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Background

Despite much publicity following Rio, Kyoto, Nairobi, Bali and G8 summits and despite profits of billions of Euros from the first round of carbon trading and despite the recession there is no sign of any reduction of the upward acceleration of the Keeling curve [1].  Developing countries will be understandably tempted to put the improvement of their standard of living above any effort at reducing emissions of green-house gases.   The losses of Arctic ice and the releases of methane from permafrost are occurring at rates much higher than foreseen by early IPCC reports. We cannot be sure how close we are to a tipping point at which methane takes over from carbon dioxide as the main greenhouse gas. All geo-engineers will agree that while reducing emissions is the best solution to climate problems the lack of certainty that enough can be achieved in time means that it should not be the only one.  The specific objective of this proposal is the design and laboratory testing of the most important hardware item for a project to control and even reverse world temperature increases.
One of several ideas was proposed by John Latham in 1990 [2] [3].  It involves the exploitation of the Twomey effect [4] to increase the reflectivity of marine stratocumulus clouds. Twomey showed that the reflectivity of a cloud top depends on the size distribution of the drops. For the same liquid water content a large number of small drops reflect more than a smaller number of large ones.  Even if the relative humidity of a parcel of air exceeds 100%, drops cannot form without some form of seed, known as a cloud condensation nucleus. Over land there are plenty of these, 1000 to 5000 of these in each cubic centimetre of air.  But in mid-ocean air masses the number is much lower, often below 100 [5] and sometimes below 20.  The shortage of nuclei means that liquid water in the cloud has to be in large drops, up to 30 microns in diameter.  Latham suggested that spraying sub-micron drops of sea water into the bottom of the marine boundary layer. They would evaporate rapidly and the salt residues would be dispersed by turbulence through the boundary layer with some reaching cloud top where they would act as ideal condensation nuclei.  The Twomey effect was discovered following observation of ship trails which are sometimes generated when sulphate in stack gas provide condensation nuclei.  The effect can be demonstrated by jars filled with glass balls of different sizes, see tail piece.
The amount of surface tension energy needed to create a drop is many orders of magnitude lower than the amount of extra solar energy that it will reflect back to space.  The ratio depends on the cloud depth, boundary layer depth, the liquid water content, the drop life but mainly on the initial number concentration of condensation nuclei.  If reasonable values for these parameters are used with Twomey’s equations they predict that a global spray rate less than 10 cubic metres per second could reverse the thermal effects of all the anthropogenic emissions since pre-industrial times and that less than 70 cubic metres per second should cancel the 3.7 watts per square metre expected for a doubling of pre-industrial C02.   Three independent climate models have confirmed the large energy gain and on-going work, particularly by Rasch [6] at NCAR and Pacific North West Laboratories is producing results for spraying in various places.
Estimates for drop lifetime range from one day to two weeks.  A short life has the advantage that the process can be tried at a small scale, controlled locally and stopped very quickly if necessary.  However, it also means that it must be done continuously until the replacements for fossil fuel energy are in place.  

Methodology and approach
We know that the position of the best spray sites varies with the seasons. This points to mobile spray sources. The need to stay on station for long periods suggests the use of wind as a process energy source.   Modern satellite communications and navigation allows remotely controlled, unmanned operation which removes problems of supplying food and water to many separated mid-ocean points.  The Flettner propulsion system, first used in 1926, gives a computer-friendly substitute for textile sails and rope rigging and also excellent aerodynamic performance. Wind-driven spray vessels can generate energy by dragging turbines like over-sized propellers through the water.     Several years of design work have led to plans for a 300 tonne trimaran with a water line length of 45 metres and a plant rating of 150 kW which could spray 30 kg of water a second from three spray systems housed in the Flettner rotors.  The key problem is the design of an energy-efficient spray-generating system.   This proposal is to build and test in the laboratory, a spray-generation module which could be tested at sea on a conventional ship and could later fit the equipment mountings planned for wind driven vessels.   

Atmospheric physicists recommend a mono-disperse drop diameter of around 0.8 microns, very much smaller than a 15-micron drop from the very best inkjet printers.  Many drop generation techniques have been studied.  The most efficient one behaves exactly like a garden watering can but with billions of sub-micron nozzles etched in a silicon wafer and a pressure wave from a piezo electric transducer. However this raises the problem that nozzles can be clogged by objects even smaller than their diameter. Raw sea water contains large amounts of material and micro-organisms which are much bigger than the nozzles.  Fortunately several manufacturers have developed ultra-filtration modules which were designed to remove polio viruses from drinking water and can filter down to 0.01 microns, 80 times smaller than our proposed nozzles.  

Design of the spray system [7] is well advanced and is shown in Figure 1.  Pumping is by a Grundfos down-hole pump with stainless steel parts which the manufacturers say will be satisfactory in sea water.  Filtration is by a group of 8 Norit X-flow Seaguard ultra-filtration modules with strengthened casings to increase their pressure capability, mounted in a circle surrounding the pump. These have a good track record for pre-filtration in reverse osmosis of sea water [8].  They need back-flushing at intervals of about 30 minutes to prevent build up of filtrand.

Conventional land-based filtration uses groups of filters connected point-to-point by individual pipes and fittings reminiscent of 1950 hand-wired electronics.  This is satisfactory for equipment built on a solid floor. But the applicant has learned painfully that it is a fatal mistake to use designs which have evolved for use on land in a marine application without very careful thought. The acceleration and hull deflections expected for use at sea make pipes and fittings unsuitable. They will be replaced by an integrated block of four plastic mouldings containing all the passageways to connect the pump to valves and filters. Each filter must have two valves so that any one can be back-flushed with water being filtered by the rest.  Switching will be done with blister valves, the watery equivalent of a field-effect transistor, using the deflection of a rubber sheet to avoid the creation of even the smallest amount of wear debris.

Figure 2 is a drawing of the wafer housing. Filtered water will go to a large number of submicron micro-nozzles etched through an 8 micron thickness of silicon. These will meet an array of 50 micron holes etched through the full wafer thickness. The wafer will be supported by a grill of holes drilled through a 20 mm plate of stainless steel.  The hole spacing will be chosen to give a stress concentration factor of about four relative to a continuous thick plate.  Losses are dominated by viscosity in the 0.8 micron holes. Ultrasound waves from flat piezo-electric source allow the drop size to be reduced from the Rayleigh 1.89 times nozzle diameter prediction.  The wafer housing allows filtered fresh water to be fed to the outside of the wafers at a higher pressure than the salt feed.  This will back-flush the micro-nozzles.  The opening of a dump valve will eject the clogging material. Micro-fabrication technology is excellent for producing very large numbers of identical features. For example the next Intel computer chip will have 2.4 billion holes, every one of which must be correctly placed.  
Figure 1. Assembled and exploded views of the 10 kg/sec the pump-filter system. The weight is 2400 kg, the height is 3.6 metres and the equipment can fit inside through a 1-metre diameter socket.[image: image1.emf]
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A pocket demonstration of the Twomey effect.  The jar on the left contains 4 mm diameter glass balls and an albedo of about 0.6. The ones on the right are 40 microns with an albedo over 0.9. 
