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General Description of Project

B.E.A.R. Oceanics LLC, a limited liability corporation registered in Delaware, seeks to deploy a limited number of unmanned, self-propelled robotic vessels (macrobots) that convert wind energy into ethanol by processing seawater and carbon.  These vessels can also be configured to produce potable water.  They will operate along the offshore areas of southern New Jersey, Delaware and Maryland.  The company intends to initially deploy a single vessel, expanding to 100 over the next 5 years. They will be equipped with GPS tracking and radar, and will have their own propulsion system which will be controlled by an onboard computer or by remote commands from the Oceanics control center on land.

Vessel Description:

Length: 82 feet

Beam: 82 feet

Height above water: 73 feet

Draft (empty) 3 feet; (loaded) 6 feet

Displacement: 6 tons (empty); 250 tons (loaded)

Storage capacity: 80,000 gallons

Top speed: 14 knots

Systems: 

Main

Electrical generator: 1000 kilowatts

Electrolyzer, reformer. 

Our process uses an electrical current provided by the wind turbine to power a discrete electrolyzer, catalyst and reformer to mimic the function of the chlorophyl molecule to spontaneously form ethyl alcohol. Thus, no intermediate products are formed and the only waste stream is water vapor and oxygen. The water used is seawater and the CO2 is extracted from the surrounding air via an air liquifier. No marine organisms are used in the process. The ethanol is contained in a triple wall, aluminum compartment well inside the platform.

Auxiliary:

Radar, sonar, video (visible and IF), and equipment to measure wind speed, wind direction, air temperature, water temperature, salinity, and currents.

Controls: 

Remote operation via satellite link, VHF emergency controls and autonomous operation via PUMPCOM-M artificial intelligence.

Construction and Design:

Materials:

The macrobots are constructed of aluminum and plastic (PVC, HDPE, Shearfil, Tefzel).


Integration of the Design and its Operating Environment:


The project was designed from the outset to utilize off-shore wind and currents as a renewable power source. It was also intended to set a new paradigm for such development in which the project was not seen as a 'necessary evil' with justifiable cost/bemefits. Instead, it was designed to be a logical organic process that incorporated all needs, concerns and desires, both present and future.


To achive this it was decided that the device would not contain any materials that were pollutants. It would not use any pollutants as raw materials, and it would not produce any pollutants as intermediate or waste products. It was decided prior to commencement of the design process that the device would mimic in all possible ways, the  processes of an organism indigenous to the environment it was intended to occupy. It is our belief that only such a design can function in complete safety for the foreseeable future without introducing new problems while ending old ones.


How the Design Safeguards the Environment:


Off-shore winds occur virtually all the time which makes these locations preferable to land-based installations. However, the ocean is a unique environment that must be protected as assiduously as the land. Any project using the sea for 'out of sight, out of mind' reasons, to hide operations that would not be permitted on land was not considered.

The sea presents other concerns beyond protecting the eco-system. It is a source of recreation and commerce. Designs that interfered with these concerns were also discarded. Based on this we designed a mobile platform. Being mobile it could operate away from recreational areas and commerce shipping. It could move to locations of optimal winds. It would not be a hazard to navigation. It would not have to be a large civil construction that interfered with bottom or estruarial environments as electrical cables from fixed towers caused. It would be constructed in such a way as to render it harmless to all other vessels.

It was decided to use the wind energy indirectly to make ethanol. Ethanol is a biological form of alcohol that can be used in a variety of ways and stores safely. Even the  slightest water intrusion renders it non-flammable. At this reduced concentration it will not harm fish. It disperses harmlessly leaving no toxic residuals.

It was decided that since we were producing hydrocarbons in a pelagic environment, the design would mimic a jellyfish, a creature of the pelagic region that uses water and air to make alcoloids, a bio-toxin similar to ethyl alcohol.

Our process is very similar to photosynthesis. In photosynthesis water is bonded to carbon, taken from atmospheric carbon-dioxide, to form sucrose, a sugar. An electro-chemical shift occurs when photons excite the chlorohyl melocule which acts as a reactor/catalyst/reformer and discharges only oxygen and water vapor as waste.
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Product Storage:

The ethanol will be stored in a flexible bladder that is inside and concentric to the ballast tank, which is -- in turn -- inside and concentric to the main flotation tank. Therefore, three containers must be compromised for ethanol to leak, which would be instantly diluted to 20%, well below flammability and toxicity levels.

Rotors:

The rotors are vertical axis. The buckets, the cup shaped areas that catches the wind, are lined with aluminum, which will give the macrobots good radar visibility.  The soft construction of the rotors and slow moving nature of the design prevent it being a hazard to seabirds.


Operations: an example of stewardship over exploitation

The vessels will be located 15 to 30 miles off-shore in an area stretching from Tuckahoe, New Jersey to Assateague Island.

The vessels will operate well away from commercial traffic. The land-based operators will be able to detect -- via radar, sonar and video -- the presence of other vessels from a considerable distance.  If required, the macrobots will move to avoid other vessels.  In the event of storms they will first attempt to reach safe waters.  If this is impossible, they will submerge themselves in deep water to avoid waves and other vessels. They will broadcast continuously on both radar and sonar transponders while operating in the open sea.


The operating area is the Mid-Atlantic Bight near NJ and Delaware. This area was chosen for proximity to energy users, favorable wind and sea conditions and it is a large, relatively shallow area where tankers and freighters tend to stay in well-defined areas. The platforms are shallow-draft, drawing only 6 feet when fully loaded, and will stay in areas too shallow for commercial, cargo vessels to traverse. Preferring areas of 50 feet or less. Generally they will be far enough off-shore to be invisble to beach resorts so the normal area will be between 10 and 30 miles off-shore. We will co-ordinate with the Rutgers Marine Research Center continuously to track fish movements and locate the platforms away from known fish populations.


The operations center will be in Port Norris NJ. It will be an office next to the harbor with telephone, satellite and VHF receivers. Operators will be on duty 24 hours a day, 7 days a week when the platforms are at sea. There will also be a high speed boat with a duplication of the control equipment that can go to the platforms for direct control in an emergency situation.


The Difference betweem Tele-presence and Automation:


It is common to blur the concepts of robotics with automation. Typically, a robotic or un-manned machine is functioning automaticly, in other words, operating according to a pre-programmed set of instructions. Regardless of how complex these instructions may be, it is assumed the device is un-supervised. This is not how MACRobots operate. Where most automation concepts seek to keep the ship and eliminate the crew, our design is intended to keep the crew and eliminate much of the ship. By this I mean the vessel does not need crew quarters, for example. They are an example of telepresence. This is the direct interface of machine systems with human operators so the machine is an extension of the operator who is in direct control of the machine at all times, and as aware of the machines environment as he would be if he were physically onboard. The main risk is that the link between the operator and machine will be lost. While this could happen under severe conditions, it is no more likely to happen than for major systems to fail on a manned vessel that could render the manned vessel uncontrollable. It is our belief that due to its design, a MACRobot operating without human control is considerably less of a danger to other vessels than a manned vessel with helm or navigation systems inoperative.
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Failsafes:


Should the platforms lose their link to the control center they will immediately cease ethanol production. Next they will attempt to re-establish a link via VHF. Should this fail they will immediately go to station-keeping and activate their transponders, lights and horns as needed. If no contact is made within 4 hours or storm conditions occur while off-link, the platform will submerge itself and deploy a transponder buoy.


We will be working closely with Rutgers and the University of Delaware on a daily basis as our telemetry will augment theirs. The primary control system construction is being done by the MIT Autonomous Vehicle laboratory, who has considerable practical experience in such designs. Our software is a variant of a system used to monitor nuclear power plants and has been in use and continuous development since 1987.

***
Typical Mode of Operation:


During operation, the OGP's are under direct control from the shore station. As they move they are transmitting, in real time, video images in the both the visual and infra-red, radar plots of their surroundings, and sonar of the bottom. The operators will also have a moving plot of the seafloor showing depths. The OGPs are intended to operate in the shallow areas of 20 feet or less. Moving at 8 to 12 knots, they will be aware of all traffic to the horizon. This should give them a minimum of 30 minutes to move away from any traffic that approaches. The operators primary duty will be to continuously enter longitude and latitude of the nearest 'safe area' as the OGP's move. This is stored until the next update, as the operator decides. In the event of losing the data link, the OGP will make for that 'safe area', should it be prudent to do so. Depending on conditions, the 'safe area' will usually be where it is at the time, however, during transits the operators will mark 'safe areas' much as pilots constantly look down for places to make emergency landings. This information is always available should an emergency arise.


The OGP's also will broadcast on both radar and sonar transponders, alerting nearby vessels to their presence. Horns and lights will also be installed. Additionally, the rotor itself is a very large, passive radar target. The shore operators will have microphones and speakers as well, allowing voice communication with nearby vessels. In all practical ways, operation of the OGP's from a shore location will be indistinguishable from direct operation. It is an extension of the operators 5 senses.


The platforms also have a sophisticated artificial intelligence program that is capable of performing rudimentary safety functions. For example, should the shore link be lost, the OGP-AI will stop production and assume a fixed position, broadcasting via all available systems. Should the platform detect a vessel approaching while cut-off, it can determine if the vessel is on an intercepting course and will warn the approaching vessel. If there is no response, the AI is capable of moving the platform out of the path of the approaching vessel. It can, in fact, make for the nearest shallows from information in its data base, if such a transit does not pass near any other vessels.


The primary communication with the shore station is via a satellite Internet link. The control of the platform is not a simple analog, proportional control as you may find in a radio-controlled model. It is comparable to the fly-by-wire systems used on the most sophisticated fighter planes and airliners.


The AI knows how to perform many complex functions such as left or right turns in varying sea conditions, how to moor itself, how to locate shallow water, etc. The inputs from the control station merely tell the AI what the desired result is and the AI accesses the best way to do it at that time. Based on the current sea/weather/traffic conditions, the operators give the AI an updated 'safety plan' every 15 minutes. The operators would be continuously aware of any vessels within 20 miles and tell the AI would to do in an emergency. Of course, these 'safety plans' do not execute so long as the operators are in direct link with the AI. Should the link be lost, the AI immediately executes the last plan stored, which would be, at most, 15 minutes old.


As a back up, the AI can receive VHF analog marine radio signals. Should this be used, coded pulses, like Morse code, are sent to the AI telling it which sub-routines to use. The AI will also broadcast it's longitude and latitude so the response boat can find it quickly. The response boat would have a short-range digital link to the AI allowing direct control of the platform. At no times is the platform permitted to drift. A complete failure of the AI would result in the anchor being released automatically as the AI must tell the anchor not to release every 5 minutes.


Overall Design:

The wind turbine is a slow turning vertical axis machine design to be harmless to birds. It has an aluminum mast, stainless steel rigging and Shearfil buckets. This is an environmentally inert, flexible material developed for the Apollo space suits. It stands 65 feet tall and rotates at 23 RPM at full power. It is also lined with aluminum foil to make it highly visible to radar. 


The platform is a tensigrity structure using a 3rd magnitude octal truss made entirely of aluminum and stainless steel. It is 82feet square. It is comprised of 49 separate chambers in a 7x7 array, which serve, variously, as buoyancy, ballast, process and storage. The outer perimeter of chambers is flotation and ballast exclusively to protect the stored ethanol in the event of a collision. The structure is extremely strong, able to withstand 5000psi, but it only weighs 6 tons empty. The platforms are illuminated by lights and will have both sonar and radar transponders. The operator uses a television camera capable of both the visible and infra-red spectrum for a real-time image of the platform's location. This is overlaid with plots of other vessels, if nearby, and weather and sea data, such as temperature, wind speed, direction, humidity. Additional continuous data streams from the Rutgers Marine Research Center at Tuckahoe, NJ, LEO-15 and NDBC buoy 44009 are also integrated into the display.


The wind turbine generates 1300HP at full power and all of this can be made available, through jetpumps, to propel the platform. It is a tele-operated machine, similar to the Predator drones, with an added artificial intelligence function that allows it report its condition and perform certain functions independently should the need arise. The operators, who have direct control at all times, are graduates of either USMMA, Maine Maritime, or SUNY-Maritime, and are licensed bridge and/or engine room officers with 10+ years of experience at sea. Telemetry is sent continuously in real time, via a satellite Internet connection, with conventional VHF back-ups. Normal mode will have the platform go to a location selected by the operator. This will be an area clear of commercial shipping and fishing, where the winds are suitable. Once on station the platform will hold within 100 yards of preset location using thrusters to hold its position. During the next 12 to 48 hours the platform will fill with ethanol and request off-loading. When that time is near the platform moves to a rendezvous with a barge/tug where a crew transfers the ethanol and brings it ashore. All off-loading is done under direct human presence. Once empty, it returns to its station to repeat the process. Should bad weather be reported the platforms will either off-load to a barge and proceed to a safe harbor, or move out of the storm path to some other operating area. In an emergency the platform can submerge itself so as not to be a hazard to navigation and await retrieval after the storm passes. The platforms can go to 200 feet and hold sufficient compressed air to both hold at that depth for 5 days and refill their ballast tanks to surface when the retrieval commands are received.

Coast Guard Monitoring:

The Coast Guard will be able to monitor all telemetry on a continuous basis. Additionally, in times of emergency, the Coast Guard, if desired, can take over direct operation of the vessels to use as monitoring platforms.

