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1. Executive Summary 

 The potential seen in offshore wind and current energy as a supply of sustainable energy has motivated an 

increased attention in both the scientific and business communities. This has led to an increase in feasibility 

studies involving the stability of the complex floating structures in the ocean environment as well as the 

economics of the costs associated. The University of Massachusetts Dartmouth (UMass Dartmouth) and St. 

Bonaventure University have collaborated to contribute to an original design idea of a Vertical Axis Wind 

Turbine (VAWT) and an Underwater Current Turbine (UCT) housed on a stable offshore floating 

platform. The team has created the Dual-Turbine Platform (DTP) as our solution.   

This design aims to fulfill the needs of offshore aquaculture farms while providing sustainable and 

ecofriendly energy, relieving the operation of diesel generators. By utilizing the strengths of the combined 

team’s efforts, we aspire to introduce a renewed approach to marine energy which can be applied to multiple 

markets, including marine aquaculture. Our unique design will provide reliable energy at an affordable 

price without the need for fossil fuels. Our goal for the DTP is to meet the growing needs of the aquaculture 

market and provide a sustainable alternative to current technologies.  Although there are numerous marine 

energy technologies in existence, offshore wind has the advantage of greater efficiency when compared to 

other green technologies. While this technology exhibits greater efficiency, it is less abundant than other 

renewable energies due to the difficulty of constructing a robust and secure offshore wind turbine in deeper 

offshore waters [1]. The instability of these platforms is a dire problem that we aim to solve in order to 

unlock the full potential of offshore wind energy.  

The global aquaculture market has been consistently growing over the last few decades and is expected to 

pick up steam soon. As regulatory environments and technologies improve, aquaculture farms are pushing 

operations offshore to take advantage of the abundant space and nutrients available. Finfish dominate this 

market, securing roughly 67% of the total market share [2]. The offshore farms producing these finfish have 

specific power needs that are currently only met by diesel generators. Our proposed DTP will be able to 

provide sustainable, reliable, and consistent electricity for these farms without the use of nonrenewable 

fossil fuels; significantly lowering their carbon footprint. At a cost of $875,000 after the 30% tax credit, 

finfish farms would see a return on their investment after only 10 years after installation. This represents a 

key opportunity for finfish farms to become energy self-sufficient; allowing farmers to generate electricity 

on-site without requiring daily trips to and from the offshore operations. The DTP saves finfish farms costs 

and time spent idle by reducing the trips needed to travel to the farm; causing these operations to become 

more efficient and profitable.  

Various interviews were conducted with companies and professionals involved in the offshore energy and 

aquaculture industry. The information gathered from these interviews allowed the team to gain a better 

understanding of the need for the DTP; a technology that does not exist currently. To assure the feasibility 

of this offshore platform, an extensive amount of time and effort was used to research and run experiments 

on the novel design. Utilizing these results, the validity of this technology was supported from the aspects 

of both business and engineering. 
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Figure 1: Functional Model of Offshore Wind and Current Turbine 

2. Concept Overview 

UMass Dartmouth and St. Bonaventure University collaboration have come together to contribute to 

an original design idea of a Vertical Axis Wind Turbine [p1] and an Underwater Current Turbine housed 

on a stable offshore floating platform. This design aims to fulfill the need that aquaculture farms have 

for sustainable and ecofriendly energy source by replacing the operation of diesel generators with a current 

and wind turbine. By utilizing the copious supply of offshore energy that resides in the form of wind and 

current energy, our design aims to produce a consistent and reliable energy source that will help to grow 

and expand the blue economy. Our design achieves this unique goal by installing a VAWT and an 

underwater current turbine on a single offshore platform. The VAWT will harness the plentiful amount of 

wind energy that is located out at sea, taking advantage of the much higher wind speeds over open waters 

compared to that on land. The UCT will harness the vast amount of ocean energy that is currently under-

utilized in the world of renewable energy, an issue that will be solved with the research and experimentation 

this competition promotes. In order to develop our DTP, our team chose an optimal location off the coast 

of Maine of the United States. The coast of Maine is a reliable source of strong current and wind speeds, 

allowing the DTP to produce ample power for the aquaculture farms. For this same reason, Maine is an 

ideal location for aquaculture farms, with over 130 farms at the coast of Maine [p2]. With the added power 

of both turbines, our design aims to compete against the powerhouse diesel generators that are currently 

being used in its place.  

The reasoning behind the inclusion of the two turbines in our design is to be able to produce enough power 

to compete with the fossil-fuel industry. The current turbine that we are choosing would not produce enough 

energy to compete with any diesel generator, unless a large farm of current turbines is installed, due to the 

calm water conditions that are necessary for a typical aquaculture farm to reside in. Commercial diesel 

generators may range from 10-kW to 130-kW, compared to our single current turbine that would only 

produce about 418 W [3]. It would require five of these current turbines to be able to match the power 

output of the lowest powered diesel generator set.  The costs and room needed for a farm of these current 

turbines would far exceed the cost of a single diesel generator and would not be able to justify switching 

from the fossil-fueled power generator to this renewable alternative. However, the addition of a wind 

turbine would vastly improve the power output from a single platform and provide a better alternative to 

replacing the diesel generators. While the costs of a single platform with the two turbines does increase 

greatly, the power output found in this study allows for the consideration of the high costs. Furthermore, it 

also reduces the need for a larger farm of turbines to produce as much power. Offshore wind provides higher 

and more constant speeds to that of winds onshore, while suffering no interference from any landmarks, no 

noise pollution, and less space needed for installation [3]. It only makes sense to add the VAWT to our 

platform if the idea and design of including a wind turbine and current turbine on a lone offshore platform 
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is feasible, which we aim to investigate. Most of these floating technologies initially came from the oil and 

gas industry and are still being optimized for better stability and cost-effectiveness [p3, p4, p5]. The type 

of platform we are choosing to use is a semi-submersible platform. Floating platforms give us the advantage 

of more locations to install the platform, and access to more frequent and higher wind speeds when 

compared to onshore turbines. It is anticipated that all offshore wind manufactures will offer floating 

solutions in the future [p5, p4]. When compared to fixed platforms, a floating platform is notably easier to 

integrate into various projects, as the foundation does not need to be redesigned for each location. Floating 

platforms are cheaper to install compared to fixed foundations, that also require much larger material costs 

than a floating platform as well. Due to the depth of the water being focused on we investigated different 

floating platforms. Fixed platforms, such as tension leg platforms, work well in shallower water but since 

our platform will be in deep water fixed platforms are not feasible. The reason why we chose the semi-

submersible platform when compared to other types is due to the increased stability of the platform, and 

the significantly reduced costs of install and commission [4].  

2.1 Background 

Within the past few years an increased interest has been shown regarding marine renewable energy and its 

applications, specifically following the publication of the U.S. Department of Energy’s Powering the Blue 

Economy. There are diverse technologies emerging that extract energy in current and waves and transform 

it into useable electrical energy such as current turbines and wave energy converters. Most offshore 

aquaculture net pens are located in the calmest waters, which do not deliver with the best wave or current 

resources. Since these devices typically require highly energetic sea states for energy production, concludes 

that they are not suitable for aquaculture operations [5]. Due to this, offshore wind will be extremely useful 

to energy generation, a turbine in 15-mph wind can generate twice as much energy as a turbine in 8-mph 

wind. The faster wind speeds achieved offshore mean much more energy could be generated. Although 

offshore winds are faster and could produce more energy, it is very difficult to build a robust and secure 

offshore wind turbine in deeper offshore waters. This is the exact reason why offshore platforms are not 

widely used due to their instability in rough conditions [1]. By increasing the platform stability, offshore 

platforms can be utilized to their full potential in a variety of applications. 

2.2 Objective 

Our overall goal as a team is to develop and test an economically and technically feasible offshore platform 

to house a VAWT and an underwater current turbine that solves the problem of energy requirements for 

aquaculture farms. In order to study the offshore wind turbine’s stability and energy output over a range of 

wind speeds and currents, we have simulated two-phase flow to mimic various ocean and wind situations. 

Our marketing focus will begin in Maine, where the state regulations are favorable. We will market to those 

farms already offshore in the U.S., then grow to incorporate a global focus. Our key partnerships, discussed 

later, will allow us to gain awareness on a global scale and sell our product in locations where offshore 

aquaculture has a more pronounced presence than the U.S., such as Asia-Pacific countries. This will allow 

us to advance our business rapidly, producing an exponential growth of sales in the first five years.  

We began this project by researching existing offshore floating platforms. The Dual-Turbine Platform was 

inspired by two popular platforms that were used for offshore horizontal axis wind turbines: the OC4 from 

the National Renewable Energy Laboratory (NREL), and the WindFloat from Principle Power [1, 4]. With 

scarce material concerning offshore VAWT in commercial use being accessible, the team’s next option was 

to investigate the platforms for similar turbines. Research concerning the design of the Dual-Turbine 

Platform was conducted based on the information provided from reports about the OC4 and WindFloat. 

The challenge of adding a current turbine to the platform that already housed a wind turbine will be tackled 
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later in the design process of the platform, as solving for the stability and buoyancy of the platform and 

wind turbine is an important study for the team.  

The wind turbine and current turbine that is being used with the platform have been inspired by existing 

turbine designs. The VAWT is based off the Green Energy Tower System (GETS) 30-kW wind turbine [7], 

while the UCT is based on an H-Darrieus turbine design that has been previously studied in a scaled capacity 

[8]. Due to the integration of a wind and current turbine on a single platform, our design selection criteria 

have been based on feasibility of accommodating both turbines on a single platform, which would enforce 

a limited range of selections for weight and size. Both the UCT and the VAWT was chosen due to their 

compact size, as they would both be able to cohesively function when attached to our floating platform. 

The combined weight would still allow the platform to float at the desired two-thirds of the platform’s total 

height, while still producing ample power. When considering other turbines, the sizes of each turbine would 

be too large for us to incorporate into our own design, as most of these designs are utilized in standalone 

applications and not in conjunction with other power producers.   

At the end of this current study, the Dual-Turbine Platform prototype has been successfully tested in the 

experiments that the team was able to perform. Additional research and development will be completed to 

make any design adjustments to the platform that the team has designed. Studies based on wave conditions 

with varying wind and water conditions are to be conducted. Experiments of the Dual-Platform Turbine 

will continue to take place in the water and wind tunnel of the FSI Lab at UMass Dartmouth. Since the 

project has been started, additional questions have been raised. These questions need further analysis and 

will provide direction for the future progress of the project. 

3. Business Plan 

3.1 Global Market Opportunity 

3.1.1 Problem/Need 

The proposed DTP will be used to fulfill the energy needs of offshore aquaculture farms. These farms have 

the problem of providing energy to run, among others, their feed systems, cameras, and sensors.  Currently 

the only option to provide power is the diesel generator that causes expensive fuel, labor, and logistical 

Figure 2: Schematic of DTP in Use 
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cost.  Aquaculture farms are willing to implement renewable energy to power their farms as long as they 

are able to overcome the regulatory hurdles and the energy source is economically sustainable.  The 

business plan objective is to solve the energy problem for aquaculture farms by selling or leasing the DTP 

directly to farms.  Key partnerships with platform and turbine manufactures will allow us to produce our 

product without incurring massive amounts of debt to purchase the capital needed for production.  Funds 

received through government grants and investors will allow our team time and resources to improve the 

quality of our product and decrease the manufacturing price.   

These farms require power to operate compressed air production, nutrient and waste disbursement, 

automatic fish feeders, sensors, standard safety, navigation, and maintenance equipment; refrigeration and 

ice production, Recharging of AUVs used for monitoring, hotel power for the crews (if the farms are 

manned), and monitoring cameras [6]. Currently, the only option to provide these energy needs to an 

offshore aquaculture operation is diesel generators; with a select few farms adopting the use of batteries 

and solar panel technology. Diesel generators not only require daily trips back and forth from shore to farm, 

but they also require significant consideration for logistics and transportation of fuel, and some farms must 

store the diesel on-site to maintain fuel levels within the generators. These activities are not only 

cumbersome, but they are expensive and are exacerbated the further the farm is located from the shoreline. 

A financial analysis of a finfish farm producing about 54,000 kg of fish accrued the following relevant 

expenses related in some way to use of diesel fuel: $30,000 fuel and oil expense ($0.056 per kg), $312,500 

labor expense ($0.579 per kg), and $144,000 supply boat expense ($0.267 per kg) [28]. Our research 

suggests that the incorporation can reduce the fuel and oil expense by 75%, the labor expense by 20%, and 

the supply boat expense by 33.33%. This relationship is explored further in the value proposition section 

of the report.   

The cost of diesel fuel alone is not the only cost associated with the use of diesel generators. The cost of 

logistics, storage, and transportation of the fuel to and from the farm's present significant costs for offshore 

aquaculture operations. Diesel fuel is also hazardous to the environment and potentially to the product they 

are trying to cultivate. A spill could prove fatal to the organisms or at the least significantly alter the ability 

to sell the product. Earlier this year, a large offshore salmon farm in Norway called Nordlaks suffered a 

massive 5000-liter fuel spill from a leaky tank on their aquaculture facility [9]. The spill prevented them 

from producing fish at that facility and will cost them a substantial sum in remediation at a rate yet to be 

determined. As stated previously, diesel fuel is also harmful to the environment and contributes to climate 

change. Aquaculture farms run by diesel generators release a significant amount of CO2, contributing to 

this climate crisis. An investigation done by the University of Stavanger covered by New Food Magazine 

reported that a single, medium-sized aquaculture farm powered by diesel generators emits as much CO2 as 

70 cars, annually [10]. Climate change itself possess a significant threat to aquaculture operations as well, 

as unpredictable, changing weather patterns affect production and warming waters continue to force 

operations further offshore. Aquaculture farmers are already heavily invested in the community in which 

their farms are located, so it is logical to assume they would want to contribute to the efforts meant to 

combat climate change. 

3.1.2 Target Market and Market Projections 

The total global market for aquaculture is substantial and continues to grow at a steady rate. A study from 

MarketWatch valued the global aquaculture market at $30.1 billion in 2018 and predicts that if will rise to 

$42.6 billion by 2023 [11]. The study predicts the global aquaculture market could see as much growth as 

7.1% CAGR from 2019 to 2027. The aquaculture market fills a growing need in the much larger seafood 

market. The demand for seafood is increasing steadily as more people look for healthier, sustainable sources 
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of protein. This market has also been shown to positively correlate with increasing middle-class incomes, 

globally.  

 

 

According to Allied Market Research, the global seafood market is currently valued at $159 billion and 

projected to reach $193 billion by 2027 [13]. The current compound annual growth rate of the seafood 

market is projected to be 2.5% from 2020 to 2027. It is important to note that the aquaculture market is 

growing at a much faster pace than the seafood market. This signals that aquaculture farmed fish are 

accounting for a larger share of the greater seafood market each year. In other words, aquaculture is slowly 

replacing wild caught fish as a way of acquiring seafood. The supply of wild seafood is renewable but can 

only be fished at a sustainable rate. As the demand for seafood increases, it puts pressure on fisherman to 

provide more fish beyond the rate, which is sustainable, and a “tragedy of the commons” scenario takes 

place. When the wild supply of fish diminishes and becomes more expensive to acquire, farmed fish become 

more economical for the consumer because farmers continue to raise fish for the same cost regardless of 

the state of the wild supply. Aquaculture provides a reliable source of seafood at all times of year and a cost 

that is unrelated to the supply of fresh caught fish. As seen in Figure 3, catch and capture operations are 

already near or at their peak output. With this being the case, farm raised fish has overtaken catch and 

capture production as the main way of acquiring fish. This is proof that aquaculture will be the way fish are 

supplied in the future as society slowly turns away from capture production. This is the only sustainable 

option to meet the needs of a growing global population.  

According to Maximize Market Research, the growing trend in aquaculture has been in Asian countries 

[14]. Although aquaculture is projected to grow in regions all over the world, the biggest growth is in Asia-

Pacific as they continue to dominant the global market. North America is also projected to increase its share 

of the market and distance itself from other regions of the world in aquaculture production.  

In 2018, the United States imported approximately 90% of the seafood consumed in the country [15]. This 

represented a $16.8 billion trade deficit and reflects poorly on food security in the future. Any problem with 

international trade could put the U.S. at a substantial risk of scarcity in the seafood market. To mend this 

problem, significant potential lies within the Exclusive Economic Zone (EEZ) of the U.S. The EEZ is the 

federally regulated portion of the ocean, extending no more than 200 nautical miles from the territorial 

Figure 3: Historical and Estimated Growth of Aquaculture Farms vs. Wild Fisheries [12] 
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baseline, where the U.S. and other coastal nations have control of the natural resources. The U.S. has the 

largest EEZ; represented by its 13,000 miles of coastline and 3.4 million square miles of ocean [16]. Much 

of this area could be used for aquaculture farming, contributing substantially to food security in the U.S.   

As the population increases globally, available land will dwindle, and energy consumption will increase 

along with the need for protein-rich food. To satisfy the needs of all, sustainably, many countries have 

committed to green energy plans with timelines ranging over the next 10 to 30 years. This is seen in the 

Biden administration’s plan to power 10 million homes with offshore wind by 2030 and the U.S. pledge to 

be carbon-neutral by 2050. Aquaculture sits in the middle of these commitments by producing sustainable 

food that requires no soil or land space. To put this in perspective, a fish grown on an aquaculture farm 

requires about a 1.6:1 ratio of feed to yield while 6-10 pounds of feed is required to produce one pound of 

beef [17]. Aquaculture operations return approximately 62.5% of what you put in, but cattle only provide 

16.7% of what is given them, at best. The growing population compounded by the current clean energy 

initiatives pushes renewable aquaculture to the forefront as a major player in this new, sustainable world.  

The DTP fits best being integrated into farms with the highest energy consumption, primarily large finfish 

farms. Finfish species dominate global aquaculture, with mollusks and crustaceans only accounting for 

roughly a third of the market. 

3.2 Relevant Stakeholders 

3.2.1 End Users 

There are currently no operating finfish farms in the Exclusive Economic Zone (EEZ) of the United States. 

Companies Manna Fish Farms and Ocean Era currently have pens in this zone that are not yet operational 

due to the regulatory environment. These companies are pioneering the permitting process for offshore 

aquaculture in America. When questioned about the integration of renewable energies into their offshore 

farms, both CEOs loved the idea, but also expressed concerns. A concern from Neil Sims [p7] at Ocean 

Era was regarding the specific energy demands of finfish farms. Their ideal placement for aquaculture 

farms would be away from heavy winds and waves, so they are skeptical about this technology. 

Additionally, the energy demands of finfish farms are primarily periodic pulses of heavy draw to power the 

feeding systems, various pumps, etc. which diesel has been the most efficient at providing. Donna Lanzetta 

[p8] at Manna Fish Farms also informed us of how the regulatory environment of offshore aquaculture 

itself has prevented the company from even considering alternative energies to power their farms. However, 

Ms. Lanzetta does believe wind and wave energy is the future of powering offshore aquaculture as seen in 

her following quote: 

“It is a time for transformative change, and transparency, partnerships and collaborations are needed to 

drive forward new business models for sustainable offshore aquaculture. Co-locating renewable energy 

and aquaculture together is a natural fit - helping farmers reduce their footprint and providing an 

efficient model to produce energy and protein in balance with the environment.” 

The company is working on launching their third submersible pen off the shore of Long Island despite the 

first two not being operational due to the federal permitting process. Once the farms are up and running, 

Mrs. Lanzetta will be looking into using renewable energies for the company's farms.  

3.2.2 Regulators 

At the federal level, aquaculture is defined by the National Aquaculture Act of 1980, amended in 1985. The 

Joint Subcommittee on Aquaculture was outlined by the National Aquaculture Act of 1980 with the goal 

of overseeing effectiveness and productivity of federal efforts to promote aquaculture research and 

assistance programs. The Environmental Protection Agency regulates the wastewater discharge and 
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environmental risk mitigation of aquaculture operations. The Food and Drug Administration regulates 

aquaculture finished product to ensure health and safety standards. The National Oceanic and Atmospheric 

Administration acts as a liaison between aquaculture farms and state and federal agencies to ensure proper 

permitting in state and federal waters.  Other agencies involved in regulation of are the USDA, Department 

of Commerce, Department of the Interior, and U.S. FWS.  Most permitting involved in offshore aquaculture 

pertains to zoning, water discharge, species certification, wildlife management, and marketing/trade.  

Internationally, the United Nations set guidelines for the coastline nation’s use of exclusive zones for 

economic and fisheries rights at the 1982 Nations Conference on the Law of the Sea.  The UN also 

developed a Code of Conduct for Responsible Fisheries based on international law [18].   

Offshore wind projects are assessed and regulated mainly by the Bureau of Oceanic Energy Management. 

The first step of the planning and leasing process requires the agency to issue Requests for Information, 

Calls for Information and Nominations, and requests to identify Wind Energy Areas. Once a proper lease 

area is determined, it is then under environmental review per the National Environmental Policy Act. Upon 

passing environmental inspection, the lease is put up for bid and the winner receives access and right to 

produce, sell and deliver renewable wind generated energy in the designated area. Twelve months after the 

lease sale, the buyer is responsible for submitting a Construction and Operation Plan outlining construction 

and assessment activities to BOEM for approval. Section 388 of the Energy Policy Act gives the Secretary 

of the Interior jurisdiction over offshore renewable energy operations within the BOEM agency. Other 

important acts considered during the potential implementation of offshore wind are the Endangered Species 

Act, Migratory Bird Treaty Act, Coastal Zone Management Act, Merchant Marine Act of 1920, and the 

Outer Continental Shelf Lands Act [19].   

A conversation with Kevin Madley [p9] from the NOAA provided an in-depth look at what the offshore 

aquaculture and offshore wind regulatory environment really looks like. Mr. Madley said the drive for 

offshore aquaculture farming has been so great for some U.S. companies they have expanded into other 

countries due to the uncertain and extended permitting and regulatory process in the United States. 

However, there have been needed changes to policy and regulations for offshore aquaculture in recent years, 

including the Executive Order 13-921 signed by former President Trump in 2020. This order includes 

instructions for “renewing our focus on long-term strategic planning to facilitate aquaculture projects” in 

part by, “…removing outdated and unnecessarily burdensome regulations” and “improving the 

transparency and efficiency of environmental reviews” [20]. It is expected to increase the competitive 

position of the United States in the global seafood market, as well as providing better food security for 

Americans; likely leading to increased opportunities for U.S. aquaculture farms. There is also legislation 

that has recently been introduced in both chambers of Congress called the AQUAA Act to remedy some of 

these ailments listed above. The Act falls short of providing a path for aquaculture leases in the U.S. EEZ, 

but aquaculture industry representatives around the country are lobbying for this addition before the Act 

becomes law. 

Our conversation with Mr. Madley also confirmed the substantial drive from proponents to take operations 

offshore as well as the great interest in using renewable energies to power their farms. The active policy 

and regulatory conversation around offshore aquaculture coupled with the current administration’s focus 

on offshore wind gives us confidence that these regulatory barriers will soon be broken down and the 

offshore aquaculture market in the U.S. will gain expanded opportunities. 

3.2.3 Seafood Suppliers and Seafood Markets:  

The United States’ aquaculture production was 633.5 million pounds of seafood in 2019 [11]. Most 

aquaculture food products raised domestically include salmon, crawfish, trout, oysters, tilapia, striped bass, 

clams, shrimp, and mussels. Aquaculture farms need reliable purchasers of their goods. Before seafood 
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products are sold to the consumer, they are first processed in facilities that convert the whole fish or shellfish 

into packages made for distribution and sale. Whole fish processers generally filet or block the whole fish, 

then place them in packaging and freeze them before being transported to wholesalers or distributors. 

Seafood distributers include retail stores, markets, and restaurants/foodservice. Seafood markets and retail 

stores are spread all throughout the United States and specialize in local and fresh seafood. Aquaculture 

provides reliable product to markets with a predictable timeline. Although wild caught seafood is a 

renewable resource, they face threat from environmental change and unpredictable harvest due to fish 

migrations and weather patterns.   

3.2.4 Trade Associations:  

Aquaculture trade organizations exist federally and for individual states. They are voluntary organizations 

that help their members develop partnerships with wholesale distributes, establish profitable business 

models, invest and develop new technologies, and represent common interests to state and federal 

governments. Some common aquaculture trade associations include Aquacultural Engineering Society, 

Aquacultural Certification Council, National Aquaculture Association, National Fisheries Institute, U.S. 

Aquaculture Society. There are also a few aquaculture trade associations internationally to help farms 

worldwide improve regulatory environments and promote fair trade of seafood products. Based on a 

conversation with Sebastian Belle [p10], the executive director of the Maine Aquaculture Association, 

aquaculture trade associations aim to help encourage and implement renewable energy systems as long as 

they provide sufficient energy output at a competitive cost.    

3.2.5 Seafood Consumers: 

Seafood consumers are important stakeholders in the aquaculture process because they drive the demand 

for the aquaculture market. As more people look for reliable and more environmentally friendly forms of 

protein, the demand for fish and seafood increases. Converting aquaculture farms away from traditional 

fossil fuel power will enhance the aquaculture’s eco-friendly image. In 2018, the average American 

consumed 16.1 pounds of seafood with the country consuming 5.3 billion pounds [14].  

3.2.6 Industry Partners 

A substantial piece of our business model is partnering with companies within the industry to utilize our 

design as well as manufacturers to produce the various components of our design. These partnerships are 

formed in lieu of incurring significant upfront cost to be able to manufacture our product in-house. These 

partners include GETS America (VAWT provider), InnovaSea (design partner and end user), Green Coast 

Enteprises (investor and manufacturing partner), and a current turbine manufacturer yet to be determined. 

Our partnerships with these organizations will be discussed in greater detail in our Key Partnerships section.  

3.3 Value Proposition 

The DTP would benefit new and preexisting aquaculture farms economically, ethically, and logistically. 

The DTP will provide customers with self-generated energy; providing greater opportunity for an 

autonomously run farms. This power solution can also lead to lower maintenance costs and more reliable 

energy - independent from the fluctuating costs related to diesel use. Customers will also benefit from 

divesting from fossil fuels by reducing logistical issues, contributing less pollution to the already changing 

climate, and minimizing the overall carbon footprint of their farms. In a society prioritizing sustainable 

energy, aquaculture farmers will find significant value integrating our DTP into their offshore farms. 

3.4 Competition 

The current method for energy production in offshore aquaculture is a diesel generator; with a few 

exceptions integrating solar, wind or wave energy. Dr. Amy Bliton from the University of Toronto is 

leading an effort to convert aquaculture to renewable energy. The land-based operation is utilizing both 
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solar and wind power to run the aerators on the finfish ponds. The Future Energy Hub Project is working 

on solar energy solutions for aquaculture salmon farms in Norway. A partnership with Grieg Seafood to 

implement a solar powered feed barge to operate the farm is under development.  

As stated previously, diesel-related operations can be very expensive and have environmental effects. Solar 

and wave energy production have cost benefits relative to that of wind power but have innate difficulties 

regarding offshore aquaculture integration. The average price per kilowatt-hour for solar is $0.06 and the 

average price per kilowatt-hour for wave energy converters is $0.045 [6]. The average price per kilowatt-

hour for wind energy is much more expensive at $0.22. While this technology is currently much more 

expensive, wind power has other key advantages over solar and wave energy. Wind is more reliable than 

solar and generates more energy. Solar energy produces only 15 watts per square foot with full sun exposure 

[6]; meaning it would require a 2,000 square foot array of photovoltaic cells to produce the same amount 

of energy as the 30kw wind turbine used in the DTP. Current turbines that are presently in 

commercialization are very large. The current turbine designed into the DTP has significantly smaller power 

output than both the turbines in commercial use and output needed to power the farm. The function of the 

current turbine in the DTP is to provide the small output both as a backup to the intermittency of wind 

energy and to run the low power equipment such as cameras and sensors.  Additionally, the ideal placement 

for aquaculture farms is generally in calm locations with relatively low wind and waves; however, these 

ideal locations become increasingly difficult to find the farther offshore aquaculture farms are constructed 

as winds are virtually unescapable in far offshore climates [p11]. 

All renewable energy sources present the problem of intermittent power. Aquaculture farms run on short 

bursts of large power drawn to run hydraulic systems, feeders, etc. If renewable energy is to be used on an 

aquaculture farm, it must be paired with a storage battery system. The submersible platform of the DTP 

provides the space needed to house such batteries with little extra construction necessary. This is the 

advantage when compared with wave energy converters or solar power since an additional platform would 

need to be installed and maintained to house the battery of other energy storage systems. 

3.5 Federal and State Economic Incentives and Grants 

Many incentives and grants are available in the United States for farms willing to implement renewable 

energy source into their farms. We predict the benefits of these incentives will increase the quality of the 

product we are trying to provide. The following are state and federal incentives available for aquaculture 

farms who plan to purchase and utilize the DTP:   

Table 1: Incentives for Aquaculture Farms 

Northeast 

Sare Research 

and Development 

Grant 

Available to farmers in the northeast interested in making measurable on-farm 

changes leading to greater sustainability. This is an outcome funding grant, meaning 

loans taken through this program would be forgiven when the goal of the project was 

met (e.g., decreasing diesel fuel consumption).   

NOAA Saltonstall-

Kennedy 

Grant Program 

Seeks out applications that will have direct effect on fisheries and marine aquaculture 

that help the seafood community, satisfy state and federal fishery management plans, 

and address environmental, and socioeconomic impacts of overfishing. 

Investment Tax 

Credit 
The federal government provides a credit to wind energy investment for 12%-30% of 

the investment costs in the first year of the project.  Specifically for offshore wind, 

the credit is 30% as long as the project begins before December 2025. 

NOAA Sea Grant 34 programs across the U.S. that provide funding to create and maintain a healthy 

coastal environment and economy. 
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There are also several incentives available for companies to design and develop emerging technology. With 

$10 million awarded to offshore wind projects in December of 2019 [21], we are confident these grants will 

supply the necessary capital needed to get our product off the ground. Some awards include the following:  

Table 2: Energy Innovation Incentives for Businesses 

The Small Business Innovation 

and Research (SBIR) and Small 

Business Technology Transfer (STTR) 

Programs that stimulate innovation and research partnerships 

within U.S. companies by incentivizing businesses to explore 

the potential of new technologies with the potential for 

commercialization.   

The Northeast Sea Grant Consortium: New initiative set to begin May 14th, 2021 to support research for 

the co-existence of ocean energy with Northeast fishing and 

coastal communities. 

Renewable Energy Production Tax 

Credit: 

A tax credit is available per kwh supplied to companies that 

supple renewable energy. 

Renewable Energy Investment Tax 

Credit: 

A credit of up to 30% of investment costs for the production 

and manufacturing equipment within the first year.  

Advanced Research Projects Agency 

– Energy (ARPA-E) 

Provides funding to advance high-potential, high-impact 

energy technologies that are developing new ways to use, store, 

and generate energy.  

4. Preliminary Technical Design 

4.1 Operational Description  

The Dual-Turbine Platform is a semi-submersible platform that consists of two turbines, one wind and one 

current. The platform itself contains three outer large columns to help stabilize the platform, as well as 

assist with the entire contraption becoming buoyant. The center column is used as a means of connecting 

the VAWT and UCT to the platform, shifting most of the product’s weight in the center. The pontoons at 

the bottom of the platform are the main feature used to increase the buoyancy of the design. The pontoons 

assist in connecting all the columns together, while supporting the weight of the heavy VAWT above. All 

Figure 4: Full Model of DTP 
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of these structures are manufactured from the lightweight-aggregate concrete (LWAC). Three S420G2 

steel, cylindrical support members protrude from the three outer columns to the center column of the 

platform to help support the weight of both turbines.   

Table 3: Dimensions of Full Scale Offshore VAWT 

Feature   Full Scale Dimension   

Wind Turbine Mast   22 m tall x 0.76 m diameter   

Wind Turbine Rotor   132 m2 (Swept Area)   

Outer Columns   3.06 m tall x 1.3095 m diameter   

Center Column   2.84 m tall x 0.76 m diameter   

Pontoon    9.12 x 0.55 x 9.18 m   

Support Members (3x)   2.54 m long x 0.196 m diameter   

Current Turbine Mast   1.42 m tall x 0.76 m diameter   

Current Turbine   2 m2 (Swept Area)   

Total Weight   26,366 kg   

 

The Dual-Turbine Platform incorporates two different turbines, a UCT and a VAWT attached to a semi-

submersible platform in order to generate power efficiently and reliably. The UCT attached underneath the 

platform, will harness the energy from the ocean current, while the VAWT atop of the platform will use the 

wind to produce power. It is necessary to include a VAWT along with the UCT due to the current power 

generation of diesel generators. With only a VAWT, whilst the amount of power generated is comparable 

to a small diesel generator, wind energy is less reliable than diesel generators. Conversely, a UCT in 

isolation would be incredibly reliable due to the persistent nature of the ocean current but would not produce 

enough power to rival diesel generators. The utilization of both in conjunction allows for the system to take 

advantage of both turbines’ strengths, while allowing each turbine to cover each other’s weakness. Our 

design aims to provide sufficient energy to power a variety of farms and systems apart of marine 

aquaculture. These farms require a reasonable amount of power in order to function properly, for example 

an offshore aquaculture farm’s power needs are estimated to range from 4 MW-h per year to 715 MW-h 

per year [6] in order to operate normally. This range is large due to the differing sizes and locations of 

various global offshore aquaculture farms. The power needs for an average offshore aquaculture farm not 

only include operational systems including monitoring equipment, circulation pumps, and safety lighting, 

but also feeding and refrigeration systems. To accomplish these needs, our design aims to produce an 

estimated amount of 221 MW-h per year, which would be more than enough to meet the required power to 

power an average offshore aquaculture farm. The power output of our design is based on what our turbines 

can produce under normal conditions off the coast of Maine, where, as shown in Figure 5, wind speeds 

range from 9-10 m/s, which in return our VAWT alone would produce 24.85 kW of power. On the other 

side of our platform, our UCT is estimated to produce about 417.25 W at a current speed of 1 m/s. For the 

location we chose for the DTP, current speeds are recorded to average less than 1 m/s, shown below in 

Figure 7. This is due to the necessity of an aquaculture farm to reside in calm waters. To take advantage of 

these low average current speeds, the UCT is specially designed to be the most efficient in speeds that the 

DTP will witness. 
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Figure 5: Average Wind Speed Offshore at 40m Above Surface Level 

  

Figure 6: Location of Buoys Referenced [22] 

 

Figure 7: Average Current Speed Off Maine’s Coast [22] 
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4.1.1 Design Criteria 

While designing our project we had certain criteria we knew we had to meet as pictured in Figure 8. Starting 

with our platform we knew the most important aspect was the stability. To achieve this, we created a 

symmetrical design that had it weight evenly distributed. The VAWTs balanced design aided in the even 

weight distribution. From there material was chosen, the material had to be strong enough for the turbines, 

not weaken in the saltwater environment and allow for the correct buoyancy. In the end a combination of 

steel and a concrete of lightweight aggregate was chosen to meet our needs. Along with the platform the 

mooring lines were needed. The system had to keep the platform in place while being economically and 

environmentally feasible. Catenary mooring lines were chosen since they perform well in deep water 

conditions and they are cost effective. Drag embedment anchors where selected due to their ability to work 

in a wide variety of seabed soil, have limited environmental disturbance, and are cost effective.  

For the wind turbine the focus was on getting enough power to properly power an aquaculture farm. The 

GETS 30-kW VAWT was chosen not only due to the power output but also had many attributes which 

were found to be beneficial. The turbine has a cut-out speed of 23 m/s which is appropriate for our location 

and wind conditions. Furthermore, the noise levels are around 40 dB, often compared to the sounds in a 

library, at 8 m/s at 30 meters from the mast, which makes it favorable to the surrounding environment [7]. 

To keep the weight minimal while still supporting the turbine the mast was made to be constructed from 

Fiberglass Reinforced Plastics (FGRP). 

The current turbine needed to supply enough energy to allow for low wind conditions when the wind turbine 

wouldn’t be generating electricity. A low current turbine was selected since the currents seen, not only in 

our loctaion but locations of aquaculture farms, are quite low. For our current turbine the cut-off speed is 2 

m/s which is the exteme current condition in our location.   

 

Figure 8: Design Criteria Flowchart for DTP 

4.2 Performance Analysis 

The turbines involved in the design include both a VAWT and an UCT. Due to this fact, the turbines have 

differing power outputs depending on the wind and current speed. This was heavily researched to determine 

the optimal location for the offshore platform. The VAWT has a maximum power output of 30 kW, which 

occurs at a wind speed of approximately 12 m/s and above. The UCT has a maximum power output of 

almost 420 W, at current speeds of 1 m/s and above. The power curves for both turbines are shown below 

in Figure 9. 
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The UCT’s power curve shows that it takes until current speeds of 0.8 m/s to produce half power, whereas 

the VAWT’s power curve shows that it has a higher range of maximum power. This can be optimized by 

changing the size of the turbine to maximize the ratio between the power output and the cost. Since the 

Dual-Turbine Platform captures energy from both the wind and current, the overall efficiency and reliability 

of this system is higher than either of the two turbines in isolation, which allows the Dual-Turbine Platform 

to compete effectively with diesel powered generation. 

Power will be generated by the VAWT which is a 30-kW turbine as well as a current turbine which 

generates a maximum of 420W. The VAWT will produce its energy based on the wind speed at its location, 

the current turbine will be always operating which allows for energy production even in low wind 

conditions. In offshore aquaculture, anywhere from 450 to 81,600W is needed to perform the necessary 

requirements for the farm, of a given size, to operate. With the two turbines working in conjunction the 

platform will be able to generate the required power for an average offshore aquaculture farm. 

To store the power generated by the Dual-Turbine Platform, a battery bank will be built on the semi-

submersible platform. One of the benefits of the Dual-Turbine Platform is that a smaller battery farm than 

other generation technologies can be used due to the high reliability of the system and constant power 

generation of the UCT. Although power storage needs will vary due to the size and needs of the offshore 

aquaculture farm, the battery bank will be able to store at least three-days' worth of power in the event of 

calm conditions. However, due to the nature of the UCT’s consistent power generation, even in calm 

conditions the battery bank will be charging. 

The overall power needs are determined by the specific offshore aquaculture farm utilizing the platform. 

Despite the power required changing based on the end user there are required operational needs. The 

stability of the platform is one of the most necessary for the operation. The stability has been analyzed, and 

the data demonstrates that the platform will be viable and properly operate.  

 

Figure 9: UCT and VAWT Power Curves 
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The cut-out speed for the turbines represents the speeds at which the turbines shut down to avoid damage. 

For the VAWT, the cut-out speed is at 23 m/s, whereas the UCT’s cut-out speed is at 2 m/s.  

4.3 Stability Analysis  

When the offshore VAWT is in its operational environment, there are waves of all varied sizes, carrying 

different magnitudes of force on the platform. Even high winds, particularly during heavy storms, interact 

with the platform and this causes damage to the turbines due to the platform not remaining stable during 

these extreme weather conditions. The current also plays a huge role due to its interaction between the 

platform, current turbine and the mooring lines. From this it is concluded that the stability of the floating 

offshore turbine depends on three different surrounding conditions, wave, wind and current. The wind 

interacts with the entire system that remains unsubmerged, while the current and waves interact with the 

portion of the system that is submerged, this includes the wind turbine, tower, platform, current turbine and 

the mooring lines. This interaction between the fluid flow, and the floating structure is known as Fluid 

Structure Interaction (FSI). 

Instability is vital component that is the key to why floating turbines are not currently commercialized. The 

instability of the floating structure can be detrimental to the system due to causing disruption in energy 

production, adding to maintenance, reducing lifetime or even cause catastrophic failure [1, 6]. When 

considering stability of a floating structure it is extremely important to evaluate the centers of buoyancy 

and gravity. When a structure is given a small displacement and it returns to its equilibrium position it is 

said to be in stable. In order to ensure the structure returns to its equilibrium position, the buoyancy force 

and gravity force must create a restoring couple, meaning the structure will rotate back to its equilibrium 

position. For a floating body that sits low in the water, the center of gravity can lie above the center of 

buoyancy and still remain stable. This is due to the fact that the buoyancy force shifts as the structure rotates, 

still creating that restoring moment. Designing the platform with the majority of its mass residing towards 

the bottom, has allowed this platform to remain stable in its operational environment. With the center of 

gravity slightly above the center of buoyancy, has allowed the platform to restore to equilibrium from any 

applied moment as shown in Figure 10b. This applied moment could be a result from the current, waves or 

wind, which the platform will be able to withstand while housing the VAWT. 

FSI is another major component to consider when evaluating the stability of a floating structure. When a 

flexible or flexibly mounted structure is subjected in fluid flow, this body can be forced to oscillate due to 

the flow forces. This oscillation is called Flow-Induced Vibration (FIV) [23, 24]. The flow forces 

experienced by the structure is due to the vortices that shed as the flow moves around the structure as shown 

in Figure 10a. The frequency of the vortex shedding can change by changing flow velocity. When the 

frequency of shedding locks in with the system’s natural frequency, large amplitudes of oscillations occur, 

which is known as resonance. This range of flow velocity where FIV occurs is known as the lock-in region. 

When a structure is under resonance, this forces the structure to oscillate back and forth repetitively. This 

cyclic load can cause material fatigue on the structure which is why it is extremely important to suppress 

as much of the FIV as possible. The components of the system that can undergo FIV include the platform, 

the mast, both turbines and the mooring lines. 

By having the mast tapered, this allows the vortex shedding to vary along the length of the mast as shown 

in Figure 10a. From this, the resulting forces along the tapered cylinder are non-uniform compared to the 

forces acting on a circular cylinder. Due to this variation along the length of the tapered cylinder, the 

amplitude is not only decreased by a bit, but the lock-in range is shifted to higher reduced velocities. 

Similarly, the forces acting on the tapered cylinder is decreased in amplitude, with the lock-in range shifted 

to higher reduced velocities and a shift in phase differences between the flow force and the cylinder 
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displacement [25]. With this shift in the lock-in range, we are able to avoid high amplitude displacement 

during lower reduced velocities or normal wind conditions.  

Figure 10: Stability Analysis Diagram of DTP 

Catenary mooring lines were used to keep the platform in place. The catenary system allows for vertical 

and horizontal movement. By letting the mooring lines slack, allows the platform to move with the 

environmental conditions rather than rigidly staying in place. By allowing the platform to oscillate both 

vertically and horizontally, the mooring line system acts as dampeners rather than restricting movement 

altogether. This reduces both the force exerted on the platform and the tension in the lines. Catenary 

mooring lines maintain structural integrity whilst lowering the risk of mooring line failure [26]. 

Experimental Testing has been conducted to ensure the stability of the platform in each of the surrounding 

conditions. One degree of freedom tests has been conducted to show the crossflow amplitude of the platform 

at various angles of attacked. In summary, the experimental tests have shown that at full scale the platform 

experiences maximum amplitudes that are less than a quarter of the column diameters as seen in the build 

and test section. The ranges where the platform is experiencing FIV in full scale is 0.90 to 1.42 m/s. By 

referring to Figure 7, is it shown that average operational currents are not in the range where the platform 

experiences FIV.  

4.4 Maintenance Schedules  

The following are the estimated costs of the DTP. We will provide these services as needed for our 

customers.  

Table 4: Maintenance Schedule of Dual-Turbine Platform 

Component Maintenance Frequency Maintenance Cost 

VAWT yearly 38% 

Platform yearly 

Current Turbine yearly 1.5-2.5% of investment costs 

per year 
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Figure 11: Breakdown of Operational Expenditures (OPEX) of an Offshore Wind Farm 

4.5 Challenges and Risk Mitigation 

There are several risks included in the production and marketability of the DTP as well as innate threats 

posed by the harsh deep-sea environment. Through our research and conversations with those in the field, 

we have compiled a list of potential risks and mitigation strategies below.   

4.5.1 Production and Marketability 

Cost: Offshore wind is currently an expensive form of energy, due in large part to the costs associated with 

the semi-submersible platform. The upfront capital investment may be too high for some individual farms 

and even possibly InnovaSea’s design team. However, our partnership with Green Coast Enterprises will 

allow us to manufacture our product at a competitive cost and our partnership with the University of 

Massachusetts at Dartmouth will allow us to collaborate on research and optimize this design to make it 

cost-effective for our customers. These learning efficiencies and technology advancements will directly 

translate to a more competitive price for our customers, as shown in Table 9 in the financial analysis section.  

Regulations: A significant barrier to entry for the offshore aquaculture and offshore wind markets is the 

regulatory environment of the United States. The largely uncertain process and timetable for offshore 

aquaculture permitting has led some U.S. based farms to take their operations to other countries. However, 

with the Executive Order (13-921) and the active conversation in the House of Representatives regarding 

the AQUAA Act coupled with the new administration’s focus on offshore wind power, we are confident 

the regulatory environment for offshore aquaculture will become favorable.  

Conflict with Fisheries: Kevin Madley from the NOAA apprised us of the contentious nature of offshore 

aquaculture, offshore wind, and catch fisheries. In the past some aquaculture farms wanted to share leases 

with offshore wind farms to streamline the permitting process. This presented a problem for the offshore 

wind companies due to their agreements of continuing to allow fisheries to fish the lease areas. This specific 

conflict is beginning to dissolve as the offshore wind leases are generally looking more toward 20+ miles 

offshore, and the offshore aquaculture farms will likely stay within 12 miles. However, catch fisheries and 

aquaculture farms will likely continue to feud over legislation in the future.  
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Table 5: Risk Mitigation Strategies 

 

 Adoption: Being emerging technology our product may experience skepticism from individual 

aquaculture farms. Our modification and optimization stage must not only focus on shaving down the cost 

of the DTP, but also confirming it fits the needs of our end users. To market this product in the global 

aquaculture space, we must elicit confidence from our customers regarding the concerns of cost, 

intermittent power, and durability, among others that may arise throughout this stage. 

4.5.2 Technical and Operational Risks 

Shown in Table 5 are potential risks that could occur and the associated mitigation strategy that could be 

used to avoid the risk. 

4.6 Environmental Risks and Impact 

4.6.1 Purpose and Need Statement 

The proposed action is to incorporate the DTP to aquaculture farms to transition toward utilizing the 

blue resources in an environmentally friendly way that does not harm people or wildlife. Utilizing a VAWT 

decreases risk of bird collisions and noise pollution. Transitioning away from traditional diesel-powered 

generators will make aquaculture farms more sustainable and eliminate substantial environmental risk. 

4.6.2 Alternatives 

Offshore aquaculture currently only operates using diesel generators. This requires trips back and forth 

from shore to the aquaculture operation to deliver fuel. The incorporation of the DTP would significantly 

decrease the required trips to be made to and from shore. By reducing the trips made to and from the 

offshore aquaculture operation you can reduce the likelihood of having a vessel strike with a marine 

organism.  Handling fuel while refilling generators increases the risk of a fuel spill. Fuel spilled into the 

ocean would pollute the water which can cause harm to plant and animal species as well as for people using 

the water for fishing, recreation, and other such activities.   

 
There is risk of birds flying into wind blades which often prove fatal. This risk is especially concerning 

given the location of the turbine being offshore where many waterfowl and threatened or endangered 

species live. The use of VAWT as opposed to a horizontal axis turbine reduces the risk of bird collisions by 

creating a reduced chance for impact due to significantly smaller swept rotor area. Any action taken to 

reduce the risk of bird collision would have great impact due to the high fatality rate of collisions and the 

wind turbine being in habitats that ecologically sensitive to migratory birds. VAWT are much quieter in 

everyday use than horizontal wind turbine. Noise from turbines can disturb the acoustic senses of wildlife 

and have health effects on humans working at or near the turbine.   

Risk   Probability   Mitigation Strategy   

  

Severe Weather   

  

Medium   

Mooring line system, Testing scaled model in 

extreme wind/current conditions   

  

Seabed Conditions   

  

Low   

Anchoring system for mooring lines, Guidelines 

from Clean Water Act   

  

Ship Collision   

  

Low   

FAA Regulations: High visibility paint, 

obstruction lights   

Aircraft Collision Low 
FAA Regulations: High visibility paint, 

obstruction lights    

Fluctuation in Cost of Material  High Use multiple suppliers, diversify supply chain 
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The wind turbine on a floating platform as opposed to pile driving the turbine to be anchored to the ocean 

floor decreases the risk of disturbing wildlife habitat. The process of pile driving creates vibrations that can 

disrupt the acoustic senses of marine animals. Acoustic senses are used to find prey and to 

communicate with others. Pile driving can permanently damage these senses which likely will prove fatal 

to the organism. Pile driving also disturbs the sediment at the ocean floor which makes the water murky 

and hard for marine organisms to see into. There is significantly less risk of harming 

marine organisms' acoustic senses by using a floating platform because it eliminates the need for the 

harmful the practice of pile driving. There is still some risk involved of disturbing sediment from the ocean 

floor or organisms that live on the sea floor since the floating platform must be anchored down; however, 

that risk is far less than if a monopile or tripod was used.  

 
There is risk of planes or vessels colliding with the floating turbine or platform. Risk of airplane 

collision can be mitigated by adhering to the guidelines set forth by FAA. The tower and the blades must be 

any shade between RAL 9010 solid white and RAL 7035 light grey. Red flashing obstruction lights should 

be placed around the perimeter where the turbines are present. If significant snowfall is expected to 

accumulate on the platform alternating bands of aviation orange and white should be painted on the platform 

[27].   

 

4.6.3 Environmental Consequences 

Marine organisms and their habitats potentially could be affected by the DTP. Ocean water around the 

aquaculture operation faces risk of being contaminated sedimentation stirred up from anchoring the floating 

turbine in place. Sedimentation and water contamination affect the seawater and the ocean floor ecosystems 

[10]. These potential threats are monitored and regulated through the Clean Water Act. Under the National 

Historic Preservation Act the location of the floating wind turbine and aquaculture farm must not interfere 

with areas of historical significance which include shipwrecks, archeological sites, and historical views 

[19]. Sedimentation can prove to be harmful to aquatic organisms. Eutrophication stimulates the growth of 

agal and plant life which in term cause a lack of oxygen available to marine organisms. The extent to which 

organisms are affected changes based on the levels of contamination and can have affects ranging from 

minimal to lethal [10]. The consequences from the wind turbine aquaculture farm are expected to be 

minimal and have only a small influence on marine habitats and organisms. Vessels moving back and forth 

from the aquaculture farm pose a threat to marine organisms due to the risk of collisions. The spinning 

blades of the wind turbine can affect birds that fly through the aquaculture farm, although the risk of bird 

collisions is much less for VAWT than for horizontal wind turbines. Collisions with turbines almost always 

prove fatal to the organisms. The wind turbines must not have a significant negative effect on migratory 

waterfowl species as per the Migratory Bird Treaty Act. Wind turbine aquaculture operations should be 

away from significant migratory flyways. The ecosystem consequences due to the wind turbine aquaculture 

farm cannot affect threatened or endangered species according to the Endangered Species Act. All species 

of marine mammals living in the region are also to be considered for protection under the regulations set 

forth by the Marine Mammal Protection Act. This protects all species of whale, dolphin, and seal that live 

in the region [19].  
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5. Development and Operations 

5.1 Key Partnerships 

In the figure below, the partnerships to be made with various institutions and manufacturers and what our 

business plans to gain from these arguments are outlined: 

Figure 12: Key Partnerships 

5.2 Development Plan  

We have developed a 10-year, 3-stage development plan for the DTP to meet the needs of our various 

stakeholders, as shown below: 

 
Figure 12: Development Plan 

5.3 Scalability and Customization 

The DTP design can be customized to fit the specific need of any customer. Depending on the power 

requirements of the farm, our platform design can be scaled up or down to accommodate different sized 
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turbines. Additionally, depending on customer preference, a small diesel generator can be designed into the 

DTP as a fallback source of power.  

6. Financial Analysis 

6.1 Market and Production Assumptions 

The following are assumptions made within the financial analysis regarding the DTP: 

Figure 13: Market Assumptions 

6.2 Cost Analysis  

Table 6 outlines the component costs for a single DTP. 

Table 6: Cost Breakdown of Components 

Cost Breakdown of Components  

Floating 

Platform (Concrete/Steel) 

$39,387  

30kW Wind Turbine $108,000 

Turbine Mast $85,534 

Current Turbine $50,000 

Storage Batteries $18,802 

Mooring lines $411,342 

Electrical Framework $20,000 

Anchors $ 246,805 

Paint $64,000 

Total cost of project: $1,043,870 
 

Table 7: Estimated Costs After Supply Chain Management and Technology Advancements 

  Year 1 Year 2 Year 3 Year 4+ 

Production Cost of Platform:  $1,043,870  $918,605  $826,745  $777,140 

Table 7 shows our expectation that investment in research and development will yield reductions in the 

amount of materials used and the cost of manufacturing. R&D efforts over years 1-3 will result in a decrease 

in the production cost of the platform by 12% in year 2, 10% in year 3, and 6% in year 4. 
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Table 8: Estimated Total Annual Savings for the End Users Provided by the DTP 

Cost/Savings Breakdown 

Platform implementation expenses 

Purchase Expense of the DTP  $(1,250,000)  

Annual Leasing Expense of the DTP  $(80,000.00) 

Annual Maintenance/Repair Expense   $(20,000.00) 

Annual savings from platform implementation 

Fuel Expense  $19,050 

Labor Expense  $52,526 

Supply Boat Expense  $30,277 

Carbon Credit Revenue  $8,355 

Total Annual Savings  $120,302 

Table 8 divides the savings and expenses into their individual components using the cost estimates per kg 

of fish produced found in the economic feasibility study in the Gulf of Mexico [28]. The farm used in this 

study is an average finfish aquaculture farm producing 500 tons of fish per year. The analysis was taken 

under the assumption that the implementation of the DTP would eliminate 75% of fuel cost. In the first 

year, the customer would be able to claim a tax credit for 30% of their investment cost; reducing the realized 

expense to $875,000. The increased self-sufficiency of the farm with the implementation of the DTP will 

eliminate at least 1/3 of the trips needed to and from the farm; thereby reducing 33.33% of the supply boat 

expense as well as an additional 20% in labor costs due to the reduced time spent by staff on recurring 

supply trips. Carbon credit revenue was calculated under the assumption that a finfish aquaculture farm 

consumes 110,000 liters of diesel in a year (as per a Bremnes Seashore aquaculture farm in Norway); 

therefore, the farm would acquire 401.5 carbon credits per year with a market price of $20.81 per carbon 

credit [29].        

 

Figure 14: Estimated Accumulated Savings Over 25 Years 

Table 8 and Figure 15 shows the relationship between the leasing and purchasing option over the twenty-

five-year life of the platform. The NPV of the purchasing option is $26,186 and the NPV of the lease option 

is $184,281 over the 25 years. Both the purchasing and leasing option are economically beneficial; however, 
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the leasing option appears to be more economical in the short run, but the purchasing option is more 

beneficial in the subsequent years following the eleventh.   

6.3 Projected Five-Year Income Statement 
Table 9: Estimated Financial Statement for the First 5 Years ($ in thousands) 

 2022 2023 2024 2025 2026 

Expected number of sales (units) 3 5 10 35 50 

Expected number of 

lease agreements  5 8 10 15 22 

Revenue from sales  $3,750  $6,890  $12,401  $34,723   $52,085 

Revenue from leases  $400  $640  $800  $1,200  $1,760  

Maintenance and repair revenue  $20   $20   $30  $83  $123  

Government Grants  $100   $250   $250   $20  $20  

Revenue  $4,270  $7,800  $13,481  $36,026  $53,987 

Platform manufacturing and 

fabrication expense  $8,350  $7,349   $9,921  $25,646   $38,080  

Labor expense  $120  $120  $180  $495  $735 

Manufacturing facility operational 

expense  $-     $150   $30   $30   $30 

R&D - Related Expenses (Engineers 

& Lab cost)  $1,000  $110  $110  $30   $30 

Legal Fees  $10  $10  $10  $10  $10 

Assembly and installation expense  $120  $120  $180  $495   $735  

Prototyping costs  $130  $130  $130  $65   $65 

Sales and marketing expenses   $5   $10  $10   $25  $25  

Expenses  $9,746  $8,009  $10,581  $26,806   $39,720 

Net Profit/Loss  $(5,476)  $(209)  $2,900  $9,220  $14,267 

 
Figure 15: Net Profit Loss Chart for the First Five Years 
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Our sales are expected to lag behind our leases early on, but once we gain market share, our sales will 

outperform our leases. The sales price of the DTP will be $1.25 million with a leasing price of $80,000 a 

year. We expect farms to also utilize our services for necessary maintenance and repair with an approximate 

cost of $20,000 per year. This relationship can be shown in the table above. Each unit produced will cost 

an estimated $15,000 in labor expense. Maintenance and repair revenue include $2,500 per unit per year. 

Installation and Assembly will cost an estimated $15,000 per unit. Keep in mind a short term (5 year) 

financial statement will be bias against the leased units since revenue from a lease will not be realized until 

the eighth year of operation. The government grant amounts used in the financial statements are the assumed 

awards from the incentives listed above. The large amounts come from the SBIR/SBTT. We would likely 

receive three large installments from this specific grant. The idea behind this grant is to help with R&D to 

optimize the commercialization of an innovative new product, and the DTP fits these criteria. The small 

amounts occurring later are other government grants found in the incentives section in the report. The R&D 

expenses were made to be the amount left over from the SBIR/SBTT grant after marketing and prototyping 

expenses, with the expectation to then drop to a constant $30,000 budget after the funds from the grant 

cease. 

 

6.4 Cash Flow Analysis  
Table 10:Estimated Cash Flows in the First Five Years (in thousands) 

 

Investment   

period  Year 1 Year 2 Year 3 Year 4 Year 5 

Investment 

in Manufacturing 

Capital 

 $(1,500)  $(3,000)  $(3,500)  $-     $-     $-    

Investment in 

other assets 
 $(1,000)  $(2,500)  $(2,500)  $-     $-     $-    

Cash Inflows 

      Revenue  $-     $4,178  $7,550  $13,231   $36,006   $53,967  

Cash Outflows 

       Expenses  $-     $(9,746)  $(8,008)  $(10,581)  $(26,806)  $(39,720) 

Net Profit/Loss  $(2,500)  $(11,076)  $(6,459)  $2,650   $9,200  $14,247  

Add: Amortization  $-     $45  $45  $45  $45   $45 

Add: Depreciation 

of Assets 
 $-     $15  $15  $15  $15  $15 

Net Cash Flow  $(2,500)  $(11,015)  $(6,398)  $2,711  $9,261  $14,308 

Net cash flow is projected to be negative in the first two years but increase to positive cash flow after full 

commercialization of the product is achieved. The positive cash flows in years three, four, and five iare 

significantly greater than the negative cash flows that occurred in years one and two. Depreciation is the 

cost of assets spread over a 10-year life cycle. Amortization is determined by spreading R&D costs and 

legal fees in the first two years over the life of the estimated useful life of the patent (25 Years). Investment 

occurs in the first three years of the business plan when the partnership is made with Green Coast 

Enterprises to ensure commercial scale supply chain development.  
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Figure 16: Net Cash flow in the First Five Years 

6.4.1 NPV 

Using an expected rate of return of 8%, the NPV of the 5-year period is projected to be $474,300. Since the 

NPV is positive, it shows that commercialization of the platform will be a worthwhile venture for the 

organization.   

6.4.2 IRR 

The IRR calculated for this project, using the same cash flows in Table 10, was found to be 9% meaning 

the project will return 9% on the investment within the first five years of business. This is representative of 

a worthwhile investment. 

7. Future Innovation and Research 

While developing the DTP and business plan, we came across several segments of our design that need 

further research and/or innovation. A common problem for most wind turbine designs is finding the right 

tradeoff between cost and performance. Although the platform itself is not a significant expense, the 

mooring and anchoring systems that keep the platform in place require substantial capital. Further research 

is needed in this area to determine the most cost-effective way to anchor this small of a platform. The 

current turbine in the DTP design produces a nominal amount of energy compared to the wind turbine. This 

is due to a few factors, the most apparent one being that offshore aquaculture net pens are located in the 

calmest waters making it a challenge to extract the energy in the low-speed current. Another factor was due 

to the small scale of our platform that was necessary to keep the cost low for our customers. A larger current 

turbine may be feasible in a larger scale operation which is located further offshore that provides sufficient 

current conditions, per customer request, but this is not needed in a smaller scale farm. The DTP could be 

scaled up significantly and a new iteration of the platform can be designed to house current and wind 

turbines that produce power in megawatt range, which would be able to be integrated into numerous 

applications other than aquaculture.  
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