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An assessment of the thermal resource in the Straits of Florida was performed to 

estimate the Ocean Thermal Energy Conversion (OTEC) potential. Direct measurements 

of the temperature profile across the Florida Straits were taken from nearshore Southeast 

Florida to the Exclusive Economic Zone boundary along four evenly spaced transects 

perpendicular to Florida’s Southeast coast, spanning 160 km. Along the southern 

transects in summer, nearshore cold and warm water resources meet or exceed the 

average 20°C temperature difference required for OTEC. In winter, the nearshore average 

T∆  of 17.76°C can produce 59-75% design net power and 70-86% in spring with T∆  

averaging 18.25°C. Offshore along the southern transects, a high steady T∆  from 18.5-

24°C creates an annual average net power of 120-125MW. Along the northern transects, 

the nearshore resource does not exist, but a consistent OTEC resource is present offshore, 

providing 70-80% design net power in winter, and 100-158% in spring and summer.  
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1 Background 

Ocean thermal energy is the energy associated with the temperature of the ocean’s 

water that can be used to provide electricity, air conditioning, and freshwater. The source 

of this energy is the heating of the ocean’s surface by the incident solar radiation and the 

cooling that occurs in the Polar Regions. The natural circulation patterns of the oceans act 

as the energy conveyers, delivering the water masses throughout the globe. Electricity 

can be produced using the heat stored in the warm surface water and colder, deeper water 

to power thermodynamically driven generators (Vega, 2002/2003). In Cold Seawater 

Based Air Conditioning (CSBAC), the cooler seawater can be used directly as the coolant 

or cold source for air conditioning and replace the electricity driven refrigeration cycle, or 

it can be used to chill the coolant used in air conditioning or in a heat exchanger, cooling 

the air. Also useful in aquaculture, the cold bottom water brought to the surface can 

provide an environment conducive to growing species such as Maine lobster, clams, 

abalone and salmon in warmer climates. Desalinated water, under certain conditions, is a 

possible byproduct of ocean thermal energy and can be distributed as drinking water or 

used in irrigation and agriculture (Vega, 2002/2003).  

1.1.1 Ocean Thermal Energy Conversion  

There are several thermal cycles used to extract energy from the temperature 

difference, including closed-cycle, open-cycle, and hybrid systems, and referred to as 
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Ocean Thermal Energy Conversion (OTEC). The closed cycle utilizes the Rankine Cycle, 

passing the warm surface water across an evaporator to expand a working fluid with a 

low boiling point, such as ammonia or propane. The expanding vapor powers the 

turbogenerator where electricity or other forms of power or work are produced. The 

ammonia then passes through a condenser where it is cooled and condensed by the cool 

bottom seawater. This condenses the ammonia back to its original state, at which time it 

is sent back to the evaporator to start the process again. 

An open cycle uses seawater as the working fluid. The seawater is evaporated 

using a vacuum pump, or a flash evaporator, and the expanding vapor is used to power 

the turbogenerator. The desalinated vapor is then sent through a condenser, cooled by the 

cold seawater, and then discharged as desalinated water. Even with modern technology, 

open-cycle turbines are still limited to about 2.5 MW (Vega, 2002/2003). This type of 

cycle would be particularly useful in a smaller island community, where fresh water is a 

rare commodity and huge, commercial sized plants with several turbines are not 

necessary nor economically feasible.  

A hybrid cycle uses a combination of both open cycle and closed cycle systems. 

In a hybrid OTEC system, warm seawater enters a vacuum where it is flash evaporated 

into steam. Following the flash evaporation, either the steam or the warm surface water is 

passed through an evaporator to vaporize the working fluid. The expanded vapor drives a 

turbine and in turn, produces electricity. The steam from the seawater is then condensed 

to produce desalinated water (“Hybrid OTEC,” n.d.).  
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1.1.2 Ocean Thermal Energy Conversion History 

Originally, the idea of ocean thermal energy production came from Jacques 

Arsene d'Arsonval in 1881, whose student, Georges Claude, designed a 2.2MW floating 

plant in Brazil and designed and built an experimental open-cycle system in Cuba. The 

plant in Cuba did not operate off a temperature difference great enough to produce net 

electricity, and the plant in Brazil was unsuccessful due to failure to install the cold-water 

pipe (Vega, 2002/2003).  

Since 1881, there have been many technological advances concerning OTEC. 

During the 1970s, OTEC research was a priority due to the sudden surge in oil prices. A 

closed-cycle OTEC plant was completed in 1979 on a U.S. Navy barge located 2km off 

Keahole Point in Hawaii, called Mini-OTEC, which successfully produced a net electric 

power output of 15kW. Mini-OTEC operated successfully for six months (“Ocean 

thermal,” 1989). In 1993, an open-cycle OTEC land-based experimental facility was 

installed in Hawaii. Design parameters specified an output of 210 kW utilizing a 20°C 

temperature difference. Testing indicated the plant’s highest gross power was 255 kW 

and highest net power was 103kW.  

1.2 Need for Ocean Thermal Energy 

According to the U.S. Department of Energy, fossil fuels, including coal, oil and 

natural gas, provide 84% of all energy produced in the United States – nuclear and 

renewable energy account for 9% and 7% respectively (Figure 1, “Renewable energy 

consumption,” 2009). With the cost of oil rising, coupled with environmental, ecological, 

and security concerns, clean renewable energy resources are being studied for 
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viability and economic feasibility. An attractive energy source that has yet to be 

thoroughly explored commercially is ocean thermal energy. Ocean thermal potential is 

huge, yet it remains relatively unknown. For example, the 60 million square km of 

tropical ocean waters absorb the energy equivalent in heat content to 245 billion barrels 

of oil each day. While extracting this much energy is unrealistic, impractical, unnecessary 

and certainly unsustainable, harnessing a fraction of a percent of this ocean thermal 

energy could supply a substantial portion of the total daily U.S. electrical consumption. 

(“Ocean thermal,” 1989). 

 

Figure 1: Energy consumption in the nation’s energy supply, 2008.  

1.3 Relevance to Florida   

Ocean Thermal Energy Conversion is a very attractive method to provide clean 

renewable energy in many areas of the world, with the present focus directed on small 

islands in tropical waters with a strong demand for desalinated water and a high cost of 

electricity. However, South Florida, with its growing energy demand, soaring electricity 
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costs, direct connection to the U.S. national grid, and close proximity to a cold water and 

warm water source, is also under consideration for possible ocean thermal applications.  

In addition to using over 20 billion gallons of water a day, Florida ranks first 

among all states in the amount of electricity it produces from oil (“Florida’s Energy 

Plan,” 2006). As of 2006, Florida’s electric utilities have 51,377 MW of installed 

capacity.  Florida’s generating capacity consists of 8% nuclear, 1% renewable, with coal, 

oil, and natural gas making up 86% of the remaining capacity (Figure 2). It is estimated 

that electricity consumption over the next ten years will increase by 27.9%, which means 

that Florida’s electric utility industry is planning on adding or currently adding more 

generating capacity to their existing power systems (“Florida’s Energy Plan,” 2006). As a 

green source of energy, OTEC is capable of reducing the usage of fossil fuels and could 

also assist in providing millions of gallons of freshwater a day, while cold sea water 

based air conditioning has the potential to reduce summer local electricity consumption 

by at least 40% (Hirshman, Whithaus, & Brooks, 1975). Off Florida’s Southeast coast is 

a significant cold-water resource located in an area 5-25 km from shore in waters as 

shallow as 250 m and in close proximity to an inexhaustible energy market, as well as a 

structurally stable OTEC resource in 650 m of water, 42 km from shore.  
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Figure 2: Florida's installed generating capacity as of 2006 (“Florida’s Energy Plan,” 2006).  

A plot of the energy demand for 2007 and estimates for 2008 and 2009 show that 

the peak demand occurs during the summer months, from July through September, due to 

an increase in the use of air conditioners (Figure 3). According to Anderson and Cory 

(1985), and supported by the results from this work, the peak energy demand due to air 

conditioning usage during summer in Florida coincides with the maximum energy 

production potential from ocean resources. One option for responding to Florida’s rising 

energy demands is the use of the ocean’s natural thermal energy. South Florida’s waters 

satisfy the requirement of a 20°C temperature difference for OTEC systems to practically 

and economically harness energy from the thermal gradient and convert it to useful 
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electricity (Vega, 2002/2003). Ocean thermal energy conversion is the focus of this work. 

Cold seawater based air conditioning is also an option to explore in South Florida due to 

a cold-water resource in close proximity to a high population density area with an 

increasing air conditioning demand and should be considered a topic for further research 

using the data collected for the purposes of this thesis.  
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Figure 3: Peak Energy Demand in Florida, data adapted from http://www.fpl.com/about/ 
ten_year/pdf/plan.pdf 

1.4 Thesis outline 

The first step needed in the development of any site specific energy harvesting or 

conversion method is a thorough characterization of the area’s resources and an estimate 

of the energy production potential. Thus, the focus of this work is to characterize the 

OTEC resource, develop a parametric model of the OTEC power production potential, 

and provide an estimate of the thermal energy contained in the ocean off the coast of 

Southeast Florida in the vicinity of the Florida Current. The results will be used to 
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determine the energy production potential of the Florida Current of Florida’s Southeast 

coast. 

Chapter 2 provides a physical description of the Straits of Florida. In particular, 

this section describes the environment in which an OTEC plant would operate, discussing 

the location of the Florida Current, the current’s cross-section, average and seasonal flow 

rates, and causes of variability. Chapter 2 then goes on to discuss the oceanographic 

conditions and forces causing varying temperature gradients. Finally, specific 

bathymetric characteristics in the focus area of study are described.  

Chapter 3 discusses the underlying needs for performing an assessment of the 

ocean thermal resource off Florida’s Southeast coast and the lack of detailed sets of 

historic temperature data. This leads into the types of measurements required, the 

methodology to collect the required data, and the instrumentation needed to perform the 

assessment. Instrumentation specifications and operating procedures are described.  

Chapter 4 characterizes the spatial and seasonal variability of the area’s ocean 

thermal resources, described in terms of the required and desired conditions for OTEC 

resources based on a 100 MW OTEC plant. The warm and cold water reservoirs are 

described in terms of temperature, size, and distance to shore. Seasonal variability of the 

temperature difference at specific locations is described, and areas with a potential ocean 

thermal energy resource are identified. 

Based on the developed parametric model of the OTEC power plant and using the 

data from Chapter 4, the energy production potential at each cast site along each of the 
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four transects is estimated in Chapter 5. Along the Fort Lauderdale transect, the cross-

stream maximum producible power is estimated.  Chapter 6 concludes the thesis with a 

review of the achievements of this work and future research possibilities.  

1.5 Contributions 

Contributions of this thesis include: 

1. an overview and analysis of the ocean thermal structure off Southeast 

Florida based in situ oceanographic water property measurements, such as 

water temperature  and depth, in conjunction with historic current data 

measurements;  

2. a parametric model of the OTEC power production potential based on a 

100 MW net power production at a temperature difference of 20°C 

between the warm and cold water reservoirs; and  

3. an estimation of the ocean thermal energy production potential based on 

state of the art technology using the parametric model and the water 

property data.  
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2 Physical description of the Straits of Florida 

 

The Straits of Florida are geographically situated between the Florida Keys, Cuba, 

and the Bahamas, covering a distance of about 480 km long and between 80 and 241 km 

wide (Figure 4). The southern strait is bound by the Florida Keys to the North and Cuba 

to the south. The eastern portion is bound by mainland Florida to the west and the 

Bahamas to the east. The Florida Current exits the Gulf of Mexico and flows warm 

tropical water eastward through the southern straits and northward through the eastern 

straits. The bathymetry in the southern straits, near where the Florida Current exits the 

Gulf of Mexico, can reach 2000 m, while the maximum depth in the geographically 

restrictive northern straits is approximately 800 m in the area between Florida and the 

Bahamas (Lee, 1995).   
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Figure 4: The Florida Current (NOAA)  

2.1 Description of the Florida Current  

The Florida Current represents 20% of the mass flow of the Gulf Stream with an 

annual mean transport rate between 30 and 32 Sverdrups (Larsen & Sanford, 1985) but is 

subject to seasonal variability. The maximum transport occurs during spring and summer, 

with a minimum occurring in October (Schott, Lee, & Zantop, 1988). In a long term 

study, the mean transport of the Florida Current was studied at 26°N off the coast of 

Florida by equipping the Royal Caribbean Cruise ship Explorer of the Seas with two hull-

mounted ADCPs (Beal et al., 2008) over a five year period, from May 2001 through May 

2006. These measurements show a mean Florida Current transport of 31.0±4.0 Sv at 

26°N (Figure 5) with the greatest current velocity variability from 5 to 25 km from shore 

in depths of 250 m (Figure 5, bottom panel). According to the study, the highest monthly 
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mean volumetric flow rates occur during May, June, and July, with a minimum transport 

in January.  

On average, the axis of the Florida Current generally resides within 25 km from 

shore (Schott, 1976), and the western edge of the Florida Current is within 16 km (10 

miles) from the shores of Miami and Fort Lauderdale (Gyory, Rowe, Mariano, & Ryan, 

n.d.). Its western boundary can be as close as 5 km from the coast and its eastern 

boundary extends as far as 70 km (Raye, 2002). The highest current velocity occurs near 

the surface at the Current’s axis, as fast as 2.5 m/s and an average of about 1.7 m/s (Raye, 

2002). During the summer, the surface current is as much as 20 cm/s greater than the 

winter current velocities (Beal, et. al, 2008). Current velocity slows near the boundaries 

of the Current or as the depth increases. 

The bottom layer of the Florida current near the seafloor has interesting 

characteristics. While the bottom layer flows northward, studies such as one by Duing & 

Johnson (1971) have found intense southward flow as high as 30 cm/s and westward flow 

up to 70 cm/s during their three day study in November 1970 at 25°41.2’N, 14 nm from 

Fowey Rocks. Raye (2002) found that near the seafloor on the outer edge of the Miami 

Terrace, the cooler bottom water fluctuates between flowing southward and flowing 

northward on the Miami Terrace.  
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Figure 5: Explorer of the Seas mean Florida Current transport (in black) as compared with two other 
means of measuring the transport (Beal et al., 2008). 
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Figure 6: Five year mean velocity structure of the Florida Current at 26°N and the pattern of its 
standard deviation (Beal et al, 2008). Contours are given in m/s and color shades change every 0.1 
m/s. Side panels show the transport and standard deviation per unit depth.  

2.2 Physical oceanography 

The Coriolis force is an apparent force acting on a moving body when its motion 

is observed relative to the rotating earth that causes objects to veer to the right in the 

northern hemisphere. Using this convention, one would think that the Florida Current 
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should be flowing on the east side, the Bahamian side, of the Straits of Florida. However, 

the Florida Current is an intense western boundary current that hugs the Florida coast. 

While the development of Western Boundary Currents is governed by complex physical 

conditions, locally, this phenomenon can be explained by a hydrostatic pressure force that 

counters the Coriolis force when water “piles up” against the water’s eastern boundary 

near the Bahamas. 

A higher sea surface on the Eastern side of the Straits of Florida, or barotropic 

conditions characterized by the slope of the sea surface, causes the necessary pressure 

gradient to balance the Coriolis force (Colling, 2001, p. 53). The balance between the 

Coriolis force and the pressure force created by a higher sea surface height is: 

 igV tansin2 1 =Ω φ  ( 1) 

where i  is the slope of the surface, 1V is the current velocity, and φsin2Ω  is the Coriolis 

parameter, with Ω  representing the angular velocity of rotation of the earth and φ  is the 

angle between the location of the object on the earth and the equator. The Florida Current 

is a surface current, and with increasing depth, the current subsides. Since the Coriolis 

force is proportional to current velocity, 1V , the Coriolis force decreases with depth. 

Assuming a higher sea surface height on the east side of the Straits of Florida creates an 

Eastward increasing pressure gradient, then at deeper depths, a Westward current and/or a 

westward increasing pressure gradient must exist that cancels the barotropic gradient.  No 

consistent or substantial westward flow exists, so the barotropic (hydrostatic) pressure 

gradient must be balanced by a baroclinic gradient that manifests as the water 
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velocity decreases with depth.  

Thus, the density of the seawater varies from west to east, characteristic of such 

baroclinic conditions. Isopycnals, or lines of constant density, and the thermocline in a 

body of water slope opposite in angle to the sea surface slope. This results in denser, 

cooler water being closer to the surface in the west than in the east in the Straits of 

Florida. 

The northward flow of the Florida Current pumps a large volume of warm surface 

water and cold bottom water northward through the Straits for Florida, yielding a 

potential ocean thermal energy resource with properties favorable for use in OTEC or 

cold seawater based air conditioning (Hirshman, Whithaus, & Brooks, 1975, and 

Mangarella, 1979). The aforementioned physical structure of the Florida Current creates 

stable and favorable conditions on the Western side because the water is denser and 

cooler at shallow depths with warm surface water flowing along the surface. As long as 

the Florida Current flows unobstructed northward through the straits, this temperature 

structure should persist, yielding a potential for base load power production and CSBAC. 

In the southern portion of the study area, cool water between 5 and 28 km (3 and 15 

nautical miles) offshore exists in approximately 250-350 m of water, and further offshore, 

cool bottom water resides between 600 and 800 m of water. In the northern region of the 

study area, cool water resides along the continental slope in about 600 m of water, with 

the nearshore cold water resource less prominent than in the southern region. The surface 

water is generally at least 2°C warmer offshore than at nearshore locations.  

Since the physical oceanographic interconnections are complex, the resulting 
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temperature structure is not constant. Friction with nearby coastal boundaries or the 

seafloor influences the thermal structure of the Florida Current. Song and Chao (2001) 

determined that the effect of topography and stratification result in the variation of 

upwelling fronts and currents. Stratification, or lateral variations in water density caused 

by uneven upwelling distribution due to bottom topography, results in a varying 

horizontal pressure gradient, uneven upwelling distribution, and meandering currents. 

The rambling of the currents is also caused by cross-shore slope. Due to wind and wave 

effects, the surface layer is generally well mixed, with a uniform temperature and salinity 

(Pond & Pickard, p. 171). However, the alongshore topography increases cross-exchange 

of water by transporting inshore water near topographic features far offshore and effects 

the thermal structure of the ocean.  During the summer, the velocity of the Florida 

Current increases and the pycnocline pushes farther up the slope towards the coastline as 

a result of a geostrophic adjustment to the stronger currents (Hitchcock, et. al, 2005), 

which also results in higher temperature differences in shallower waters during the 

summer months. 

2.3 Focus area of study  

The area included in this study extends along 185 km (100 nautical miles) of 

coastline, between 25° 32’N and 27° 11’N, along 4 transects 62 km (33 nautical miles) 

apart. This range extends along the shore with the highest population, population density, 

and area of greatest energy need in South Florida. It is also the site where the ocean 

resource is closest to shore. Transects extend eastward from the start of the continental 

slope along the Southeast coast of Florida to approximately 46-56 km (25-30 nautical 
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miles) east of the initial slope (Figure 7). Data is collected cross-stream along the 

transects, as there is greater temperature and current variability cross-stream than along 

stream. Since there is less variability along-stream, the transects are evenly spaced at 

about 61 km (33 nautical miles) apart and provide a sufficient representation of along-

stream variability.   

The bathymetry between the northern and southern region distinctly vary. The 

northern area encompasses the Stuart (27° 11’N) and Boynton Beach (26° 38’N) transect 

lines. Gentler continental slopes and smoother bottom features are characteristic of this 

northern area of the study (Figure 8 and Figure 9). Prominent bottom features and steep 

sections of the continental shelf are evident in the southern area of the study, including 

the Fort Lauderdale (26° 05’N) and Miami (25° 32’N) transect lines. A major feature at 

approximately 26°N latitude is the Miami Terrace (Figure 10 and Figure 11), extending 

from about 80° to 79.8° west longitude with a slowly undulating seafloor with depth 

ranges between 250 and 350 m.  
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Figure 7: CTD transect lines shown in pink  
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Figure 8: Stuart Bathymetry 
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Figure 9: Boynton Beach Bathymetry
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Figure 10: Fort Lauderdale Bathymetry 
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Figure 11: Miami Bathymetry 
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3 Ocean thermal measurements 

3.1 Need for resource assessment 

The value of the ocean thermal resource is its ability to provide base load energy 

to the Florida market. Seasonal fluctuations of the thermal resource tend to follow energy 

demand in Florida, with the highest potential in the summer. However, prior to 

development of the ocean thermal resource, a detailed study of the resource is needed to 

verify and provide a quantitative measure of the total energy potential and identify 

variability and sustainability of the resource. This requires long-term continuous 

measurements of the thermal structure through the water column. These temporal 

measurements need to be of a sufficient duration and high enough resolution to capture 

the largest and smallest variations that will affect the production potential of the resource. 

Because the thermal properties are also related to the location of the Florida Current and 

bathymetry, they are site specific and vary along the Straits of Florida. Thus, 

measurements are also needed that are spaced with a high enough resolution to capture 

the across and along channel thermal structure.  

The physical structure of the Florida Current and the water properties within the 

Straights of Florida have been well documented (DeNezio & Gramer, 2009, Mangarella 

& Heronemus, 1979, Beal, et. al, 2008), where significant data has been gathered to 
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support scientific studies aimed at understanding the regional physical oceanography. 

While these data sets provide a broad understanding of the ocean properties, they are 

insufficient to define the resource for commercial ocean energy production. 

Past measurements exist for either a single point over a long period of time or 

data at a set of specified locations measured inconsistently over a short period of time. 

Mangarella (1979) uses temperature data collected between 1940 and 1970 during the 

months of April through June, August, October and December, obtained from the 

National Oceanographic Data Center and the U.S. Navy Fleet Numerical Weather 

Central, to develop temperature gradient contour maps displaying thermal properties of 

the Florida Current. While Mangarella’s results are similar in trend to those in this study, 

his assessment does not have the frequency of data sampling required for a description of 

the area’s short-term variability and detailed analysis of seasonal power production 

potential of an OTEC plant. There are also historic data sets of surface temperatures 

taken by buoys belonging to organizations such as NOAA and models estimating the 

surface temperatures across the entire Atlantic Ocean. However, no complete data set 

exists for the surface and bottom temperature measured concurrently.  

Due to the varying bathymetry in the northern and southern regions of the study 

area, different temporal and spatial needs for data collection are observed. Bathymetry in 

the southern region, as previously stated, has more prominent bottom features than in the 

northern region, such as the Miami Terrace, and minor features on the order of 50 m or 

less. Since bathymetry has a significant influence on the structure of the Current and the 

temperature gradient, more measurements at more frequent intervals are required along 

the southern transects.  
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3.2 Methodology and sensors 

In order to perform the assessment, water property data are collected along the 

185 km (100 nautical miles) of coastline previously indicated as the study area. 

Bathymetric surveys confirm the bottom profile, and the specific CTD (conductivity, 

temperature and depth sensor) cast locations are identified along each of the four 

transects at intervals sufficient to characterize the water properties along each transect 

line (Table 1). Casts along the 27°11’N (Stuart) transect, 26°38’N (Boynton Beach), and 

25°32’N (Miami) are performed at approximately monthly intervals, and casts along the 

26°05’N (Fort Lauderdale/Dania Beach) transect occur approximately weekly, weather 

and maintenance permitting. Processing the collected oceanographic data, such as 

temperature, salinity, pH, oxygen, and depth, generates a profile of the water property 

with respect to depth.  
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Transect Set  Site  Latitude North Longitude West 
A. Stuart       
  1 27 deg 11 min  79 deg 56 min 
  2 27 deg 11 min 79 deg 55 min 
  3 27 deg 11 min 79 deg 54 min 
  4 27 deg 11 min 79 deg 53 min 
  5 27 deg 11 min 79 deg 51 min 
  6 27 deg 11 min 79 deg 47 min 
  7 27 deg 11 min 79 deg 43 min 
  8 27 deg 11 min 79 deg 39 min 
  9 27 deg 11 min 79 deg 35 min 
  10 27 deg 11 min 79 deg 31 min 
B. Boynton Beach       
  1 26 deg 38 min 80 deg 0 min 
  2 26 deg 38 min 79 deg 59 min 
  3 26 deg 38 min 79 deg 58 min 
  4 26 deg 38 min 79 deg 57 min 
  5 26 deg 38 min 79 deg 56 min 
  6 26 deg 38 min 79 deg 53 min 
  7 26 deg 38 min 79 deg 49 min 
  8 26 deg 38 min 79 deg 45 min 
  9 26 deg 38 min 79 deg 41 min 
C. Fort Lauderdale       
  1 26 deg 05 min 80 deg 04 min 
  2 26 deg 05 min 80 deg 03 min 
  3 26 deg 05 min 80 deg 02 min 
  4 26 deg 05 min 80 deg 01 min 
  5 26 deg 05 min 79 deg 58 min 
  6 26 deg 05 min 79 deg 55 min 
  7 26 deg 05 min 79 deg 52 min 
  8 26 deg 05 min 79 deg 49 min 
  9 26 deg 05 min 79 deg 46 min 
  10 26 deg 05 min 79 deg 43 min 
  11 26 deg 05 min 79 deg 40 min 
D. Miami       
  1 25 deg 32 min 80 deg 4 min 
  2 25 deg 32 min 80 deg 3 min 
  3 25 deg 32 min 80 deg 2 min 
  4 25 deg 32 min 80 deg 1 min 
  5 25 deg 32 min 79 deg 59.5min 
  6 25 deg 32 min 79 deg 56min 
  7 25 deg 32 min 79 deg 53 min 
  8 25 deg 32 min 79 deg 49 min 
  9 25 deg 32 min 79 deg 45 min 
  10 25 deg 32 min 79 deg 41 min 

Table 1: CTD cast locations along each transect 
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3.2.1 Bathymetry  

Bathymetric surveys are performed along four predetermined transect lines in the 

study area to identify the coordinates for CTD cast locations and to better characterize the 

seafloor in areas where an OTEC plant could possibly be located. The surveys utilize a 

single beam depth sounder and GPS, each with NMEA output to record the depth, 

latitude, and longitude within the survey area. Processing the data collected thus far, one-

dimensional cross-sections of the bathymetry are generated for each of the transect lines 

(Figure 8 through Figure 11).  

3.2.2 CTD 

The instrument used in water property and depth data collection is Sea Bird 

Electronic’s SBE 9plus CTD. Scanning at 24 Hz, the CTD is capable of measuring 

altitude above the seafloor, conductivity, salinity, oxygen, temperature, pH, density, and 

pressure with respect to depth in waters as deep as 6,800 m (Figure 12). Real-time data 

acquisition and control is achieved by the SBE 11plus V2 Deck Unit, which supplies 

power to and decodes the data stream from the CTD, averages 6 scans, then passes the 

data to a computer in RS-232 format. The system setup utilizes the NMEA 0183 interface 

to add GPS position to CTD data.  

The sensors, including the temperature and pressure sensors, were originally 

calibrated May 6-18, 2007, and recalibrated October 23-24, 2008. Temperature readings 

are attained using the SBE 3plus temperature sensor installed on the CTD. A glass-coated 

thermistor bead, with its resistance exponentially related to temperature, is used as the 

sensing element. The temperature sensor is capable of reading temperatures between -5 
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and 35°C with an accuracy of ±0.001°C, obtaining a resolution of 0.0003°C at 24 

samples per second and a response time of 0.065 ± .010 seconds in a 1.0 m/s water 

velocity. The temperature scale used by the SBE3plus is the International Temperature 

Scale of 1990 (ITS-90, or T90) measured in units of Kelvin (K). T90 standards are 

employed in calibrating the temperature sensors and used as the reference temperature in 

conductivity calibrations, so the ITS-90 temperature scale, as opposed to the T68 

standard, is selected as the preferred standard for computing the temperature for the 

temperature output variable. T68 and T90 are related by the following linear relationship: 

9068 00024.1 TT = .      (2)  

The depth is calculated from the pressure measurement using the formula by 

Fofonoff and Millard (1983). This formula uses the density associated with the 

assumption of salinity equal to 35PSU, a 0°C temperature, a varying gravity, and 

pressure measured by the CTD’s Digiquartz Pressure Sensor with a range of 0-10,000 

psia, to determine the depth. Since the depth is determined using a constant density, while 

in actuality the density varies with depth, this could be a potential source of error. 

However, Fofonoff and Millard (1983) claim this formula is accurate to 0.1 m over the 

pressure range of 0-10,000 decibars. Gravity is assumed to vary with latitude and 

pressure, computed as  

        6532 10092.1))1036.2102788.5(1(780318.9]/[ −−− ⋅+⋅+⋅+= xsmg , (3) 

where p is the pressure in decibars and x is a variable calculated using latitude measured 
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in degrees: 

           
2

29578.57
sin 







= latitude
x .    (4) 

 Depth is then calculated from pressure: 

     ]72659.9)102512.2)10279.21082.1[(( 51015 +⋅−⋅+⋅−= −−− ppp
g

p
depth . (5) 

3.2.3 Cast Methodology  

The CTD is connected to a steel armored coaxial cable that provides power and 

communications between the instrument and the ship mounted electronics (deck 

electronics), and provides the strength member that supports the environmental forces 

acting on the CTD. The cable is stored on an electric winch that is used to deploy and 

recover the CTD (Figure 13). A slip ring mounted in the axle of the winch connects the 

armored coaxial cable to the deck electronics through a short waterproof cable. The deck 

box is connected to a high rate DGPS system and two touch screen panel PCs mounted 

on the center console. This PC contains the CTD operating software and is easily viewed 

by the winch operator.  

At each cast site, the CTD’s data acquisition and processing program, Seabird 

Electronic’s Seasave program, is started which initializes the CTD and starts recording 

data. After the CTD is operational, it is lowered into the water column at the 

predetermined cast sites indicated in (Table 1) along each transect line by use of a winch 

and single-conductor cable with the assistance of a davit off the port stern 
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(Figure 13). After situating the CTD into the water, the CTD must remain stationary for 

one minute at 3 to 5 m below the surface to ensure the internal pump is working and the 

data acquisition has been properly initiated. The submersible pump, the SBE 5T model 

installed on the SBE 9plus, turns on 60 seconds after the conductivity frequency is 

determined to exceed the zero conductivity frequency. The CTD is then lowered to an 

altitude of 10 m above the seafloor as indicated by the CTD’s altimeter, at a descent rate 

of approximately 1 m/s. The SBE 9plus is optimized for profiling rates of 0.5 to 2 m/s, 

with 1 m/s providing the best compromise between data quality and profile resolution. 

The pump maintains a constant flow rate of 100 ml/s, ensuring the sensor response times 

are independent of the descent rate. Water property data is recorded throughout the 

duration of both the downcast and upcast (Figure 12). After the CTD reaches the required 

depth on the downcast, it is winched back to the surface, cleaned with the appropriate 

solutions as suggested by the operating manual to ensure proper readings, and secured 

sufficiently to travel to the next cast location. After the end of the day, the CTD is 

thoroughly cleaned and stored according to specifications.  

Since the sensors are oriented so the T-C duct inlet passes through relatively 

undisturbed water as the CTD is lowered, data collected from the downcast is used in this 

analysis. As the CTD is raised, the sensors and pump inflow are passing through the 

wake of the CTD through turbulent waters, resulting in poor data quality. Due to the 

movement of the boat caused by winds and currents, the CTD is not lowered at a constant 

rate, so the depth readings and corresponding water property measurements are not 

recorded at a constant descent rate. The use of interpolation during data processing 
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corrects this effect and evenly spaces the data points. Repeated data points and any 

obvious errors, such as errors caused by the dropping of the CTD prior to the pump 

initiating or inaccurate depth readings, are removed.  
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Figure 12: Example of CTD Temperature and Salinity Data Collection 
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Figure 13: CTD setup on the Ocean Power 
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4 Resource identification and characterization 

As South Florida is seeking new means to satisfy its increasing energy demand, 

and with the state’s close proximity to an immense ocean based renewable thermal 

resource, OTEC is under consideration as an energy solution because it has the potential 

to supply a significant portion of the nation’s, not only Florida’s, energy needs 

(McGowan & Heronemus, 1976). In order to estimate the ocean’s power production 

potential off the coast of South Florida, the resource must be identified, characterized, 

and analyzed to develop an understanding of the real resource and to develop feasible 

OTEC power production estimates.  

There are several key characteristics and specific water properties that are 

relevant to and affect the performance of ocean thermal energy extraction and power 

generation. First and foremost, a temperature difference, R
C

R
H TTT −=∆ , must exist 

between the warm and cold water reservoirs that is sufficient to produce energy, where 

R
HT  is the temperature of the warm reservoir and R

CT  is the temperature of the cold 

reservoir. This temperature difference, T∆ , directly determines the amount of energy that 

can be produced at specified volumetric flow rates by specific OTEC plant designs and it 

is a key economic driver. The seasonal variability of T∆ , R
HT , and R

CT  are also important 

factors that determines the utility of the resource to meet demand. In particular, the 
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average, • , standard deviation, σ• , minimum, min• , and maximum, min• , values of T∆ , 

R
HT , and R

CT  are critical and need to be determined over seasonal durations, where •  

represents the value of interest.  The seasons are defined by the usual definition of a 

season, Table 2.  

  Winter Spring Summer  Fall 
beginning 21-Dec 21-Mar 21-Jun 22-Sep 
End 20-Mar 20-Jun 21-Sep 20-Dec 

Table 2: Dates in the seasons 

Although daily, weekly and monthly averages would be useful, these short term 

averages were not included because insufficient data was collected to meet the higher 

temporal sampling requirements. With limited weather windows during the fall and 

winter as well as necessary boat maintenance year round, there were periods where 

measurements were not taken for weeks at a time, resulting in a seasonally based 

resolution. Higher frequency (daily and weekly) deviations in temperature could result 

from local variations in the water structure due to the 2-14 day period of the meandering 

of the Gulf Stream, upwelling events, or small-scale eddies advecting heat from the 

Current core to the surrounding shelf waters extending up to 200 m in depth (Lee 1975). 

To overcome the limitation in the temporal resolution of temperature data measurements 

made using ship based profiling instruments, continuous and long term measurements 

made by instrumentation positioned in the water column for long periods of time are 

needed. These devices, such as mooring line mounted temperature strings or bottom 

mounted temperature profiling systems would provide near continuous measurements at 

much higher sampling rates than can be obtained using ship mounted profilers. Since the 



35 
 
 

focus of this work is to obtain a first order estimate of the resource and production 

potential in the Straits of Florida, the ship based CTD profiles that yield seasonal 

estimates of T∆  are sufficient. 

Due to the optimization of cost and performance of cold and warm water flow 

rates and pipelines, warm water is processed by the plant in amounts 1.5 times larger than 

the cold water is processed. Because of the large volume of warm water being utilized in 

the process, the thickness of the warm water reservoir, R
Ht , must be sufficient so that 

water can be processed at high volumes without entraining colder water from below. 

Thus, R
Ht , of the upper mixed layer is also characterized. Pipe length and weight are cost 

drivers of an OTEC plant. For example, for a deep cold water resource, a longer, more 

massive pipe is required, along with larger support, pumps, and handling equipment. 

Whereas, in shallower water, a shorter pipe with less mass is required, reducing plant cost 

and slightly increasing plant efficiency. As such, the minimum distance, 18d , 20d , and 

22d  between R
HT  and R

CT  for T∆  = 18, 20, and 22ºC, respectively, must also be 

considered.  

Size and proximity to shore of the warm and cold water resources are also 

important factors. There are many areas where a high temperature gradient over 20°C 

exists close to shore, but may only be usable for energy extraction a few months of the 

year. Most of these sites with temperature variability are located within a few km from 

shore in shallow waters, so the limited size of the cold water resource becomes important 

to determine the amount of extractable energy. The resource’s proximity to shore is also 
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important because of the expense associated with the cable required to transport the 

electricity to shore.  

Thus, in order to identify areas with potential for OTEC development, to 

characterize the relevant environmental parameters and to define the overall resource, a 

time series of oceanographic water property data with respect to depth and distance from 

shore is needed. Although the focus is on temperature data, there are other data collected 

concurrently with latitude, longitude, and depth, including density, salinity, dissolved 

oxygen, and pH.  

For the purpose of this work, a 150 MW design nominal gross power, GP , OTEC 

plant design is assumed that is based on a basic closed Rankine cycle concept that utilizes 

ammonia as the working fluid. Internal power requirements of the plant are in the 50 MW 

range, resulting in a 100MW net power,NP , plant. Based on a specified volumetric flow 

rate, vAV p=& , equal to the area of the hot or cold water pipeline, PA , times the velocity 

of the flowing water and system efficiency, v , a 20°C temperature difference yields the 

100MW design net power. The warm water intake depth for this design is 20 m below the 

mean sea surface. Measurements have shown that the upper mixed layer has an average 

thickness R
Ht of 50 m where the water temperature is essentially uniform, and thus, R

HT  

reading is taken at 20 m from the surface. The water also appears to be well mixed near 

the seafloor where R
CT  remains constant or changes very slowly for altitudes of 50 m or 

more. Since R
CT  remains relatively constant near the seafloor, R

CT  is read at a fixed 
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altitude at each cast location. If the CTD’s maximum depth does not reach the depth at 

which R
CT is measured, or the cold water intake depths (Table 4, Table 10, Table 16, and 

Table 21), the data are examined to determine if the CTD reaches a region of constant or 

slowly changing temperature and used if so, if not,  discarded appropriately.  

Hence, plots in this section show the temperature of the warm water 20 m from 

the surface, the temperature of the cooler bottom water at a fixed height from the 

seafloor, and the temperature difference between them over time at each relevant cast 

site, or as it varies with longitude. The horizontal dashed lines indicate the optimum T∆  

= 20°C temperature difference and the average temperature difference, T∆ . This section 

also discusses the size and variability of the warm and cold water reservoirs and the 

distances from shore of the warm and cold water reservoirs, R
Cx and R

Hx .  

A total of 46 transects spanning 1.5 years were performed at the Fort Lauderdale 

location. It must be noted that at the time of writing, a total of 7 transects have been 

conducted at the Miami, Boynton Beach, and Stuart locations. These 7 transects are 

concentrated from February through October and span months with the highestT∆ . 

Several months with typically lower temperature differences, T∆ , are not included in 

these measurements. Therefore, the annual temperature estimates discussed in this 

chapter may be somewhat higher than actual values. These temperature estimates may 

capture very little of the temporal and spatial variability in the warm and cold water 

resources that occur at time scales of less than a season. However, because the thermal 

structure is advected northward and regular transects exist at the Fort Lauderdale 
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location, much of the variability along the other three transects can be inferred. 

Required 
Conditions 

Value 

GP  150 MW 

NP  100 MW 
R

C
R

H TTT −=∆  20°C 

H
p
HH vAV =&  450 m3/s 

C
p

CC vAV =&  300 m3/s 

R
HT  

read at 20m 
from the surface 

R
CT  

read at fixed 
height from 

seafloor 

 

Desired Variables 
R
Ht  

Thick mixed surface 
layer 

R
Cx and R

Hx  
R

HT  and R
CT  

close to shore 

σ•  

low seasonal 

variability of 
R

HT  , 
R

CT and T∆  

18d , 20d , 

and 22d  

Minimum distances 

between 
R

HT  and R
CT  

Table 3: Required conditions and variables for OTEC resources 

4.1 Miami 

Measurements of the thermal resource off the coast of Miami along the transect line 

25°32’N have been underway since February of 2009, with a total of 7 transects 

completed with 10 CTD casts per transect. The casts nearshore along the Miami transect, 

as with the other transects, are spaced closer together to capture the higher nearshore 

spatial variability of the water properties. The measurements have shown that traveling 

eastward, the surface temperature, R
HT , the temperature difference, T∆ , and the depth 

typically increase, while the variability of the resource and the bottom temperature, R
CT , 

decrease. Traveling eastward, the cold water intake depth (depth of the cold water 

reservoir) increases (Table 4). With the increasing temperature difference traveling 
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eastward (Table 5), the OTEC potential also increases. From 5 to 25 km from shore on 

the Miami Terrace, the bottom depth ranges between 300 and 400 m (Figure 14). On the 

inside of the Miami Terrace at casts 2, 3, and 4, there is a potential for cold seawater 

based air conditioning, or possibly seasonal OTEC power production. Farther offshore 

reaches depths to 800 m east of 79.9°W, where a potential for year round OTEC power 

production exists.  

Cold water intake depths 

Cast 
Depth 
[m] 

1 107 
2 149 
3 283 
4 293 
5 319 
6 379 
7 539 
8 737 
9 699 
10 751 

Table 4: Cold water intake depths at 
each CTD cast site along 25°32’N. Note 
that these are not the bottom depths. 

Analysis of the data indicates that shallow cold water appears between 80.03°W 

and 79.92°W longitude on the Miami Terrace feature in 350 m of water about 4 to 18 km 

offshore (Figure 14). Plots of the temperature versus depth profile in this cold water 

pocket on the Miami Terrace show the thickness of the cool bottom water generally 

remains between RHt = 75 m and R
Ht = 150 m. The thickness of the cold water reservoir is 

thinner in the winter and thicker in the summer (Figure 23 and Figure 24). The thickness 

of the warm water layer, defined by the thickness of the layer where the temperature 

drops 1°C from the surface temperature, in this region remains between 25 and 60 m year 
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round. The months with the thinnest surface layer averaging near RHt = 30m, are April and 

May, while February has the thickest warm surface layer at 55 m, but also the coolest 

surface temperatures.  

From February, typically the coldest month with the coldest sea surface 

temperatures (Figure 15), to September (Figure 14), typically the warmest month, the 

surface temperature, RHT , warmed 6.5°C from 23.7°C to 30.2°C at the most near-shore 

cast location (Figure 16 or Figure 17). Coinciding with the increased surface temperature, 

R
HT , is an higher temperature difference, T∆ , during the summer months (Figure 16 and 

Table 8). The Miami Terrace does possess the temperature difference required for OTEC 

power generation, with the summer T∆  remaining near 22°C (Table 8). Also during this 

time, 18d , 20d , and 22d  all occur on the Miami Terrace, with depths as shallow as 107 m 

at the first cast location (Table 8). In the winter and spring when the T∆  ranges between 

16.87°C and 18.18°C (Table 6 and Table 7), the temperature difference is still capable of 

providing useful electricity to South Florida’s grid at reduced net power. In the spring, 

18d  occurs at cast 3 in 283 m, in the winter neither 18d , 20d , or 22d   occur on the Miami 

Terrace. Cast location 4 (Figure 19) is the best representation of the Miami Terrace 

conditions, with an annual T∆ of 19°C (Table 5). The temperature data collected in fall 

suggests favorable OTEC conditions with a temperature difference near T∆  = 22°C.  

The data also points to a cold water resource between 79.85°W and 79.7°W in 

water as deep as 800 m, 25 km offshore (Figure 14). Cast locations 7 through 10 have an 
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annual temperature difference of T∆  = 20°C or higher (Table 5), with the winter T∆  

remaining nearing 19°C and 18d equal to 539 m at cast 7. During the summer, T∆  along 

the entire transect can reach 24°C  with 18d , 20d , and 22d  occurring at each cast location 

along the entire transect. During the spring, T∆  offshore at casts 8 and 9 are near T∆  = 

20.25°C (Table 7). In fall, the offshore T∆  almost reaches 24°C, also suggesting 

favorable OTEC conditions during this season (Table 9).  

The warm and cold water reservoirs in this location provide a reasonable ocean 

thermal energy resource. Offshore, the cold water pocket has a thickness that ranges 

between 200 and 350 m, situated in a valley at about 78.85°W longitude. The thickness 

of the warm water in the upper mixed layer, R
Ht , ranges between 75 and 105 m from 

February through the beginning of May, and from the end of May through September, the 

R
Ht  is about 45 m. Surface temperatures in this offshore resource rose 5.3°C at the eastern 

most cast location, from 24.7°C in February to 30°C in September (Figure 16 or Figure 

22).  
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Cast # T∆  
(°C) 

minT∆  

(°C) 
maxT∆  

(°C) 
σT∆  

(°C) 
1 12.1 7.8 22 4.91 
2 16.4 10.1 22.68 3.97 
3 19.7 16.9 22.9 2.33 
4 19.8 17.3 22.9 2.24 
5 19.9 17.4 22.9 2.21 
6 20.1 17.6 23 2.37 
7 21.0 18.2 23.4 2.29 
8 21.6 18.7 24.1 2.18 
9 21.3 18.6 24.4 2.31 
10 21.7 18.3 24.1 2.39 

Table 5: Annual temperature difference estimates at each cast location along 
25°32'N.  

 

Cast # 
 

3 4 8 9 

T∆  
16.87 17.10 18.53 18.49 

R
CT  7.26 7.19 6.10 6.19 W

in
te

r 
(°

C
) 

R
HT  24.13 24.28 24.62 24.68 

Table 6: Winter temperature estimates on the Miami Terrace and offshore along the Miami transect 
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Cast #  
3 4 8 9 

T∆   18.08 18.18 20.25 20.23 

minT∆  17.51 17.66 19.69 19.12 

maxT∆  19.96 18.84 20.86 21.24 

σT∆  0.77 0.60 0.60 1.07 

R
CT  7.74 7.70 6.16 6.25 

R
CT min,  7.39 7.31 6.11 6.00 

R
CT max,  7.94 7.92 6.22 6.61 

R
CT σ,  0.30 0.34 0.06 0.32 

R
HT  25.83 25.88 26.41 26.47 

R
HT min,  24.90 25.37 25.91 25.72 

R
HT max,  26.85 26.75 27.03 27.37 

  Spring  
(°C) 

 
 
  
  
  
  
  
  

  R
HT σ,  0.98 0.76 0.57 0.83 

Table 7: Spring temperature estimates on the Miami Terrace and offshore along the Miami transect 
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Cast #  
3 4 8 9 

T∆   22.06 22.08 23.76 24.00 

minT∆  21.32 21.31 23.45 23.62 

maxT∆  22.80 22.84 24.06 24.37 

σT∆  1.05 1.08 0.43 0.53 

R
CT  8.01 7.82 6.12 6.00 

R
CT min,  7.30 7.10 6.10 5.98 

R
CT max,  8.27 8.55 6.15 6.02 

R
CT σ,  1.01 1.02 0.04 0.02 

R
HT  30.07 29.90 29.88 30.00 

R
HT min,  30.04 29.86 29.55 29.61 

R
HT max,  30.10 29.94 30.21 30.39 

 
 Summer 

(°C) 
  
  
  
  
  
  
  

  R
HT σ,  0.04 0.06 0.47 0.55 

Table 8: Summer temperature estimates on the Miami Terrace and offshore along the Miami 
transect 

 

 

 

 

Cast # 
 

3 4 8 9 

T∆  
21.68 21.94 23.89 23.66 

R
CT  8.04 7.79 5.78 5.89 F

al
l (

°C
) 

R
HT  29.72 29.73 29.67 29.55 

Table 9: Fall temperature estimates on the Miami Terrace and offshore along the Miami transect 
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Figure 14: Temperature Cross-Section along 25°32'N from August 13, 2009 

 

Figure 15: Temperature cross-section along 25°32'N from February 28, 2009 
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Figure 16: Surface and bottom temperatures along 25°32'N for each transect date 
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Figure 17: Time series of Miami temperature difference (black), temperature 20m from the surface 
(red), minimum temperature (blue), and average temperature (pink) at cast #1 from February 28, 
2009 through October 13, 2009 
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Figure 18: Time series of Miami temperature difference (black), temperature 20m from the surface 
(red), minimum temperature (blue), and average temperature (pink) at cast #3 from February 28, 
2009 through October 13, 2009 
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Figure 19: Time series of Miami temperature difference (black), temperature 20m from the surface 
(red), minimum temperature (blue), and average temperature (pink) at cast #4 from February 28, 
2009 through October 13, 2009 
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Figure 20: Time series of Miami temperature difference (black), temperature 20m from the surface 
(red), minimum temperature (blue), and average temperature (pink) at cast #8 from February 28, 
2009 through October 13, 2009 
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 (e) 

Figure 21: Time series of Miami temperature difference (black), temperature 20m from the surface 
(red), minimum temperature (blue), and average temperature (pink) at cast #9 from February 28, 
2009 through October 13, 2009 
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Figure 22: Time series of Miami temperature difference (black), temperature 20m from the surface 
(red), minimum temperature (blue), and average temperature (pink) at cast #10 from February 28, 
2009 through October 13, 2009 
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Figure 23: Temperature profile at cast 5 in August on the Miami transect 

 

Figure 24: Temperature profile at cast 5 in February on the Miami transect  
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4.2 Fort Lauderdale 

Off the coast of Fort Lauderdale along the transect line 26°05’N latitude, CTD 

data has been collected at intervals of about one week, weather and system maintenance 

permitting, since April of 2008. A total of 46 transects have occurred, with 11 CTD casts 

performed along each transect. The casts nearshore, as with the other transects, are 

spaced closer together to capture the higher nearshore spatial variability. The 

measurements have shown that traveling eastward, the surface temperature, RHT , the 

temperature difference, T∆ , and the depth typically increase, while the variability of the 

resource decreases. The exception to this is the temperature difference, T∆ ,  which is 

higher, on average, at cast 4 than at cast 5 (Table 11). Cast location 5, being on eastern 

edge of the Miami Terrace, is subject to higher seasonal variability than Cast 4 (Figure 28 

and Figure 29) and is influenced by the baroclinic driven temperature profile for which 

the isotherms slope downward from west to east. With the increasing temperature 

difference T∆  traveling eastward, the OTEC potential also increases traveling eastward. 
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Cold water intake depths 

Cast 
Depth 
[m] 

1 93 
2 165 
3 191 
4 209 
5 219 
6 243 
7 265 
8 409 
9 565 
10 650 
11 671 

Table 10: Cold water intake depths at 
each CTD cast site along 26°05’N. Note 
that these are not the bottom depths. 

 

There are two areas with potential for use as an ocean thermal energy resource. 

From 5.5 to 28 km (3 to 15 nautical miles) from shore on the Miami Terrace, the bottom 

depth ranges between 250 and 300 m, shallower than the similar feature along the Miami 

transect (Figure 25). On the inside of the Miami Terrace at casts 2, 3, 4, and 5, there is a 

potential for cold seawater based air conditioning, or possibly seasonal OTEC power 

production. The other area is further offshore and reaches depths to 700 m east of 

79.8°W, where a potential for year round OTEC power production exists 

On the Miami Terrace along the Fort Lauderdale transect, a shallow cold water 

pocket exists with potential for use as an ocean thermal energy resource. In general, this 

cold water pocket, along with the surface temperature, R
HT , exhibit variability; the overall 

temperature difference varies between T∆  = 14°C in February to T∆  = 22°C in August 

(Figure 28). During the summer months (Table 14), warmer surface water exists closer to 



55 
 
 

shore and cool bottom water is forced westward to balance the pressure gradient, 

allowing for a temperature difference above T∆  = 20°C in waters that are shallower than 

conventional knowledge dictates, with 20d  occurring waters as shallow as 165 m at the 

second cast location. During the months of June through September, the temperature 

difference stays above T∆  = 20°C along the entire transect line, with casts 1 and 2 

exhibiting the most variability of the cold water resource (Figure 27). Although they offer 

greater variability than the offshore locations, on the Miami Terrace, casts 3, 4, and 5 

produce the most usable temperature difference (Table 14).  

Taking a closer look at this near shore cold water resource, the most consistent 

cold water resource in the shallow cold water pocket on the Miami Terrace lies between 

approximately 80°W and 79.9°W in an area 10 km long with a vertical span of at least 

R
Ct = 50 m. The near-shore cooler water is distributed over the Miami Terrace during the 

month of July (Figure 25). In the winter, the cold water is more concentrated; it disperses 

by seeping to a distance farther from shore (Figure 26). Therefore, the area between 

80.05°W and 80°W and the area on the edge of the Miami Terrace, between about 

79.87°W and 79.8°W, are both unsuitable locations for a consistent supply of cold water. 

Generally year-round, a fairly consistent pocket of cold water with temperatures as low as 

R
CT  = 6°C in approximately 250 m of water 11.1 km (6 nautical miles) offshore is 

prevalent (Figure 28). 

Seasonal variability is also seen in the warm water resource over the Miami 

Terrace. In the summer months, contributing to the higher temperature difference closer 
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to shore, a higher surface temperature is apparent (Figure 25 and Table 14). The data 

shows that surface waters over the Miami Terrace can reach R
HT  = 30°C in the summer 

and typically stay close to 23°C during the cooler winter months (Table 12 and Table 14). 

For December, January, and February, the thickness of the warm reservoir, RHt , over casts 

1 through 3 stays around 50 m and thins over casts 4 and 5, and increases in thickness to 

between R
Ht  = 70 and R

Ht  = 100 m over the remaining casts. During the warmer summer 

months over the Miami Terrace, the surface layer is thinner than during the cooler 

months, maintaining a thickness between R
Ht  = 15 and R

Ht  = 30 m. In the spring, the 

thickness of the warm water reservoir,R
Ht , ranges between 25 and 60 m with a an average 

surface temperature, RHT , of about  R
HT = 18°C (Table 13).  

Farther offshore, the warmest temperatures can reach temperatures almost 2°C 

higher than the surface temperatures nearshore. Water peaking at a temperature of R
HT  = 

30°C has a vertical span extending between R
Ht  = 30 and R

Ht  = 40 m from the surface in 

cast locations 9, 10, and 11 during the summer (Table 14). Cooler months consist of 

surface temperatures sustaining at least R
HT  = 24.5°C at casts 9 and 10 with a surface 

layer thickness between 60 and 100 m (Table 12).  

Existing in deeper water, between 79.76°W and extending to the farthest cast 

location at 79.66°W, is a more consistent cold water resource. Water with a consistent 

temperature between RCT = 6°C and R
CT = 7°C can be found in a depth ranging from 580 to 

680 m between 33 and 44 km (18 and 24 nautical miles) offshore at casts 9 through 11 



57 
 
 

(Figure 30, Figure 31, and Figure 32). This cold water resource has a vertical span of at 

least R
Ct  = 100 m, and becomes greater traveling eastward along the transect line. 

Far offshore, variability in the temperature gradient occurs, but it is less variable 

than the temperature gradient over the Miami Terrace. Historically, present during the 

month of August are the warmest sea surface temperatures, and during February are the 

coolest sea surface temperatures. Corresponding to the high sea surface temperatures for 

August are high temperature gradients at casts 9, 10, and 11 (Figure 30, Figure 31, and 

Figure 32). The temperature difference, T∆ , at these locations during the warmer months 

can reach as high as nearly 24°C with 22d , at the shallowest occurrence,  in 409 m at cast 

8. Corresponding to the low SST for February, the maximum temperature difference off 

of Fort Lauderdale out to 45 km (24 nautical miles) offshore is approximately T∆  = 

18°C with 18d  in 700 m of water, the deepest of the cast locations along the Fort 

Lauderdale transect in this study (Figure 32). The annual average temperature differences 

in the far offshore locations range between T∆  = 20°C and T∆  = 22°C (Table 11).  

Cast # T∆  
(°C) 

minT∆  

(°C) 
maxT∆  

(°C) 
σT∆  

(°C) 
1 9.88 2.68 18.39 3.11 
2 16.60 11.65 21.62 2.64 
3 17.59 12.94 22.23 2.65 
4 18.07 13.36 22.30 2.43 
5 18.00 13.25 22.38 2.46 
6 18.07 13.76 21.46 2.20 
7 18.35 13.67 21.32 2.13 
8 19.44 15.79 22.53 1.90 
9 21.18 18.43 23.89 1.71 
10 21.36 18.37 24.09 1.70 
11 21.58 18.38 23.96 1.66 

Table 11: Annual temperature difference estimates at each cast location along 26°05'N  
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Cast # 
Variable 

(°C) 3 4 9 10 

T∆   
14.59 14.73 18.64 18.81 

minT∆  12.94 13.36 18.43 18.37 

maxT∆  16.00 15.94 18.96 19.24 

σT∆  1.39 1.22 0.22 0.36 

R
CT  23.37 23.48 24.83 24.88 

R
CT min,  22.65 22.68 24.56 24.54 

R
CT max,  24.07 24.33 25.10 25.12 

R
CT σ,  0.58 0.68 0.19 0.27 

R
HT  8.78 8.75 6.18 6.08 

R
HT min,  7.46 7.60 5.89 5.84 

R
HT max,  9.71 9.32 6.64 6.21 

R
HT σ,  

W
in

te
r 

0.99 0.81 0.28 0.17 

Table 12: Winter temperature estimates on the Miami Terrace (casts 3 and 4) and farther offshore 
(casts 9 and 10) along the Fort Lauderdale transect 
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Cast # 
Variable 

(°C) 3 4 9 10 

T∆   
16.81 17.06 20.86 20.82 

minT∆  13.14 13.51 19.02 19.32 

maxT∆  20.72 20.68 22.78 22.52 

σT∆  2.42 1.95 1.04 1.01 

R
CT  9.52 9.26 6.27 6.19 

R
CT min,  7.37 7.50 5.77 5.59 

R
CT max,  12.37 12.04 6.94 6.66 

R
CT σ,  1.47 1.14 0.31 0.26 

R
HT  26.33 26.31 27.13 27.01 

R
HT min,  23.99 24.19 25.27 25.57 

R
HT max,  28.34 28.48 29.15 28.84 

R
HT σ,  

S
pr

in
g 

1.57 1.45 1.12 1.09 

Table 13:Spring temperature estimates on the Miami Terrace (casts 3 and 4) and farther offshore 
(casts 9 and 10) along the Fort Lauderdale transect 



60 
 
 

Cast # 
Variable 

(°C) 3 4 9 10 

T∆   
19.25 19.85 22.68 22.81 

minT∆  16.29 16.44 21.55 21.76 

maxT∆  22.23 22.30 23.89 23.96 

σT∆  2.14 1.72 0.70 0.69 

R
CT  9.44 8.79 6.42 6.27 

R
CT min,  7.68 7.65 5.89 6.00 

R
CT max,  12.28 10.39 7.05 6.91 

R
CT σ,  1.62 0.85 0.42 0.28 

R
HT  28.60 28.64 29.39 29.23 

R
HT min,  26.25 26.31 28.80 28.50 

R
HT max,  30.33 30.35 30.39 30.34 

R
HT σ,  

S
um

m
er

  

1.32 1.18 0.53 0.69 

Table 14: Summer temperature estimates on the Miami Terrace (casts 3 and 4) and farther offshore 
(casts 9 and 10) along the Fort Lauderdale transect  
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Cast # 
Variable 

(°C) 3 4 9 10 

T∆   
17.66 18.47 21.22 21.23 

minT∆  14.79 17.22 19.60 19.54 

maxT∆  21.26 21.26 26.62 22.80 

σT∆  2.67 1.88 1.42 1.46 

R
CT  9.43 8.65 6.47 6.97 

R
CT min,  7.72 7.79 6.07 6.17 

R
CT max,  13.76 10.52 8.45 8.45 

R
CT σ,  2.90 1.28 1.14 1.28 

R
HT  27.09 27.12 27.60 27.24 

R
HT min,  24.95 25.05 25.88 25.85 

R
HT max,  29.70 29.70 29.70 29.70 

R
HT σ,  

F
al

l 

2.40 2.34 1.89 2.14 

Table 15: Fall temperature estimates on the Miami Terrace (casts 3 and 4) and farther offshore 
(casts 9 and 10) along the Fort Lauderdale transect 
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Figure 25: Temperature cross section along 26° 05’N on July 22, 2008 

 

Figure 26: Temperature cross section along 26° 05’N on February 28, 2009 
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Figure 27: Time series of Fort Lauderdale temperature difference (black), temperature 20m from the 
surface (red), minimum temperature (blue), and average temperature (pink) at cast #1 from April 
11, 2008 through October 13, 2009 
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Figure 28:Time series of Fort Lauderdale temperature difference (black), temperature 20m from the 
surface (red), minimum temperature (blue), and average temperature (pink) at cast #4 from April 
11, 2008 through October 13, 2009 
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Figure 29: Time series of Fort Lauderdale temperature difference (black), temperature 20m from the 
surface (red), minimum temperature (blue), and average temperature (pink) at cast #5 from April 
11, 2008 through October 13, 2009 
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Figure 30: Time series of Fort Lauderdale temperature difference (black), temperature 20m from the 
surface (red), minimum temperature (blue), and average temperature (pink) at cast #9 from April 
11, 2008 through October 13, 2009 
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Figure 31: Time series of Fort Lauderdale temperature difference (black), temperature 20m from the 
surface (red), minimum temperature (blue), and average temperature (pink) at cast #10 from April 
11, 2008 through October 13, 2009 
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Figure 32: Time series of Fort Lauderdale temperature difference (black), temperature 20m from the 
surface (red), minimum temperature (blue), and average temperature (pink) at cast #11 from April 
11, 2008 through October 13, 2009 

4.3 Boynton Beach 

CTD data has been collected along the 26° 38’N transect line since February of 

2009 with a total of 7 transects, with 9 casts on February 27, and 10 casts on the 

remaining 6 transects. The bottom depth in this region increases along a gentle slope 

traveling eastward with a depth of 150 m 7.4 km (4 nautical miles) from shore, deepening 

to 700 m at the final cast location about 46.3 km (25 nautical miles) from shore (Figure 

33 and Table 16). Unlike the more southerly transects, the separate and distinct cold 
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water pocket close to shore does not exist. The large volume of cool bottom water is 

much farther from shore than in Miami or Fort Lauderdale (Figure 33). 

Cold water intake depths 
Cast depth [m] 
1 111 
2 143 
3 167 
4 191 
5 209 
6 265 
7 357 
8 457 
9 551 
10 637 

Table 16: Cold water intake depths at each CTD cast site along 26° 38’N. Note that these are not the 
bottom depths.  

As with the southerly transects, the bottom temperature R
CT  decreases traveling 

eastward, resulting in a higher temperature difference, T∆ , farther from shore (Figure 35 

and Table 17). Annually, T∆  = 20°C or higher occurs at cast locations 8, 9, and 10 

(Figure 38, Figure 39, Figure 40, and Table 17), and at the nearshore locations, this 

threshold is achieved only during the summer. An anomaly is apparent during the August 

13, 2009 transect, where 20d  occurred in less than 100 m, and 22d occurred in less than 

200 m, possibly due to a meander in the axis of the Florida Current.  

The nearshore casts along the Boynton Beach transect typically detect lower T∆  

than the nearshore casts along the southern transects. A plot of the measured temperature 

difference for February through October (Figure 36) illustrates a temperature difference 

of at least 20°C starting in August at approximately 16.7 km (9 nautical miles) off the 

coast of Boynton Beach at cast location 5. During the winter and spring, the nearshore 
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measurements along the Boynton Beach transect detected a T∆  barely exceeding 16°C, 

while at the southern transects, measurements at the same distance from shore on the 

same day detected temperature differences of at least 18°C (Table 18 and Table 19). The 

fall temperature data from the single transect suggest a T∆ of 20.23°C, exceeding the 

OTEC required temperature difference (Table 20).  

Farther offshore, T∆  is greater since the temperature of the cold bottom water, 

R
CT , decreases travelling eastward (Figure 35). Beginning in May, cast location 9 has a 

T∆  remaining above 20°C, which is earlier than the other locations west of cast 9 

(Figure 39). Typically during the spring and summer 18d  at cast 7 in 357 m, 20d  at cast 8 

is 457 m, and 22d  is 637 m at cast 10 consistently during the spring and summer. 

Appearing in shallower waters during the summer, 22d  also occurs at casts 7, 8, and 9 

(Table 18 and Figure 37 through Figure 39). 

Cool bottom water around RCT = 6.5°C is present in cast locations 7, 8, 9, and 10 

(Figure 37 through Figure 40), from 30 to 42 km offshore, which is closer than the cold 

bottom resource east of Stuart but farther offshore than in Miami or Fort Lauderdale. The 

cool bottom water has a more defined layer during the warmer months (Figure 33) than 

during the cooler months (Figure 34). The cold water reservoir extends westward towards 

the coastline during the summer months, working with the warmer surface water 

nearshore to create higher temperature differences than during the cooler months. During 

the warmer months this layer of cool bottom water has a thickness of approximately R
Ct  = 
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50 m at casts 1 through 5, and R
Ct  = 100 m from the seafloor for the remaining casts 

(Figure 33). During the winter, the nearshore R
Ct  value is less than its summer 

counterpart, yet offshore, the structure of the cool bottom layer does not display 

significant differences (Figure 34). In August during the temperature anomaly, the CTD 

measured bottom temperatures at casts 1 through 4 between R
CT = 8.5°C and R

CT = 8.75°C, 

where typically the bottom temperature ranges between R
CT  = 10°C and R

CT  = 16°C.  

Generally, the surface temperature, R
HT , is somewhat uniform during the summer 

months along the entire transect, and during the winter, cooler surface temperatures 

nearshore with R
HT  increasing traveling eastward (Table 18). The surface temperature 

rose from R
HT  = 22.6°C in February to RHT = 30.3°C in August at the cast location nearest 

shore, and rose over 5°C, from 24.5°C to 29.9°C at the most eastern cast location. The 

thickness of the warm surface layer, R
Ht , has an average of about R

Ht  = 40 m up until cast 

5, and an average of about R
Ht = 50 m for the remaining casts. The surface layer was the 

thinnest during the May and August transects for the shallower locations, as thin as R
Ht  = 

13 m, and the thickest in April at RHt  = 55 m. For the deeper casts, the R
Ht  can be as thick 

as 100 m in April, and remains thinnest in August and September at about R
Ht  = 40 m.   
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Cast # T∆  
(°C) 

minT∆  

(°C) 
maxT∆  

(°C) 
σT∆  

(°C) 
1 13.32 10.99 21.44 4.03 
2 15.23 11.26 21.77 3.43 
3 16.16 11.67 21.71 3.35 
4 17.20 13.14 21.65 3.16 
5 17.89 14.00 22.21 3.11 
6 18.53 15.29 22.06 2.86 
7 19.89 16.81 22.70 2.54 
8 20.48 16.92 22.89 2.35 
9 20.82 17.95 23.32 2.15 
10 21.12 18.33 23.60 2.02 

Table 17: Annual temperature difference estimates at each cast location 
along 26° 38’N. 

 

Cast # Cast # 

Variable 
(°C) 

5 9 5 9 

T∆   
16.07 19.73 21.38 22.62 

minT∆  
14.98 19.52 20.55 22.26 

maxT∆  16.70 20.82 22.21 22.99 

σT∆  0.94 1.22 1.18 0.52 

R
CT  

10.45 6.71 8.59 7.10 

R
CT min,  9.51 6.50 7.70 6.65 

R
CT max,  11.40 7.10 9.48 7.55 

R
CT σ,  9.94 0.34 1.26 0.63 

R
HT  

25.93 26.44 29.97 29.72 

R
HT min,  25.46 25.52 29.91 29.64 

R
HT max,  26.59 27.32 30.03 20.81 

R
HT σ,  

S
pr

in
g 

0.59 0.90 

S
um

m
er

 

0.09 0.12 

Table 18: Spring and summer seasonal temperature estimates along the Boynton Beach transect 
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Cast # 
 

5 9 

T∆  
14.00 17.95 

R
CT  8.11 6.31 W

in
te

r 
(°

C
) 

R
HT  22.11 24.27 

Table 19: Winter temperature estimates along the Boynton Beach transect 

Cast # 
 

5 9 

T∆  
20.23 23.32 

R
CT  9.60 6.26 F

al
l (

°C
) 

R
HT  29.84 29.58 

Table 20: Fall temperature estimates along the Boynton Beach transect 

 

Figure 33: Temperature gradient along 26° 38’N on August 13, 2009 
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Figure 34: Temperature gradient along 26° 38’N on February 27, 2009  
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Figure 35: Surface and bottom temperatures along 26° 38’N for each transect date 
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Figure 36: Time series of Boynton Beach temperature difference (black), temperature 20m from the 
surface (red), minimum temperature (blue), and average temperature (pink) at cast #5 from 
February 27, 2009 through October 14, 2009 
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Figure 37: Time series of Boynton Beach temperature difference (black), temperature 20m from the 
surface (red), minimum temperature (blue), and average temperature (pink) at cast #7 from 
February 27, 2009 through October 14, 2009 
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Figure 38: Time series of Boynton Beach temperature difference (black), temperature 20m from the 
surface (red), minimum temperature (blue), and average temperature (pink) at cast #8 from 
February 27, 2009 through October 14, 2009 
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Figure 39: Time series of Boynton Beach temperature difference (black), temperature 20m from the 
surface (red), minimum temperature (blue), and average temperature (pink) at cast #9 from 
February 27, 2009 through October 14, 2009 
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(e) 

Figure 40: Time series of Boynton Beach temperature difference (black), temperature 20m from the 
surface (red), minimum temperature (blue), and average temperature (pink) at cast #10 from 
February 27, 2009 through October 14, 2009 

4.4 Stuart  

As with Boynton Beach and Miami, CTD data has been collected along the 27° 

11’N transect line since February of 2009, totaling 7 transects with 9 CTD casts 

performed along each transect. Similar to the Boynton transect, the Stuart transect also 

has a gradual slope from west to east, reaching 750 m at the final cast location about 52 

km (28 nautical miles) from shore, with the bottom temperature decreasing and the 

temperature difference increasing traveling west to east.  
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Cold water intake depths 
cast depth [m] 
1 123 
2 149 
3 183 
4 215 
5 271 
6 357 
7 441 
8 575 
9 703 

Table 21: Cold water intake depths at each CTD cast site along 27° 11’N. Note that these are not the 
bottom depths. 

A plot of the temperature difference for February through August shows that the 

temperature difference, T∆ ,  reaches 20°C in May for the cast location farthest from 

shore (Figure 47), located about 28 nautical miles, or 52 km, offshore in almost 750 m of 

water. This is earlier than any other cast location. As with Boynton Beach, the 27°32’N 

transect has an ocean thermal resource suitable for OTEC, with an annual average 

temperature difference of 20°C, T∆ = 20°C, or higher, at cast locations 7 through 9 

(Figure 45, Figure 46, Figure 47, and Table 22). Other than the high temperature 

difference anomaly during the August transect with 20d  occurring in depths shallower 

than 123 m, cast location 5 is the shallowest cast location, 20d  = 271, with fall and 

summer seasonal T∆ greater than 20°C (Table 23 and Table 25). During the winter, a 

temperature difference of T∆ ≥ 18°C only exists at the farthest east cast location, so 18d = 

703 m occurs at cast 9 only. In the spring, 18d  = 357 m at cast 6, and 20d only occurs 

during the May 27, 2009 transect. The summer months have the lowest values for the 

distance between the warm and cold water reservoirs, with 18d = 215 m at cast 4, 20d = 
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271 m at cast 5, and 22d = 575 m at cast 8 (Table 23).  

The continental slope is further from shore at Stuart, and thus, the cool bottom 

water is farther from shore than in Miami, Fort Lauderdale, and Boynton Beach. The cold 

water pocket close to shore does not exist (Figure 41). The first cast location is located 

18.5 km (10 nautical miles) from shore and has an annual average bottom temperature of 

R
CT = 13.5°C (Figure 44). The bottom water closer to shore is more affected by the 

change in season, with higher temperature variability nearshore than at cast locations 

further offshore (Table 22). During the transect in August, the CTD measured bottom 

temperatures at casts 1 through 4 of  R
CT  ranging between R

CT = 7.8°C and R
CT = 8.6°C, 

coinciding with the temperature anomaly along the Boynton Beach transect, where 

typically the bottom temperature ranges between 10 and 17°C. Farther offshore, the 

thickness of the cold water layer R
Ct is typically about 100 m with a bottom temperature 

R
CT  ranging between 6 and 8°C. 

During each of the 7 transects the surface temperature remains fairly constant 

along each transect, but changes between dates (Figure 43). The temperature difference 

required for OTEC, CT o20=∆ , seems to be present during the summer and fall (Table 

23 and Table 25). In August (Figure 41), the highest sea surface temperature of all the 

months was measured, and February (Figure 42) the lowest. The surface temperature, 

R
HT , rose from 23.7°C in February to 30°C in August in the cast location nearest shore 

(Figure 44), and from R
HT = 24.4°C to R

HT = 29°C at the cast location farthest from shore 
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(Figure 47). On average, the thickness of the warm surface layer, RHt , is 40 m nearshore, 

and 50 m farther offshore. The thinnest layer nearshore occurs in early May at RHt = 17 m 

with a thick warm surface layer farther offshore at R
Ht = 57 m. In late May, this switches 

to a thick warm water layer nearshore at R
Ht = 41 m, and a thin layer offshore.  

Cast # T∆  
(°C) 

minT∆  

(°C) 
maxT∆  

(°C) 
σT∆  

(°C) 
1 13.44 9.91 20.93 3.50 
2 15.36 12.54 21.17 2.92 
3 16.57 14.06 21.50 2.49 
4 17.52 15.14 21.70 2.44 
5 18.68 16.32 22.42 2.73 
6 19.62 17.02 23.07 2.07 
7 19.98 17.56 22.62 2.13 
8 20.34 17.63 22.87 2.15 
9 20.60 18.41 23.07 2.07 

Table 22: Annual temperature difference estimates at each cast location 
along 27° 11’N.  
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Cast # Cast # 

Variable 
(°C) 

5 9 5 9 

T∆   
16.60 19.76 21.63 22.78 

minT∆  
16.34 18.41 20.85 22.48 

maxT∆  16.98 21.04 22.42 23.07 

σT∆  0.34 1.32 1.11 0.42 

R
CT  

9.71 6.40 8.21 7.02 

R
CT min,  9.14 6.30 7.18 6.74 

R
CT max,  10.08 6.50 9.23 7.30 

R
CT σ,  0.50 0.10 1.45 0.40 

R
HT  

26.31 26.16 29.84 29.80 

R
HT min,  25.61 24.91 29.60 29.78 

R
HT max,  27.06 27.34 30.08 29.81 

R
HT σ,  

S
pr

in
g 

0.72 1.21 

S
um

m
er

 

0.34 0.02 

Table 23: Spring and summer temperature estimates along the Stuart transect 

Cast # 
 

5 9 

T∆  
16.32 18.42 

R
CT  7.59 6.03 W

in
te

r 
(°

C
) 

R
HT  23.91 24.45 

Table 24: Winter temperature estimates along the Stuart transect 

Cast # 
 

5 9 

T∆  
21.37 22.82 

R
CT  8.39 6.84 F

al
l (

°C
) 

R
HT  29.76 29.66 

Table 25: Fall temperature estimates along the Stuart transect 
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Figure 41: Temperature cross section from August 13, 2009 along 27°32'N 

 

Figure 42: Temperature cross section from February 27, 2009 along 27°32'N 
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Figure 43: Surface and bottom temperatures along 27° 11’N for each transect date 
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Figure 44: Time series of Stuart temperature difference (black), temperature 20m from the surface 
(red), minimum temperature (blue), and average temperature (pink) at cast #1 from February 27, 
2009 through October 14, 2009 

 



88 
 
 

  

Figure 45: Time series of Stuart temperature difference (black), temperature 20m from the surface 
(red), minimum temperature (blue), and average temperature (pink) at cast #7 from February 27, 
2009 through October 14, 2009 
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Figure 46: Time series of Stuart temperature difference (black), temperature 20m from the surface 
(red), minimum temperature (blue), and average temperature (pink) at cast #8 from February 27, 
2009 through October 14, 2009 
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Figure 47: Time series of Stuart temperature difference (black), temperature 20m from the surface 
(red), minimum temperature (blue), and average temperature (pink) at cast #9 from February 27, 
2009 through October 14, 2009 

4.5 Regional resource overview 

The measurements described in Subsection 4.1 through 4.4 demonstrate that the 

ocean thermal resource offshore Southeast Florida has clear potential for OTEC 

development. To expand on the cross-sectional profiles that are provided for each 

transect, aerial views of the temperature difference, T∆ , are created (Figure 48 through 

Figure 50) for transects made during May, August, and October. For each transect, the 

temperature difference at each cast location is geodetically referenced and a color scale is 

assigned to the range of T∆ , blue corresponding to the smallest values and red 
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corresponding the largest. Simply stated, the yellow and red areas have good ocean 

thermal potential, the turquoise areas are marginal, and all blue areas would have 

minimal OTEC potential.  

To create a figure that is continuously shaded between cast locations, Gouraud 

shading is used (Gouraud, 1971). This method uses a piecewise bilinear shading method. 

First, the focus area is divided into segments. The color in each segment varies across it 

where the color variation is calculated by interpolating the corner values of each segment. 

This method provides a mechanism to overview the thermal resource in the Straits of 

Florida; however, care must be taken in the interpretation of the results. While the 

interpolation may show that the thermal resource varies at locations between transects, 

this is a result of the interpolation. Since the north-south measurement spacing was 61 km 

(33 nautical miles) and the temporal spacing was at least 2 days for all 4 transects, 

confidence cannot be placed in the values of T∆  between transects. However, north-

south variations in T∆  are small and logical and this method does provide a reasonable 

high level overview of the resource.   

For all three months, the thermal resource potential increases from west to east 

with the most notable temperature gradient in May. During May, the highest thermal 

resource is located in the southeastern straights. However, water with T∆ > 20ºC is 

present along the entire coast, but at least 35 km from shore. During August and October, 

T∆ > 20ºC exists throughout most of the straights, except at nearshore locations. During 

both these months, the Miami Terrace offshore of Ft. Lauderdale has slightly lower 
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thermal potential than the waters to the North and South. This results because the Miami 

Terrace at this location is shallower than at the other measurement locations and the 

bottom water is slightly warmer. In particular, at the outer edge of the Miami Terrace, 

there is a local minimum in thermal potential. At this location, the West to East 

downward slope of the isopycnals are often greatest and as a result, the warmer mid-

column water intersects the ocean bottom. In October, there is a high temperature 

difference close to shore along the Fort Lauderdale transect, appearing as a yellow 

anomaly nearshore (Figure 50). After reviewing the raw data, this appears to be a genuine 

temperature difference, resulting in T∆  exceeding 20ºC at Fort Lauderdale’s second cast 

location. 

Along the southern transects and near to shore, the ocean thermal resource has 

less thermal potential and exhibits higher variability than it does at offshore locations. 

Although the temperature difference is smaller and more variable, the potential does 

follow the Florida energy demand and the short distance to shore and shallower water 

may yield favorable economics. However, at these same near shore locations there exists 

conditions that may be well suited for cold sea water based air conditioning.  
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Figure 48: Aerial view of the temperature difference along Southeast Florida's coastline on May 27-
28, 2009 
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Figure 49: Aerial view of the temperature difference along Southeast Florida's coastline on August 
11-12, 2009 
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Figure 50: Aerial view of the temperature difference along Southeast Florida's coastline on October 
13-14, 2009 
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5 Power Production Analysis 

Two goals of this work are to 1) estimate the OTEC power production potential at 

each relevant cast location and 2) develop a high level estimate of the overall OTEC 

power production potential across the Straits of Florida. This knowledge will help 

determine if the ocean resource off Southeast Florida is favorable for full scale OTEC 

power production, and could be the basis for a future economic investigation to determine 

if OTEC is an economically attractive endeavor in Southeast Florida.  

 Prior to estimating Southeast Florida’s overall production potential, single plant 

output at each cast site is investigated. To do so, a 100MW net OTEC plant is assumed 

and it is the basis for this analysis. Using the time series of temperature differences at 

each cast location and the methodology described in Chapter 5.2, seasonal OTEC power 

production estimates are calculated for each cast site. Finally, a high level estimate of the 

overall OTEC power production potential in the Straits of Florida is estimated based on 

the volumetric flow rate of the Florida Current.  

5.1 Historic power production estimates 

Estimations of the power production potential have been performed in several 

studies. Mangarella & Heronemus (1979) estimate the extractable power per volume flow 
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rate of warm water as: 

2

3
404.0 aT

sm

kW

Q

P ∆≅







                                                      (6) 

where P is the extractable power, Q is volumetric flow rate of warm water, aT∆  is the 

available difference in temperature between the warm and cold water sources. The 

coefficient 0.404 is determined from the coefficients in (7), including the mass flow rate 

m, and specific heat of seawater cp, associated with the overall power output of a closed 

OTEC thermal cycle in the equation:  

h

ch
hp T

TT
TmcP

−
∆= 6.0 ,    (7)            

where ∆Th is the temperature drop of ambient warm water through the evaporator, and Th 

and Tc are the temperatures of the warm and cold sides of the working fluid. The Carnot 

efficiency is assumed to be 60% in their analysis. Based on (6) and (7), Mangarella and 

Heronemus estimated 150 kW/m3/s of potential based on the flow rate of warm water; 

this estimate takes into account a 60m warm surface water layer thickness and places the 

ideal location for OTEC plants 40-50 km east of Virginia Key in 700 m of water. To 

create 150MW of power, the system would process the flow within an area 10m wide by 

the initial assumption of 60m deep.  

5.2 OTEC power production potential methodology 

Working in collaboration with Lockheed Martin, a parametric model has been 

developed to meet the goal of obtaining site specific estimates of the OTEC power 

production potential off Florida’s Southeast coast. This is a more detailed model than 
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previous developments, using specific design parameters of an OTEC plant designed by 

Lockheed Martin. The model is based on a method estimating gross and net power 

production potential by Avery and Wu (1994, p. 15). Their estimations suggest that the 

net power of a closed cycle OTEC plant is approximately 74% of the plant’s gross power, 

with the parasitic losses caused by pumping of ammonia, the warm water, and the cold 

water, stationkeeping of the platform, personnel accommodations, and other 

miscellaneous operating requirements.  

Estimating site specific OTEC power production potential focuses on a basic 

closed Rankine cycle design with 150MW nominal gross power and 100MW net power. 

Ammonia is used as the working fluid for this plant design. The power production 

estimate is based on a discussion by Avery and Wu (1994, p. 92), and the gross power is 

given by:  

NLcwG PPPPP +++=  ,               (8)                 

where PG is the gross power, Pw and Pc are the pumping power required to pump the 

warm and cold water, respectively, includes the remaining parasitic losses, and PN  is the 

net power. Parasitic losses, LP , include losses due to the internal working fluid pump, 

turbine and generator efficiencies, transmission lines, power conversion efficiencies and 

hotel loads.  

 The constant inflow rates of the cold water at 300 m3/s and warm water at 450 

m3/s are assumed to provide water with a design temperature difference of 20°C. This 

20°C temperature difference and assumed steady inflow rates support the plant’s internal 
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power requirement of about 50MW, as well as provide a net power output of at least 

100MW. The parasitic power loss caused by the power required to pump the ammonia, 

warm water, and cold water can be calculated using:   

ε
ρzV

P
&

= .    (9)  

P is the pumping power required, V& is the volumetric flow rate of the fluid, ρ  the density 

of the fluid, z  the pipe head or distance to the cold water resource from 20m below the 

sea surface, and ε  the pump efficiency.  

Assumptions of the efficiencies of various components must be made and are 

based on previous research. The pumping efficiencies are estimated at ε  = 80%, and the 

gross Rankine cycle efficiency, Rε , is estimated at 88% of the Carnot efficiency,  

15.273,

,,

+
−

=
aw

acaw
C T

TT
ε ,    (10)  

where awT , represents the boiling temperature of ammonia as the working fluid and acT ,  is 

the temperature at which ammonia condenses in the system. Estimations by Lockheed 

Martin for their plant design calculate the parasitic losses, including the power required to 

pump the warm water, wP , at almost 32% of gross power.  

wP  and the remaining parasitic losses, including the power required to pump the 

working fluid, the turbine, generator, and power conversion efficiencies, and hotel loads 
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are fixed. The warm and cold water flow rates, V& , are also fixed. The parameters that 

vary with location include the depth of the cold water resource, z , and hence the 

corresponding cold water pipeline length and cold water pumping requirements, CP , and 

the temperature difference, T∆ . Using the fixed parameters and based on the variability 

of the temperature difference, T∆ , and depth of the cold water resource, a parametric-

based model system is developed using the following estimate of gross nominal power:  

RwG QP ε=      (11) 

To find the heat required from the warm water, Qw, the temperature difference across the 

evaporator, owww TTT ,−=∆ , is required, so 

 wwpwowww cVTTQ ρ,, )( &−= ,    (12) 

   

where wpc ,  is the warm water specific heat and wρ  the density of the warm water. Using 

the evaporator requirements, wk , and the log mean temperature difference of the warm 

water,  wLMT ,∆ another solution for wQ  is attained.  

wLMww TkQ ,∆=     (13)  

Solving the following equation for the warm water outlet temperature, owT , ,   
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−−−
=∆ ,    (14) 

 will yield the heat required from warm water using (12), and finally substituting wQ  into 

(11) provides an estimation of the gross power. Subtracting the parasitic losses from the 

gross power, (8) yields the net power for an OTEC plant located in the Florida Current 

with varying depths and temperature differences.  

G
cC

RwN P
zV

QP 32.0−−=
ε
ρε

&

   (15) 

5.2.1 Preamble  

In this subsection, the net power, NP , and gross power, GP , are calculated for 

each cast location along all four transects. Included in the analysis is the average seasonal 

and annual net power production potential, NP , its variability, σ,NP , as well as the 

maximum net power produced max,NP , to determine the most feasible location along each 

transect to place an OTEC plant.  

As mentioned in Chapter 4, 7 sets of transects have been conducted along the 

Miami, Boynton Beach, and Stuart transects, with one data set each for both the winter 

and fall seasons, three in spring, and two in summer. Typically cooler water temperatures 

occur in the winter and fall than in the summer, and these conditions that yield lower 

production potential are not included. Therefore, the net power estimates along these 
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three transects may be somewhat artificially high. 

5.2.2 Miami power production potential  

Along the Miami transect, useable power is produced throughout all seasons. The 

winter, defined as the time between December 21st and March 30th, produces the lowest 

amount of energy in terms of producible power due to smaller values of T∆  (Table 27). 

Based on the one data set in winter, cast location 8 produces the highest net power along 

the transect, reaching almost 80 MW during the winter, or 80% of the design net power. 

Casts 9 and 10 have lower net power than cast 8. 

 During the spring, casts 7 through 10 reach the design net power output of 100 

MW, with 8 through 10 averaging over 103 MW (Table 28). Cast 8 offers the lowest 

variability of the offshore transects, with σ,NP = 8.81 MW. Cast 4 has the lowest 

variability of the nearshore transects and a net power averaging NP = 75.76 MW.  

 The highest net power output mostly occurs during the summer months and 

provides strong OTEC potential (Table 29). Casts 3 through 10 all produce an output 

with an average net power, over NP = 130 MW, and all the cast locations have a peaking 

power production potential exceeding max,NP  = 130 MW. Cast 8 has lower variability 

than cast 9, and a similar average net power to cast 11. During fall, cast 8 also has higher 

net power output than cast 9 (Table 30).  

The data suggests that the best location for a single OTEC plant along the 

26°05’N transect to be at cast location 8, 42 km from shore; however, year round, casts 8 
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through 10 produce a power potential near the design load. Being east of the Miami 

Terrace, cast 8 mostly has lower σ,NP than the shallower casts, and during the summer 

and spring, has lower σ,NP than cast 9 (Table 28 and Table 29). The average temperature 

difference, T∆ , is also the greatest at cast 8 during the winter, creating the most useable 

producible energy during Florida’s cooler months. With a cold water intake depth of 737 

m, this area is on the eastern edge of a local valley along the Miami transect, with cast 9 

being near a local peak (Figure 11). Cast 7, with an intake depth of 539 m, can also 

provide useful power during the spring and summer, but does not produce over 74 MW 

during the winter. An analysis of the pipeline length and distance from shore in relation 

to the site’s power production potential and associated costs would provide a better 

suggestion for an OTEC plant location for the offshore locations. 

Casts 1 and 2 can consistently provide zero or negative power during the winter 

and spring, but the cool water near the seafloor east of cast 2 on the Miami Terrace 

creates a useable temperature difference throughout the year. Casts 3 through 6 can 

produce between 59 and 66% of design net power during the winter, 74-78% in the 

spring, 132-136% during the summer, and 126-144% in fall.  

 



104 
 
 

Miami 

Cast # 
NP  [MW] 

1 12.56 

2 55.73 

3 96.19 

4 97.78 

5 98.53 

6 102.08 

7 115.26 

8 124.56 

9 119.62 

10 125.45 

Table 26: Annual net power estimates, or average maximum producible energy for Miami 

 

Winter 

Cast # 
NP [MW] 

1 -25.26 

2 24.96 

3 59.02 

4 61.85 

5 63.27 

6 66.33 

7 73.59 

8 79.31 

9 78.88 

10 74.70 

Table 27: Winter net power potential estimates for Miami 
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Spring 

Cast # 
NP  min,NP  max,NP  σ,NP  

1 -13.80 -22.35 0.99 12.86 

2 25.95 -10.82 55.20 33.65 

3 74.57 67.07 86.12 10.15 

4 75.76 68.76 84.38 7.93 

5 76.19 67.16 85.73 9.29 

6 77.57 68.73 87.30 9.32 

7 92.45 80.54 104.75 12.11 

8 103.82 95.46 113.03 8.81 

9 103.71 87.31 118.80 15.78 

10 105.91 85.59 128.38 21.48 

Table 28: Spring net power potential estimates for Miami 

 

Summer 

Cast # 
NP  min,NP  max,NP  σ,NP  

1 75.91 20.91 130.81 77.78 

2 111.41 81.39 141.44 42.46 

3 132.30 120.14 144.45 17.19 

4 132.58 120.00 145.16 17.79 

5 133.91 121.83 145.99 17.08 

6 135.81 128.30 143.31 10.61 

7 153.00 151.73 154.28 1.80 

8 159.55 154.35 164.74 7.35 

9 163.87 157.46 170.27 9.06 

10 159.52 159.52 165.01 3.89 

Table 29: Summer net power potential estimates for Miami 
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Fall 

Cast # 
NP [MW] 

1 2.76 

2 64.45 

3 126.00 

4 130.16 

5 130.06 

6 143.90 

7 149.88 

8 162.02 

9 158.10 

10 161.24 

Table 30: Fall net power potential estimates for Miami 

 

Figure 51: Miami cast 4 net (blue), average (pink), and gross (red) power production potential.  
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Figure 52: Miami cast 8 net (blue), average (pink), and gross (red) power production potential. 
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Figure 53: Miami cast 9 net (blue), average (pink), and gross (red) power production potential.  
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Figure 54: Miami cast 10 net (blue), average (pink), and gross (red) power production potential.  

5.2.3 Fort Lauderdale power production potential  

Using the parametric model of the OTEC power production potential, the average 

maximum producible energy along the 26° 38’N transect line range from -7.5MW at the 

first cast location, to an average of 125  MW at the last cast location (Table 31). 

 From the end of December through March, or during the winter, the cast location 

with the highest average net power output, NP , is cast location 11 with NP = 85.17 MW 

(Table 32). The highest net power, max,NP , also occurs at cast 11, peaking at 96.19 MW 

Cast 9 displays the least variability of all of the offshore cast sites that peak within 86% 
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of design net power, σ,NP  = 3.07 MW. Cast 10 has a winter NP = 83.50 MW and lower 

variability than cast 11. Of casts 9 through 11, the lowest net power occurs at cast 11, 

with min,NP  = 77.47 MW.  

In the spring there is high variability in the temperature difference, T∆ , along the 

entire transect, hence, NP  also exhibits high variability (Table 33). The highest NP  

occurs at cast 11, 44 km from shore, offering 116.16 MW of power. Cast locations 9, 10, 

and 11 all have average net power outputs higher than 112 MW, and every cast location, 

except cast 1, a maximum power output, max,NP , above 104 MW is achieved. Of the 

offshore transects, cast 10 has the lowest variability, and the lowest net power occurs at 

cast 9, with min,NP  = 86.50 MW.  

The summer, between June 21 and September 21, the highest variability of NP  

occurs over the Miami Terrace and decreases travelling eastward (Table 34). Casts 4 

through 11 have a summer seasonal average over 99MW, and casts 9 through 11 can 

provide between min,NP = 128.87 MW to max,NP = 163.27 MW, averaging between NP  = 

146.75 MW at cast 9 and NP  = 147.48 MW at cast 11. Casts 2 through 11 all have a 

temperature difference capable of providing a max,NP  ranging between 72 and 148 MW, 

with cast 11 displaying the least variability in the resource, σ,NP = 9.11 MW.  

During the fall, casts 9, 10, and 11 all have a max,NP  between 161 and 166 MW 

and an average net power output ranging between NP  = 119 MW and NP  = 133 MW 
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(Table 35). The highest variability along the entire transect occurs during the fall months. 

Although it has the highest average net power, minimum power of the offshore transects 

occurs at cast 11, with min,NP  = 91.37 MW.  

Cast 11, having the deepest cold water intake depth along the entire transect, does 

not consistently provide the highest value of max,NP . Casts 9 and 10 both have high 

seasonal and annual power production potentials and low variability.  Due to the low 

variability and potential to provide the design net power, cast location 9, 33 km (18 

nautical miles) from shore with a cold water intake depth of 565 m, or cast 10, 38 km 

offshore in 650 m, are possibly the best locations for an OTEC plant along the Fort 

Lauderdale transect. Again, the pipeline economics and distance to shore must be 

considered for a final siting location.  

The Miami Terrace along the Fort Lauderdale transect should not be eliminated 

from consideration for OTEC plant siting. The winter temperature differences can 

provide a net power up to 48 MW at casts 3 through 5 and 55 MW at cast 6. Although a 

smaller load than along the Miami Transect, the Miami Terrace off of Fort Lauderdale 

can still provide 48% to 55% of design net power and presents the lowest variability in 

the winter. In the spring, casts 3 through 6 can provide as little as 17 MW, but averages 

between 54 and 65% of design net power. The summer presents the highest power 

production potentials on the Miami Terrace, averaging between 72 and 105 MW. In the 

spring, the average net power ranges between NP = 54 MW and NP = 65 MW.  
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Fort Lauderdale 

Cast # 
NP  [MW] 

1 -7.51 

2 57.72 

3 70.11 

4 75.95 

5 74.97 

6 75.39 

7 78.89 

8 93.61 

9 119.14 

10 121.63 

11 124.96 

Table 31: Annual net power estimates, or average maximum producible energy for Fort Lauderdale 

 

Winter 

Cast # 
NP [MW]  min,NP  max,NP  σ,NP  

1 -26.63 -44.43 -16.70 10.87 

2 29.50 10.49 48.82 14.09 

3 33.02 15.47 48.80 15.15 

4 34.32 19.62 48.01 13.36 

5 34.90 18.51 48.99 11.78 

6 37.77 23.57 55.06 13.11 

7 41.81 22.14 66.99 17.66 

8 61.17 45.17 78.29 16.35 

9 81.52 78.60 86.02 3.07 

10 83.50 77.54 89.56 5.03 

11 85.17 77.47 96.19 7.88 

Table 32: Winter net power potential estimates for Fort Lauderdale 
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Spring  

Cast # 
NP [MW]  min,NP  max,NP  σ,NP  

1 -12.00 -40.15 24.86 17.55 

2 54.79 3.07 111.14 33.50 

3 59.75 17.07 112.05 30.22 

4 62.16 20.48 111.31 25.03 

5 62.60 41.92 112.20 22.45 

6 64.80 42.02 112.64 18.88 

7 69.45 35.63 104.20 20.78 

8 84.15 61.50 116.24 19.14 

9 113.70 86.70 143.56 15.65 

10 112.77 90.61 139.08 14.39 

11 116.16 93.58 135.12 14.94 

Table 33: Spring net power potential estimates for Fort Lauderdale 

 

Summer 

Cast # 
NP [MW]  min,NP  max,NP  σ,NP  

1 9.28 -21.60 77.73 26.94 

2 72.16 35.93 125.11 29.70 

3 90.20 51.29 135.06 30.99 

4 99.49 53.11 136.19 24.68 

5 104.75 68.77 137.19 18.27 

6 104.41 82.51 122.53 12.67 

7 102.74 81.83 120.09 12.26 

8 113.32 77.50 137.05 17.00 

9 146.75 128.87 162.38 10.57 

10 146.43 129.59 163.27 9.96 

11 147.48 133.06 161.51 9.11 

Table 34: Summer net power potential estimates for Fort Lauderdale 
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Fall 

Cast # 
NP [MW]  min,NP  max,NP  σ,NP  

1 -16.08 -41.66 6.11 19.92 

2 59.17 10.28 102.42 37.84 

3 70.55 33.32 119.63 35.93 

4 81.08 63.45 122.38 27.76 

5 83.78 66.02 119.18 30.65 

6 72.37 54.73 116.83 29.81 

7 75.15 56.89 107.99 28.51 

8 105.14 68.17 139.74 35.58 

9 124.49 94.87 161.58 32.24 

10 119.90 93.67 165.85 39.93 

11 132.62 91.37 163.60 34.03 

Table 35: Fall net power potential estimates for Fort Lauderdale 
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Figure 55: Fort Lauderdale cast 4 net (blue), average (pink), and gross (red) power production 
potential. 
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Figure 56: Fort Lauderdale cast 5 net (blue), average (pink), and gross (red) power production 
potential. 
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Figure 57: Fort Lauderdale cast 9 net (blue), average (pink), and gross (red) power production 
potential. 
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Figure 58: Fort Lauderdale cast 10 net (blue), average (pink), and gross (red) power production 
potential. 
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Figure 59: Fort Lauderdale cast 11 net (blue), average (pink), and gross (red) power production 
potential 

5.2.4 Boynton Beach power production potential  

Along the Boynton Beach transect, the annual average maximum producible 

energy ranges from 23.46 MW at the first cast location, to an average of 118.10 MW at 

the last cast location, 48 km from shore (Table 36). Offshore along the Boynton Beach 

transect an OTEC resource is present between casts 7 and 10, corresponding to 29 and 48 

kilometers from shore, with an annual average power production potential over NP = 

100MW (Table 36). 

 During the winter months, the temperature gradient required for the design net 
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power output does not occur (Table 37). However, casts 9 and 10 produce NP  = 72 MW 

and NP  = 77 MW, respectively, corresponding to 72 and 77% of design net power.  

 During the spring and summer, more cast locations can support the temperature 

difference required to achieve the design net power output of 100MW. In the spring, casts 

8, 9, and 10 have a seasonal power output ranging between NP  = 92 MW and NP = 101 

MW with a minimum power output min,NP  = 78.09 MW (Table 38). Cast 8 has the least 

variability of casts 8 through 10 in the spring, with an average power production potential 

of NP = 92.16 MW.  

During the summer months, NP equal to or greater than 100 MW occurs at casts 3 

through 10. Cast 10 has the highest average power production potential at NP = 147.43 

MW in the summer (Table 39). min,NP  between casts 8 through 10 produces above 141% 

of design net power. During the fall, casts 5 though 10 all produce over 103 MW, with 

cast 10 providing the highest net power at NP = 157.30 MW (Table 40). Since cast 8 does 

not reach the design net output of 100MW in spring or winter, cast location 9, in 550 

meters of water 42 kilometers offshore, or cast 10, 48 km from shore in 637 meters, may 

be the most consistent choices for placement of an OTEC plant due to their low 

variability and high annual and seasonal average power production potential.  

Nearshore, Boynton Beach has very little potential for OTEC power production 

during the winter and spring, with NP ranging between 4 MW and 56 MW. During the 
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fall and summer, there are promising estimates of power production potential. Based on 

the collected temperature data, cast 3 can produce a minimum of  min,NP  = 70.49 MW and 

casts 4 through 6 have NP greater than 81 MW in fall and 116 MW in summer (Table 39 

and Table 40). 

Boynton Beach 

Cast # 
NP  [MW] 

1 23.46 

2 42.38 

3 53.01 

4 65.45 

5 74.33 

6 82.44 

7 101.06 

8 109.29 

9 113.85 

10 118.10 

Table 36: Annual net power estimates, or average maximum producible energy for Boynton Beach 
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Winter 

Cast # 
NP [MW] 

1 n/a 

2 0.37 

3 4.00 

4 17.57 

5 26.40 

6 40.28 

7 58.05 

8 59.09 

9 72.24 

10 77.02 

Table 37: Winter net power potential estimates for Boynton Beach 

 

Spring 

Cast # 
NP [MW]  min,NP  max,NP  σ,NP  

1 2.87 -0.78 6.93 3.87 

2 21.17 17.82 26.11 4.37 

3 31.01 25.06 35.83 5.47 

4 42.07 29.24 49.47 11.15 

5 48.97 36.15 56.17 11.13 

6 56.31 47.12 61.23 7.97 

7 76.61 72.72 80.56 3.92 

8 92.16 79.99 101.34 10.98 

9 96.87 78.09 112.69 17.49 

10 102.22 87.01 115.75 14.44 

Table 38: Spring net power potential estimates for Boynton Beach 
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Summer  

Cast # 
NP [MW]  min,NP  max,NP  σ,NP  

1 59.84 -2.96 122.63 88.80 

2 88.29 48.95 127.64 55.64 

3 101.79 76.98 126.59 35.07 

4 116.61 107.59 125.64 12.76 

5 121.66 108.37 134.94 18.79 

6 117.78 103.83 131.73 19.73 

7 138.46 137.49 139.43 1.37 

8 141.92 139.05 144.80 4.07 

9 140.70 134.46 146.94 8.82 

10 142.82 138.22 147.43 6.52 

Table 39: Summer net power potential estimates for Boynton Beach  

 

Fall 

Cast # 
NP [MW] 

1 12.47 

2 56.20 

3 70.49 

4 81.11 

5 103.70 

6 132.34 

7 142.60 

8 145.58 

9 152.66 

10 157.30 

Table 40: Fall net power potential estimates for Boynton Beach  
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Figure 60: Boynton Beach cast 8 net (blue), average (pink), and gross (red) power production 
potential 
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Figure 61:  Boynton Beach cast 9 net (blue), average (pink), and gross (red) power production 
potential 
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Figure 62: Boynton Beach cast 10 net (blue), average (pink), and gross (red) power production 
potential 

5.2.5 Stuart production potential 

Along the Stuart transect, the areas with the highest estimates for power 

production are farther offshore than along any other transect. As with the Boynton Beach 

transect, Stuart has an annual power production potential over 100 MW beginning at cast 

7, 38 kilometers from shore, with NP greater than 100 MW extending eastward to the 

most east cast location, cast 9 (Table 41). Nearshore, there is a potential for summer or 

possibly fall OTEC power production.  

 During the winter, nowhere along the transect reaches the design net power, but 
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still offers between NP = 67 MW and NP = 78 MW between casts 7 and 9 (Table 42). 

Since only one set of temperature data is used to estimate the OTEC potential along the 

Stuart transect, details of the winter variability of the resource has yet to be determined.   

 During the spring at cast 8, which is 45 kilometers from shore, max,NP  reaches 

100 MW and NP  is almost 88 MW. A minimum power output, min,NP , of 67.56 MW 

does occur at cast 8. Cast 9 has an average of 97 MW, with minimum power production 

potential at almost min,NP = 78 MW during the spring as well (Table 43). The lowest 

variability of the offshore casts occurs at cast 7.  

The summer and fall months offer the greatest power production potential along 

the Stuart transect, allowing for a NP greater than 100MW at casts 5 through 9, from 25 

to 51 kilometers from shore (Table 44 and Table 45). Minimum power output at cast 5 is 

min,NP  = 112.68 MW. The lowest variability occurs at cast 7 and 8, σ,NP = 8.58 MW. The 

summer, as with the other transects, offers the best potential for power production at the 

nearshore cast sites, potentially offering between 47 and 127 MW between casts 2 and 4.  

 Casts 8 and 9 possess the highest power production potentials along the transect 

and low variability, so either site could be a reasonable choice for an OTEC plant. With 

cold water intake depths of 575 and 703 meters, respectively, casts 8 and 9 have 

comparable intake depths to the other transects. Casts 8 and 9 provide between 70 and 

78% of design net power during the winter, between 87 and 97% during the spring, 138 

to 148% during the summer, and 134 to 144% in fall. It would be best to have a more 
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thorough economic analysis applied to the power production estimates along this transect, 

since the production estimates closest to the net design power are farther offshore than 

along the other transects. 

Stuart 

Cast # 
NP  [MW] 

1 23.55 

2 42.82 

3 56.38 

4 68.32 

5 84.15 

6 96.65 

7 101.50 

8 106.45 

9 110.02 

Table 41: Annual net power estimates, or average maximum producible energy, for Stuart 
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Winter 

Cast # 
NP [MW] 

1 -10.45 

2 11.74 

3 47.52 

4 52.05 

5 52.22 

6 60.69 

7 67.30 

8 70.18 

9 78.02 

Table 42: Winter net power potential estimates for Stuart 

Spring 

Cast # 
NP [MW]  min,NP  max,NP  σ,NP  

1 9.10 3.17 14.22 5.57 

2 24.20 17.40 33.39 8.26 

3 33.80 26.26 45.16 10.01 

4 42.86 38.00 50.62 6.79 

5 54.87 51.74 59.39 4.01 

6 74.56 63.39 91.43 14.87 

7 81.59 72.59 96.82 13.26 

8 87.66 67.56 100.38 17.61 

9 97.00 77.70 115.64 18.98 

Table 43: Spring net power potential estimates for Stuart 
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Summer 

Cast # 
NP [MW]  min,NP  max,NP  σ,NP  

1 64.48 14.19 114.77 71.12 

2 84.39 50.23 118.55 48.31 

3 93.47 63.31 123.63 42.66 

4 109.33 91.94 126.72 24.59 

5 125.54 112.68 138.39 18.17 

6 129.92 120.94 138.90 12.70 

7 134.97 128.90 141.03 8.58 

8 138.60 132.54 144.67 8.58 

9 147.67 n/a n/a n/a 

Table 44: Summer net power potential estimates for Stuart 

 

Fall 

Cast # 
NP [MW] 

1 19.05 

2 46.65 

3 58.84 

4 78.98 

5 121.16 

6 132.33 

7 128.53 

8 134.76 

9 143.45 

Table 45: Fall net power potential estimates for Stuart 

 



131 
 
 

 

Figure 63: Stuart cast 8 net (blue), average (pink), and gross (red) power production potential. 
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Figure 64: Stuart cast 9 net (blue), average (pink), and gross (red) power production potential. 

5.3 OTEC plant spacing requirements 

Effects of local currents modify an area’s heat flux flows such that regional 

OTEC power production capacity can vary significantly. For example, a previous 

resource estimate for OTEC potential in the Gulf of Mexico by Pei (1980) suggested that 

the Gulf of Mexico can hold 100 to 300 OTEC plants, each with a gross power of 100 

MW and with a minimum plant spacing of 10 km, yielding between 10 and 30 GW of 

power. Harrenstein and McCluney (1976) estimate a total electric power output in the 

Straits of Florida between Miami and Bimini of 200 GW and a plant spacing of 75 m, 

resulting in a total number of 666 plants across the Straits of Florida. Both plant spacing 
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estimates are based on surface current velocity, a direct function of resource 

replenishment, and plant size. Since the volumetric flow rate of the Florida Current 

passing through the Straits of Florida is greater than flows in the Gulf of Mexico, plants 

can be spaced closer together in the Florida Straits because the resource is continually 

refreshed and plant effluent is rapidly abducted away.   

5.3.1 Current methodology 

Several factors contribute to an estimation of the number of OTEC plants that can 

be placed across the Straits of Florida. According to the United Nations Convention for 

Law of the Sea, a state’s territorial waters extend 22.2 km (12 nautical miles) from the 

coastal state’s baseline, and the U.S. territorial waters between Florida and Bahamas 

extend to 48 km (25 nautical miles) from Florida’s baseline (“UN Convention,” n.d.). 

Because of this boundary, the measurements were taken inside the U.S. territorial waters, 

and hence, the power production potential within that area is estimated.  

Previous studies assumed the warm surface water required for evaporating the 

working fluid in an OTEC plant is the limiting factor. In the Straits of Florida, the warm 

surface water is spread across the entire span of the study area with a surface velocity 

averaging between 1.5 m/s and 2 m/s (Lee & Mooers, 1977). The cold water resource is 

much smaller in volume than the warm water resource and has an average current 

velocity under 0.5 m/s (Lee & Mooers, 1977). Since the cold water resource is dependent 

upon the cold water flux through the area, the along stream volumetric flow rate of the 

cold water resource, and hence, the cold water resource, is considered the limiting factor 



134 
 
 

in the cross-stream maximum producible energy estimation. The volumetric flow flux of 

the cold water resource must be equal to or greater than the volume of cold water 

required for the OTEC plant to produce nominal power. This will provide a high level 

estimate of the maximum producible power in the Straits of Florida within the US 

boundaries.  

The current velocity from the seafloor to about 30 m above the seafloor maintains 

an average of 0.2 m/s, but can be greater, so 0.2 m/s is used as a conservative baseline for 

estimating producible thermal energy (Beale et. al, 2008). Based on the collected data, 

the area on the Miami Terrace with the most consistent cold-water resource resides 

between 80° and 79.9°W and is 11 km from west to east.  The number of plants in a 

specific cross-sectional area perpendicular to the mean current is:   

c

net

V

V
n

&

&

=     (16) 

where the volumetric flow rate of the cold water intake pump, cV&  = 300m3/s, plant 

spacing can be determined based on the cold water resource, where netV&  is the net 

volumetric flow rate in the cold water resource, and n is the number of plants within the 

defined area. 

5.3.2 Plant spacing results 

Several reasons suggest Fort Lauderdale/Dania Beach is a good location to study 

Southeast Florida’s ocean thermal resources in more detail.  Besides the lack of time, 
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resources, and funding to complete a detailed resource measurement program along 185 

km (100 nautical miles) of coastline, one advantage of the Fort Lauderdale transect is the 

collection of over a year and a half of CTD data. Temperature and water property data 

has been collected at semi-regular weekly intervals, so the seasonal variability of the cold 

and warm water resources can be described with greater accuracy than in Miami, 

Boynton Beach, or Stuart. The Miami Terrace is a significant bottom feature containing 

an immense cold water resource within 9 to 28 km (5 to 15 nautical miles) from shore, 

and although this feature exists along the Miami transect as well, the feature is shallower 

along the Fort Lauderdale transect. Historic ocean current data is being used in 

conjunction with the CTD data along the Fort Lauderdale transect, when the structure and 

magnitude of the current provides the volumetric flow rate at different geographic 

locations to determine OTEC plant spacing requirements. 

To determine the maximum number of plants that can be placed along the cross-

section following the Fort Lauderdale transect, the nearshore casts over the Miami 

Terrace were defined as one area. The eastern area in the analysis is the deep water on the 

edge of the shelf, where the depth drops to over 800 m between the Miami Terrace and 

the Bahamian Shelf.    

To determine the maximum number of plants that can be placed on the Miami 

Terrace, (16), the cold water flux is estimated using a current velocity of 0.2 m/s, the 

distance from cast 2 through cast 6 (14km), and a vertical cold water depth of 30 m. The 

maximum number of plants that can be placed on the Miami Terrace is 
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n , or one plant every 50 m. This could also be described 

as 2 MW/m. The power production potential between cast locations 2 and 6 has an 

average power net output of 70.8 MW, resulting in 19.8 GW of maximum producible 

power on the Miami Terrace (Table 31).  

Plant spacing near cast locations 8, 9, 10 and 11 is also considered since these are 

the locations with an average yearly net power production potential between 93 MW and 

125 MW per plant and are placed within the limit of U.S. territorial waters. Since the 

casts cover a 17 km range and the current velocity is similar, the estimate in this location 

is 340 plants with a spacing of 50 m between plants, resulting in maximum producible 

power between 31.8 GW and 42.5 GW. This estimate should be used as a basis for 

further investigation to include effects such as downstream vertical mixing of the plant’s 

effluent and the change in the temperature structure over time. 

Considering the total Straits of Florida are approximately 85 km across and the 

Fort Lauderdale transect extends about halfway across the Strait, the 31.8 GW estimation 

over the 17 km range from cast 8 through 11 represents the power available in the 

western portion of the deep water section (excluding the shallower Miami Terrace, whose 

length of 14 km represents about 0.16 of the cross-stream width). Assuming a similar 

thermal structure in the eastern half of the Straits and applying the maximum producible 

power ranging between 31.8 GW and 42.5 GW, the overall potential in the Straits of 

Florida has much higher net potential than the western portion alone. Across the Straits of 
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Florida, including the Miami Terrace, the net potential could be anywhere between 128.3 

GW and 164.8 GW. Although it is not feasible to place a plant every 50 m, or 2 MW/m, 

due to physical plant size, mooring requirements, or shipping obstructions, this estimation 

shows the great ocean thermal potential available in the Straits of Florida.  
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6 Discussion 

6.1 Conclusion 

This work advances the state of knowledge and understanding of the ocean 

thermal structure offshore of Southeast Florida and quantifies the potential of the ocean 

thermal resource for Ocean Thermal Energy Conversion. To characterize the thermal 

structure, the water temperature profile from the surface down to about 10 m above the 

ocean floor is measured at four equally spaced transect locations spanning 185 km of 

coastline from Miami to Stuart. Each transect extends from shore to near the United 

States Exclusive Economic Zone boundary. The temperature profile is measured at 

several locations along each transect line. At the Ft. Lauderdale location, measurements 

are made at roughly weekly intervals for a period of nearly 1.5 years. At the Miami, 

Boynton Beach, and Stuart locations, measurements are made at about monthly intervals 

for a total of 7 transects. Using this data, a seasonal analysis of the ocean thermal 

structure off Southeast Florida is performed. 

Working in collaboration with Lockheed Martin, a parametric model is also 

developed to estimate the OTEC power production potential off Florida’s Southeast coast 

using the measured temperature difference between warm and cold water reservoirs. This 
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model is more comprehensive than previous developments and uses specific parameters 

of a 150 MW gross power OTEC plant designed by Lockheed Martin with a nominal 

power output of 100 MW with a temperature difference of T∆  = 20°C. The model is 

based on a method for estimating gross and net power production potential by Avery and 

Wu (1994, p. 15). The model includes pipeline losses, pumping losses, power 

transmission losses, hotel loads, and heat exchanger, power conversion, generator, and 

turbine efficiencies. Using the data from the at sea measurements, the ocean thermal 

energy production potential is estimated at specific site locations spaced across the Straits 

of Florida. A separate estimate for the overall OTEC potential in the Straits of Florida is 

made using the thermal flux through a pseudo east-west cross-section spanning the Straits 

between Ft. Lauderdale and the Bahamas.    

The thermal structure off Florida’s Southeast coast exhibits cross-stream and 

along-stream variability due to a variation in the cross-stream barotropic and baroclinic 

structure that advects northward with the Florida Current. Along the 185 km of coastline 

studied, there is little OTEC potential within 7-8 km of shore. However, on the Miami 

Terrace, at distances offshore that range between 7 and 18 km along the Miami and Fort 

Lauderdale transects, there is potential for OTEC. For the Miami transect, an average 

temperature difference of T∆  = 19.8°C, with a corresponding minimum and maximums 

of minT∆  = 17.3°C and maxT∆  = 22.9°C, respectively, was measured at cast location 4, 

situated 8 km from shore. On the Ft. Lauderdale transect, an annual average temperature 

difference of T∆  = 18.07°C, with a corresponding minimum and maximums of minT∆  = 
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13.36°C and maxT∆  = 22.30°C, respectively, was measured at cast location 4, also located 

about 8 km from shore. While these near shore locations are subject to greater 

temperature variability in the warm and cold water reservoirs than at offshore locations, 

summer temperature conditions on the Miami Terrace can reach or exceed the 20°C 

temperature difference required to support the 100 MW design net power of an OTEC 

plant, and stay near an average of 18-22°C during the spring and fall. In the northern 

region along the Boynton Beach and Stuart transects, the near-shore thermal structure is 

not adequate to support OTEC. The closest location to shore where the annual average 

temperature difference, T∆ , exceeds 18°C is 21 km east of Florida’s coast at Boynton 

Beach and 25 km at Stuart. 

Power production potential estimates along the Miami transect suggest the 

nearshore OTEC resource over the Miami Terrace provides anywhere between 60 to 

146% of the design net power, depending on the season, with an annual average power 

production of 97 MW. Fort Lauderdale’s production potential on the Miami Terrace has 

an annual average between 70 to 75% of the net design power.  The power production 

potential at this location ranges between an average of 34% in winter and can produce as 

much as 137% of design net power during the summer, meeting South Florida’s peak 

electricity demand requirements. Along the Boynton Beach and Stuart Transects, the 

closest locations with any potential for OTEC are further offshore than along the 

Southern transects. In Boynton Beach for example, casts 3 through 5 located 14 to 17 km 

from shore are capable of producing between 42% and 74% design net power, on 

average, and during the summer and fall, offer the best potential estimated between 70% 
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and 135% of design net power. Considering that the shallow water depth ranges between 

250 and 350 m along the Miami Terrace, the thermal resource is in close proximity to 

major load centers, and the power production potential of the thermal resource follows 

South Florida’s electricity load and demand profile, an economic case for near shore 

OTEC may exist.  

 Farther offshore between 17 and 42 km for Miami to 38 and 52 km for Stuart, a 

yearly potential for OTEC exists where T∆  > 20°C. For the Miami transect, the best 

offshore location was cast 8, located 42 km from shore. At this location, the annual 

average temperature difference of T∆  = 21.6°C with corresponding minimum and 

maximums of minT∆  = 18.7°C and maxT∆  = 24.1°C, respectively, was measured. 

Correspondingly, along the Ft. Lauderdale transect, the best location was cast 9, located 

33 km from shore with an annual average temperature difference of T∆  = 21.18°C, and 

minimum and maximums of minT∆  = 18.43°C and maxT∆  = 23.89°C, respectively, or cast 

10, located 38 km from shore with similar temperature data. Along the Boynton Beach 

transect, the best location was cast 9, located 42 km from shore with an annual average 

temperature difference of T∆  = 20.82°C, and minimum and maximums of minT∆  = 

17.95°C and maxT∆  = 23.32°C, respectively, or cast 10, 48 km from shore with similar 

temperature data. Finally, Along the Stuart transect, the best location was cast 8, located 

45 km from shore with an annual average temperature difference of T∆  = 20.34°C, and 

minimum and maximums of minT∆  = 17.63°C and maxT∆  = 22.87°C, respectively, or cast 
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9, 51 km from shore with an annual average temperature difference of T∆  = 20.60°C.  

The power production potential estimates produced from the parametric model 

suggest Southeast Florida is a feasible location for OTEC development. Along the Miami 

transect, cast location 8, about 28 km from shore with a cold water intake depth of 737 m, 

has the most consistent temperature difference with an annual average power production 

potential of 125 MW based on the design of Lockheed Martin’s 150 MW gross power 

plant. At this location, the power production ranges between 79.31 MW in winter to 

164.74 MW in summer. Off of Fort Lauderdale, casts 9 and 10, 33 km and 38 km 

offshore, respectively, are capable of providing power production potential between 77.5 

and 166 MW, with an annual average of 119 MW at cast 9 and 122 MW at cast 10. 

Along the Boynton Beach transect, the area with a cold water intake depth of 550 m, 42 

km from shore has the most potential for a sustaining a year-round OTEC plant at cast 9 

or cast 10, 48 km from shore.  These locations are capable of providing an annual power 

production potential between 113 and 118 MW, with a minimum of 72.2 MW in winter 

and maximum of 157.30 MW occurring in fall. Stuart’s sustainable OTEC resource is 

farther offshore than any other transect, existing at cast 8 in 575 m, or cast 9 in 703 m, 

producing between 106 and 110MW as an annual average of the power production 

potential, a minimum of 67.3 MW in winter and maximum of 147.67 MW in summer.   

Cross stream power production potential is achieved by defining the cold water 

resource as the limiting factor in OTEC power production. Plant spacing of about 50 m, 

although not practical due to plant size, among other factors, was estimated based on the 
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replenishment rate of cold water off of Fort Lauderdale. Using this method, the cold 

water resource allows for maximum producible power around 19.8 GW over the Miami 

Terrace and between 31.8 GW and 42.5 GW farther offshore. Assuming a similar thermal 

structure cross stream towards the Bahamas, net maximum producible power across the 

Straits of Florida could be between 128.3 GW and 164.8 GW.   

As of 2006, Florida’s electric utilities have 51,377 MW of installed capacity to 

meet customer needs, with plans to add 19,390 MW of generating capacity within 10 

years (“Florida’s Energy Plan,” 2006). If a fraction of the potential ocean thermal 

resource was harnessed off Florida’s Southeastern coast, OTEC could meet the demands 

of Florida’s growing energy needs. It is also apparent that Florida’s summer peak 

electricity demand coincides with the peak in OTEC power production potential.  

6.2 Future Work 

Suggestions for future work include:  

• According to Nihaus (2005 & 2007), it is suggested that extracting deep 

cold seawater for OTEC operations at the same rate as the upward flow of 

the cooler water (upwelling) can cause the thermal structure of the water 

column to reach a “critical level,” so it would be beneficial to fully 

understand the upwelling and transport structures in the Straits of Florida. 

This could be achieved by placing ADCPs in the water column, collecting 

data concurrently with bottom-mounted CTDs that travel up and down the 
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water column at periodic intervals.  

• An economic analysis considering the cold water intake depth, power 

production potential, and proximity to shore is necessary to determine the 

most economically feasible location for an OTEC plant off Southeast 

Florida’s coast. 
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