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Abstract 

    A new, cheap method for the extraction of freshwater from the sea which is fundamentally distinct from all existing methods that extract freshwater from the sea water is proposed. This method uses the hot exhaust gas (smog) of industry (for example, after a gas turbine used to turn an electric generator) and sea water.  By using the temperature difference productively, this method needs comparatively small energy input -- only for pumping water and air, not for heating or cooling. This new environmentally friendly method may be used at any point in the Earth located not far from any sea. There are three working versions: (1) Underwater heater and tube cooler; (2) Douche heater and douche cooler (immersion heater/cooler); (3) Underwater heater and underwater cooler.  
  The installation also clears the exhaust gas from ashes and soot, sulfur dioxide (SO2). The water having the high concentration carbon dioxide (CO2) may be used for growing algae for biofuel and feed. 

  Key words: Extraction freshwater, method of getting freshwater, receiving energy from exhaust gas, using the hot exhaust gas.

Introduction

  
Industry is a major part of world demand that consumes billions of tons of fuels annually (2005-2007, Oil & Gas Journal, World Oil) [1] – [19]. 

1. Oil: 84 million barrels used per day.

2. Gas: 19 million barrel equivalent used per day.
3. Coal: 29 million barrel equivalent used per day.

   
The Energy Information Administration estimates that in 2005, 86% of primary energy production in the world was from burning fossil fuels, with the remaining non-fossil sources being hydroelectric 6.3%, nuclear 6.0%, and other (geothermal, solar, wind, and wood and waste) 0.9 percent [20]. 

  
The burning of fossil fuels produces around 21.3 billion tons (= 21.3 gigatons) of carbon dioxide per year, but it is estimated that natural processes can only absorb about half of that amount, so there is a net increase of 10.65 billion tons of atmospheric carbon dioxide per year (one ton of atmospheric carbon is equivalent to 44/12 or 3.7 tons of carbon dioxide). Carbon dioxide is one of the greenhouse gases that enhances radiative forcing and contributes to global warming, causing the average surface temperature of the Earth to rise in response, which climate scientists agree will cause major adverse effects, including reduced biodiversity and, over time, cause sea level rise [21].
   
A Freshwater body contains low concentrations of dissolved salts and other total dissolved solids. It is an important renewable resource, necessary for the survival of most terrestrial organisms, and required by humans for drinking and agriculture, among many other uses [22].

Freshwater can be defined as water with less than 0.5 parts per thousand dissolved salts. Freshwater bodies include lakes, rivers, and some bodies of underground water. The ultimate source of fresh water is the precipitation of atmosphere in the form of rain and snow [23].

Access to unpolluted fresh water is a critical issue for the survival of many species, including humans, who must drink fresh water in order to survive. Only three percent of the water on Earth is freshwater in nature, and about two-thirds of this is frozen in glaciers and polar ice caps. Most of the rest is underground and only 0.3 percent is surface water. Freshwater lakes contain seven-eighths of this fresh surface water. Swamps have most of the balance with only a small amount in rivers. 

An estimated 15% of world-wide water use is for household purposes which include drinking water, bathing, cooking, sanitation, and gardening. Basic household water requirements are around 50 liters per person per day, excluding water for gardens. Many countries and regions do not have enough freshwater [24].

Desalination refers to any of several processes that remove the excess salt and other minerals from water in order to obtain fresh water suitable for animal consumption or irrigation, and if almost all of the salt is removed for human consumption, sometimes the process produces table salt as a by-product. Desalination of ocean water is common in the Middle East (because of water scarcity) and the Caribbean, and is growing fast in the USA, North Africa, Singapore, Spain, Australia and China. 

Desalination of brackish water is done in the United States in order to meet treaty obligations for river water entering Mexico. Several Middle Eastern countries have energy reserves so great that they use desalinated water for agriculture. Saudi Arabia's desalination plants account for about 24% of total world capacity.

Numerous methods for desalination exist including: Distillation, Evaporation/condensation, and Multiple-effect. Membrane processes, Electrodialysis reversal, Nanofiltration, Freezing, Solar humidification, Methane hydrate crystallization, vacuum distillation, and so on. What they have in common is that they all require a great deal of energy and, as a result, produce freshwater at a high cost.  The largest desalination plant in the United States is located in Tampa Bay, Florida, which began desalinating 25 million U.S. gallons (95,000 m³) of water per day in December 2007 [24].  

Economics.   A number of factors determine the capital and operating costs for desalination: capacity and type of facility, location, feed water, labor, energy, financing and concentrate disposal. Desalination stills now control pressure, temperature and brine concentrations to optimize the water extraction efficiency. Nuclear-powered desalination might be economical on a large scale, and there is a pilot plant in the former USSR [19].
Critics point to the high costs of desalination technologies, especially for poor third world countries, the impracticability and cost of transporting or piping massive amounts of desalinated seawater throughout the interiors of large countries, and the "lethal byproduct of saline brine that is a major cause of marine pollution when dumped back into the oceans at high temperatures". While noting that costs are falling, and generally positive about the technology for affluent areas that are proximate to oceans, one study argues that "Desalinated water may be a solution for some water-stress regions, but not for places that are poor, deep in the interior of a continent, or at high elevation. Unfortunately, that includes some of the places with biggest water problems. Indeed, one needs to lift the water by 2000 m, or transport it over more than 1600 km to get transport costs equal to the desalination costs. Thus, desalinated water is only really expensive in places far from the sea, like New Delhi, or in high places, like Mexico City. Desalinated water is also expensive in places that are both somewhat far from the sea and somewhat high, such as Riyadh and Harare. In other places, the dominant cost is desalination, not transport. This leads to relatively low costs in places like Beijing, Bangkok, Zaragoza, Phoenix, and, of course, coastal cities like Tripoli [20] .

Exhaust gas is flue gas which occurs as a result of the combustion of fuels such as natural gas, gasoline/petrol, diesel, fuel oil or coal. It is discharged into the atmosphere through an exhaust pipe or flue gas stack. Since ambient air contains about 79 volume percent gaseous nitrogen (N2), which is essentially non-combustible, the largest part of the flue gas from most fossil fuel combustion is uncombusted nitrogen. The next largest part of the flue gas is carbon dioxide (CO2) which can be as much as 10 to 15 volume percent or more of the flue gas. This is closely followed in volume by water vapor (H2O) created by the combustion of the hydrogen in the fuel with atmospheric oxygen. Much of the 'smoke' seen pouring from flue gas stacks is this water vapor forming a cloud as it contacts cool air [21].

Although the largest part of most combustion gases is relatively harmless nitrogen (N2), water vapor (H2O) (except with pure-carbon fuels), and carbon dioxide (CO2) (except with hydrogen as fuel), a relatively small part of it is undesirable noxious or toxic substances, such as carbon monoxide (CO), hydrocarbons, nitrogen oxides (NO2), partly unburnt fuel, and particulate matter. A typical flue gas from the combustion of fossil fuels will also contain some very small amounts of sulfur dioxide (SO2) [22].

 


  


                                                      Exhaust gas from an industrial plant
Description of offered method

  
This method uses exhaust industrial gases for producing the fresh-water and decreasing ambient smoke in the atmosphere. Currently, electric, heat and other industry plants discharge into the atmosphere hot exhaust gas after burning natural gas, oil, coil or other fossil fuel. This hot gas contains water vapor and a great deal of heat energy, which can be used for production of fresh water. Our proposal utilizes this energy for conversion the water vapor and sea water into fresh water.  We offer three simple and cheap installations connected with electric, heat or other industry plants which produce exhaust gas which otherwise would otherwise be discharged into the atmosphere, polluting the environment. 

The installation can create hundreds of thousands tons of freshwater per year. This fresh water is very cheap because the suggested installations are cheap and require very little energy for a flow of the exhaust gas through the installation. In addition, the offered installation clears the exhaust gas from ashes, soot and sulfite SO2.  The carbon dioxide, CO2, rather than contributing to global warming can be utilized constructively by dissolving it in sea water and production of salt tolerant algae may use this CO2,  stream in manufacturing artificial oils. 
   
The suggested installations (for desalination) are shown in Fig.1. The first version (Fig.1a) contains the underwater evaporator (heater) and tube cooler. The ventilator 3 moves the hot exhaust gas through a thin (5 – 10 cm) layer of sea water into the boiler 1, heats the sea water up 100oC and vaporizes it. The exhaust gas conventionally contains 5-15% of water vapor. After the boiler the gas contains about 70% of water vapor (see computation below). This gas goes to the cooler 2 (it may be a conventional tube radiator) where the sea water having the temperature 15-25oC cools the gas up 30oC and about 95% of vapor condenses into fresh water.

The second version (Fig.1b) contains a douche evaporator (heater) 1 and a douche cooler 10. The refrigerant takes fresh water from a special open reservoir. After condensation of vapor the amount of fresh water and temperature increases. The atmospheric air cools the warm fresh water in an open large reservoir. 
  
The third version (Fig.1c) has the underwater heater (evaporator) 1 and underwater cooler 11. The exhaust gas is blown out through tubes having many small holes. The tubes located under water layer 5 – 10 cm. The evaporator is layer of the sea water. The hot gas evaporates sea water. The resultant hot mixture gas has temperature of 100oC and contains about 70% water vapor. Gas is blown out through tubes having a lot of small holes and located in the cooler. The tubes located under water layer 5 – 10 cm.  The underwater cooler contains the fresh water and has a large surface. The gas temperature decreases up 30oC. The 95% of vapor condenses into fresh water. The water then cools in the open reservoir.    



[image: image2]
Fig.1. Gas desalter of sea water. a) Underwater evaporator (heater) and tube cooler; b) Douche heater (evaporator) and douche cooler; c) Underwater evaporator (heater) and underwater cooler. Notations: 1 – heater (boiler, evaporator); 2 – cooler-radiator; 3 – gas pump (ventilator); 4 – exhaust gas; 5 - sea water; 6 – sea water enter; 7 – sea water exit; 8 – fresh water; 9 – exhaust gas exit; 10 – douche cooler; 10 – underwater cooler. 

Computations and Estimations

   A reader may derive the equations below from well-known physical laws. Therefore, the authors do not give detailed explanations.

1. Amount of water in atmosphere. Amount of water in a given body of air depends upon temperature and humidity. For relative humidity = 100% the maximum partial pressure of water vapor is shown in Table 1.


Table 1. Maximum partial pressure of water vapor in atmosphere via air temperature

	t, C
	 -10
	   0
	  10
	  20
	  30
	  40
	  50
	  60
	  70
	  80
	  90
	100

	p,kPa
	0.287
	0.611
	1.22
	2.33
	4.27
	7.33
	12.3
	19.9
	30.9
	49.7
	70.1
	101


The amount of water in 1 m3 of air may be computed by equation
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where mW is mass of water, kg in 1 m3 of air; p(t) is vapor (steam) pressure from Table 1, relative h = 0 ( 1 is relative humidity. The computation of equation (1) is presented in fig.2. Typical relative humidity of atmosphere air is 0.5 - 1.
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Fig. 2. Amount of water in 1 m3 of air versus air temperature and relative humidity (rh). t1 = 0 oC.


2. Heat capacity of fuel.

Table 2. Heat of combustion (MJ/kg) [19].
	Benzene     44
	Mazut 30–41
	Natural gases 42–47
	Wood 15-30

	Diesel fuel 43
	Spirit 27.2
	Hydrogen 120
	Peat 6 –11

	Kerosene   43
	Coal 15–27                      
	Acetylene 48
	gunpowder 3


(Note: Mazut is a low quality heavy fuel oil used especially in Russia and the Far East)

3. Amount of fuel per year and pollution of ashes and soot by the heat-electric plant of power 1000 MW (typical electric power has 2000 - 5000 MW).

                     Table 3. Pollution by the heat-electric plant of power 1000 MW [24]
	Finger/Used fuel
	Coal
	Mazut
	Natural gas

	Mass of fuel per 1 year, ton
	2.3 ×106
	1.6 ×106
	1.5 ×106

	Mass of ashes and soot, ton
	4500
	730
	460

	Mass of exhaust gas, ton*
	7.2 ×106
	6.4 ×106
	6.84 ×106


* Together with water vapor.

The main part (up to 98%) of natural gas is methane, CH4. 

Project
getting the freshwater by exhaust gases of the electric plants used natural gas.

   1) Let us compute the freshwater received from burning 1 kg of natural gas after use by electric plant (using hot exhaust gas after it leaves the gas turbine). Natural gas is methane (about 95%) CH4 (molecular mass is 18). After burning we get the CO2 (m. mass is 44) and 2H2O (m. mass is 36). Together with the air’s nitrogen (8 × 28 = 224) the exhaust gas has molecular mass of ~304. About 36/304  ~ 12% of exhaust gas is water vapor or 1 kg of fuel gas produces 36/18 = 2 kg of water.
   2) The natural gas has the heat capability 45×106 J/kg. Efficiency coefficient of typical electric plant is η = 0.3. Consequently, the exhaust gas contains 70% of fuel energy, 
                                                    Q = 0.7 ×45×106 = 31.5 MJ. 
3) The vapor thermal capacity is r = 2260 kJ/kg, the water heat capacity is cp = 4.19 kJ/kg/K. That means about 87% of the gas energy may be used for evaporation of sea water. Mass of vapor is
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  Summary result: 1 kg of natural gas can produce about 2 + 12 = 14 kg of fresh water.
 4) Requested sea water for cooling (from 100 to 30oC) is 
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5) Let as take the heat transfer condensation coefficient k = 2500 W/m2K (water vapor – water) [23] the requested gas radiator surface for average gradient of temperature 70/2 = 35oC is
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   The forward radiator area is less by 30 - 40 times. It is about 360/36 =10 m2 or 3.2×3.2 m.
6) Productivity. The 1 kg/s of fuel is equivalent to plant power of P = ηQ = 0.3×45×106 = 13.5 MW. 
   The average electric plant has power 2000 - 5000 MW.  If the electric plant has power P = 3000 MW the fuel consumption is 3000/13.5 = 222 kg/s and the fresh water production is 
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Note: That is 2.8 times more than the most power desalination plant in the USA in Tampa Bay, Florida, which began desalinating 25 million U.S. gallons (95,000 m³) of water per day in December 2007.
7) Economics. The cost of installation is about $500K - $1000K. Lifespan of the installation is 10 - 25 years. Maintenance about $50K/year. Power of ventilators is 50 kW. Production cost of fresh water is $0.03-0.08/m3. If retail price is $0.5/m3, profit exceeds $50M/year.

Conclusion 

  Author began this research as investigation of new method for obtaining cheap freshwater from the atmosphere. In processing the research he discovered that the method he was studying might be simplified if we would employ the exhaust gas for evaporation and sea water for cooling. 

      A new, cheap method for the extraction of freshwater from the sea which is fundamentally distinct from all existing methods that extract freshwater from the sea water is proposed. This method uses the hot exhaust gas (smog) of industry (for example, after a gas turbine used to turn an electric generator) and sea water.  By using the temperature difference productively, this method needs comparatively small energy input -- only for pumping water and air, not for heating or cooling. This new environmentally friendly method may be used at any point in the Earth located not far from any sea.
     The installation also clears the exhaust gas from ashes and soot, sulfur dioxide (SO2). The water having the high concentration carbon dioxide (CO2) may be used for growing algae for biofuel and feed. 
   The method does not need unknown or unusual technology. The methods of computation and estimation are developed.

     The computed project shows:  The average electric plant has power 2000 - 5000 MW.  If the electric plant has power P = 3000 MW the fuel consumption is 3000/13.5 = 222 kg/s and the fresh water production is 3.1 kL/s = 11160 tons/hour = 268 thousands ton (cub. m)/day = 96 millions ton (cub. m)/year. 
    That is 2.8 times more than the most power desalination plant in the USA in Tampa Bay, Florida, which began desalinating 25 million U.S. gallons (95,000 m³) of water per day in December 2007.
Production cost of fresh water is $0.03-0.08/m3. If retail price is $0.5/m3, profit exceeds $50M/year.
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