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Abstract 
In GCC countries, especially in UAE desalination of sea water is considered to be one of the most 
effective and strategic alternative for satisfying the current and future demand of water for domestic 
purposes. The depletion of ground water aquifers, rapid industrial development and increase of urban 
population in UAE lead to tremendous increase in fresh water demand during past decade. Although, 
desalinated fresh water is supplied to the consumers by local municipalities, people in the region rely 
mostly on bottled water for drinking purpose obtained through post desalination re-processing. 
Thousands of suppliers in UAE deliver bottled water to homes or offices thus leading to environmental 
unsustainability in the whole conversion chain from desalinated water to bottling, packaging and delivery. 
In fact, UAE is one of the leading countries in per capita bottle water consumption. Therefore, a need has 
been observed to provide safe drinking water for households in a sustainable way.  

In order to produce drinking water at homes, a concept of integrating Membrane Distillation (MD) based 
water purification with Solar Domestic Hot Water (SDHW) systems has been proposed and its feasibility 
has been evaluated in this research study. Present application is for a single family house/villa in UAE 
region that requires 20 l/day of drinkable water and 250 l/day of hot water for domestic purpose. An 
experimental pilot system has been installed at CSEM-uae for evaluating different operational parameters 
of such integrated system and also to determine overall thermal performance of the system.  The study 
provides detailed design of experimental unit, procurement, installation and commissioning of the 
SDHW-MD integrated system along with estimated annual profiles of pure water and overall energy 
consumption.  

Experiments performed for one month during summer and distillate fluxes of around 4.5 – 12 l/m2/hour 
has been obtained with optimum MD hot and cold side flow rates of 6 and 3 l/min respectively and at hot 
side temperatures ranging from 50 - 70oC with cold side average temperature of 35oC. With recovery of 
cold side heat of MD unit, 25% of daily demand of DHW could be reduced and hence the estimated 
annual combined energy demand of 8220 kWh could be sufficiently fulfilled with either 8.5 m2 aperture 
area of Flat plate solar thermal collectors or with 7.5 m2 of Evacuated tubular collectors.  
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1 Introduction 
 

1.1-Introduction 

Water is the basic need of every human being for survival. The water purification and management plays a 
major role in societies as it covers not only the water that is needed for human consumption, but also for 
other purposes like agriculture, industry and domestic purposes. Earth has about 325 million cubic and 
71% of the earth comprises of water. Out of this percentage, 97.5% is available as salt water and 2.5% is 
available as fresh water. Only 1% of this 2.5% of fresh water is accessible for drinking purpose as the 
majority is frozen in ice caps or it exists in the soil as moisture [1].   

United Arab Emirates (UAE), one of the affluent counties in MENA region experiencing a rapid increase 
in its population during recent decades due to rapid industrialization which in turn, resulting in a huge 
increase of water demand. In UAE, the long term average precipitation rates is 78mm per year as 
compared to the average precipitation rates of 715 mm per year in United States in west and 1274 mm per 
year for Korea in east [2]. According to Dubai Electricity and Water Authority, the water consumption has 
been increased about 4.58% between 2009 first quarter and 2010 first quarter [2]. So countries like UAE 
which experience high temperature and low rainfall rates triggering unprecedented water demand every 
year due to their rapid growth and urbanization.  

Water demands in United Arab Emirates (UAE) include different sectors like agriculture, forestry, 
urbanization and energy. According to the Italian Trade Commission (ITC) report, the domestic 
household consumption of water in UAE accounts about 24% while only 9% is utilized by Industry 
whereas the major portion of water consumption is being utilized by agricultural sector which is 67% [2] . 
UAE is one of the top water scare countries in the world with a highest per capita domestic water 
consumption of 550 liters per day per person which is about two times more as compared to the global 
national average of 250 liters per day per person [1]. It has been reported that by 2050, there will be a 
serious shortfall of per capita water availability in the region by half with serious consequences since the 
region already having stressed up aquifers and uncertain natural hydrological system.  

From the past few decades, desalination of sea water is being adopted as a best strategy to safeguard 
ground water resources and to meet domestic water demand. According to International Desalination 
Association (IDA), the total number of desalination plants that are installed worldwide, over 150 countries 
are 15988 (as of 30 June 2011) with production capacity of 66.5 million cubic meters per day [5]. The Gulf 
Cooperation Council (GCC) countries account for almost 41% of total global desalinated water output. 
Currently UAE possess 70 desalination plants [1]. Although, desalinated water is supplied to the end user, 
its main use would be for bathing and cleaning purposes only. People in UAE rely on bottled water for 
drinking which is supplied to the end-users typically in 5 gallon containers.  

 
Figure 1-1:  The Process of Bottling water in UAE 

According to the Beverage Marketing Corporation (BMC), UAE is amongst the top three countries in the 
world which consumes more per capita bottled water. According to BMC report, per capita bottled water 
consumption in UAE in 2010 was 153 liters per person per year whereas it increased to 285 litters with a 
year [3,4]. As the demand for drinking water increases rapidly due to consumption of more and more 
bottled water, hundreds of water companies follow simple marketing strategy of demineralization of 
already desalted water, mineralizing again, packaging and supply of bottled drinkable water to households 
or offices. The bottling process adds up additional energy consumption for treatment, packaging and also 
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lead towards environmental unsustainability due to logistics involved and huge pile up of plastic waste. 
Various solutions are available to purify/treat the tap water at home but in the rapidly growing scientific 
world, it always inevitable to explore a highly sustainable solution for provision of in-home produced or 
treated drinking water (See Appendix-1 for some facts regarding bottled water). 

 

1.2-Research Objective 

Since UAE consumes a lot of bottled water per capita which results in unsustainability and high energy 
demand, this thesis focuses more on a sustainable solution for production of pure water in order to 
replace the bottled water consumption. As a small steps towards sustainability, CSEM-uae has initiated a 
research project with main objective of investigating the feasibility of integrating a Membrane distillation 
(MD) based water purifier with Solar Domestic Hot Water system (SDHW) for in house pure water 
drinking purpose. This solution might lead to reduction in the bottled water consumption by individuals 
thus in turn saves energy and reduces the environmental impacts linked to bottled water in terms of 
supply and plastic waste.  

Overall objective of research is to develop a Solar driven combination system for hot and arid regions like 
UAE. It involves co-generation of pure water and hot water for domestic applications. For the present 
work, the benchmark for the production of pure drinking water is 15-25 liters/day and 250 liters/day for 
hot water in a single family villa comprising of 4 to 5 persons. Apart from feasibility analysis, the research 
project should demonstrate experimentally the concept of solar combi-system along with development of 
a semi-commercial prototype of such a system. The present work would be a part of the PhD work 
conducted at CSEM-uae. 

 
Figure 1-2:  Solar Combi System for Hot & Dry Regions [22] 

 

1.2.1-Specific Objectives

• Investigation of the feasibility of integrating a Membrane Distillation based water purifier with 
solar domestic hot water for in house pure water drinking purpose 

: 

o Design, Installation and commissioning of SDHW-MD system 
o Experimental analysis of the integrated system with different configurations of solar 

collector arrays and with different MD operational parameters 
• Determination of total energy demand for simultaneous operation of SDHW-MD system 

through thermal performance analysis 
o Simulation of integrated system for annual Pure water, DHW production profiles  
o Optimum collector area determination through maximizing heat recovery on MD side                                     
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1.3-Methodology 

In order to achieve the desired object, a research approach has been devised starting with the literature 
survey and basic study of membrane distillation techniques. The study is then extended to the detailed 
analysis of the membrane distillation plant in order to understand how the heat exchange and mass 
transfer process in the system works. Since the research study involves the integration of MD system with 
solar thermal system, a brief literature survey of solar thermal systems has been conducted.  

For the research purpose for integrating the MD system with solar domestic hot water system, Air-gap 
membrane distillation (AGMD) technique has been adopted because of its advantages against other 
configurations as it has low conduction heat losses, low temperature polarization effect and internal heat 
recovery. The only disadvantage for this technique is the low permeate flux because of the mass transfer 
resistance. AGMD technique perfectly suits the present application and moreover it has been the research 
focus of CSEM-uae and its collaborators.  

First phase of research approach is to design the whole system that involves the proper piping routes, the 
accessories that should be installed in the whole integrated system like pumps, valves, sensors etc and their 
proper specification that fulfills the bench mark production of 15 to 25 liters of pure water per day and 50 
liters per day per person of SDHW demand for a single family villa comprising of 4 to 5 persons. A brief 
analysis has been performed for proper orientation of the solar thermal collectors in order to maximize 
annual solar fraction for overall system performance. So based on all existing installation at CSEM-uae 
and for experimental analysis, three circuits are designed.  

• Solar Thermal Heating Circuit 
• Solar Domestic Hot Water Circuit 
• Membrane Distillation Circuit 

The second phase of the approach is the installation a pilot plant at CSEM-uae followed by 
commissioning and experimentation. Following are the steps that are involved in the experimental analysis 
of the SDHW-MD pilot plant.  

• Design of experimental field setup integrating the above mentioned circuits 
• Identification and procurement of the plant components 
• Installation and commissioning of procured components 
• Design of experiments, performing experiments and data collection  

The third phase of methodology involves details analysis of the experimental data collected and thermal 
performance evaluation through computer simulations. This involves steps mentioned below 

• Optimum system conditions determination 
• Thermal energy balance of the whole system 
• Comparison of simulations and experimental results 
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2 Literature Review 
 

In this chapter, a brief overview of the literature regarding different desalination techniques has been 
discussed. Among various desalination techniques, the focus of this research is limited to the recent 
advancements in Membrane Distillation techniques and its integration with solar thermal system. Existing 
MD techniques and solar hot water systems has been discussed along with a detailed explanation on 
reasons for choosing AGMD and SDHW.  

 

2.1-General Desalination Techniques 

In general the desalination techniques can be classified into different categories but the main focus of this 
thesis is segregation of different types of desalination techniques and the energy consumed by these 
techniques. Some figures are listed below for explanation (see Fig2-1 and 2-2). 

 
Figure 2-1: Desalination techniques based on type of Energy used [7] 

Figure 2-2: Energy consumption in different types of desalination techniques 
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Among different water desalination techniques that are being used worldwide for seawater desalination, 
largest installed capacity consist of Multi effect distillation (MED), Multi stage flash (MSF) and reverse 
osmosis (RO) making up to 86% of total desalination capacity worldwide (see Fig.2-3). The remaining 
14% includes the Electro dialysis (ED), Mechanical vapor compression (MVC) and other processes. Many 
non commercial emerging processes like solar stills, membrane distillation (MD), Multi effect 
humidification (MED), Forward osmosis and capacitance deionization (CDI) contributes to less than 1%. 

As far as the global application is concerned, RO based desalination systems contributes about 53% of the 
overall capacity of desalination whereas MSF, MED and ED accounts for 25%, 8% and 3% respectively[8]. 
The current desalination techniques that are installed in GCC countries normally utilize one of the four 
processes to desalinate water: RO, MVC, MED and MSF.  

 

 

 

 

 

 

 

 

 

 

                          Figure 2-3: Global Desalination Capacity [8] 

 

In GCC countries, the majority of desalination systems utilize the evaporation processes like MSF, MED 
and MVC with a market share of 87.3%, 12.5% and 0.2% respectively [9]. Recently, solar thermal 
desalination techniques have been promising due to use of the renewable energy source. Solar desalination 
techniques could use solar energy to produce the distillate directly into the solar collector like solar stills or 
they could be indirect combining the conventional desalination techniques like RO, MSF, MD etc with the 
solar thermal system. Direct solar desalination requires land area and not much productive compared to 
the indirect solar desalination plants which are more promising and competitive [10]. 

 

2.1.1- Thermal Processes

1. 

   

Multi Stage Flash (MSF)

Multi stage flash accounts for 90% market share in thermal desalination process and 40% in 
seawater desalination [12]. In this process, there is an increase in the distillate production with the 
decrease in the seawater temperature and number of stages. The increment in the stage results in 
the increase in the heat transfer area which thereby improves the efficiency on one hand and 
increase in the cost of the plant on the other hand. 

: This thermal desalination technique is well established most 
commonly used technique because of its robustness. In this process the condensation and 
evaporation of water takes place, where the pressurized water is heated in the brine heater before 
entering the chamber under partial vacuum. The latent heat of vaporization is recovered for reuse 
by preheating the incoming water. In order to maximize the water recovery, each stage of MSF 
unit operate at lower pressure [11].   

The energy consumption for this process is high as compared to the other commercial 
desalination techniques. This is highly competitive technique because of its reliable performance 
and long life [12]. At present, a lot of MSF plants are in the phase of installation in GCC countries 
like Kuwait, Saudi Arabia & UAE having the production capacities lying within the range of 
50,000 and 75,000 m3/day [13]. 
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Fig 2-4:  Multi Stage Flash Process- Adopted [20] 
 
 

2. Multi Effect Distillation (MED)

 

: This technique operates on reducing the ambient pressure at 
each stage which allows the feed water to undergo multiple boiling without supplying additional 
heat after first stage. In this unit, steam and/or vapors from a heat source is fed in to the series of 
tubes where it condenses and heats the surface of the tubes and also acts as a heat transfer surface 
to evaporate the saline water on the other surface. Now the evaporated saline water is fed in to 
the next lower pressure stage where it condenses to fresh water product [14]. Multi Effect 
Distillation is well established technology that dates back to 500 to 600 years [12]. MED normally 
operates at low temperatures below 70°C [12].  The latest MED plants have been installed in 
Bahrain with the unit capacity of 273,000 m3/day and in UAE having capacity of 36,000 m3/day. 
[12].   

 

Figure 2-5: Multi Effect Distillation Process- Adopted [21] 
 

3. Vapor Compression Distillation: This process is mostly used for medium and small scale 
desalting units. Unlike in MED where the heat comes from a heat source (boiler or from any 
renewable), the heat for water evaporation comes from the compression of vapor. There are two 
important methods used to compress the vapor. One is Mechanical Vapor compression (MVC) 
which is usually electrically driven which allows the use of electric power to produce water by 
distillation. Second is Thermal Vapor Compression (TVC) in which feed water is evaporated and 
the vapors that are produced leaves by passing a moisture separator. Instead of condensing, the 
feed water is compressed and its condensing temperature is elevated. [11]  [14]. According to the 
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research studies carried on vapor compression distillation processes, most of the units are of 
small capacity that ranges from 3,000 m3/day [12].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

  Figure 2-6 : Mechanical Vapor Compression- Adopted [18] 

1. 

2.1.2-  Membrane Technologies: 

Reverse Osmosis (RO):

Reverse osmosis process continues to grow at a very fast rate because of the development of 
more efficient and less expensive membranes resulting in the decrease in the energy requirement. 
This process has extensively been applied for the desalination of brackish, sea and river waters[12]. 
Present desalination capacity of RO in the world for desalinating water is over 15 million m3/day 
of product water and this is growing at a rate of over 10% [12]. The electrical consumption of RO 
is about 3.5 KWh/m3 and the thermal energy requirement for the thermal processes is about 150-
252 kJ/kg. So RO has the lower energy consumption with large prospects of development [15].  

 This technique is a pressurized filtration technique in which semi 
permeable membrane is used which allows the water but not the salts to pass through it. There 
are different subsystems present in RO system. The only electrical energy that is required to 
operate the system is the energy that is given to the high pressure pump which pump the water at 
a pressure above the osmotic pressure. Normally the reverse osmosis plant operates at very high 
pressure. Since this is a high energy osmotic separation process, so the energy required for the 
osmotic separation relates directly with the salinity of the solution. So if the concentration of the 
salt is high, then more energy is required to produce the same amount of water from the solution 
[14] [16].  

     

  

Figure 2-7: Principle of Reverse Osmosis- Adopted [19] 
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2. Electrodialysis (ED): 

Since all the above mentioned technologies are well developed and well established, but they are energy 
intensive and they are related directly or indirectly to the fossil fuel or non renewable energy resources. 
There are some other technologies which are under the research and development phase and they have 
some concrete potential advantages in terms of energy consumption. One of those techniques is a 
Membrane Distillation (MD) technique. This technique is highly efficient as far as energy consumption is 
concerned. This technique is simple and has an ability to be integrated with solar energy.  

This is an electrochemical process in which electric currents are used to 
move the salt ions selectively through the membrane. This leaves the fresh water behind. For 
desalinating the brackish water, ED is a low cost process. In this process, multi forces such as 
potential and concentration differences lead to transport of solute and water through ion 
exchange membrane, which cause the concentration variations of solute in dilute and 
concentrated compartments[11] [14].  

2.1.3- Membrane Distillation (MD) Technique

Membrane distillation is a thermally driven process in which the driving force is the pressure difference 
between the hot and cold side. Water is the major component present in the feed solution. In this process, 
only the vapors can pass through the porous hydrophobic membrane. Normally the hot side water 
temperatures under 90°C are suitable. The liquid fed to be treated by MD should be maintained in direct 
contact with one side of the membrane without penetrating its dry pores [6]. 

: 

There are several advantages and disadvantages for Membrane Distillation process which are as under. 

• Membrane distillation results in 100% (theoretical) rejection of ions, colloids, macromolecules, 
cells and other non-volatiles. 

Advantages:[15] 

• Less sensitivity to variations towards the process variables like pH, salts etc 
• It produces high quality distillate. 
• Water distillation takes place at relatively low temperatures as compared to other conventional 

processes. 
• No extensive pre treatment of water as compared to pressure based water treatment (like RO). 
• Uses low grade heat (solar, industrial waste heat etc). 
• Membrane distillation technique has reduced vapor spaces as compared to the conventional 

thermal distillation processes. 

• The thermal energy consumption is high. Although energy, i-e heat, is usually low grade. 

Disadvantages: [15] 

• Membrane distillation process is sensitive to surfactants. 
• Flux rate is usually low in this process than other membrane processes for industrial application. 
• In non batch mode, MD usually has low yield and high circulation rates in batch mode. 

Since the Membrane Distillation technique is a novel process and it is under research and development 
phase for many years, the potential for employing Membrane distillation has not been realized yet. Its 
potential in low grade energy consumption, water quality and simplicity has driven many researchers to 
carry on the theoretical and lab scale experiments in order to employ this technique on commercial and 
industrial basis. There are several membrane distillation techniques that are used for water desalination 
purposes. Each of them has their own advantages and disadvantages. Some of the membrane distillation 
techniques are mentioned below: 

• Direct Contact Membrane Distillation (DCMD) 
• Air Gap Membrane Distillation (AGMD) 
• Sweeping Gas Membrane Distillation (SGMD) 
• Vacuum Membrane Distillation (VMD) 
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Direct Contact Membrane Distillation (DCMD): DCMD is the most widely used and simplest 
configuration for the membrane distillation process. In this configuration shown in Fig 2-8, the hot 
solution (the feed side) is in direct contact with the hot membrane surface [17]. This creates the pressure 
difference across the membrane to the permeate side due to which vapors moved across and condenses 
inside the membrane module. Due to the hydrophobic nature of membrane, the feed water cannot 
penetrate into the membrane. The only drawback for this configuration is the heat lost by conduction. 
This technique is mostly employed in the food industries for desalination and concentration of aqueous 
solutions [17] 

 
                                  Figure 2-8: Direct Contact Membrane Distillation (DCMD) - Adopted [17] 

Air Gap Membrane Distillation (AGMD):  A stagnant air gap is maintained between the membrane 
and condensing surface as shown in Fig 2-9. The evaporated volatile molecules cross the membrane pores 
and the air gap to finally condense over the condensation surface inside the membrane module. The 
advantage of this technique is that unlike DCMD, the conduction heat losses are low but on the other 
hand low distillate flux is one of the disadvantages of AGMD. 

 
Figure 2-9:  Air Gap Membrane Distillation (AGMD)- Adopted [17] 

Sweeping Gas Membrane Distillation (SGMD):  In SGMD technique shown in Fig.2-10, inert gas is 
normally used to sweep the vapors at the permeate side and then to condense these vapors outside the 
membrane module. There is a non-stationary gas barrier in order to reduce the heat loss. This enhances 
the mass transfer coefficient. The disadvantage of this configuration that the small volume of permeate 
diffuses in a large sweep gas volume requiring a large condenser [17] 

 
Figure 2-10: Sweeping Gap Membrane Distillation (SGMD)- Adopted [17 
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Vacuum Membrane Distillation (VMD): The schematic for VMD is shown in Fig. 2-11. In this MD 
configuration, a pump is used to create the vacuum on the permeate side and as a result the condensation 
takes place outside the membrane module. The conduction heat lost is negligible in this case which is a 
great advantage [17]. 

 
 Figure 2-11: Vacuum Membrane Distillation (VMD) adopted [17] 

 

 

Table 2-1: Pros and Cons of MD Configuration with Application area [15] 

 

 

 

MD 
Configuration Advantages Disadvantages Application Area 

DCMD 

Permeate flux is high Conductive heat losses are 
high Desalination 

Possibility of internal heat 
recovery 
  
  
  
  

High temperature 
polarization effects Water treatment 

 
 
Possibility of risk of mass 
contamination of permeate 
  
  
  

Nuclear Industry  
Food Industry 
Textile and Chemical 
Industry 

Pharmaceutical 
Industries 

AGMD 

Low conductive heat 
losses Permeate flux is low 

  
  
  

Desalination 

Temperature polarization 
effect is low Water treatment 

Possibility of internal heat 
recovery 
  

Food Industry 

Chemical Industry 

SGMD 

Low conductive heat 
losses 

Sweeping gas handling is 
complicated Desalination 

High flux rate 
  

Heat recovery is difficult 
  

Water treatment 
Chemical Industry 

VMD 

Low conductive heat 
losses Pore wetting risk is very high Desalination 

High permeate flux 
  
  

Heat recovery is difficult 
  
  

Water treatment 
Textile and Chemical 
Industry 
Food Industry 
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2.2. Solar Thermal Heating Systems 

Solar thermal heating systems are very much common nowadays for fulfilling different domestic and 
commercial needs. They generally uses the free heat coming from the sun to heat the domestic hot water 
thus replacing the need of any fossil fuel based heat source like boiler. Solar thermal heating systems have 
many advantages. The system works all around the year which means the hot water demand can be 
fulfilled easily by using solar thermal collectors. In winters when there is no sufficient solar energy 
available, external electric or gas boosters are used to meet the hot water requirements. Since there is no 
bill that we have to pay for the sunlight, so this energy is free of cost. Moreover solar hot water is green 
energy water; this ultimately leads to the carbon dioxide reduction. There are different types of solar water 
heating systems. Some of them are mentioned below. 

• 

2.2.1. Direct and Indirect Systems:- 

Direct or Open Loop Systems

• 

:  Direct systems capture the sun’s heat in collector to heat the 
water present inside the collector tubes and then transferring this hot water to fully insulated 
storage tank. These systems are more efficient than the indirect systems but they require more 
maintenance in order to avoid the pipes from the deposition of mineral deposits present inside 
the water. 
Indirect or Closed Loop Systems: Indirect systems normally use the heat exchangers and heat 
the water indirectly by using the heat transfer fluid which has a very low freezing point. This heat 
transfer fluid absorbs the radiant heat from the sun. Heat exchanger separates the water from the 
heat transfer fluid that circulates in the collector.  The heat is transferred to the water in the 
collector circuit and the heat transfer fluid travels to the heat exchanger. 

• 

2.2.2. Active and Passive Systems:- 

Active Systems

 They have superior efficiency and they can use the drain back systems. 

: These systems uses the circulation accessory like pump to circulate the water 
and/or heating fluid in the collector circuit. These systems are slightly expensive but offer several 
advantages. 

 In order to reduce the heat loss, storage tank can be placed in conditioned or in semi-
conditioned space. 

• Passive Systems: These systems do not have any sort of circulation accessory and rely on heat-
driven convection to circulate the water. They cost less and have low or no maintenance cost but 
they have lower efficiency than active systems as overheating and freezing are major concerns in 
passive systems. 

For the production of domestic hot water, different collectors with variable temperature ranges can be 
used depending upon the region, climatic conditions etc. As far as this research study is concerned, flat 
plate collectors and evacuated tube collectors are used for the comparison purpose in order to store the 
sufficient energy in storage tank and to produce the domestic hot water. 

2.2.3. Solar thermal collectors for DHW 

Flat plate collectors are mainly used in the regions where the radiation intensity is high and the residential 
buildings where the hot water demand has a high impact on the energy bills. It means that generally for a 
large family, the domestic hot water demand is more and for this reason the flat plate collectors are a good 
choice for the production of hot water for the a single family. These collectors are mainly used for lower 
temperature ranges. 

Similarly evacuated tube collectors are mainly used to heat the water for domestic purposes. They even 
work in the overcast days, in cold weather and their tubes can be installed or replaced easily and 
individually without using any special tools. These collectors mainly act as giant thermos which allows 
about 93% of the sun’s radiation to come in and only 3 to 5% of radiation to go out. Since there is a 
vacuum gap in these collectors, so the thermal conduction and convection losses are negligible which 
enable these systems to work even at low temperatures. The only disadvantage for these collectors for the 
residential heating is their price. 
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2.3. Why Membrane Distillation System? 

Membrane distillation is a very novel process and could be easily adapted for the water purification. For 
small scale application as the present case, it has more advantages over other techniques like RO. 
Household RO systems waste lot of water due to low recover ratio and continuous operation whereas 
MD is operated in batch mode with re-circulation of feed water due to its superior quality of handling 
changes in feed conditions. In this research study, Membrane distillation technique has been used and 
more specifically the Air Gap Membrane Distillation technique. As mentioned earlier, AGMD has few 
advantages and in particular well suited for present application. The partial pressure difference between 
the hot and cold side serves as a driving force which allows the molecular water in the form of vapors to 
pass through the micro porous hydrophobic membrane ensuring the high quality of the purified water. 
Moreover the system works below the atmospheric pressure (>1bar) which is one of another reason for 
using the MD technique for research purpose. Hot side temperature below 90°C are suitable operating 
temperature and this process is also very beneficial for recovering the heat from cold side. 

 

 

 

 

 

 

 

 

 

Figure 2-12: Air Gap Membrane Distillation Technique [23] 

 

 
 

 Figure 2-13: Sketch of Laboratory Scale MD Module 
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As shown in the above Fig. 2-13, the membrane distillation process is summarized in three different flow 
channels. 

• Hot Channel – The hot water enters into the cassette and makes contact with the membrane. 
Vapors are generated which passes through the hydrophobic membrane. 

• Air Gap – A stagnant air gap is present between the outer surface of the membrane and 
condensation plates. This allows the vapors to condense and the distillate is collected at the 
bottom. 

• Cold Channel – The cold fluid flows through the other side of the condensation plate which 
absorbs the latent heat of vaporization. 

The membrane distillation cassette that is used in the study is shown in the figure below. It has a plate and 
frame configuration with the following specifications. 

• The material of the cassette is Hydrophobic PTFE membrane. 
• Pore size is 0.2µm, thickness 280µm  
• Porosity of 80% and Membrane area 0.2m2 

The AGMD module consists of 2.4 cm gap present between the two aluminum condensing plates. Behind 
the condensing plates, cooling channels are located in a serpentine shape which is covered with rigid 
aluminum end plates. Two membranes each of surface area of 0.1m2 has been thermally welded with the 
PTFE frame. The hot water flows from the bottom of the cassette and comes out from the top after 
exchanging heat with the cold water that is entering into the cassette. Since the technique is associated 
with the air gap, so an air gap of about 5mm is maintained on both sides of the cassette. When the cassette 
is filled with water, the membrane bulges out and the gap is filled with bulge reducing the gap up to 1mm. 
Some practical pictures of module and the cassette are also shown in Fig. 2-14 and 2.15. 

 

 

 

Figure 2-14: Side View of MD Cassette inside Module Figure 2-15: PTFE Membrane Cassette 
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2.4. Why Solar Domestic Hot Water System? 

In the MENA region, there is an availability of high solar insolation (see Fig. 2-16) which is very suitable 
to use the solar domestic hot water systems in the region. In the MENA region, the typical SDHW 
systems that are installed are designed for the 60-70% annual solar fraction [22] and back up electric heating 
is used to gain energy for heating rest of the time.  

It would be obvious to think that the back-up heating would be required during winter. But, in fact the 
percentage of back up heating requirement is more in summer time that the winters in UAE. The solar 
insolation through the year is good enough to provide heat for producing water at least with 90% solar 
fraction. But the system designers have mainly two concerns for designing at high annual solar fractions. 
The main issue is Stagnation temperatures during summer time, and therefore system would be idle during 
peak summers and demand is fulfilled with backup heaters. Also the heaters are used to kill the legionella 
bacteria by heating up to 60°C which makes the SDHW systems inefficient, even there is good possibility 
of operating at high efficiencies [22]. 
 

 

 

 

 

 

 

 

 

 

 

 

                 

Figure 2-16: Solar Insolation in Ras Al Khaimah - UAE (W/m2)  (Data of CSEM-UAE)[24] 

 

Therefore the proposed integration of MD with a SDHW system would be ideal to enhance annual solar 
fraction. The extra heat in summers could be used for pure water production. Moreover the mandatory 
regulations by the local authorities also encourages to use the solar domestic hot water systems which are 
very efficient from energy conservation point of view as no back up electric heating is required for heating 
the water. Urban planning council of Abu Dhabi (ESTIDAMA) has been working with manufacturers and 
distributors to develop standard sizes of solar thermal panels for 4, 5, 6, 7, 8, 9 and 10 bedroom villas. 
ESTIDAMA pearl villa rating system (PVRS) encourages local residents as well as solar hot water system 
suppliers to reduce electrical heating needs. Based on the local conditions and regulations, the concept of 
Solar Combi system could be realized for UAE region. 
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3 Design, Procurement and Installation of Integrated 
SDHW-MD System  

 

In this chapter, a detailed description of the plant design is provided along with details of components 
procured and installed in the plant. The installation and commissioning of the whole plant has been 
accomplished in a period of almost 2 months which includes the test run of the integrated system in order 
to fix the leaks, pressure drops in the lines, to remove the air from the system and to run the system 
smoothly for better results. Various steps followed in the installation of the complete plant, 
commissioning and the standard operation procedures have been described in detail. 

 

3.1- Design of Experimental Field Setup 

From the previous laboratory research on the MD system at KTH and CSEM-uae, optimum conditions 
that are used to produce the distillated flow have been determined [U1]. In order to have a detailed study, a 
pilot plant facility has been installed in CSEM-uae, Ras Al Khaimah, UAE. The detailed design of the pilot 
plant has been provided by the researchers at CSEM-uae. Graphical representation of the system is shown 
in the Fig. 3-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3-1: SDHW-MD Experimental Plant Design at CSEM-UAE Site 

As mentioned in methodology, the whole system has been divided majorly into three circuits. The first 
circuit of the system consists of the solar thermal system including the solar collectors, solar station and 
thermal storage tank. The second part of the pilot plant is the domestic hot water circuit for the 
production of domestic hot water which includes the mixing valves, DHW storage tank, cold water supply 
tank etc. The third part of the system is the MD system which consists of the MD modules, distillate 
storage and feed water storage system. All the three circuits have been inter-connected to have a 
combined solar driven MD system along with various sensors for experimental evaluation. Following 
sections provide detailed description of the three circuits. 

 



-25- 
 

The solar thermal circuit consists of the solar collectors that are divided into three arrays. Each panel has 
an absorber area of 2.55 m2. There are total 8 solar collectors having the total area of 20.5 m2 . So for the 
research purpose, these 8 collectors are divided in such a way to have three parallel arrays. The first array 
has total area of 5.1 m2. The second and third arrays have the respective areas of 7.65m2. Different 
configurations have been set and the energy form the solar collector has been transferred to the thermal 
storage tank in order to take the hot water from the storage tank to the MD and DHW circuits. 

3.1.1- Solar Thermal Collectors Circuit with Thermal Storage: 

The solar collector circuit has been pressurized and the solar station pump is used to circulate the water in 
the solar collector circuit and storage tank. The inflow of the water has been adjusted using the inline flow 
meters. The desired flow rate has been adjusted and the water inside the collectors has been heated with 
available solar radiation. The temperature sensors measure the inlet and outlet temperatures at each 
collector array and overall pressures, temperatures were measured in the main line of solar circuit.  
Thermal energy from the collectors is transferred to a stratified thermal storage tank with a total volume 
of 520l.  Apart from stratification spherical heat exchanger lances, the tank consists of spiral corrugated 
steel piping through which cold water passes for DHW preparation. Also, the hot water (termed as grey 
water) stored in the tank would act as feed to MD hot side for pure water production.   

The solar domestic hot water system includes the hot water storage tank, a solenoid valve (for the 
controlled draw off of hot water according to domestic hot water profile), a mixing valve to adjust the 
temperature in order to get the hot water at desired temperature and also to control the flow rate so that 
in a particular time, according to the hot water profile, we can get the desired water at desired temperature. 

3.1.2- Solar Domestic Hot Water Circuit: 

The domestic hot water circuit is connected to the thermal storage tank through the copper piping 
insulated with Poly-isocyanurate insulation in order to minimize the heat losses from the storage tank till 
the hot water circuit. The cold water is supplied from cold water storage through a pump and the hot 
water from the top layer of the thermal storage tank. The flow rate has been adjusted at 3L/min and the 
mixing valve is manually controlled in order to mix the hot and cold water to get the water at desired 
temperature say between 45-55°C. So once this temperature has been maintained, the valve position has 
been fixed and domestic hot water has been collected in a separate tank at regular intervals when needed. 

Experimental setup consist of a single cassette MD module which is connected to the cold water storage 
tank and hot water storage tank for the inflow of hot and cold water into the cassette. The feed water is 
taken from the municipal water supply and hot water, from the thermal storage tank, is circulated through 
the hot water circulation pump. Different temperature, flow and pressure sensors have been installed in 
the incoming and outgoing lines in order to have a detailed and precise reading for detailed calculations. 
Moreover, the conductivity of the feed water and distillate water can also be monitored through the 
conductivity meters that are installed in feed and distillate lines. In order to obtain the desired standard 
benchmarks (250 L/day of DHW and 15-25 L/day of pure water) for the experimentation, some 
operational parameters have been setup. MD system will operate on these parameters and based on the 
readings and results obtained, we have deduced that how close we will be to our targets. 

3.1.3- Membrane Distillation Circuit 

The membrane distillation system has been directly integrated to the thermal storage system in order to 
purify the grey water present in the tank. The pumps transfer the hot water from the storage tank to the 
MD system at high temperatures and also there is a return line in order to conserve the energy and return 
the water back to the lower temperature zone in the tank. By doing so, the thermal energy demand for the 
MD system has been reduced as we are recovering the heat and sending the water back to the tank at 
lower temperature. 

The detailed specifications of the line sizing and components installed in all there circuits has been listed 
in the tables 1, 2 and 3 of Appendix-2. 
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3.2- Identification and Procurement of Plant Components 

In order to install the test rig facility in CSEM-UAE Ras Al Khaimah, the plant is first designed and then, 
depending upon the requirement, the equipment has been purchased from different international and local 
suppliers. The different equipments like pressure sensors, temperature sensors, conductivity sensors, 
pumps, RTD’s, solar collectors, stratified heat exchanger, thermal storage tank, cold water tank and 
copper piping are some of the major components that are installed in the pilot plant. The short 
description of the sensors and their specifications are mentioned in the table-4 of Appendix-2. These 
components have been procured from the different suppliers like TiSun from Austria, WIKA, Grundfos, 
Burkert etc., and some of the components like Poly-isocyanurate Insulation for copper piping, CPVC 
pipes, weighing scale etc., have been procured locally from different areas of UAE  

The major measuring instruments like temperature sensors, RTD’s, pressure sensors, pumps, solar station, 
pressure transmitters etc., are electronically controlled and connected to the computer for accurate 
measurement and better control of the plant to get precise results. All these electronic equipment have 
been directly connected to the computer and data from each and every sensor has been measured through 
data acquisition system. Data acquisition is done with the ADAM data acquisition modules. In the plant, 
we have two 4019 ADAM Modules with eight channels in which the pressure, flow and conductivity 
sensors have been connected. The pressure sensors, conductivity sensors and temperature sensors are of 
24V power supplies where as the flow sensors are of 5V power supply. All of these sensors are connected 
in a specific arrangement with two 4019 ADAM Modules. Similarly RTD’s and remaining temperature 
sensors are connected in 4015 ADAM Modules (See Appendix 2). Each 4015 ADAM Module has six 
channels or connection. Each channel is designated only for a single connection. All the 4019 and 4015 
ADAM Modules are finally connected to the output module 4520 that is responsible for the display of 
data on the computer and from this module we got the values of all the parameters that are required for 
the calculations. 

 

 3.3-Installation and Commissioning of the Pilot Plant 

The installation process begins with the installation of the collector frames. The frames were adjusted and 
cut into the suitable lengths according to the details and measurements of the solar collectors. The frame 
installation and placing of the solar collectors is shown in the pictures below (Fig. 3-2 (a)). The collectors 
have been placed facing south and at a tilt angle of 35o in order to maximize the winter solar yield (Fig. 3.2 
(b)). After the installation of the collectors, the copper piping has been laid connecting the different 
arrangement of the collector arrays to the solar station. The insulation is very important as it is one of the 
major components of the installation as far as the heat losses are concerned. The whole copper piping has 
been covered by the Poly-isocyanurate insulation of around 50mm thick and with a density of 35-40 
kg/m3. Moreover the copper piping involve making of some complicated fittings like elbows, bends etc in 
order to place some sensors into the fittings. An array of evacuated tubular collectors at CSEM-uae 
SOLAB facility has been joined with the new installation in order to have comparative analysis during 
further research (See Fig. 3-2 (c)). 

The solar station circuit is then connected to the stratified solar thermal storage tank (See Fig. 3.2 (d)) in 
order to circulate the water in the collector loop. The stratified solar thermal storage tank is then 
connected to the MD system and solar domestic hot water system in order to draw the hot water for the 
simultaneous production of hot water and pure water. The solar thermal storage tank is connected with 
the MD system, solar station and domestic hot water system. CPVC piping is used to connect the MD 
system with thermal storage tank and cold water storage of 1000 gallons (See Fig. 3-2 (e)) where as for 
connecting with domestic hot water system, copper piping is used with the same insulation as was used 
with the solar collectors. The complete MD unit along with the solar station circuit is shown Fig. 3-3. 
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(a) 

(b) 

 

(c) 

                                     (e) 

 

(d) 

                         Figure 3-2 Pictures showing installation of SDHW-MD system at CSEM-uae 
 (a) Installation of Flat plate Solar thermal collector frames 
 (b) Orientation, placement and angle adjustment of collectors 
 (c) Existing installation of evacuated tube collectors at CSEM-uae 
 (d) Stratified solar thermal storage tank with various pipe circuits connected 
 (e) Cold water storage tank (Municipal water supply) 
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     Figure 3-3: Solar Station and MD Circuit 

3.3.1- Standard Operating Procedure for Plant Start-up 

1- Check the storage tank temperature for initial reading. The temperature should lie between 70-
85°C for normal operation (Depend on previous day charging).  

Solar Thermal Circuit Start-Up:- 

2- Then start the solar loop filling pump and make sure the valves of desired collector array are 
open. Then check the pressure in the solar circuit. It should lie between 2.5-3 bar. If, by chance, 
the pressure increases above 3 bar, open the drain valve in the solar station to release the pressure 
in order to bring the system within permissible pressure operating range. 

3- Fill the storage tank with municipal tap water and pressurize the storage tank till 0.5 bar. Make 
sure that during filling, MD hot in and return line valves are closed in order to avoid excess 
pressure in MD circuit that might lead to membrane damage. 

4- Switch ON the solar station pump and set to automatic mode. 

1- First check the water level in the main tank. It should be well above in order to operate the pump. 
If the level in the tank is not enough, take filling from recirculation tank and then proceed. Switch 
ON the cold side pump. Adjust the desired flow rate on which we have to perform the 
experiments. Put the cold side pump in automatic mode. 

Membrane Distillation Circuit Start-Up:- 

2- Open the MD in and return line valves that were closed during the storage tank filling. Then 
switch ON the hot side pump.  

3- Set the desired hot side flow rate. It’s important to check the circuit to be free of air during initial 
run and drain if necessary to reduce excess pressure to around 0.2 bar.  

4- Now start the main DHW pump by adjusting the desired flow rate at 3 l/min. Make sure that the 
desired temperatures will be there form hot and cold side in order to adjust the temperature 
between 45-55°C using mixing valve. 

1- Clean the distillation collection tank thoroughly. 

Distillate Collection:- 

2- Tare and check the weight of the total distillate collected in the tank 
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4 Experimental Analysis of SDHW-MD System 

After successful installation and commissioning phase of the pilot plant, a detailed experimental analysis 
has to be performed on the integrated pilot plant in order to study the effect of different parameters on 
the distillate production. In the present chapter, the effect of different parameters like flow rates of hot 
and cold side of MD, temperature variation and conductivity effects on the distillate production have been 
described. Also, a description of the daily distillate profile and MD hot and cold temperature profiles 
observed due to direct tank integration has been provided. The experiments have been conducted 
continuously for one month in July’2013 which is the peak summer season of the region.  

 

4.1- Experimental Approach 

In order to proceed for the experimental analysis, a brief experimental approach has been developed. 
Following table provides the operational parameters of MD and their range.  

   
 
 
 
 

 
 
 
 

 
Table 4-1: MD Operation parameters for experimental analysis 

 
Experiments were done on flat plate collector arrays having different absorber areas with different MD 
hot and cold side flow rates in order to determine the optimum conditions. The hot side feed flow rates 
and  cold side feed flow rates that were experimented on the plant were 4, 5, 6, 7 and 8 L/min whereas the 
cold side flow rates were kept at half of the hot side flow rates. Typical water conductivities of the tap 
water in UAE range between 800 to 1600 µS/cm. Therefore feed municipal water with conductivities of 
around 1200 to 1600 µS/cm has been used for the evaluation. The temperatures on hot and cold side are 
not controlled but since the radiation levels are almost same throughout the month, we would be able to 
operate at average similar conditions that allowed us for easy comparison. Overall objective is to analyze 
and obtain optimum conditions to produce 250 L/day of hot water at 50°C and 15-25 L/day of pure 
water for single family comprising of 4 to 5 persons (At least 3 liter/person/day). The same operational 
parameters were repeated with evacuated tube collectors having the absorber area of 9.024m2. The 
experiments were performed and results were compared for both the collectors in order to evaluate the 
optimum area that is required to achieve our benchmarks. 

 

4.2- Results and Discussion  

In order to draw the experimental results from the integrated pilot plant, several experiments were 
performed on the system. Out of all, a total of 15 experimental results were tabulated on the prepared 
experimental sheets covering the important parameters that were required for the calculation. At different 
feed conductivities, the hot and cold side flow rates were experimented and the optimum conditions were 
found. Once the optimum flow rates have been evaluated, the plant was operated on those flow rates and 
collector areas were changed. Following sections provide effect of various parameters on distillate flux. 

 

MD OPERATIONAL PARAMENTES RANGE 

Feed Water Concentration 750 to 1000 ppm 

Feed Water Flow 4,5,6,7,8  l/min 

Coolant Flow Rate 2.5, 3, 3.5 l/min 

Hot Water Temperature 50°C - 75°C 

Cold Water Temperature 30°C - 40°C 
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4.2.1- Effect of Hot and Cold Flow rates on Distillate Flow

Previously, lab scale experiments were performed at CSEM to determine optimum flow conditions for the 
AGMD module to maximize the flux. However due to lab system limitation, it was unable to go beyond 
flow rates of 4 l/min on MD hot side. Therefore, several experiments are performed to determine 
optimum flow conditions for the single cassette module. The graph below is drawn between the distillate 
flow rate and the temperature difference between MD hot and cold side. So from the graph, it is obvious 
that the optimum flow rate at hot side and cold side of the MD was 6 l/min and 3l/min. The cold side 
flow rate has been taken as half of the hot side flow based on the manufactures recommendation. Few 
experiments performed at same flow rate on both sides, but the flux obtained was less in comparison with 
recommended flows. Also, increased flow rates provides more flux proving the fact that AGMD systems 
should work at turbulent flow regime in order enhance permeate flux. Now there is a slight deviation from 
the observed value at flow rates of 7 l/min on hot side. Experiments will be performed on the plant by 
further researchers in the future in order to find out that whether that observed deviation will fulfill the 
conditions or not. But for now, based on the experimental results, the optimum hot side flow rates was 6 
l/min and cold side flow rate was 3 l/min. These conditions were fixed for further experimentation. 

  

 

 

 

 

 

 

 

 

 

 

Figure 4-1: Distillate flow rate vs Delta T (Hot in Temperature-Cold in Temperature) 

 

Various researchers investigated the effect of feed temperatures on the AGMD performance. In general, 
the rate of evaporation increases with increase in feed temperature. Therefore for the experiments 
performed, a graph has been drawn between the distillate flux and the MD hot and cold in temperatures 
in order to find out the effect of temperature on the distillate flux (See Fig. 4-2). As the hot in temperature 
increases, the distillate flux increases. Heat loss due to conduction decreases with increase in feed 
temperature and hence thermal efficiency could be improved. From the experimental data obtained, the 
thermal storage tank has been charged well in order to provide the sufficient temperature to the MD hot 
side (Between 50 to 70oC). Average cold in temperatures studied in literature are between 7 to 30oC. But 
since the region in sunny with abundant solar radiation, cold side temperatures has been varied between 
35 to 40oC. As shown in the graph, to get more flux, the cold in temperature should be low in order to 
increase the temperature difference between hot and cold side. This suggest the fact that during summer 
period, the effect of high cold in temperatures would be minimized through high hot side temperature and 
hence more delta T.  

4.2.2- Effect of Hot and Cold Side Temperature on Flux 
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Figure 4-2: MD Hot and Cold feed temperatures Vs Distillate Flux 

 

Another important trend to observe is the daily profile of the distillate collected according to hot and cold 
feed water temperature differences. Experiments performed on three consecutive days of 22nd July, 23rd 
July and 24th July and readings of distillate volume were obtained at every 20 minute intervals. Fig. 4-4 
shows the plot of volume of distillate collected and temperature difference between the hot and cold side 
of the MD at different time intervals the for plant run of 10 hours.  

4.2.3- Daily Distillate Profile and Hot & Cold feed temperature differences (∆T) 

 

Figure 4-3: Daily profiles of distillate volume against the Delta T 
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From the graph, it is worth to note that the trends on all three days were similar irrespective of decrease in 
delta T day by day. The trend again shows the strong dependence of feed temperatures on distillate flux. 
During early hours of operation (i.e. morning) the temperatures in storage tank are not so high and hence 
a dip in distillate production could be observed. Also, for the present application, DHW has been 
withdrawn during morning hours which also impacts temperatures in storage tank. The high temperature 
in the beginning of the curve is due to the charging of the storage tank that has been done one day before 
in order to start an experiment with better hot in MD temperature.  So as the time passes, the 
temperatures raise in the tank which results in the increase in the distillate collection. In the evening, the 
radiation falls and ultimately the temperature difference decreases resulting in the decrease in the volume 
of distillate. The trend denotes that MD must be operated during sunlight hours in order to maximize 
yield. Also, it’s worth to observe the changes in storage tank through night time operation. But the study is 
beyond the scope of present work.  

The daily distillate profiles indicate strong dependence of temperatures and therefore a plot of all hot and 
cold side temperatures of MD during a day could be seen in Fig. 4-4. As mentioned previously, DHW 
withdrawal during morning hours caused temperature dip in the storage tank. As soon as the time passes 
the radiation starts to increase and the tank charges much rapidly and temperature levels are maintained 
sufficiently even though DHW is withdrawn. The temperature difference between the hot in and hot 
return was 5-7°C and the point of returning back into storage tank would at the same temperature level of 
the hot return. Therefore mixing of the layers has been avoided showing contestant temperature levels in 
the storage tank. Temperature profiles at different levels of storage tank, collector outlet, MD hot in has 
been plotted and the plots can be seen in Appendix-3.  

Similarly, measured temperature difference between the cold in and cold out was 7-10°C. Since cold side 
temperatures are already higher (35 to 38öC), the cold out temperature is reaching 45°C or greater most of 
the time. The cold water in this case is fed back to cold water storage tank and no recovery steps were 
taken. Therefore as suggested by many researches on AGMD, it’s important to recover the heat from the 
cold return of MD to improve overall thermal efficiency of MD system. In the present co-generation 
application, warm cold return water could be used in DHW circuit, thus reducing energy demand on 
DHW side. So by recovering heat from the cold side, we can use this water as preheated water for 
producing DHW. 

 

 

 

 

 

 

 

 

 

 

Figure 4-4: MD Temperature Profiles vs Time of the day 
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The application under consideration is to purify municipal tap waters supplied by local authorities in UAE. 
Therefore aqueous feed conductivities are varied between 1000 to 1800 µS/cm. As far as the conductivity 
of the feed water is concerned, there is no significant effect of feed water conductivity on the distillate 
flux. Irrespective of the increase or decrease in the conductivity, the production of the distillate flux 
increases due to increase in feed temperature differences. . However at large conductivities (brackish or 
seawater), flux production would be reduced due to reduction in water vapor pressure for high 
concentrated non-volatile solutions. For the experiments conducted at CSEM-uae, the effect of feed 
conductivity on distillate flux is shown in the Fig. 4-5. 

4.2.4- Effect of Feed water Conductivity 

  

Figure 4-5: Feed Water conductivity vs Distillate Flux 

The grey water from the thermal storage has been fed in to the MD unit for purification purpose. The 
conductivity of the distillate was obtained at less than 5µS/cm irrespective of changes in feed 
concentrations. Samples are collected from the plant to compare feed and distillate is shown in the figure 
below. 

4.2.5- Purification of Grey Water in Thermal Store 

 

  

 

 

 

 

 

 

Figure 4-6: Samples of Grey Water and Clear Distillate 
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5 Thermal Energy Balance for SDHW-MD System 

For any co-generation system, it’s very important to identify the thermal demands of individual processes 
and hence energy balance has to be determined. Based on the experimental analysis on the integrated 
SDHW-MD system, energy consumptions has been determined and compared with simulations on a 
similar system modeled in PolySun software. Basic assumptions for building the model, simulations on 
different solar thermal collector configuration have been discussed in this chapter. 

As shown in Fig. 5-1, a system model has been created in PolySun software in order to replicate the 
experimental installation. In built system components has been selected for solar thermal circuit 
components and exact experimental set-up specifications were provided like pipe lengths, diameters, 
insulation thickness, solar station controller settings etc. Solar pump has been controlled similar to 
experimental unit and switches on when difference between collector outlet temperature and tank lower 
level is greater than 6oC and switches OFF if difference is less than 4oC. Although there are no in-built 
components for MD system, it has been approximately replicated with an energy sink having specific 
demand profile throughout the year. Therefore, In addition to solar station controller, two more 
controllers have been used in the model one for MD sink and another for DHW circuit. Following 
sections provide details of assumptions made for generation of MD sink, DHW and cold water profiles.  

5.1. PolySun Simulation Model 

 

Figure 5-1: Schematic diagram of PolySun Simulation Model 

As stated earlier, MD unit is not possible to model in PolySun and hence the heat sink component has 
been used to calculate the energy consumption of MD. A monthly demand profile for the sink has been 
developed based on the minimum temperature levels that could be obtained at the layer from which hot 
water is fed to MD unit. Annual daily simulation with minimum aperture area of 7.0 m2 gives the tank 
layer 9 temperatures as shown in Fig. 5-2. From this average monthly hot in temperature profile has been 
drawn which is shown by green line in the figure.  Also, return temperature profile has been developed 
approximately based on parametric analysis done on lab scale by previous research at CSEM-uae. This 
user defined sink profile has been fed to the simulation model as a simple heat exchanging system along 
with the flow rates used on MD hot side. It is obvious that as the radiation increases, the tank will start to 
charge more resulting in the increase in the top layer temperature. More is the tank top layer temperature; 
more is the MD hot in temperature and better will be the heat transfer rate. 

5.1.1. MD Energy Sink Profile 

MD as Heat Sink 

DHW Controller 

MD Side 
Controller 

Solar Station 
Controller 

Layer 9 



-35- 
 

 

Figure 5-2: MD Energy Sink Temperature Profile 

In solar water heating system designs, it is always important to calculate the long term (annual and/or 
monthly) averages for water heating loads. It should be noted that the amount of energy that is required to 
heat the warm water from the cold water to a desired temperature depends upon several factors such as 
rate of consumption of the hot water, cold water inlet temperature and the hot water set temperature, 
location and orientation of the system etc. Moreover the heat losses from the pipes, thermal storage tank 
etc is also included in the heating load calculations. 

5.1.2 –Domestic Hot Water Profile  

 

Figure 5-3: Daily DHW Withdrawal Profile 

Since present application is for single family or a 4 bedroom villa having occupancy of 5 people (2 people 
for the first bedroom and then 1 person for subsequent bedrooms based on ESTIDAMA guidelines), the 
consumption of the hot water would be 250l/day (single person in UAE consumes 50 liters/day at 50oC 
temperature) [25]. The daily hot water consumption profile for a single family as shown in Fig. 5-3 is taken 
from PolySun in-built standard hourly consumption patterns.  Constant daily consumption is assumed for 
all days in the year without absence and from the profile there times peak withdrawal could be observed. 
As shown in Fig. 5-1, a controller has been used to control mixing valve in order to provide hot water at 
50oC during the withdrawal of DHW.  
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Annual temperature profile of cold water is very crucial for calculation of DHW energy demand. 
According to ESTIDAMA, the monthly average tap cold water temperatures in UAE are 14°C in winter 
and 30°C in summers [25]. These temperatures were fed into PolySun and an annual profile of monthly 
averages was generated automatically as shown by blue line in Fig. 5-4. When compared with daily 
ambient temperatures the cold water profile approximately matches with the minimum ambient 
temperature levels of the corresponding month. As mentioned earlier, recovery of cold side heat of MD 
might decrease overall thermal energy demand and hence it’s important to generate a profile for cold 
water return from MD unit. Based on lab experiments, for the cold mains profile UAE, MD cold outlet 
temperatures would increase by 4oC in winter and 10oC in summer (represented by red line in Fig. 5-4). 

5.1.3. Cold Water Profile 

 

Figure 5-4: Cold Water Temperature Profile 

Based on the above mentioned profiles and with real experimental data inputs simulations have been run 
and compared with the experimental results obtained on different days in July’2013. The experiments are 
performed on the flat plate and evacuated tube collectors having different aperture areas.  Basis for 
comparison is to determine real energy demand of MD in comparison with energy sink profile used in 
simulations. Therefore MD hot in and out temperatures are crucial which depend on several parameters 
e.g. radiation, outlet collector temperature and storage tank top layer temperature.  

5.2. Thermal Energy Balance: Comparison of Experimental data with Simulations 

5.2.1 – Flat Plate Collectors  

Aperture area 11.85m2: An experiment has been performed on flat plate collector field having the 
aperture area of 11.85m2 (5 collectors) and with low specific flow rate in solar circuit in order to achieve 
the higher collector outlet temperatures. Table 6-1, provides energy consumption estimates from 
simulation and experimental data obtained on 11th July. From the simulations it’s important to note that 
64% of the total solar yield could be used by MD whereas it’s only 18.5% for DHW production. 
Assuming the same solar yield for the experiments, only 41% of total yield has been utilized by MD and 
18% for DHW production. More losses have been observed due to low flow rate and long pipe distances 
between collector array and thermal store. For a practical application, these losses could be avoided with 
proper insulation and by installing thermal store near to collectors. Therefore, assuming simulation results 
as a real case scenario, 23% extra amount of energy could actually be used for MD and hence more 
production of pure water could be obtained. It has been estimated that 36% more pure water production 
could be achieved with same operational hours of MD. 
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Parameter Value Remarks 
Specific Flow Rate 11.2 l/h/m2 Kept low to achieve high temperatures 
Simulation Data 
Solar Yield 31.3 kWh 12 Hours 
MD Energy Use 20.0 kWh 64% of total solar yield 
DHW Energy Use 5.85 kWh 18.5% of total solar yield 
% of losses 17.5% Long pipe lengths – more losses 
Experimental Data 
Distillate Collected 16 liters 10 Hours of Operation 
MD Energy Use 12.92 kWh 0.804 kWh/l 
DHW Energy Use 5.63 kWh Not withdrawn according to DHW profile 

  Estimated Values 
Extra Available Energy 7.3 kWh TotalSim – Total Exp 
Estimated VDist. 25 liters 36% more production 

 
Table 5-1: Simulation and Experimental Data: FPC Aperture Area 11.85m2 

 

As shown in Fig. 5-5, a plot has been developed for hourly energy consumption for MD along with 
collector outlet, tank top layer, MD hot in temperatures. We could observe that collector outlet 
temperatures from experiments show 5oC less than that of simulation. As stated above, excess energy 
consumption trend for MD could be observed for simulated data. Main reason for this attributes to the 
profile of MD energy sink. The return temperatures of MD sink were kept constant in simulation and 
hence more delta T (Thotin – Thotout). This could be reasonably taken as accurate value than experimental 
data because of low cold side temperature of 30OC compared to the experimental value of 35oC.  

 

Figure 5-5: MD Temperature and Energy Profile 

Also the trends for MD hot in and tank top temperatures show slight deviation especially during early 
hours of operation. This drop could be explained due to the fact that DHW has been withdrawn only 
during morning instead of following the withdrawal profile as shown in Fig. 5-6. The sudden drop in the 
tank top temperature is due to the uncontrolled draw off of the domestic hot water. The vertical green 
bars show the hourly DHW energy profile from simulations in the PolySun pink bars show the energy 
profile that is generated according to the experiments. The average hot water volume that was withdrawn 
during experiment was 273 Liters at an average temperature of about 50°C.   
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Figure 5-6: DHW Temperature and Energy Profile 

Aperture area – 7. 08m2

Parameter 

: Another experiment has been performed on flat plate collectors on 24th July 
using an array with lower aperture area (3 collectors). The specific flow rate has been adjusted slightly 
higher in order to bring a balance between outlet temperatures and harvested thermal energy.  From the 
values shown in Table 5-2, it’s obvious that solar yield reduced due to less collector area compared to 
previous experiment. From the simulations, the total solar yield for the plant run was 21.2KWh and out of 
this the MD system used 53.5% and 27.5% has been used to produce the fixed volume of hot water. 
Based on similar analysis stated earlier, energy consumption for MD is about 39% of solar field yield and 
24.5% for DHW generation. MD was operated for 9.25 hours and the total volume of distillate collected 
was 8.5 liters with energy consumption of 0.975kWh/liter at MD hot inlet temperatures ranging from 50-
55oC. 

Value Remarks 
Specific Flow Rate 17 l/h/m2 Medium flow conditions 
Simulation Data 
Solar Yield 21.2 kWh 12 Hours 
MD Energy Use 11.3 kWh 53.5% of total yield 
DHW Energy Use 5.85 kWh 27.5% of total yield 
% of losses 19% Long pipe lengths 
Experimental Data 
Distillate Collected 8.5 liters 9.25 Hours of Operation 
MD Energy Use 8.3 kWh 0.975 kWh/l 
DHW Energy Use 5.2 kWh 3 Peak Withdrawal 
Estimated Values 
Extra Available Energy 3.7 kWh TotalSim – Total Exp 
Estimated VDis 12.5 liters 32% more production 

 
                                 Table 5-2: Simulation and Experimental Data: FPC Aperture Area 7.08m2 
 
In contrary to previous experiment, temperature profiles obtained from experiments show large deviation 
from simulation. Around 10oC less temperature was obtained for MD hot inlet and tank top. Increase in 
flow rate and pipe losses collectively contribute to low temperatures in tank. Therefore it’s reasonable to 
estimate excess energy taking simulation as actual case and hence 32% more distillate production could be 
obtained. However, the demand of 20l/day has not been fulfilled and suggests the fact that MD system 
must need to be operated for more hours.   
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Figure 5-7:  MD Temperature and Energy Profile 

Instead of random withdrawal of DHW as in previous case, DHW has been withdrawn following 3 peaks 
of demand profile. As shown in Fig. 5-8, experimental data of tank top takes a dip during morning hours 
and explains the rapid discharge of storage tank due to simultaneous operation of MD and DHW circuits. 
However, around noon time, temperatures started stabilizing leading to a trend similar to simulation data. 
It’s worth to obtain experimental DHW profile similar to the exact DHW demand profile. Since it 
requires operation for 20 hours, analysis could be extended further by researchers at CSEM-uae.  

 

                                            Figure 5-8: DHW Temperature and Energy Profile 

Also a careful consideration of the results shows that this aperture area for the flat plate collector is not 
sufficient to fulfill the demand for our desired bench marks. In this case, its worth to investigate what 
would be the optimum collector area needed for fulfilling dual demand for co-generation. Therefore, 
some brief studies on this provided in the next chapter. 
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CSEM-uae SOLAB facilities have an evacuated tubular collector field and hence a few experiments were 
performed on collector field having the aperture area of 9.024m2 (3 collectors, 16 tube). As per the 
manufactures recommendation, the specific flow rate has set high in order to maximize thermal energy 
yield. As shown in Table 5-3, obtained solar yield has been higher than the yield obtained with flat plate 
collectors having more aperture area (Section 5.2.1) and confirming the fact that higher flow rates leads to 
high thermal yield. Also, MD system consumed 71.5% of total yield whereas DHW consumed 16% and 
the heat losses have been minimized due to turbulent flow conditions. From the experiments, it was 
observed that 44% of the total yield has been utilized for MD and 14.3% for DHW. Again in this case 
more that 40% of energy has been estimated to be lost, since ETC installation was much far than the FPC 
arrays. 

5.2.2- Evacuated Tubular collectors 

Parameter Value Remarks 
Specific Flow Rate 28 l/h/m2 High to maximize energy 
Simulation Data 
Solar Yield 36.4 kWh 12 Hours 
MD Energy Use 26 kWh 71.5% of total yield 
DHW Energy Use 5.85 kWh 16% of total yield 
% of losses 12.5% Long pipe lengths 
Experimental Data 
Distillate Collected 17 liters 9.67 Hours of Operation 
MD Energy Use 16 kWh 0.94 kWh/l 
DHW Energy Use 5.2 kWh 3 Peak Withdrawal 
Estimated Values 
Extra Available Energy 10.6 kWh TotalSim – Total Exp 
Estimated VDis 28 Liters 40% more production 

 
Table 5-3: Simulation and Experimental Data: ETC Aperture Area 9.024m2 

 

Figure 5-9: MD Temperature and Energy Profile 

The MD energy and temperature profiles have been drawn according to the data of obtained on 22nd July 
and is shown in Fig. 5-9 above.  
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Interesting results has been observed for temperature profiles of MD hot inlet and tank top during 
experiments. We could observe that trend have been reversed compared to previous two cases. This 
explains rapid charging of storage tank due to high specific flows and moreover the layer at which MD hot 
is taken gets much heated than top layers of the tank. This trend would be an advantage for MD, since it 
gets hot water at higher temperatures. Similarly the graphical representation of DHW energy and 
temperature profiles is shown in the Fig. 5-10 below. As stated in previous cases, the sudden drop in the 
tank top temperature during morning hours is due to dual demand, low radiation and unstable operation. 
The domestic hot water has been drawn in 3 peaks during the plant run i-e, 1st peak with draw was 
between 8 to 10 AM, 2nd between12 PM to 1 PM and the 3rd was between 4 PM to 5 PM. 

 

Figure 5-10: DHW Temperature and Energy Profile 

As we can see in Table 5-3, an excess energy obtained through simulations contributes to 40% more 
production of distillate. In this case, the 28l of distillate obtained for 10 hours of operation compared to 
16 liters during experiments. In real situations, key is to minimize the losses and operation at reasonably 
high flow rates. The aperture area seems to be ideal to fulfill the overall demand of MD and DHW as well.   
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6 Determination of Optimum Collector Area for SDHW-MD System 

In the previous chapter, thermal energy demand has been determined and compared with simulation data 
for a particular day. In order to prove the feasibility of the concept, it’s very important to determine the 
annual demand for SDHW-MD system. Since, the solar radiation varies throughout the year; an 
assumption has been made such that the drinking water demand for human consumption also varies 
depending upon the season. Based on this assumption and keeping DHW demand as constant throughout 
the year annual simulations have been performed to determine optimum collector area required for 
simultaneous production of hot water and pure water. 

Based on lab scale experimental research at CSEM-uae, the thermal energy consumption patterns for 
different ranges of inlet hot and cold temperatures (based on cold water profile reported in previous 
chapter) have been determined.  Table 6-1 provides the amount of thermal energy consumed per liter of 
pure water production at different temperature ranges calculated using the following equation.  

6.1. Annual water production and energy demand profiles 

Q = m. Cp (Thin – Thout) 

So for pure water, as its consumption is more in summer, so 15 l/day consumption is estimated in winter 
days i-e from December to February, 20 l/day from March to June and in October  and November and 25 
l/day in peak summer days i-e from July to September. So the total estimated volume of distillate that is 
required for a year is 7300 liters. Assuming that the temperature ranges mentioned in Table. 6-1 would be 
available for MD in the periods mentioned above; the annual energy demand that is required to produce 
the pure water of 7.3 m3 will be around 6000 kWh. In order to have annual production profile of pure 
water and the respective energy consumptions, a plot has been drawn as shown in Fig. 6-1. 

Parameter Operational Range/Energy/Months 
MD Hot In Temperature 50 to 55oC 55 to 60oC 60 to 65oC 
MD Cold In Temperature 14 to 16oC 18 to 25oC 28 to 30oC 
Energy consumed for pure water production 1 kWh/l 0.85kWh/l 0.7kWh/l 
Period during which temperatures are available Dec, Jan, Feb Mar-Jun, Oct, Nov Jul, Aug, Sep 

 
Table 6-1: Temperature, energy estimations for annual pure water profile 

 

 

Figure 6-1: Annual profile of pure water production and MD thermal energy demand 
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Similarly the annual demand for domestic hot water has also been calculated according to the 
ESTIDAMA standards where, in winter, the cold water tap temperature is 14°C in winters and 30°C in 
summers with the fixed volume of 250 L/day at 50-55°C is 2968 KWh. But if we recirculate and recover 
the heat from MD cold side return, then this water will act as pre heat water for DHW circuit and net 
annual energy demand will be reduced to 2223 kWh. It means that after cold water recovery, about 25% 
of energy will be saved for domestic hot water production and ultimately there will be reduction in 
demand for the energy. Following table provides the annual energy demand values based on which the 
optimum collector area required to fulfill the total demand would be evaluated.  

Annual Energy Demand for MD 6000 kWh 
Annual Energy Demand for DHW 2968 kWh 
DHW demand with MD heat recovery 2223 kWh 

 
Table 6-2: Annual Energy demand for MD and DHW 

 

PolySun simulation software has been used to determine the collector area required to fulfill the energy 
demand of integrated system. The calculations are based on 100% annual solar fraction with 10 hours of 
daily operation of both MD and solar circuit. MD system would be operated in sunlight hours throughout 
the year and DHW requirement would be fulfilled through thermal storage. Since, CSEM-uae SOLAB has 
installation of both FPC and ETC systems, FMS-2.55 model from Tisun is chosen for flat plate collectors, 
and Siedo 1-16 model from Sunda Solar is chosen for evacuated tube collectors.  

6.2. Optimum collector area determination  

For flat plate collectors, Fig. 6-2 shows the trends of the collector efficiency and aperture area against the 
annual energy demand. The graphs have been drawn for both cold side heat recovery and without heat 
recovery. So after a careful consideration from the graph, it has been found that for flat plate collector, an 
aperture area of 8 to 9m2 is sufficient to meet overall demand. The highlighted area shows the optimum 
aperture area for the desired energy demand of both MD and DHW. 

 

                                   Figure 6-2: Optimum Flat Plate Collector Area for SDHW-MD system 
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Similarly for Evacuated tube collector field, the collector area of 7 to 8m2 is sufficient to meet overall 
energy demand for MD and SDHW (see Fig. 6-3).  

 

Figure 6-3: Optimum Evacuated Tube Collector Area for SDHW-MD system 

In MENA regions, normally the collector filed of 5m2 is used to produce the hot water for meeting the 
domestic purposes. So by this study, the addition of only 3-4m2 will be sufficient to meet the pure water 
demand as well. So a minimum of 3m2 aperture area must be added to regular solar domestic hot water 
system so that the need of pure water demand (15-25 L/day) can also be fulfilled for a single family villa. 
Following table summarizes the average area required for SDHW-MD system for a system installed on 
top of a villa in UAE region. 

 
Table 6-3: Summary of optimum collector area required  

 
 

 

 

 

 

 

 

Collector 
Type 

Aperture 
Area (m2) 

Solar Yield 
(kWh/annum) 

MD Energy Use 
(kWh/annum) 

DHW Energy Use 
(kWh/annum) 

Total Losses 
(kWh/annum) 

FPC 8.5 m2 9800 5900 (60%) 2100 (21.5 %) 1800 (18.5%) 

ETC 7.5 m2 9700 5700 (58.5%) 2100 (22%) 1900 (19.5%) 
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7- Conclusions and Recommendations for Future Work 

Concluding the whole study and experimental analysis performed on the integrated system installed in 
CSEM-uae, there are some conclusions and recommendations that are drawn in the light of experiments 
and their results so that these recommendations and conclusion might be helpful for the future 
researchers in order to improve and refine the study. Some of the conclusions and possible 
recommendations are listed below. 

• Based on experiments, it is feasible to integrate MD with SDHW system, for sustainable 
production of 15-25 l/day/person of pure water along with DHW (Corresponding to the pure 
water usage pattern, the production of distillate will be less in winter (December to January) and 
more in peak summer (July to September). Based on the consumer choice, the water could be 
taken directly or after simple post-treatment steps.  
 

 

• The optimum conditions for producing the desired distillate from AGMD unit are 
 Optimum flow rates of 6 l/min on hot side and 3 l/min on cold side. 
 Hot side temperature should be 60°C-70°C and cold side temperature should be 

20°C-30°C 
• For the conductivity ranges performed in the experiments, the feed conductivity does not have 

significant effect on the production rate of the distillate and the conductivity of the distillate was 
always less than 5µS/cm. However for the brackish water (15,000µS/cm) purification pretaining 
to waters in Asia, its effect could be investigated further. 

• SDHW-MD intergrated system leads to efficient utilization of the standard SDHW system in 
summer time, through reduced backup heating and pure water production. Also, MD cold side 
could be recovered for reducing DHW energy demand of around 25% and thus maximizes 
energy input to MD leading to increased distillate flux. 

• The total annual energy demand for the simultaneous production of hot water and drinking water 
is 8220 KWh (6000 KWh for pure water and 2223 KWh). So 73% energy demand for pure water 
only if hot water is recovered from MD cold side. 

• The optimum aperture areas for flat plate collector field and evacuated tube collector field for 
meeting the annual energy demand for simultaneous production of hot water and pure water has 
been identified as 8.5 m2 and 7.5 m2 respectively. 

Based on the experimental analysis and annual simulations, few practical points have to be thoroughly 
examined for real scale application of integrated system. 

Recommendations for Future Work 

• Leakage of MD cassettes above pressures of 0.2 bar on hot-side 
• Robust and well-sealed cassette is needed for long term operation  

• Direct integration with thermal store would not be a feasible option 
• Regular refilling of the tank is required 
• Unable to maintain pressures suitable for direct MD integration 
• Limitation on using other type of thermal storage tanks 

• Reduction of energy consuption by MD with increase in recovery rate 
• Enhancing condensation performance with new heat transfer surfaces 

• Seperate thermal store needed for MD for practical implementation 
• Single cassette module would not be able to fulfill annual demand for pure water if operated only 

in solar hours, therefore two cassette module would be ideal for operation 
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Appendix 1 
 

 

 

Bottle Water Consumption – A Big picture 

Numerous articles and studies from reliable sources have been published regarding the actual 
environmental impact of using bottled water.  

 In the U.S. alone, some 32 Billion plastic drinking water bottles were sold in 2009  

 In the U.A.E., more than 750 Million bottles a year – 3rd highest in the world. 

 The crude oil production that goes into making the plastic bottles… approx. 30 Million barrels of 
oil in the U.S. alone  

 U.A.E. equiv. 700 thousand barrels.  

 The energy used in water treatment (desalinate/purify/disinfect) as well as the production 
processes at the bottling plant. This has been estimated at roughly 0.25 Liter of oil for each Liter 
of drinking water.  

 For the U.A.E., that would add another 500 Thousand barrels.  

 The fuel consumed by delivery trucks (or your own car) to transport the water to/from your 
home or school adds as much as 0.10 Liter of fuel per Liter of drinking water & more than 5-20 
times or more that amount for imported water.  

 

 (Source- www.dynamic-ews.com )  
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Appendix 2 
 

Table 1: Parts List in Solar Thermal Circuit – List A 

 

Solar Thermal Collectors Circuit – List A 

S No Part Name Manufacturer Description 

1 Solar thermal collectors TISUN Max operating pressure 10bar, Snow load pressure 
300kg/m2, 47kg weight, Area 2.55 sq.m 

2 Collector frame TISUN Set without roof attachments, Installation at 40° 
raised angle, Al section & hydraulic connection set 

3 Anchor Bolt TISUN 
For Erect mounting on concrete frame, 70mm 
height compensation,5° max inclination, tensile load 
200kg 

4 Temperature sensors AlphaTemp 
PT100, 1/10th DIN, Range -20OC to 150OC, 1m 
PTFE screened cable, 6mm dia with varying 
insertion lengths 

5 Pressure sensors TISUN 0-10 bar measuring pressure range, +/-2.5% 
measuring accuracy, 0---1100C medium temperature 

6 Flow sensors TISUN 2-40l/min flow measuring range, +/- 5% accuracy, 
0-1000C temperature measuring range. 

7 Air vents Calefi -30 to 1800C working temp range, 10 bar max 
working pressure, 5 bar max discharge pressure 

8 Line regulator TISUN 
3/4" ×  3/4" , 2-12L/min, High temp bypass, 
Allows simple and direct regulation, Max Temp 
185° C, Max Op  Press 16 bar 

9 Solar Station Controller TISUN 

Two line solar station, safety group with pressure 
gauge, 10 bar solar pressure relief valve, EPP Heat 
insulation jacket, solar control with integrated 
energy balancing fully cabled 

10 Solar expansion Tank TISUN 

Cylindrical Exp tank, Red powder-coated, 50% 
antifreeze resistant, Oper temp max +99° C, Max 
oper press 10bar, Initial pressure 5.5 bar, Dia 
480mm, Height 570mm 

11 Connection set for Exp 
tank 

TISUN 
Connection set for exp tanks of 80L and over, 
DN20 corrugated SS pipe incl threaded connection 
and quick coupling. 

12 Plate heat exchanger TISUN 
Output 14KW, Max temp 160° C, Max pressure 32 
bar, Max Collector area 20m2 

13 Polyisocyanurate Pipe 
Insulation 

Styro UAE PUR35- Polyisocyanurate Pipe Insulation With 
Alu1IIinum Foil Faced, 22mm x 50mm thick. 
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Table 2: Parts List in Solar Thermal Circuit – List A 

 

Solar Thermal Collectors Circuit – List B 

S No Part Name Manufacturer Description 

1 Stratified Thermal Storage 
Tank 

TISUN 

Multi functional stratified tank, Tank vol 520, water 
operating press 6bar, Max backup tank operating 

pressure 3 bar, Max temp 110 C, Weight 178 Kg, Dia 
with insulation 850mm, Dia without insulation 

650mm, Height with insulation 1860mm 

2 Solar expansion tank Calefi 
Steel Body, SBR Synthetic rubber membrane, 4-6 barr 

max working pressure, 99 C max working temp 

3 Sensor Pocket TISUN Pocket Sensor 150×6.5mm, chrome plated 

4 Bimetallic Dial Indicator 
Thermometer 

TISUN 
DM 80/L150mm, Brass sensor pocket with 1/2'' 
male thread, Max temp measuring range 0-1200 C, 

Length 150mm 

5 Fleece Insulation TISUN 
Polyester fiber fleece with polystyrene outer shell with 
adjustable clip locks, Insulation fire resistant class B1, 

CFC free & 100% recyclable 

6 Spherical Heat Exchanger TISUN 

Pressure loss at 1.2m3/h is 0.08barr, Max collector are 
40 sq m, Max housing operating press 3 bar, Max heat 

exchanger operating press 10 bar,  Recommended 
flow quantity 20-25 l/h/m2 collector area 

7 Flange Gasket TISUN Flange Gasket (dummy flange), 130mm-1mm 

8 Galvanized Nuts & 
Washers 

TISUN M12 Galvanized nuts and washers 

9 
Temperature sensor at 

solar stratified storage tank TISUN 
PT100, l/10th DIN, Range -20OC to 150OC, 1m 

PTFE screened cable, 6mm dia with varying insertion 
lengths 
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Table 3: Parts List in Membrane Distillation Circuit 

 

 

                            

 

 

 

 

Membrane Distillation Circuit 

S No Part Name Manufacturer Description 

1 Membrane Distillation unit Scarab 
PTFE Membrane Cassette of water purification 

production of 1.5 to 2 L/hr 

2 Expansion tank Calefi Steel Body, SBR Synthetic rubber membrane, 4-6 barr 
max working pressure, 99 C max working temp 

3 Temperature Switches Burkert Type 8400, Temperature switch with display 

4 Pressure Switches Burkert Type 8311, Pressure switch with display 

5 Flow sensor Burkert 
Type 8012, Inline flow sensor with PVC S012 fitting, 
Measuring range of 0.5 to 200 l/min, PPS material, 

Paddle wheel, Flow 0.3 to 10 m/s 

6 Conductivity sensor Burkert 
Digital Conductivity compact transmitter, Cell 

constant C=0.01, conductivity measurement from 0-
1000µS/cm, 12-30V DC power supply 

7 Circulating pump  
Hot & Cold Side Grundfos 

2-1100C Liquid temperature range, 2m3/h flow rate, 
3m head, SS pump housing, 10 bar max operating 

pressure, 

8 Pressure Transmitter WIKA 
Pressure ranges from 0----6 bar, Temperature range of 
medium: -40 ... +125 °C, SS Body and parts, G1/2 B 

process connections. 

9 Industrial Weighing Scale Accurate 
Meezan 

Mild Steel Frame, SS Pan, Microcontroller based K-3 
GRAM Indicator for Panel Integration 
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Table 4: Parts List in Membrane Distillation Circuit 

 

 

 

 

 

 

 

 

 

Domestic Hot Water Circuit  

S No Part Name Manufacturer Description 

1 Domestic Hot Water 
Mixing Valve 1'' 

TISUN 
Max ope press 10 bar, Area of use max upto 8 
households, Brass material, Valve developed 
specifically for high temperatures and flows 

2 Temperature sensors AlphaTemp 

PT100, 1/10th DIN, Range -20OC to 150OC, 1m 
PTFE screened cable, 6mm dia with varying insertion 
lengths 

3 Circulating pump Grundfos 
Head – 6.4m, Flow max -3 m3/h, liquid temp range -
25 to 1100C, Liquid temp 200 C, SS AISI 304 Pump 
housing 

4 Relief valve for tank Calefi 
Brass EN 12165 CW 617N body, 5-1100C temp 
range 

5 Air vent for tank filling 
line & DHW Tank 

Calefi 
Brass body, Max working press 10 bar, max discharge 
press 2.5 bar, max working temp 1100C. 

6 Solenoid valve DHW line Burkert 
1” , Actuator controlled, Brass body, 0-10 bar 
pressure range 

7 Flow sensor Burkert 

Type 8012, Inline flow sensor with PVC S012 fitting, 
Measuring range of 0.5 to 1200 l/min,PPS material, 
Paddle wheel, Flow 0.3 to 10 m/s 

8 Pressure sensor TISUN 
0-10 bar measuring pressure range, +/-2.5% 
measuring accuracy, 0-1100C medium temperature 

9 Cold water storage tank Al Bassam 230cm ×   148cm × 160cm Horizontal type, 5 layers 
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Table 5: Description of sensors used in SDHW-MD pilot plant 

  

Sensor Detail in the Pilot plant 

S No System Designation 
Sensor 

Tag 
Power 
Supply 

IP/OP 
Current 

Range Accuracy Type 

1 MD Hot Inlet Temp NT1 24 V 4-20mA -40 to 125°C ±0.5°C PT100-Class A 

2 MD Hot Outlet 
Temp NT2 24 V 4-20mA -40 to 125°C ±0.5°C PT100-Class A 

3 MD Cold Inlet Temp NT3 24 V 4-20mA -40 to 125°C ±0.5°C PT100-Class A 

4 MD Cold Outlet 
Temp NT4 24 V 4-20mA -40 to 125°C ±0.5°C PT100-Class A 

5 MD Hot Inlet 
Pressure NP1 24 V 4-20mA 0-2 Bar ±1% of Full Scale  

6 MD Hot Outlet 
Pressure NP2 24 V 4-20mA 0-2 Bar ±1% of Full Scale  

7 MD Cold Side 
Pressure NP3 24 V 4-20mA 0-6 Bar ±0.5% of Full 

Scale  

8 MD Hot side Flow 
rate NF1 5 V 0.5-

3.5V 
1.3 to 20 

l/min ±1.5% of full scale Vortex Flow 
sensors 

9 MD Cold Side Flow 
rate NF2 5 V 0.5-

3.5V 
1.3 to 20 

l/min ±1.5% of full scale Vortex Flow 
sensors 

10 Feed Conductivity NC1 24 V 4-20mA 0.5mS/cm to 
200mS/cm ±3% of Full Scale  

11 Distillate 
Conductivity NC2 24 V 4-20mA 0.05µS/cm 

to 20µS/cm ±3% of Full Scale  

12 DHW Pressure RP1 24 V 4-20mA 0-6 Bar ±0.5% of Full 
Scale  

13 DHW Flow rate RF1 5 V 4-20mA 1.3 to 20 
l/min ±1.5% of full scale Vortex Flow 

sensors 

14 Solar Circuit Total 
Inlet Pressure SSP1 24 V 4-20mA 0-6 Bar ±0.5% of Full 

Scale  

15 Solar Circuit Total 
Outlet Pressure SSP1 24 V 4-20mA 0-6 Bar ±0.5% of Full 

Scale  

16 Solar Array 1 & 2 
Flowrate SF1 5 V 0.5-

3.5V 1 to 12 l/min ±3% of Full Scale Vortex Flow 
sensors 

17 Solar Array 3 
Flowrate SF2 5 V 0.5-

3.5V 1 to 12 l/min ±3% of Full Scale Vortex Flow 
sensors 

18 DHW Cold Supply 
Temp RT1 - - -5  to 105°C - PT 1000 

19 DHW Hot Outlet 
Temp RT2 - - -50 to 250°C ±0.3°C PT 100-Class A 

20 DHW Mixing Temp RT3 - - -50 to 250°C ±0.3°C PT 100-Class A 
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21 Solar Circuit total 
inlet temp SST1 - - -5  to 105°C - PT 1000 

22 Solar Circuit total 
outlet temp SST2 - - -5  to 105°C - PT 1000 

23 Solar Collector array 
1 inlet Temp S1T1 - - -50 to 250°C ±0.3°C PT 100-Class A 

24 Solar Collector array 
1 outlet Temp S1T2 - - -50 to 250°C ±0.3°C PT 100-Class A 

25 Solar Collector array 
2 inlet Temp S2T1 - - -50 to 250°C ±0.3°C PT 100-Class A 

26 Solar Collector array 
2 outlet Temp S2T2 - - -50 to 250°C ±0.3°C PT 100-Class A 

27 Solar Collector array 
3 inlet Temp S3T1 - - -50 to 250°C ±0.3°C PT 100-Class A 

28 Solar Collector array 
3 outlet Temp S3T2 - - -50 to 250°C ±0.3°C PT 100-Class A 

29 Storage Tank top 
layer temp STT1 - - -50 to 250°C ±0.3°C PT 100-Class A 

30 Storage Tank middle 
layer temp STT2 - - -50 to 250°C ±0.3°C PT 100-Class A 

31 Storage Tank low 
layer temp STT3 - - -50 to 250°C ±0.3°C PT 100-Class A 
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Electrical connection with ADAM Data Acquisition Modules 

40
19 1

40
19 2

40
15 5

40
15 4

40
15 3

Ch 0 -  RT 1

Ch 1 -  RT 2

Ch 2 -  RT 3

Ch 3 -  SST 1

Ch 4 -  SST 2

Ch 5 -  S 1 T 1

Ch 0 -  S 1 T 2

Ch 1 -  S 2 T 1

Ch 2 -  S 2 T 2

Ch 3 -  S 3 T 1

Ch 4 -  S 3 T 2

Ch 5 -  STT 1

Ch 0 -  STT 2

Ch 1 -  STT 3

Ch 0 -  NP 1

Ch 1 -  NP 2

Ch 2 -  NP 3

Ch 3 -  NF 1

Ch 4 -  NF 2

Ch 5 -  NC 1

Ch 6 -  NC 2

Ch 7 -  RP 1

Ch 0 -  SF 2

Ch 1 -  SF 1

Ch 7 -  NT 4

Ch 2 -  SSP 1

Ch 3 -  SSP 2

Ch 4 -  NT 1

Ch 5 -  NT 2

SPARE

Ch 6 -  NT 3

SPARE

 SPARE

SPARE

24V 
Supply

24V 
Supply

24V 
Supply

5V
 Supply

5V
 Supply

4520

+
-

+

-

+
-

+

-

+
-

+

-

 

                               

 

 



-56- 
 

Appendix 3 
 

Temperature profiles of collector outlet, storage tank and MD hot in 
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