation processes have an effect on the prime energy 

consumption and capital cost. The objective in MED designs is to provide for the 
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largest possible practical temperature range in order to utilize more effects in the 

plant. More plant effects lead to higher production levels. Restrictions on the bottom 

and top temperature range influence this objective. Bottom temperature should be 

above the available heat sink temperature which in the case of the Pebble Bed 

Modular Reactor is the seawater. Large volume vapour and gasses are attained at 

low saturated pressure and this leads to large bottom stage and duct dimensions. 

Therefore the limitation for the sea temperature for design purposes is not below 

40°C. When seawater at a lower temperature is available pre-heating of the seawater 

is needed. Top temperature ranges also cause some limitations. Although most 

substances dissolve more readily in warmer water, some dissolve more readily in 

cooler water. Unfortunately some of these substances, like carbonates and 

sulphates, are found in seawater. One of the most important is calcium sulphate 

(CaS04) which precipitates the solution when seawater approaches 115°C (203°F). 

This material forms a hard scale that coats the tubes or surfaces present. Scale 

creates thermal and mechanical problems and, once formed, is difficult to remove. 

One way to avoid the formation of scale is to control the seawater salinity and to 

control the top temperature of the process. Another way is to add special chemicals 

to the seawater that reduce scale precipitation and permit the top temperature to 

reach 110°C. 

2.2.6 Fouling and material selection 
Fouling is the deposition of any material on the heat exchanging surfaces (tubes) 

which increase the resistance to heat transfer. This decreases the performance ratio 

and plant production rates [DESWARE, 2007]. Fouling factors vary in each plant 

section and should be accounted for in the plant design phase and the calculation of 

the optimum operating point. Compared to MSF, LT-MED is a more recently 

developed process and the selection of material for the evaporators has not yet been 

fully established. The most common material for large plants is solid stainless steel of 

type 316L. The highly alloyed 254 SMO has also been used for several plants in 

Saudi Arabia [Olson, 2005:223]. However, the possibility to utilize the strength of a 

duplex grade such as 2205, or even SAF 2507, should enable an even higher cost 

saving potential since the cylindrical cross section of the evaporators is more 

advantageous from a design point of view. Duplex stainless steels of type 2205 can 

be combined with other duplex grades to optimize the demands for corrosion 

resistance and costs. HTME systems are technically well developed, but research on 

new low-cost construction materials is in progress. Aluminium for heat exchangers 

and carbon steel shell material are presently used, though high-grade stainless steel 
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and titanium are proposed for future use. In addition, polymeric materials are being 

considered for the tube bundles; a promising possibility given the very low pressure 

difference between the inside and outside of the tubes. 

Figure 2-2: Scaled tubes in a distillation plant (left) and an LT-MED plant (right). 

2.2.7 Coupling scheme and process heat source 
The coupling configuration and choice of the process heat source play a major role in 

the choice and size of the desalination plant. Desalination plants can be coupled with 

a variety of single purpose nuclear plants to produce only water or with co-generation 

nuclear plants to produce water and electricity [Dardoura, 2005:232]. When a nuclear 

reactor is used to supply steam for desalination the method of coupling has a 

significant technical and economical impact. For optimum coupling the size and type 

of reactor, the specific characteristics of the desalination process and the desirability 

and value of electricity generation as a co-product should be assessed. 

For meaningful production with MED the heating fluids (usually water vapour) are 

required at temperatures between 70°C and 110°C. In a conventional coupling 

scheme the vapour is extracted from one of the low pressure turbine stages. After 

exchanging heat in the process heat exchanger (or the second condenser) of the 

intermediate circuit this vapour is sent back to the main condenser of the plant. This 

vapour extraction naturally leads to the loss of some electrical power since a fraction 

of it has not been used for electricity production. In order to optimize the coupling 

scheme it is necessary to determine the conditions which lead to effective heat 

transfer in the process which does not affect plant performance. 

2.3 Alternative MED energy sources 
As mentioned in Chapter 1 the MED process is an energy intensive process utilizing 

heat sources in many different configurations. Many alternative energy sources are 

employed in MED systems today. The following section describes some of the main 

alternative energy sources found in MED systems today: 
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2.3.1 Geothermal desalination 
Geothermal desalination is an experimental process under development for the 

production of fresh water using heat energy extracted from underground rocks 

[Wikipedia, 2007]. Advantages of this process include less maintenance and a low 

environmental impact source of energy. A number of prototypes, since 1995, 

indicated that with process water approaching 100°C and a chill source of 2°C a full 

size device will deliver 600 m3 per day. This renewable energy source could lead to a 

less expensive method of providing clean water. Geothermal desalination would only 

be useful where the region allows it. For example, favourable geological and volcano 

logical conditions in certain regions in Europe lead to large geothermal fields which 

provide high temperature heat (fluids) at a depth of 700-1400 m with fairly good flow 

(50-120m3/h). In the case of a geothermal driven MED unit, additional energy is 

required for pumping, transporting and re-injecting the geothermal fluid [Wikipedia, 

2007], 

2.3.2 Solar desalination 
Several reviews of the status of solar desalination have been published by different 

authors. One study by Blanco indicates that among low capacity production systems, 

solar ponds represent the best alternative in case of both low fresh water demand 

and land price. For higher desalting capacities it is necessary to choose conventional 

distillation plants coupled to a solar thermal system. Conventional MED seawater 

desalination plants coupled to a thermal solar system is known as indirect solar 

desalination. Several small size systems and pilot plants have been implemented. 

The solar field could drive the desalination plant by both heating the seawater and 

brine which are pre-heated at the plant or by generating steam. Scale formation and 

corrosion are minimal leading to high plant availabilities of 94% to 96%. 

Spain had two pilot plant experiences of solar thermal desalination. The solar-pond-

powered configuration seems to be the most cost effective solar desalination 

process. Technological improvements that could be applied to indirect solar 

desalination are the use of flat plates instead of tubular heat exchangers, selection of 

materials and coupling of heat pumps together with the design of solar heat pumps. 

This technology can't compete, on produced water cost basis, with conventional 

thermal distillation technologies, but there seems to be room for improvement of 

MED systems using solar thermal energy. In 2002 a new project named "Enhanced 

Zero Discharged Seawater Desalination using Hybrid Solar Technology" (AQUASOL) 

was approved by the European Commission and the activities were initiated in 2002. 
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