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Executive Summary 

In the past, the Juracan Energy Team worked on designing wind turbines and wind projects around the 

island of Puerto Rico. However, the islands of the Caribbean are prone to extreme natural disasters, such 

as hurricanes, tsunamis, flooding, earthquakes, and erosion. These events disrupt utility services like water 

and electricity in some communities making it very difficult to procure investment on these on-land 

renewable energy systems. Juracan envision that for an energy efficient future for Puerto Rico these systems 

should be designed with the mentality of self-protection given these extreme scenarios. Entering the MECC 

2020, our team sought the idea of both guiding the economy to a more energy efficient future but also 

increasing the overall clean water availability worldwide through reduction in energy demand in 

desalination systems. Specifically, the team proposes a wave energy converter that helps delivering water 

for a Reverse Osmosis system. 

Desalination within the Blue Economy represents a unique commercial opportunity for rural coastal and 

island stakeholders where clean water is scarce. The idea of providing a continuous supply of water at little-

to-no electric consumption is promising solution for these coastal communities. The goal is to find a feasible 

way for this technology to operate as a commercially viable option for both water production and disaster 

relief scenarios. The proposed design is inspired by Resolute Marine’s Wave2OTM system due to their 

team’s potential in disaster relief scenarios. The current prototype named after the team’s name the 

JETBuoy, is one of the many first steps in making desalination treatment cost effective by transitioning to 

energy efficient methods of mass production.  

The current system is proposed as a substitute for the centrifugal pump that delivers water from the sea to 

the treatment plant or system. Designed with material resistant to ocean conditions and weather degradation 

while maintaining cost low make the JETBuoy an excellent candidate for prototype testing and future 

development for commercial use. Deployed in conjunction with commercially available modular water-

treatment-systems the system can deliver 120,000 gallons of clean water per day while yielding energy cost 

savings related to less electrical loads of over $5,000 of annual revenue.  
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1 Business Plan 

1.1 Concept Overview 

Juracan Energy is a student team assembled to participate in the Department of Energy Collegiate Wind 

Competition 2016 by the Universidad del Turabo, known now as Universidad Ana G. Mendez. The team 

participated in the subsequent CWC 2017 and CWC 2019 competitions, winning awards such as the 

Resiliency Award, twice won the People’s Choice Award and Bonus Challenge in the CWC 2016. The 

team’s goal has always been promoting renewable energy as a viable option in coastal communities with 

scarce resources. The name Juracan is derived from the Taino deity Juracán who was once believed to be 

goddess lady of the winds, storms, and destruction. [1] Juracan Energy represents the hardships from being 

and island community and how we seek energy stability through storms and destruction we island 

communities are exposed to.   

Renewable energy systems require vast amounts of space for large scale energy production. However, 

Islands do not have much space for these systems to be viable options for investors and for development. 

Also, as it comes with small spaces, resources are hard to come by at times. Such was the case in Puerto 

Rico in 2014 drought crisis. Juracan Energy believes these communities can take advantage of the ample 

resource’s ocean provides and their closeness to it. Correctly done, a desalination system can aid the water 

scarcity we face and can aid disaster relief as freshwater is disrupted for extended periods of time.  

1.2 Global Market Opportunity 

Desalination is an energy-intensive process, as explained in the Powering the Blue Economy Report. 

Juracan visualizes a renewable energy system could be used to reduce the energy demand from the process. 

The energy required to run pumps capable of reaching the osmotic pressure of seawater (800-1,000 Psi) is 

estimated around 25%-40% the cost of water. [2,3] Percentage which only becomes higher considering the 

higher cost of water and electrical utility seen in these water scarce communities as is the case with Puerto 

Rico. A renewable system that directly pumps seawater through partial pressurization could alleviate the 

cost associated with pumping water in a Reverse Osmosis Water treatment plant.  

The United States Environmental Protection Agency (EPA) states how easy it is to forget water usage since 

is also used in ways the communities do not get to see. Based on EPA data, 45% of fresh water is used just 

to meet the nation’s energy demand. Also, 32% goes to Irrigation and just 12% for public distribution (39 

billion gallons of water). As of 2015 the United States Reported 322 billion gallons of water withdrawals 

per day where 41 billion belongs to saline water. [4] However, as seen in Powering the Blue Economy, the 

current capacity of water desalination is at 500,000 m3/day of water (132 million gallon per day) and it is 

expected to rise by 20% in 2020. [3] 

1.2.1 Why Reverse Osmosis? 
It is all about increasing freshwater availability. The world’s freshwater availability rests at a low 0.8%. 

[5,6,7] Now, if we consider the 20% desalination increase, one could be expecting around 600,000 m3/day 

of water just in the US. [3] That alone would increase the percentage of usable water in the United States 

up by 0.05%. Ideally, this number should be higher as to have more freshwater available. Nowadays, 

advances in water desalination technologies have reduced their costs and therefore, make these systems 

more viable for implementation in a wider range of locations. It is expected that water desalination will get 

even more affordable as technologies keep advancing. As it currently is, the cost associated with 

desalinating water is $3 to $4 per 1,000 gallons of water. [7] That compared to the state average of $1.5 per 

1,000 gallons of water means water desalination is a bit over twice the normal cost of water. [8,9] 
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Because of the energy inherent demand of the process, it is more expensive to produce water. This process’ 

principle, is to separate the salt and dissolved solids out of the water. Doing so, reduces the dissolved salt 

in the water to consumable levels, usually around 2%. However, water desalination could be easily 

incorporated with ocean energy converters to reduce energy consumption. Many sources concur that if 

correctly done, an energy converter that directly pressurizes water could produce freshwater at little to no 

electrical cost. This would make desalination a more competitive and affordable market as any decrease in 

the cost gets us closer to the current price of water distribution. For further reference, the aftermath of 

hurricanes Irma and Maria communities where left without water for months due to their reliance on 

electrical power to move the water distribution pumps. These initiatives lead the Federal Emergency 

Management Agency (FEMA) and other agencies to provide over $14billion in recovery aid. [10] This 

technology could have aided the recovery process for Puerto Rico.  

1.3 Relevant Stakeholder 

Clean water is an important resource for life. It is used in everyday life activities such as nourishment of 

people and animals, industry, irrigation and cleaning and sanitation of areas. Therefore, it is in the best 

interests of governments to help areas where water scarcity is the main problem due to natural disasters, or 

the region’s geology and climate. Natural disasters come at great expense, not only monetarily but in quality 

of life for the survivors of the affected communities. Regions affected by natural disasters are at risk of 

losing lives due to dehydration and proliferation of diseases due to unsanitary conditions and the 

consumption of contaminated water. Governments can mitigate said issues by implementing technological 

solutions like the JETBuoy using disaster relief funds provided by agencies such as the Federal Emergency 

Management Agency (FEMA). [11] This system can also help inland communities that do not have direct 

water access by transporting the clean water produced. Purifying sea water can also enable governments to 

expand and develop communities in previously uninhabitable areas due to water scarcity. Therefore, 

maximizing available productive land within the country and improving the economy. [12]    

In countries struck by natural disasters, the military plays a key role in the recovery and relief efforts as 

well as aiding the survivors. The military is also part of the first responders lending the country its rescuers, 

medical personnel, engineers, and operators. [13] Therefore, systems like the JETBuoy can be part of the 

tools that the military can use to provide service to the people in the aftermath of a natural disaster. One of 

the keys of the system is its high mobility which enables it to be deployed as fast and efficiently as possible. 

Military logistics and equipment could play an important part in maximizing the potential of the system by 

transporting it through difficult terrain and installing it in far to reach coastal communities. 

During natural disasters, utility infrastructures suffer large amounts of damage causing a loss of services in 

the affected regions. [14] The JETBuoy could be used by water utility companies to provide continue their 

services temporarily while performing repairs in their infrastructure. During water shortages the 

government and water utility companies provide relief by placing oasis trucks in key areas. For coastal 

regions, it would be ideal to better distribute the load between the oasis trucks and this system to provide 

more clean water for the people and less waiting time to receive the resource. Also, in contrast to the oasis 

trucks, our water purification system can provide virtually limitless quantities of potable water. Also, a 

generator could be used to provide electrical power further enhancing its mobility. Therefore, it can produce 

clean water in remote areas with no access to electricity or devastated areas where the electric grid is weak 

or destroyed. This has the benefit of providing relief for the survivors of a natural disasters without 

compromising only to areas where electric power has been established. Also, since the system does not rely 

on the local electric grid, it does not interfere with the recovery of power. Sea water purification can also 

be instrumental in battling droughts caused by climate conditions.  
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1.4 Development and Operations 

The Juracan Energy Team’s Seawater Transfer Buoy, JETBuoy, was designed to be used in coastal regions 

recovering from natural disasters with the purpose of assisting Disaster Relief Agencies and/or 

Governmental Agencies in supplying potable water. The system is composed of a piston attached to an 

upper polyethylene Floating Buoy which is inserted into a Pressure Chamber also made of polyethylene. 

The Pressure Chamber is attached to a mooring device via a steel chain and is positioned approximately 

one foot from the ocean’s surface. As waves come in the buoyancy force imparted on the Floating Buoy 

causes it to rise which in turn moves the piston upwards displacing the water inside the chamber and forcing 

it through the outlet port, once the wave passes the force of gravity causes the buoy to return to its original 

position which moves the piston downwards generating a vacuum that fills the chamber with sea water 

through an inlet port. This process is then repeated each time a wave passes by the JETBuoy. With each 

cycle of the JETBuoy, water is pumped to a surge tank in shore. This is to eliminate the flow oscillations 

that would otherwise cause internal damage to the Containerized Reverse Osmosis System used to 

desalinate the sea water.  

 

Figure 1: JETBuoy Assembly. 

1.4.1 R.O. System 
The desalination system consists of a containerized water treatment unit manufactured by AMI Applied 

Membranes Inc. [15] This is a reverse osmosis system housed in a 40 by 20-foot-high cube container that 

allows the system to be mobile and protected from the environment without the need for investing in a 

separate housing structure. The entire system is “plug-and-play” with all its piping, wiring connections, 

PLC unit, media filters, backwash pump, and booster pump already implemented using corrosion resistant 

hardware. The container itself is also modified to be water and corrosion resistant with heavy duty 

insulation. The RO system has the capability of working with brackish water with a Total Dissolved Solids 

(TDS) count of up to 25,000 Parts Per Million (PPM) or sea water with a TDS count of up to 45,000 PPM. 

This system can produce up to 120,000 gallons of water per day at less than 400 PPM of TDS which is 

rated “Good” by the World Health Organization (WHO). [16] To produce at this capacity, the system 

requires a flow rate of 130 gallons per minute. The system also has a chemical injection system to treat 

water and an energy recovery system. Using data from the United States Geological Survey which estimates 

the consumption of water per person at 80-100 gallons per day, this system would be capable of reaching 

the needs of around 1,200 people each day. [17]  
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Figure 2: Containerized Mobile Water Treatment System by AMI. [15] 

 

1.4.2 Surge Tank Specifications  

These Reverse Osmosis systems have sets of internal pumps to elevate the pressure of water to operational 

points as part of the treatment. Directly transferring water from the JETBuoy straight to the R.O. System 

will cause loss of flow in the pressure pumps which could cause cavitation resulting in internal damages. 

As explained in the Wave Profile and Performance Analysis sections of the Technical Design chapter the 

JETBuoy transfer water in an oscillating pattern consistent to the wave profile whereas the wave rises water 

is transferred and does not as the wave go down. Therefore, a surge tank to maintain flow stability is needed.  

Before connecting components to the 

R.O. System stability must be met. 

Studies shows that if connected to an 

empty tank with an outlet orifice of two 

inches the system would fill up faster 

than its being emptied, causing the tank 

to fill. Based on basic fluid dynamic 

principles as the water level rises so does 

the speed at which is emptied, eventually 

reaching a state of equilibrium where the 

tank’s water level no longer rises as it 

now empties itself at the same rate it 

fills, approximately 136 gallons per 

minute. Once steady flow and water 

level are obtained for the surge tank the 

system can be safely connected to the 

R.O. system. Study suggest a 330-gallon 

Gallon Reconditioned IBC Tote can act 

as the surge tank. This tank’s volume 

will allow the water level to rise to a 

height of approximately 36.5 inches in a 

period of 25 to 30 minutes. [18] The 

study assumes the outlet as open, closing 

the outlet would let tank reach the 

required height quicker.  
Figure 3: Surge Tank Flow study. Water level 

(Top) and Flow analysis (Bottom)  
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1.4.3 Risk Assessment 
The likelihood and probability that the Failure Mode will be experienced considering all the 

Controls/Mitigations are show on Table 1. The relative score with the lowest value corresponding to the 

lowest probability of occurrence is identified with a green color while the highest score corresponding to 

the highest probability of occurrence is identified with a red color. 

Table 1: Potential Risk for Marine Life 

 

Security risk includes the security of the system design and its environment. In collision terms, the species 

that frequently cross the air-water interface, i.e. diving birds and marine mammals are at a higher risk. It is 

unlikely for the structure to hinder marine birds or mammals from reaching the surface for air. In design 

terms, the whole design will face a harsh marine environment. Offshore devices face corrosion and bio 

fouling. The marine buoy will be subjected to extreme conditions mainly due to the overload of the waves, 

for perspective a wave of 33 feet high represents a weight of 1.11 tons per square feet. 

Environmental risk involves environmental studies; these studies will give a clear idea of the areas that may 

be affected. Another important aspect is the social acceptance. Some of the criteria that needs to be 

evaluated are pollution, costal erosion, noise, antifouling, the possibility of creating artificial reefs, 

reversibility of the foundation installation and modification of the submarine relief. Floating structures 

attract marine life. It is possible that the presence of fish will also attract predators (such as marine mammals 

and birds) to these areas. Birds are generally more maneuverable than marine mammals. Risk is likely to 

be low for all species. 

1.4.4 Risk Controls/Mitigation 
Control/Mitigations are implemented actions to reduce or eliminate the occurrence of the Failure Mode 

and/or its Causes and to increase detection of the Failure Mode and/or its Causes. 
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Table 2: Mitigation Strategies 

 
 

For safety and further risk control an operator should be present whenever the system is operational. Given 

the scale of the system a single person would suffice to take care of the system. Additionally, the operator 

should provide maintenance replacing cartridge filter elements every 8 weeks and cleaning the membrane 

elements every 4 months. [19] That also includes repairs, flushing of media filters, calibrations and other. 

The operator’s salary is not included as it is assumed to be included in water expenses. 

 

1.4.5 Pump Replacement Energy & Cost Analysis 
As seen in section 1.4.1 R.O. System the modular R.O. system requires a transfer pump to supply the 

required seawater for the treatment. As for perspective purposes the team uses a Self-Priming Centrifugal 

Pump manufactured by AMT Pumps. This model 

is a standard centrifugal pump under the desired 

characteristics which the team uses to represent 

the equivalent energy consumption. Note 

information on efficiency is unknown however 

the team conservatively estimates it around 80% 

efficiency.  

The energy analysis is based on annual loading for a daily basis. Below is a summary of achievable savings 

by replacing the pump. Note savings are directly proportional and equal to the pump consumption operating 

base on the daily load.  

Table 4: Energy Saving Based on Load and Energy Cost Rate.  

 

Table 3: Pump Characteristics 
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However, replacing this pump is not necessarily an 

inexpensive task. In fact, investing in the JETBuoy 

requires approximately 1,625% more initial investment 

than buying the centrifugal pump required. In Simple 

economics the system is roughly 17 times more 

expensive that of the centrifugal pump cost.  

The reason behind this significant difference in money 

is due to the system size. Energy harvesters tend to be 

significant in size as to harvest the most amount of 

energy available. The current system is roughly 17 feet 

tall with a 10 feet diameter. Its constructed mainly of 

polyethylene in attempts to maintain cost down without 

compromises in quality. More in detail components are 

broken down in Table 5 where the team gave a detailed 

cost breakdown. It is important and very relevant to 

notice cost regarding piping; water storage and other 

relevant equipment are not considered for the overall 

cost breakdown. The team assumes this is hardware the 

buyer would require with or without our system.  

1.5 Financial and Benefits Analysis 

In the financial analysis the project costs where took in scope with its annualized profit of $5,625.39 and 

assuming a 10% of interest rate. The Return of Interest (ROI) and the Net Discounted Cash Flow where 

analyzed to identify the profitability and reliability of the project investment in a period of 6 years. The 

following table shows these results with more detail.  

Table 6: Cash Flow Analysis for a Six (6) Year Period. 

 

The payback period of the project investment is 4.102 years with a Discounted Payback Period of 5.54 

years and a Cash Flow Return Rate of 12.08% per year. The Net Discounted Cash Flow shows a good 

investment opportunity for its profitability and investment gain.  

 

Table 5: JETBuoy Cost Breakdown. 
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Table 7: Net Cash Flow and Discounted Cash Flow (Left) and Return of Investment ROI (Right). 

 

This graphic shows the behavior of Cash Flow over time. The Net Cash Flow projected to be negative for 

the first 4 years after initial investment showing earnings in the fifth year. While, the Net Discounted cash 

flow shows earnings from the fifth year of the initial investment. 

The Return on Investment (ROI) is 46.24% in the period of 6 years, this is a total amount of $ 10,671.29. 

The profit is 32%, economically profit is obtained in a considerable period. Therefore, these data show a 

good investment opportunity. Consecutively the team shows different payback periods for differently daily 

operational hours and different energy cost rates. Note that lower payback is better. This table demonstrates 

that system is not viable for places were cost of energy is relatively affordable or if demand is too low. This 

leaves the client a better understanding if the system is suitable or not for them.  

Table 8: Payback Rate Based on Load and Energy Cost Rate. 
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1.5.1 Water Cost Analysis 

In this section a cost analysis is performed to compare the estimated prices of water produced by the RO 

system with the cost of water from the utility company and the price of bottled water. Based on estimated 

values found in Advisian Water Group’s website, water cost rates for RO systems can be estimated directly 

from the system capacity. [20] The modular system considered has a capacity of 120,000 gallons of water 

daily, hence the team was able to estimate the price of water to be around $5.00 per every 1,000-gallon 

water based on the available data. Now, considering the JETBuoy and the related savings for the $5,626 

annual saving the cost of water is estimated at $1.29 per cubic meter. The rate of water charged by the 

Puerto Rico Aqueduct and Sewer Authority (PRASA) was used as a basis for this comparison. It was found 

that for industrial use in Puerto Rico the cost of water is $2.27 per cubic meter. [21] Also, for the purpose 

of comparison, the bulk cost of bottled water was estimated with compiled data from water bottle suppliers. 

Based on few supplier websites a bottle with 16.9oz of water would cost $0.14 each which equates to 

roughly $280 per cubic meter of bottled water. [22] 

Directly comparing these findings demonstrate the unique potential and advantages of pairing the RO 

system with the JETBuoy. For industrial use, the system is compared to the cost associated to utility costs 

rate of water in Puerto Rico. It was found that producing water from RO is approximately $1 per cubic 

meter cheaper. That equates to about $163,300 in annual earning. These savings would allow for other 

investment opportunities such as re-construction efforts, food, and medicine for the affected, shelter or more 

RO water recovery systems.  

Table 9: Utility and RO system cost of water comparison. 

 

For the value preposition of disaster relief, the system was compared to that of the cost of water. In some 

disaster relief instances, communities could suffer from water shortage for months and even over a year. 

This was the case in Puerto Rico and reason why many agencies invested large amounts of money in the 

relief efforts of the island. Having a modular RO system could be an asset in the disaster relief efforts of a 

region by alleviating water scarcity at a more cost-effective rate. It was found that producing water from 

RO is approximately $279 per cubic meter cheaper than buying bottled water. Therefore, directly buying 

the yearly RO system capacity in bottled water would be too expensive. In fact, using the RO System for 

water distribution would save in over $46 million from bottled water cost alone making the system a great 

alternative in disaster relief sceneries.  
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1.6 Environmental Study 

Stipulated in the Wave Profile section of the report the system performances were studied for cases with 

wave heights ranging from 0.89 feet and up to 5 feet. The idea is that if good performance is achievable in 

calmer conditions then perhaps rougher conditions may yield better performance from the JETBuoy. As to 

properly assess whether the system can operate in the daily operational hours previously shown the team 

performed an environmental wave study in attempts to identify the availability of the needed resources. 

Preliminary environmental studies for the Island of Puerto Rico consisted of studying the wave conditions 

for a range of days. It was found the required minimum conditions are always met as it is very unlikely for 

waves to be lower than 0.89 feet in coastal regions. Below is presented a snip image of the Island of Puerto 

Rico wave heights for the given day. The data for Figure 4 is obtainable at the CARICOOS Integrated 

Ocean Observing System’s web site. Similar study was conducted for a worldwide scale. This study shows 

very active ocean conditions beneficial to the systems performance concluding the system is very capable 

of operating continuously.  

 
Figure 4: June 1, 2020 Puerto Rico Wave Forecast. 

 

 
Figure 5: May 29, 2020 Global Wave Surfline Forecast. [23] 
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2 Preliminary Technical Design 

2.1 Overview 

Desalination is an energy-intensive process withing the blue economy. As it is Reverse Osmosis plants 

make use of multiple pumps throughout the desalination process. Pumps vary from simply transferring 

water, transfer pumps, to high pressure pumps needed for the R.O. membranes. Therefore, the most 

significant way to make R.O. systems less costly is to reduce energy consumption from heavy pump usage. 

On that basis the team developed a marine powered device with the potential to replace transfer pumps in 

a small scale R.O. system. The design is an entirely mechanical buoy with no electrical components capable 

of pumping water at a cumulative rate of 136 gallons per minute made from affordable materials and 

coatings that makes it resistant to ocean conditions. The system was named JETBuoy after the team’s name. 

A render image of the system can be seen below.  

 

Figure 6: JETBuoy System Assembly. 

2.2 Related Market Study 

The JETBuoy is a concept founded with a significant similarity to the CorPower C3 developed by CorPower 

Ocean in their H2020 Wave Boost Project. CorPower Ocean is a leading wave energy technology developer 

utilizing forty years of ocean energy research to bring a new class of high efficiency Wave Energy 

Converters to market, enabling robust and cost-effective harvesting of electricity from ocean waves. [24] 

CorPower uses stored pressure to generate power from waves in two directions. Interestingly, CorPower 

WEC uses a pre-tension system to maintain their system at the desired level. A significant goal for the team 

is the JETBuoy modularity and deployment capabilities directly inspired by Ocean Power Technologies 

and their PB3 Power Buoy. Power Technologies is a U.S. publicly owned renewable energy company, 

providing electric power and communications solutions, services and related for remote offshore 

applications. [25] This company has been recognized for its design and the different characteristics they 

achieved. Their PB3 Power Buoy is generally designed to minimize operating costs (OPEX) according to 

the movement of the waves. Its deployment and recovery are simplified, taking advantage of ships widely 

used in offshore maritime operations. [25] Like the PB3 the JETBuoy can be towed to the site or deployed 

from the deck of a boat. Other companies have been developing investigations related to “piston-pumps” 

that use the upward and downward movement of the waves to pump water, something that was achieved in 

the JETBuoy.  
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2.3 Design Requirements 

Development for the JETBuoy consisted of three main sub-systems. Below is a product break down 

structure of how research on the system was conducted.  

 

Figure 7: JETBuoy System Architecture. 

The Floating system consist of a hollow shell made of Polyethylene. This shell has enough buoyancy to 

remain at sea level and oscillate with the waves causing the piston to move. Directly connected to the shell 

is a stainless-steel shaft with a thin plate at its end which moves inside the next sub-system, the Pressure 

Chamber. The Pressure Chamber or the piston socket is where the JETBuoy stores its water and sends it 

to the main R.O. system at a higher velocity. However, for the system to operate under best conditions the 

socket must be considered fixed. To achieve this the Anchoring sub-system is introduced. This sub-system 

features an anchor held by chains to maintain the Pressure Chamber in place. Note that for this to work, 

the Pressure Chamber was purposely made with enough buoyancy to not sink to the bottom, rise the anchor 

and not sink as water enters in it. The overall system assembly is shown in Figure 8 below. 

 

Figure 8: JETBuoy System Assembly. 
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To develop the design of the JETBuoy it was necessary to study the different relationship between the 

wave’s movement and the dimensions of the design. Since the ocean posses’ different conditions changing 

continuously the team studied and constructed a wave profile for these simulations. This was achievable by 

studying the average wave conditions worldwide and selecting a range on which the JETBuoy should 

operate. Note that this wave profile let the team to construct the free body diagram seen below. 

 
Figure 9: JETBuoy Free-Body Diagram. 

 

2.3.1 Wave Profile 

The team studied the most suitable wave conditions for the system. Currently the system is aimed for mobile 

applications therefore no specific sitting was conducted. Instead the team seek the most common ocean 

conditions as a representation of what the buyer should expect from the system based on their ocean 

conditions. Below is a summary of the ideal wave conditions for the system. Note that “calmer” ocean 

conditions are not ideal for the performance of the system. The JETBuoy operation is based on a 0.89 feet 

height wave with speeds of 9.3ft/sec at a period of 3 seconds. Also, the JETBuoy can operate safely under 

ocean waves of up to 4.9 feet. Anything beyond that is potentially a risk for the buoy and the R.O. system. 

Table 10: Average Ocean Conditions Worldwide.  

 

This information was used to construct a simulation that represents the wave profile. The MATLAB 

simulation was based on an already constructed simulation found in a MathWorks Q&A forum by Chad 

Greene who answered a question there. [26] The code was modified to be representative of the system and 

its implications.  
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2.3.2 Piston Mechanism Assembly 

The piston system mechanical assembly has the following main components: Floating Buoy and Pressure 

Chamber. The Floating Buoy component is made from polyethylene material for its corrosion resistant 

properties, it has connected a Piston Shaft and Piston Plate made from carbon steel with corrosion resistant 

coatings. The global dimensions of this system can be found in the image below.   

 
Figure 10: Floating Buoy System Drawings and Dimensions 

The Pressure Chamber feature two exterior security 

stops. These Pressure Chamber’s security stops are 

made from carbon steel. A corrosion resistant coating 

was applied instead of making the entire piece out of 

stainless steel. This substitution saves a lot of money 

and overall yield the same result. The resistant coated 

selected is the Acrolon 218, a protective coating perfect 

for marine and industrial applications. In general, is a 

fast-drying urethane that provides color and gloss 

retention for exterior exposure.   

Overall, the Pressure Chamber global parameters are 

seen in the upcoming images. It is a 4.5 feet diameter 

with an 8 feet height being hollowed inside to achieve 

buoyancy. It features stops shafts at the top, these aid 

the system to maintain smooth movement through the 

wave oscillation and limits the piston displacement. 

These stops have 6.7 feet in length and half a foot in 

diameter. Global parameters for this system are 

presented in Figure 11. 

 

 

 

Figure 11: Pressure Chamber Drawings 

and Dimensions 
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2.3.3 Anchoring Mechanism Assembly 

The Anchoring Mechanism Assembly consists of two main components, an anchor and a chain that connects 

to the bottom of the buoy. The system features an anchoring point that allows any type of chain to be 

attached which helps to accommodate various types of anchoring and mooring devices. As a 

recommendation, an analysis was realized to give an idea of a possible functional anchor.  

Based on multiple anchors styles and considering that the system should be installed into sand to avoid 

harming the ecosystem, the Delta anchor styles were considered the most suitable anchor. With the Delta 

anchor style there are multiple forces that also help to secure the system. It is recommended that the selected 

anchor must have 1 pound per feet of length of the boat/system that is going to be secured. [27] Based on 

the design specifications, the Figure 12 presented below demonstrates the recommended anchor.  

Table 11: Anchor Design Specifications. [27] 

 
 

 

Figure 12: Recommended Anchor Mechanism. [27] 

As future development and safety mechanism the team considers that a winding mechanism to lower and 

rise the system would be best. This would protect the system from extreme weather conditions but also acts 

a mechanism to maintain system at ideal height base on environmental conditions. For example, for a wave 

with a height of 0.89 feet, the lower end of the system should be at a depth of 8.89 feet. That is eight extra 

feet below the height of the wave. This would significantly improve system performance and cost associated 

with deployment and risk control processes.  
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2.4 Detailed System Analysis 

Computer tools such as MATLAB, SolidWorks and Microsoft Excel were used to determine the 

performance and the behavior of the system under the expected conditions. The studies performed under 

this section serve to determine the performance of the JETBuoy and the stresses formed in the system due 

to the loads generated by the ocean environment.  

2.4.1 Performance Analysis 

As stated in section 2.3.1 Wave Profile the team developed a MATLAB Script to determine the output 

flowrate of the system. Also, as discussed in section 1.4.1 R.O. System it was briefly mentioned that for the 

system to be a direct substitute of the centrifugal pump it must deliver water at a minimum rate of 130 

gallon per minute. The volumetric flowrate profile obtained from the simulation can be seen on Figure 13 

below. 

 
Figure 13: JETBuoy Output Flowrate Behavior. 

Based on the time range these flowrates occur the team calculated the equivalent total gallonage per each 

period. Doing so resulted in an equivalent constant flowrate of 136.6 gallons per minute. Note that although 

the simulation shows high flowrate readings these occur at a very fast pace for it to be very significant. 

Instead these flowrates are considered to accumulate and deliver a constant gallonage in each period. 

However, as seen from the profile in Figure 13, there are instances in which the pump those not deliver 

flow. These are considered the charge state of the system which can cause cavitation in the other pumps of 

the R.O. System. This can easily be tackled by implementing a surge tank capable of storing water and 

delivering at a constant flow. This was covered in detail in the 1.4.2 Surge Tank Specifications section.  

2.4.2 Static Analysis 

Based in the wave ranges shown on Table 10, the team was able to quantify the forces acting on the system 

and design stress and strain studies for the components. However, the team only considered the most 

prominent loads for the system being mainly vertical loads. The team followed a pressure-force relation 

approach. This approach includes the dynamic pressure which is used to calculate the wave upward force 

exerted on to the JETBuoy. Below is a basic representation of the dynamic pressure however this was 

expanded on the MATLAB script to incorporate the wave oscillation.  
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𝐷𝑦𝑛𝑎𝑚𝑖𝑐 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 =
1

2
𝜌𝑣2             (1) 

                   𝑊𝑎𝑣𝑒 𝑈𝑝𝑤𝑎𝑟𝑑 𝐹𝑜𝑟𝑐𝑒  = (𝐷𝑦𝑛𝑎𝑚𝑖𝑐 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒) ∗ (𝐹𝑙𝑜𝑎𝑡𝑖𝑛𝑔 𝐵𝑢𝑜𝑦 𝐴𝑟𝑒𝑎)                    (2) 

The team then quantified the most relevant forces acting on the system for their static studies. Below is a 

summary of the most predominant forces acting on the system. Also using these forces, a flow simulation 

was created inside the Pressure Chamber in SolidWorks. The results of pressure inside the Pressure 

Chamber can be found in Table 12 where theoretical values refer to those obtained in the MATLAB script. 

The flow analysis is included below as well.  

Table 12: Calculated Forces and Pressures for Static Analysis. 

 
 

 
Figure 14: Pressure Chamber Flow Simulations. 

Based on the above information stress and strain studies were conducted for the different components. This 

analysis is shown for the Floating Buoy, the Piston Shaft, and finally, the two Emergency Stops that protect 

the system. For this, the previously shown forces were used as inputs for the static Stress analysis (Von-

Misses). Also, for the Piston Shaft the team studied both axial and bending forces as the shaft is the most 

vulnerable component in the system. Damages to the shaft like a slight bend could cause the system to fail 

in its entirety. In continuation some critical components and their respective Factor of Safety (FoS) study. 

The lowest Factor of Safety seen occurs in the Floating Buoy with a value of 1.3 FoS. That means the 

system can safely operate given the ocean conditions.  
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Figure 15: Floating Buoy Factor of Safety Analysis. 

     
Figure 16: Piston Shaft FoS Analysis. Axial (left) and Bending (Right). 

Once again, the upward force of the wave was 

considerate at its maximum (inside the wave-

height range previously mentioned) for the 

security stops. Finite Element Analysis (FEA) 

was performed. The different components 

analyzed demonstrates to withstand the 

different loads that interact with the system. 

This represents an advantage for the system 

since it can hold multiple conditions with a 

significant Factor of Safety. The different 

components demonstrated to barely feel these 

loads. Under the studied ocean wave 

conditions, the team considers the JETBuoy 

operates safely and it is not a risk for the user, 

environment, and the R.O. System. Operating 

outside these parameters brings a lot of 

uncertainties and hence it is not recommended.  Figure 17: Emergency Stops FoS Analysis. 
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