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SOLAR SYSTEMS COMPRISING SELF SUSTAINABLE CONDENSATION, 

WATER COLLECTION, AND CLEANING SUBASSEMBLIES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority to U.S. Patent Application No. 14/597,404, 

filed January 15, 2015, entitled “Solar System Comprising Self Sustainable 5 

Condensation, Water Collection, and Cleaning Subassemblies” (Docket SA 6012 PA), 

the contents of which are hereby incorporated by reference in their entirety. 

BACKGROUND 

[0002] The present disclosure relates to photovoltaic, thermal, and other types of solar 

systems where a transmissive or reflective light receiving surface is exposed to the 10 

ambient and is subject to particulate contamination.  More specifically, the present 

disclosure introduces technology for addressing particulate contamination of the light 

receiving surfaces utilized in such solar systems. 

BRIEF SUMMARY 

[0003] According to the subject matter of the present disclosure, a solar system is 15 

provided comprising condensation, water collection, and cleaning subassemblies that 

are configured to address the performance issues that arise from particulate deposition 

on particular light receiving surfaces of the solar system, as employed in urban, remote, 

or offshore locations.  The subject matter of the present disclosure is suitable for 

construction of self-sustained solar systems that induce the condensation of humidity 20 

present in ambient air, capture and collect the condensed water, and clean particular 

light receiving surfaces of the solar system using the collected water. 

[0004] In accordance with one embodiment of the present disclosure, expansion of 

compressed air is used to cool a light receiving surface of the solar system.  Ambient 

humidity condenses on the light receiving surface, which also serves as the water 25 

collection media of the system.  Captured water is collected in, for example, a vessel 

placed at the bottom edge of the surface, filtered for dust removal, and subsequently 

stored in a pressurized water tank. Compressed air is then used to elevate and pressurize 

the stored water and deliver it to a shower head pipe, or any other aqueous cleaning 

system.  The shower head pipe is preferably placed at the top edge of the light receiving 30 

surface and equipped with water jet sprayers, nozzles, sprinklers, etc., which are aligned 

to affect efficient surface cleaning.  It is contemplated that this 
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CLAIMS 

 

1.  A method of operating a solar system comprising a light receiving 

surface, a condensation subassembly, a water collection subassembly, a cleaning 

subassembly, one or more ambient sensors, a compressed air supply, and a process 5 

controller, wherein the method comprises:  

receiving light at the light receiving surface of the solar system, the light 

receiving surface exposed to ambient air;  

the condensation subassembly comprises an expansion chamber that is thermally 

coupled to the light receiving surface and thermally insulated from the ambient air;  10 

controlling a compressed air expansion valve to release compressed air from the 

compressed air supply into the expansion chamber of the condensation subassembly 

wherein compressed air pressure of the compressed air supply differs from ambient 

pressure and the compressed air expands in the expansion chamber to thermally cool at 

least a portion of the light receiving surface below a dew point temperature of the 15 

ambient air to condense water from humidity in the ambient air on the light receiving 

surface by indirectly thermally cooling the light receiving surface via the thermal 

coupling of the light receiving surface and the expansion chamber of the condensation 

subassembly;  

collecting the water from the light receiving surface into a water collection 20 

vessel of the water collection subassembly via water direction hardware positioned to 

direct the condensed water on the light receiving surface to the water collection vessel;  

dispensing the collected water from the water collection vessel via a cleaning 

fluid duct of the cleaning subassembly over the light receiving surface via a water 

dispensing unit of the cleaning subassembly; and  25 

controlling the release of the compressed air from the compressed air supply 

through the compressed air expansion valve as a function of at least one of a 

temperature condition, a humidity condition, and a wind speed condition of the ambient 

air based on an output of the one or more ambient sensors.  

 30 

2.  The method of claim 1 wherein the light receiving surface comprises a 

reflective face of a solar reflector module and the expansion chamber of the 
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condensation subassembly is thermally coupled to a backside of the solar reflector 

module.  

 

3.  The method of claim 1 wherein the light receiving surface comprises an 

input face of a photovoltaic module and the expansion chamber of the condensation 5 

subassembly is thermally coupled to a backside of the photovoltaic module.  

 

4.  The method of claim 3 wherein:  

the compressed air supply is coupled to the compressed air expansion valve of 

the condensation subassembly; and  10 

the photovoltaic module is configured to dedicate a portion of its photovoltaic 

output to the compressed air supply.  

 

5.  The method of claim 4 wherein the solar system further comprises a 

supplemental power receptacle configured to permit system operation under 15 

supplemental power when the photovoltaic output of the photovoltaic module falls 

below a minimum operational threshold.  

 

6.  The method of claim 1 wherein the light receiving surface comprises a 

transparent hydrophobic coating.  20 

 

7.  The method of claim 1 wherein the light receiving surface comprises an 

input face of a photovoltaic module and the method further comprises:  

measuring a photovoltaic system performance of the photovoltaic module using 

a photovoltaic module power monitor;  25 

comparing the photovoltaic system performance level to a hypothetical 

expected-maximum photovoltaic system performance level to determine a system 

performance degradation; and  

dispensing water over the light receiving surface using the cleaning subassembly 

with regard to minimizing the system performance degradation.  30 
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8. The method of claim 1 wherein the solar system comprises a plurality of 

light receiving surfaces arranged to define an array of solar units, each associated with a 

condensation subassembly, a water collection subassembly, and a cleaning subassembly. 

 

9.  The method of claim 1 wherein:  5 

the solar system comprises a plurality of light receiving surfaces arranged to 

define an array of solar units, each associated with a condensation subassembly, a water 

collection subassembly, and a cleaning subassembly; and  

the compressed air supply comprises a central compressed air supply or a 

plurality of dedicated compressed air supplies in communication with individual solar 10 

units of the array of solar units.  

 

10.  The method of claim 1 wherein:  

the compressed air supply comprises a water trap positioned to dehumidify 

compressed air from the compressed air supply before the compressed air enters the 15 

expansion chamber of the condensation subassembly;  

the water trap is placed in fluid communication with the water collection vessel 

of the water collection subassembly via a supplemental water collection valve; and  

the water trap prevents water entrainment on the interior surfaces of the 

condensation subassembly.  20 

 

11.  The method of claim 10 wherein:  

the water trap comprises cooling fins to condense humidity in the compressed air 

to prevent water entrainment on the interior surfaces of the condensation subassembly.  

 25 

12.  The method of claim 1 wherein:  

the light receiving surface comprises an input face of a photovoltaic or solar 

reflector module; and  

one side of the expansion chamber of the condensation subassembly is thermally 

coupled to a backside of the module via a thermal conductivity material. 30 
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13.  The method of claim 12 wherein an opposite side of the expansion 

chamber of the condensation subassembly comprises a layer of thermally insulating 

material.  

 

14.  The method of claim 1 wherein the water collection subassembly 5 

comprises a water collection filter positioned to remove particulates from the condensed 

water before it is directed to the water collection vessel.  

 

15.  The method of claim 1 wherein the water dispensing unit of the cleaning 

subassembly terminates in one or more water spray nozzles directed at the light 10 

receiving surface and comprises one or more cleaning accessories.  

 

16.  The method of claim 15 wherein the cleaning subassembly comprises a 

water diversion valve positioned to selectively divert wastewater generated by the 

activation of the cleaning subassembly from, or direct filtered wastewater to, the water 15 

collection vessel.  

 

17.  The method of claim 1 wherein the process controller activates the water 

dispensing unit of the cleaning subassembly for cleaning the light receiving surface 

prior to activation of the water collection subassembly for humidity condensation and 20 

water collection on the light receiving surface.  

 

18.  The method of claim 1 wherein the solar system comprises an ambient 

temperature sensor, an ambient humidity sensor, or a combination thereof, wherein the 

process controller activates the water collection subassembly as a function of ambient 25 

temperature, humidity, or a combination thereof.  

 

19.  The method of claim 1 wherein:  

the light receiving surface comprises an input face of a photovoltaic module;  

the solar system comprises a photovoltaic module power monitor and the 30 

process controller; and  
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the process controller activates the cleaning subassembly as a function of power 

generated by the photovoltaic module, as sensed by the power monitor.  

 

20.  The method of claim 1 wherein:  

the solar system comprises the compressed air supply and the process controller;  5 

the compressed air supply is coupled to the compressed air expansion valve of 

the condensation subassembly; and  

the process controller activates the cleaning subassembly as a function of air 

pressure in the compressed air supply.  

 10 

21.  The method of claim 1 wherein:  

the solar system comprises the one or more ambient sensors, the compressed air 

supply, and the process controller;  

the compressed air supply is coupled to the compressed air expansion valve of 

the condensation subassembly; and  15 

the process controller controls the release of compressed air from the 

compressed air supply through the compressed air expansion valve by measuring 

activation conditions that comprise release duration, pressure drop, or a combination 

thereof, such that  

a negative air pressure gradient is formed across the expansion valve that is 20 

sufficient to lower the air temperature inside the expansion chamber and the surface 

temperature of the light receiving surface below the dew point temperature of the 

ambient air causing condensation to form on the light receiving surface.  

 

22.  The method of claim 1 further comprising operating the solar system by 25 

controlling activation conditions of the water collection subassembly as a function of air 

pressure in the compressed air supply and ambient sensor output and by the steps of 

controlling the release of compressed air from the compressed air supply through the 

compressed air expansion valve, wherein compressed air is not released from the 

compressed air supply until the water dispensing unit of the cleaning subassembly has 30 

cleaned the light receiving surface and the air pressure of the compressed air supply is 

sufficient to activate the condensation subassembly.  
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23.  The method of claim 1 further comprising:  

determining an optimal frequency, duration, or time-of-day for activation of the 

cleaning and collection subassemblies with regard to maximizing photovoltaic output of 

the light receiving surface, wherein the light receiving surface comprises an input face 5 

of a photovoltaic module; and  

operating the cleaning and collection subassemblies with regard to maximizing 

the photovoltaic output of the light receiving surface. 


